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PLAIN LANGUAGE SUMMARY
Introduction
De Beers Canada Inc. (De Beers) owns and operates the Gahcho Kué Mine (Mine), an open pit diamond
mine in the Northwest Territories (NT), approximately 280 km northeast of Yellowknife. An Aquatic Effects
Monitoring Program (AEMP) is a requirement of the Water Licence (MV2005L2-0015), the scope of which
is based on the AEMP Design Plan Version 5, which was approved by the Mackenzie Valley Land and
Water Board (MVLWB, the Board) in January 2016. The purpose of the AEMP is to identify effects of the
Mine on the aquatic environment, and to evaluate whether aquatic ecosystems and their uses are being
protected in areas affected by the Mine.
The 2015 to 2018 Aquatic Effects Re-evaluation Report is a requirement of the Water Licence; this is the
first re-evaluation report for the Mine. A summary and evaluation of the monitoring data collected for the
annual AEMP programs over the past four years (i.e., 2015 to 2018), and earlier data (referred to as
“baseline”) is presented. Data and results for the following components are provided: hydrology, discharge
assessment (i.e., dewatering and operational discharge), water quality, sediment quality, plankton, benthic
invertebrates, fish habitat and community, fish health and tissue chemistry, and weight of evidence. Special
studies (i.e., plume delineation) results are also summarized.
The objectives of the re-evaluation report are to describe Project-related effects and compare these effects
to predictions, to revise the predictions (if necessary) based on these results, and to provide evidence to
support revisions required to the AEMP Design Plan.
Summary of Mine Activities
Mine activities that occurred between 2015 and 2018 encompass both construction and operations.
Activities related to water management are the most relevant for the AEMP. Key activities that occurred
during the construction phase (i.e., 2014 to September 2016) included establishment of the controlled area
in Areas 1 to 7 of Kennady Lake, and the dewatering of areas 2 to 7 of Kennady Lake. During the operations
phase (i.e., October 2016 onwards), key activities included water management outside the controlled area
(i.e., non-contact water), raising lake levels as a result of upper watershed diversions using dykes, water
management inside the controlled area (i.e., site runoff, process water, and groundwater flowing into the
open pits), operational discharge to Lake N11 through the permanent diffuser, and flow augmentation to
Area 8 and downstream. Closure phase activities such as progressive reclamation and re-filling of isolated
areas of Kennady Lake will commence later, as described in the Interim Closure and Reclamation Plan.
AEMP Design Plan Summary
During the Project phases applicable to this AEMP under AEMP Design Plan Version 5, the AEMP monitors
each component in “core lakes”, “reference lakes”, “raised lakes”, and downstream lakes and streams, by
making measurements or collecting samples at several locations within each lake or stream. Core lakes
may be affected by the Mine, and include Lake N11, Area 8 of Kennady Lake, and for some components,
Lake 410. Reference lakes have no potential to be affected by the Mine but are reasonably similar, though
not necessarily identical, to the core lakes in terms of monitored components, and include East Lake and
Lake 3. The raised lakes include Lake D2/D3 (previously separate lakes, Lake D2 and Lake D3).
Downstream lakes and streams monitored are Lakes L2 and M4, and Streams K5, L2, L3, M4 and M2.
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Monitoring occurs annually for most components (i.e., hydrology, water and sediment quality, plankton,
benthic invertebrates, and fish habitat and community) and is scheduled every three years for fish health
and fish tissue chemistry. The fish programs were staggered during the period of 2015 to 2018; a sentinel
survey occurred in 2015 to identify the small-bodied fish sentinel species for the AEMP, a small-bodied fish
health and a large-bodied fish tissue sampling program occurred in 2016, and a small-bodied fish health
and fish tissue program occurred in 2018.
Aquatic Effects Re-evaluation Report Approach
Every three years, a re-evaluation report is required under Water Licence MV2005L2-0015 to be submitted
to the Board. The re-evaluation report, among other things, provides recommendations (with rationale) for
changes to the AEMP Design Plan.
The purpose of this first re-evaluation report is to analyze the results of the initial four years of monitoring
under the AEMP (i.e., 2015 to 2018), and compare observed effects to effects predicted in the
Environmental Impact Statement (EIS) for the Mine. A review and summary of AEMP data collected to the
end of 2018 is presented in this re-evaluation report, including a description of overall trends in the data
and comparison to predicted effects. A weight of evidence evaluation is included, which describes the
results of individual monitoring components in terms of the strength of evidence for Mine-related effects on
Kennady Lake and/or downstream waterbodies relative to three impact hypotheses (i.e., Toxicological
Impairment, Nutrient Enrichment, Physical Habitat Alteration). Updated effect predictions, if relevant, are
included in this re-evaluation report, as well as recommendations and rationale for changes to the AEMP
Design Plan.
Hydrology
The hydrology component of the AEMP (Section 5) measures stream flows and water levels, which serve
as supporting data for biological components (e.g., physical aquatic habitat data) and for verifying
hydrological predictions made in the EIS. AEMP hydrology monitoring between 2015 and 2018
concentrated on core lakes, reference lakes, raised lakes, and downstream lakes and streams.
Mine-related effects have varied between 2015 to 2018, and have been set against a backdrop of
predominantly dry natural climatic conditions.
The reference lakes provide valuable information for characterizing the influence that natural climatic
variability has on hydrological conditions without Mine activities in their watersheds. The reference lake
watersheds are located near the affected lakes and have similar water yield to the affected watersheds
under natural conditions. Observations at the reference lakes over the period of 2015 to 2018 have been
characterized by drier than normal hydrological conditions. The annual water yield observed in 2015 was
approximately equivalent to the simulated median value from the EIS. The years 2016, 2017, and 2018
were all drier than normal, and each year was progressively drier than the previous year. The dry conditions
observed in the AEMP reference lakes are supported by similar observations in nearby basins gauged by
the Water Survey of Canada on the Hanbury River, Waldron River, and Lockhart River.
The natural outlets of the raised lakes have been obstructed by dyke construction, which has been
completed to divert water away from the operational area of the Mine, isolating the Mine from its surrounding
watershed. This segregated area is defined as the controlled area. The construction of Dyke G led to
increased water levels in Lake E1, which lies at the outlet of the E watershed. Lake E1 began flowing into
the N watershed in 2017 though subsurface flows may have began in 2016. The construction of Dyke F
has resulted in elevated lake levels in Lake D2 and Lake D3, which have now combined to form a single
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lake, Lake D2/D3. Several dykes were constructed to contain outflows from Lake A1. Periodically, water
from Lake A1 has been pumped to Lake J1b or Area 8 to maintain Lake A1 at safe operating levels.
Creation of the controlled area has reduced the watershed area contributing to the Area 8 outlet and
downstream lakes. The reduction in watershed area has resulted in a decrease in flow that was at least
partially offset by dewatering pumping from the controlled area in 2015, and to a lesser extent pumping
from Lake A1 in 2016. In 2017 and 2018, water was pumped from Lake N11 to Area 8 as part of the
downstream flow mitigation to increase flows at the Area 8 outlet and downstream through the KLM
watersheds to provide for passage of spawning fish. Flows were increased in the downstream lakes relative
to reference conditions in 2015 and 2016, due to dewatering pumping activities and in 2017 and 2018 due
to operational and downstream flow mitigation pumping. The influence of the pumping activities diminished
through the chain of lakes moving in the downstream direction, but was detectable at the farthest
downstream lake, Kirk Lake.
Dewatering and operational pumping have resulted in conditions that were less dry than the dry natural
condition, and although the flows were elevated relative to reference conditions, the pumping was
conducted in a manner that did not result in negative effects to lake shorelines, lake outlets, or
interconnecting streams. Low Action Levels considered open-water water flows during pumping, icecovered water levels during pumping, evidence of widespread bank instability, and progressive aufeis
accumulation in the channel along dewatering flow path. The Low Action Level for water quantity was not
exceeded during open-water or ice-covered conditions as a result of pumping to Lake N11 or Area 8. The
Low Action Level was triggered in Lake J1 during dewatering (2015 and 2016) but subsequent surveys
indicated that no erosion was observed along the outlet channel as a result. Annual open-water season
reconnaissance surveys did not indicate any occurrences of bank instability. Aufeis development was
observed only at the outlet of Kennady Lake Area 8 in 2015 when limited buildup was observed. The Action
Levels adopted in the years 2015 to 2018 for water quantity no longer apply to the AEMP monitoring. It is
recommended that Action Levels for water quantity be removed from the AEMP in the future.
Dewatering and Operational Discharge
Water quality in the dewatering and operational discharges was monitored as part of the Surveillance
Network Program (SNP). Monitoring was conducted at “end-of-pipe” and “edge-of-mixing-zone” stations in
Area 8 (during dewatering) and in Lake N11 (during dewatering and operational discharge) (Section 6). The
edge-of-mixing-zone stations were located at 100 m from the diffuser in Area 8 and at 200 m from the
diffuser in Lake N11.
The drawdown of Kennady Lake occurred in four phases, between December 20, 2014, and May 31, 2016.
A total of 22,074,702 m3 of water was removed from Kennady Lake and pumped to Area 8 and Lake N11.
Annual discharge volumes and rates remained within the approved maximum limits over the drawdown
period. There were no measurable physical effects to the receiving environment as a result of the drawdown
activities. During dewatering, water quality of the discharge was generally consistent with baseline water
quality of Kennady Lake, and similar to the water quality of the receiving waterbodies, Area 8 and Lake N11.
After the installation of an operational diffuser in Lake N11 in late September 2016, operational discharge
from the water management pond (WMP) to Lake N11 commenced on October 29, 2016. Operational
discharge was not continuous and occurred over three periods between October 29, 2016 and
October 3, 2018: 1) October 29, 2016 to January 17, 2017; 2) September 4 to November 13, 2017; and
3) September 4 to October 3, 2018.
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Operational discharge water quality from the WMP to Lake N11 was generally consistent with EIS
predictions and below the Water Licence Effluent Quality Criteria (EQC), with a few exceptions
(field-measured pH, fluoride, nitrate). All discharge waters complied with the updated predictions and 2018
EQC requirements in the amended Water Licence.
Water Quality
The water quality component of the AEMP (Section 7) evaluates potential Mine-related effects on water
quality in the core lakes (Area 8, Lake N11, and Lake 410), raised lakes (Lake D2/D3), and downstream
lakes (Lake L2 and Lake M4) and streams (Stream K5 and Stream L2). The corresponding component of
the re-evaluation report assessed the combined results of water quality changes described in the 2015 to
2018 AEMP annual reports. These changes provide “early warning” indicators of potential adverse effects
to plankton and benthos (which are food for fish), fish health, and the maintenance of ecological function.
The normal range for a water quality parameter represents the range of concentrations that would be
expected to be observed naturally as a result of natural variability. From 2015 to 2018, a number of
parameters increased in concentration above their normal ranges for both Area 8 and Lake N11 (i.e., total
dissolved solids [TDS], conductivity, nitrate, and some major ions and metals); however, lake-wide
mean/median concentrations in these core lakes remained within protective AEMP benchmarks. The
exception was pH in Lake N11, where lake-wide mean concentrations were outside the AEMP benchmark
range. These pH values were not unexpected and may reflect natural conditions for some lakes within the
study area. Low-level Mine-related changes to water quality were observed for Lake N11 and Area 8, which
triggered the Low Action Level for some parameters in both core lakes for 2017 and 2018. The observed
changes in Lake N11 were due to short periods of operational pumping from the WMP to Lake N11.
Likewise, observed low-level effects to Area 8 resulted from the downstream flow mitigation pumping from
Lake N11 and the disconnection of Area 8 from Kennady Lake, which resulted in reduced watershed area
and water flow through the system. These low-level effects on Area 8 and Lake N11 water quality were
consistent with EIS predictions and updates to the water quality modelling for the 2018 Water Licence
Amendment and were, therefore, expected. Although some Low Action Levels were triggered in the core
lakes, adverse effects on aquatic biota are not expected because the magnitudes of water quality changes
were not found to be ecologically meaningful.
Results of AEMP monitoring in the core lakes showed no Mine-related effects on water quality in Lake 410
or the downstream lakes and streams between 2015 and 2018. Review of Lake D2/D3 water quality results
identified some changes, consistent with EIS predictions for the raised lake after construction of Dyke F. In
2015, water quality in Lake D2/D3 represented pre-dyke conditions, but from 2016 to 2018 lake water
quality went through a transition period, where water levels were not yet stable and water quality was still
changing after the formation of Lake D2/D3. Transitional changes in Lake D2/D3 included increased
concentrations of several water quality parameters (i.e., pH, total organic carbon, total phosphorus,
aluminum, copper, iron, zinc) and reduced dissolved oxygen [DO] concentrations. These changes were
consistent with those predicted in the EIS for this stage of Lake D2/D3 development. Although some metals
were measured at concentrations above water quality guidelines, modifying factors (e.g., pH, water
hardness, dissolved organic carbon) may reduce the availability of metals for uptake by biota and, therefore,
limit the possibility of adverse effects to biota.
The re-evaluation process addressed past AEMP report recommendations and commitments made by
De Beers in responses to Information Requests (IRs). The process also identified a number of
improvements to field sampling methods and data analysis approaches, including a number of
recommendations shared with other AEMP components. The adoption of new Action Levels, including
De Beers Canada Inc.
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revised Low Action Levels and newly developed Moderate and High Action Levels for core lakes, as well
as newly developed Action Levels for Lake D2/D3, is recommended.
Sediment Quality
The sediment quality component of the AEMP (Section 8) evaluates potential Mine-related effects on
sediment quality in two core lakes (Area 8 and Lake N11), and raised Lake D2/D3. For the re-evaluation
report, the sediment component assessed the combined results of sediment quality changes described in
the 2015 to 2018 AEMP annual reports. These changes provide “early warning” indicators of potential
adverse effects to benthos (which are food for fish), fish health, and the maintenance of ecological function.
Results of the 2015 to 2018 AEMP sediment quality monitoring in the core lakes indicate there were no
Mine-related effects on sediment quality in Area 8 and Lake N11. Sediment parameters in the core lakes
have not shown Mine-related increases during construction or operations when compared to reference lake
sediment quality, and the majority of results remain within concentration ranges expected under baseline
conditions for these lakes (i.e., normal ranges). Observed differences or trends in sediment quality between
baseline and the construction and operations phases are explained by improvements to analytical methods
over time since baseline. With the exception of zinc at Lake N11 in 2018, no Low Action Levels were
triggered in Area 8 or Lake N11. Similar zinc benchmark exceedances in study area lakes under baseline
suggest that zinc concentrations in lake sediments may be naturally above the benchmark for this study
area.
Review of Lake D2/D3 sediment quality found some differences in parameters consistent with an effect
from the establishment of the new raised lake following construction of Dyke F. Sediment quality in
Lake D2/D3 in 2015 was representative of pre-dyke conditions, while 2016 to 2018 sediment quality was
representative of a transition period resulting from the rising water level. Transitional changes in D2/D3
include increased concentrations of some sediment parameters (i.e., boron, iron, lead, and phosphorus) as
expected, based on predictions made in the EIS for this stage of lake development. Changes in sediment
quality were not always consistent over time from 2016 to 2018, which also suggests that they partly reflect
spatial heterogeneity in sediment chemistry in this lake.
The re-evaluation process addressed past AEMP report recommendations and commitments made by
De Beers in responses to IRs. The process also identified a number of improvements to field sampling
methods and data analysis approaches, including recommendations shared with other AEMP components.
The adoption of new Action Levels, including revised Low Action Levels and newly developed Moderate
and High Action Levels for core lakes, as well as newly developed Action Levels for Lake D2/D3, is
recommended.
Plankton
The plankton component of the AEMP (Section 9) evaluates potential Mine-related effects on small plants
(phytoplankton) and animals (zooplankton) living in the water in two core lakes (Area 8 and Lake N11) and
raised lakes (Lake D2/D3). The plankton component of the re-evaluation report assesses the combined
results of the plankton changes described in the 2015 to 2018 AEMP annual reports. Changes in plankton
can affect fish in these lakes, because plankton are part of the food chain that fish rely on. Mine-related
changes can occur in plankton before fish are affected. In this way, plankton monitoring can provide an
early warning of changes that could eventually affect fish.
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The results of the re-evaluation process showed that Area 8 and Lake N11 remain clear-water lakes, with
a low amount of nutrients. The phytoplankton and zooplankton communities remain healthy with no clear
indication of toxicological impairment. Nutrient enrichment was observed in phytoplankton community
composition in Lake N11 in 2017 and phytoplankton biomass in Area 8 and Lake N11 in 2018, triggering
the Low Action Level. Overall, the observed changes in the plankton communities from 2015 to 2018 were
consistent with predictions of a negligible to low effect on the plankton community in the core lakes.
Water in Lake D2/D3 was less clear than in Area 8 and Lake N11. The amount of nutrients in Lake D2/D3
increased between 2015 and 2018. The phytoplankton and zooplankton communities in Lake D2/D3 in
2015 were representative of pre-dyke conditions, while the plankton community in 2016 was considered
representative of a changing community. Changes were also observed in the plankton communities in 2017
and 2018, but these changes did not signal impairment of biological communities in Lake D2/D3.
The re-evaluation process for the plankton component addressed past AEMP report recommendations and
commitments made by De Beers in responses to IRs. The re-evaluation process also identified a number
of improvements pertaining to the field sampling methods and data analysis approach used for the
component, including a number of recommendations that are shared with other AEMP components, Action
Level updates, and development of the Moderate and High Action Levels.
Benthic Invertebrates
The benthic invertebrate component of the AEMP (Section 10) monitors potential effects of the Mine on
benthic invertebrates due to changes in water or sediment quality, or changes to flows and water levels.
Benthic invertebrates are small animals (e.g., insects, worms, snails, and crustaceans) that live on the lake
or stream bottom and are an important food source for fish. AEMP monitoring occurred in two core lakes
(Area 8 and Lake N11), the reference lakes (East Lake and Lake 3), Lake D2/D3, and in five streams
downstream of Area 8 (i.e., streams K5, L2, L3, M2, and M4).
The results of benthic invertebrate monitoring during 2015 to 2018 in the core lakes do not clearly indicate
an effect of the Mine on benthic invertebrate communities. Overall, the responses were inconsistent over
time and among the variables considered. A number of benthic variables triggered the Low Action Level;
however, the monitoring results appear to indicate that these triggers were caused, at least in part, by
differences in habitat conditions among lakes and years, and potentially, natural year-to-year changes in
the benthic invertebrate community. These results suggest that the current Action Levels for benthic
invertebrates are too sensitive.
Monitoring of benthic invertebrates in Lake D2/D3 identified some changes in the community that were
consistent with effects from the construction of Dyke F. During the first two years of post-construction
monitoring, there was an overall increase of the number of invertebrates in Lake D2/D3. This may have
occurred due to an increase in nutrients in Lake D2/D3 following construction of the dyke. However, the
more recent monitoring results show that invertebrate numbers have returned to pre-dyke levels, despite a
continued increase in water levels and nutrient concentrations in Lake D2/D3. The monitoring results also
suggest that low oxygen levels in the lake during the winters of 2017 and 2018 may have limited the number
of invertebrates.
Results of benthic invertebrate monitoring in the K, L and M streams do not suggest that dewatering
activities in 2015 resulted in a disturbance to the benthic invertebrate community. Changes to streamflow
resulting from the dewatering were small and there were no observable differences in benthic variables
relative to the 2013 baseline year. From 2016 to 2018, flows in streams downstream of Area 8 were lower
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due to the development of Dyke A. There was an overall increase in the number of invertebrates in 2016
and 2017 relative to the baseline year, with most of the responses occurring in 2016, when the greatest
decrease in flows occurred. These responses may have been caused by an increase in food for
invertebrates in the streams (i.e., in the form of increased benthic algal growth), which is an expected result
of reduced flows in streams.
Fish Habitat and Community
The fish habitat and community component of the AEMP (Section 11) evaluates the potential Mine-related
effects on fish populations and provide information on potential effects on traditional uses of fish. The
geographic extent of the study area expanded over the four years, with the 2018 study area including
Area 8, Streams M3 to M1 and Lakes M3 to M1, the outlet of Lake 410 into the P system, and Streams P8
to P6.
The results of the 2015 to 2018 AEMP fish habitat and community monitoring have indicated that EIS
predictions were accurate for these components. Fish habitat has remained similar to baseline conditions
in both the N watershed downstream of Lake N11 and in the KLM watersheds downstream of Area 8. Fish
habitats have also remained within EIS predictions, with little to no evidence of worsening or loss. As a
result of no changes to fish habitats, the fish community within the N system has also likely remained similar
to baseline conditions and within the predicted conditions established in the EIS. However, the fish
community downstream of Area 8 in the KLM watersheds has changed from baseline, and is not consistent
with the predictions made in the EIS. Monitoring has indicated that the likely causes are a combination of a
sequence of multiple events (e.g., mortalities, habitat availability and high temperatures), some Minerelated and some related to natural environmental variation since 2014. These events have all contributed
to the absence of Arctic Grayling from the KLM watersheds in 2017 and 2018. The timing of each stressor
was likely such that one effect potentially influenced and intensified the other. Both Low and Moderate
Action Levels were triggered in 2018 as a result.
AEMP Response Plans were submitted following the 2017 and 2018 AEMP monitoring years, with response
actions implemented in 2018 and 2019. The 2018 responses were investigatory, focusing on gathering
additional data via a wider search for Arctic Grayling presence. The results of the 2018 monitoring indicated
that Arctic Grayling were not present in the KLM system upstream of Lake 410, despite an extended
geographic study area and additional methods to find fish, but were documented downstream of Lake 410.
All other expected species were present and distributed throughout the KLM watersheds.
As part of the re-evaluation of the fish habitat and community component and one of the response actions,
a flow augmentation assessment was conducted. The assessment indicated that the current Downstream
Flow Mitigation Plan (DFMP) may not provide adequate flows during “Dry” years, and given that “Dry”
hydrologic years have occurred three times since 2014 (i.e., 2016 to 2018). Therefore, modifications are
required to fully provide fish passage and avoid further effects to the fish communities. In addition, mitigation
to allow recolonization of Arctic Grayling in the KLM watersheds from Lake 410 requires a new set of flow
mitigation pumping scenarios. Changes to the DFMP were recommended, as well as Mitigation and
Contingency Response Actions for Arctic Grayling during operations. An assessment of the potential for
Arctic Grayling to return to Kennady Lake and the KLM watersheds during post-closure was also conducted,
with suggestions for mitigation/contingency response actions. Finally, recommendations were made for
updating the AEMP Design Plan in terms of additional sampling methods and data analysis. Updated Action
Levels, as developed in the Response Plans, were presented.
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Fish Health
The fish health component of the AEMP (Section 12) evaluates potential Mine-related effects on fish health
in two of the core lakes (Lake N11 and Area 8). The fish health component of the AEMP consists of both a
population survey and a lethal survey targeting Ninespine Stickleback, a small-bodied fish found in both the
core and reference lakes. The 2019 re-evaluation of the fish health component is focused on the results of
the 2018 AEMP, because the fish health component only occurs every three years.
As of 2018, negligible effects on fish health were observed in Area 8 and Lake N11 as a result of Mine
operations. Significant differences were observed for a number of endpoints for fish sampled from the core
lakes relative to baseline and reference lakes datasets; however, results fell within regional normal ranges
and did not show a response pattern consistent with Mine-related effects. These results suggest that
differences observed during the 2018 AEMP likely reflect natural differences among lakes and years, rather
than a Mine-related response. The 2018 fish health results were consistent with the prediction of negligible
Mine-related effects on fish health.
The re-evaluation process for the fish health component addressed past AEMP report recommendations
and commitments made by De Beers in responses to IRs. The re-evaluation process also identified a
number of improvements pertaining to the field sampling methods and data analysis approach used for the
component, including a number of recommendations that are shared with other AEMP components.
Adoption of new Action Levels, including revised Low Action Levels and newly developed Moderate and
High Action Levels, is also recommended.
Fish Tissue Chemistry
The fish tissue chemistry component of the AEMP (Section 13) evaluates potential Mine-related effects on
fish tissue in two of the core lakes (Lake N11 and Area 8). Fish tissue chemistry in small-bodied fish is used
as an early warning indicator of potential effects on tissue quality in large bodied fish (e.g., Lake Trout,
Northern Pike, Arctic Grayling), and is used to interpret potential Mine-related effects in the fish health
component (Section 12). The re-evaluation of fish tissue data presented herein is focused on the results of
the 2018 AEMP, because the fish tissue component only occurs every three years. The first fish tissue
program in Lake D2/D3 was scheduled in 2019 and results of the Northern Pike mercury sampling will be
considered during the next re-evaluation.
As of 2018, negligible effects on fish tissue chemistry were observed in Area 8 and Lake N11 as a result of
Mine operations. Significant differences were observed in concentrations of several metals in fish tissues
sampled from the core lakes relative to baseline and reference lakes datasets; however, all fish tissue
chemistry parameters fell within regional normal ranges and results likely reflect natural differences among
lakes and years rather than Mine-related effects. The 2018 fish tissue results were consistent with
predictions of negligible Mine-related effects to aquatic health due to changes in concentrations of metals
in fish tissue. There is no indication that metal concentrations in fish tissue have exceeded predictions and
no detrimental effects to fish health have been documented (Section 12).
The re-evaluation process for the fish tissue component addressed past AEMP report recommendations
and commitments made by De Beers in responses to IRs. The re-evaluation process also identified a
number of improvements pertaining to the field sampling methods and data analysis approach used for the
component, including a number of recommendations that are shared with other AEMP components.
Adoption of new Action Level updates, including revised Low Action Levels and newly developed Moderate
and High Action Levels, is also recommended.
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Special Studies (Plume Delineation)
Plume delineation studies were the only special studies completed as part of the AEMP for the Mine in the
last four years (i.e., 2015 to 2018). Operational discharge from the WMP to Lake N11 occurred in three
different periods between October 2016 and October 2018, and therefore, three plume delineation studies
were conducted. The spatial extent and characteristics of the discharge plume under ice-cover and
open-water conditions were determined based on studies done in January 2017, October 2017, and
September 2018.
Specific conductivity was greater at stations closer to the diffuser and decreased with increasing distance.
As predicted, discharge had a stronger influence at stations closer to the diffuser in the South Basin of Lake
N11. Specific conductivity was greater at stations closer to the diffuser and in the South Basin in September
2018 compared to October 2017. Under ice-cover conditions in January 2017, the plume presence
suggested that discharge was not fully mixed in the water column. The highest specific conductivity was
measured at the bottom of the lake at the deepest stations closer to the diffuser. During open-water
conditions, the water column was fully mixed at each station throughout the lake. Dilution factors were
calculated at the mixing zone boundary and compared to predictions. Dilution factors were lower than or
consistent with minimum modelled dilution factors as predicted in the 2014 and 2018 EQC reports.
Weight of Evidence
The weight of evidence component of the AEMP (Section 15) used a qualitative process to describe the
strength (or weight) of evidence for several impact hypotheses:
•

Toxicological Impairment Hypothesis: The process whereby substances such as metals released to the
lake can cause toxicity (e.g., reduced growth, reproduction, or survival of the plants and animals in the
lake).

•

Nutrient Enrichment Hypothesis: The process whereby nutrients such as nitrogen and phosphorus
stimulate growth of phytoplankton at the base of the food chain. Although beneficial in small amounts,
large amounts of nutrients could have negative impacts on the lake’s existing biological community.

•

Physical Habitat Alteration Hypothesis: The process whereby Mine-related changes to water levels and
flows alter the habitat and may cause negative effects to aquatic organisms. Changes to suspended
particles in the water, DO, and water temperature are also considered under this hypothesis because
changes in water level or flow can result in changes in these water quality parameters.

The weight of evidence process also combines information on exposure to nutrients, toxicants, and physical
habitat stressors with measurements of field biological responses in plankton, benthic invertebrates, and
fish.
The impact hypotheses were generally not supported in the two core lakes, Area 8 and Lake N11, between
2015 and 2018 apart from weak evidence for toxicological impairment to fish health in Area 8 in 2018 and
nutrient enrichment to the plankton community in both Area 8 (2018) and Lake N11 (2017 and 2018).
There was weak evidence for toxicological impairment and weak to moderate evidence for nutrient
enrichment to the plankton community in Lake D2/D3 in all three monitoring years (i.e., 2016 to 2018).
There was no evidence for toxicological impairment to the benthic invertebrate community but weak
evidence for nutrient enrichment in two of the three monitoring years. There was negligible evidence for
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physical habitat alteration effects to the plankton or benthic invertebrate communities in Lake D2/D3,
although an increase in water levels may be the cause of low DO observed during winter.
There was no evidence of toxicological impairment or nutrient enrichment in downstream streams, and
evidence for physical habitat alteration was negligible to benthic invertebrate and fish communities.
Availability of suitable physical habitat and access to habitats for spawning was observed during the four
years of fish population and community monitoring. Apart from Arctic Grayling (which were absent), multiple
fish species representing all life stages were present in the downstream streams in 2017 and 2018.
Summary of Observed Effects and Comparisons to Environmental Impact Statement Predictions
Area 8
During the construction phase, the establishment of a controlled area in Areas 1 to 7 of Kennady Lake
isolated Area 8 from the rest of the watershed. It was predicted that dewatering of this controlled area to
Area 8 would increase the flow through the lake and outlet, but would have negligible effects on water and
sediment quality. The effects of dewatering on Area 8 were consistent with EIS predictions during
construction. Water quality data collected as part of the AEMP indicated that results were similar to
baseline. No discernible effects on sediment quality were observed. Plankton community results did not
provide a clear indication of Mine-related effects in 2015, but a shift in zooplankton community composition
was observed in 2016. Similarly, benthic invertebrate community results did not suggest Mine-related
effects and results were generally similar to baseline. Based on the results of the weight of evidence
integration for Area 8 during the construction phase (i.e., 2015 and 2016), none of the three impact
hypotheses regarding the nature of possible effects in Area 8 were supported.
After the cessation of dewatering discharge, the predicted changes in Area 8 are decreased flow-through
and decreased flow at the lake outlet, with slight increases in concentrations of nutrients, total dissolved
solids, and metals due to the isolation of Area 8 from the rest of the Kennady Lake watershed. During
operations, the results of monitoring in Area 8 were consistent with EIS predictions. Water quality was
consistent with EIS and revised predictions. The phytoplankton, zooplankton, and benthic invertebrate
communities were healthy, with no indication of toxicological impairment. The weight of evidence integration
concluded that there was weak evidence for nutrient enrichment of the plankton community. Based on the
fish health analysis, negligible effects were observed in small-bodied fish health endpoints and tissue
chemistry, and all values remained within regional normal ranges. The results of the weight of evidence
integration indicated weak evidence for toxicological impairment of fish health, but overall conclusions were
consistent with the EIS prediction of negligible effects on aquatic health.
The EIS predicted a decrease in the abundance of Arctic Grayling and a lack of Lake Trout and Round
Whitefish in Area 8 due to the Fish-Out of Kennady Lake (Lue T’e Halye); these predictions were confirmed.
Lakes and Streams Downstream of Area 8
During the construction and operation phases, the key Mine-related activities that affected the aquatic
environment downstream of Area 8 were the Fish-Out of Kennady Lake (Lue T’e Halye), the construction
of dykes that isolated Area 8, the dewatering of Kennady Lake to Area 8, and flow mitigation from Lake N11.
The results of the hydrology monitoring indicate that the period of 2015 to 2018 was characterized by drier
than normal hydrological conditions.
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The EIS predicted that dewatering activities would increase flow in the Area 8 outlet stream (i.e., Stream
K5), the L and M streams, and all downstream lakes (i.e., L and M lakes, Lake 410, and Kirk Lake). The L
and M lakes had the potential for slight increases in water levels. Negligible changes in water and sediment
quality were expected in the lakes and streams downstream of Area 8 and negligible effects on aquatic
health were predicted. The 2015 AEMP monitoring confirmed that EIS predictions were accurate with
respect to the effect of dewatering activities on fish habitat and community in the watersheds downstream
of Area 8. Density and species composition of stream benthic invertebrate communities did not change.
Fish habitat was similar to baseline conditions and no changes in hydrology, water quality, or lower trophic
biota were identified that would affect fish habitat suitability or availability. Overall, the increased stream
discharge did not cause any discernible effects to fish habitat and community.
After dewatering was completed, flows and water levels downstream of Area 8 were predicted to be reduced
due to the isolation of Area 8 from the Kennady Lake watershed. With reduced flow, an increase in the
frequency of natural barriers preventing spring spawning migrations of Arctic Grayling represents another
possible effect. As a result of the reduced flow, downstream flow mitigation would be required to sustain
the remnant fish populations. As predicted, reduced flow from Area 8 combined with the local dry conditions
in 2016 resulted in substantially reduced flows in the K, L and M streams. In 2016 and 2017, there was an
increase in density of some common benthic invertebrates compared to baseline conditions. The DFMP
was implemented in 2017 and 2018 to partly mitigate the loss of flows to the streams downstream of Area
8 by providing more flow from Lake N11 into Area 8. The magnitude of the effect on density of benthic
invertebrates was lower in 2017 and 2018 compared to 2016, possibly because of the flow mitigation, but
flow conditions were still below baseline ranges during all three years.
The EIS predicted a reduction in fish population size in Area 8 and in the streams downstream to Lake 410
as a result of the Fish-Out, and as expected, Arctic Grayling numbers declined between 2014 and 2015
(coinciding with the isolation of Area 8 and the Fish-Out [Lue T’e Halye]). Arctic Grayling were observed in
the downstream study area in 2015 and 2016, but their numbers subsequently declined downstream of
Area 8, with only one unconfirmed observation of a young-of-the-year Arctic Grayling in 2017 and no
observed Arctic Grayling in 2018. This was not consistent with EIS predictions. Apart from Arctic Grayling,
multiple fish species representing all life stages were present in the downstream K, L and M streams in
2017 and 2018. The lack of observed Arctic Grayling downstream of Area 8 in 2017 and 2018 was likely
due to a combination of events that have occurred since 2014, some Mine-related and some natural
(e.g., unusually dry years), with the timing of each stressor likely influencing and worsening the other.
Lake N11 and Downstream (Lake N1)
During the construction phase, water from Area 3 and Area 5 of Kennady Lake was diverted into Lake N11
during dewatering. The predicted Mine-related changes in Lake N11 during dewatering were expected to
be limited because increases in water level and lake area were regulated during dewatering so that
maximum daily flow rates at downstream Lake N1 and its outlet channel were held similar to baseline to
protect fish habitat. Therefore, dewatering was predicted to have little effect on fish habitat or benthic
invertebrate communities in the lakes downstream of Lake N11.
Water levels in Lake N11 were not elevated beyond natural conditions as a result of pumping from Area 3
and lake volume changes were negligible. As predicted in the EIS, Mine effects due to dewatering or water
diversions (i.e., increased discharges) to Lake N11 were temporary.
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Water quality data collected as part of the AEMP indicated that the year-to-year changes in water chemistry
in Lake N11 in 2015 and 2016 were similar to baseline. No changes to sediment quality were observed and
plankton and benthic invertebrate community results did not suggest Mine-related effects; results were
generally similar to baseline.
Downstream of Lake N11, there was no evidence of changes to fish habitat conditions that would affect fish
population during construction (i.e., 2015 and 2016), which is consistent with EIS predictions.
A permanent diffuser was installed in Lake N11 in September 2016. Water was periodically pumped from
the WMP directly to Lake N11 from 2016 to 2018 when discharge criteria were met. Flows from the Lake
N11 outlet in 2017 and 2018 were below baseline conditions, although slightly higher than the naturally dry
reference conditions. The EIS predicted Mine-related changes in Lake N11 water quality during operational
discharge from the WMP, and increases were observed in TDS, conductivity, nitrate, some major ions, and
metals. These changes were consistent with EIS predictions and updates to the water quality modelling for
the 2018 Water Licence Amendment. There were no exceedances of EIS or updated predictions in
Lake N11 throughout 2015 to 2018.
Lake N11 remains a clear-water, oligotrophic lake, with low depth-integrated nutrient and chlorophyll a
concentrations. Lower concentrations of nitrogen and phosphorus were observed in 2017 and 2018 than
were expected. The phytoplankton and zooplankton communities in Lake N11 remain healthy, with
observed changes consistent with the predictions of a negligible to low nutrient enrichment effect. No
Mine-related effects on sediment quality have been observed in Lake N11. Benthic invertebrate variables
had a decreasing response pattern in Lake N11 relative to the reference lakes, but these responses were
inconsistent over time. Habitat variation was likely an influential factor contributing to the variation observed
in benthic invertebrates among lakes and years.
Observed negligible effects in fish health and fish tissue chemistry were consistent with the EIS predictions,
and no adverse changes in fish habitat were identified in Lake N11 or downstream. In 2017, aerial and
ground reconnaissance between the Lake N11 outlet and Lake N1 outlet showed no evidence of unnatural
erosion and no bank slump block failures.
Based on the results of the weight of evidence integration for Lake N11, there was no support for any of
the three impact hypothesis during the construction phase (2015 and 2016), and limited support for the
Nutrient Enrichment Hypothesis based on the plankton community response in 2018 during the operations
phase (2017 and 2018).
Lake 410
The EIS predicted a slight increase in flow-through and flow at the outlet of Lake 410, negligible changes
to water and sediment quality and negligible effects on aquatic health. The EIS also predicted no effects on
channel or bank stability at the Lake 410 outlet.
Water yields in 2015 and 2016 were elevated relative to baseline and reference conditions, reflecting
increased water yield from dewatering of the Mine controlled area. While water yields were slightly higher
than reference conditions in 2017 and 2018 due to operational pumping, they were lower than baseline
conditions because these years were drier than normal. There was no evidence of unnatural erosion or
bank slump block failures. Water quality in Lake 410 remained within EIS predictions.
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Kirk Lake
The EIS predicted that there would be increased flow-through and flow at the outlet of Kirk Lake during
construction as a result of dewatering to Area 8 and Lake N11, however, these effects were not expected
to persist during operations. No effects on channel or bank stability at the Kirk Lake outlet were predicted.
During construction and operations, negligible changes in water and sediment quality were predicted, and
no effects to aquatic health, fish habitat or fish community were predicted.
Water yields in Kirk Lake in 2015 and 2016 were elevated relative to baseline and reference conditions,
reflecting the increase in water yield from the dewatering of the Mine controlled area. In 2017 and 2018,
water yields were slightly higher than reference conditions due operational pumping, but still lower than
baseline conditions due to drier than normal years. Aerial reconnaissance confirmed there was no evidence
of unnatural erosion or bank slump block failures.
Raised Lakes
The raised lakes have had water levels affected as a result of dyke construction, and include Lakes A1, D2,
D3, and E1. Each lake is considered separately below.
It was expected that construction of Dyke A1 would result in the potential for increased water levels by up
to 0.5 m; however, annual pumping from Lake A1 to Lake J1 and Area 8 has maintained water levels below
this threshold.
Construction of Dyke G downstream of Lake E1 was completed in 2016. Overflow from Lake E1 to Lake
N14 occurred in spring 2017 and 2018, and upon further examination, the water flow path from Lake E1 to
Lake N14 was observed to be underneath floating mats of organic material and terrestrial vegetation. This
resulted in the actual spill elevation of Lake E1 being governed not by the ground surface but by a subsurface sill. A lined channel was constructed along the outflow pathway in September 2018 to mitigate
surface erosion.
Construction of Dyke F was also completed in 2016. Water levels in Lake D2 began to rise in 2016, and
Lakes D2 and D3 became a single waterbody (referred to as Lake D2/D3) and reached full supply level in
spring 2019. Water did not overflow to Lake N14 during the 2015 to 2018 AEMP period. The EIS predicted
that flooding of tundra soils and vegetation would cause minor changes in water and sediment quality,
particularly nutrients and mercury. An increase in nutrient concentrations and a corresponding increase in
productivity was also predicted, with negligible effects on the fish community and aquatic health. Mercury
concentrations in fish tissue were expected to increase before stable water level and water quality is
reached. An increase in the available habitat area for aquatic organisms and biomass of plankton and
benthic invertebrates was also predicted, as well as the potential for reduced benthic invertebrate biomass
in the deeper areas of the raised lakes. Overall, these changes were predicted to occur during the flooding
period, and then communities would stabilize.
Water levels in Lake D2/D3 were above EIS predictions in 2016 and 2017 (i.e., post-dyke construction),
despite drier than normal regional conditions. In 2018, water levels were below EIS predictions. As
predicted, concentrations of major ions, nutrients, and metals in Lake D2/D3 increased beyond pre-dyke
concentrations. While some of these changes were not minor, they did not necessarily translate into effects
on aquatic biota, in part because conditions in the raised lake limited exposure of aquatic biota to the metals
in the water (i.e., toxicity modifying factors that limit bioavailability for metal uptake were present). Lake
D2/D3 water quality has been in transition since the creation of the lake and is expected to continue to
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change as the lake continues to mature and develop, consistent with EIS predictions. The eventual
stabilization of water quality is anticipated to occur further into Mine operations. Minor changes in sediment
metal concentrations were also observed. As predicted, the trophic status of Lake D2/D3 shifted from
oligotrophic/mesotrophic in 2015 to mesotrophic/eutrophic in 2016 and 2017, and to eutrophic in 2018
(based chlorophyll a). These trophic shifts were accompanied by changes in plankton biomass and
community composition, and were consistent with EIS predictions of increased nutrient concentrations in
response to rising water levels. The overall results of the benthic invertebrate analysis in Lake D2/D3 partly
support the EIS predictions (i.e., an overall increase in biomass of benthic invertebrates), but other
environmental factors such as increased incidence of anoxic or low DO conditions in Lake D2/D3 may have
also influenced the benthic community. The weight of evidence integration found weak evidence for
toxicological impairment, weak to moderate evidence for nutrient enrichment, and negligible evidence for
physical habitat alteration effects to the plankton or benthic invertebrate communities in Lake D2/D3.
Tissue chemistry results from Northern Pike (i.e., mercury) will be considered in the next re-evaluation, as
the first fish tissue program in Lake D2/D3 was completed in 2019.
Lake N14 and Lake N17
The EIS predicted that there would be increased flow-through in Lakes N14 and N17 as a result of diverted
flows from the D and E watersheds. This would translate to increased flows at the outlets, particularly in
Lake N14, increased lake habitat area for fish, and potentially minor changes in water and sediment quality.
Lake E1 was observed to overflow to Lake N14 for a period in June 2017, while Lake D2/D3 did not overflow
to Lake N14 during the 2015 to 2018 period. In 2017 and 2018, the annual water yield in Lake N14 and
Lake N17 accounted for inflows from the E watershed, and while the yield was below median baseline
predictions, it was similar to conditions observed in the reference lakes.
Updated Effect Predictions for Operations
Predicted environmental effects of the Mine and proposed mitigation were presented in the 2010 EIS, the
2011 EIS Update, and the 2012 EIS Supplement. In addition, revised predictions generated from a water
quality model update were submitted as part of the 2018 Water Licence Amendment application. Based on
the findings of this re-evaluation report, the majority of the effect predictions have not changed. However,
additional details are provided for all AEMP components to clarify the predicted effects during operations.
These additional details for all components and updated effect predictions for hydrology, water and
sediment quality, and fish community are presented in Section 17 of this re-evaluation report.
Hydrology effect predictions for operations in Area 8, the lakes and streams downstream of Area 8,
Lake N11, and Lake J1 have been updated with respect to water levels, water yield and/or flows. Outflow
from Area 8 and downstream flows will be more regulated than they have been previously, with the
proposed changes to downstream flow mitigation, which will result in pumping more water into Area 8 just
after ice-off and maintaining higher flow rates and water levels downstream of Area 8 into July. However, it
is unlikely that pumping will increase open-water flows above flood levels because the augmentation targets
are well below the flood flows for Area 8, and are within natural seasonal variation. The channel at the outlet
of Area 8 is naturally adapted to convey the flows targeted in the DFMP. As well, if natural climatic conditions
result in flood flows, pumping will not be required and will be curtailed at that time. Effect predictions for
Lake N11 were updated to consider the differing effects of operational discharge (increased annual yield),
pumping to Area 8 to support downstream flow mitigation (decreased annual yield), and diverted flows from
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the D and E watersheds (slight increases in flows). Lake J1 will no longer receive diverted water from Lake
A1, and therefore is no longer expected to be affected by the Mine.
The high-level summary of changes to water and sediment quality provided in the currently approved AEMP
Design Plan has not changed. However, new quantitative predictions are provided based on the water
quality update from the 2018 Water Licence Amendment application, and the qualitative effect predictions
for the raised lake D2/D3 have been refined based on the current understanding of the predicted changes
in the developing lake. In addition, the effect predictions for Lake J1 were removed due to the absence of
the Lake A1 diversion and the subsequent lack of expected Mine-related effects.
Plankton and benthic invertebrate community effect predictions have not changed.
Fish community effect predictions during operations have been updated for Area 8 (including downstream
lakes and streams) to reflect the expectation of recolonization by Arctic Grayling of the K, L and M streams
following the changes proposed in the updated DFMP. There are no changes for effect predictions related
to fish habitat.
Fish health and fish tissue chemistry effect predictions have not changed.
There are no changes to effect predictions for any AEMP component during closure or post-closure.
Overall Conclusions
The main Mine activities that could have potentially affected the aquatic receiving environment during
construction and early operations included:
•

the Fish-Out of Kennady Lake (Lue T’e Halye);

•

dewatering of the controlled area of Kennady Lake during construction;

•

isolation of Area 8 from the Kennady Lake watershed;

•

alteration of flows and water levels due to the construction of dykes and diversions;

•

downstream flow mitigation; and

•

operational discharge from the WMP to Lake N11.

The Fish-Out of Kennady Lake resulted in a predicted decline in Arctic Grayling numbers between 2014
and 2015, coinciding with the isolation of Area 8 from Kennady Lake. Arctic Grayling were not observed
downstream of Area 8 in 2017 and 2018 (thereby triggering the Moderate Action Level), likely due to a
combination of events that have occurred since 2014, some Mine-related and some natural.
Dewatering discharge from the controlled area of Kennady Lake (i.e., Areas 3, 5, and 7) had no identifiable
effect on the receiving environments of Area 8 and Lake N11. Water levels in Area 8 and Lake N11 were
not elevated beyond natural conditions and lake volume changes were negligible. Monitoring data for both
Area 8 and Lake N11 showed that the quality of the dewatering discharge was consistent with historical
water quality, and no discernible effects on sediment quality or aquatic health were observed. There was
also no evidence suggesting changes to fish habitat.

De Beers Canada Inc.

Gahcho Kué Mine
xvii
2015 to 2018 Aquatic Effects Re-evaluation Report
Plain Language Summary

December 2019

The isolation of Area 8 from the Kennady Lake watershed was expected to reduce flow-through and outflow,
thereby increasing the residence time and the rate of evaporation relative to background conditions in
Area 8. Consequently, slight increases in concentrations of nutrients, major ions, and metals were
observed; concentrations were below toxicity-based benchmarks, such that negligible effects to aquatic
health are expected. Mild nutrient enrichment was also observed in Area 8 in 2018.
The reduced flow caused by the isolation of Area 8 from the Kennady Lake watershed in addition to the
local dry conditions in 2016 that resulted in reduced flows in the K, L and M streams relative to baseline
conditions, resulted in ecological implications for Arctic Graying migration and fish passage. To alleviate
this, the DFMP was implemented in 2017 and 2018 by providing augmented flows from Lake N11 into Area
8. The augmented flow provided the minimum flows required for Arctic Grayling migration and fish passage
during the spring migration period. The evidence for physical habitat alteration in downstream streams was
negligible for benthic invertebrate and fish communities, with availability of suitable physical habitat and
access to habitats for spawning observed during the four years of fish population and community
assessment. Apart from Arctic Grayling, multiple fish species representing all life stages were present in
the downstream K, L and M streams in 2017 and 2018.
Dykes F and G diverted site water away from the controlled area of the Mine, causing the raising of water
levels in lakes D2, D3 and E1, which caused flooding of the tundra, increased lake surface areas, and
merging of lakes D2 and D3 to form Lake D2/D3. Lake D2/D3 water quality has been in a transition phase
since its formation in 2016. Lake D2/D3 water quality is expected to continue to change as the lake
continues to mature and develop, consistent with EIS predictions, until the eventual stabilization of water
quality. The ecological implications of these continued changes in water quality include increases in
productivity and changes in the biological communities as water level and lake area stabilize. If the
enrichment persists, increases in primary productivity may provide more food for zooplankton, benthic
invertebrates and ultimately for fish, possibly to a greater extent than in the other raised lakes.
Effects related to operational discharge to Lake N11 were noticeable in 2018, with several water quality
parameters significantly different from baseline and reference conditions (i.e., TDS, conductivity, nitrate,
some major ions, and metals). However, lake-wide median/mean concentrations were below toxicity-based
benchmarks and no ecological implications are expected. Nutrient enrichment was observed in Lake N11;
nitrogen concentration was elevated as a result of the operational discharge, and increases in
phytoplankton biomass were detected. A similar effect was observed in Area 8, which received a discharge
from Lake N11 as part of the DFMP. Nutrient concentrations remained within the oligotrophic range in both
Area 8 and Lake N11, which was predicted in the EIS. The ecological implications of the observed increases
in nutrients on phytoplankton biomass in these lakes are considered minor, because productivity indicators
remain representative of oligotrophic conditions, and no major plankton community shifts were observed. If
the enrichment persists, the observed slight increases in primary productivity may provide more food for
zooplankton, benthic invertebrates and ultimately for fish.
Overall, AEMP monitoring results during 2015 to 2018 (i.e., during the construction and early operation
phases) indicate that water in Area 8, Lake N11, downstream of these core lakes, and the raised lakes is
able to support viable and self-sustaining aquatic ecosystems.
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Lessons Learned
This re-evaluation report reviewed AEMP monitoring data from 2015 to 2018 to determine key “lessons
learned” over time that could be applied to the next AEMP Design Plan. Overall, the 2015 to 2018 AEMP
results indicate that the AEMP performed as expected and was effective at meeting its objectives.
Two key lessons learned through the 2015 to 2018 AEMP monitoring and reporting relate to baseline data
and normal range calculations. The baseline data set would be improved with the addition of 2015 data
from Area 8 and the 2015 and 2016 data from Lake N11 as representative of pre-impact conditions.
Furthermore, the inclusion of the additional pre-impact data from 2015 and 2016 would allow comparisons
between baseline and monitoring years with different sampling designs, as well as comparisons for
chemistry parameters that had different detection limits between baseline and monitoring years.
A revised method to calculate normal ranges was developed that does not consider the sample size of the
exposure mean (as the previous normal range calculation method did); this change is expected to improve
the use of normal ranges in monitoring environmental change in the AEMP. Additional updates were also
made to improve both the precision and reproducibility of the normal ranges.
Recommendations for Changes to the AEMP Design Plan
Key AEMP Design Plan updates as a result of the 2015 to 2018 AEMP monitoring and re-evaluation include
the following:
•

The level of effort to monitor downstream lakes L2 and M4 for water quality was found to be
unnecessary, given the small size and monitoring status of these lakes (i.e., not core lakes), and a lack
of alignment was noted between the water quality and benthic invertebrate sampling stations in streams
downstream of Area 8. AEMP objectives will continue to be met if the sampling effort in lakes L2 and
M4 is reduced to one station per lake, and the ability to detect effects in streams downstream of Area
8 will be improved if water quality and benthic invertebrate stations are fully aligned.

•

A duplication in effort was found for sampling, laboratory analysis, and data interpretation for nutrients
(i.e., as both discrete and depth-integrated nutrient concentrations) by the water quality and plankton
components in the 2015 to 2018 annual reports. Moving forward, depth-integrated samples for nutrients
will be collected from the core lakes, the reference lakes, and Lake D2/D3 by the water quality
component and the open-water data used by the plankton component to assess the Nutrient
Enrichment Hypothesis. The nutrient analytical suite will be streamlined to focus on nitrate, nitrite and
ammonia to assess toxicity by the water quality component and total phosphorus, dissolved
phosphorus, soluble reactive phosphorus and total nitrogen to assess nutrient enrichment by the
plankton component.

•

Sampling for dissolved organic carbon should be added to the water quality monitoring component
going forward, because it is a key exposure and toxicity modifying factor for a number of metals.

•

Light measurements taken using a Secchi disk provide the information necessary to support the
plankton component and can replace those taken with the LICOR meter, which were unreliable due to
inconsistent performance of the field equipment.
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•

sediment core sampling at the operational SNP stations in Lake N11 at the boundary of the mixing
zone for the permanent diffuser should be replaced with 1-cm grab samples due to continued
unsuccessful efforts to collect core samples. In addition, timing of SNP sediment sampling is
recommended to change to August from September, to avoid inclement weather and thereby improve
sampling success.

•

Underwater video surveys, angling, and backpack electrofishing, which have been used in recent years,
are proposed to be included to assess Arctic Grayling presence in the update to the AEMP Design
Plan.

•

For the benthic invertebrate component, the list of dominant taxa and major groups identified for the
core lakes, Lake D2/D3 and for streams downstream of Area 8 should be standardized among years
to improve the comparability of results from year-to-year.

•

A revised statistical analysis method is proposed, which is consistent with the previous before-after
control-impact (BACI) analysis but improves consistency with visual data interpretation, and provides
an opportunity to streamline the analysis and interpretation of AEMP results.

•

Adding 2015 data from Area 8 and the 2015 and 2016 data from Lake N11 is recommended as Before
data to the BACI analysis.

•

The adoption of new Action Levels, including revised Low Action Levels and newly developed Moderate
and High Action Levels for core lakes, as well as newly developed Action Levels for Lake D2/D3 and
the High Action Level for fish habitat and community in downstream lakes and streams, is
recommended.
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INTRODUCTION

Background

De Beers Canada Inc. (De Beers) owns and operates the Gahcho Kué Mine (Mine), an open pit diamond
mine in the Northwest Territories (NT). The Mine is located in the North Slave Region of the NT at Kennady
Lake, approximately 140 km northwest of Łutsel K’e and 280 km northeast of Yellowknife (Map 1.1-1). The
Mine is approximately 80 km southeast of the Snap Lake Mine and is approximately 160 km southeast of
the Ekati Mine.
An Aquatic Effects Monitoring Program (AEMP) is a requirement of Schedule 6, Part I, Item 1 of the Type A
Water Licence MV2005L2-0015 (MVLWB 2018a). De Beers retained Golder Associates Ltd. (Golder) for
the design and implementation of the AEMP, and reporting of AEMP results. The goal of the AEMP is to
identify potential effects of the Mine on the surrounding aquatic environment and evaluate whether aquatic
ecosystems and their uses are adequately protected in areas affected by the Mine. The scope of the AEMP
is based on the AEMP Design Plan Version 5 (De Beers 2016a) approved by the Mackenzie Valley Land
and Water Board (MVLWB, the Board) in January 2016.
An Aquatic Effects Re-evaluation Report is a requirement of Part I, Item 5 of the Water Licence. This is the
first re-evaluation report for the Mine. Subsequent Aquatic Effects re-evaluation reports are required by the
Board to be submitted on a three year cycle.
This re-evaluation represents a summary and evaluation of the monitoring data collected for the annual
AEMP programs over the past four years (i.e., 2015 to 2018), and considers earlier baseline data, as
appropriate. Data and results for the following components are provided: hydrology, discharge assessment
(i.e., dewatering discharge and effluent quality), water quality, sediment quality, plankton, benthic
invertebrates, fish habitat and community, fish health and tissue chemistry, and weight of evidence. Special
studies (i.e., plume delineation) results are also summarized.

1.2

Objectives

The re-evaluation has the following three objectives:
a)

to describe the Project-related effects on the Receiving Environment as measured from Project
inception and compared against predictions made in Environmental Impact Review and in other
submissions to the Board;

b)

to revise predictions of Project-related effects on the Receiving Environment based on monitoring
results obtained since Project inception; and

c)

to provide supporting evidence, if necessary, for proposed revisions to the AEMP Design Plan.

The structure of report was designed to satisfy the requirements of Schedule 6, Part I, Item 2 of the Water
Licence, as well as to address MVLWB Directives related to the re-evaluation, De Beers commitments in
responses to Information Requests on past AEMP reports and response plans, and past report and
response plan recommendations. Appendix 1A gives the section numbers of this report where the details
related to each Water Licence requirement, MVLWB Directive, and De Beers commitment or
recommendation are addressed.
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Report Structure

The structure of this Aquatic Effects Re-evaluation Report is as follows:
Section 1: Introduction
•

Provides a brief statement of the purpose of the report, and Concordance Tables with section numbers
of this report where the details related to each Water Licence requirement, MVLWB Directive, and
De Beers commitment or recommendation are addressed.

Section 2: Summary of Mine Activities
•

Provides a short overview of the Mine site and phases of Mine development, a summary of Mine
activities that occurred between 2015 and 2018 that may be relevant to the AEMP, and a summary of
expected project influences of the Mine on the aquatic environment based on Mine activities.

Section 3: Summary of Currently Approved AEMP Design Plan
•

Provides a brief summary of the currently approved AEMP Design Plan Version 5 to provide context
for the data presented in the re-evaluation, while referring to the AEMP Design Plan for details.

Section 4: Aquatic Effects Re-evaluation Approach
•

Presents the approach for the re-evaluation and describes common methods across AEMP
components.

Sections 5 to 15: Component-specific Sections
•

Discusses each AEMP component within a separate section: hydrology, water quality, sediment quality,
plankton, benthic invertebrates, fish habitat and community, fish health, fish tissue chemistry, special
studies (Plume Delineation), and weight of evidence. A summary of discharge quality (i.e., dewatering
and operational effluent as measured in the Surveillance Network Program [SNP]) is provided
separately from water quality in Section 6 (Discharge Assessment); the water quality section (Section 7)
focuses on AEMP data. The content of each component-specific section is described in Section 4.

Section 16: Summary of Observed Effects and Comparisons to Environmental Impact Statement
Predictions
•

Provides a high-level summary of effects by waterbody and a comparison to Environmental Impact
Statement (EIS) predictions. The overall ecological significance of the results is presented, along with
lessons learned from the re-evaluation.

Section 17: Updated Effect Predictions
•

Outlines proposed changes to the predicted Mine-related effects on the aquatic environment with
supporting rationale and summarizes the effect predictions to be used in future AEMPs (with
quantitative predictions provided when possible, such as for water quality).

Section 18: Recommendations for Changes to the AEMP Design Plan
•

Compiles, from the component-specific sections, the proposed changes to the AEMP Design Plan.
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SUMMARY OF MINE ACTIVITIES

The purpose of this section is to provide a short overview of the Mine site and phases, and a summary of
the Mine activities that occurred between 2015 and 2018 that may be relevant to the Aquatic Effects
Monitoring Program (AEMP).

2.1

Overview

Mine activities are segregated into three phases: construction, operations, and closure (Table 2.1-1). Each
phase is summarized below with a focus on water management activities relevant for the AEMP. Further
details on each phase can be found in the AEMP Design Plan Version 5 (De Beers 2016a), and the 2018
Updated Project Description (De Beers 2018a) that describes any modifications to the Mine plan since the
commencement of Mine operations.
Table 2.1-1

Schedule of Mine Activities

Year(a)
No.

Date

Mine Phase

Activities

-2 to -1

2014 to 2016

Construction

-1 to 2

2016 to 2018

Operations

3 to 5
6 to 7
8 to 12

2019 to 2021
2022 to 2023
2024 to 2028

Operations
Operations
Operations

13 to 14

2029 to 2030

Closure and Reclamation

15 to 31
32+

2031 to 2047
2048+

Closure
Closure

Site infrastructure construction
Lake dewatering
Pre-stripping of 5034 pit
Processing plant commissioned in Q2 of Year -1 (2016)
Operations began by Q3 of Year -1 (October 2016)
Mining – 5034 and Hearne pits
Mining – 5034, Hearne, and Tuzo pits
Mining – 5034 and Tuzo pits
Mining – Tuzo pit
Interim Closure – Remove non-essential buildings/site infrastructure;
Kennady Lake refilling commences
Ongoing lake refilling (about 19 to 31 years total) and monitoring
Kennady Lake refilling complete and monitoring

a) Years are estimates based on the current Mine plan and may change depending on future circumstances.
No. = number.

Construction
The construction phase of the Project occurred between 2014 and 2016 (Table 2.1-1). Construction
activities consisted of the building of site infrastructure, including plant construction and equipment
installation, construction of various dykes, lake dewatering, and pre-stripping of the 5034 Pit (De Beers
2018a). Key water management activities included:
•

Establishment of the Controlled Area: A controlled area was established in Areas 1 to 7 of Kennady
Lake through the isolation of these basins of Kennady Lake by the construction of diversion dykes in
the upper headwater watersheds (i.e., dykes A1, E, F, and G) and the construction of a water-retaining
dyke (Dyke A) at the narrows separating Area 7 and Area 8 to isolate the controlled area from Area 8,
which is the downstream lake basin and lake outlet. The controlled area is used to contain and manage
water potentially affected by the Mine. Water collected and stored in the controlled area is only released
if it meets regulatory discharge criteria.
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Dewatering of Kennady Lake: Areas 2 to 7 of Kennady Lake were dewatered during the Mine
construction phase to drain the lake portion within the controlled area to the maximum extent possible
so that the ore located below the lakebed can be safely accessed for mining. Prior to the dewatering,
a fish out program was conducted to remove as many fish as possible from the lake. Dewatering from
Area 7 to Area 8 occurred in two periods: December 20, 2014 to January 2, 2015 (under-ice) and May
19 to September 7, 2015. Dewatering from Area 3 and 5 to Lake N11 also occurred in two periods:
February 1 to October 5, 2015, with a short break between June 12 and July 1 for repairs to pumping
equipment, and May 20 to 31, 2015.

Operations
Mine operations commenced in October 2016, following initial testing of the processing plant
(Table 2.1-1). The ore bodies are being mined in sequence, beginning with 5034 followed by Hearne and
Tuzo, with periods of overlap between the ore bodies to ensure a continuous supply of kimberlite ore to the
process plant (De Beers 2018a). Key water management activities include:
•

Water Management Outside the Controlled Area: Runoff from areas upstream of the controlled
boundary (i.e., water that has not been in contact with the Mine site) flows away from the controlled
area rather than into it through the diversion of the four upper tributary watersheds (i.e., A, B, D, and E
watersheds). Watersheds B, D, and E have been diverted to the adjacent N watershed, while annual
flows in the A watershed are directed via a pipeline to Area 8 (De Beers 2018a).

•

Raised Lakes: The diversion of a number of the upper watersheds with dyke construction resulted in
an increase to water levels in waterbodies upstream of the dyke (e.g., Lakes D2, D3, E1, and A1). After
completion of Dyke F construction in May 2016, water levels in Lake D2 began to rise, and following
the 2016 spring freshet, Lakes D2 and D3 were hydrologically joined to form a single waterbody
(referred to as raised Lake D2/D3). Lake water levels continued to increase through 2017 and 2018 but
did not reach the full supply level (the nominal water level increase in Basin D2 will result in the potential
for increased water levels by up to 1.6 m, and up to 2.8 m in Basin D3 [De Beers 2011]). Construction
of Dyke G coffer dam downstream of Lake E1 was completed by May 2016, and water levels were
raised in 2017 as a result (the nominal water level of Lake E1 will increase by 0.8 m [De Beers 2011]).
Construction of Dyke A1 and several associated minor berms around Lake A1 will result in the potential
for increased water levels by up to 0.5 m (De Beers 2012); however, annual pumping from Lake A1 to
Lake J1 and Area 8 has maintained water levels below this threshold.

•

Water Management inside the Controlled Area: Site runoff within the controlled area, process mine
water generated on site, and groundwater flowing into the open pits are currently pumped to the water
management pond (WMP). A portion of the water in the WMP is recycled to the processing plant or
used for dust suppression within the controlled area. A number of internal dykes and berms are used
to isolate various regions within the controlled area and to allow water transfers within the controlled
area as mining progresses.

•

Operational Discharge: A permanent diffuser was installed in Lake N11 in September 2016 to support
operational discharge of water from the WMP to Lake N11. Water is periodically pumped from the WMP
directly to Lake N11 when water quality in the WMP meets discharge criteria. Discharge is not
continuous; to date, operational pumping from the WMP to Lake N11 has occurred during three discrete
periods:
−

October 29, 2016 to January 17, 2017 (total volume of 2,794,686 m3);

−

September 4 to November 13, 2017 (total volume of 2,360,284 m3); and

−

September 4 to October 3, 2018 (total volume of 582,289 m3).
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Flow Augmentation in Area 8: Natural flow to Area 8 has been reduced due to the isolation of Area 8
from upstream of Kennady Lake by Dyke A. In the absence of mitigation, reduction in flows at Area 8
have the potential to frequently prevent Arctic Grayling spawning migrations due to natural barriers that
persist at low flows and to reduce the available habitat area for spawning and rearing through reductions
in wetted area (Golder 2012). A Downstream Flow Mitigation Plan (DFMP; Golder 2012) using water
sourced from Lake N11 was developed to augment flows downstream of Area 8 during operations and
closure to avoid potential harmful population level effects on the Arctic Grayling population between
Area 8 and Lake 410. The augmented flows in the DFMP are timed to occur during the open water
season (e.g., June to the end of August). A permanent diffuser equipped with a heat tracer system was
installed in Area 8 in September 2018 to support the DFMP.

Closure and Reclamation
Closure and reclamation plans for the Mine are described in the Interim Closure and Reclamation Plan
Version 4.1, which was approved by the MVLWB on June 6, 2019 (De Beers 2019b). Progressive
reclamation of some of the areas within the controlled area, such as the mine rock piles and fine and coarse
processed kimberlite (PK) storage areas (i.e., Coarse PK Pile and the Fine Processed Kimberlite
Containment [PKC] Facility), will commence when practicable.
Within two years after completion of processing operations, most of the infrastructure, buildings, and
equipment will be disposed of on-site or removed off-site (De Beers 2018a). The only exceptions will be
those facilities required to support site monitoring and returning the planned reclaimed areas of Kennady
Lake to suitable fish habitat.
The progressive reclamation strategy adopted for the Mine will be extended to water management, where
portions of Kennady Lake will be isolated and brought back to pre-development water levels as quickly as
possible. Refilling of Kennady Lake to its original water level is anticipated to take approximately 19 years.
Lake refilling will occur through natural drainage from the Kennady Lake watershed but will also be
augmented through supplemental pumping from Lake N11 (De Beers 2018a).

2.2

Expected Project Influence on the Aquatic Environment

For this re-evaluation period (i.e., 2015 to 2018), the main Mine activities that could have potentially affected
the aquatic receiving environment include:
•

Dewatering Discharge: Water from Areas 2 to 7 in Kennady Lake were pumped to Area 8 and Lake
N11 during the construction phase, with dewatering activities finished by the end of May 2016. This
activity temporarily increased the water yield from these lakes and those downstream. Negligible
changes in water and sediment quality as a result of the dewatering discharge were measured.

•

Operational Discharge: Periodic operational pumping from the WMP to Lake N11 occurred from
October 2016 to October 2018. Water quality in Lake N11 was expected to change as a result of the
operational discharge from the WMP to Lake N11 (De Beers 2012, 2018a). These changes include
incremental increases to concentrations in each of the constituent groups (i.e., total dissolved solids
[TDS], major ions, nutrients, metals). However, water quality in Lake N11 was expected to remain below
site-specific water quality objectives (SSWQOs) because all discharge is regulated by Effluent Quality
Criteria (EQC) as per the Water Licence MV2005L2-0015 (MVLWB 2016, 2018a). Measured water
quality changes in Lake N11 during operations has been consistent with the EIS projections.

De Beers Canada Inc.

Gahcho Kué Mine
2-4
2015 to 2018 Aquatic Effects Re-evaluation Report
Summary of Mine Activities

December 2019
Section 2

•

Alteration of Water Levels and Flows: Isolation and diversion of upper Kennady Lake watersheds
resulted in changes to water levels and flows in Area 8 and Lake N11 and downstream waterbodies.
As a result of its isolation from the rest of Kennady Lake, minor changes in water and sediment quality
were projected in Area 8 and downstream lakes and streams. Measured water and sediment quality to
date has been consistent with the EIS projections.

•

Flow Augmentation in Area 8: Augmentation of flows from Lake N11 to Area 8 associated with the
DFMP (Golder 2012) occurred in 2017 and 2018. The downstream flow mitigation was implemented to
augment flows downstream of Area 8 and avoid potential harmful effects on the fish community
between Area 8 and Lake 410. The flows were expected to produce conditions that are amenable to
fish migration between the small lakes and streams downstream of Area 8 to Lake 410 as described in
the DFMP. Changes to fish population downstream of Area 8 were identified in both 2017 and 2018.
Specifically, adult Arctic Grayling were not documented moving to spawning areas with the normal
spring period and were not present between Area 8 and Lake 410 during spring monitoring programs.
Young-of-the-year Arctic Grayling were not present between Area 8 and Lake 410 during the summer
monitoring programs and similar to baseline years were not distributed in the stream downstream of
Area 8. Other fish species (i.e., Northern Pike, Lake Trout, Burbot, Slimy Sculpin, Ninespine
Stickleback, Lake Chub) were observed or captured that represented all life stages in most lakes and
streams between Area 8 and Lake 410, which suggests that the distribution of the fish community
downstream of Area 8 other than Arctic Grayling is being maintained. Additional monitoring as outlined
in the 2017 and 2018 AEMP Response Plans for fish habitat and community (De Beers 2018b, 2019a)
has been implemented.

•

Raised Lakes: Early in Mine operations, water levels in several upper watershed lakes increased and
spilled over to Lake N14 in the N Lakes watershed expected (i.e., Lake E1, Lake D2/D3). Lake E1
spilled over in 2017 and Lake D2/D3 spilled over in spring 2019. The gradual flooding of the riparian
habitat and tundra vegetation associated with the raising of these lakes was expected to result in
increased nutrient concentrations, particularly in the shallow basins of the lakes (i.e., Basin D2), which
will be dependent on the mass of inundated organic material, the hydrological regime (i.e., retention
time and flushing rates) and rates of microbiological and biological activity (i.e., low temperatures may
reduce the potential for decomposition and assimilation). Similarly, a continued release of some metals
from the sediment of the inundated flooded areas is anticipated, primarily during low oxygen conditions
at the sediment-water interface associated with under-ice conditions in the shallow regions of the lake
(i.e., Basin D2). Measured water quality conditions in Lake D2/D3 have been consistent with EIS
projections.
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SUMMARY OF CURRENTLY APPROVED AEMP DESIGN
PLAN
Objectives of the AEMP

The purpose of the Aquatic Effects Monitoring Program (AEMP) is to identify potential effects of the Gahcho
Kué Mine (Mine) on the surrounding aquatic environment and evaluate whether aquatic ecosystems and
their uses are adequately protected in areas affected by the Mine. The specific objectives of the AEMP, in
reference to Part I, Item 1 of the Water Licence, are:
a)

to determine short- and long-term aquatic effects of the Mine on the receiving environment
(i.e., Kennady Lake watershed, N Lake watershed, and downstream watersheds);

b)

to test the predictions made in the Environmental Impact Review and other submissions to the MVLWB
regarding the impacts of the Mine on the receiving environment;

c)

to evaluate whether traditional water uses in Lake N11 (outside of the initial dilution zone) and in
waters downstream of Kennady Lake are affected by the Mine’s activities throughout construction,
operation, and closure and reclamation;

d)

to assess the effectiveness of mitigation used to minimize the effects of the Mine on the receiving
environment;

e)

to identify whether there is a need for additional mitigation to reduce or eliminate Mine-related effects;
and

f)

to provide an early warning system, whereby the results of aquatic monitoring are used to prevent or
avoid adverse environmental effects through a response framework and regular evaluation of the
AEMP.

3.2

Overview of the Problem Formulation

The AEMP was designed to monitor the effects of the Mine on the aquatic environment, based on an
understanding of the receptors within the aquatic environment near the Mine, the potential interactions of
stressors associated with Mine activities, and exposure pathways that link the two. Potential linkages
between the Mine and the aquatic environment are the foundation of the impact hypotheses tested by the
AEMP, and drove the selection of assessment and measurement endpoints. This section provides a brief
overview of the problem formulation or conceptual site model, as presented in Section 6 of the currently
approved AEMP Design Plan (De Beers 2016a).
The aquatic ecosystem in the Kennady Lake watershed and downstream watershed includes both lake and
stream environments. The lake environment is inhabited by periphyton on shoreline rocks, benthic
invertebrates in the sediment, and phytoplankton, zooplankton, and fish in the water column. The stream
environment is similar to the lake environment, although plankton play a smaller role in the food web, and
periphyton and benthic invertebrates play a larger role. Phytoplankton, zooplankton, benthic invertebrates,
and fish were selected as receptors for monitoring under the AEMP.
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The primary exposure routes for the selected receptors in the Kennady Lake watershed and downstream
watershed are the Mine-affected water from Kennady Lake, and the alteration of water levels and flows
resulting from isolation and diversion of surface waters within the Kennady Lake watershed. The following
Mine activities and components are the primary sources of stress to the aquatic ecosystem:
•

The Mine footprint results in a direct loss of habitat over the Mine life.

•

Isolation and diversion of upper Kennady Lake watersheds result primarily in changes to water levels
and flows, and secondarily in changes to water quality (e.g., nutrients and mercury released from
flooded land).

•

Dewatering and refilling primarily result in changes in water levels and flows in Kennady Lake and
downstream watersheds.

•

Operational discharge and refilling activities alter water quality (e.g., nutrients, metals, and total
dissolved solids [TDS] and major ions) in downstream watersheds and the refilled Kennady Lake.

•

Mine pit development and production of Mine waste alter water quality, including TDS inputs from deep
groundwater in pits; nutrients (e.g., phosphorus and silica) and metals leached from Processed
Kimberlite (PK) in the Coarse PK Pile and Fine Processed Kimberlite Containment (PKC) Facility; and
metals leached from mine rock.

•

Site water management (e.g., water management pond [WMP]) results in altered concentrations of
nutrients, metals, and TDS, mainly during closure and reclamation, but also during the early stages of
operations (i.e., pumping to Lake N11).

•

Air emissions result in changes to air quality, particularly increased dust deposition.

These sources of stress were assessed as having potential residual effects on Valued Components (VC)
in the aquatic ecosystem, such as water quality and fish, as identified in the Environmental Impact
Statement (EIS) and subsequent documents (De Beers 2010, 2011, 2012). Two categories of stressors
were identified:
•

•

Chemical Stressors:
−

nutrients (e.g., phosphorus, nitrogen, silica) originating primarily from PK and mine rock;

−

metals (e.g., cadmium, copper) originating from waste rock seepage, groundwater, and air
emissions; and

−

TDS originating from groundwater.

Physical Stressors:
−

alteration of aquatic habitat (e.g., changes to water levels, flows, and as a result, the potential for
erosion,
suspended
sediment
entrainment
and
deposition)
associated
with
drawdown/refilling/reconnection of Kennady Lake, diversion of streams, and resulting isolation of
waterbodies.

De Beers Canada Inc.

Gahcho Kué Mine
3-3
2015 to 2018 Aquatic Effects Re-evaluation Report
Summary of Currently Approved AEMP Design Plan

December 2019
Section 3

The pathways by which Mine-related sources and stressors may influence the aquatic ecosystem are both
direct and indirect. The key exposure pathways relevant to the AEMP in the Kennady Lake watershed and
downstream watersheds are as follows:
•

contact of aquatic organisms with TDS and associated ions and metals in water and sediment (direct
pathway);

•

reduction in the quality of aquatic habitat through eutrophication associated with increased nutrient
concentrations (indirect pathway); and

•

alteration of the quantity and quality of habitat with changes to water levels and flows (indirect pathway).

In consideration of the key pathways of exposure of the aquatic environment to Mine-related stressors, the
following three impact hypotheses are tested in the AEMP:
•

Toxicological Impairment Hypothesis: Toxicity to aquatic organisms could occur due to the releases
of substances of toxicological concern (e.g., metals, TDS).

•

Nutrient Enrichment Hypothesis: Eutrophication could occur due to the releases of nutrients
(primarily phosphorus and nitrogen, and, for some species, silica, and TDS).

•

Physical Habitat Alteration Hypothesis: Alteration to physical habitat (aquatic habitat) could cause
changes to aquatic organisms through modifications to water levels and flows outside the controlled
area.

These hypotheses are evaluated in the AEMP using information generated through monitoring of
measurement endpoints, which were based on the assessment endpoints.
Assessment endpoints are defined as formal narrative expressions of the actual environmental values to
be protected (Suter 1993; Suter et al. 2000). For the AEMP, they are the ultimate properties of the VCs that
should be protected or developed for use by future human generations. Measurement endpoints are
quantifiable (i.e., measurable) expressions of the aquatic environment that influence the assessment
endpoints. They are measures of the potential for adverse ecological effects, and may include measures
of exposure (e.g., comparison of chemistry to environmental quality guidelines), as well as measures of
effects (e.g., biomass, community, toxicity relative to the reference condition).
The VCs were selected during the development of the EIS. Based on issues scoping for the Project with
community members, federal and territorial regulators, and other stakeholders, water quality and fish were
identified as being the most important components (i.e., VCs) for the key lines of inquiry relating to Kennady
Lake and downstream watersheds. These VCs were carried forward into the AEMP design.
The assessment endpoints applied in the AEMP are based on maintaining existing aquatic ecosystems, as
well as the recovery of a functioning aquatic ecosystem in the refilled and reconnected Kennady Lake at
post-closure. The assessment endpoints are also based on maintenance of traditional uses of the aquatic
environment, including drinking water quality by humans and wildlife, and fish health. The assessment
endpoints in the AEMP are as follows:
•

water that is safe to drink and fish that are good to eat; and

•

aquatic resources (e.g., lower trophic organisms, fish) that are characteristic of an oligotrophic aquatic
ecosystem.
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The AEMP is designed such that the changes in measurement endpoints (i.e., indicators of exposure to
mine-related stressors and indicators of potential ecological changes via field biological responses) will be
used to monitor for changes in the environment, and thus effects on traditional use.
Table 6.6-2 in the currently approved AEMP Design Plan lists the key assessment attributes for each
assessment endpoint, the associated aquatic component that will be monitored (i.e., hydrology, water
quality, sediment quality, plankton, benthic invertebrates, fish health and tissue chemistry, and fish habitat
and community), and the measurement endpoints and supporting lines of evidence (De Beers 2016a).

3.3

Summary of AEMP Design Plan

This section provides a brief summary of the existing AEMP Design Plan to provide context for the data
presented in this Aquatic Effects Re-evaluation Report. It provides a description of the sampling schedule
and locations, and a tabular summary of the AEMP sampling design for the period of monitoring from 2015
to 2018.
An in-depth description of the rationale, background information, and design of the AEMP is provided in the
AEMP Design Plan (De Beers 2016a).

3.3.1

Study Areas and Sampling Locations

Two specific study areas were delineated in the 2010 EIS (De Beers 2010) and 2011 EIS Update
(De Beers 2011):
Kennady Lake Study Area (KLSA): The KLSA includes Kennady Lake along with its headwater lakes and
stream inlets, Stream K5 (the outlet stream of Kennady Lake), and riparian zones located in the Kennady
Lake watershed (Map 3.2-1). The KLSA includes an 8.15 km2 area of Kennady Lake, which is divided into
seven main areas (Areas 2, 3, 4, 5, 6, 7, and 8), as well as 32.5 km2 in watershed area including
sub-watersheds A, B, D, E, F, G, J, and I. The downstream limit of the KLSA is the Kennady Lake outflow
from Area 8 (Stream K5). Kennady Lake Areas 2, 3, 4, 5, 6, and 7 have been isolated from the upper
watershed lakes that drain into Kennady Lake, and form Area 8 and its downstream waterbodies.
Downstream Local Study Area: The downstream local study area has been defined to assess the
immediate direct and indirect effects of the Mine on downstream lakes and streams, and associated aquatic
and semi-aquatic life (Gahcho Kué Panel 2007). It is a 739 km2 area that extends from the outlet of Stream
K5 from Area 8 of Kennady Lake downstream to the outlet of Kirk Lake, including associated watersheds
(Map 3.2-1). The drainage from the adjacent N watershed joins the natural drainage from Kennady Lake at
Lake 410. The combined drainage then flows out of Lake 410 through the P watershed to Kirk Lake, and
then to Aylmer Lake.
The predicted zone of influence during the phases applicable to this AEMP (i.e., from Mine operation
activities) includes the Mine footprint, the Kennady Lake watershed, the N Lakes watershed (particularly
Lake N11 and its downstream environment), the L and M lakes, Lake 410, and the winter access road to
the Mine (Map 3.2-1).
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Sampling locations for the AEMP have been grouped into categories as follows:
•

Core lakes (Area 8, Lake N11, and Lake 410): Core lakes are those that may be affected by the Mine
(Map 3.2-1).

•

Reference lakes (East Lake and Lake 3): Reference lakes are reasonably similar to Kennady Lake
and have no potential to be affected by the Mine (Map 3.2-2).

•

Raised lakes (Lake D2/D3): Raised lakes have raised outlets and water levels as a result of dyke
construction and watershed diversion (Map 3.2-1).

•

Downstream Lakes and Streams (Lakes L2 and M4, Streams K5, L2, L3, M4, and M2): Downstream
lakes and streams are representative of the lakes and streams in the downstream local study area.

In addition to the lakes listed above, field programs in support of the hydrology component also included
the collection of hydrological data (e.g., discharge measurements, water level monitoring) at a number of
other lake outlets (Map 3.2-1).
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Sampling Frequency, Schedule, and Intensity

This section provides details on the sampling frequency, schedule, and intensity for each AEMP monitoring
component. Tables 3.2-1 to 3.2-5 provides a summary of the details of the current AEMP sampling design,
which guided the 2015 to 2018 monitoring programs, including sampling areas, numbers of stations,
frequency and timing of sampling events, sampling depths and type, and number of samples per station for
each component (i.e., hydrology, water quality, plankton, sediment quality, benthic invertebrates, and fish
habitat and community). Further details on each component can be found in Section 7.5 of the AEMP
Design Plan.
Monitoring was annual for most components (i.e., hydrology, water and sediment quality, plankton, benthic
invertebrates, and fish habitat and community) and every three years for fish health and fish tissue
chemistry (Table 3.2-6). The small-bodied fish surveys for the fish health and fish tissue chemistry were
staggered over multiple years:
•

The 2015 survey focused on identifying appropriate sentinel small-bodied fish species for the fish health
surveys in the core and reference lakes.

•

In 2016, small-bodied and large-bodied fish tissue sampling was conducted in Lake D2/D3.

•

Small-bodied fish were sampled in the core and reference lakes in 2018.

In the currently approved AEMP Design Plan, it was expected that frequency and seasonality of sampling
will vary by component and Project phase. Initially, and during periods of rapid change in water quantity
and quality (e.g., dewatering and WMP pumping in early operations), the monitoring cycle will be annual,
but may be reduced during periods of stable water quality and flows. The frequency of sampling during
operations was evaluated in this Aquatic Effects Re-evaluation Report, with any recommendations for
changes to the AEMP Design Plan provided in the component-specific sections (i.e., Sections 5 to 13).
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Table 3.2-1
Waterbody/
Watercourse

Rationale

Timing

Area 8, SNP 03

Area 8, SNP 03

monitor water levels in construction
and operations

Lake N11, SNP 01

monitor flow during dewatering in
construction and discharge from the
water management pond in
operations

Lake N11, SNP 01

monitor water levels in construction
and operations

Lake N17
Lakes D2 and D3(a)
Lake J1(b)
Lake L1

Section 3

Aquatic Effects Monitoring Program Design – Hydrology

monitor flow during dewatering in
construction and discharge from the
water management pond in
operations

Lake N14

December 2019

monitor water levels in construction
and operations
monitor water levels in construction
and operations
monitor water levels in construction
and operations
monitor water levels in construction
and operations
monitor water levels in construction
and operations

Frequency

continuous during dewatering/
continuous opendrawdown(d)
water; periodic iceperiodic manual measurements during
cover
site visits
continuous monitoring using logging
continuous ice-cover
equipment during construction dewatering
and
periodic manual measurements during
open-water
site visits
continuous during dewatering/
continuous open-water drawdown(d)
periodic ice cover
periodic manual measurements during
site visits
continuous monitoring using logging
equipment during construction
continuous ice-cover
dewatering, twice during operational
and open-water
discharges (two weeks prior to discharge,
and on final day of discharge)
continuous open-water annual
continuous open-water annual
continuous open-water annual
continuous open-water annual
continuous open-water annual

Lake N1
Lake M4
Lake M2
Lake 410
Lake P8a
Lake P6b
Lake P4
Lake P3

monitor water levels in construction(c)

periodic ice-cover and
annual(e)
continuous open-water

Lake 410

monitor water levels in operations

periodic
3 open-water

Kirk Lake
East Lake
Lake 3

monitor water levels in construction
and operations
reference lake; monitor water level
and discharge
reference lake; monitor water level
and discharge

Kennady Lake and
Adjacent
snowcourse survey
Watersheds
met station data - tipping bucket rain
Kennady Lake area
gauge

annual

continuous open-water annual
1 ice-cover
3 open-water
1 ice-cover
3 open-water

annual
annual

1 early spring

annual

continuous

annual

a) Lakes D2 and D3 considered representative of raised lakes; Lakes E1 and A1 were not selected for sampling.
b) Water level and stream discharge of Lake J1 will be monitored during period when water in Lake A1 is pumped to Area 8 via Lake
J1.
c) A subset of these lakes, or others along these flow paths, will be monitored to identify potential triggers during dewatering under
ice-covered and open-water conditions.
d) Continuous flow monitoring at lake outlets under open-water conditions will be accomplished by applying stage-discharge rating
curves to water level data; real-time continuous flow monitoring under ice-covered conditions is not possible, but estimates will be
prepared based on water level data and periodic discharge measurements.
e) Monitoring equipment is expected to be installed in spring 2015.
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Aquatic Effects Monitoring Program Design – Water Quality

Waterbody/Watercourse

Lake N11 SNP stations

Lake N11

Area 8 SNP stations(a)

Area 8
Lake 410

(a)

Rationale

Sampling Depth

Sample Type

Number of Samples per Station

Water Licence Compliance Monitoring: to document the
quality of water being pumped from a natural waterbody
through a dewatering or drawdown program

Periodic
open-water

verify prediction of no change during construction;
monitor change in water quality during operations;
supporting data for fish health monitoring

1 ice-cover
mid-depth or above and below thermocline(b) vertical water column profile and grab sample 1
3 open-water

Water Licence Compliance Monitoring: to document the
quality of water being pumped from a natural waterbody
through a dewatering or drawdown program
verify prediction of no change during construction;
monitor change in water quality during operations;
supporting data for lower trophic communities and fish
health monitoring
verify prediction of no change; early indicator of
potential downstream effects

East Lake

reference lake

Lake 3

reference lake

monitor potential increase in TSS, mercury and nutrient
concentrations from flooding of surrounding land;
supporting data for fish health monitoring
no effect expected to water quality in construction; slight
Area 8 outlet stream
changes in concentrations of nutrients, TDS and metals
(Stream K5) and Stream L2
in operations
no effect expected to water quality in construction; slight
Subset of L and M lakes
changes in concentrations of nutrients, TDS and metals
(i.e., Lakes L2 and M4)
in operations
Lakes D2 and D3(d)

Timing

mid-depth or above and below thermocline

(b)

1 or 2 (if water column is
vertical water column profile and grab sample
stratified)

Number of Stations

TBD

(c)

Frequency
twice during dewatering/drawdown (at the
beginning of dewatering/drawdown, and on
final day of dewatering/drawdown)
weekly during discharge from the water
management pond

5

annual

TBD(c)

twice during dewatering/drawdown (at the
beginning of dewatering/drawdown, and on
final day of dewatering/drawdown)
depending on parameters monitored
weekly during discharge from the water
management pond

5

annual

5

annual

5

annual

5

annual

1 ice-cover
mid-depth or above and below thermocline(b) vertical water column profile and grab sample 1
3 open-water

5

annual

1 open-water 20 cm below the surface

up to 5

annual

5

annual

Periodic
open-water

mid-depth or above and below thermocline(b) vertical water column profile and grab sample

1 or 2 (if water column is
stratified)

1 ice-cover
mid-depth or above and below thermocline(b) vertical water column profile and grab sample 1
3 open-water
1 ice-cover
mid-depth or above and below thermocline(b) vertical water column profile and grab sample 1
3 open-water
1 ice-cover
mid-depth or above and below thermocline(b) vertical water column profile and grab sample 1
3 open-water
1 ice-cover
mid-depth or above and below thermocline(b) vertical water column profile and grab sample 1
3 open-water

grab sample

1

1 ice-cover
mid-depth or above and below thermocline(b) vertical water column profile and grab sample 1
1 open-water

a) At the dewatering discharge point near the diffuser (i.e., at the end-of-pipe and at the edge of the mixing zone). This table describes the SNP water samples that will be included in the AEMP analysis. The Water Licence (MV2005L2-0015) describes additional SNP sampling that is required.
b) Samples will be collected from mid-depth, unless a thermocline is observed; in which case samples will be collected from above and below the thermocline.
c) TBD = to be determined; this station may have two or three substations.
d) Lakes D2 and D3 are considered representative of operationally raised lakes; Lakes E1 and A1 were not selected for sampling.
SNP = Surveillance Network Program; TBD = to be determined; TSS = total suspended solids; TDS = total dissolved solids.
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Aquatic Effects Monitoring Program Design – Plankton

Waterbody/
Watercourse

Rationale

Timing

Lake N11

verify prediction of no change in construction; monitor
effect of potential change in water quality in operations

3 open-water

Lakes D2 and D3(a)

monitor potential effect of increase in nutrient
concentrations from flooding of surrounding land

3 open-water

Area 8

verify prediction of no change in construction; monitor
effect of potential change in water quality in operations

3 open-water

East Lake

reference lake

3 open-water

Lake 3

reference lake

3 open-water

Sampling Depth

Sample Type

euphotic zone (phytoplankton)

composite (phytoplankton)

full-depth (zooplankton)

single haul (zooplankton)

euphotic zone (phytoplankton)

composite (phytoplankton)

full-depth (zooplankton)

single haul (zooplankton)

euphotic zone (phytoplankton)

composite (phytoplankton)

full-depth (zooplankton)

single haul (zooplankton)

euphotic zone (phytoplankton)

composite (phytoplankton)

full-depth (zooplankton)

single haul (zooplankton)

euphotic zone (phytoplankton)

composite (phytoplankton)

full-depth (zooplankton)

single haul (zooplankton)

Number of Samples per Station

Number of Stations

Frequency

1

5

annual

1

5

annual

1

5

annual

1

5

annual

1

5

annual

a) Lakes D2 and D3 are considered representative of operationally raised lakes; Lakes E1 and A1 were not selected for sampling.

Table 3.2-4

Aquatic Effects Monitoring Program Design – Sediment Quality and Benthic Invertebrates

Waterbody/
Watercourse

Rationale

Timing

Sampling Depth

Sample Type

Number of Samples per Station

Number of Stations

Frequency

Ekman grab

1 composite sediment

3

annual

Core (top 1 cm)

1 composite sediment
1 composite benthic invertebrates
1 composite sediment
1 composite benthic invertebrates
1 composite sediment
1 composite sediment
1 composite sediment
1 composite benthic invertebrates
1 composite sediment

3

annual

5

annual

5 benthic invertebrates

Lake N11 SNP stations(a)

monitor sediment quality near the point of discharge
into Lake N11

1 open-water TBD

Lake N11

verify prediction of no change in construction; monitor
effect of potential change in water quality in operations

1 open-water TBD

Ekman grab

Lakes D2 and D3(b)

monitor effect of increased water level

1 open-water TBD

Ekman grab

Area 8 SNP stations(a)

monitor sediment quality near the point of discharge
into Area 8

1 open-water TBD

Ekman grab
Core (top 1 cm)

Area 8

verify prediction of no change in construction; monitor
effect of potential change in water quality in operations

1 open-water TBD

Ekman grab

Area 8 outlet stream
(Stream K5) and L and M
streams

to support operational flow mitigation plan (no
sediment sampling)

1 open-water TBD

Surber sampler

East Lake

reference lake

1 open-water TBD

Ekman grab

Lake 3

reference lake

1 open-water TBD

Ekman grab

a) Edge of the mixing zone stations: SNP-01a, SNP-01b, and SNP-01c for Lake N11 and SNP-03a, SNP-03b, and SNP-03c for Area 8.
b) Lakes D2 and D3 are considered representative of operationally raised lakes; Lakes E1 and A1 were not selected for sampling.
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Aquatic Effects Monitoring Program Design – Fish Component

Waterbody(a)/Watercourse

Rationale

Type of Survey

Timing

Sample Type

Number of Samples per Station (b)

Number of Stations

Frequency

Lake N11

determine if there are changes in small-bodied fish
health and fish tissue quality due to increased flow
conditions in construction, and/or due to minor increase
in TDS, metals or nutrients from early operational WMP
discharge

small-bodied fish health survey and fish tissue
chemistry

late summer/fall

fish health, fish tissue

FH: 30M, 30F, 30J from SBF
FT: 5 g composite from SBF

whole lake

once every 3 years

Lakes D2 and D3 (c)

determine if potential changes in water/sediment quality
change fish tissue chemistry/quality

fish tissue chemistry

late summer/fall

fish tissue

FT: 5 g composite from SBF
FT: dermal plugs from LBF

whole lakes

once every 3 years

Area 8

determine if there are changes in small bodied fish
health and fish tissue quality due to isolation or
dewatering discharge

small-bodied fish health survey and fish tissue
chemistry

late summer/fall

fish health, fish tissue

FH: 30M, 30F, 30J from SBF
FT: 5 g composite from SBF

whole lake

once every 3 years

Area 8 outlet stream
(Stream K5) and L and M
streams

confirm habitat suitable for fry during dewatering;
confirm movement and habitat for spawning during
construction as appropriate; validate flow mitigation
plan during operations

fry presence/absence in construction;
movement and habitat survey in construction as
appropriate; movement and habitat survey in
operations

fish fences and habitat
surveys in spring; snorkeling
survey in summer

fish fences and habitat surveys (spring)
during construction as appropriate;
snorkeling in construction (summer); fish
fences (spring) and snorkeling during
operations

N/A

5

annually, as appropriate

East Lake

reference lake

small-bodied fish health survey and fish tissue
chemistry

late summer/fall

fish health, fish tissue

whole lake

once every 3 years

Lake 3

reference lake

small-bodied fish health survey and fish tissue
chemistry

late summer/fall

fish health, fish tissue

whole lake

once every 3 years

FH: 30M, 30F, 30J from SBF
FT: 5 g composite from SBF
FH: 30M, 30F, 30J from SBF
FT: 5 g composite from SBF

a) Small-bodied fish may be collected from lake outlet streams if adequate numbers are not captured in the selected lakes.
b) During de-watering, the target sample size is 20 adult male, 20 adult female, and 20 juvenile fish of each sentinel species per sampling area during the lethal survey. A power analysis will be conducted after the first year of data collection to determine if this target sample size is sufficient.
c) Lakes D2 and D3 are considered representative of operationally raised lakes; Lakes E1 and A1 were not selected for sampling.
TDS = total dissolved solids; WMP = water management pond; SBF: small-bodied fish; LBF = large-bodied fish; FH = fish health; FT = fish tissue chemistry; M = male; F = female; A = adult; J = juvenile; N/A = not applicable.
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AEMP Annual Sampling Schedule by Component, 2015 to 2018
2015

2016

2017

2018

Hydrology

Component

Y

Y

Y

Y

Water Quality

Y

Y

Y

Y

Sediment Quality

Y

Y

Y

Y

Plankton

Y

Y

Y

Y

Benthic Invertebrates

Y

Y

Y

Y

Y

Y

Y

Y

Y(a)

Y(b)

-

Y(c)

Fish Habitat and Community
Fish Health and Tissue Chemistry

a) During 2015, a small-bodied fish health and tissue chemistry program was conducted in the core and reference lakes.
b) During 2016, a small-bodied fish health and tissue chemistry program was conducted in the raised lakes.
c) During 2018, a small-bodied fish health and tissue chemistry program was conducted in the core and reference lakes.
Y = monitoring was conducted; - = monitoring was not conducted.

3.4

Overview of AEMP Response Framework

The intent of the AEMP Response Framework is to provide a process to systematically respond to
monitoring results such that the potential for significant adverse effects are identified, and mitigation actions
are undertaken to prevent a significant adverse effect from occurring. It is specific to the AEMP and provides
information for adaptive management by the Mine. This framework was developed with guidance from the
Guidelines for Adaptive Management – a Response Framework for Aquatic Effects Monitoring – Draft
(WLWB 2010).
The Response Framework process is presented in Figure 3.3-1. Action levels are evaluated based on the
AEMP findings in a given year. Should an Action Level be exceeded, a Response Plan is developed, and
actions are taken to better understand the change (and the variable[s] that triggered the Action Level),
which allows, if necessary, implementation of mitigation to reduce the degree of change.
The following are used as the basis of the Response Framework:
•

Impact Hypotheses: Three impact hypotheses (i.e., toxicological impairment, nutrient enrichment, and
physical habitat alteration) are currently used to consider key pathways of exposure to the aquatic
environment. These hypotheses are described in Section 6.5 of the AEMP Design Plan. Significance
thresholds and Action Levels have been grouped by impact hypothesis.

•

Weight of Evidence (WOE) integration: The WOE Integration described in Section 11 of the AEMP
Design Plan provides a systematic process for determining the degree of support for each impact
hypothesis by examining linkages between stressor exposure and biological responses, and causality
with respect to the Mine and Mine-related effects. The WOE analysis is used to better understand
observed effects and their causes but does not feed directly into the Response Framework. Rather,
direct results from individual monitoring components will be used to evaluate whether an Action Level
is reached.

•

Effect: A change that follows an event that has a linkage to mining activity.
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Overview of the Aquatic Effects Monitoring Program Response Framework

Notes
1 - Significance thresholds have been set for individual components (e.g., fish safe to eat), and in some cases for multiple components
combined (e.g., ecosystem function)
2 - The purpose of the WOE Framework is to examine the potential causes of biological responses (nutrient enrichment, toxicological
impairment, or physical habitat alteration) and linkages to the Mine and Mine Activities (via exposure in water and sediments, or
through physical changes, which may be influenced by Mine effluent).

•

Significance Thresholds: A level of change that if exceeded, would result in a significant adverse
effect to valued components of the environment. Management actions and adaptive management
would be used to prevent a significance threshold from ever being reached. Three significant thresholds
have been selected for the Mine (Table 3.3-1) to protect the key valued aquatic components and their
traditional uses within the vicinity of, and downstream of, the Mine site. The selection of significance
thresholds was also based on the commitment by De Beers that traditional water uses in Lake N11
(outside of the mixing zone boundary) and in all waters downstream of Kennady Lake should not be
affected by mining activities throughout construction, operation, and closure and reclamation.
Traditional water uses include drinking the water and harvesting and consuming fish. The significance
thresholds are further described in Section 8.3 of the AEMP Design Plan.
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Action Level: A pre-defined level of change or effect which would initiate a management action. Action
Levels are intended to represent increasing levels of changes towards the significance thresholds,
which lead to increasing levels of actions to mitigate potential effects, and thereby prevent reaching the
significance thresholds. These are not intended to allow effects but have been developed to represent
stages of effects that can be recognized using monitoring data which meaningful changes relative to
baseline conditions, and require actions to further investigate, slow down, or reverse trends. Action
Levels are linked to quantitative benchmarks associated with changes to measurement endpoints for
specific components relative to baseline (as identified in the EIS). Consistent with the Wek’èezhìi Land
and Water Board (WLWB 2010) guidance, the current AEMP Response Framework initially only defines
Low Action Levels for each component; Moderate and High Action Levels are not included because
they are defined once the Low Action Level is reached. Action Levels were not developed for every
substance and organism type being measured in the AEMP. Instead, they focused on the key indicators
of possible significant adverse effects. Action Levels are presented in Tables 3.3-2 to 3.3-4 based on
impact hypothesis.

Table 3.3-1

Significant Thresholds

Value Statement
(based on traditional uses)

Associated Significance Threshold
(“no go condition”)

Water is safe to drink

Water is not drinkable (i.e., risk to human health and/or wildlife)

Fish are safe to eat

Fish are not safe for consumption (i.e., risk to human health and/or wildlife)

Ecological function is maintained

Ecological function is not maintained (i.e., inadequate food for fish; fish unable to
survive, grow, or reproduce; and/or sustained absence of a fish species)
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Low(b)
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Action Levels and Significance Thresholds – Toxicological Impairment
Water Quality
Substances of potential toxicological
concern
Measured toxicity at end-of-pipe
Lake-wide average concentration greater
than normal range or EIS prediction,
supported by a visual temporal trend
AND
Lake-wide average concentration
exceeds 75% of AEMP benchmark(c)
OR
Relative difference between core lake
and reference lakes statistically
significant compared to baseline
(i.e., significant BACI effect detected)

Sublethal toxic effects to test organisms
other than fish in three consecutive endof-pipe samples(g)

Fish

Sediment Quality

Plankton Community

Fish Health
Fish Tissue

Benthic Community

Concentration at AEMP station
nearest the discharge is greater than
normal range, OR relative difference
between core lake and reference
lakes statistically significant compared
to baseline (i.e., significant BACI
effect detected)
AND
Concentration at AEMP station
nearest the discharge exceeds AEMP
benchmark(c)

Lake-wide average value for total
phytoplankton biomass, zooplankton
abundance, or zooplankton biomass
less than normal range
OR
Relative difference in total
phytoplankton biomass, zooplankton
abundance, or zooplankton biomass,
between core lake and reference
lakes statistically significant compared
to baseline (i.e., significant BACI
effect detected)

Lake-wide average value for total
density, richness, Simpson’s diversity
index, or densities of dominant taxa
less than normal range
OR
Relative difference in total density,
richness, Simpson’s diversity index, or
densities of dominant taxa, between
core lake and reference lakes
statistically significant compared to
baseline (i.e., significant BACI effect
detected)

Average value for fish health endpoint
outside of normal range and in the
direction that is indicative of a
toxicological effect
AND
A statistically significant difference in
fish health endpoint relative to
reference lakes and relative to
baseline that exceeds the critical
effect size(e)
Average value for fish tissue
chemistry parameter above normal
range
AND
A statistically significant difference in
fish tissue chemistry parameter
relative to reference lakes and relative
to baseline

Drinking Water for Humans(a)
Water Must be Drinkable

Fish Consumption by Humans
Fish Good to Eat

Concentration of a drinking water
parameter at any location above 75%
of Health Canada’s human health or
aesthetic drinking water quality
guideline(f)

Fish taste and/or texture that is not
acceptable
OR
Metals in edible fish tissue(h) above
normal range.

Moderate

TBD(d)

TBD(d)

TBD(d)

TBD(d)

TBD(d)

TBD(d)

TBD(d)

High

TBD(d)

TBD(d)

TBD(d)

TBD(d)

TBD(d)

TBD(d)

TBD(d)

a) Action levels for drinking water exclude consideration of coliforms.
b) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible levels of environmental change.
c) Benchmarks currently used in the AEMP to which substance concentrations are compared (i.e., EIS benchmarks and CCME guidelines). Does not apply if no benchmark exists.
d) TBD – to be determined if Low Action Level is reached. This is consistent with Wek’èezhìi Land and Water Board (WLWB 2010) guidance on AEMP Response Frameworks.
e) The critical effect sizes suggested for fish health endpoints are defined by Environment Canada (2012) are as follows: 10% difference from the reference mean in condition, and 25% difference from the reference mean in weight-at-age, relative gonad size, and relative liver size.
f) Health Canada sets drinking water guidelines to be the maximum acceptable concentrations to protect the health of the most vulnerable members of society, such as children and the elderly (Health Canada 2019). Meeting these guidelines provides confidence that the water is safe to drink. Setting the
Low Action Level to 75% of the drinking water guidelines for both human health and aesthetics is a sufficiently conservative measure to trigger additional action.
g) A sublethal toxic effect at end-of-pipe is defined as an IC25 of less than the highest test concentration (100% for Ceriodaphnia dubia and 91% for Pseudokirchneriella subcapitata).
h) Edible fish tissue is defined as large-bodied fish muscle as part of the community fish tasting program.
BACI = before-after control-impact; TBD = to be determined; EIS = Environmental Impact Statement; AEMP = Aquatic Effects Monitoring Program; CCME = Canadian Council of Ministers of the Environment; % = percent.
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Action Levels – Nutrient Enrichment
Fish
Fish Health

Action
Level

Water Quality

Plankton Community

Benthic Community

Fish Tissue
Average value for fish
health endpoint outside of
normal range and in the
direction that is indicative
of a nutrient enrichment
effect
AND
A statistically significant
difference in fish health
endpoint relative to
reference lakes and
relative to baseline that
exceeds the critical effect
size(d)

Lake-wide average nitrogen
and phosphorus nutrient
concentrations greater than
normal range or EIS
prediction, supported by a
visual temporal trend
AND
Lake-wide average nitrogen
and phosphorus nutrient
concentrations exceeds 75%
of AEMP benchmark(b)
OR
Relative difference of
nitrogen and phosphorus
nutrient concentrations
between core lake and
reference lakes statistically
significant compared to
baseline (i.e., significant
BACI effect detected)

Lake-wide average value for
total phytoplankton
biomass, zooplankton
abundance, or zooplankton
biomass persistently (three
consecutive years) above
normal range
OR
An ecologically relevant
change in phytoplankton or
zooplankton community
composition
OR
A statistically significantly
relative difference in total
phytoplankton biomass, or
zooplankton abundance or
biomass, between core lake
and reference lakes
compared to baseline
(i.e., significant BACI effect
detected)

Lake-wide average value
for total density, richness,
Simpson’s diversity index,
or densities of dominant
taxa greater than normal
range
OR
Relative difference in total
density, richness,
Simpson’s diversity index,
or densities of dominant
taxa, between core lake
and reference lakes
statistically significant
compared to baseline
(i.e., significant BACI effect
detected)

Moderate

TBD(c)

TBD(c)

TBD(c)

TBD(c)

High

TBD(c)

TBD(c)

TBD(c)

TBD(c)

Low(a)

Average value for fish
tissue chemistry
parameter above normal
range
AND
A statistically significant
difference in fish tissue
chemistry parameter
relative to reference lakes
and relative to baseline

a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent
negligible levels of environmental change.
b) Benchmarks currently used in the AEMP, to which substance concentrations are compared (i.e., EIS benchmarks and CCME
guidelines). Does not apply if no benchmark exists.
c) TBD – to be determined if Low Action Level is reached. This is consistent with Wek’èezhìi Land and Water Board (WLWB 2010)
guidance on AEMP Response Frameworks.
d) The critical effect sizes suggested for fish health endpoints are defined by Environment Canada (2012) are as follows: 10%
difference from the reference mean in condition, and 25% difference from the reference mean in weight-at-age, relative gonad size,
and relative liver size.
AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; EIS = Environmental Impact Statement; TBD = to
be determined.
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Action Levels – Physical Habitat Alteration and Flow Mitigation
Hydrology

Benthic Invertebrates

Fish Habitat, Community
and Health

Flow Mitigation

Fish Habitat (benthic
invertebrate community):
Average value for total
density, richness,
Open-water:
Simpson’s diversity index,
Flows exceed the 2-year flow
or densities of dominant
level(b) during pumping
taxa lower than normal
(dewatering and operational
range, indicating scouring
discharges)
OR
OR
For the years where flow
Change in community
Evidence of widespread
mitigation is provided,
composition
indicating
an
bank instability (i.e., bank
downstream flows are
adverse flow-related effect
slumping in the range of
<0.4 m3/s during the period
Average value for total
0.5 m by 3 m in length, or
of Arctic Grayling migration
density, richness, Simpson’s
greater)
Fish Community:
diversity index, or densities
OR
Absence of Arctic Grayling
of dominant taxa lower than
Arctic Grayling adults are
in
spring
spawning
survey
Under ice:
normal range, indicating
not moving to spawning
AND in a summer followWater levels (piezometric
scouring
areas within the normal
(e)
up
survey
head) in lakes along the
OR
spring period (as per
dewatering flow path exceed Change in community
baseline information)
Fish Health:
the 10-year water level(c)
composition indicating an
OR
during pumping (dewatering adverse flow-related effect
Average value for fish
Arctic Grayling fry are not
and operational discharges)
health endpoint outside of
present in the system
normal range and in the
OR
and/or not distributed
direction that is indicative
Channels along the
similar to baseline
of a limited food availability
dewatering flow path exhibit
AND
large scale and progressive
aufeis buildup above the
A statistically significant
bankfull elevation causing an
difference in fish health
increase in upstream lake
endpoint relative to
water levels
reference lakes and
relative to baseline that
exceeds the critical effect
size

Moderate TBD(d)

TBD(d)

TBD(d)

TBD(d)

High

TBD(d)

TBD(d)

TBD(d)

TBD(d)

a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent
negligible levels of environmental change.
b) The Low Action Level references the 2-year (median) maximum flow rates at the outlets of Lake N11 and Area 8. The 2-year flow
level will be based on a water surface elevation of 421.14 masl at Area 8 and 416.23 masl at Lake N11, referenced to Gahcho Kué
Project Geodetic Survey Datum.

c) The 10-year flow level will be based on a water surface elevation of 421.18 masl at Area 8 and 416.28 masl at Lake N11, referenced
to Gahcho Kué Project Geodetic Survey Datum.

d) TBD – to be determined if Low Action Level is reached. This is consistent with Wek’èezhìi Land and Water Board (WLWB 2010)

guidance on AEMP Response Frameworks.

e) In operations, the Action Level triggers for fish community will be superseded by those listed in Table 8.4-4.
EIS = Environmental Impact Statement; masl = metres above sea level; m3/s = cubic metres per second; TBD = to be determined.
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Special Studies

Special studies occur as needed and include research activities that support effects monitoring. These
studies are not part of monitoring activities, as they do not assess changes that may be related to the Mine,
but rather focus on development of monitoring methods or further investigation of monitoring findings or to
fill data gaps.
One of the Special Studies included in the AEMP is the plume delineation study completed in Lake N11
during each year of operational discharge from the WMP to Lake N11. The plume delineation study is a
Water Licence requirement (Schedule 6, Part I, Item 3f) to confirm assumptions regarding the effectiveness
of the diffuser. Plume delineations studies were conducted in 2017 and 2018. These comprised of two field
programs in 2017 during operational discharges (i.e., one during ice-cover conditions [January 6 to 9, 2017],
and one during open-water conditions [October 3 to 5, 2017]) and one field program in 2018 during openwater conditions (September 14 to 15, 2018). The studies included the collection of field measurements
and water quality samples during in all three field programs. Key findings from the 2017 and 2018 plume
delineation studies are provided in Section 14 (Special Studies).
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AQUATIC EFFECTS RE-EVALUATION APPROACH

The approach to the re-evaluation was developed based on the Water Licence objectives and requirements
for the Aquatic Effects Re-evaluation Report. As stated in Section 1.2, the re-evaluation has three main
objectives, which include:
•

describing Mine-related effects on the aquatic receiving environment during the re-evaluation period;

•

revising effect predictions (if necessary); and

•

providing supporting evidence for proposed changes to the Aquatic Effects Monitoring Program (AEMP)
Design Plan.

Sections 5 through 15 provide the re-evaluation for each AEMP component. Each component section has
been organized into two parts: a summary of Mine-related effects and specific topics that require more
attention.
The first part of the re-evaluation for each AEMP component summarizes Mine-related effects observed
over the past four years. This is achieved by:
•

Summarizing the results from each AEMP annual report by tabulating guidelines, AEMP benchmarks,
and normal range exceedances, statistical and multivariate analysis results, and Action Level triggers.

•

Describing the overall trends in Mine-related effects based on the above summary.

•

Comparing observed effects to predicted effects of the Mine presented in the 2010 Environmental
Impact Statement (EIS), the 2011 EIS Update, the 2012 EIS Supplement submitted to the Mackenzie
Valley Environmental Impact Review Board (MVEIRB), and the 2018 Water Licence Amendment.

•

Based on the above summary, revising the effect predictions, if necessary, for use in future AEMP
reports.

A descriptive narrative with supporting tables and figures is provided for each component, as well as an
overall summary and conclusions to integrate the overall findings. Formal statistical trend analysis was not
done for this re-evaluation for the following reasons:
•

The annual reports incorporate a temporal assessment as part of the before-after control-impact (BACI)
statistical design; that is, each report evaluates changes during “after” years compared to “before”
years, and compared to changes in reference lakes over time, incorporating all years of baseline
sampling and effects monitoring. The BACI design accounts for the possibility that trends within
individual core lakes are not reliable indicators of effects, because the potential for long-term change
exists throughout the AEMP study area (e.g., due to progressive permafrost degradation resulting from
climate change). Therefore, it is the divergence of trends, as evaluated using BACI analysis, that is
considered to provide a reliable indication of potential Mine effects, not the trends themselves.
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The re-evaluation period spans two years of the construction phase (2015 and 2016) and two years of
the operation phase (2017 and 2018). Although operational discharge from the water management
pond (WMP) to Lake N11 started in October 2016, the AEMP data in 2016 were collected prior to the
start of discharge (i.e., May to September 2016) and are therefore considered part of the construction
phase dataset. This represents a short period, with the potential for different types of effects during
construction and operations. Trend analysis would be more appropriate to run on a longer-term dataset,
which will be available at the time of preparation of the second Aquatic Effects Re-evaluation Report.

The second part of the re-evaluation for each AEMP component focuses on specific topics that are identified
as requiring more in-depth evaluation based on the Mine-related effects summary and on past report
recommendations. As well, numerous commitments or directives by the Mackenzie Valley Land and Water
Board (MVLWB) have been made during the review of the past AEMP annual reports and response plans,
which must be dealt with in the re-evaluation. These topics were grouped into three categories: Sampling
Design, Data Analysis, and Action Levels. Each topic is discussed separately, with context provided as to
why the topic is included in the re-evaluation and reference to the original Information Request (IR)
commitment, Board Directive, or recommendation, as appropriate. The Concordance Tables (Appendix 1A)
provide the original text for these topics for easy review by the reader. The methods and outcome of the
analysis for each topic is provided, with a concluding recommendation for changes to the AEMP Design
Plan. When topics apply to multiple AEMP components (e.g., revisions to the BACI statistical design), the
full evaluation is provided in the first AEMP component presented in the report (e.g., water quality), and
other components reference that section while discussing any component-specific evaluation.
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HYDROLOGY

Introduction

The purpose of the hydrology component of the Aquatic Effects Monitoring Program (AEMP) is to monitor
natural climatic variation at reference lakes in the area and evaluate potential changes to surface water
quantity in the following waterbodies and watersheds:
•

the receiving waterbodies (i.e., Area 8 and Lake N11) and downstream; and

•

the watersheds upstream of Kennady Lake that are diverted away through the establishment of the
controlled area as part of the Gahcho Kué Mine (Mine) construction.

The objectives of the hydrology component have been to:
•

Evaluate if there are any measurable short- or long-term changes to surface water quantity (i.e., water
volume and flows) in core lakes as a result of the Mine.

•

Evaluate the accuracy of the predictions made in the Environmental Impact Statement (EIS) with
respect to surface water quantity.

•

Assess the efficacy of impact mitigation strategies proposed in the Mine plan to minimize the water
quantity effects of the Mine, including stream bank and shoreline erosion.

•

Provide water quantity data to evaluate the cumulative effects that may occur due to the presence of
multiple development projects in the same area.

•

Provide data necessary to inform adaptive management to reduce or eliminate the Mine-related effects.

•

Recommend any necessary and appropriate changes to the water quantity component of the AEMP
for future years.

5.2

Summary of Mine-related Effects

Mine-related effects have varied between 2015 to 2018 and have occurred in the context of predominantly
dry natural climatic conditions. Water transfers from the controlled area to the receiving environment
between 2015 and 2018 have included dewatering discharge, operational discharge, diversion of upstream
lakes, and water transfers for downstream flow mitigation. The AEMP evaluates potential changes to water
quantity in the waterbodies receiving water transfers and downstream, and in the diversion watersheds
from the raising of lake levels resulting from impoundment. AEMP hydrology monitoring between 2015 and
2018 has concentrated on lakes selected for sampling because of their relatively undisturbed conditions
(reference lakes), lakes that have raised outlets and water levels as a result of dyke construction (raised
lakes), lakes that may be affected by the Mine (core lakes), and lakes and stream located downstream of
the Mine (downstream lakes and streams; De Beers 2016a, 2017a, 2018a). The following sections
summarize the Mine-related effects observed during the AEMP monitoring.
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The hydrology monitoring was focused on the continuous measurement of lake water level and lake outflow
for the waterbodies included in the AEMP monitoring network. Lake outflows were monitored for
comparison to baseline conditions, modelled projections for different project phases, and reference
conditions. Total runoff volumes were calculated for each lake in the monitoring network by summing the
runoff volume observed during the monitoring period and adding estimates of runoff before and after
monitoring. Water yield was calculated as the total runoff volume distributed over the watershed area as an
equivalent water depth in millimetres. The total runoff volume measured as a lake outlet is the combined
result of all hydrological processes in the upstream watershed. Comparison of water yields between
different watersheds provides insight into natural differences between watersheds, natural climatic
variation, as well as changes due to Mine-related activities.

5.2.1

Reference Lakes

The AEMP monitoring program is set in the context of natural climatic variability. The reference lakes, East
Lake and Lake 3, were monitored because they provide a good representation of natural flow conditions
for lakes like the ones that could be affected by Mine-related activities. Flow was monitored at the outlets
of East Lake and Lake 3 between late May and mid-September each year, to characterize reference
conditions not influenced by Mine activities. The water yield observed in the reference lakes is summarized
for each year between 2015 and 2018 in Table 5.2-1.
Table 5.2-1

AEMP Reference Lakes Annual Water Yield
Annual Water Yield (mm)

Reference Lake Name
East Lake
Lake 3

2015

2016

2017

2018

140
142

106
82

82
82

42
56

AEMP = Aquatic Effects Monitoring Program.

The reference lakes provide valuable information for characterizing the influence that natural climatic
variability, and not Mine-related activities, have on hydrological conditions. Context for where hydrological
conditions fit in the natural historic range can be established by comparison to simulated historical
conditions, based on hydrological modelling completed for the EIS, as well as by comparison to baseline
monitoring over the full period of record available. Temporal trends in annual water yield simulated for
Kennady Lake from 1965 to 2005 are presented in Figure 5.2-1 alongside summary statistic bands showing
the historical range between the maximum and minimum observed values, as well as the interquartile range
between the 25th percentile and the 75th percentile, and the median. The annual water yield simulated for
the EIS was highly variable and ranged from 53 mm to 255 mm with a median value of 142 mm. The
historical simulations also indicate that wetter than normal or drier than normal periods can extend over
multiple years. As a result, it is not uncommon to have multiple dry years in sequence or to have multiple
wet years occur in sequence. The water yields associated with different return periods under extreme wet
and dry conditions are summarized for the pre-development Kennady Lake watershed in Table 5.2-2.
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Historical Annual Water Yield Simulated for the Kennady Lake Watershed in the
EIS

EIS = Environmental Impact Statement.

Table 5.2-2

Derived Water Yields for the Kennady Lake Outlet from the EIS

Condition

Wet
Median
Dry

Return Period
(years)
100
50
20
10
5
2
5
10
20
50
100

Annual Water Yield
(mm)
243
230
210
194
174
142
118
97
80
63
51

EIS = Environmental Impact Statement.

The period of 2015 to 2018 has been characterized by drier than normal hydrological conditions. The annual
water yield observed in 2015 (140 mm in East Lake and 142 mm in Lake 3) was approximately equivalent
to the simulated median value from the EIS (142 mm). The years 2016, 2017, and 2018 were all below the
median baseline condition in the EIS and each year was progressively drier than the previous year
(Table 5.2-1). 2016 would have been a 5-year return period dry condition, 2017 would have been an
approximately 20-year dry condition, and 2018 would have been around a 100-year dry condition.
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Other studies in the North Slave Region (Manitoba Hydro International 2016; Spence and Hedstrom
2018a,b) have noted persistent drought conditions from 2012 to 2018. As well, reference conditions
observed at the AEMP reference lakes are validated by water yields observed at regional Water Survey of
Canada (WSC) hydrometric stations over the past four years. The active regional WSC stations that are
most likely to reflect conditions at the Mine are summarized in Table 5.2-3. The Waldron and Hanbury
stations are the closest stations to the Mine site with drainage areas less than ten times the Local Study
Area (LSA) used in the EIS. The Lockhart River was also reviewed for regional context because the AEMP
study area lies in the upper reaches of the Lockhart River drainage.
Table 5.2-3

Regional Water Survey of Canada Hydrometric Stations
WSC
Station
Drainage Area
ID Number
(km2)

WSC Station Name

Gauge Location

Waldron River near the Mouth

07SC002

1,830

63o 02' 46"

110o 28' 41"

Hanbury River above Hoare Lake

06JB001

5,770

63o 35' 28"

105o 09' 16"

Lockhart River at outlet of Artillery Lake

07RD001

26,600

62o 53' 39"

108o 27' 58"

Period of Record
1979 to 1994
2004 to 2005
2012 to 2013
2015 to 2018
1971 to 2004
2013 to 2018
1944 to 2018

WSC = Water Survey of Canada; ID = identification.

The annual water yields associated with a range of dry and wet conditions based on the available record
for each of the regional stations are presented in Table 5.2-4. The median water yield at the three stations
ranges from 103 mm to 134 mm.
Table 5.2-4

Condition

Wet

Median

Dry

Range of Water Yield for the Regional Water Survey of Canada Hydrometric
Stations
Annual Water Yield (mm)

Return
Period
(years)

07SC002
Waldron River
near the Mouth

06JB001
Hanbury River
above Hoare Lake

07RD001
Lockhart River
at outlet of Artillery Lake

100

222

301

218

50

207

277

209

20

185

243

194

10

166

215

181

5

144

183

166

2
5

103
72

133
89

134
112

10

61

73

100

20

54

62

90

50

47

52

80

100

44

48

73
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The annual water yields for different return periods associated with dry and wet conditions at the regional
hydrometric stations are summarized in Table 5.2-5.
•

2015 was near normal regionally, with the Lockhart River station showing slightly drier than normal
conditions (between the median and 5 year dry) while the Hanbury River was slightly wetter than normal
conditions (between the median and 5 year wet).

•

In 2016, there was some variability in the regional stations, with the Hanbury River showing wet
conditions (between the 5 year wet and the 10 year wet), while the Lockhart River was slightly wetter
than normal (between the median and 5 year wet), and the Waldron River was slightly drier than normal
(median to 5 year dry).

•

In 2017, all regional stations were drier than normal, with the Lockhart River and Hanbury River being
slightly drier than normal (median to 5 year dry), while the Waldron River showed conditions that were
between the 5 year dry and the 10 year dry.

•

In 2018, all regional stations showed dry conditions with water yield between the 10 year and 20 year
dry.

Table 5.2-5

Historic Water Yield for the Regional Water Survey of Canada Hydrometric Stations
Annual Water Yield (mm)

WSC Station Name

WSC Station
ID Number

Average

Median

2015

2016

2017

2018

Waldron River near the Mouth
Hanbury River above Hoare Lake
Lockhart River at outlet of Artillery Lake

07SC002
06JB001
07RD001

108
139
138

103
133
134

56
185
116

103
212
159

78
131
125

57
70
91

WSC = Water Survey of Canada; ID = identification.

5.2.2

Raised Lakes

The raised lakes are those that have had water levels affected as a result of dyke construction. For
operational water management, two upper tributary watersheds (D and E watersheds) of Kennady Lake
were diverted away from the controlled area so that runoff that has not been in contact with the site flows
away from the controlled area rather than into it. The headwater D and E watersheds have been impounded
by dykes and have been diverted to the N watershed. The headwater A watershed has been impounded
by dykes and is diverted to the Area 8 watershed.
The E watershed was diverted to the N watershed by the construction of Dyke G. Construction of Dyke G
downstream of Lake E1 was initiated in November 2015 and completed in May 2016. Monitoring of water
level in Lake E1 began in 2015, and 2016 was the first year in which the E1 outlet was impounded and the
water levels were raised. Water levels in Lake E1 rose slower than predicted in 2016 due to dry conditions.
In 2017, the water level was lower than predicted, but Lake E1 was observed to overflow to Lake N14 for a
period in June. Overflow in 2017 was observed to be primarily via subsurface pathways beneath the
overlying organic soil and surface erosion was not observed. In 2018, Lake E1 again overflowed to
Lake N14 during the spring freshet, primarily via subsurface pathways, and initial signs of surface erosion
became visible as the water levels receded in summer. The peak water levels observed in 2017 and 2018
did not reach the estimated outflow elevation (426.000 metres above sea level [masl]). The discrepancy in
water levels was due to flow paths underneath the floating mat of organic material and terrestrial vegetation,
with the result that the actual spill elevation of Lake E1 was governed not by the ground surface but by a
sub-surface sill. A lined channel was constructed along the outflow pathway in September 2018 to mitigate
further surface erosion.
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The D watershed was impounded by the construction of Dyke F. Construction of Dyke F was initiated in
November 2015 and was completed by May 2016. As a result, water levels were raised in 2016 and Lake
D2 and D3 joined to form a single waterbody (Lake D2/D3) in July 2016. Monitoring of water level in Lake
D2/D3 began in 2015, and 2016 was the first year in which the D2/D3 outlet was impounded and the water
levels were raised. Water levels in Lake D2/D3 were above EIS projections in 2016 and 2017, despite drier
than normal conditions. Water levels in Lake D2/D3 were below EIS projections in 2018. The observed
water level peaked at 426.74 masl in June 2018 but did not overflow into Lake N14 during the 2015 to 2018
AEMP period.

5.2.3
5.2.3.1

Core and Downstream Lakes
Lake J1

Lake J1 consists of basins J1a and J1b. The Lake J1 hydrometric station is located at the outlet of basin
J1a and was established in 2015 to provide baseline hydrometric data and operated in 2016, 2017, and
2018 to monitor outlet discharge during the diversion of water from Lake A1 to Lake J1b. Lake A1 is
impounded by several dykes to prevent flow into the Fine PKC Facility and Area 4 of Kennady Lake, and
water is pumped from Lake A1 to manage water levels according to operating constraints. Given the dry
climatic conditions that prevailed through the AEMP monitoring period, diversions to manage water levels
in Lake A1 within operating conditions were not required. There was no diversion of water from Lake A1 in
2015. In 2016, water was diverted from Lake A1 to Lake J1 on April 26 (mean diversion flows were
0.001 m3/s) and May 24, 25, 30; June 4 and 5 (mean diversion flows were 0.067 m3/s). The diverted water
increased the observed yield in 2016 by roughly 187 mm over reference conditions. A brief exceedance of
the open-water Low Action Level during June of 2016 did not appear to have any impact on erosion at the
outlet. Observations in 2016 were generally above median baseline conditions, but below projections for
dewatering. There was no diversion of water from Lake A1 in 2017 due to dry climatic conditions. There
was no diversion of water directly to Lake J1 in 2018, as water was diverted instead directly to Area 8. In
years when there was no diversion of water to Lake J1, the observed outflows were below median
predictions for baseline, similar to the reference lakes.

5.2.3.2

Lake N14 and Lake N17

Lakes N14 and N17 were monitored because they provided a good indication of baseline (normal)
conditions before receiving diverted flows, and because they began to receive diverted flow from
Lake D2/D3 and Lake E1 (another raised lake) once the raised lakes started to flow into Lake N14. Annual
water yields observed in Lake N14 and Lake N17 are summarized in Table 5.2-6. Key observations on
annual water yields observed in Lake N14 and Lake N17 are as follows:
•

The annual water yield in 2015 was near median baseline projections and similar to the conditions
observed in the reference lakes.

•

The annual water yields observed in 2016 were 46 mm higher than the reference conditions observed
at Reference Lake 3. This difference relative to reference conditions in 2016 was a departure from the
similarity of average water yields observed in adjacent watersheds under baseline conditions. 2016
was the first year that Lake E1 was raised. In keeping with later observations of sub-surface flow, the
elevated yield may be partly the result of increased contributions from the E watershed and the total
watershed area used in the annual water yield calculation not including the E watershed area.
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In 2017 and 2018, the annual water yield in Lake N14 and Lake N17 accounted for inflows from the
E watershed. Annual water yields in 2017 and 2018 at Lake N14 and Lake N17 were below median
baseline projections but similar to conditions observed at the reference lakes.

Table 5.2-6

Lake N14 and Lake N17 Annual Water Yield
Annual Water Yield (mm)

Lake
Lake N14
Lake N17

Construction

Operations

Baseline Mean from
EIS

2015

2016

2017

2018

139

167
154

152
161

72
93

49
47

EIS = Environmental Impact Statement; - = no data available.

5.2.3.3

Area 8 and Downstream (L Lakes and M Lakes)

Area 8 and lakes downstream in the chain (L lakes and M lakes) were monitored because Area 8 was
affected by several Mine-related activities and is a Water Licence compliance point.
A primary pathway for potential effects to hydrology in Area 8 is the change in hydrological regime due to
the closed-circuiting associated with the construction of Dyke A, which separated Area 8 from the controlled
area of Kennady Lake. As well, Area 8 received dewatering discharge from Area 7 and Area 1 during the
construction and received downstream flow augmentation discharge from Lake N11 during operations.
Flow was monitored between late May and mid-September each year at the outlets of Area 8 and
Lake L1a 1. Lake M1 was monitored in 2015 but was removed from the program beginning in 2016 and
replaced by Lake M4 and Lake M2 for 2016 to 2018.
A key activity during the construction phase was the creation of the controlled area (i.e., Areas 1 to 7 of
Kennady Lake) and dewatering of Areas 2 to 7 of Kennady Lake to access the ore bodies. A water-retaining
dyke (Dyke A) was constructed at the narrows separating Area 7 and Area 8, to isolate the controlled area
from Area 8. Area 8 is the downstream lake basin and lake outlet. The construction of Dyke A reduced the
amount of watershed area draining to Area 8 and thus reduced flows. Watersheds B, D, and E were diverted
away from the controlled area to the adjacent N watershed. The creation of the controlled area has reduced
the watershed area and associated runoff reporting to the Area 8 outlet. The effect of the reduced watershed
area is that the magnitude of outflows at the outlet of Area 8 is reduced relative to baseline conditions. The
effect of reduced watershed area is not necessarily evident in the annual water yield, as it is adjusted for
watershed area.

1
Lake L1 consists of two basins L1a (downstream) and L1b (upstream) that combine at elevated water levels and separate at lower
water levels. The Lake L1 outlet is also designated as the Lake L1a outlet. To address a Board Directive from their review of the 2018
AEMP Annual Report, the relationship between L1, L1a, and L1b will be clarified on hydrological site maps in the updated AEMP
Design Plan and future AEMP annual reports.
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The annual water yield observed at Area 8 and the lakes downstream in the lake chain, including Lake L1a,
Lake M4, Lake M2, and Lake M1, are summarized in Table 5.2-7. In 2015, the annual water yield in Area 8
was higher than reference conditions due to the inputs from pumping during the dewatering phase. The
dewatering phase refers to the period between December 2014 and 2016 during which water was pumped
from Kennady Lake to receiving waterbodies. In 2015, pumping occurred in winter under ice (December 20,
2014 to January 2, 2015), as well as during open-water conditions (May 15, 2015 to September 7, 2015).
The northern portion of the lake (i.e., Areas 3 and 5) was partially dewatered to Lake N11 and transitioned
to the water management pond (WMP) in operations. The southern portion was dewatered to Area 8 to
facilitate basin segregation (Area 4 and 6 from Areas 3 and 5 and Area 7) to provide safe access to the ore
bodies in Areas 4 and 6 for mining. Dewatering pumping rates to Area 8 were based on site-specific
hydrometric conditions to mitigate the potential for erosion and associated effects on fish and fish habitat
as a result of the sustained pumping at the outlets of these receiving waters (De Beers 2015a). The total
flows (pumped and natural) at the outlets of Area 8 (Stream K5) did not exceed the two-year (median)
maximum daily flow rate for these outlets; the annual quantity of water withdrawn for the first year of
dewatering was also not exceeded. Area 8, like most lakes, is naturally variable and has a high water level
that is reached about once every ten years. To reduce the potential for erosion, water levels in Area 8 were
prevented from going higher than that level. Dewatering into Area 8 was suspended in December 2014 for
this reason. The influence of the dewatering pumping on annual water yield diminishes in the downstream
direction as the contributing watershed area increases. Flow was lower than baseline conditions between
the Area 8 outlet and the Lake M4 outlet following dewatering, because Area 8 no longer receives natural
or pumped flow from the rest of Kennady Lake. In 2016, annual water yield in Area 8 and downstream lakes
was higher than reference conditions due to increased inflows pumped Lake A1 via Lake J1 discussed in
Section 5.2.3.1.
Table 5.2-7

Area 8 and Downstream Lakes Annual Water Yield
Annual Water Yield (mm)

Lake
Area 8
Lake L1a
Lake M4
Lake M2
Lake M1

Baseline Mean from
EIS
142
144
142
142
142

Construction

Operations

2015

2016

2017

2018

846
580
331

253
164
138
178
-

270
203
181
154
-

229
171
117
117
-

EIS = Environmental Impact Statement; - = no data available.

Downstream flow mitigation pumping was initiated in 2017, whereby water was pumped from Lake N11 to
Area 8 to augment flows in Stream K5 and downstream. The Area 8 watershed annual water yield in 2017
was 270 mm which was approximately 188 mm higher than the annual water yield in the East Lake
watershed, which represents reference conditions not influenced by Mine-related activities. Downstream
flow mitigation was continued in 2018 and increased annual water yield by 173 mm relative to reference
conditions. In both 2017 and 2018, the influence of the downstream flow mitigation pumping decreased in
the downstream direction.
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The EIS Supplement (Appendix 9.1 of De Beers 2012) indicated that no effects on the channel or bank
stability of the Area 8, Lake L1, and Lake M1 were expected. Aerial reconnaissance was conducted each
year following freshet. This reconnaissance and on-ground inspections of the outlet channels associated
with each hydrometric station showed no evidence of unnatural erosion. No bank slump block failures,
identified as an Action Level indicator, were observed.

5.2.3.4

Lake N11 and Downstream (Lake N1)

Lake N11 and lakes downstream in the chain (Lake N1) were monitored as Lake N11 is a Water Licence
compliance point and there were water transfers by pumping to and from Lake N11: water was pumped
from the controlled area of Kennady Lake (Areas 3 and 5) to Lake N11 during dewatering, water was
discharged from the WMP to Lake N11 during operational pumping, and water was transferred from
Lake N11 to Area 8 for downstream flow augmentation. Annual water yields observed in Lake N11 and
Lake N1 are summarized in Table 5.2-8.
Table 5.2-8

Lake N11 and Lake N1 Annual Water Yield

Lake
Lake N11
Lake N1

Baseline Mean from
EIS
161
173

Annual Water Yield (mm)
Construction
2015
2016
251
205
129

2017
96
91

Operations

2018
47
65

EIS = Environmental Impact Statement; - = no data available.

During the dewatering phase, elevated discharges were expected in receiving waterbodies (Area 8 and
Lake N11) and downstream waterbodies. Beginning in December 2014, water from the controlled area of
Kennady Lake was pumped into Area 8 and into Lake N11. Lake N11 is in a different watershed from
Kennady Lake, so water diverted by the dewatering pumping did not flow into Lake N11 naturally before
pumping. In 2015, winter dewatering discharges to Lake N11 resulted in stream discharge rates above
baseline values from February to May. Due to local dry conditions during spring freshet and early summer
of 2015, combined with dewatering discharges lower than those assessed in the EIS, stream discharge
rates were generally similar to baseline mean values in June, July, and August. Sustained open-water
season dewatering discharges to Lake N11 also resulted in stream discharge rates above baseline values
in September and October. The total flows (pumped and natural) at the outlets of Lake N11 did not exceed
the two-year (median) maximum daily flow rate for these outlets; the annual quantity of water withdrawn for
the first year of dewatering was also not exceeded. Lake outlets in the receiving waterbodies were regularly
monitored during pumping for water level, and in winter, for ice depth and progressive development of
aufeis as per the Construction Water Management Plan (Version 5, De Beers 2015b). Project effects due
to dewatering (increased discharges) were temporary in nature. The second phase of dewatering was
undertaken in 2016. The main discharge from the site involved the movement of water out of Kennady
Lake, from Areas 3 and 5, to Lake N11 between March and May, 2016.
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In 2016, the Mine completed its construction phase, and commenced its operation phase. Mine operation
began in late October 2016. The first period of operational pumping from the WMP to Lake N11 commenced
on October 29, 2016 and ceased on January 17, 2017. The second period of operational pumping from the
WMP to Lake N11 commenced on September 4, 2017 and ceased on November 13, 2017. Flows observed
in 2017 and 2018 were below baseline conditions, though slightly higher than the naturally dry reference
conditions in 2016 and 2017.
As noted in the EIS, Mine effects due to dewatering or water diversions (i.e., increased discharges) to
Lake N11 were temporary in nature. The EIS Supplement (Appendix 9.1 of De Beers 2012) indicated that
no effects on the channel or bank stability of Lake N11 or Lake N1 were expected. Lake N11, like most
lakes, is naturally variable and has a high water level that is reached about once every ten years. To reduce
the potential for erosion, water levels in Lake N11 were prevented from going higher than that level. The
lake outlets and the streams connecting the lakes were checked for erosion in September 2015 and no
erosion was observed. Aerial reconnaissance of the complete flow path, between the Lake N11 outlet and
Lake N1 outlet, was conducted during the 2017 field season following freshet. This reconnaissance, and
on-ground inspections of the outlet channels associated with each hydrometric station, showed no evidence
of unnatural erosion. No bank slump block failures, identified as an Action Level indicator, were observed.

5.2.3.5

Downstream Core Lakes (Lake 410, Lake P8a, and Kirk Lake)

Lake 410 and Kirk Lake were monitored because they are downstream of the core lakes that are Water
Licence compliance points (Lake N11 and Area 8). A large boulder field at the outlet of Lake 410 makes
discharge measurements there impractical so the outlet of Lake P8a is monitored as a discharge surrogate
for Lake 410. The confluence of the N watershed and M watershed is at Lake 410, with combined flows
conveyed downstream via the P, Q, and Kirk Lake watersheds. As a result, observations in Lake 410, as
well as Lake P8a and Kirk Lake downstream, reflect the composite change in the upstream watersheds.
The annual water yield for Lake 410 is based on daily mean discharge from Lake P8a that is adjusted to
represent the Lake 410 outlet discharge using the ratio of the two associated cumulative watersheds. The
annual water yields observed in Lake 410, Lake P8a, and Kirk Lake are summarized in Table 5.2-9. The
water yields in 2015 and 2016 are elevated relative to baseline and reference conditions and reflect the
water from the dewatering of the Mine controlled area. During dewatering, Mine-related effects on flows
were measurable at Kirk Lake, the furthest downstream lake in the hydrology monitoring network (i.e., the
downstream extent of the LSA). In 2017 and 2018, water yields were slightly higher due to operational
pumping. Though slightly higher than the reference conditions, the annual water yields were lower than
baseline conditions.
Table 5.2-9

Lake 410, Lake P8a, and Kirk Lake Annual Water Yield
Annual Water Yield (mm)

Lake
Lake 410
Lake P8a
Kirk Lake

Baseline Mean from EIS
161
149
132

Construction

Operations

2015

2016

2017

2018

228
180

208
143

103
106
89

73
76
61

EIS = Environmental Impact Statement; - = no data available.
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The EIS Supplement (Appendix 9.1 of De Beers 2012) indicated that no effects on the channel or bank
stability of the Lake 410 or Kirk Lake outlets are expected. Aerial reconnaissance of the complete flow path
between Area 8 and the Kirk Lake outlet was conducted annually following freshet. This reconnaissance
and on-ground inspections of the outlet channels associated with each hydrometric station showed no
evidence of unnatural erosion. No bank slump block failures, identified as an Action Level indicator, were
observed.

5.2.4

Summary of AEMP Action Levels

The AEMP water quantity Action Levels for the years 2015 to 2018 were related to the alteration of physical
habitat, including water levels and flows, and included the parameters and observations listed in
Table 5.2-10. The Action Level criterion for open-water flows exceeding the 2-year water level / discharge
during pumping (dewatering and operational discharges) was included in the AEMP because increased
flood flows has the potential to increase rates of erosion. In 2016, runoff at Lake N11 exceeded the 2-year
median baseline runoff in June due to natural causes and as a result, the Low Action Level was not
exceeded. Elevated discharge at the outlet of Lake J1 during 2016 resulted in an exceedance of the Low
Action Level for open-water flows but subsequent inspection indicated that no erosion had occurred.
Open-water flow thresholds were not exceeded in 2015, 2017, or 2018. Open-water season
reconnaissance surveys indicated no occurrence of bank instabilities between 2015 to 2018.
Table 5.2-10

Summary of Hydrology Low Action Level Triggers for 2015 to 2018

Low Action Level

Open-water flows
exceeding the 2-year
water level /
discharge during
pumping (dewatering
and operational
discharges).

Ice-covered water
levels (piezometric
head) exceeding the
10-year lake water
level during pumping
(dewatering and
operational
discharges).
Evidence of
widespread bank
instability (i.e., bank
slumping) in the
range of 0.5 m by 3 m
length, or greater.

2015

2016

2017

Runoff at Lake N11 exceeded 2-year
median baseline runoff in June but did not
exceed June projections for dewatering.
The Low Action Level was not triggered
because the exceedance was natural and
did not occur during pumping.
Open-water levels
Open-water flows did
in Area 8 or N11 did
not exceed the 2-year
At Lake J1, daily mean discharge
not exceed the
water levels or
exceeded the 100-year baseline value
2-year water level /
discharges at Area 8
(0.17 m3/s) during the freshet peak period discharge during
or Lake N11.
pumping.
of May 16 to May 19, 2016. Subsequent
inspections of both outlet channels
indicated that no erosion occurred and
suggested that no erosion in the Lake J1
outlet stream would result from discharges
up to 0.40 m3/s (Golder 2016).
Pumping was
There was no
suspended at Area 8
evidence in 2017
as this Low Action
Lake J1 WSE briefly exceeded the Action that ice-covered
Level was
Level (422.000 m) in late May before WSE water levels
approached, but it
exceeded the
reduction due to runoff. No erosion was
was not exceeded.
10-year lake water
observed along the outlet channel.
At Lake N11, this Low
level during
Action Level was not
pumping.
exceeded.
2015 open-water
Open-water season
season
2016 open-water season reconnaissance reconnaissance
reconnaissance
surveys indicated
surveys indicated no occurrence of bank
surveys indicated no
no occurrence of
instability.
occurrence of bank
bank instability.
instability.
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2018

Open-water levels
in Area 8 or N11 did
not exceed the
2-year water level /
discharge during
pumping.

There was no
evidence in 2018
that ice-covered
water levels
exceeded the
10-year lake water
level during
pumping.
Open-water season
reconnaissance
surveys indicated
no occurrence of
bank instability.
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Summary of Hydrology Low Action Level Triggers for 2015 to 2018

Low Action Level
Channels along the
dewatering flow path
exhibiting large scale
and progressive
aufeis buildup above
the bankfull elevation,
causing an increase
in upstream lake
water levels.

2015
Some aufeis buildup
was observed at the
outlet of Kennady
Lake Area 8, but the
scale of the buildup
was limited;
dewatering pumping
was suspended as
the upstream water
level Low Action
Level was
approached.

2016

No aufeis were observed during winter
discharge monitoring

2017

No aufeis was
observed during
winter discharge
monitoring.

2018

No aufeis was
observed during
winter discharge
monitoring.

WSE = water surface elevation.

5.3
5.3.1

Sampling Design Re-evaluation
Lake J1

In the past, there was a pathway for pumping (Lake A1 to Lake J1, then Lake J1 to Area 8); however,
beginning in 2018, water from Lake A1 was pumped directly to Area 8. In the absence of pumping, there
are no direct project interactions with Lake J1. For this reason, hydrometric monitoring at Lake J1 no longer
contributes unique information to the AEMP and it is recommended that Lake J1 be removed from the
hydrology sampling plan.

5.3.2

Lake E1

Lake E1 is a raised lake located southwest of the Mine. Under pre-development conditions, the former Lake
E1 outlet drained out of the southeast corner of Lake E1 and flowed south to Kennady Lake. Construction
of Dyke G downstream of Lake E1 was initiated in November 2015 and completed in May 2016. Water
levels rose until a new outlet was activated at the north end of the lake toward Lake N14. Although not part
of the approved AEMP Design Plan, Lake E1 has been monitored as part of erosion monitoring beginning
in 2017. Hydrometric monitoring at Lake E1 provides valuable information on the amount of water diverted
from the E watershed. Hydrometric monitoring should continue and Lake E1 should be included in the
hydrology sampling plan.

5.3.3

Lake M1

Lake M1 is a downstream lake located north of the Mine. Lake M1 was monitored in 2015 but was removed
from the program beginning in 2016 and replaced by Lake M4 and Lake M2 for 2016 to 2018. It should be
formally removed from the design plan to be consistent with current practice.

5.4

Supplemental Data Analysis

In a Board Directive from their review of the 2018 AEMP Annual Report, the Board recommended that
De Beers consider re-modelling the future effects of Mine activities on water quantity using recent weather
data. This Aquatic Effects re-evaluation has characterized the natural variation in reference lakes and
regional WSC gauges. The reference climatic conditions observed from 2015 to 2018 were dry, relative to
the baseline conditions summarized for the EIS. The years 2015, 2016, and 2017 lie within the simulated
historical range for annual water yield. By contrast, 2018 was lower than the simulated historical range with
the observed water yield at East Lake (42 mm) less than the simulated historical minimum (53 mm) and
would have been on the order of a 100-year dry return period. Though not identical, the observations from
De Beers Canada Inc.
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the regional WSC stations on the Waldron, Hanbury, and Lockhart Rivers corroborate the observations at
the Mine.
The water balance model used in the EIS was set up using a daily time step for the period 1956 to 2005.
The AEMP has observed conditions of extreme drought and annual water yield magnitudes outside of the
historical range between 2015 and 2018. The changes that would result from re-simulation based on a
longer period of record including recent weather data are expected to be small in magnitude. The small
changes in magnitude are not likely to change the direction of the predicted effects or the overall
conclusions made in the EIS. Additional supplemental data analysis will not be completed at this time.

5.5

Action Level Updates

The AEMP water quantity Action Levels for the years 2015 to 2018 were related to the alteration of physical
habitat, including water levels and flows, and included the following triggers:
•

Open-water flows exceeding the 2-year water level / discharge during pumping (dewatering and
operational discharges).

•

Ice-covered water levels (piezometric head) exceeding the 10-year lake water level during pumping
(dewatering and operational discharges).

•

Evidence of widespread bank instability (i.e., bank slumping) in the range of 0.5 m by 3 m length, or
greater.

•

Channels along the dewatering flow path exhibiting large scale and progressive aufeis buildup above
the bankfull elevation, causing an increase in upstream lake water levels.

These previous Action Levels were focused on mitigating potential for increased bank erosion that might
result from pumping activities from the controlled area to the receiving environment. The pathways of
concern were increased magnitude of flood flows and potential for changing dynamics of spring melt
through the proliferation of aufeis or development of piezometric head behind ice-obstructed outlets, which
had the potential of diverting flood flows outside of the naturally formed channel. Moving forward, the
pathways that the original AEMP water quantity Action Levels sought to mitigate will no longer be active.
The Low Action Levels for the years 2015 to 2018 were primarily concerned with dewatering and operational
discharges. The dewatering period was completed in 2016 and will not be applicable to the future AEMP
monitoring. Operational pumping is expected to cease in 2020.
The original AEMP water quantity Action Levels will not be applicable moving forward, because of the low
likelihood that the Downstream Flow Mitigation Plan (DFMP) will cause the conditions referenced in the
historic AEMP water quantity Action Levels. Following 2020, pumped diversions will be limited to DFMP
pumping from Lake N11 to Area 8 and active pumping of Lake A1 to Area 8 in order to manage water levels
in Lake A1 annually on an as needed basis. The DFMP is based on flow augmentation targets for the
magnitude and timing of pumping needed to provide migration access for Arctic Grayling in the KLM
watersheds downstream of Area 8. The DFMP has bounds to protect the sites (stream channels between
lakes) because they are based on natural variability. It is unlikely that the DFMP pumping will increase
open-water flows above flood levels because the augmentation targets are well below the flood flows for
Area 8 and are within natural seasonal variation. The channel at the outlet of Area 8 is naturally adapted to
convey the flows targeted in the DFMP. As well, if natural climatic conditions result in flood flows, pumping
will not be required and will be curtailed at that time. DFMP pumping is confined to the open-water season
and is not expected to result in changes to the natural ice development or ice-covered water levels.
De Beers Canada Inc.
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Flood flows and aufeis development may occur in the future, but those events will be the result of natural
factors rather than Mine-related activities. The Action Levels adopted in the years 2015 to 2018 for water
quantity no longer apply to the AEMP monitoring.
Action levels for water quantity should be removed from AEMP monitoring in the future. However, water
quantity monitoring should continue to provide essential context for water quality and fisheries monitoring
programs and mitigation.

5.6

Conclusions and Recommendations

The hydrology component evaluated water quantity in the reference lakes (East Lake and Lake 3), raised
lakes (Lake D2/D3, Lake E1), core lakes (Area 8 and Lake N11) and downstream lakes (Lake J1, Lake M1,
Lake M2, Lake M4, Lake N1, Lake N14, Lake N17, Lake 410, Lake P8a, and Kirk Lake). The primary
conclusions from water quantity monitoring during the 2015 to 2018 period are as follows:
•

Observations at the reference lakes over the period of 2015 to 2018 have been characterized by drier
than normal hydrological conditions. The annual water yield observed in 2015 was approximately
equivalent to the simulated median value from the EIS. The years 2016, 2017, and 2018 were all drier
than normal and each year was progressively drier than the previous year. The dry conditions observed
in the AEMP reference lakes are consistent with observations in nearby basins gauged by the WSC on
the Hanbury River, Waldron River, and Lockhart River.

•

Isolation of the controlled area reduced the drainage area and flow magnitude at the outlet of Kennady
Lake (Area 8). The creation of the controlled area has resulted in a closed-circuit area that no longer
contributes to downstream flows and has also resulted in the diversion of the D and E watersheds away
from the controlled area to the N-watershed. The isolation of the controlled area has also resulted in
increased flows in the N-watershed, relative to baseline conditions, and decreased flows in the Area 8
watershed. The decrease in flows expected at the Area 8 outlet and further downstream has been
augmented first by dewatering discharges in 2015, pumping from Lake A1 via Lake J1 in 2016, and
then by operational downstream flow mitigation pumping in 2017 and 2018. The temporal extent of the
effects of the creation of the controlled area is expected to persist through operations and into the
closure period (refilling).

•

Dewatering of the controlled area increased water yields over reference conditions in the core lakes
and downstream during the period of dewatering. This effect diminished in the downstream direction
with the incorporation of increased drainage area and ambient flows. The temporal extent of the effects
of dewatering was limited to the years in which dewatering of the Mine controlled area occurred.

•

Operational downstream flow mitigation increased water yields in Area 8 and downstream lakes (L and
M Lakes) relative to reference conditions. Despite increases relative to reference conditions, the
magnitude of flow rates in Area 8 and downstream lakes remained below baseline conditions.

The recommendations for changes to the AEMP Design Plan are as follows:
•

In future AEMP monitoring, Lakes J1 and M1 should be removed from the hydrology sampling program
and Lake E1 should be formally added to the hydrology sampling program.

•

Action Levels for water quantity should be removed from the AEMP.
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DISCHARGE ASSESSMENT
Introduction

As part of the Mine construction activities at Gahcho Kué Mine (Mine), De Beers Canada Inc. (De Beers)
was permitted to remove a total of 22,100,000 m3 of water from Kennady Lake over a period of two years
during construction. This dewatering was necessary to allow the construction of dyke infrastructure and
open pits, located within the south basin of Kennady Lake. A complete summary of the drawdown activities
is provided in the Kennady Lake Drawdown Summary Report (De Beers 2016b). Dewatering discharge
was pumped from Kennady Lake to Area 8 in 2014 and 2015 and to Lake N11 in 2015 and 2016.
In the fall of 2016, the Mine commenced operations. A permanent diffuser was installed in Lake N11 in late
September 2016 to support operational discharge of water from the water management pond (WMP). The
first operational discharge from the WMP to Lake N11 started in October 2016. No operational discharge
to Area 8 occurred between 2016 and 2018.
Water quality in the dewatering and operational discharges was monitored as part of the Surveillance
Network Program (SNP) to meet a condition of the Water Licence MV2005L2-0015 (MVLWB 2014a, 2016).
Monitoring was conducted at “end-of-pipe” and “edge of mixing zone” stations in Area 8 (during dewatering)
and in Lake N11 (during dewatering and operational discharge). Data were collected and analyzed at
variable frequency (i.e., daily, weekly, and at the beginning and end of discharge) during discharge periods,
depending on the water quality parameter.
The purpose of this section is to summarize the dewatering and effluent discharge water quality to Area 8
and Lake N11 using SNP data collected between 2014 and 2018. This section focuses on the end-of-pipe
data to provide context for the Aquatic Effects Monitoring Program (AEMP) results; edge-of-mixing-zone
data are provided and discussed in the 2015 to 2018 AEMP annual reports (De Beers 2016c, 2017a, 2018c,
2019c).

6.2
6.2.1

Area 8
Dewatering Discharge from Kennady Lake during
Construction – 2014 to 2015

Water was pumped from Area 7 to Area 8 in two phases between 2014 and 2015 during the drawdown of
Kennady Lake (De Beers 2016c):
•

The first phase occurred during ice-covered conditions, from December 20, 2014 to January 2, 2015.

•

The second phase occurred during open-water conditions, from May 19, 2015 to September 7, 2015.

Dewatering activities were halted in January 2015 when monitoring activities indicated that surface water
level elevation in Area 8 was approaching the under-ice Low Action Level due to freezing of the lake outlet
(Stream K5; De Beers 2015c). No pumping from Area 7 to Area 8 took place in 2016, as dewatering
activities for this portion of Kennady Lake were completed in September 2015.
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Discharge Volumes and Rates

The total volume of water discharged from Area 7 to Area 8 in 2014 and 2015 was 5,968,293 m3:
•

A total of 778,745 m3 was pumped at an average daily discharge rate of 0.7 m3/s during the under-ice
pumping period (De Beers 2016c).

•

A total of 5,189,548 m3 was pumped at an average daily discharge rate of 0.54 m3/s during the openwater pumping period (De Beers 2016c).

Annual discharge volumes and rates remained within their maximum limits over the drawdown period.

6.2.1.2

End-of-Pipe Chemistry

Water quality was monitored during dewatering as part of the SNP at the end-of-pipe and edge of mixing
zone stations in Area 8 (Table 6.2-1). Monitoring was not required in 2016 due to the lack of discharge from
Area 7 to Area 8.
Table 6.2-1
Core Lake

Description of SNP Water Quality Monitoring during Dewatering Discharge from
Kennady Lake to Area 8
SNP Station

Station Description

Sampling Frequency

SNP-04

End-of-pipe
discharge

Daily for physical parameters (dissolved oxygen, pH, specific conductivity,
water temperature, TSS, turbidity)
At the beginning and end of discharge (physical parameters, major ions,
nutrients, total metals, extractable petroleum hydrocarbons, BTEX, total and
faecal coliforms, E. coli)

SNP-03a
SNP-03b
SNP-03c

Edge of mixing zone

Weekly for pH, TSS, turbidity
At the beginning and end of discharge (physical parameters, major ions,
nutrients, total metals)

Area 8

SNP = Surveillance Network Program; TSS = total suspended solids; E. coli = Escherichia coli; BTEX = benzene, toluene,
ethylbenzene, and xylenes.

The end-of-pipe chemistry raw data are provided in Appendix 3A (Tables 3A-1 to 3A-2) and summary
statistics are provided in Section 5.4 (Tables 5.4-1 to 5.4-2) of the 2015 AEMP Annual Report
(De Beers 2016c). Edge of mixing zone raw data are provided in Appendix 3B (Tables 3B-1 and 3B-2) and
summary statistics are provided in Section 5.4 (Tables 5.4-6 and 5.4-7) of the 2015 AEMP Annual Report
(De Beers 2016c).
As per Part G Item 9 of the Water Licence (MC2005L2-0015), the dewatering discharge was required to
meet the effluent quality criteria (EQC) for total suspended solids (TSS) during the dewatering of Kennady
Lake (Table 6.2-2).
Table 6.2-2

Water Licence Limits (Effluent Quality Criteria) for Discharges to Area 8 and Lake
N11 during Drawdown of Kennady Lake
Parameter

Total Suspended Solids

Maximum Average Concentration
(mg/L)

Maximum Grab Concentration
(mg/L)

15

25

mg/L = milligrams per litre.

De Beers Canada Inc.

Gahcho Kué Mine
6-3
2015 to 2018 Aquatic Effects Re-evaluation Report
Discharge Assessment

December 2019
Section 6

Water quality results of the end-of-pipe discharge to Area 8 in 2015 are summarized below:
•

The end-of-pipe discharge to Area 8 had physico-chemical water quality that was similar to historical
water quality in Area 8.

•

Daily water quality measurements indicated that discharge water was well-oxygenated (minimum
dissolved oxygen [DO] saturation was 85%), slightly acidic (median pH 6.4), and had low suspended
solids (median calculated TSS concentration of 4.2 mg/L; Table 5.4-1 in De Beers 2016c). These
values are comparable to that measured in Area 8 between 1995 and 2012, as summarized in the
Aquatic Baseline Synthesis Report (Golder 2014a).

•

Ionic strength was consistent with baseline conditions in Area 8. Maximum laboratory-measured
specific conductivity was 21 microSiemens per centimetre (µS/cm) compared to 15 µS/cm (open-water)
in baseline and total dissolved solids (TDS) concentration 2 was 27 mg/L compared to 28 mg/L
(open-water) under baseline (Table 5.4-2 in De Beers 2016c; Table 5.3-2 in Golder 2014a).
Bicarbonate and calcium were the dominant major ions in the discharge and in Area 8 during baseline
conditions.

•

Nutrient concentrations in the discharge were low. Median total Kjeldahl nitrogen [TKN] concentration
was <0.20 mg/L and median total phosphorus (TP) concentration was 0.0104 mg/L (Table 5.4-2 in
De Beers 2016c). The median TKN concentration was comparable to that reported in Area 8 in the
open-water season (median TKN of 0.31 mg/L) but the median TP was higher than the baseline
(median TP of 0.0035 mg/L; Golder 2014a).

•

Although median TP concentration was higher in the discharge than in baseline conditions, the
discharge median is subject to uncertainty because it was based on two samples; two other samples
were reported as non-detect at higher detection limits. With the limited sample size, it is uncertain if the
TP results reflect natural variability or are representative of elevated TP in Kennady Lake, which
resulted in higher TP concentrations in the discharge (De Beers 2016c).

•

Most metal concentrations in the discharge were either below detection limits (DLs) or below water
quality guidelines. Measured aluminum, copper, and lead concentrations in the discharge exceeded
Canadian water quality guideline for the protection of aquatic life (CWQG-PAL; CCME 1999) in one or
more samples (Table 5.4-2 in De Beers 2016c). In historical studies, aluminum concentrations
occasionally exceeded water quality guidelines, particularly at pH ≤6.5 (Golder 2014a,b).
Concentrations of several metals have also exceeded water quality guidelines in Area 8 in the past
(e.g., aluminum, cadmium, chromium, copper, iron, lead, manganese, zinc; Golder 2014a).

•

End-of-pipe discharge to Area 8 consistently met the EQC for TSS.

6.2.2

Other Discharges

No SNP monitoring was done in Area 8 after 2015 because there was no dewatering discharge from
Kennady Lake in 2016, or operational discharge from the WMP to Area 8 in 2017 or 2018. Water pumped
from Lake N11 for downstream flow mitigation represented the only input to Area 8 in 2017 and 2018
(De Beers 2018c, 2019c).

2

Total dissolved solids concentrations were measured by gravimetric analysis.
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Lake N11
Dewatering Discharge from Kennady Lake during
Construction – 2015 to 2016

The northern portion of Kennady Lake, namely Areas 3 and 5, was partially dewatered and discharged to
Lake N11 in 2015 and 2016 to become the WMP. This dewatering occurred in two phases (De Beers 2016c,
2017a):
•

The first phase occurred from February 1 to October 5, 2015.

•

The second phase occurred during ice-covered conditions, from March 20 to May 31, 2016.

Dewatering was halted from June 12 to July 1, 2015 because of a temporary shut down to repair the pump
jetty.

6.3.1.1

Discharge Volumes and Rates

The total volume of water moved from Areas 3 and 5 to Lake N11 in 2015 and 2016 was 16,106,412 m3:
•

A total of 12,664,617 m3 was pumped during the first phase of pumping to Lake N11 at an average
daily discharge rate of 0.65 m3/s (De Beers 2016c).

•

A total of 3,441,795 m3 during the second phase at an average daily discharge rate of 0.55 m3/s
(De Beers 2017a).

Annual discharge volumes and rates remained within their maximum limits over the drawdown period.

6.3.1.2

End-of-Pipe Chemistry

Water quality was monitored during dewatering as part of the SNP at the end-of-pipe and edge of mixing
zone stations in Lake N11 (Table 6.3-1).
Table 6.3-1
Core Lake

Description of SNP Water Quality Monitoring during Dewatering Discharge from
Kennady Lake to Lake N11
SNP Station

Station Description

Sampling Frequency

SNP-02

End-of-pipe
discharge

Daily for physico-chemical parameters (i.e., dissolved oxygen, pH, specific
conductivity, water temperature, TSS, turbidity)
At the beginning and end of discharge (physico-chemical parameters,
major ions, nutrients, total metals, extractable petroleum hydrocarbons,
BTEX, total and fecal coliforms, E. coli)

SNP-01a
SNP-01b
SNP-01c

Edge of mixing zone

Weekly for pH, TSS, turbidity
At the beginning and end of discharge (physico-chemical parameters,
major ions, nutrients, total metals)

Lake N11

SNP = Surveillance Network Program; TSS = total suspended solids; E. coli = Escherichia coli; BTEX = benzene, toluene,
ethylbenzene, and xylenes.
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The end-of-pipe chemistry raw data and summary statistics are provided in the 2015 and 2016 AEMP
annual reports:
•

For 2016, Appendix 3A Tables 3A-3 to 3A-4 (raw data) and Tables 5.4-3 and 5.4-4 (summary statistics)
are provided in the 2015 AEMP Annual Report (De Beers 2016c).

•

For 2017, Appendix 3A Tables 3A-1 and 3A-2 (raw data) and Tables 5.4-11 and 5.4-12 (summary
statistics) are provided in the 2016 AEMP Annual Report (De Beers 2017a).

Edge of mixing zone raw data and summary statistics are provided in the 2015 and 2016 AEMP annual
reports:
•

For 2015, Appendix 3B Tables 3B-3 to 3B-4 (raw data) and Tables 5.4-8 and 5.4-9 (summary statistics)
are provided in the 2015 AEMP Annual Report (De Beers 2016c).

•

For 2016, Appendix 3B Tables 3B-1 and 3B-2 (raw data) and Tables 5.4-13 and 5.4-14 (summary
statistics) are provided in the 2016 AEMP Annual Report (De Beers 2017a).

As per the Water Licence (MC2005L2-0015), the dewatering discharge was required to meet the EQC for
TSS during the dewatering of Kennady Lake (Table 6.2-2).
Water quality results of the end-of-pipe dewatering discharge to Lake N11 in 2015 and 2016 are
summarized below:
•

The end-of-pipe discharge to Lake N11 (SNP-02) had physico-chemical water quality that was similar
to historical water quality in Lake N11 and to the dewatering discharge at SNP-04 (end-of-pipe SNP
station in Area 8).

•

Daily water quality measurements indicated that discharge water was well-oxygenated (minimum DO
saturation was 80%), slightly acidic (median pH 6.5 in 2015 and pH 6.2 in 2016), and generally had low
suspended solids (the median calculated TSS concentration was <3.6 mg/L; De Beers 2016c, 2017a).
These values are comparable to that measured in Lake N11 between 1998 and 2011 (Golder 2014a).

•

Water chemistry measured at the start and end of discharge periods was similar among sampling
events, with the exception of nitrate and some metals.

•

Ionic strength was consistent with baseline conditions in Lake N11. Laboratory-measured specific
conductivity ranged from 19 to 31 µS/cm (De Beers 2016c, 2017a) compared to 11 to 68 µS/cm in
baseline (open-water median was 12 µS/cm; Table 5.3-3 in Golder 2014a). Total dissolved solids
concentration 3 ranged 13 to 21 mg/L (De Beers 2016c, 2017a) compared to <10 to 32 mg/L under
baseline (open-water median was 18 mg/L; Golder 2014a).

•

Concentrations of major ions in the discharge were slightly higher than baseline concentrations in Lake
N11, but similar to Kennady Lake baseline conditions (De Beers 2016c, 2017a). Bicarbonate and
calcium were the dominant major ions in the discharge and in baseline conditions.

3

Total dissolved solids concentrations were measured by gravimetric analysis.
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•

Nutrient concentrations in the discharge were low in that TKN concentration was <0.20 mg/L and TP
concentration ranged from 0.0057 to 0.008 mg/L (De Beers 2016c, 2017a). Nitrate concentrations were
lower in the October 2015 sample (0.0163 mg-N/L) compared to the other samples (0.0755 to
0.162 mg-N/L), and these concentrations were higher than baseline in Lake N11 (maximum =
0.01 mg-N/L) although within the range observed in Kennady Lake (maximum = 0.19 mg-N/L).
Maximum TP concentration of 0.008 mg/L was slightly higher than the maximum TP of 0.006 mg/L
under baseline conditions (Golder 2014a).

•

Most metal concentrations were either below DLs or below water quality guidelines. Total
concentrations of aluminum, copper, and lead exceeded CWQG-PAL in the discharge sample taken at
the start of the 2015 discharge period (February 1, 2015); dissolved concentrations were less than
guidelines, and in the case of aluminum and lead, an order of magnitude lower (De Beers 2016c).
Manganese concentrations were above the aesthetic drinking water quality objective (Health Canada
2019) at the start and at the end of the 2016 discharge period (March 20 and May 31, 2016; De Beers
2017a). In baseline studies, metal exceedances in Lake N11 were occasionally observed
(i.e., cadmium, lead, manganese during ice-cover conditions [Golder 2014b]; aluminum, cadmium,
mercury during open-water conditions [Golder 2014a]). In Kennady Lake, several metals had
concentrations that were at above water quality guidelines, including aluminum, copper, and lead
(Golder 2014a).

•

End-of-pipe discharge to Lake N11 did not meet the EQC for TSS on March 29, 2016. All other TSS
concentrations (calculated from turbidity measurements) were below the discharge limits of the Water
Licence.

•

On March 22, 2016, TSS concentration triggered an Action Level for TSS as per the Construction Water
Management Plan (De Beers 2015b) and implementation of a Response Plan. The Action Levels for
TSS were less than the EQC with 20 mg/L for the maximum grab concentration (MGC) and 12 mg/L
for the maximum average concentration (MAC; Table 5 in De Beers 2015b). The concentrations were
confirmed after re-calibrating the turbidity measuring equipment and collecting a follow-up
measurement. Mitigation to reduce concentrations and achieve the discharge limits included reduction
in pump rate to reduce suspected vortex influence on substrate and re-evaluation of the intake
orientation (i.e., raise the intake higher within the water column). Additional water quality sampling was
also conducted in the discharge and at the edge of the mixing zone.

•

On March 28, 2016, the TSS concentrations also triggered an Action Level and implementation of a
Response Plan similar to that of the first Response Plan. Preparation of the Response Plan also
identified an MGC EQC exceedance on March 29, 2016. Laboratory analysis of samples associated
the highest calculated TSS returned results less than detection limits. Internal investigation revealed
that turbidity values, caused by off-gassing of the water sample while in the sampling cylinder as
temperature increased, over-estimated the corresponding TSS concentration. As a corrective action, a
larger sampling vessel and modified sampling technique was used, which resolved the issue. After the
corrective action was put in place, all calculated TSS concentrations were below the EQC until the end
of the discharge period at SNP-02 in May 31, 2016 (De Beers 2017a).
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Comparison Between Water Quality Parameters and Effluent Quality Criteria at Station SNP-02 (Lake N11) during
Dewatering Discharge, 2015 to 2016

Discharge Period

February 2 to
October 5, 2015

6-7

Sampling
Frequency

Parameter

Effluent Quality Criteria
MAC
MGC

Number of
Samples

Units

235

mg/L

15

Min

Max

Median

Mean

SD

25

2.6

10.5

3.6

4.0

1.2

Daily

Total Suspended
Solids(a)

Start and End of
Discharge

Total Suspended Solids

2

mg/L

15

25

5.8

6.3

-

-

-

Daily

Total Suspended
Solids(a)

83

mg/L

15

25

0.1

32

1.2

3.4

5.9

Start and End of
Discharge

Total Suspended Solids

2

mg/L

15

25

0.98

2.7

-

-

-

Note: Based on daily monitoring results, as well as monitoring at the start and end of the discharge period.
a) Total suspended solids concentrations were estimated from turbidity measurements.
b) Two daily samples were collected from March 22 to March 31, 2016 as a result of Action Level exceedances. Two samples were also collected on May 31, 2016, one sample was
tested at site and the other one was sent for analysis to the analytical laboratory. A sample was not collected on May 9, 2016 due to white-out conditions making it unsafe to complete
the sample collection/measurements.
mg/L = milligrams per litre; MAC = maximum average concentration; MGC = maximum grab concentration; min = minimum; max = maximum; - = not applicable or not calculated;
SD = standard deviation.
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Effluent Discharge from Water Management Pond during
Operations – 2016 to 2018

Installation of an operational diffuser in Lake N11 occurred in late September 2016 to support operational
discharge from the WMP to Lake N11. Operational pumping from the WMP to Lake N11 commenced on
October 29, 2016, after initial testing of the processing plant. Operational discharge to Lake N11 was not
continuous and occurred during the following time periods:
•

The 2016 discharge occurred from October 29 to December 31 after the AEMP sampling events (the
last AEMP sampling occurred in September 2016).

•

Three discharges occurred in 2017:

•

−

from January 1 to 17 during under-ice conditions;

−

from September 4 to 23 during open-water conditions under the Year 2 discharge allotment; and

−

from September 24 to November 13 under the Year 3 discharge allotment.

The 2018 discharge (under the second full year of operations) occurred from September 4 to October 3.

The open-water discharge period in 2017 was split in half, corresponding to the Water Licence anniversary
(i.e., September 24, 2017), to apportion the discharge volume between consecutive years.

6.3.2.1

Discharge Volumes and Rates

Discharge volumes were within the annual discharge limit of 3,450,000 m3 (Table 6.3-3). Discharge flow
rates were maintained below the recommended flow rate of the engineered diffuser, as well as to remain
well below the maximum flow rate at the outlet of Lake N11. The total flow (pumped and natural) at the
outlet of Lake N11 did not exceed the two-year (median) maximum daily flow rate for this outlet.
Table 6.3-3

Discharge Volume and Rates from the Water Management Pond to Lake N11 during
Operational Discharge Periods, 2016 to 2018

Year of Operation(a)
Year 1
Year 2
Year 3

Discharge Period

Total Discharge Volume

Average Daily Flow Rate

3,427,488 m3

0.41 m3/s

1,727,482 m3
582,269 m3

0.39 m3/s
0.27 m3/s

October 29 to December 31, 2016
January 1 to 17, 2017
September 4 to 23, 2017
September 24 to November 13, 2017
September 4 to October 3, 2018

Sources: De Beers 2017a, 2018c, 2019c.
a) Year of operational discharge allotment is based on the Water Licence anniversary of September 24.

6.3.2.2

End-of-Pipe Chemistry

Water quality was monitored during operational discharge as part of the SNP at the end-of-pipe and edge
of mixing zone stations in Lake N11 (Table 6.3-4). Pre-discharge water quality samples were collected on
August 9, 2017 prior to commencement of the fall operational discharge.
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Core
Lake

Section 6

Description of SNP Water Quality Monitoring during Operational Discharge from
Kennady Lake to Lake N11
SNP Station

SNP-02

Lake N11

December 2019

Station Description

Sampling Frequency

Daily (dissolved oxygen, pH, specific conductivity, temperature, TSS,
turbidity)
End-of-pipe discharge Weekly (physico-chemical parameters, major ions, nutrients, total metals,
extractable petroleum hydrocarbons, BTEX)
At the beginning and end of discharge (total and fecal coliforms, E. coli)

SNP-01A
SNP-01B
SNP-01C

Edge of mixing zone

Once during discharge (dissolved oxygen, pH, specific conductivity,
temperature, TSS, turbidity)
Once during discharge (physico-chemical parameters, major ions,
nutrients, total metals, extractable petroleum hydrocarbons)

SNP-20

Intake point in WMP

At the beginning and end of discharge (toxicity sample - acute and
chronic testing)

SNP = Surveillance Network Program; E. coli = Escherichia coli; TSS = total suspended solids; BTEX = benzene, toluene,
ethylbenzene, and xylenes; WMP = water management pond.

The end-of-pipe chemistry raw data and summary statistics are provided in the 2016 to 2018 AEMP annual
reports:
•

For 2016, Appendix 3A Tables 3A-1 to 3A-2 (raw data) and Tables 5.4-15 and 5.4-16 (summary
statistics) are provided in the 2016 AEMP Annual Report (De Beers 2017a).

•

For January 2017, Appendix 3A Tables 3A-1 and 3A-2 (raw data) and Tables 5.4-10 and 5.4-11
(summary statistics) are provided in the 2017 AEMP Annual Report (De Beers 2018c).

•

For fall 2017, Appendix 3A Tables 3A-1 and 3A-2 (raw data) and Tables 5.4-15 and 5.4-16 (summary
statistics) are provided in the 2017 AEMP Annual Report (De Beers 2018c).

•

For 2018, Appendix 3A Tables 3A-1 and 3A-2 (raw data) and Tables 5.4-1 to 5.4-2 (summary statistics)
are provided in the 2018 AEMP Annual Report (De Beers 2019c).

Edge of mixing zone raw data and summary statistics are provided in the 2016 to 2018 AEMP annual
reports:
•

For 2016, Appendix 3B Tables 3B-1 to 3B-2 (raw data) and Tables (summary statistics) are provided
in the 2016 AEMP Annual Report (De Beers 2017a).

•

For January 2017, Appendix 3B Tables 3B-1 and 3B-2 (raw data) and Tables 5.4-13 and 5.4-14
(summary statistics) are provided in the 2017 AEMP Annual Report (De Beers 2018c).

•

For fall 2017, Appendix 3B Tables 3B-1 and 3B-2 (raw data) and Tables 5.4-19 and 5.4-20 (summary
statistics) are provided in the 2017 AEMP Annual Report (De Beers 2018c).

•

For 2018, Appendix 3B Tables 3B-1 and 3B-2 (raw data) and Tables 5.4-4 to 5.4-5 (summary statistics)
are provided in the 2018 AEMP Annual Report (De Beers 2019c).

As per Part G Item 30 of the Water Licence (MV2005L2-0015), the operational discharge from the WMP to
Lake N11 is required to meet EQCs for field pH, total ammonia, sulphate, nitrate, TP, chloride, fluoride,
TSS, total petroleum hydrocarbons, and eight metals (Table 6.3-5).
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A Water Licence Amendment application was submitted in March 2018 to address changes to the Mine
plan resulting from a geotechnical issue within the pits, which also required changes to water management
on site. An updated Project Description, Operational Water Management Plan V.5.1, and Effluent Quality
Criteria Report were some of the supporting documentation provided with the amendment application. The
Water Licence Amendment was approved by MVLWB on December 14, 2018 (MVLWB 2018a). The
amended Water Licence considered updates to the water management and the revised water quality
predictions in Lake N11 and Area 8, as well as new EQC for both receiving waterbodies.
Table 6.3-5

Water Licence Limits (Effluent Quality Criteria) for Discharges to Lake N11 during
Operations

Parameter
pH
Total suspended solids
Chloride
Fluoride
Sulphate
Nitrate
Total ammonia
Total phosphorus
Total aluminum
Total cadmium
Total chromium
Total copper
Total iron
Total molybdenum
Total nickel
Total uranium
Total petroleum hydrocarbons

Unit
mg/L
mg/L
mg/L
mg/L
mg-N/L
mg-N/L
mg-P/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
mg/L

Water Licence (MV2005L2-0015) with
April 18, 2016 Amendment
Maximum Average
Maximum Grab
Concentration
Concentration
6.5 to 9.0
15
160
0.15
150
10
10
0.03
100
2
3
400
300
90
60
-

6.5 to 9.0
25
320
0.3
300
20
20
0.06
200
4
6
800
600
180
120
5

Water Licence (MV2005L2-0015) with
December 12, 2018 Amendment
Maximum Average
Maximum Grab
Concentration
Concentration
6.5 to 9.0
15
300
1.5
100
20
6
0.022
230
0.08
2
4
600
-

6.5 to 9.0
25
515
3.0
155
30
10
0.03
350
0.16
4
7
1,000
5

mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; µg/L = micrograms per litre; - = not applicable.

Water quality results of the operational discharge from the WMP to Lake N11 in 2016, 2017 and 2018 are
summarized below:
•

End-of-pipe discharge water quality was within projected maximum concentrations and complied with
EQC requirements, with some exceptions as noted below.

•

Daily water quality measurements indicated that discharge water was well-oxygenated (minimum DO
saturation was 81%), slightly acidic to slightly basic (median pH 6.1 in January 2017 and pH 8.0 in
2018), and generally had low suspended solids (the median calculated TSS concentration was <5 mg/L;
Table 6.3-6).

•

Field-measured pH values were below the lower bound of the EQC in most daily and weekly samples
collected in 2016 and January 2017, and in a few samples in fall 2017 (De Beers 2017a, 2018c).
However, slightly acidic pH values were characteristic of the lakes in the area during baseline conditions
(Golder 2014a,b).

•

Total suspended solids concentrations based on field turbidity were typically below the EQC, with the
exception of one anomalous value in January 2017 (i.e., 29 mg/L). This value was attributed to an
anomalous turbidity reading at the time of the measurement (De Beers 2018c).
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•

With the exception of bicarbonate, concentrations of major ions increased in the operational discharge
between 2016 and 2018 (Table 6.3-6). In 2016 and January 2017, bicarbonate, calcium, chloride and
sulphate were the dominant major ions in the discharge. Median concentrations in January 2017 were
9.9 mg/L (bicarbonate), 5.2 mg/L (calcium), 5.4 mg/L (chloride), and 5.1 mg/L (sulphate). In fall 2017
and 2018, calcium and chloride were the dominant major ions in the discharge, with median
concentrations in 2018 of 37 mg/L (calcium) and 95 mg/L (chloride).

•

In the 2018 discharge, average fluoride concentration (0.22 mg/L) was above the 2016 MAC EQC but
individual sample concentrations (maximum = 0.23 mg/L) were below the 2016 MGC EQC
(Table 6.3-6). However, fluoride concentrations met the 2018 EQC. Chloride and sulphate
concentrations met the EQC in all discharges.

•

Nitrate concentrations increased in the discharge between 2016 and 2018, and were higher than
baseline conditions in Lake N11. Median nitrate concentrations ranged from 1.1 mg-N/L in 2016 to
13 mg-N/L in 2018 (Table 6.3-6). During baseline, maximum nitrate concentration was 0.078 mg-N/L
during ice-cover conditions (Golder 2014b). In 2018, average nitrate concentration was higher than the
2016 MAC EQC of 10 mg-N/L but individual sample concentrations were lower than the 2016 MGC
EQC of 20 mg-N/L. However, nitrate concentrations met the 2018 EQC.

•

Total phosphorus concentrations in the discharge were higher than under baseline conditions in Lake
N11, but appear to have declined between 2016 and 2018. Median TP concentrations ranged from
0.008 mg-P/L in 2016 to 0.005 mg-P/L in 2018 (Table 6.3-6). Maximum concentration during baseline
in Lake N11 was 0.006 mg-P/L during open-water conditions (Golder 2014a).

•

Total metal concentrations were typically similar among the discharge events, with the exception of
nickel, which had higher concentrations in all samples during the 2018 discharge (Table 6.3-6). One
2018 sample had higher total aluminum and iron concentrations relative to other samples, which was
likely due to an elevated TSS concentration (14 mg/L) in that sample; dissolved concentrations were
similar to other samples. All total metal concentrations met the EQC in all operational discharges.
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Discharge
Period
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Summary of Water Quality Monitoring at Station SNP-02 (Lake N11) during Operational Discharge, 2016 to 2018
Parameter(a)

Field pH
Total suspended solids – field(c)
Total suspended solids – lab(d)
Chloride
Fluoride
Sulphate
Nitrate
Total ammonia
October 31 to
Total phosphorus
December 29,
2016
Total aluminum
Total cadmium
Total chromium
Total copper
Total iron
Total molybdenum
Total nickel
Total uranium
Field pH
Total suspended solids – field(c)
Total suspended solids – lab(d)
Chloride
Fluoride
Sulphate
Nitrate
Total ammonia
January 1 to 31,
Total phosphorus
2017
Total aluminum
Total cadmium
Total chromium
Total copper
Total iron
Total molybdenum
Total nickel
Total uranium
Field pH
September 4 to
Total suspended solids – field(c)
November 13,
Total suspended solids – lab(d)
2017
Chloride

Units

Number of Samples

%<DL(b)

Minimum

Maximum

Median

Mean

SD

mg/L
mg/L
mg/L
mg/L
mg/L
mg-N/L
mg-N/L
mg-P/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg-N/L
mg-N/L
mg-P/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
mg/L
mg/L
mg/L

9
61
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
4
19(c)
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
12
70
12
12

0
56
0
0
0
0
0
0
0
89
78
0
0
0
0
0
0
100
0
0
0
0
0
0
0
100
100
0
0
0
0
0
0
50
0

5.3
0.1
<1.0
4.28
0.052
4.0
1.0
0.31
0.006
6.8
<0.005
<0.1
0.71
29
0.16
1.1
0.045
5.9
0.3
<1
5.3
0.068
5.0
1.43
0.40
0.007
7
<0.005
<0.1
1.1
17
0.203
1.1
0.049
6.1
0
<1.0
34

6.6
14
2.5
5.21
0.067
5.0
1.4
0.39
0.014
24
0.006
0.4
2.2
45
0.56
1.3
0.053
6.4
29
<1
5.8
0.076
5.3
1.63
0.49
0.009
11
<0.005
<0.1
1.84
36
0.222
1.2
0.058
8.0
8
2.5
57

6.4
1.2
<1.0
4.55
0.057
4.3
1.1
0.36
0.008
13
<0.005
<0.1
0.9
37
0.17
1.2
0.047
6.2
1.8
<1
5.4
0.071
5.1
1.52
0.42
0.007
7
<0.005
<0.1
1.08
23
0.219
1.1
0.056
6.9
1
1.0
47

6.3
1.8
4.65
0.058
4.4
1.1
0.35
0.009
13
1.01
37
0.22
1.2
0.048
6.2
1.8
5.5
0.072
5.1
1.52
0.43
0.007
8
1.26
25
0.216
1.1
0.055
6.9
2.1
47

0.4
2.2
0.30
0.005
0.31
0.11
0.02
0.003
5
0.46
6.3
0.13
0.07
0.003
0.21
6.3
0.24
0.003
0.2
0.09
0.04
0.001
2
0.39
8
0.009
0.1
0.004
0.5
2.4
7.1
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Discharge
Period
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Summary of Water Quality Monitoring at Station SNP-02 (Lake N11) during Operational Discharge, 2016 to 2018
Parameter(a)

Fluoride
Sulphate
Nitrate
Total ammonia
Total phosphorus
September 4 to
Total aluminum
November 13,
Total cadmium
2017
Total chromium
(continued)
Total copper
Total iron
Total molybdenum
Total nickel
Total uranium
Field pH
Total suspended solids – field(c)
Total suspended solids – lab(d)
Chloride
Fluoride
Sulphate
Nitrate
Total ammonia
September 10 to
Total phosphorus
October 2, 2018
Total aluminum
Total cadmium
Total chromium
Total copper
Total iron
Total molybdenum
Total nickel
Total uranium

Units

Number of Samples

%<DL(b)

Minimum

Maximum

Median

Mean

SD

mg/L
mg/L
mg-N/L
mg-N/L
mg-P/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg-N/L
mg-N/L
mg-P/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

12
12
12
12
12
12
12
12
12
12
12
12
12
4
27
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

0
0
0
0
0
8
42
75
8
0
0
0
0
0
100
50
0
0
0
0
0
0
0
0
50
0
0
0
0
0

0.12
9.4
5.9
0.58
0.004
5.8
<0.005
<0.1
<0.5
11
0.33
0.98
0.04
6.9
<5
<1.0
92
0.200
17
12
0.41
0.001
36
0.021
<0.1
0.55
32
0.24
3.7
0.039

0.15
13
8.6
0.99
0.008
15
0.009
0.3
1.5
103
0.52
1.5
0.07
8.3
<5
14
100
0.230
17
14
0.45
0.008
69
0.027
0.2
0.75
125
0.33
4.0
0.050

0.13
11
7.1
0.79
0.006
9.1
0.005
<0.1
0.6
29
0.38
1.3
0.04
8.2
<5
1.4
95
0.220
17
13
0.43
0.005
37
0.024
0.1
0.70
116
0.27
3.9
0.041

0.13
11
7.2
0.76
0.006
8.9
0.005
0.7
35
0.40
1.3
0.04
7.9
4.0
95
0.220
17
13
0.43
0.005
45
0.024
0.1
0.68
97
0.28
3.9
0.042

0.008
1.1
0.75
0.15
0.002
2.9
0.002
0.3
25
0.06
0.17
0.01
0.67
6.4
3.2
0.013
0.41
0.88
0.02
0.003
16
0.003
0.07
0.09
44
0.04
0.14
0.005

a) Table presents results for parameters with effluent quality criteria (EQC) with the exception of total petroleum hydrocarbons, which was consistently less than detection limits; results
for all analyzed parameters can be found in the 2016 to 2018 AEMP annual reports.
b) One-half the detection limit was substituted for non-detect values when calculating summary statistics, with the exception of total suspended solids - field, which was reported as 0
mg/L in 2016 and 2017 when the turbidity meter reading was below detection. Mean and standard deviation were not calculated when more than 50% of the samples had non-detect
values.
c) Total suspended solids concentrations were estimated from daily field-measured turbidity during discharge.
d) Total suspended solids were also measured by the laboratory in samples submitted weekly for chemical analysis.
mg-N/L = milligrams of nitrogen per litre; mg/L-P/L = milligrams of phosphorus per litre; µg/L = micrograms per litre; < = less than; DL = detection limit; - = not applicable or not
calculated; SD = standard deviation.
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End-of-Pipe Toxicity

Toxicity testing, which consists of acute and chronic tests at the beginning and the final day of the discharge
period is required at SNP-20 (intake point in the WMP) as per Part G Item 34 of the Water Licence
(Table 6.3-4).
A total of seven samples were collected for toxicity testing for the 2016 to 2018 discharge periods
(Table 6.3-7). Six samples were collected as per the Water Licence, and an additional sample was collected
December 11, 2017, as part of the investigation into sporadic mortality of fathead minnows in the
November 13, 2017 sample. Toxicity test results are discussed in the 2016 to 2018 AEMP annual reports
(Section 5.4.1.2.1 in De Beers 2017a; Sections 5.4.1.1.1 and 5.4.1.2.1 in De Beers 2018c; and
Section 5.4.1.1.1 in De Beers 2019c). A brief summary of results is provided below.
No acute toxicity was observed in the water flea Daphnia magna and Rainbow Trout (Oncorhynchus
mykiss) tests (Table 6.3-7). No effects on survival of the cladoceran Ceriodaphnia dubia were observed.
Effects on C. dubia reproduction and green alga growth (Pseudokirchneriella subcapitata) were observed
in one out of the seven samples. However, these effects were sporadic and no effects were observed on
other species tested using the same samples.
Effects were observed on Fathead Minnow (Pimephales promelas) survival and growth in the October 2,
2017 sample and confirmed in the November 13, 2017 sample (Table 6.3-7). However, significant
among-replicate variability was also observed for these endpoints, which is suggestive of “sporadic mortality
phenomenon”, where naturally occurring microbes in the water samples affect survival (Grothe and
Johnson 1996; Downey et al. 2000). The toxicology laboratory identified microbial/fungi growth on the fish
in failed tests, which supports the hypothesis that that microbes naturally present in the water samples may
have had an effect during the testing.
To address the potential microbial influence in the testing, copper amendments were included in
supplemental fathead minnow toxicity testing of samples collected on November 13 (i.e., adding
5 micrograms per litre (µg/L) of copper using remaining sample) and December 11, 2017 (i.e., adding
10 and 20 µg/L of copper to additional samples collected). The copper amendment inhibits fungal growth
while still allowing toxicity testing to be completed based on the sample composition. Adverse effects were
observed in the sample treated with 5 µg/L of copper, indicating that this concentration was not sufficient
to inhibit the microbial growth; however, no adverse effects on survival or growth were observed in the
samples treated with 10 and 20 µg/L of copper, indicating that a copper amendment above 10 µg/L
mitigated the microbial influence, and confirmed that the water sample collected at SNP-20 did not possess
any chemical constituents that resulted in adverse effects on fathead minnow. As a result of this testing,
copper amendment was approved for use in the Fathead Minnow tests to evaluate the relative contribution
of microbe-related mortality to observed toxicity in SNP-20 samples (MVLWB 2018b).
This phenomenon was also observed in the October 2018 tests. Although the LC50 for this October 2018
Fathead Minnow test was >100%, mortality in the two highest test concentrations contributed to the
reduction in biomass (a combined measure of survival and growth), yielding an IC25 of 32.5% v/v.
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Toxicity Test Results for Samples Collected from SNP-20

Test

Acute Toxicity

6-15

Result (%)
(95% CL)
Point
Estimate
PostPrePostPre(a)
Pre-discharge
Discharge(d)
Discharge(g)
discharge(b) discharge(c)
discharge(e) discharge(f)
Statistic
(%)
January 31, August 9, October 2, November August 13, October 2,
October 4, 2016
2017
2017
2017
13, 2017
2018
2018

Oncorhynchus mykiss (Rainbow Trout), 96-h Survival

LC50

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

Daphnia magna (Water Flea), 48-h Survival

LC50

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

Ceriodaphnia dubia (Water Flea), Survival

LC50

>100 (nc)

>100 nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

>90.91 nc)

>90.91 (nc)

78
(56 to >91)

>91 (nc)

>100 (nc)

>100 (nc)

>100 (nc)

32.5 nc)

Ceriodaphnia dubia (Water Flea), Fecundity

IC25

>100 (nc)

38
(1.2 to nc)

Pseudokirchneriella subcapitata (Alga), 72-h Growth

IC25

>90.91 (nc)

>91 (nc)

>91 (nc)

Pimephales promelas (Fathead Minnow), 7-d Survival

LC50

>100 (nc)

>100 (nc)

>100 (nc)

Pimephales promelas (Fathead Minnow), 7-d
Biomass

IC25

>100 (nc)

>100 (nc)

>100 (nc)

35.8
29.3
(23.0 to
(24.1 to
55.7)
35.6)
21.6
52.6
(5.2 to 45.8) (n/a to 73.4)

Notes: 95% CL = 95% confidence limits associated with each point estimate.
a) Pre-discharge samples were collected before the operational discharge started on October 29, 2016.
b) Samples were collected after the operational discharge ended on January 17, 2017.
c) Pre-discharge samples were collected before the operational discharge started on September 4, 2017.
d) Samples were collected after the operational discharge started on September 4, 2017, prior to reaching completion of the 2016 pumping allotment. These samples were intended to
be collected before September 24; however, they could not be collected because of logistical delays associated with the receipt of sampling equipment.
e) Samples were collected at the end of the operational discharge on November 13, 2017.
f) Pre-discharge samples were collected before the operational discharge started on September 4, 2018.
g) Samples were collected at the end of the operational discharge on October 3, 2018.
nc = not calculable; > = greater than; SNP = Surveillance Network Program; CL = confidence limit; IC25 = the inhibiting concentration for a 25% effect; it is the concentration of sample
estimated to cause a 25% reduction in growth or fecundity of the test organisms; LC50 = median lethal concentration; the concentration of sample estimated to be lethal to 50% of the
test organisms.
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Spills

No reportable spills with the potential to impact the receiving environment occurred from 2015 to 2018,
except for one that occurred in the vicinity of Murdock Lake on March 13, 2016. This spill occurred during
winter, when the lake was ice-covered. The spilled material and contaminated snow and ice were
immediately cleaned up and transported to the Mine for disposal. Additional details regarding reportable
accidents, malfunctions, and spills that occurred during 2015 to 2018 are provided in Table 3.4-1 of the
2015 to 2018 AEMP annual reports (De Beers 2016c, 2017a, 2018c, 2019c).

6.5

Summary and Conclusions

The drawdown of Kennady Lake occurred in four phases that took place between December 20, 2014, and
May 31, 2016. A total of 22,074,702 m3 of water was removed from Kennady Lake and pumped to the two
approved receivers, Area 8 and Lake N11. Annual discharge volumes and rates remained within their
maximum limits over the drawdown period. The results of the monitoring of potential physical effects
confirmed that were no measurable effects to the receiving environment as a result of the drawdown
activities (De Beers 2016b). During dewatering, water quality of the discharge was generally consistent with
the baseline water quality of Kennady Lake, and similar to the water quality of the receiving waterbodies,
Area 8 and Lake N11.
After the installation of an operational diffuser in Lake N11 in late September 2016, operational discharge
from the WMP to Lake N11 commenced on October 29, 2016. Operational discharge to Lake N11 was not
continuous and occurred over three periods between October 29, 2016 and October 3, 2018: 1) October 29,
2016 to January 17, 2017; 2) September 4 to November 13, 2017; and 3) September 4 to October 3, 2018.
Operational discharges from the WMP to Lake N11 were generally consistent with Environmental Impact
Statement (EIS) predictions and below the Water Licence EQC, with a few exceptions. Field-measured pH
values were below the lower bound of the EQC in most daily and weekly samples collected in 2016 and
January 2017 and in a few samples in fall 2017; however, slightly acidic pH values were characteristic of
the lakes in the area during baseline conditions (Golder 2014a,b). In 2018, average concentrations of
fluoride and nitrate exceeded the 2016 MAC EQC but individual sample concentrations were below the
2016 MGC. All discharge complied with the updated predictions and 2018 EQC requirements in the
amended Water Licence.

De Beers Canada Inc.

Gahcho Kué Mine
7-1
2015 to 2018 Aquatic Effects Re-evaluation Report
Water Quality

7

7.1

December 2019
Section 7

WATER QUALITY
Introduction

The purpose of the water quality component of the Aquatic Effects Monitoring Program (AEMP) is to
evaluate potential changes in surface water quality in the following waterbodies and watersheds:
•

the receiving waterbodies (i.e., Area 8 and Lake N11) and immediately downstream of them within the
Local Study Area (LSA); and

•

the watersheds upstream of Kennady Lake that are diverted away from Kennady Lake through the
establishment of the controlled area as part of the Mine construction.

The water quality component of the Aquatic Effects Re-evaluation Report begins with a summary of
Mine-related effects in Section 7.2 for construction (2015 and 2016) and the first two years of operations
(2017 and 2018). This summary provides the basis for the sampling design re-evaluation in Section 7.3 and
the data analysis re-evaluation in Section 7.4. These detailed re-evaluation sections are followed by an
update to the Action Levels included in the existing response framework in Section 7.5. The water quality
component concludes with a brief conclusion and recommended improvements to be implemented for the
updated AEMP Design Plan.

7.2

Summary of Mine-related Effects

The primary Mine-related activities that could potentially affect surface water quality in the receiving
environment are discharge from the Mine to the receiving environment and the raising of several small
headwater lakes from the diversion of the upper watersheds of Kennady Lake. Discharges include
operational pumping from the water management pond (WMP) to Lake N11 and downstream flow mitigation
pumping from Lake N11 to Area 8. Two of the upper watersheds to Kennady Lake (i.e., D and E lakes) are
diverted to Lake N14 and water from Lake A1 is pumped to Area 8 as required to manage inflows due to
the its isolation from Kennady Lake by a coffer dam associated with the Fine Processed Kimberlite
Containment (PKC) Facility; the diversion of the D and E lakes result in the lakes immediately bound by the
diversion dykes (i.e., Dykes F and G, respectively) increasing their supply level elevation and increasing
their surface area.
Between 2015 and 2018, AEMP water quality monitoring has concentrated on core lakes, reference lakes,
and the raised Lake D2/D3, as per the approved AEMP Design Plan (De Beers 2016a). Core lakes that
may be affected by the Mine with respect to water quality include Lake N11, Area 8, and Lake 410, but as
outlined in the AEMP Design Plan, water quality sampling and assessment to date has primarily focussed
on core lakes Lake N11 and Area 8, with less intensive assessment of Lake 410.
Operational pumping from the WMP to Lake N11 occurred in the fall and winter from October 29, 2016 to
January 17, 2017, September 4 to November 13, 2017, and September 4 to October 3, 2018 (De Beers
2019c). Downstream flow mitigation pumping from Lake N11 to Area 8 occurred from June to August 2017
and from June 16 to September 3, 2018. The isolation of Area 8 from Kennady Lake during Mine operations
and the planned operational discharge from the WMP to Lake N11 for the first four years of Mine operation
were expected to change water chemistry in Area 8 and Lake N11, respectively. Statistically significant
effects (i.e., before-after control-impact [BACI] effects) were detected in 2018 for several water quality
parameters in Area 8 and Lake N11 despite relatively small changes in core lake water chemistry. The third
core lake (Lake 410) does not receive any direct discharge of Mine-influenced water but as a downstream
lake it receives inflow from the adjacent N watershed, and the L and M watersheds downstream of Area 8.
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Lake 410 represents that point where the drainage from the N watershed joins the natural drainage from
Kennady Lake.
Within the AEMP Response Framework, Low Action Levels were not triggered for toxicological impairment
or nutrient enrichment in the three core lakes during construction in 2015 and 2016 (De Beers 2016c,
2017a). The same was true during operations in 2017 and 2018 for Lake 410 (De Beers 2018c, 2019c).
Low Action Levels were triggered for a sub-set of parameters in Lake N11 and Area 8 in 2017 and 2018,
as summarized below.
Nutrient enrichment:
•

Lake N11 (2017 and 2018): nitrate (ice-cover).

Toxicological impairment:
•

Lake N11 (2017 and 2018): nitrate, total dissolved solids (TDS), nickel, and strontium (ice-cover);

•

Lake N11 (2018): chloride, potassium, sulphate, and molybdenum (ice-cover);

•

Lake N11 (2017): barium and strontium (open-water);

•

Lake N11 (2018): chloride, potassium, strontium, and thallium (open-water);

•

Area 8 (2018): chloride, potassium, manganese, and strontium (open-water); and

•

Area 8 (2017): uranium (open-water).

Observed changes in water quality from 2015 to 2018 in the three core lakes are consistent with predictions
made in the Environment Impact Statement (EIS) as summarized in the AEMP Design Plan (De Beers
2016a). During construction (2015 and 2016), water quality changes from the dewatering of Kennady Lake
to the three core lakes (Area 8, Lake N11, and Lake 410) were predicted to be negligible. During operations,
however, due to the limited period and short durations of planned annual operational discharge from the
WMP to Lake N11 during early operations (i.e., 2016 to 2020), Lake N11 was predicted to have increased
concentrations of some nutrients, TDS, and metals during and immediately after the operational discharge.
With the isolation of Area 8 from Kennady Lake, water quality in Area 8 during operations was expected to
change slightly due to the altered hydrological regime (e.g., reduced inflows). Water quality changes in the
downstream Lake 410 during operations were expected to be small.
Construction of Dyke F, which led to the formation of Lake D2/D3, was completed in May 2016. During the
2016 open-water season, Lakes D2 and D3 were hydrologically joined to form a single waterbody
(Lake D2/D3). Lake D2/D3 is the largest of three raised lakes resulting from the isolation of Kennady Lake;
at full supply level, the lake surface area increased to 103 ha, an increase of 105% from baseline (resulting
from the inundation of approximately 53 ha of tundra). As a result of dyke construction and the subsequent
raising of water levels and inundation of surrounding tundra, a number of water quality parameters
increased in concentration within the newly formed Lake D2/D3. The greatest extent of flooding to the
tundra occurred around the shallower Basin D2 (formerly Lake D2), which was reflected in relative changes
to water quality between the two basins for the years 2016, 2017, and 2018. Observed changes to water
quality between 2016 and 2018 are consistent with qualitative EIS projections, which indicated that during
the period of increasing water levels, water quality in Lake D2/D3 would change due to the release of
nutrients, metals, and other substances from flooded sediments and vegetation.
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Further details on Mine-related effects in Area 8, Lake N11, and Lake D2/D3 are provided in the Sections
that follow.

7.2.1

Core Lake: Area 8

Mine-related effects have been observed for Area 8 (De Beers 2016c, 2017a, 2018c, 2019c). The primary
pathway for potential effects to water quality in Area 8 is the change in hydrological regime due to the
short-circuiting associated with the construction of Dyke A at the narrows between Area 7 and Area 8, and
the downstream flow mitigation pumping from Lake N11, which occurred from June 6 to August 31, 2017,
and from June 16 to September 3, 2018. During operations, water quality measured in Area 8 was
consistent with EIS predictions (De Beers 2011) and more recently with the revised predictions generated
from a water quality model update as part of the 2018 Water Licence Amendment application (De Beers
2018d). One exception was the lake-wide manganese concentration during ice-cover in 2018, which
approximated the updated 2018 EIS model predictions (i.e., 0.040 mg/L vs. 0.042 mg/L). A synthesis of
AEMP results from the first four years of AEMP monitoring of field and laboratory data in Area 8 is provided
below to support the Aquatic Effects Re-evaluation.

7.2.1.1

Field Water Column Profiles

In situ field physico-chemical parameter measurements (i.e., dissolved oxygen [DO] concentration, water
temperature, specific conductivity, and pH) were collected throughout the water column at each Area 8
AEMP station, typically at 1 m intervals from the surface to within 0.5 m from the lake bottom. Field profile
data were collected between 2015 and 2018 in Area 8 once during ice-cover (October to May, represented
by late winter conditions in April/May) and three times during open-water (i.e., June to September,
represented by July [spring], August [summer], and September [fall]; Table 7.2-1). This AEMP annual
monitoring characterized the temporal physico-chemical trends of Area 8 between month, season, and
year. Data for each station are shown on field profile graphs provided in Appendix 7A.
Field profile ranges were reasonably consistent for Area 8 across seasons and years between 2015 and
2018 (Appendix 7A, Table 7.2-1; De Beers 2016c, 2017a, 2018c, 2019c). Vertical profiles suggested full
lake mixing during both ice-covered and open-water seasons. In summary:
•

Water in Area 8 was generally well oxygenated with open-water DO ranging from 7.5 to 12.2 mg/L.
Open-water DO profiles typically fluctuated by less than 1 mg/L throughout the water column suggesting
well-mixed conditions. Waters were typically saturated with DO under open-water conditions, meaning
that the broad range of measured DO through the water column was a function of temperature
conditions. In contrast, ice-cover DO was lower at depth than at the surface, with surface concentrations
ranging from approximately 9.0 to 17.0 mg/L, which often decreased to <4 mg/L close to the lake bottom
at most stations. The ice-cover profiles indicated an obvious reducing gradient at all stations.

•

Water temperature throughout the water column in Area 8 ranged from 6.0°C to 19.5°C during the
open-water season and 0°C to 5.0°C during under-ice conditions (De Beers 2016c, 2017a, 2018c,
2019c). During open-water conditions, temperature was constant throughout the water column at most
sampling stations, indicative of fully mixed conditions. On occasion, some Area 8 stations were distinctly
stratified (e.g., July 2016) or possessed a slightly reducing thermal gradient through the water column
(e.g., August 2017), in which lake bottom temperatures were slightly cooler than the surface waters.
During the ice-covered period, the temperature profiles characterized an increasing thermal gradient
between the ice layer and the lakebed (i.e., typically a 4°C increase over the depth of the water column).
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•

Open-water specific conductivity measurements ranged between 10 and 20 microSiemens per
centimetre (µS/cm), which indicated very low salinity. These measurements were consistent through
the water column indicating well-mixed conditions. Under ice-cover conditions, specific conductivity
profiles spanned a higher range of approximately 20 to 50 µS/cm, reflecting an increase in salinity
associated with effects of salt exclusion from ice formation (e.g., Pieters and Lawrence 2009).

•

Open-water pH profiles at the AEMP stations were generally similar across years and between stations,
and ranged between 6.0 and 7.5. These pH measurements were consistent through the water column
indicating well-mixed conditions. Ice-cover pH profiles were also constant throughout the water column
but there was greater variability between stations compared to the open-water season.

Exceptions to the above general characterization of in situ physico-chemical water quality measurements
at the Area 8 AEMP stations are described below for August and September 2018:
•

Field profiles for pH became more variable with depth at the five AEMP stations compared to previous
years. An increase in pH of approximately 0.5 pH units was observed between 2 to 3 m in depth.

•

Contrary to previous years, a visible increase in specific conductivity from ≤20 to 20-32 µS/cm was
observed during open-water conditions at the five AEMP stations (Appendix 7A, Table 7.2-1). This
increase is attributed to the downstream flow mitigation pumping from Lake N11, which has higher
specific conductivity condition due to operational discharge.

Table 7.2-1

Area 8 Field Profile Data Collected during Mine Construction and Operations, 2015
to 2018
Construction
Area 8

Under-ice (April)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (July)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (August)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)

Operations

2015

2016

2017

2018

1.9 to 14.1
1.6 to 4.8
18 to 35

0.3 to 14.0
0.3 to 4.6
19 to 56

5.8 to 7.3
0.1 to 15.7
0.1 to 4.8
19 to 87

6.6 to 7.2
1.9 to 16.7
0.4 to 4.5
25 to 52

6.0 to 7.0
8.4 to 9.1
16.0 to 16.9
11.2 to 13.9

5.3 to 6.8
8.2 to 9.9
12.8 to 19.5
18.3 to 19.1

6.5 to 6.8
9.8 to 10.2
14.4 to 16.3
16.0

6.6 to 6.9
10.2 to 10.7
12.0 to 13.0
18.0 to 24.0

6.9 to 7.2
7.5 to 8.5
15.9 to 16.6
15.6 to 17.1

6.3 to 7.6
8.2 to 9.1
13.5 to 14.7
14.9 to 15.5

6.5 to 6.7
9.6 to 10.4
14.1 to 17.1
16.0 to 17.0

6.4 to 7.8
9.0 to 9.7
16.0 to 18.0
23.0 to 32.0
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Area 8 Field Profile Data Collected during Mine Construction and Operations, 2015
to 2018
Construction

Area 8
Open-water (September)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)

Operations

2015

2016

2017

2018

6.1 to 7.4
9.3 to 9.5
10.0 to 11.2
16.0 to 17.1

6.5 to 6.9
8.4 to 10.7
8.1 to 10.1
13.7 to 14.1

6.5 to 7.1
9.4 to 10.5
11.0 to 13.0
17.0 to 20.0

6.6 to 7.7
11.2 to 12.2
6.0 to 8.0
27.0 to 32.0

- = field pH data invalidated; µS/cm = microSiemens per centimetre.

7.2.1.2

Comparison to Benchmarks and Guidelines

Water quality data for Area 8 were compared to AEMP benchmarks presented in Table 9.2-5 of the AEMP
Design Plan (De Beers 2016a). These benchmarks have been applied to lake-wide mean/median
concentrations calculated from the AEMP data in order to support the response framework and respond to
key questions in the AEMP annual reports. The Area 8 AEMP benchmarks are equivalent to site-specific
water quality objectives (SSWQOs) for Area 8 approved by the Mackenzie Valley Land and Water Board
(MVLWB or the Board), either during Water Licence or Water Licence Amendment processes. As such,
these benchmarks are primarily based on the Canadian Council of Ministers of the Environment [CCME]
water quality guidelines for the protection of aquatic life [CWQG-PAL; CCME 1999]. Although where
applicable (i.e., where no guidelines were available or the guideline was naturally exceeded), SSWQOs
and thus AEMP benchmarks have been sourced from the Canadian Drinking Water Guidelines (CDWQG;
Health Canada 2019), other Provincial guidelines, SSWQOs from other northern mines, and, where
available, site-specific benchmarks developed in the EIS.
AEMP benchmarks in effect at the time of 2015 to 2018 AEMP reporting, presented in Table 9.2-5 of the
AEMP Design Plan (De Beers 2016a), are from the MVLWB’s Reasons for Decision (MVLWB 2014b). In
December 2018, MVLWB approved a Water Licence Amendment that included water management updates
and revised water quality predictions in Lake N11 and Area 8, as well as new SSWQOs for both receiving
waterbodies (MVLWB 2018a). The SSWQOs from the 2018 Water Licence Amendment will be adopted as
AEMP benchmarks in the updated AEMP Design Plan (Section 18) and the 2019 AEMP Annual Report,
but are not reported in this Re-evaluation Report because it is relevant to the 2015 to 2018 reporting period.
Consistent with the AEMP Design Plan (De Beers 2016a) and AEMP reporting to date, this Re-evaluation
Report also provides a summary of the results of comparisons of 2015 to 2018 AEMP station data to
applicable guidelines for the protection of aquatic life and drinking water.

Comparison of Lake-Wide Mean/Median Values to AEMP Benchmarks
From 2015 to 2018, lake-wide mean/median parameter concentrations in Area 8 during ice-cover and openwater seasons were below AEMP benchmarks (De Beers 2016c, 2017a, 2018c, 2019c).

De Beers Canada Inc.

Gahcho Kué Mine
7-6
2015 to 2018 Aquatic Effects Re-evaluation Report
Water Quality

December 2019
Section 7

Comparison of Individual Station Values to Guidelines and AEMP Benchmarks
Occasionally, parameter concentrations at individual Area 8 AEMP stations were reported higher than
AEMP benchmarks or applicable CWQG-PAL (CCME 1999), or outside the ranges of either (Tables 7.2-2
and 7.2-3). Individual station values were not evaluated through the Response Framework and did not form
the basis of the response to key questions in AEMP reporting; however, consistent with the AEMP Design
Plan (De Beers 2016a) occurrences of individual station values outside of benchmarks were evaluated
further in each AEMP annual report. These occurrences were specific to pH, DO, aluminium, lead, mercury,
phosphorus, and chromium (Tables 7.2-2 and 7.2-3).
Summary findings from the AEMP annual reports between 2015 and 2018 are as follows:
pH: From 2015 to 2017, pH was occasionally below the lower bound of the AEMP benchmark range which
is equivalent to the CWQG-PAL pH guideline; however, the measured values were similar to those
observed under baseline conditions (Table 7.2-2 and Table 7.2-3; Golder 2014a). Between 1995 to 2012,
ice-cover pH ranged from 5.3 to 6.7 and open-water pH ranged from 6.4 to 8.3 (Golder 2014a).
DO: Under ice-cover, DO was occasionally below the lower CWQG-PAL guideline (i.e., 6.5 mg/L; cold water
biota, other life stages) at lower water column depths (Table 7.2-3). This was also observed under baseline
conditions between 1995 and 2012 (minimum ice-cover concentration = 0.1 mg/L; Golder 2014a).
Aluminum: Aluminium concentrations were reported below the AEMP benchmark of 100 micrograms per
litre [μg/L] between 2015 and 2018 (Table 7.2-2). Although not clearly specified in the AEMP Design Plan
(De Beers 2016a), the AEMP benchmark assumes a minimum pH of 6.5. Open-water pH values below 6.5
were measured in Area 8 during construction (i.e., 2015 and 2016) and on occasion, under these low pH
values, aluminium concentrations were measured above the corresponding pH-dependent CWQG-PAL
guideline of 5 μg/L (for pH <6.5; Table 7.2-3). In 2017 and 2018, aluminium concentrations remained below
the CWQG-PAL guideline across both pH ranges.
Lead: Lead in a sample from one station in April 2016 during construction was above the AEMP benchmark
(Table 7.2-2) and the CWQG-PAL. Under baseline conditions (Golder 2014a), ice-cover lead
concentrations were also occasionally measured above the benchmark and the CWQG-PAL due potentially
to the release of sediment-bound lead under low DO conditions.
Mercury: Samples from three of the five stations sampled in August 2018 contained mercury
concentrations above the AEMP benchmark, which is equivalent to the CWQG-PAL. These exceedances
were attributed to contamination during sampling and confirmed by the corresponding equipment blank
collected from the polyvinyl chloride (PVC) sampler which was used in lieu of the Teflon sampler that
malfunctioned. De Beers (2019c) subsequently concluded that the observed guideline exceedances were
not due to Mine-related activities and these data are not considered further in this Aquatic Effects
Re-evaluation Report.
Total Phosphorus (TP): In July and August 2015 during construction, some samples had TP
concentrations marginally above the AEMP benchmark of 0.0109 milligrams of phosphorus per litre
(mg-P/L; Table 7.2-2).
Chromium: In July 2016 during construction a sample from one station had a chromium VI concentration
marginally above the CWQG-PAL (Table 7.2-3).
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Area 8 AEMP Benchmark Exceedances during Construction and Operations, 2015
to 2018
Construction
Area 8

April
July
August
September

Operations

2015

2016

2017

2018

none
3/5 TP (1.2x)
4/5 pH (6.2 to 6.3)
1/5 TP (1.5x)
1/4 pH (6.1)

1/5 Lead (1.1x)

2/4 pH (5.9 to 6.1)

none

none

none

none

1/5 pH (6.3)
none

none
none

none
none

Note: Benchmark exceedances: number of exceedances per total number of samples collected, and magnitude above the
applicable water quality AEMP benchmark in brackets, except for pH where the measured values are presented.
TP = total phosphorus.

When screened against CDWQGs (Health Canada 2019), data collected in Area 8 between 2015 and 2018
indicated that the water sampled was safe to drink (Table 7.2-3; De Beers 2016c, 2017a, 2018c, 2019c),
though Health Canada recommends all surface water be treated prior to drinking. Parameter concentrations
were below applicable CDWQGs and most aesthetic objectives, except for occasional measurements of
pH, total manganese, temperature, and total coliforms:
•

pH was occasionally measured below the lower bound of the pH aesthetic objective for drinking water
(i.e., 7.0) in under-ice and open-water conditions, except in under-ice conditions in 2015 and 2016 and
open-water conditions in August 2015, July 2016, September 2016, and September 2018;

•

total manganese was measured above aesthetic objective during 2016 and 2018 ice-cover conditions;

•

temperature above the aesthetic objective during summer conditions in August 2018; and

•

total coliforms were detected in July 2015.

Total coliform counts reported in 2015 were higher than the CDWQG (number of coliforms in a sample);
however, the presence of coliforms in Area 8 is an expected natural condition due to the presence of wildlife
and aquatic birds. Total coliforms are commonly present in both surface water and groundwater from both
human and non-human sources and Health Canada (2019) recommends all surface water be treated prior
to consumption.
In summary, the majority of parameters were below or within the limits of the AEMP benchmarks,
CWQG-PAL, and CDWQGs. The Area 8 exceedances observed from 2015 to 2018 are within the range
observed in baseline and no clear trend is present. Further evaluations are presented in Section 7.4.7 and
Section 7.4.8.
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Area 8 Guideline Exceedances during Construction and Operations, 2015 to 2018
Construction

Operations

Area 8

2015

2016

2017

2018

CWQG-PAL

2/5 DO (3.8 to 5.2)

4/5 DO (1.8 to 5.5)
1/5 Lead (1.6x)

2/4 Field pH (5.9 to 6.1)
2/5 DO (3.0 to 6.2)

1/5 DO (3.9)

CDWQG

none

2/5 Manganese (2.7x)
(AO)

3/4 Field pH (5.9 to 6.9)

3/5 Field pH (6.7 to 7.2)
2/5 Manganese (1.7x)
(AO)

1/5 Chromium VI (1.1x)

none

none

none

5/5 Field pH (6.6 to 6.8)

5/5 Field pH (6.6 to 6.9)

April

July
CWQG-PAL
CDWQG

4/5 Field pH (6.2 to 6.3)
4/5 Aluminum (Field pH)
(3.4x)
4/5 Field pH (6.2 to 6.3)
4/5 Coliforms (15x)

August
CWQG-PAL

none

1/5 Field pH (6.3)
1/5 Aluminum (Field pH)
(1.9x)

none

none

CDWQG

none

1/5 Field pH (6.3)

5/5 Field pH (6.6 to 6.7)

1/5 Field pH (6.97)
5/5 Temperature
(15.7 to 16.4) (AO)

none

none

none

none

5/5 Field pH (6.7 to 6.9)

none

September
CWQG-PAL
CDWQG

1/4 Field pH (6.1)
1/5 Aluminium (Field pH)
(1.9x)
1/4 Field pH (6.1)

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
water quality guideline in brackets, except for pH, DO, and temperature where the measured values are presented.
AO = aesthetic objective; CDWQG = Canadian Drinking Water Quality Guidelines; CWQG-PAL = Canadian water quality guideline
for the protection of aquatic life; DO = dissolved oxygen.

7.2.1.3

Within-lake Spatial Patterns

The primary pathways for potential effects to water quality in Area 8 in 2017 and 2018 were the isolation of
this basin from the upstream watersheds and basins of Kennady Lake following the construction of Dyke A
and the downstream flow mitigation pumping from Lake N11, which occurred between June and August
2017, and between June 16 and September 3, 2018.
A visual assessment was used to qualitatively evaluate spatial water quality trends within core lakes in 2017
and 2018, while correlation analysis was used to evaluate spatial trends in 2015 and 2016. In order to
effectively compare the visual assessment and the correlation analysis, 2017 and 2018 data were
re-examined and only parameters that showed both a clear visual trend and a relative percent difference
(RPD) greater than analytical variability (i.e., 20%) were included in Table 7.2-4.
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Summary of Parameters where a Relationship with Distance from the Diffuser was
Identified in Area 8, 2015 to 2018
Construction

Area 8
Open-water
(positive)
Increase in
Concentration
with Distance
from the Diffuser

Parameter Group

2015

Operations
2016

2017

2018

Conventional
Major Ions
Nutrients

none
none
none

none
none
none

none
none
none

none
none
none

Metals

none

none

cobalt(a), vanadium(a)

vanadium(a)

Conventional

none

none

none

none

none

none

none

none

none

none

none

none

Conventional

SPC, temperature,
TDS

SPC, TDS

SPC, hardness,
alkalinity, TDS

SPC, hardness, TDS
calcium, sodium,
sulphate(a)
nitrate(a), nitrite(a),
nitrogen
barium, boron(a),
manganese, strontium,
zinc
SPC, hardness,
alkalinity, TDS,
turbidity(a)

Major Ions

chloride, fluoride,
potassium

none

bicarbonate, calcium,
chloride, magnesium,
potassium, sodium,
sulphate, silica

bicarbonate, calcium,
magnesium, potassium,
sodium, silica

nitrate(a)

nitrate(a), ammonia,
nitrogen (total and
Kjeldahl), total inorganic
phosphorus(a), dissolved
organic phosphorus(a)

Open-water
Major Ions
(negative)
Decrease in
Nutrients
Concentration
with Distance
from the Diffuser Metals

Under-ice
(positive)
Increase in
Nutrients
Concentration
with Distance
from the Diffuser

Metals

Under-ice
Conventional
(negative)
Major Ions
Decrease in
Concentration
Nutrients
with Distance
from the Diffuser

phosphorus

none

none
none

aluminum, antimony,
arsenic, barium,
cesium, cobalt, copper,
arsenic, nickel,
iron, lead, lithium,
strontium, thallium,
manganese, nickel,
zinc
silicon, strontium,
uranium, vanadium,
yttrium, zinc
none
none
none
none

none

none

arsenic, barium,
nickel, strontium,
vanadium

none

arsenic, barium,
cesium, cobalt, iron,
lead, lithium,
manganese, nickel,
rubidium, silicon,
strontium, thallium,
vanadium(a), zinc
none
none
none

a) Parameter identified during re-assessment of the data for this Aquatic Effects re-evaluation. A relationship was not identified in
previous AEMP reporting.
SPC = specific conductivity; TDS = total dissolved solids.
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A positive relationship indicates that a parameter concentration increased with distance from the diffuser
and therefore is likely not related to the flow mitigation pumping of water from Lake N11. A negative
relationship indicates that a parameter concentration decreased with distance from the diffuser, suggesting
a possible Mine-related effect from the flow mitigation pumping of water from Lake N11. Relationships were
mostly identified for parameters measured during ice-cover conditions that showed an increase in
concentration with distance from the flow mitigation diffuser (i.e., higher concentrations further downstream
at station L5 compared to station L2 located closest to the diffuser 4; Table 7.2-4).
The number of parameters with positive relationships increased in under-ice conditions in 2017 but this
increase could not be attributed to the influence of Lake N11 to the downstream flow mitigation because
pumping did not commence until June 2017. Spatial patterns observed during ice-cover were likely
confounded by the hydrological changes in Area 8, including the reduction of the natural flow to Area 8 due
to the isolation of Area 8 from upstream of Kennady Lake by Dyke A in parallel with a series of dry climate
years between 2016 and 2018, and salt rejection during under-ice conditions. There were no negative
relationships identified with distance from the diffuser under ice-cover conditions after flow mitigation
pumping started in 2017.
Flow mitigation pumping occurred during open-water in 2017 and 2018 but negative relationships were not
identified with distance from the diffuser (i.e., a decreasing concentration trend) until 2018 (Table 7.2-4).
Nitrogen species (i.e., nitrate, nitrite, and total nitrogen) showed a strong negative relationship during July
and August 2018. Concentrations at L2 increased relative to L5, which was attributed to the downstream
flow mitigation pumping from Lake N11 (as nitrate is a specific parameter associated with the operational
discharge from the WMP). Conventional parameters, major ions, and metals (i.e., specific conductivity,
hardness, TDS, calcium, sodium, sulphate, barium, boron, manganese, strontium, and zinc) also increased
between L2 and L5, but they showed a weaker negative relationship with distance from the diffuser.

4

The station closest to the downstream mitigation flow diffuser changed from Area 8-L1 to Area 8-L2 after construction.
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Scatter Plots for Selected Parameters with Observed Negative Spatial Relationships with Distance from the Diffuser in Area 8, 2018

µS/cm = microSiemens per centimetre; µg/L = micrograms per litre; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre.
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Comparison to Normal Range

To assess whether, on average, water quality parameter concentrations measured in the core lakes fell
outside the range of natural variability, lake-wide mean/median concentrations were compared to their
representative normal ranges. These lake-specific normal ranges were developed for AEMP parameters
using reference data collected under baseline conditions (i.e., between 1996 to 2013, or a subset of those
years).
As shown in Table 7.2-5, a core set of lake-wide mean/median parameter concentrations in Area 8 were
consistently above their normal ranges during ice-cover and open-water periods (i.e., barium, specific
conductivity or TDS, phosphorus). Several metals were consistently above their normal ranges during
open-water periods, but not ice-cover conditions (i.e., cobalt, manganese, uranium). In 2018, a larger
number of major ions and metals were above their normal ranges during both seasons. With respect to
magnitude of exceedance, the majority of parameters identified in Table 7.2-5, were marginally above their
normal ranges (i.e., less than 1.5 times) and all parameters were below AEMP benchmarks approved for
Area 8. The normal range exceedances listed in Table 7.2-5 have limited ecological relevance as they are
not anticipated to elicit adverse effects on aquatic biota.
Table 7.2-5

Summary of Normal Range Exceedances during Construction and Operations in
Area 8, 2015 to 2018
Construction

Area 8

2015

Operations
2016

2017

Under-ice

TDS (1.1x)
potassium (1.9x)
arsenic (1.0x)

TDS (1.2x)
potassium (1.8x)
nitrate (1.7x)
phosphorus (1.1x)
barium (1.0)

TDS (1.1x)
ammonia (1.2x)
phosphorus (1.3x)

Open-water

SPC (1.2x)
TDS (1.1x)
phosphorus (1.1x)
cobalt (1.1x)
manganese (1.0x)
uranium (1.1x)

SPC (1.1x)
phosphorus (1.0x)
barium (1.0x)
cobalt (1.6x)
copper (1.1x)
iron (1.4x)
manganese (2.0x)
uranium (1.6x)

SPC (1.3x)
chloride (1.1x)
sulphate (1.1x)
phosphorus (1.1x)
barium (1.1x)
cobalt (1.1x)
manganese (1.6x)
uranium (1.3x)

2018
field pH (6.69)
ammonia (1.6x)
TDS (1.3x)
potassium (2.3x)
arsenic (1.0x)
barium (1.1x)
nickel (1.1x)
thallium (1.3x)
field pH (7.06)
field SPC (1.9x)
TDS (1.2x)
potassium (1.2x)
chloride (3.1x)
sulphate (1.4x)
barium (1.5x)
cobalt (1.2x)
iron (1.2x)
manganese (1.6x)
strontium (1.6x)
uranium (1.3x)

Note: Normal range exceedances: lake-wide mean/median magnitude above the upper bound of the normal range in brackets.
SPC = specific conductivity; TDS = total dissolved solids.
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Before-After Control-Impact Analysis

For each water quality parameter, BACI analyses were completed to compare water quality in Area 8 to
that in the reference lakes, East Lake and Lake 3. For the BACI analyses, ice-cover and open-water data
were assessed separately. As described in Section 9.2.4.5 of the AEMP Design Plan, a BACI design can
be used to assess short-term (pulse) effects and long-term (press) effects in an exposure area (De Beers
2016a). The hypothesis test for a press effect is a test of the significance of the coefficient of the BA x CI
interaction term in the model (i.e., the test is whether differences between control and impact lakes depend
on the sampling period before and after). The hypothesis test for a pulse effect is a test of the significance
of the coefficient of the CI × Time(BA) interaction term in the model (i.e., the test is whether there is a BACI
effect that depends on time). The probability of type I error (α) was set to 0.1 for both hypothesis tests.
When interpreting the statistical results, a Mine-related effect was assumed for responses showing an
overall increase in concentration in Area 8 relative to both reference lakes.
Significant press and/or pulse effects were detected for field specific conductivity, chloride, potassium,
manganese, strontium, and thallium in Area 8 during open-water conditions that could potentially be
attributed to the Mine (Table 7.2-6; De Beers 2016c, 2017a, 2018c, 2019c). These changes were primarily
due to the change in hydrological regime from isolation of Area 8 and the downstream flow mitigation
pumping from Lake N11 that commenced in June 2017. Significant press effects were also identified for
several parameters (specifically fluoride, molybdenum, and vanadium) in under-ice and open-water
conditions between 2015 and 2018; however, these results were consistently influenced by lower analytical
detection limits (DLs) due to lower DLs in the After years (2015 to 2018) compared the Before years
(i.e., 2011, 2013; Table 7.2-6).
Table 7.2-6

Summary of Area 8 Before-After Control-Impact Statistical Results for
Construction and Operations, 2015 to 2018
Construction
Area 8

2015

Under-ice
Significant press effect compared to each
molybdenum
reference lake
vanadium
Significant pulse effect compared to each reference
nc
lake
Open-water

Significant press effect compared to each
reference lake

molybdenum
thallium
vanadium

Significant pulse effect compared to each reference
nc
lake

Operations
2016

2017

2018

molybdenum

none

molybdenum

none

none

none

cobalt
fluoride
manganese
molybdenum
thallium
uranium
vanadium

chloride
SPC
fluoride
molybdenum
uranium
vanadium

fluoride
manganese
thallium

none

chloride
fluoride
manganese
molybdenum
nickel
thallium
potassium
vanadium
SPC
manganese
nickel
strontium
potassium

Note: A press effect is a long-term effect, a pulse effect is a short-term effect.
Italics = statistically significant effect attributed to detection limit influences; Bold = statistically significant effect potentially
attributable to the Mine; ‘no formatting’ = below normal range or not potentially attributable to the Mine.
nc = not calculated.
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Identification of significant BACI effects to water quality in Area 8 as per the parameters listed in Table 7.2-6
is consistent with EIS predictions for Area 8 (De Beers 2012), and updated predictions resulting from the
2018 Water Licence Amendment (De Beers 2018d). Operational increases in TDS and some major ions,
nutrients, and metals in Area 8 were predicted by the EIS and the 2018 updated modelling. Even though
the BACI analyses detected a significant change in these parameters, sometimes above the normal range,
the most recent lake-wide mean/median concentrations for those parameters where the changes were
potentially influenced by the Mine (i.e., specific conductivity, chloride, potassium, manganese, strontium,
and thallium; Figures 7.2-2 to 7.2-7) were substantially lower than AEMP benchmarks approved for Area
8. Thus, adverse effects on aquatic life would not have been expected in Area 8, which is consistent with
EIS predictions.
Figure 7.2-2

Field Specific Conductivity Concentrations in Water during the Open-water Season
for Area 8 and Reference Lakes, 2011 to 2018

Notes: In cases when the normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Area 8 lake-wide mean/median concentration.
µS/cm = microSiemens per centimetre.
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Chloride Concentrations in Water during the Open-water Season for Area 8 and
Reference Lakes, 2011 to 2018

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Area 8 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life;
CDWQG = Canadian Drinking Water Quality Guidelines; AO = aesthetic objective; mg/L = milligrams per litre.

Figure 7.2-4

Total Potassium Concentrations in Water during the Open-water Season for Area 8
and Reference Lakes, 2011 to 2018

AEMP Benchmark = 41 mg/L

AEMP Benchmark = 41 mg/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Area 8 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; mg/L = milligrams per litre.

De Beers Canada Inc.

Gahcho Kué Mine
7-16
2015 to 2018 Aquatic Effects Re-evaluation Report
Water Quality
Figure 7.2-5

December 2019
Section 7

Manganese Concentrations in Water during the Open-water Season for Area 8 and
Reference Lakes, 2011 to 2018

CDWQG = 50 ug/L (AO)

CDWQG = 50 ug/L (AO)

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Area 8 lake-wide mean/median concentration.
AO = aesthetic objective; CDWQG = Canadian Drinking Water Quality Guidelines; µg/L = micrograms per litre.

Figure 7.2-6

Strontium Concentrations in Water during the Open-water Season for Area 8 and
Reference Lakes, 2011 to 2018

AEMP Benchmark = 10,700 ug/L

AEMP Benchmark = 10,700 ug/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Area 8 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; µg/L = micrograms per litre.
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Thallium Concentrations in Water during the Open-water Season for Area 8 and
Reference Lakes, 2011 to 2018

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Area 8 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life;
µg/L = micrograms per litre.

Significant press and pulse effects were identified for nickel in 2018; however, nickel concentrations were
within its normal range and so the statistical effect could not be attributed to the Mine. Significant press
effects were identified for cobalt (2016) and uranium (2016 and 2017) (Table 7.2-6). An overall increase in
these two parameters was observed in Area 8 relative to both reference lakes, and their lake-wide
mean/median concentrations were above normal ranges for these years (Figures 7.2-8 and 7.2-9). There
was no specific Mine-related activity associated with Area 8 in 2016 (i.e., no dewatering discharge to
Area 8) with downstream flow mitigation pumping being initiated in 2017. The hydrological changes due to
the isolation of Area 8 from the rest of Kennady Lake (e.g., changes in the watershed size draining to Area
8, resulting in reduced inflows to Area 8 as a consequence of the establishment of the Kennady Lake
controlled area) could have contributed to the observed temporary increase in concentrations of these
parameters (a significant change was not observed in 2018); however, their elevated concentrations were
well below AEMP benchmarks and applicable guidelines. Dry climate conditions experienced in 2016
(De Beers 2017a) and 2017 (De Beers 2018c) could also have been a factor.
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Cobalt Concentrations in Water during the Open-water Season for Area 8 and
Reference Lakes, 2011 to 2018

AEMP Benchmark = 4 ug/L

AEMP Benchmark = 4 ug/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Area 8 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; µg/L = micrograms per litre.

Figure 7.2-9

Uranium Concentrations in Water during the Open-water Season for Area 8 and
Reference Lakes, 2011 to 2018

AEMP Benchmark = 15 ug/L
CWQG-PAL = 15 ug/L
CDWQG = 20 ug/L

AEMP Benchmark = 15 ug/L
CWQG-PAL = 15 ug/L
CDWQG = 20 ug/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Area 8 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life;
CDWQG = Canadian Drinking Water Quality Guidelines; µg/L = micrograms per litre.
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Action Level Triggers

Water quality data for Area 8 were compared to Low Action Levels for toxicological impairment and nutrient
enrichment responses (as described in Section 8.4 of the AEMP Design Plan; De Beers 2016a) in 2015,
2016, 2017, and 2018 (De Beers 2016c, 2017a, 2018c, 2019c). In summary:
•

Nutrient Enrichment Hypothesis
o

•

No Low Action Levels were triggered.

Toxicological Impairment Hypothesis
o

No Low Action Levels were triggered for the ice-cover season from 2015 to 2018.

o

No Low Action Levels were triggered during open-water conditions from 2015 to 2016;
However:
−

−

A Low Action Level for uranium was triggered in 2017 because a significant BACI effect
relative to both reference lakes was identified and the lake-wide mean/median
concentration was above the normal range.

Low Action Levels for chloride, potassium, manganese, and strontium were triggered in 2018
because the BACI identified that the relative difference to the reference lakes was statistically
significant and lake-wide mean/median concentrations were above their normal ranges.

In 2017 and 2018, these parameters were triggered on the basis that their Area 8 mean/median
concentrations were greater than their normal ranges and the relative difference to the reference lakes was
statistically significant. These differences have limited ecological relevance because mean/median
concentrations were substantially below AEMP benchmarks approved for Area 8. Thus, adverse effects on
aquatic life would not have been expected in Area 8, which is consistent with EIS predictions.

7.2.2

Core Lake: Lake N11

Mine-related effects were observed for Lake N11 (De Beers 2016c, 2017a, 2018c, 2019c). The primary
pathway to Mine-related effects to Lake N11 is the operational pumping from the WMP to Lake N11. The
WMP is used to collect and store water from several sources within the controlled area, which include:
•

water pumped from the open pits;

•

Fine PKC Facility drainage through the Dyke L;

•

runoff and seepage from the West Mine Rock Pile;

•

water pumped from various collection ponds within the controlled area, which includes runoff and
seepage from the South Mine Rock Pile;

•

process water; and

•

disturbed and undisturbed site runoff.

The WMP is the primary storage area for Mine water before any of the open pits become available for Mine
water transfers within the controlled area (e.g., Hearne pit). Operational pumping of water from the WMP
to Lake N11 occurred between September 4 and October 3, 2018 (De Beers 2019c). Prior to that, winter
pumping occurred from October 29, 2016 to January 17, 2017 and September 4, 2017 to November 13,
2017 (De Beers 2018c).
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Observed changes in Lake N11 water quality included significant increases in TDS, conductivity, nitrate,
some major ions, and metals. These changes are consistent with EIS predictions, and updates to the water
quality modelling for the 2018 Water Licence Amendment. Increased concentrations of major ions, such as
chloride, are associated with saline groundwater inputs to the pits and increased nitrate concentrations are
associated with site runoff that comes into contact with residual nitrogen from blasting activities. To date,
there have been no exceedances of EIS or 2018 Water Licence Amendment predictions in Lake N11 during
the first four years of AEMP monitoring (i.e., 2015 to 2018; De Beers 2016c, 2017a, 2018c, 2019c).
Although a number of parameter concentrations have increased above parameter-specific normal ranges,
lake-wide mean/median concentrations have remained within AEMP benchmarks (De Beers 2019c).

7.2.2.1

Field Water Column Profiles

Annual in situ field physico-chemical parameter measurements allowed for an understanding of the
temporal physico-chemical characteristics of Lake N11 between month, season, and year. Data for each
station in Lake N11 are shown on field profile graphs provided in Appendix 7A.
Physico-chemical water column profiles were reasonably consistent for Lake N11 across seasons and
between years during construction and operations (Appendix 7A; Table 7.2-7; De Beers 2016c, 2017a,
2018c, 2019c). In summary:
•

During the open-water season, DO profiles in Lake N11 typically fluctuated by less than 1 mg/L
throughout the water column, suggesting well-mixed conditions. Water in Lake N11 was generally well
oxygenated with DO typically ranging from 8.5 to 12.0 mg/L. In contrast, under-ice DO was more than
50% lower at depth for most stations compared to the surface where DO values ranged from
approximately 7.0 to 14.0 mg/L. The ice-cover profiles indicate an obvious reducing gradient at all
stations.

•

Water temperature ranged between 7.0°C and 19.0°C during the open-water season and 0°C to 4.5°C
during the ice-cover season. Open-water temperatures exhibited little variability with depth throughout
the water column, which is typical of fully mixed conditions. On occasion, the water column at some
stations in Lake N11 showed a slight thermal gradient with depth where lake bottom temperatures were
slightly cooler than the rest of the profile (e.g., August 2017). During ice cover, an increasing thermal
gradient between the ice-cover and the lakebed was typically present (i.e., typically a 4°C increase over
the depth of the water column).

•

Open-water specific conductivity measurements indicated low salinity conditions. Although open-water
specific conductivity was consistent between 2015 and 2017 (ranging between 11 and 22 µS/cm), a
visible increase to values that ranged from 46 to 58 µS/cm was evident in 2018 (Appendix 7A, Table
7.2-7). These measurements were generally consistent through the water column indicating well-mixed
conditions. Specific conductivity measurements during ice-cover conditions showed a similar trend;
between 2015 and 2017 specific conductivity ranged between 20 and 43 µS/cm and in 2018 values
ranged between 88 and 159 µS/cm. Prior to 2018, under-ice profiles were relatively homogenous,
including across stations; in 2018, the specific conductivity profile was less homogenous showing
elevated values in the surface waters and at depth, with large variations between stations. For example,
in April 2018 higher specific conductivity values were reported at Station L1 closest to the diffuser (150
to 159 µS/cm) compared to Station L5 further away from the diffuser (90 to 115 µS/cm). Differences in
Lake N11 specific conductivity values in 2018 were attributed to a larger influence of the WMP
discharge to Lake N11 compared to previous years.
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Open-water pH measurements were stable through the water column and were reasonably similar
between stations, mostly within a 6.0 to 7.5 range, except for September 2018 when pH values were
within a 6.5 to 8.0 range. Under ice-cover conditions, pH showed more variability between stations
compared to the open-water season, but the profiles at each station were consistent throughout the
water column.

Table 7.2-7

Field Parameter Ranges for Depth Profile Data Collected at Lake N11 AEMP
Stations during Mine Construction and Operations, 2015 to 2018

Lake N11
Under-ice (April)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (July)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (August)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (September)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)

2015

Construction

Operations

2016

2017

2018

0.4 to 11.6
0.7 to 4.3
20.0 to 43.0

1.0 to 12.8
0.2 to 4.2
20.0 to 35.0

6.6 to 7.6
1.0 to 13.2
0.5 to 3.9
24.0 to 40.0

5.5 to 6.4
5.9 to 12.9
0.3 to 4.2
89.0 to 159.0

6.1 to 6.7
9.0 to 9.8
16.2 to 16.7
12.5 to 12.8

6.1 to 6.7
8.6 to 9.1
17.9 to 18.7
16.9 to 22.0

6.6 to 6.9
8.7 to 10.1
15.5 to 16.1
17.0 to 18.0

6.4 to 6.8
10.7 to 11.1
10.0 to 12.0
50.0 to 58.0

7.1
9.2 to 9.6
15.8 to 16.3
13.1 to 13.3

6.6 to 7.0
9.1 to 9.4
13.4 to 13.6
12.8 to 13.1

6.4 to 6.9
9.7 to 11.5
14.4 to 17.3
17.0

6.4 to 7.2
9.5 to 9.7
15.0 to 16.0
49.0 to 55.0

6.8 to 7.0
9.1 to 9.5
11.2 to 11.5
11.4 to 15.0

6.4 to 6.8
8.9 to 9.7
9.1 to 9.7
12.2 to 12.3

6.9 to 7.3
4.6 to 10.0
12.0 to 13.0
17.0 to 19.0

6.6 to 7.9
10.9 to 11.8
7.0 to 10.0
46.0 to 50.0

AEMP = Aquatic Effects Monitoring Program; - = field pH data invalidated; µS/cm = microSiemens per centimetre.

7.2.2.2

Comparison to Benchmarks and Guidelines

Water quality data for Lake N11 were compared to AEMP benchmarks presented in Table 9.2-5 of the
AEMP Design Plan (De Beers 2016a). These benchmarks have been applied to lake-wide mean/median
concentrations calculated from the AEMP data in order to support the response framework and respond to
key questions in the AEMP annual reports. As discussed in Section 7.2.1.2 for Area 8, the Lake N11 AEMP
benchmarks are equivalent to SSWQOs for Lake N11 approved by the MVLWB, either during Water
Licence or Water Licence Amendment processes.
AEMP benchmarks in effect at the time of 2015 to 2018 AEMP reporting, presented in Table 9.2-5 of the
AEMP Design Plan (De Beers 2016a), are from the MVLWB’s Reasons for Decision (MVLWB 2014b). In
December 2018, MVLWB approved a Water Licence Amendment that included water management updates
and revised water quality predictions in Lake N11 and Area 8, as well as new SSWQOs for both receiving
waterbodies (MVLWB 2018a). The SSWQOs from the 2018 Water Licence Amendment will be adopted as
AEMP benchmarks in the updated AEMP Design Plan (Section 18) and the 2019 AEMP Annual Report,
but are not reported in this Re-evaluation Report because it is relevant to the 2015 to 2018 reporting period.
Consistent with the AEMP Design Plan (De Beers 2016a) and AEMP reporting to date, this Re-evaluation
Report also provides a summary of the results of comparisons of 2015 to 2018 AEMP station data to
applicable guidelines for the protection of aquatic life and drinking water.
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Comparison of Lake-Wide Mean/Median Values to AEMP Benchmarks
From 2015 to 2018, lake-wide mean/median parameter concentrations analyzed during ice-cover and
open-water seasons in Lake N11 were below AEMP benchmarks for Lake N11, except for pH (Table 7.28; De Beers 2016c, 2017a, 2018c, 2019c).

Comparison of Individual Station Values to Guidelines and AEMP Benchmarks
Occasionally, parameter concentrations at individual AEMP Lake N11 stations were measured higher than
the AEMP benchmark, or outside an AEMP benchmark range (Table 7.2-8) or applicable water quality
guideline (Table 7.2-9). Individual station measurements were not evaluated through the Response
Framework; however, occurrences of individual station measurements outside of benchmarks were
evaluated further in each AEMP annual report. For Lake N11, these occurrences were specific to pH, DO,
nitrate, nitrite, aluminium, and total phosphorus. Summary findings from the AEMP annual reports are as
follows:
pH: From 2015 to 2018, pH was occasionally measured below the lower bound of the AEMP benchmark,
which is equivalent to the CWQG-PAL pH guideline; however, the pH values were similar to those observed
under baseline conditions (Table 7.2-8 and Table 7.2-9; Golder 2014a). Between 1998 to 2011, ice-cover
pH ranged from 6.5 to 6.7 and open-water pH ranged from 6.1 to 6.8 (Golder 2014a).
DO: Under ice-cover, DO was occasionally measured below the lower CWQG-PAL guideline (i.e., 6.5 mg/L;
cold water biota, other life stages) at lower depths of the water column. This under-ice trend was observed
prior to operational pumping from the WMP to Lake N11.
Nitrate and Nitrite: At one station in April 2018, nitrate was measured marginally above the AEMP
benchmark (2.93 mg-N/L) but the corresponding under-ice lake-wide mean/median concentration was
below the AEMP benchmark (i.e., 2.2 mg-N/L). For added context, the median nitrate concentration during
operational discharge in September 2018 at Station SNP-01 (edge of mixing zone) was 0.78 mg-N/L
(De Beers 2019c) compared to the maximum Lake N11 baseline ice-cover concentration of 0.01 mg-N/L
(Golder 2013a, 2014a,b). Under-ice nitrite concentrations were measured above the CWQG-PAL (i.e., 0.06
mg-N/L) at two stations but the ice-cover lake-wide mean of 0.056 mg-N/L was below the CWQG-PAL.
Elevated ice-cover concentrations of nitrate and nitrite above guidelines at individual stations in 2018 were
attributed to the 2017/2018 winter operational pumping from the WMP, which had not effectively dispersed
in the southern basin of Lake N11 due to the persistent ice-cover and low throughflow in the lake.
Aluminum: From 2015 to 2018 there were no exceedances of the 100 μg/L AEMP benchmark that
assumes a minimum pH of 6.5. Although not clearly specified in the AEMP Design Plan (De Beers 2016a),
the AEMP benchmark assumes a minimum pH of 6.5. pH values below 6.5 were measured in Lake N11
during open-water conditions from 2015 to 2018 and on occasions under these low pH values, aluminium
concentrations were measured above the corresponding pH-dependent CWQG-PAL guideline of 5 μg/L
(for pH <6.5; Table 7.2-9). The CWQG-PAL guideline of 5 μg/L was also applied in April 2018; however,
the guideline was not exceeded.
Total Phosphorus (TP): The TP concentration at one of the five Lake N11 stations sampled in July 2018
was above the AEMP benchmark, and higher than the baseline range of TP concentrations. However, this
concentration was similar to that measured in Lake N11 in August 2015 (Table 7.2-8), which was prior to
the WMP discharge to Lake N11. Lake N11 remained oligotrophic in 2018 based on lake-wide
mean/median concentration according to CCME (2004).
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Lake N11 AEMP Benchmark Exceedances during Construction and Operations,
2015 to 2018

Lake N11

2015

Construction

2016

2017

April

none

none

none

July

1/5 pH (6.47)

4/5 pH (6.36 to 6.42)

none

1/5 phosphorus (1.7x)
none

none
1/5 pH (6.46)

1/5 pH (6.49)
none

August
September

Operations

2018
5/5 pH (5.43 to 6.20)
1/5 nitrate (1.0x)
1/5 pH (6.45)
1/5 phosphorus (1.9x)
none
none

Note: Benchmark exceedances: number of exceedances per total number of samples collected, and magnitude above the
applicable water quality AEMP benchmark in brackets, except for pH where the measured values are presented.
AEMP = Aquatic Effects Monitoring Program.

When screened against CDWQGs, water quality data collected in Lake N11 between 2015 and 2018
indicated that the water sampled was safe to drink (Table 7.2-9), though Health Canada recommends all
surface water be treated prior to drinking. Parameter concentrations were below applicable CDWQGs and
most aesthetic objective, except for sporadic measurements of pH, total manganese, and temperature.
In summary, the majority of parameters were below or within the limits of the AEMP benchmarks, CWQGPAL, and CDWQGs. The Lake N11 exceedances observed from 2015 to 2018 are within the range
observed in baseline and no clear trend is present with the exception of a possible influence from the WMP
discharge in 2018 under-ice conditions. Further evaluations are presented in Section 7.4.7 and
Section 7.4.8.
Table 7.2-9

Lake N11
April

Lake N11 Guideline Exceedances during Construction and Operations, 2015 to
2018
Construction

Operations

2016

2017

2/6 DO (0.7 to 4.7)

none

none

none

1/5 Manganese (1.2x) (AO)

none

1/5 Field pH (6.47)
1/5 Aluminum (Field pH)
(1.7x)
1/5 Field pH (6.47)

4/5 Field pH (6.36 to 6.42)
4/5 Aluminum (Field pH)
(2.6x)
4/5 Field pH (6.36 to 6.42)

CWQG-PAL

none

none

1/5 Field pH (6.49)
1/5 Aluminum (Field pH)
(1.7x)

CDWQG

none

none

5/5 Field pH (6.49 to 6.86)

2/5 Field pH (6.60 to 6.95)
5/5 Temperature
(15.6 to 16.1) (AO)

none

none

none

none

CWQG-PAL
CDWQG
July
CWQG-PAL
CDWQG
August

2015

September
CWQG-PAL

none

CDWQG

none

none
5/5 Field pH (6.66 to 6.87)

1/5 Field pH (6.46)
1/5 Aluminum (Field pH)
(1.5x)
none

2018

1/5 Nitrate (1.0x)
2/5 Nitrite (2.2x)
5/5 Field pH (5.43 to 6.20)
5/5 Field pH (5.43 to 6.20)
1/5 Field pH (6.45)
1/5 Aluminum (Field pH)
(3.2x)
5/5 Field pH (6.45 to 6.78)
none

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
water quality guideline in brackets, except for pH, DO, and temperature where the measured values are presented.
AO = aesthetic objective; CDWQG = Canadian Drinking Water Quality Guidelines; CWQG-PAL = Canadian water quality guidelines
for the protection of aquatic life; DO = dissolved oxygen.
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Within-lake Spatial Patterns

The primary pathway for potential effects to water quality in Lake N11 is the operational pumping from the
WMP, which commenced in 2016/2017, and continued in the fall/early winter of 2017 and fall 2018.
A visual assessment was used to qualitatively evaluate spatial water quality trends in Lake N11 in 2017
and 2018, while correlation analysis was used to evaluate spatial trends in 2015 and 2016. In order to
effectively compare the visual assessment and the correlation analysis, 2017 and 2018 data were reexamined and only parameters that showed a clear trend and an RPD greater than analytical variability
(i.e., 20%) were included in Table 7.2-10. A positive relationship indicates that a parameter concentration
increased with distance from the diffuser and therefore is likely not related to the operational pumping from
the WMP. A negative relationship indicates a parameter concentration decreased with distance from the
diffuser suggesting a possible Mine-related effect from the operational pumping from the WMP.
Relationships were mostly identified as negative, with several parameter concentrations during ice-cover
conditions decreasing with distance from the operational diffuser (i.e., lower concentrations further
downstream at station L5 compared to station L1 located closest to the diffuser; Table 7.2-10). Negative
spatial relationships were observed for TDS, chloride, nitrate, TP, and barium, as early as 2016 ice-cover;
however, operational pumping did not begin from the WMP until the end of October 2016 suggesting the
spatial trends unlikely to be attributable to operational pumping from the WMP. In contrast, no negative
relationships were observed in the 2017 ice-cover monitoring following operational pumping from October
29, 2016 to January 17, 2017. More substantial negative relationships were measured in the 2018 ice-cover
monitoring following the September 4, 2017 to November 13, 2017 operational pumping; these included a
larger range of parameters, including conventional parameters, major ions, nutrients, and metals
(Table 7.2-10).
Positive relationships indicating an increase in parameter concentration with distance from the operational
diffuser (i.e., increase in concentration) were identified during ice-cover conditions for TDS and copper in
2015, and total manganese, total iron, and total inorganic phosphorus in 2018. Only weak positive
relationships were identified for TDS and copper in 2015, which have not been measured in later years.
There were no notable within-lake spatial patterns in Lake N11 during the open-water season.
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Lake N11
Open-water
(positive)
Increase in
Concentration
with Distance
from the Diffuser
Open-water
(negative)
Decrease in
Concentration
with Distance
from the Diffuser
Under-ice
(positive)
Increase in
Concentration
with Distance
from the Diffuser
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Lake N11 Relationship with Distance from the Diffuser, 2015 to 2018
Construction
2015
2016

Parameter Group

Operations
2017

2018

Conventional
Major Ions
Nutrients

none
none
none

none
none
none

none
none
none
none
total organic phosphorus(a) none

Metals

none

none

none

none

Conventional
Major Ions
Nutrients

none
none
none

none
none
none

none
none
none

none
none
none

Metals

none

none

none

chromium(a)

Conventional
Major Ions

TDS
none

none
none

Nutrients

none

none

none
none
total inorganic
phosphorus(a)

none
none
total inorganic
phosphorus(a)

Metals

copper

none

none

manganese, iron(a)

Conventional

none

TDS

none

Major Ions

none

chloride

none

none

nitrate, total
phosphorus

none

none

barium

none

SPC, hardness, TDS
calcium, chloride, fluoride,
magnesium, potassium,
sodium, sulphate
nitrate, nitrite, total
ammonia, nitrogen (total
and Kjeldahl)
aluminum(a), antimony(a),
barium, boron, cesium,
lead(a), lithium,
molybdenum, nickel(a),
rubidium, strontium,
uranium, zinc(a),
zirconium(a)

Under-ice
(negative)
Nutrients
Decrease in
Concentration
with Distance
from the Diffuser
Metals

a) Parameter identified during re-assessment of the data for this Aquatic Effects re-evaluation. A relationship was not identified in
previous AEMP reporting.
SPC = specific conductivity; TDS = total dissolved solids.
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Scatter Plots for Selected Parameters with Spatial Patterns Observed Under-ice in Lake N11, 2018

µS/cm = microSiemens per centimetre; µg/L = micrograms per litre; mg-N/L = milligrams of nitrogen per litre.
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Comparison to Normal Range

To assess whether, on average, water quality parameter concentrations or values measured in the core
lakes fell outside the range of natural variability, lake-wide mean/median concentrations were compared to
their representative normal ranges. These lake-specific normal ranges were developed for AEMP
parameters using reference to data collected under baseline conditions; i.e., between 1996 to 2013, or a
subset of those years.
As shown in Table 7.2-11, a core set of lake-wide mean/median parameter concentrations in Lake N11
were consistently above their respective normal ranges between 2015 and 2018, during both ice-cover and
open-water periods (i.e., specific conductivity, pH, TDS, nitrate, potassium, chloride, barium, manganese,
strontium, and thallium; De Beers 2016c, 2017a, 2018c, 2019c). Several parameters were consistently
above their normal ranges only during ice-cover conditions (i.e., TDS, sulphate, fluoride, molybdenum, and
nickel) and TP concentrations were above their normal ranges only during open-water conditions.
Ice-cover TDS, sulphate, and nitrate concentrations show an increasing trend above their respective normal
ranges in Lake N11 between 2015 and 2018 rising from below the normal range to 55.5 times the normal
range in the case of nitrate. A larger number of ions and metals were present at concentrations above their
normal ranges in 2017 and 2018 during both seasons, with a noticeable increase in magnitude above the
normal ranges in 2018 (e.g., chloride, barium, strontium, and thallium). These increases are attributed to
the influence of operational pumping from the WMP to Lake N11 from October 29, 2016 to January 17,
2017, September 4 to November 13, 2017, and September 4 to October 3, 2018. The ecological relevance
of increased concentrations of these parameters is limited because lake-wide concentrations were below
AEMP benchmarks approved for Lake N11. While there is the potential for an enrichment effects due to
increases in nitrate and total phosphorus above their normal ranges, there was only clear biological
evidence of nutrient enrichment for the first time in 2018 in Lake N11 and Area 8 (as indicated by plankton
and chlorophyll a, but not for benthos). These biological changes were predicted in the EIS to occur in Lake
N11 in early operations, and the AEMP will continue to monitor for changes in water quality and changes
in lower trophic communities consistent with nutrient enrichment response patterns.
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Lake N11 Normal Range Exceedances during Construction and Operations, 2015 to
2018
2015

Construction

2016

Under-ice

TDS (1.2x)
sulphate (1.4x)

TDS (1.5x)
sulphate (1.9x)
nitrate (2.3x)
iron (2.0x)
manganese (1.1x)

Open-water

pH (1.0x)
SPC (1.1x)
potassium (1.1x)
ammonia (1.7x)
phosphorus (1.1x)

SPC (1.1x)
potassium (1.0x)
phosphorus (1.2x)
manganese (1.1x)

2017
pH (7.2)
SPC (1.5x)
chloride (2.1x)
fluoride (1.2x)
sulphate (2.9x)
nitrate (15.4x)
barium (1.3x)
boron (1.4x)
molybdenum (1.2x)
nickel (1.6x)
strontium (1.4x)
thallium (2.0x)
uranium (1.8x)

SPC (1.5x)
barium (1.1x)
phosphorus (1.4x)
manganese (1.2x)
strontium (1.3x)
thallium (1.2x)

Operations

2018
SPC (5.3x)
TDS (6.8x)
chloride (16.7x)
fluoride (1.7x)
sulphate (7.3x)
potassium (2.5x)
nitrate (55.5x)
nitrite (18.7x)
arsenic (1.1x)
barium (4.1x)
molybdenum (1.4x)
nickel (1.6x)
strontium (6.6x)
thallium (6.0x)
pH (7.09)
SPC (4.5x)
TDS (2.3x)
chloride (7.4x)
potassium (2.2x)
nitrate (110.3x)
barium (2.6x)
phosphorus (1.1x)
manganese (1.1x)
strontium (5.4x)
thallium (12.7x)

Note: Normal range exceedances: lake-wide mean/median magnitude above the upper bound of the normal range in brackets.
SPC = specific conductivity; TDS = total dissolved solids.

7.2.2.5

Before-After Control-Impact Analysis

For each water quality parameter, BACI analyses were completed to compare water quality in Lake N11 to
the reference lakes East Lake and Lake 3. For this analysis, ice-cover and open-water data were assessed
separately. As described in Section 9.2.4.5 of the AEMP Design Plan, a BACI design can be used to assess
short-term (pulse) effects and long-term (press) effects in an exposure area (De Beers 2016a). When
interpreting the results of the statistical analysis, a Mine-related effect was assumed for responses showing
an overall increase in concentration for Lake N11 relative to both reference lakes.
Significant press and/or pulse effects were detected Lake N11 in 2017 and 2018, with a larger number of
parameters identified in 2018. In 2018, after consideration of detection limits and normal ranges, TDS,
chloride, potassium, sulphate, nitrate, molybdenum, nickel, strontium, and uranium had significant press
and/or pulse effects relative to both reference lakes during ice-cover conditions (Table 7.2-12;
Figures 7.2-11 to 7.2-19). These changes were mostly attributable to the Mine, namely the operational
discharge of water from the WMP to Lake N11 (De Beers 2019c). During the open-water season in 2018,
significant press and/or pulse effects were detected for specific conductivity, chloride, potassium, strontium,
and thallium (Table 7.2-12; Figures 7.2-20 to 7.2-24). Although operational discharge is limited to the late
fall/early winter period, its influence on water quality in Lake N11 persisted through the subsequent open
water season, but to a lesser extent. Most of the parameters with significant press and/or pulse effects are
consistent with those parameters predicted by the EIS (De Beers 2012) and the 2018 Water Licence
Amendment (De Beers 2018d) as parameters that would increase in Lake N11 due to result of the
operational pumping. However, some parameters with significant press and/or pulse effects between 2015
to 2018 were not influenced by the Mine, but by lower analytical DLs (i.e., ammonia, fluoride, molybdenum,
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and/or vanadium) in the AEMP After years compared to those achieved in previous Before years (i.e., 2011,
2013; Table 7.2-12).
Table 7.2-12

Summary of Lake N11 Before-After Control-Impact Statistical Results for
Construction and Operations

Lake N11
Under-ice

Significant press effect
compared to each
reference lake

Significant pulse effect
compared to each
reference lake

2015

chloride
molybdenum

nc

Construction

2016

2017

chloride
molybdenum
ammonia

chloride
nickel
nitrate
strontium
TDS
vanadium

ammonia

chloride
nitrate
strontium
TDS

Open-water

Significant press effect
compared to each
reference lake

Significant pulse effect
compared to each
reference lake

fluoride
molybdenum
vanadium

nc

fluoride
molybdenum
vanadium

chloride
pH
fluoride
molybdenum
vanadium

none

barium
chloride
pH
SPC
molybdenum
strontium
vanadium

Operations

2018

chloride
cobalt
molybdenum
nickel
nitrate
strontium
sulphate
TDS
potassium
uranium
vanadium
chloride
nickel
nitrate
strontium
sulphate
TDS
potassium
vanadium
chloride
SPC
fluoride
molybdenum
strontium
thallium
potassium
vanadium
chloride
SPC
fluoride
strontium
potassium

Note: A press effect is a long-term effect, a pulse effect is a short-term effect.
Italics = statistically significant effect attributed to detection limit influences; Bold = statistically significant effect potentially
attributable to the Mine; ‘no formatting’ = below normal range or not potentially attributable to the Mine.
nc = not calculated; SPC = specific conductivity; TDS = total dissolved solids.

The most significant change in Lake N11 in 2018 as a result of the operational pumping is nitrate
concentrations. The lake-wide mean concentration of nitrate exceeded 75% of the AEMP benchmark (the
AEMP Low Action Level trigger) during ice-cover for the first time in 2018 but then decreased to below this
trigger in the subsequent open-water season. Since Mine operations began in 2015, nitrate concentrations
in the WMP have increased as predicted (De Beers 2017b), with the primary source of nitrate being residual
nitrogen associated the use of ammonium nitrate in explosives at the site. Any runoff or site water that is
ultimately directed to the WMP that contacts mine rock or processed kimberlite, will mobilize nitrate or
ammonia from any residual nitrogen from blasting activities. Consistent with other parameters identified
with significant BACI effects, lake-wide nitrate concentrations have remained below the AEMP benchmark
approved for Lake N11 (Figures 7.2-11 to 7.2-24) and so the reported statistically significant increases in
concentrations have limited ecological relevance.
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Calculated Total Dissolved Solids Concentrations during the Ice-cover Season in
Lake N11 and the Reference Lakes, 2011 to 2018

AEMP Benchmark = 500 mg/L
CDWQG = 500 mg/L (AO)

AEMP Benchmark = 500 mg/L
CDWQG = 500 mg/L (AO)

Notes: Open circle represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CDWQG = Canadian Drinking Water Quality Guidelines; AO = aesthetic objective

Figure 7.2-12

Chloride Concentrations during the Ice-cover Season in Lake N11 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 90 mg/L
CWQG-PAL = 120 mg/L
CDWQG = 250 mg/L (AO)

AEMP Benchmark = 90 mg/L
CWQG-PAL = 120 mg/L
CDWQG = 250 mg/L (AO)

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life;
CDWQG = Canadian Drinking Water Quality Guidelines; AO = aesthetic objective.
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Total Potassium Concentrations during the Ice-cover Season in Lake N11 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 41 mg/L

AEMP Benchmark = 41 mg/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program.

Figure 7.2-14

Sulphate Concentrations during the Ice-cover Season in Lake N11 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 41 mg/L
CDWQG = 500 mg/L (AO)

AEMP Benchmark = 41 mg/L
CDWQG = 500 mg/L (AO)

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
CDWQG = Canadian Drinking Water Quality Guidelines; AO = aesthetic objective.
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Nitrate Concentrations during the Ice-cover Season in Lake N11 and the Reference
Lakes, 2011 to 2018

CWQG-PAL = 2.93 mg/L
CDWQG = 10 mg/L

CWQG-PAL = 2.93 mg/L
CDWQG = 10 mg/L

Note: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
CWQG-PAL = Canadian water quality guideline for the protection of aquatic life; CDWQG = Canadian Drinking Water Quality
Guidelines; mg/L-N/L = milligrams of nitrogen per litre.

Figure 7.2-16

Molybdenum Concentrations during the Ice-cover Season in Lake N11 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 73 ug/L
CWQG-PAL = 73 ug/L

AEMP Benchmark = 73 ug/L
CWQG-PAL = 73 ug/L

Note: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life;
µg/L = micrograms per litre.
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Nickel Concentrations during the Ice-cover Season in Lake N11 and the Reference
Lakes, 2011 to 2018

AEMP Benchmark = 25 ug/L
CWQG-PAL = 25 ug/L

AEMP Benchmark = 25 ug/L
CWQG-PAL = 25 ug/L

Note: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life; µg/L
= micrograms per litre.

Figure 7.2-18

Strontium Concentrations during the Ice-cover Season in Lake N11 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 10,700 ug/L

AEMP Benchmark = 10,700 ug/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; µg/L = micrograms per litre.
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Uranium Concentrations during the Ice-cover Season in Lake N11 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 15 ug/L
CWQG-PAL = 15 ug/L
CDWQG = 20 ug/L

AEMP Benchmark = 15 ug/L
CWQG-PAL = 15 ug/L
CDWQG = 20 ug/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life;
CDWQG = Canadian Drinking Water Quality Guidelines; µg/L = micrograms per litre.

Figure 7.2-20

Field Specific Conductivity Concentrations during the Open-water Season in Lake
N11 and the Reference Lakes, 2011 to 2018

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
µS/cm = microSiemens per centimetre.
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Chloride Concentrations during the Open-water Season in Lake N11 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 90 mg/L
CWQG-PAL = 120 mg/L

AEMP Benchmark = 90 mg/L
CWQG-PAL = 120 mg/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life.

Figure 7.2-22

Total Potassium Concentrations during the Open-water Season in Lake N11 and
the Reference Lakes, 2011 to 2018

AEMP Benchmark = 41 mg/L

AEMP Benchmark = 41 mg/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program.
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Strontium Concentrations during the Open-water Season in Lake N11 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 10,700 ug/L

AEMP Benchmark = 10,700 ug/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; µg/L = micrograms per litre.

Figure 7.2-24

Thallium Concentrations during the Open-water Season in Lake N11 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 0.8 ug/L
CWQG-PAL = 0.8 ug/L

AEMP Benchmark = 0.8 ug/L
CWQG-PAL = 0.8 ug/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake N11 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life;
µg/L = micrograms per litre.
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Action Level Triggers

Water quality data for Lake N11 were compared to Low Action Levels for the toxicological impairment and
nutrient enrichment responses (as described in Section 8.4 of the AEMP Design Plan; De Beers 2016a) in
2015, 2016, 2017, and 2018 (De Beers 2016c, 2017a, 2018c, 2019c). In summary:
•

Nutrient Enrichment Hypothesis
o

•

No Low Action Levels were triggered based on the Nutrient Enrichment Hypothesis or the
Toxicological Impairment Hypothesis during construction.

Toxicological Impairment Hypothesis
o

Low Action Levels were triggered based on the Toxicological Impairment Hypothesis for
calculated TDS, nitrate, nickel, and strontium during ice-cover in 2017 and calculated TDS,
chloride, potassium, sulphate, nitrate, molybdenum, nickel, and strontium during ice-cover in
2018 (Table 7.2-13).

o

A Low Action Level was triggered for nitrate based on the Nutrient Enrichment Hypothesis
during ice-cover in 2017 and 2018.

o

Low Action Levels were triggered based on the Toxicological Impairment Hypothesis for barium
and strontium during open-water in 2017, and for chloride, potassium, strontium, and thallium
during open-water in 2018 (Table 7.2-13).

These parameters triggered Low Action Levels for Toxicological Impairment on the basis that Lake N11
mean/median concentrations were greater than their normal range and the relative difference to the
reference lakes was statistically significant. However, these findings have limited ecological relevance
because lake-wide mean/median concentrations were below AEMP benchmarks approved for Lake N11.
Table 7.2-13

Lake N11 Low Action Level Triggers during Construction and Operations
Construction

Lake N11

2015

Toxicological Impairment
Low Action Level – Under-ice

none

Nutrient Enrichment
Low Action Level - Under-ice

none

Operations
2016

2017

2018

none

TDS
nitrate
nickel
strontium

TDS
chloride
potassium
sulphate
nitrate
molybdenum
nickel
strontium

none

nitrate

nitrate
chloride
potassium
strontium
thallium
none

Toxicological Impairment
Low Action Level – Open-water

none

none

barium
strontium

Nutrient Enrichment
Low Action Level - Open-water

none

none

none

TDS = total dissolved solids.
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Core Lake: Lake 410

The AEMP results summarized below indicate that there were no Mine-related effects on water quality in
this core lake from 2015 to 2018 (De Beers 2016c, 2017a, 2018c, 2019c). As Lake 410 is downstream of
Lake N11 and Area 8 (it is the lake that receives inflow from the N watershed and the KLM watershed), the
primary pathways to potential Mine-related effects are the operational discharge to Lake N11 and the
altered hydrological regime in Area 8 due to its isolation from Kennady Lake and the upstream watershed.
Lake 410 water quality measured between 2015 and 2018 remained within EIS predictions. Statistically
significant increases relative to both reference lakes in iron and molybdenum (ice-cover) and fluoride,
molybdenum, and vanadium (open-water) were identified in 2016. The lake-wide mean/median
concentration of iron under ice-cover conditions was above the normal range for Lake 410 but remained
below aquatic health and drinking water guidelines. Iron is sensitive to DO concentrations, which during
late winter in this shallow lake could have been reduced to levels that may have influenced redox-sensitive
metals, such as iron and manganese, thereby, increasing the proportion of their soluble fraction in the water
column. Slightly higher manganese concentrations were also reported during ice-cover conditions
compared to open-water conditions in Lake 410.

7.2.3.1

Field Water Column Profiles

Annual in situ field physico-chemical parameter measurements allowed for an understanding of the
temporal physico-chemical characteristics of Lake 410 between month, season, and year. Data for each
station are shown on field profile graphs provided in Appendix 7A.
Field profile ranges were reasonably consistent for Lake 410 across seasons and years between 2015 and
2018 (Appendix 7A, Table 7.2-14; De Beers 2016c, 2017a, 2018c, 2019c). In summary:
•

During the open-water season, DO profiles reflected well mixed conditions through the water column
with open-water DO typically ranging from 8.0 to 12.0 mg/L. In contrast, DO showed a strong gradient
with depth during ice-cover. Near-saturated/saturated concentrations (approximately 10 to 16 mg/L)
were present within 2 m under the ice layer and but for most stations DO decreased by more than 50%
at the lake bottom.

•

Water temperature ranged between 6°C and 20°C in the open-water season and from -2°C to 5°C
during under-ice conditions (Table 7.2-14). Despite this seasonal variability, most stations had constant
open-water temperatures throughout the water column during each sampling event, indicative of fully
mixed conditions. A distinct thermal stratification was observed at stations greater than 4 m in Lake 410
in July 2016, where an approximate 2.5°C thermocline was present between 3 and 4 m depth at each
of these stations. The ice-cover temperature profiles between 2015 and 2018 showed an increasing
thermal gradient from the ice-cover layer down to the lakebed (i.e., typically a 4°C increase over the
depth of the water column).

•

With respect to specific conductivity, Lake N11 was well-mixed during the open-water season. Unlike
Area 8 and Lake N11, specific conductivity at Lake 410 remained between 11 and 21 µS/cm during this
season, with no noticeable increase in 2018 (Appendix 7A, Table 7.2-14). Ice-cover specific
conductivity was more variable and ranged from approximately 8 to 110 µS/cm. During this season,
Lake 410 stations had weakly stratified specific conductivity profiles, where in general, values
decreased slightly at 2 m before increasing again at depth.
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Between 2015 and 2018, open-water pH measurements ranged from 5.4 to 7.6, and ice-cover pH
ranged from 5.7 to 6.7. pH values were relatively constant through the water column and similar
between stations for open-water and ice-cover seasons during each annual survey. Some variability
between stations and through the water column was evident in August and September 2018. All stations
with the exception of L3 in August and L1 in September, showed an increase of approximately 0.5 pH
units between 2 to 3 m. Stations L3 and L1 in August and September, respectively, decreased by 0.5 to
1.0 pH units around 2 m.

Table 7.2-14

Lake 410 Field Profiles during Construction and Operations, 2015 to 2018
Construction

Lake 410
Under-ice (April)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (July)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (August)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (September)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)

Operations

2015

2016

2017

2018

0.1 to 14.7
-1.8 to 4.5
8.0 to 111.0

0.2 to 12.8
0.2 to 4.5
21.0 to 48.0

5.8 to 6.1
1.2 to 15.1
0.4 to 3.9
20.0 to 27.0

5.9 to 6.7
0.5 to 16.0
0.7 to 4.8
24.0 to 98.0

5.9 to 6.4
8.2 to 8.7
14.6 to 16.4
12.1 to 12.6

5.4 to 6.8
8.6 to 10.0
14.5 to 19.6
11.9 to 12.5

6.5 to 6.8
9.0 to 9.6
14.5 to 15.8
13.0

6.0 to 6.8
10.3 to 10.7
11.0 to 13.0
14.0 to 16.0

7.0 to 7.3
8.1 to 9.1
14.8 to 16.4
15.9 to 16.2

6.4 to 6.7
8.8 to 9.1
14.5 to 15.0
12.9 to 13.0

6.4 to 6.7
10.4 to 10.9
13.6 to 14.0
13.0

6.2 to 7.6
9.1 to 9.4
16.0 to 17.0
15.0 to 16.0

6.6 to 7.1
9.4 to 10.7
10.8 to 13.1
17.7 to 19.9

6.2 to 7.2
10.2 to 10.5
9.4 to 9.7
19.8 to 20.5

6.2 to 6.5
10.1 to 10.4
12.0
14.0

6.3 to 7.5
11.7 to 11.9
6.0 to 7.0
16.0 to 18.0

- = field pH data invalidated; µS/cm = microSiemens per centimetre.

7.2.3.2

Comparison to Applicable Guidelines

Water quality data collected for Lake 410 between 2015 and 2018 were compared to the applicable
CWQG-PAL and CDWQGs. No SSWQOs have been developed for Lake 410 and no AEMP benchmarks
are specified in the AEMP Design Plan (De Beers 2016a).
From 2015 to 2018, the majority of parameters were below aquatic life guidelines (Table 7.2-15; De Beers
2016c, 2017a, 2018c, 2019c); parameters reported above or outside of CWQG-PAL guidelines were DO,
pH, and total aluminium. DO was occasionally measured below the lower guideline bound within the water
column under-ice conditions during construction, while pH values for under-ice and open-water periods
were more often below the lower guideline bound range during construction and operations. pH values
lower than pH 6.5 often resulted in aluminium exceedances to the pH-dependent CWQG-PAL guideline of
5 μg/L (e.g., ice-cover conditions in 2017; open-water conditions 2015 to 2018), however, aluminum
concentrations above the CWQG-PAL under these pH conditions were observed during baseline (Golder
2014a,b).
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Parameter concentrations measured at AEMP stations from 2015 to 2018 remained below health-related
CDWQGs, though Health Canada recommends all surface water be treated prior to drinking (Table 7.2-15).
With respect to aesthetic objectives, parameter concentrations were also below these objectives, except
for some pH values that were below the lower bound of the objective and water temperatures in
August 2018 were above the objective.
Table 7.2-15

Lake 410 Guideline Exceedances during Construction and Operations, 2015 to
2018
Construction

Lake 410

Operations

2015

2016

2/7 DO (0.8 to 6.2)

2/5 DO (0.8 to 1.4)

none

none

2017

2018

April
CWQG-PAL
CDWQG
July
CWQG-PAL
CDWQG
August

4/4 Field pH (5.93 to 6.04)
2/5 Field pH (5.93 to 6.08)
4/5 Aluminum (2.2x)
5/5 Field pH (5.93 to 6.04) 5/5 Field pH (5.93 to 6.64)

5/5 Field pH (6.10 to 6.40)
1/5 Field pH (6.38)
none
5/5 Field pH (6.02 to 6.44)
5/5 Aluminum (Field pH) (2.2x) 1/5 Aluminum (Field pH) (4.0x)
5/5 Field pH (6.10 to 6.40)
1/5 Field pH (6.38)
5/5 Field pH (6.52 to 6.66) 5/5 Field pH (6.02 to 6.44)

CWQG-PAL

none

2/5 Field pH (6.44 to 6.45)
2/5 Aluminum (Field pH)
(3.3x)

2/5 Field pH (6.44 to 6.49)
2/5 Aluminum (Field pH)
(1.7x)

1/5 Field pH (6.37)

CDWQG

none

2/5 Field pH (6.44 to 6.45)

5/5 Field pH (6.44 to 6.69)

2/5 Field pH (6.37 to 6.79)
5/5 Temperature
(16.2 to 16.4) (AO)

September
CWQG-PAL

none

CDWQG

none

4/5 Field pH (6.20 to 6.37)
5/5 Field pH (6.19 to 6.48)
none
3/5 Aluminum (Field pH) (2.2x)
4/5 Field pH (6.20 to 6.37) 5/5 Field pH (6.19 to 6.48) 2/5 Field pH (6.55 to 6.94)

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
water quality guideline in brackets, except for pH, DO, and temperature where the measured values are presented.
AO = aesthetic objective; CDWQG = Canadian Drinking Water Quality Guidelines; CWQG-PAL = Canadian water quality guideline
for the protection of aquatic life; DO = dissolved oxygen.

7.2.3.3

Within-lake Spatial Patterns

The primary pathways for potential effects to water quality in Lake 410 are the isolation of Area 8 from its
upper watershed, as well as operational pumping from the WMP to Lake N11 that commenced in 2016/2017
and continued in the fall/early winter of 2017 and fall 2018.
A visual assessment was used to qualitatively evaluate spatial water quality trends in core lakes in 2017
and 2018, while correlation analysis was used to evaluate spatial trends in 2015 and 2016. In order to
effectively compare the visual assessment and the correlation analysis, 2017 and 2018 data were reexamined and only parameters that showed a clear trend and a relative percent difference greater than
analytical variability (i.e., 20%) were included in Table 7.2-16. A positive relationship indicates that the
concentration of a parameter tends to increase with distance from the lake inlet and therefore is likely not
related to the Mine. A negative relationship indicates that the concentration of a parameter tends to
decrease with distance from the inlet and is suggestive of a possible Mine-related effect.
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Relationships were mostly identified for parameters measured during ice-cover conditions that showed a
decrease in concentration with distance from the inlet (i.e., lower concentrations further downstream at
station L5 compared to L1 located closest to the lake inlet) (Table 7.2-16). However, these were primarily
weak negative relationships observed with little consistency. Significant but weak positive relationships
were observed during the ice-cover season for several parameters in 2015 and 2016 but were not observed
in subsequent years. The exception was zinc, which increased with distance from the outlet in 2016 but
decreased with distance in 2017 and 2018. These differences are thus not considered to be a result of the
Mine but rather can be attributed to within-lake natural variation. There were no notable within-lake spatial
patterns in Lake 410 during the open-water season. The dissolved organic phosphorus spatial pattern
observed in 2017 was not observed in subsequent years.
Table 7.2-16

Lake 410 Relationship with Distance from the Inlet, 2015 to 2018
Construction

Lake 410
Open-water (positive)
Increase in Concentration
with Distance from the Inlet
Open-water (negative)
Decrease in Concentration
with Distance from the Inlet
Under-ice (positive)
Increase in Concentration
with Distance from the Inlet
Under-ice (negative)
Decrease in Concentration
with Distance from the Inlet

2015

Operations
2016

2017

2018

none

none

none

none

none

none

dissolved organic
phosphorus(a)

none

DO, arsenic

aluminum, boron,
copper, molybdenum,
nickel, thallium,
uranium, zinc

ammonia(a), lead(a)

thallium, manganese(a)

cobalt

nitrate, dissolved P(a),
total inorganic P(a),
TKN, antimony(a), lead(a),
dissolved organic P(a),
zinc(a), zirconium(a)
antimony(a), cadmium(a),
Iron, zinc(a), zirconium(a)

none

a) Parameter identified during re-assessment of the data for this Aquatic Effects re-evaluation. A relationship was not identified in
previous AEMP reporting.
DO = dissolved oxygen; P = phosphorus; TKN = total Kjeldahl nitrogen.
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Scatter Plots for Selected Parameters with Spatial Patterns Observed Under-ice in
Lake 410, 2018

µg/L = micrograms per litre; mg-N/L = milligrams of nitrogen per litre.

7.2.3.4

Comparison to Normal Range

To assess whether, on average, water quality parameter concentrations or values measured in Lake 410
fell outside the range of natural variability, lake-wide mean/median concentrations were compared to
representative normal ranges. These lake-specific normal ranges were developed for AEMP parameters
using reference data collected under baseline conditions; i.e., between 1996 to 2013, or a subset of those
years.
As shown in Table 7.2-17, a core set of parameters were present at concentrations consistently above their
normal ranges between 2015 and 2018, during both ice-cover (i.e., sulphate, phosphorus, and TDS) and
open-water periods (i.e., specific conductivity, potassium, ammonia, molybdenum, and strontium; De Beers
2016c, 2017a, 2018c, 2019c). Several metals were above their normal ranges during construction but not
during operations. With respect to magnitude of exceedance, most parameters identified in Table 7.2-17
were marginally above their normal ranges (i.e., less than 1.4x) and below their respective CWQG-PAL.
These normal range exceedances have limited ecological relevance due to the low potential to elicit
adverse effects on aquatic biota.
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Lake 410 Normal Range Exceedances during Construction and Operations, 2015 to
2018
Construction

Lake 410

2015

Under-ice

sulphate (1.1x)
phosphorus (1.1x)

Open-water

SPC (1.4x)
potassium (1.1x)
ammonia (1.7x)
molybdenum (3.0x)
strontium (1.0x)

Operations
2016

TDS (1.1x)
sulphate (1.1x)
nitrate (1.3x)
phosphorus (1.1x)
iron (1.3x)
SPC (1.1x)
potassium (1.0x)
ammonia (1.2x)
barium (1.0x)
iron (1.1x)
manganese (1.0x)
molybdenum (4.0x)
strontium (1.1x)
uranium (1.0x)

2017

2018

sulphate (1.1x)

TDS (1.1x)
sulphate (1.2x)

TSS (1.3x)
zinc (1.0x)

potassium (1.0x)

Note: Normal range exceedances: magnitude above the upper bound of the normal range in brackets.
SPC = specific conductivity; TDS = total dissolved solids; TSS = total suspended solids.

7.2.3.5

Before-After Control-Impact Analysis

For each water quality parameter BACI analyses compared Lake 410 to the reference lakes East Lake and
Lake 3, with ice-cover and open-water seasons assessed separately. As described in Section 9.2.4.5 of
the AEMP Design Plan, a BACI design can be used to assess short-term (pulse) effects and long-term
(press) effects in an exposure area (De Beers 2016a). When interpreting the results of the statistical
analysis, a Mine-related effect was assumed for responses showing an overall increase in concentration
for Lake 410 relative to both reference lakes.
After consideration of detection limits and normal ranges, significant BACI effects relative to both reference
lakes, which could potentially be attributable to the Mine, were detected for thallium during the open-water
season (Table 7.2-18; Figure 7.2-26; De Beers 2016c, 2017a, 2018c, 2019c). Because thallium
concentrations decreased in 2018 from 2017 such that 2018 concentrations were within its normal range;
the detected effects are unlikely to be Mine-related. The BACI analysis was influenced by lower analytical
DLs for fluoride, molybdenum, and vanadium, in 2015 to 2018 AEMP ‘after’ years compared to those
achieved in previous ‘before’ years (i.e., 2011, 2013; Table 7.2-18).
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Thallium Concentrations during the Open-water Season in Lake 410 and the
Reference Lakes, 2011 to 2018

AEMP Benchmark = 0.8 ug/L
CWQG-PAL = 0.8 ug/L

AEMP Benchmark = 0.8 ug/L
CWQG-PAL = 0.8 ug/L

Notes: Open symbols represent concentrations below the detection limit and are plotted at half the detection limit. In cases when the
normal range was based on less than detection limit data, it was not plotted.
Open squares represent the Lake 410 lake-wide mean/median concentration.
AEMP = Aquatic Effects Monitoring Program; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life;
µg/L = micrograms per litre.

Table 7.2-18

Summary of Lake 410 BACI Statistical Results for Construction and Operations
Construction

Lake 410
Under-ice
Significant press effect
compared to each
reference lake
Significant pulse effect
compared to each
reference lake
Open-water

2015

Operations
2016

2017

2018

molybdenum
vanadium

iron
molybdenum

iron
vanadium

molybdenum
vanadium

nc

none

none

none

Significant press effect
compared to each
reference lake

fluoride
molybdenum
vanadium

fluoride
molybdenum
vanadium

fluoride
molybdenum
vanadium

fluoride
molybdenum
thallium
vanadium

Significant pulse effect
compared to each
reference lake

nc

molybdenum

none

none

Note: A press effect is a long-term effect, a pulse effect is a short-term effect.
Italics = attributed to detection limit; Bold = attributed to Mine; no formatting = below normal range or no Mine-related activity.
nc = not calculated; BACI = before-after control-impact.
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During ice-cover conditions, no significant BACI effects relative to both reference lakes were detected that
could potentially be attributable to the Mine. In 2016 and 2017, iron showed a significant BACI effect relative
to both reference lakes and concentrations were above the normal range in 2016 (Table 7.2-18). As iron
did not show a Mine-related effect in Lake N11 or Area 8 upstream of Lake 410 and concentrations
decreased in subsequent years in Lake 410, the 2016 and 2017 iron results for Lake 410 are considered
unlikely to be Mine-related but rather due to natural variation within the lake. Observed low DO under-ice
in Lake 410 support this conclusion because iron solubility is sensitive to anoxic conditions (in low oxygen,
ferrous iron, which is soluble in water, can dominate in the water column), especially in shallow lakes such
as Lake 410.

7.2.3.6

Action Level Triggers

Water quality data were compared to Low Action Levels for toxicological impairment and nutrient
enrichment responses (as described in Section 8.4 of the AEMP Design Plan; De Beers 2016a) in 2015,
2016, 2017, and 2018 (De Beers 2016c, 2017a, 2018c, 2019c). In summary:
•

No Low Action Levels were triggered under the Toxicological Impairment Hypothesis from 2015 to
2018.

•

No Low Action Levels were triggered based on the Nutrient Enrichment Hypothesis from 2015 to 2018.

7.2.4

Raised Lake: Lake D2/D3

Construction of Dyke F downstream of Lakes D2 and D3 was initiated in November 2015 and completed in
May 2016. Water levels started to rise in Lakes D2 and D3 during the open-water season in 2016, and after
June, both lakes were hydrologically joined to form a single waterbody (referred to as Lake D2/D3). The
amalgamation of Lakes D2 and D3 resulted in Mine-related effects on water quality in the raised lake D2/D3
due to higher water levels and the inundation of surrounding tundra (De Beers 2016c, 2017a, 2018c,
2019c), which at full supply level increased the surface area of water by 53 ha or 105%. The greatest extent
of flooding to the tundra occurred around the shallower Basin D2, which was resulted in more distinct
changes in water quality within that basin between 2016 and 2018, compared to the comparatively deeper
Basin D3.
The generation of Lake D2/D3 has been in flux since 2016 and only reached its full supply level in June
2019. On-going changes in lake water quality are expected as the lake continues to mature and develop,
consistent with EIS projections for this lake, until the eventual stabilization of water quality anticipated to
occur further into the Mine operations. Specifically, the EIS predicted there would be water quality changes
during the raising of Lake D2/D3 due to the release of nutrients, metals, and other substances from flooded
sediments and vegetation. Between 2016 and 2018 as the water level increased, a number of water quality
parameter concentrations increased to above or outside the bound limits of the long-term CWQG-PAL
guidelines (i.e., pH, DO, aluminum, copper, iron, zinc). Additionally, these data were below most CDWQG
and aesthetic objectives, with exceptions noted for pH, aluminum, iron, and manganese. Data comparisons
to these guidelines are provided in more detail in Section 7.2.4.2.
While lake-wide mean/median concentrations of some parameters have been higher than or outside of
guidelines during the initial formation of Lake D2/D3, it should be noted that under baseline conditions in
individual Lakes D2 and D3, concentrations of the same parameters were naturally higher than or outside
of guidelines (Golder 2014a,b). Most relevant to this assessment, baseline aluminum and iron
concentrations were above the CWQG-PAL and some pH and DO measurements were outside of the
CWQG-PAL range. Though for these parameters, the magnitude of exceedance was greater after dyke
construction compared to before Lake D2/D3 was formed.
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The trophic status of Lake D2/D3 has progressively shifted over time to a more productive state due to a
pronounced increase in phosphorus in 2017 and 2018 (De Beers 2016c, 2017a, 2018c, 2019c). Under
baseline conditions prior to the formation of Lake D2/D3, the trophic status of smaller headwater lakes
within the Kennady Lake watershed, in particular Lakes D2 and D3, was already higher than the larger LSA
lakes (oligotrophic/mesotrophic c.f. oligotrophic). For the raised Lake D2/D3, the transition to a higher
trophic state has been evident as the lake filled during the initial development period. This was an expected
outcome that was predicted in the EIS, due to the flooding of 53 ha of soils and tundra as the lake levels
rose to its full supply water level.

7.2.4.1

Field Water Column Profiles

Annual in situ physico-chemical field parameter measurements allowed for an understanding of the
temporal physico-chemical characteristics of Lake D2/D3 as the lake formed following the construction of
Dyke F in 2016, between month, season, and year. Data for each station in Lake D2/D3 are shown on field
profile graphs provided in Appendix 7A.
Physico-chemical water column profiles showed some variability in Lake D2/D3, across seasons and
between years, during the period of construction and operations when Lake D2/D3 filled; i.e., from 2016 to
2018 (Appendix 7A; Table 7.2-19; De Beers 2016c, 2017a, 2018c, 2019c). In summary:
•

Between 2016 and 2018 as the lake formed and expanded, open-water season DO profiles were
generally well oxygenated with concentrations ranging from 7.0 to 12.5 mg/L. Open water DO was also
well mixed throughout the water column at each station. Some spatial variability was observed, with
lower DO in Basin D2 (i.e., stations L4 and L5) compared to Basin D3; this is not surprising as Basin
D2 was subject to the largest surface area inundation in the raising of the lake (i.e., this basin was
expected to have a higher oxygen demand through elevated decomposition processes associated with
the flooded soils and vegetation).
Under ice-cover conditions, a strong reducing DO gradient was present at all stations. Slightly higher
DO levels were measured at the surface in Basin D3 compared to Basin D2, but DO concentrations
were reduced to near anoxic/anoxic concentrations at all stations in both basins. While under-ice anoxia
is common in isolated, shallow lakes within the LSA (De Beers 2014a), and was observed in the
individual lakes prior to dyke construction, there was a notable influence of elevated winter oxygen
demand from the flooded soils and tundra in Basin D2. For example, in 2018 DO values near-zero were
measured throughout the water column in Basin D2 during ice-cover conditions.

•

Water temperature ranged between 3°C and 21°C during the open-water season and 0°C to 4°C in
under-ice conditions. Open-water temperatures exhibited little variability with depth throughout the
water column, which is typical of fully mixed conditions. During ice cover, an increasing thermal gradient
between the ice-cover and the lakebed was observed in the both the newly formed raised lake and
previously in the two individual lakes prior to dyke construction (i.e., typically a 4°C increase over the
depth of the water column; Appendix 7A)

•

Specific conductivity measurements showed different characteristics between ice-cover and
open-water seasons. During open-water, Lake D2/D3 indicated low salinity conditions ranging between
10 and 28 µS/cm that were well-mixed through the water column. Under-ice specific conductivity was
more variable across stations, and with depth, ranging from approximately 20 to 150 µS/cm, with a
slight increasing trend between 2016 and 2018. Water column trends showed elevated specific
conductivity immediately below the ice layer, consistent with cryo-concentration effects in this lake and
then immediately above the lakebed. Such variable specific conductivity profiles have been observed
in isolated shallow lakes within the LSA (De Beers 2014a) and were observed in the two individual
lakes prior to dyke construction (Appendix 7A).
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Between 2016 and 2018, open-water pH measurements ranged from 5.5 to 7.9, and ice-cover pH
ranged from 5.4 to 7.2. In 2015, prior to dyke construction and the formation of Lake D2/D3, open-water
pH measurements spanned a similar range (5.3 to 7.5 in individual Lakes D2 and D3). Although some
between-station variability in pH is evident in the depth profiles and the profiles show discernible spatial
differences between basins in 2018, pH measurements through the water column has generally been
consistent indicating homeostatic conditions.

Table 7.2-19

Lake D2/D3 Field Depth Profiles Ranges during Post-dyke Construction (2016-2018)
to Pre-dyke Construction (2015)

Lake D2/D3
Under-ice (April)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (July)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (August)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (September)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)

Pre-dyke (2 Lakes)
2015

2016

Post-dyke (1 Lake)
2017

2018

1.0 to 5.6
1.1 to 3.7
33.0 to 51.0

0.5 to 7.7
0 to 3.5
24.7 to 100.0

5.7 to 7.2
0.1 to 11.0
0.2 to 6.4
20.0 to 149.0

5.4 to 6.5
0.01 to 7.7
0.2 to 3.8
30.0 to 134.0

5.3 to 7.0
9.0 to 9.8
11.8 to 13.4
10.4 to 17.9

5.5 to 6.3
5.7 to 8.4
17.2 to 21.2
9.7 to 18.8

5.5 to 6.1
4.2 to 8.5
15.8 to 16.4
15.0 to 18.0

5.9 to 6.4
9.8 to 10.1
10.0 to 12.0
17.0 to 19.0

6.9 to 7.5
8.0 to 10.0
16.6 to 17.6
10.0 to 21.5

6.0 to 6.5
8.3 to 9.5
12.1 to 12.6
16.3 to 24.6

6.0 to 6.2
7.5 to 9.3
14.2 to 15.8
17.0 to 20.0

5.5 to 6.5
7.0 to 8.7
14.0 to 15.0
20.0 to 21.0

6.7 to 7.1
9.8 to 10.6
7.2 to 9.8
11.5 to 26.3

5.8 to 7.7
8.6 to 9.8
8.0 to 8.7
18.7 to 28.1

6.0 to 7.9
8.1 to 10
11.0 to 12.0
19.0 to 21.0

5.5 to 6.9
10.8 to 12.4
3.0 to 6.0
22.0 to 23.0

- = field pH data invalidated; µS/cm = microSiemens per centimetre.
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Comparison to Guidelines

Water quality data collected in 2015 (pre-dyke) and from 2016 to 2018 (post-dyke) were compared to
CWQG-PAL and CDWQG.
From 2016 to 2018 during the formation of Lake D2/D3, most parameters were below their respective
CWQG-PAL (Table 7.2-20); however, pH, DO, aluminium, copper, iron, and zinc were higher than, or
outside the limits of their CWQG-PAL (De Beers 2016c, 2017a, 2018c, 2019c). While a number of guideline
exceedances were identified, in 2015 prior to dyke construction, concentrations of some metals
(e.g., aluminium and iron) were naturally higher than applicable guidelines in individual Lakes D2 and D3
(Golder 2014a), although not necessarily by the same magnitude as the post-dyke period. Pre-dyke (2015)
aluminum and iron concentrations were above the CWQG-PAL. Under baseline conditions, copper and
zinc were below applicable guidelines in lakes D and E, except for copper on one occasion (Golder
2014a,b).
The 2018 AEMP data provide a characterization of water quality just prior to the newly formed lake reaching
its full supply level. The main 2018 findings are summarized below for several key parameters that were
above applicable water quality guidelines.
In-situ pH: measured below the lower bound of the CWQG-PAL range during ice-cover and open-water
seasons.
Ice-cover DO: below the lower bound CWQG-PAL (6.5 mg/L), particularly in shallower locations.
Aluminum: In 2018, lake-wide mean/median ice-cover and open-water concentrations were 208 µg/L and
108 µg/L, respectively, which were above the CWQG-PAL of 5 μg/L that applies when pH <6.5.
Iron: Lake-wide ice-cover and open-water mean/median concentrations in 2018 were 2,315 µg/L and 930
µg/L, respectively, which were above the CWQG-PAL and the CDWQG of 300 µg/L.
Copper and Zinc: Lake-wide mean/median concentrations for copper (2017 and 2018) and zinc (2018) 5
during the ice-cover season were above their respective CWQG-PAL.
Although several metals were measured above their respective CWQG-PAL in Lake D2/D3 (i.e., aluminum,
iron, copper, and zinc), they coincided with elevated organic carbon levels and lower pH. Smaller lakes
within the Kennady Lake watershed possess higher organic carbon concentrations (also evident by
elevated water colour, especially in fall) compared to the larger Kennady Lake (De Beers 2014a). For Lake
D2/D3, this was exacerbated by the flooding process associated with lake formation. Elevated organic
carbon in the receiving environment has been shown to reduce the potential for toxicity from exposure to
some metals, such as copper and aluminum, but lower pH values can exacerbate the potential for toxicity
to aquatic life for a number of metals (Campbell et al. 2006; Wood et al. 2011; Meyer et al. 2012). Further
assessment of the risk to aquatic life under site-specific conditions within-Lake D2/D3 is discussed in
Section 7.4.6 for four key parameters (i.e., aluminum, copper, iron, and zinc).

5

In the 2018 AEMP, the dissolved zinc guideline was applied to screening of total zinc concentrations.
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Lake-wide mean/median nutrient concentrations tended to be higher than concentrations measured in the
core and reference lakes for both seasons. For example, median ice-cover (28 mg/L) and open-water
(16 mg/L) total organic carbon (TOC) concentrations in Lake D2/D3 in 2018 were several times higher than
core and reference lake median concentrations. Post-dyke nutrient concentrations between 2016 and 2018
were below applicable water quality guidelines.
The trophic status of Lake D2/D3 has progressively shifted over time to a more productive state due to a
pronounced increase in phosphorus concentrations in 2017 and 2018 as predicted in the EIS. In 2018, the
lake-wide mean/median open-water TP concentration reflected eutrophic conditions (0.043 mg /L). It is the
open-water TP concentrations that are the most appropriate to support an assessment of trophic status
because they are measured over the growing, biologically active season in this northern lake. During
ice-cover conditions lake productivity is limited by factors such as the cold temperatures and low light levels,
which means that an increase in TP may not necessarily impart a productivity response. Similar to other
shallow LSA lakes unaffected by the Mine, the characteristics of Lake D2/D3 make this lake susceptible to
cryo-concentration which in association with winter anoxia and mobilization of phosphorus from the lake
sediments, can lead to increased TP levels.
As for other water quality parameters, there were spatial differences in phosphorus between basins. In
2018, higher concentrations were reported in Basin D2 (0.103 mg /L [ice-cover] and 0.064 mg [open-water])
compared to Basin D3 (0.030 mg /L [ice-cover] and 0.046 mg/L [open-water]). Comparable concentrations
reflective of mesotrophic or meso-eutrophic conditions were observed in Lakes D2 and D3 prior to dyke
construction; i.e., D2 (0.011 mg /L) and D3 (0.025 mg /L) in 2015 open-water. Mesotrophic to
meso-eutrophic conditions are characteristic of the small, shallow lakes within the LSA (Golder 2014a,b).
Water quality data for Lake D2/D3 collected between 2015 and 2018 indicated that parameter
concentrations were below most CDWQG guidelines and aesthetic objectives (Table 7.2-20); however,
Health Canada recommends all surface water be treated prior to drinking. The following exceptions were
noted for the post-dyke period:
pH: 2016 to 2018 concentrations were occasionally below the lower bound of the aesthetic objective for
ice-cover and open- water conditions.
Aluminum: 2016 concentrations were occasionally above the guideline during open-water conditions.
Iron: 2016 to 2018 concentrations were occasionally above the aesthetic objective during ice-cover and
open-water conditions.
Manganese: 2017 to 2018 concentrations were occasionally above the aesthetic objective in ice-cover
conditions.
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Lake D2/D3 Guideline Exceedances during Post-dyke Construction (2016-2018) to
Pre-dyke Construction (2015)
Pre-dyke (2 Lakes)
2015

2016

CWQG-PAL

5/5 DO (2.7 to 5.6)
2/5 Lab pH (6.41 to 6.45)
2/5 Aluminum (Lab pH)
(5.2x)
5/5 Iron (2.0x)

3/5 DO (0.73 to 5.86)
5/5 Lab pH (6.4 to 6.49)
5/5 Aluminum (Lab pH)
(4.5x)
2/5 Iron (6.6x)

CDWQG

2/5 Lab pH (6.41 to 6.45)

5/5 Lab pH (6.4 to 6.49)
3/5 DO (0.73 to 5.86)

Lake D2/D3

December 2019

Post-dyke (1 Lake)
2017

2018

April
5/5 Field pH (5.44 to 5.97)
4/5 DO (0.03 to 5.08)
4/4 Aluminum (Field pH)
(48x)
4/4 Copper (1.7x)
4/4 Iron (9.3x)
4/4 Zinc (<3.4x)
5/5 Field pH (5.92 to 6.91) 5/5 Field pH (5.44 to 5.97)
2/5 Aluminum (3.2x)
4/4 Aluminum (2.4x)
5/5 Iron (9.5x) (AO)
4/4 Iron (9.3x) (AO)
3/5 Manganese (4.4x) (AO) 4/4 Manganese (4.9x) (AO)
4/5 Field pH (5.92 to 6.2)
2/5 DO (0.09 to 0.4)
4/5 Aluminum (Field pH)
(18x)
4/5 Copper (2.2x)
5/5 Iron (9.5x)

July
CWQG-PAL

2/5 Field pH (6.12 to 6.45)
2/5 Aluminum (Field pH)
(4.0x)
2/5 Iron (2.2x)

CDWQG

2/5 Field pH (6.12-6.45)

5/5 Field pH (5.54 to 6.18)
5/5 Field pH (5.54 to 5.92)
2/5 DO (6.21 to 6.23)
5/5 Aluminum (Field pH)
5/5 Aluminum (Field pH)
(18x)
(30x)
5/5 Iron (3.0x)
2/5 Iron (2.0x)
5/5 Field pH (5.54 to 6.18) 5/5 Field pH (5.54 to 5.92)
2/5 DO (6.21 to 6.23)
2/5 Aluminum (1.1x)
2/5 Aluminum (1.5x)
5/5 Iron (3.0x) (AO)

5/5 Field pH (5.96 to 6.37)
5/5 Aluminum (Field pH)
(22x)
5/5 Iron (4.4x)
5/5 Field pH (5.96 to 6.37)
4/5 Aluminum (22x)
5/5 Iron (4.4x) (AO)

August
CWQG-PAL

none

CDWQG

none

5/5 Field pH (6.06 to 6.21) 5/5 Field pH (6.01 to 6.17)
5/5 Aluminum (Field pH)
5/5 Aluminum (Field pH)
(23x)
(35x)
5/5 Iron (3.5x)
2/5 Iron (3.8x)
5/5 Field pH (6.01 to 6.17)
5/5 Field pH (6.06 to 6.21)
2/5 Aluminum (1.1x)
2/5 Aluminum (1.8x)
5/5 Iron (3.5x) (AO)

5/5 Field pH (5.51 to 6.25)
2/5 Aluminum (Field pH)
(23x)
5/5 Iron (3.2x)
5/5 Field pH (5.51 to 6.25)
2/5 Aluminum (1.2x)
5/5 Iron (3.2x) (AO)

September
CWQG-PAL

none

2/5 Field pH (5.92 to 5.94) 4/5 Field pH (6.06 to 6.36)
5/5 Aluminum (Field pH)
5/5 Aluminum (Field pH)
(9.6x)
(25x)
2/5 Iron (3.9x)
5/5 Iron (2.2x)

CDWQG

none

5/5 Field pH (5.92 to 5.94)
2/5 Aluminum (1.4x)

4/5 Field pH (6.06 to 6.36)
2/5 Aluminum (25x)
5/5 Iron (2.2x) (AO)

2/5 Field pH (5.46 to 6.4)
5/5 Aluminum (Field pH)
(36x)
5/5 Copper (1.3x)
5/5 Iron (3.2x)
5/5 Field pH (5.46 to 6.73)
5/5 Aluminum (36x)
5/5 Iron (3.2x) (AO)

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
water quality guideline in brackets, except for pH, DO, and temperature where the measured values are presented. Lab pH applied
in April 2015 and 2016 as field pH was invalidated.
AO = aesthetic objective; CDWQG = Canadian Drinking Water Quality Guidelines; CWQG-PAL = Canadian water quality guideline
for the protection of aquatic life; DO = dissolved oxygen.
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Within-lake Spatial Patterns

Within-lake spatial patterns in Lake D2/D3 were assessed in 2018 but not in the years prior to 2018
(De Beers 2016c, 2017a, 2018c, 2019c). The 2018 spatial assessment noted that the difference in water
depth and relative proportion of flooded tundra between the two basins resulted in differences in water
quality between individual D2/D3 stations. The greatest extent of tundra inundation occurred around
Basin D2, which resulted in this shallower basin being disproportionally affected by the formation of
Lake D2/D3 compared to Basin D3.
Within-lake spatial patterns for select parameters were evaluated. Parameters were selected as: 1) those
with lake-wide mean/median concentrations that were higher than guidelines (i.e., aluminum, copper, iron,
and zinc), 2) potential toxicity modifying factors (i.e., pH, DO, TOC), 3) total phosphorus, and 4) methyl
mercury. These parameters are shown in Figure 7.2-27 on a station basis for the 2018 ice-cover and openwater sampling events. Stations D2/D3-L1 through D2/D3-L3 are located in the deeper Basin D3, whereas,
stations D2/D3-L4 and D2/D3-L5 are located in the shallower Basin D2. Upon reaching full supply level, the
spill-over from Lake D2/D3 to the tundra and then ultimately Lake N14 would originate from Basin D3. The
effects of a high proportion of flooded tundra is reflected in Basin D2 water quality data, where anoxia was
more prevalent, and the magnitude of guideline exceedances was higher for several parameters. In
summary:
•

Ice-cover TOC concentrations were higher in Basin D2 compared to Basin D3 but the most notable
difference between the two basins related to ice-cover DO concentrations. Low DO concentrations were
measured in the water column in Basin D3 but anoxic conditions were present in Basin D2
(DO <1 mg/L; Figure 7.2-27). Both basins were well oxygenated during the open-water season.

•

Water samples taken at Basin D2 stations were elevated in TP relative to Basin D3 stations during
ice-cover conditions, with Basin D3 concentrations within the range of open-water concentrations
(Figure 7.2-27). The same spatial pattern in TP concentrations was not observed during open-water;
however, the absence of a spatial trend between the two basins and consistently lower concentrations
in July suggests that seasonal variation is an important aspect of nutrient enrichment in Basin D2.

•

Concentrations of aluminum and methyl mercury followed a similar pattern to TP, with higher ice-cover
concentrations in Basin D2 compared to Basin D3 where concentrations were within the open-water
range. This was not the case for copper where ice-cover concentrations were consistently elevated
above the open-water range across the two basins. For iron and zinc, ice-cover concentrations were
elevated above the open-water range in both basins, but to a greater extent in Basin D2. Increased
biological activity due to elevated concentrations of phosphorus were likely responsible for the increase
in methyl mercury concentrations.

De Beers Canada Inc.

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Water Quality
Figure 7.2-27

7-52

December 2019
Section 7

Scatter Plots for Selected Parameters with Spatial Patterns Observed in Lake D2/D3, 2018

mg-N/L = milligrams of nitrogen per litre; µg/L = micrograms per litre.
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Statistical Analysis

Post-dyke water quality ice-cover and open-water seasons were compared statistically to water quality data
collected from Lakes D2 and D3 in 2015 prior to dyke construction and the development of the new
Lake D2/D3 waterbody (Table 7.2-21). Results for available baseline data for Lakes D2 and D3 before 2015
were considered qualitatively as context for interpreting the results of the statistical analysis. Consideration
was also given to the within-lake spatial patterns for this newly formed lake, in that variation has been
shown for some parameters between Basin D2 and Basin D3 as discussed in Section 7.2.4.3, including
some metals and toxicity modifying factors, such as pH and hardness.
During the initial formation of Lake D2/D3 from 2016 to 2018 where lake levels were raised to close to full
supply level, a number of water quality parameter concentrations increased at the whole-lake level by
varying degrees, as shown for several key parameters in Figures 7.2-28 to 7.2-33. The number of
parameters where significant increases were detected has increased substantially since 2015 just after the
dyke was constructed, with the highest number of parameters with significant increases occurring in 2018
immediately prior to the lake reaching its fully raised supply level; however, a substantial number of
parameters were significantly higher in concentration during all three post-dyke years compared to pre-dyke
years. Therefore, as predicted by the EIS, the amalgamation of Lakes D2 and D3 to form one raised lake
has significantly affected open-water quality early in the development of Lake D2/D3 (Table 7.2-21). The
same was true for the ice-cover season though the effect wasn’t detected until 2017 because water levels
started to rise after the 2016 ice-cover season.
Table 7.2-21

Lake D2/D3 Statistical Analysis Comparing Water Quality Variables Post-dyke
Construction (2016-2018) to Pre-dyke Construction (2015)

Lake D2/D3

Under-ice - Increase

Post-dyke (2 Lakes)
2015(a)

-

2016

-

De Beers Canada Inc.

Pre-dyke (1 Lake)
2017

pH (18%)
potassium (82%)
phosphorus (2.6x)
aluminum (5.7x)
antimony (104%)
arsenic (91%)
beryllium (3.0x)
boron (17%)
chromium (3.8x)
copper (1.4x)
mercury (3.3x)
methyl mercury (3.6x)
molybdenum (4.1x)
nickel (1.7x)
thallium (1.4x)
uranium (3.4x)
vanadium (2.6x)
zinc (1.7x)

2018
pH (9%)
SPC (38%)
chloride (45%)
fluoride (47%)
potassium (2.9x)
phosphorus (6.0x)
nitrate (7.6x)
aluminum (8.3x)
arsenic (2.3x)
barium (84%)
beryllium (4.7x)
boron (4%)
cadmium (1.3x)
chromium (6.5x)
cobalt (2.3x)
copper (7%)
iron (3.0x)
lead (1.6x)
manganese (2.0x)
mercury (4.3x)
methyl mercury (13x)
molybdenum (6.8x)
nickel (4.3x)
selenium (11%)
thallium (5.1x)
uranium (5.9x)
vanadium (6.7x)
zinc (2.7x)
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Lake D2/D3 Statistical Analysis Comparing Water Quality Variables Post-dyke
Construction (2016-2018) to Pre-dyke Construction (2015)

Lake D2/D3
Under-ice - Decrease

Post-dyke (2 Lakes)
2015(a)

2016

-

-

Open-water - Increase

TDS (1.2x)
fluoride (40%)
mercury (4.6x)

SPC (50%)
TDS (4%)
potassium (70%)
phosphorus (42%)
aluminum (1.6x)
arsenic (38%)
barium (67%)
beryllium (1.6x)
chromium (69%)
cobalt (1.2x)
copper (13%)
iron (1.6x)
lead (77%)
manganese (2.6x)
mercury (2.3x)
methyl mercury (2.5x)
molybdenum (44%)
nickel (81%)
thallium (96%)
uranium (63%)
zinc (1.4x)

Open-water - Decrease

ammonia (-44%)
chloride (-56%)
sulphate (-12%)
aluminum (-63%)
antimony (-49%)
beryllium (-56%)
iron (-55%)
lead (-53%)
uranium (-62%)
vanadium (-41%)
zinc (-29%)

pH (-11%)
chloride (-14%)
fluoride (-8%)
sulphate (-21%)

Pre-dyke (1 Lake)
2017
SPC (-28%)
TDS (-33%)

2018
sulphate (-57%)

SPC (29%)
TDS (35%)
chloride (24%)
ammonia (3.7x)
phosphorus (92%)
aluminum (3.2x)
arsenic (5%)
barium (1.7x)
beryllium (19%)
cadmium (69%)
chromium (11%)
cobalt (1.8x)
copper (20%)
iron (4.2x)
lead (2.6x)
manganese (3.3x)
mercury (17%)
methyl mercury (6.9x)
molybdenum (95%)
nickel (2.8x)
thallium (19%)
uranium (2.3x)
vanadium (2.3x)
zinc (10%)

SPC (48%)
TDS (2%)
chloride (46%)
fluoride (12%)
potassium (3.4x)
nitrate (45%)
ammonia (5.3x)
phosphorus (2.4x)
aluminum (4.0x)
arsenic (7%)
barium (1.4x)
beryllium (21%)
cadmium (9%)
chromium (14%)
cobalt (14%)
copper (66%)
iron (6.3x)
lead (4.3x)
manganese (5.6x)
mercury (26%)
methyl mercury (19x)
molybdenum (1.9x)
nickel (12%)
thallium (20%)
uranium (3.6x)
vanadium (3.1x)
zinc (10%)

pH (-11%)
sulphate (-4%)

pH (-11%)
sulphate (-36%)

Note: The magnitude of the effect in brackets was calculated as the average percent change in the station differences. Percent
differences below 110% are presented as a percentage, while differences above 110% are presented as magnitudes.
a) Compared to baseline dataset.
SPC = specific conductivity; TDS = total dissolved solids; - = no data available.
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Field Specific Conductivity Levels in Lake D2/D3, 2010 to 2018
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Note: Non-detected values were substituted with a value of half the detection limit. Box plots were used to present seasonal
datasets with sample sizes greater than 8, otherwise individual points were plotted.
DL = detection limit; µS/cm = microSiemens per centimetre.

Figure 7.2-29

Field pH Concentrations in Lake D2/D3, 2010 to 2018
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Note: Non-detected values were substituted with a value of half the detection limit. Box plots were used to present seasonal
datasets with sample sizes greater than 8, otherwise individual points were plotted.
DL = detection limit.
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Total Aluminium Concentrations in Lake D2/D3, 2010 to 2018

350




Total Aluminum (µg/L)

300
250
200
150
100
50
0

2010

2011

2012

2013

Year

2015

2016

2017

2018

Note: Non-detected values were substituted with a value of half the detection limit. Box plots were used to present seasonal
datasets with sample sizes greater than 8, otherwise individual points were plotted.
DL = detection limit; µg/L = micrograms per litre.

Figure 7.2-31

Total Copper Concentrations in Lake D2/D3, 2010 to 2018
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Note: Non-detected values were substituted with a value of half the detection limit. Box plots were used to present seasonal
datasets with sample sizes greater than 8, otherwise individual points were plotted.
DL = detection limit; µg/L= micrograms per litre.
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Total Iron Concentrations in Lake D2/D3, 2010 to 2018
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Note: Non-detected values were substituted with a value of half the detection limit. Box plots were used to present seasonal
datasets with sample sizes greater than 8, otherwise individual points were plotted.
DL = detection limit; µg/L= micrograms per litre.

Figure 7.2-33

Total Zinc Concentrations in Lake D2/D3, 2010 to 2018
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Note: Non-detected values were substituted with a value of half the detection limit. Box plots were used to present seasonal
datasets with sample sizes greater than 8, otherwise individual points were plotted.
DL = detection limit; µg/L= micrograms per litre.
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Downstream Lakes: Lake L2 and M4

Lake L2 is a small, shallow, lake located downstream of Area 8 and upstream of Lakes M4 and 410 that
are larger in surface area and deeper than Lake L2. Lake M4 that is similar in size to Area 8 is located
between Lake L2 and Lake 410, to the west of East Lake. In downstream Lakes L2 and M4, water quality
was monitored twice a year between 2015 and 2018; once during the ice-cover (April) and once during
open-water (August) seasons. These water quality data collected twice annually over the four years in both
lakes were compared to the applicable the CWQG-PAL and CDWQGs. Interpretation of these results
concluded that no Mine-related effects were observed in either downstream lake (De Beers 2016c, 2017a,
2018c, 2019c). A summary of the main findings from the AEMP assessments of these downstream lakes
is provided below, first for Lake L2 and then for Lake M4.

7.2.5.1

Field Water Column Profiles in Lake L2

In situ field parameter measurements were collected at each Lake L2 station throughout the lake depth
profile, typically at 1 m intervals from the surface to within 0.5 m of the lake bottom. Field profile data
collected for the AEMP between 2015 and 2018, were summarized by waterbody for each representative
month monitored within the two seasons; i.e., ice-cover (October to May, represented by April) and openwater (June to September represented by August; Table 7.2-22).
Field profile ranges were reasonably consistent for Lake L2 across seasons and years between 2015 and
2018 (Table 7.2-22; De Beers 2016c, 2017a, 2018c, 2019c). Vertical profiles shown in the annual reports
suggested full lake mixing during both ice-covered and open-water seasons in this shallow lake. Lake L2 is
downstream of the Area 8 lake and so has similar water quality. In summary:
•

Lake L2 was generally well oxygenated during the open-water season and DO ranged from 8.3 to
10.6 mg/L. In contrast, ice-cover DO values ranged from 0.7 to 10.0 mg/L and DO profiles indicated an
reducing gradient at all stations. These lower DO levels during winter are typical of shallow lakes in
northern Canada where sediment oxygen demand often accounts for the reduction in DO levels in the
overlying water column.

•

Water temperature ranged between 14°C and 18°C during the open-water season and 0°C to 4°C
under-ice in April. Temperature profiles suggested that Lake L2 had a slight thermal gradient during the
ice-covered period, with a >2°C decrease in temperature from surface temperatures (De Beers 2016c,
2017a, 2018c, and 2019c).

•

Although Lake L2 was similar in water quality to Area 8, this small, shallow lake was characterized by
higher specific conductivity measurements during ice-cover conditions (Table 7.2-22), consistent with
cryo-concentration effects also observed in isolated shallow lakes within the LSA (De Beers 2014a).

•

Between 2015 and 2018, open-water pH measurements ranged from 6.0 to 7.3 (Table 7.2-22) and
measurements were consistent through the water column indicating well-mixed conditions (De Beers
2016c, 2017a, 2018c, 2019c). For the same time period, ice-cover pH ranged from 5.8 to 7.7 which
was reasonably similar to the pH range of 5.2 to 6.9 reported by Golder (2014a) for ice-cover in the L
and M lakes under baseline conditions (2000 to 2012).
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Lake L2 Field Profiles during Construction and Operations, 2015 to 2018
Construction

Lake L2
Under-ice (April)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (August)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)

Operations

2015

2016

2017

2018

3.2 to 10.1
2.0 to 3.9
52.0 to 61.0

1.0 to 8.0
0.2 to 3.1
45.0 to 105.0

6.3 to 7.7
0.7 to 10.0
0.7 to 3.4
38.0 to 150.0

5.8 to 6.4
1.3 to 7.5
0.8 to 3.8
61.0 to 113.0

6.8 to 7.0
8.3 to 8.8
16.9 to 17.2
13.9 to 14.1

6.4 to 7.3
8.5 to 8.9
14.1 to 14.3
19.6 to 22.3

6.5 to 6.8
9.2 to 10.6
15.1 to 18.2
16.0 to 17.0

6.0 to 6.9
9.3 to 9.6
15.0 to 16.0
24.0 to 26.0

- = field pH data invalidated; µS/cm = microSiemens per centimetre.

7.2.5.2

Comparison of Lake L2 to Guidelines

From 2015 to 2018, parameter concentrations measured during the open-water season were below
applicable guidelines for the protection of aquatic life (Table 7.2-23). The exceptions were pH which was
below the lower bound of the pH guideline range (pH = 6.5), and aluminum concentrations measured above
the pH-dependent CWQG-PAL guideline of 5 μg/L applicable at pH values below 6.5 (Table 7.2-25). During
ice-cover conditions, CWQG-PAL were also met in Lake L2 apart from some DO and pH values and
instances where some total metals concentrations were above the applicable CWQG-PAL (i.e., aluminum,
iron, lead, manganese). These few guideline exceedances identified between 2015 and 2018 were not
attributed to the Mine as they were also observed in 2015, prior to Mine-related activities, and are similar
to those observed in baseline conditions (Golder 2014a,b). It is not uncommon for small northern lakes that
incur low DO conditions during the ice-cover period to have total concentrations of some metals (e.g., iron
and manganese) above CWQG-PAL due to increased solubility as a result of lower DO levels in the water
column.
With respect to drinking water guidelines, parameter concentrations from 2015 to 2018 remained below
health-related CDWQGs (Table 7.2-23), though Health Canada recommends all surface water be treated
prior to drinking. With respect to aesthetic objectives, pH values were occasionally below the lower bound
of the objective, water temperatures in August 2018 were above the objective, and there was the occasional
exceedance of iron and manganese objectives during ice-cover conditions.
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Lake L2 Guideline Exceedances during Construction and Operations, 2015 to 2018
Construction

Lake L2

2015

Operations
2016

2017

2018

CWQG-PAL

1/5 Lab pH (6.47)
3/5 DO (4.4 to 6.3)
1/5 Aluminum (Lab pH)
(2.2x)
4/5 Iron (1.4x)
1/5 Lead (1.4x)

5/5 DO (0.73 to 6.97)
5/5 Iron (16x)

1/3 Field pH (6.44)
3/5 DO (0.65 to 4.12)
1/5 Aluminum (Field pH)
(8.5x)
4/5 Iron (2.6x)

5/5 Field pH (5.84 to 6.18)
2/5 DO (3.89 to 4.71)
5/5 Aluminum (Field pH)
(1.7x)
4/5 Iron (1.9x)

CDWQG

1/5 Lab pH (6.47)

none

April

2/3 Field pH (6.44 to 6.93)
5/5 Field pH (5.84 to 6.18)
4/5 Iron (2.6x) (AO)
4/5 Iron (1.9x) (AO)
2/5 Manganese (2.1x) (AO)

August
CWQG-PAL

none

CDWQG

none

1/5 Field pH (6.08)
1/5 Aluminum (Field pH)
(3.6x)
5/5 Field pH (6.08 to 6.85)
5/5 Field pH (6.39 to 6.87) 5/5 Field pH (6.54 to 6.78)
5/5 Temperature
(15.6 to 15.9) (AO)
1/5 Field pH (6.39)
1/5 Aluminum (Field pH)
(4.8x)

none

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
water quality guideline in brackets, except for pH, DO, and temperature where the measured values are presented. Lab pH applied
in April 2015 and 2016 as field pH was invalidated.
AO = aesthetic objective; CDWQG = Canadian Drinking Water Quality Guidelines; CWQG-PAL = Canadian water quality guideline
for the protection of aquatic life; DO = dissolved oxygen.

7.2.5.3

Field Water Column Profiles in Lake M4

In situ field parameter measurements were collected at each Lake M4 station throughout the lake depth
profile, typically at 1 m intervals from the surface to within 0.5 m of the lake bottom. Field profile data
collected for the AEMP between 2015 and 2018, were summarized by waterbody for each representative
month monitored within the two seasons; i.e., ice-cover (October to May, represented by April) and openwater (June to September represented by August) (Table 7.2-24).
•

DO profiles typically fluctuated within less than 2 mg/L throughout the water column, suggesting wellmixed conditions in this lake. During the open-water season, the lake was generally well oxygenated
(6.6 to 10.3 mg/L) but under ice-cover DO spanned a wider range from 0.3 to 18.6 mg/L and DO profiles
indicated an obvious reducing gradient at all stations.

•

Water temperature ranged between 13°C and 18°C during the open-water season and 0°C to 4.5°C in
under-ice conditions. The temperature profiles suggest that Lake M4 had a thermal gradient during the
ice-covered period with a >2°C decrease in temperature from surface temperatures; De Beers 2016c,
2017a, 2018c, and 2019c).

•

Lake M4 is downstream of Lake L2 and so these lakes had broadly similar water quality between 2015
and 2018, except for specific conductivity under ice-cover, which was lower in Lake M4 compared to
Lake L2 (Table 7.2-24). Lake M4 is a comparatively larger, and deeper lake and so is less susceptible
to cryo-concentration effects during winter that can raise specific conductivity values, as likely the case
for Lake L2. In Lake M4, specific conductivity remained relatively stable between 2015 and 2018,
ranging from 18 to 34 µS/cm in ice-cover and 14.6 to 19 µS/cm in open-water conditions.
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Between 2015 and 2018, open-water pH measurements ranged from 6.1 to 7.5 and in 2017 and 2018
ice-cover pH ranged from 6.1 to 6.9 (Table 7.2-24).

Table 7.2-24

Lake M4 Field Water Quality Measurements during Construction and Operations,
2015 to 2018
Construction

Lake M4
Under-ice (April)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)
Open-water (August)
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)

Operations

2015

2016

2017

2018

1.1 to 16.8
0.8 to 3.8
18.0 to 26.0

0.3 to 18.6
0.0 to 4.3
18.0 to 34.0

6.3 to 6.5
7.8 to 15.8
0.2 to 2.6
20.0 to 27.0

6.1 to 6.9
2.3 to 17.1
0.5 to 4.4
22.0 to 30.0

6.4 to 7.2
6.6 to 9.3
13.4 to 17.7
14.6 to 15.2

6.1 to 7.3
7.5 to 9.1
15.0 to 16.1
17.5 to 17.9

6.1 to 6.7
8.2 to 10.3
13.2 to 17.2
16 to 17

6.5 to 7.5
9.2 to 9.9
14.0 to 15.0
17.0 to 19.0

- = field pH data invalidated; µS/cm = microSiemens per centimetre.

7.2.5.4

Comparison of Lake M4 to Guidelines

From 2015 to 2018, parameter concentrations measured during the open-water season were below
applicable guidelines for the protection of aquatic life. Exceptions were pH, which was below the lower
bound of the pH guideline range (pH = 6.5), and aluminum concentrations measured above the pHdependent CWQG-PAL guideline of 5 μg/L (applicable at pH values below 6.5; Table 7.2-25). During icecover conditions CWQG-PAL were met for most parameters, except for DO, pH, and lead. These few
guideline exceedances were not attributed to the Mine, because similar magnitude of exceedance for these
parameters were documented during the baseline period in lakes within the LSA (Golder 2014a,b).
With respect to drinking water guidelines, parameter concentrations from 2015 to 2018 remained below
health-related CDWQGs (Table 7.2-25), though Health Canada recommends all surface water be treated
prior to drinking. Parameter concentrations were also below aesthetic objectives, with the exception of some
pH values that were below the lower bound of the objective and water temperatures in August 2018 that
were above the objective.
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Lake M4 Guideline Exceedances during Construction and Operations, 2015 to 2018
Construction

Lake M4

2015

Operations
2016

2017

2018

CWQG-PAL

2/7 DO (1.6 to 9.4)
1/7 Lab pH (6.34)
1/7 Aluminum (Lab pH)
(1.2x)

1/5 DO (6.15)

5/5 Field pH (6.27 to 6.39)
5/5 Aluminum (Field pH)
(1.9x)
2/5 Lead (2.9x)

1/5 Field pH (6.19)

CDWQG

7/7 Lab pH (6.34 to 6.81)

none

5/5 Field pH (6.27-6.39)

5/5 Field pH (6.19 to
6.87)

April

August
CWQG-PAL

CDWQG

none

1/5 Field pH (6.8)

2/5 Field pH (6.41 to 6.46) 3/5 Field pH (6.32 to 6.49)
2/5 Aluminum (Field pH)
3/5 Aluminum (Field pH)
(3.3x)
(2.0x)

2/5 Field pH (6.66 to
6.71)

5/5 Field pH (6.41 to 6.62) 5/5 Field pH (6.32 to 6.49)

2/5 Field pH (6.66 to
6.71)
3/5 Temperature
(15.0 to 15.2) (AO)

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
water quality guideline in brackets, except for pH, DO, and temperature where the measured values are presented. Lab pH applied
in April 2015 and 2016 as field pH was invalidated.
CDWQG = Canadian Drinking Water Quality Guidelines; CWQG-PAL = Canadian water quality guideline for the protection of
aquatic life ; DO = dissolved oxygen.

7.2.6

Downstream Streams K5 and L2

Water quality in two downstream streams, Stream K5 and L2, was monitored once a year between 2015
and 2018 in August to support lower trophic components. Both streams are short lake connectors located
within the downstream flow path from Area 8, with Stream K5 located at the outlet of Area 8 and Stream L2
located at the outlet of Lake L2. Stream water quality data collected twice annually over the four years were
compared to the applicable CWQG-PAL and CDWQGs. Interpretation of these results concluded that no
Mine-related effects were observed in either stream and water quality reflected that already described for
their upstream lake sources Area 8 and Lake L2 (De Beers 2016c, 2017a, 2018c, 2019c). A summary of
the main findings from the AEMP stream assessments is provided below, first for Stream K5 and then for
Stream L2.

7.2.6.1

Field Water Quality Measurements in Stream K5

In situ field parameter measurements were collected at each stream station in August (Table 7.2-26).
Stream K5 was well oxygenated with DO values that ranged from 8.6 to 9.7 mg/L for the period 2015 to
2018. Water temperature was also relatively consistent between the August sampling events and varied
between 13.1°C and 17.7°C. Specific conductivity ranged between 13.9 to 22 µS/cm and was variable
within that range. Stream pH ranged from 6.1 to 7.1 from the four August sampling events between 2015
and 2018, with pH values measured in 2018 at the upper end of that range.
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Open-water Stream K5 Field Profiles during Construction and Operations, 2015 to
2018
Construction

Stream K5
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)

Operations

2015

2016

2017

2018

6.1(a)
8.6 to 8.9
17.6(a)
13.9(a)

6.5 to 6.7
7.2 to 9.5
13.1 to 13.2
19.3 to 19.6

6.3 to 6.5
9.3 to 9.4
17.6 to 17.7
16.0(a)

6.7 to 7.1
9.6 to 9.7
17.0(a)
22.0(a)

a) measurements were consistent between stations.
- = no data available; µS/cm = microSiemens per centimetre.

7.2.6.2

Comparison of Stream K5 to Guidelines

Water quality data were within CWQG-PAL in August 2016 and 2018. This was also true for August 2015
and 2017, with the exception of some pH values measured below the lower bound of the CWQG-PAL range
(pH = 6.5), and aluminium concentrations measured above the pH-dependent CWQG-PAL guideline of
5 μg/L applicable at pH values below 6.5 (Table 7.2-27). The occurrence of pH values below 6.5 and
associated exceedances of the aluminium CWQG-PAL was not attributed to the Mine because periodic
exceedances of the aluminum CWQG-PAL of 5 μg/L had also been observed under baseline conditions for
streams downstream of Area 8 (Golder 2014a,b).
In the four annual August sampling events from 2015 to 2018, water quality parameters reported for Stream
K5 were below applicable CDWQGs and aesthetic objectives (Table 7.2-27). The only exceptions were
some pH values below the lower bound of the aesthetic objective and water temperatures in August 2018
above the aesthetic objective.
Table 7.2-27

Stream K5 Guideline Exceedances during Construction and Operations, 2015 to
2018
Construction

Stream K5
CWQG-PAL
CDWQG

2015
1/1 Field pH (6.1)
1/2 Aluminum (Field pH) (2.2x)
1/1 Field pH (6.1)
2/2 Lab pH (6.72 to 6.81)

Operations
2016

2017

2018

none

1/2 Field pH (6.26)
1/2 Aluminum (Field pH) (1.6x)

none

none

2/2 Field pH (6.26 to 6.53)

1/2 Field pH (6.71)
2/2 Temperature (16.7) (AO)

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
water quality guideline in brackets, except for pH where the measured values are presented.
. Lab pH was applied in 2015 as field pH was invalidated for some stations.
CDWQG = Canadian Drinking Water Quality Guidelines; CWQG-PAL = Canadian water quality guideline for the protection of
aquatic life.

7.2.6.3

Field Water Quality Measurements in Stream L2

In situ field parameter measurements were collected at each AEMP station annually in August from 2015
to 2018 (Table 7.2-28). Stream L2 is an outlet to Lake L2 and a short lake connector and so stream water
quality was similar to that measured in Lake L2.
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Stream L2 was well oxygenated with DO values that ranged from 8.7 to 10.7 mg/L for the period 2015 to
2018. Water temperature was also relatively consistent between the August sampling events and varied
between 13°C and 17.5°C. Similar to Lake L2 and Area 8, a slight increase in the specific conductivity was
observed in 2018 compared to previous years increasing from approximately 17 to 21 µS/cm. Stream pH
ranged from 6.2 to 7.5 from the four August sampling events between 2015 and 2018, with pH values
measured during operations at the lower end of that range.
Table 7.2-28

Open-water Stream L2 Field Water Quality Measurements during Construction and
Operations, 2015 to 2018
Construction

Stream L2
pH
Dissolved Oxygen (mg/L)
Temperature (°C)
Specific Conductivity (µS/cm)

Operations

2015

2016

2017

2018

6.9 to 7.5
8.7 to 9.4
16.9 to 17.0
16.6(a)

6.5 to 6.6
9.9 to 10.7
13.1 to 13.6
16.8 to 16.9

6.2 to 6.3
9.0 to 9.2
17.4(a)
17.0(a)

6.4(a)
9.7(a)
16.0(a)
21.0(a)

a) measurements were consistent between stations.
- = no data available; µS/cm = microSiemens per centimetre.

7.2.6.4

Comparison of Stream L2 to Guidelines

Water quality data were below CWQG-PAL during construction and operations. Exceptions were pH values
measured below the lower bound of the CWQG-PAL range (pH = 6.5) in August 2017 and 2018, and
aluminium concentrations in August 2017 that were above the pH-dependent CWQG-PAL guideline of
5 μg/L applicable at pH values below 6.5 (Table 7.2-29). The occurrence of pH values below 6.5 and
associated exceedances of the aluminium CWQG-PAL was not attributed to the Mine because periodic
exceedance of the aluminum CWQG-PAL of 5 μg/L had also been observed under baseline conditions for
streams downstream of Area 8 (Golder 2014a,b).
In the four annual August sampling events from 2015 to 2018, water quality parameters reported for Stream
L2 were below applicable CDWQGs and aesthetic objectives (Table 7.2-29). The only exceptions were
some pH values below the lower bound of the aesthetic objective and water temperatures in August 2018
that were above the aesthetic objective.
Table 7.2-29

Stream L2 Guideline Exceedances during Construction and Operations, 2015 to
2018
Construction

Stream L2

2015

Operations
2016

2017

2018
1/1 Field pH (6.44)
2/2 Lab pH (6.89 to 6.92)
1/1 Field pH (6.44)
2/2 Lab pH (6.89 to 6.92)
2/2 Temperature (15.7) (AO)

CWQG-PAL

none

none

3/3 Field pH (6.19 to 6.29)
3/3 Aluminum (Field pH) (2.2x)

CDWQG

none

none

3/3 Field pH (6.19-6.29)

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
water quality guideline in brackets, except for pH where the measured values are presented. Lab pH was applied in 2018 as field pH
was invalidated for some stations.
CDWQG = Canadian Drinking Water Quality Guidelines; CWQG-PAL = Canadian water quality guideline for the protection of
aquatic life; AO = aesthetic objective.
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Sampling Design Re-evaluation

This section addresses past AEMP report recommendations, Information Request (IR) commitments made
by De Beers, and Board Directives, by each technical issue related to the sampling design that was
identified for re-evaluation. These technical issues include:
•

re-evaluation of the water quality analytical suite at AEMP stations (Section 7.3.1);

•

re-evaluation of the sampling effort in the downstream lakes (Section 7.3.3); and

•

re-evaluation of the location and timing of the water quality AEMP stream sampling (Section 7.3.2).

7.3.1

AEMP Analytical Suite

The following adjustments to the AEMP analytical suite for nutrients, DOC, and dissolved metals are
recommended for the updated AEMP Design Plan.
Nutrients are currently analyzed in discrete samples for the water quality component as well as in depthintegrated samples in the plankton component in Area 8, Lake N11, East Lake, Lake 3 and Lake D2/D3.
This is unnecessary duplication in effort for sampling, laboratory analysis, and data interpretation. Moving
forward, duplication of sampling will be reduced, so that either discrete or depth-integrated samples are
collected in these lakes (Table 7.3-1). The water quality component will report all nutrient sampling results,
but will focus on the interpretation of toxicologically relevant parameters (i.e., ammonia, nitrate, nitrite) with
respect to the Toxicological Impairment Hypothesis. More detailed interpretation to assessing nutrient
enrichment (i.e., total phosphorus, dissolved phosphorus, soluble reactive phosphorus, soluble reactive
silica and total nitrogen) with respect to the Nutrient Enrichment Hypothesis will occur in the plankton
component where the results can be interpreted along side with the plankton and chlorophyll a results. For
the Nutrient Enrichment Hypothesis, the detailed interpretation in the plankton component will include
normal range comparisons, statistical analysis and an Action Level assessment.
Table 7.3-1

Current and Proposed Sample Type for Nutrients in Area 8, Lake N11, East Lake,
Lake 3, and Lake D2/D3 during the Open-Water Season

Parameter

Current Sample Type

Proposed Sample Type

Discrete samples

Discrete sample

-

Discrete sample

Ammonia, Total (as N)

Discrete and DIN samples

Discrete sample

Nitrate (as N)

Discrete and DIN samples

Discrete sample

Nitrite (as N)

Discrete and DIN samples

Discrete sample

Total Kjeldahl Nitrogen
Total Nitrogen

Discrete and DIN samples
Discrete and DIN samples

DIN sample

Orthophosphate-Dissolved (as P)

Discrete and DIN samples

DIN sample

Phosphorus (P)-Total Dissolved

Discrete and DIN samples

DIN sample

Phosphorus (P)-Total

Discrete and DIN samples

DIN sample

Phosphorus (P)-Total Organic

Discrete and DIN samples

-

Phosphorus (P)-Dissolved Organic

Discrete and DIN samples

-

Phosphorus (P)-Total Inorganic

Discrete and DIN samples

-

Phosphorus (P)-Dissolved Inorganic

Discrete and DIN samples

-

Soluble Reactive Silica

Discrete and DIN samples

DIN sample

Total Organic Carbon
Dissolved Organic Carbon

- = no sample; DIN =depth-integrated nutrient sample.
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Review of the last four years of AEMP data collected by De Beers and the summary of Mine-related effects
presented in Section 7.2, suggests that the objectives of the AEMP are currently being met through
interpretation of a sub-set of the nitrogen and phosphorus parameters routinely analyzed and reported by
this program. Therefore, the ability to detect nutrient-related effects on water quality and aquatic life would
not be reduced by streamlining the phosphorus analytical suite to focus on total phosphorus, dissolved
phosphorus, and soluble reactive phosphorus (i.e., dissolved orthophosphate) as shown in Table 7.3-2.
De Beers recommends discontinuing the routine analysis of total and dissolved organic phosphorus, total
and dissolved inorganic phosphorus, and total Kjeldahl nitrogen in discrete samples (Table 7.3-2). These
analytical parameters could be included more specifically at a later date as part of response planning, where
the information they provide could be used to respond to a specific data gap, rather than as part of a large
routine monitoring program.
Table 7.3-2

Current and Proposed Analytical Suite for Nutrients

Parameter

Current Water Quality Suite(a)

Proposed Water Quality Suite(b)

Total Organic Carbon

X

X

Dissolved Organic Carbon

-

X

Ammonia, Total (as N)

X

X

Nitrate (as N)

X

X

Nitrite (as N)

X

X

Total Kjeldahl Nitrogen

X

-

Total Nitrogen

X

X

Orthophosphate-Dissolved (as P)

X

X

Phosphorus (P)-Total Dissolved

X

X

Phosphorus (P)-Total

X

X

Phosphorus (P)-Total Organic

X

-

Phosphorus (P)-Dissolved Organic

X

-

Phosphorus (P)-Total Inorganic

X

-

Phosphorus (P)-Dissolved Inorganic

X

-

Soluble Reactive Silica

X

X

a) See Table 9.2-1 in the currently approved AEMP Design Plan (De Beers 2016a) for a list of lakes and sampling events.
b) The list of lakes and sampling events are the same as currently sampled with the exception of proposed changes in sampling
locations for L and M lakes (see Section 7.3.2) and streams (see Section 7.3.3).
- = no sample; X = sample.

Based on review of the results of the 2018 AEMP (De Beers 2019c), De Beers recommends that the
analysis of dissolved organic carbon (DOC) be added to the AEMP monitoring program for all water
samples collected from the AEMP lakes and streams, as well as the analysis of dissolved metals in all water
samples collected from Lake D2/D3 (Table 7.3-3). The addition of DOC to the analytical suite is
recommended because DOC is a key exposure and toxicity modifying factor (ETMF) for a number of metals;
elevated organic carbon has been shown to reduce metal bioavailability and thus potential toxicity to aquatic
biota due to binding of metals by organic carbon (e.g., McGeer et al. 2002; Chapman et al. 2003; Gensemer
et al. 2018; Santore et al. 2018). Small lakes in the Kennady Lake watershed, particularly the D lakes had
elevated organic carbon levels in baseline conditions compared to larger lakes like Kennady Lake, and
were also more coloured (Golder 2014a,b). Furthermore, the recently issued CCME guideline for dissolved
zinc is dependent on sample pH, hardness, and DOC concentration. It is possible that in future CCME
guidelines that undergo revision, other metals will also be dependent on ETMFs that include DOC (e.g.,
aluminum). Currently, TOC is used as a surrogate for DOC in the AEMP to calculate the dissolved zinc
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guideline for comparison to the reported total zinc concentrations. If the total zinc concentration is above
the dissolved guideline then the archived dissolved metals sample is analyzed for that station and the
dissolved concentration compared to the dissolved guideline. To increase the accuracy of the guideline
comparison, DOC measurement should be available for all stations to be used in the calculation of the
dissolved zinc guideline.
The addition of dissolved metals for Lake D2/D3 is recommended given that a number of total metals in
Lake D2/D3 have progressively increased in concentration since the amalgamation of Lakes D2 and D3 to
form one raised lake (2016) to when the raised lake approached full supply level (2019). Some total metals,
such as aluminum, copper, and iron, are now consistently above total water quality guidelines (total zinc is
also above the dissolved guideline). Although dissolved metals are currently analyzed in response to a total
guideline exceedance, total metals in this lake have regularly triggered further analysis. It is therefore
appropriate at this time to analyze dissolved metals in the first round of analysis per sampling event
(Table 7.3-3). This would mean that data would be immediately available for both total and dissolved metals
to facilitate interpretation of observed total guideline exceedances with respect to the metal bioavailability
in this raised lake.
Table 7.3-3

Current and Proposed Analytical Suite for Dissolved Organic Carbon, Dissolved
Metals, and Dissolved Mercury

Parameter

Current Water Quality Suite

Dissolved Organic Carbon
Dissolved Metals and Mercury

Proposed Water Quality Suite

-

X

Hold

Hold (except Lake D2/D3)

- = no sample; X = sample.

7.3.2

Downstream Lakes

A spatial coverage of five stations per lake is currently allocated to each of the AEMP downstream lakes
located downstream of Area 8 (i.e., Lake L2 and Lake M4), with field water quality profiles taken throughout
the water column at a sixth station representative of the deepest point in each lake (De Beers 2016a). The
proposed optimization of the AEMP sampling design is intended to allocate the appropriate level of
sampling effort to the downstream lakes, in order to retain the ability to detect downstream effects on water
quality and meet AEMP objectives.
Review of the last four years of AEMP data collected by De Beers and the summary of Mine-related effects
presented in Section 7.2, suggests that the AEMP objectives would still be met if the sampling effort was
reduced. Specifically, a reduction in sampling effort is supported by the following observations:
•

The downstream lakes are not core lakes and so data collected do not need to support a BACI analysis,
which requires five sampling stations to be sampled per lake. Water quality data from these lakes are
also not compared to a normal range (De Beers 2016a).

•

Between-station variability has been low for water quality parameters measured in Lakes L2 and M4
during the past four years of data collection and the lakes appear to be well-mixed (Section 7.2.5;
De Beers 2016c, 2017a, 2018c, and 2019c).

•

Water quality data to support the water quality assessment downstream from Area 8 are also available
from Streams K5 and L2 located within the downstream flow path from Area 8.

•

Lower trophic levels and sediment quality are not currently monitored in these two downstream lakes
and so water quality sampling effort does not need to be spatially aligned with these components.
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De Beers proposes that one AEMP station be sampled in Lake M4 for water quality with field water quality
profiles taken throughout the water column, as shown on Map 7.3-1 and Table 7.3-4. The ability to detect
Mine-related effects on water quality and aquatic life would not be reduced by streamlining the sampling
effort in these lakes because the AEMP design involves screening of water quality data from Lake M4
against applicable water quality guidelines. The analytical parameter suite would continue to be same as
for the core lakes. Lake M4 would continue to be sampled twice per year; once during ice-cover and once
during the open-water season. The 2020 to 2022 AEMP data for this lake would thus continue to be
comparable to data collected between 2015 and 2019.
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Current and Proposed Sampling Locations in Lake L2 and Lake M4
Station

Current Stations

Proposed Stations

L2-L1

X
X

-

L2-L2
L2-L3

X

-

L2-L4

X

-

L2-L5

X

-

L2-L6

*

(a)

M4-L1

X

-

M4-L2

X

-

M4-L3

X

-

M4-L4

X

-

M4-L5

X

-

*

X*

M4-L6
- = no sample; X = sample; * = field profile.

a) Lake L2 will be sampled at both the inlet and the outlet such that sampling within the lake is redundant.

7.3.3

Stream Stations

Water quality samples and benthic invertebrate community samples are currently collected at different
stations in streams located downstream of Area 8, with five streams sampled for benthic invertebrate
communities and two streams sampled for water quality. De Beers proposes that the sampling design be
optimized so that water quality and benthic invertebrate samples are collected concurrently at the same
stations on the five streams currently sampled for benthic invertebrates with one water quality station per
stream; that is, Area 8 outlet stream (Stream K5), L streams (L2 and L3) and M streams (M2 and M4) as
shown on Map 7.3-1 and Table 7.3-5. In total, five stream stations would be sampled annually in the revised
design equivalent to the five stations currently sampled under the AEMP Design Plan (De Beers 2016a).
With respect to timing of sampling, stream water quality samples are currently collected in August, but the
benthic invertebrate survey occurs between late-August to mid-September. Review of the water quality data
indicates that most water quality parameters in Area 8 and Lake 410 are not substantially different between
August and September (Sections 7.2.1 and 7.2.3). It is reasonable to assume that water quality in the
streams downstream of Area 8 also is not substantially different between August and September, and the
timing of stream water quality sampling could be moved to occur at the same time as the benthic sampling
program. Adjusting the timing and location of the water quality sampling to be co-located with benthic
invertebrate sampling would generate more relevant supporting environmental information for the benthic
invertebrate component and improve the spatial scale of stream water quality monitoring downstream of
Area 8.
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Current and Proposed Stream Sampling Locations
Current Stations
(August WQ)

Current Stations
(September Benthic)

Proposed Stations
(September WQ and Benthic)

X
X

X

X

SL2-S2
SL2-S3

X

-

-

K5-S1

X

X

X

Stream

Station

Stream L2

SL2-S1

Stream K5

December 2019

K5-S2

X

-

-

Stream L3

Stream L3

-

X

X

Stream M4

Stream M4

-

X

X

Stream M2

Stream M2

-

X

X

- = no sample; X = sample; WQ = water quality.

7.4

Data Analysis Re-evaluation

This section addresses past AEMP report recommendations, IR commitments made by De Beers, and
Board Directives, by each technical issue identified for re-evaluation with respect to AEMP data analysis.
These technical issues include:
•

re-evaluation of the water quality data from 2015 and 2016 as “Before” or “pre-impact” (Section 7.4.1),

•

re-evaluation of the BACI statistical design (Section 7.4.2),

•

re-evaluation of the method used for non-detect values (Section 7.4.3),

•

re-evaluation of the normal range calculation method and data included (Section 7.4.4 and 7.4.5),

•

supplemental analysis of water quality in Lake D2/D3 (Section 7.4.6), and

•

further evaluation of pH patterns and guideline exceedances at individual stations (Sections 7.4.7 and
7.4.8).

7.4.1

2015 and 2016 Data as Before Years

In the 2015, 2016, 2017, and 2018 AEMP annual reports (De Beers 2016c, 2017a, 2018c, 2019c), De Beers
consistently recommended the incorporation of the 2015 and 2016 data as “Before” or “pre-impact” years
in future AEMPs to increase the robustness of the normal range assessment and the BACI statistical
analysis for the water quality, sediment quality, plankton, and benthic invertebrate community components.
Following the MVLWB review, De Beers committed to evaluate whether the 2015 and 2016 core lake data
could be incorporated into the normal range calculation (response to ECCC-15 and ENR-23) and be
considered as before years in the BACI statistical analysis (in response to ECCC-39, ENR-23 and ENR-24)
in the Aquatic Effects Re-evaluation Report (Appendix 1A, Table 1A-4). In addition, De Beers agreed to
consider the input of plankton into Lake N11 from the dewatering of discharge from Kennady Lake through
further assessment of the pre-development (or baseline) plankton community. This second commitment is
addressed in the plankton component of this report (Section 9.4.1).
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To evaluate the suitability of adding the 2015 and/or 2016 data to the normal range calculation and to the
BACI before dataset, two lines of evidence are evaluated in the following two sections of Appendix 7B:
•

Section 7B.1.1: the potential for Mine activity which could affect the aquatic ecosystem in Area 8 and
Lake N11 in 2015 or 2016; and

•

Section 7B.1.2: the presence/absence of Mine-related effects based on AEMP monitoring results during
2015 and 2016.

Effects on receiving environments do not necessarily begin at the start of construction or operations, which
provides an opportunity to accumulate additional data to characterize background variation to arrive at
realistic normal ranges and increase the number of Before years included in the BACI analysis. The ability
to use data collected during construction in this manner should be based on evidence for the
presence/absence of Mine-related effects in the receiving environments. The evaluation of the 2015 and
2016 data is summarized in Appendix 7B; Section 7B.1.3.
Based on the results presented in Appendix 7B; Section 7B.1, a conservative approach is recommended
in the inclusion of construction years’ data (2015, 2016) in normal range calculations and future BACI
analyses as Before data. It is recommended from this re-evaluation that the 2015 and 2016 data be included
as “pre-impact” data for Lake N11; however, for Area 8, only the 2015 data will be included as a result of
effects observed in the zooplankton community in Area 8 in 2016.

7.4.2

Before-After Control Impact Statistical Design

As part of the re-evaluation and following Environment and Natural Resources (ENR) comments from the
review of the 2016 AEMP Annual Report (De Beers 2017a), an independent review of the statistical method
for the BACI analysis included in the AEMP was sought. This review was undertaken by Dr. Carl Schwarz,
an Accredited Professional Statistician (Dr. Schwarz’s Curriculum Vitae with relevant education,
employment, teaching, and publishing records is provided in Appendix 7B; Attachment 7B-1). The
recommended approach to the statistical analysis of data collected annually is detailed Appendix 7B;
Section 7B.2. This includes worked examples to provide a comparison between the previous analytical
approach detailed in the currently approved AEMP Design Plan and recent AEMP annual reporting and the
method recommended following re-evaluation. A standalone technical memorandum, with a short, bulletpoint version of the recommendations was provided by Dr. Schwarz (Appendix 7B; Attachment 7B-1).
Overall, while the re-evaluated analytical method is consistent with the previous method, it also incorporates
an improved visual data interpretation approach, and provides an opportunity to streamline both the BACI
analysis and the interpretation of results. The recommended approach is also less likely to result in a
statistically significant finding when at least one of the reference lakes has temporal trends similar to those
of the core lakes. Based on the re-evaluation and worked examples in Appendix 7B; Section 7B.2, the
revised method for the BACI analysis is considered appropriate for incorporation in the AEMP Design
update.

7.4.3

Dealing with Non-Detect Data

In analytical chemistry, the detection limit is the lowest concentration of a parameter that can be accurately
quantified. Values below the detection limit are only partially known, occurring between the detection limit
and zero. In the environmental literature, values occurring below the detection limit are referred to as either
non-detect or censored values. Managing datasets with non-detect values can be challenging, with
implications for calculating descriptive statistics and hypothesis testing. Numerous methods have been
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developed to manage these limitations, ranging in complexity from relatively simple substitution approaches
to more elaborate methods based on survival analysis and extrapolation (Helsel 2010). The suitability of
various approaches depends on sample sizes and detection frequency (i.e., the percent of values above
the detection limit) and there are currently no general procedures that are applicable in all cases (USEPA
2000).
The current approach for managing non-detect values was based on the substitution of values below the
detection limit with values one half of the detection limit.
As outlined in Section 7B.3, De Beers proposes revising the current approach for managing non-detect
values in the AEMP (De Beers 2019) to better align with guidance from the USEPA (2006). Based on this
guidance, the data management approach is to be informed by the degree of censoring in the dataset.

7.4.4

Normal Range Calculation Method

Normal ranges currently provide two functions in the AEMP Design Plan (De Beers 2016a), the baseline
normal range and regional normal range. The baseline normal range is used by the water quality, sediment
quality, plankton and benthic invertebrate components to compare exposure data collected from the core
lakes to lake-specific baseline data collected prior to operations to identify deviations from baseline
conditions. Regional normal ranges are currently used in the fish health and fish tissue components to
present data collected from the core lakes (i.e., Area 8 and Lake N11) in the context of regional variation in
measured endpoints.
Normal ranges were developed based on methods used for calculating prediction intervals outlined in
Barrett et al. (2015). Prediction intervals are a method of predictive inference used to estimate a range of
expected future observations based on a reference dataset. This method has been used in a variety of
forecasting applications, including manufacturing and city planning (Whitmore 1986) and has been more
recently applied to environmental monitoring to identify unusual observations suggestive of environmental
effects (Barrett et al. 2015). Prediction intervals differ from percentiles in that percentiles are used to define
a proportion of data in a sample (e.g., 50% of sample data falls below the 50th percentile), whereas
prediction intervals are used to predict a range of expected observations.
Use of the revised normal range calculation method presented in Section 7B.4 is recommended for the
water quality component in future AEMP annual reports. For most parameters, the revised method
produces slightly wider baseline normal ranges for water quality parameters than those previously used
and is anticipated to have a lower probability of type I errors while retaining enough sensitivity to provide
an early warning of change within the receiving environment. In addition to this, regional normal ranges
have also been calculated for water quality parameters using baseline and pre-impact data from the core
lakes, as well as data collected from the reference lakes throughout the AEMP (Appendix 7B;
Section 7B.4.4). The upper and lower bounds previously implemented, the revised baseline for each core
lake (Area 8, Lake N11, and Lake 410) and for each season (ice-cover and open-water), and regional
normal ranges for each season (ice-cover and open-water), are presented in Appendix 7C in the following
series of tables:
•

Area 8: Table 7C-1 (ice-cover) and Table 7C-2 (open-water);

•

Lake N11: Table 7C-3 (ice-cover) and Table 7C-4 (open-water);

•

Lake 410: Table 7C-5 (ice-cover) and Table 7C-6 (open-water); and

•

Regional Normal Range: Table 7C-7 (ice-cover) and Table 7C-8 (open-water).
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The data source summaries used in the above normal ranges are provided in Appendix 7D in the following
series of tables:
•

Table 7D-1 (ice-cover); and

•

Table 7D-2 (open-water).

7.4.5

Use of Downstream Lake and Reference Lakes in Normal
Range Calculations

This section addressed a recommendation made in recent AEMP annual reports to confirm whether 2015
to 2018 data from the downstream and reference lakes would be suitable for inclusion in a dataset to revise
normal ranges. Data included in the calculation of the current and revised baseline normal ranges are
specific to the individual lakes, while data included in the calculation of the regional normal range include
the following:
•

Core Lake (i.e., Area 8, Lake N11, and Lake 410) Baseline Normal Range Datasets

•

Reference Lake (i.e., Lake 3 and East Lake) Datasets (i.e., 2011 to 2018)

The lake-specific normal ranges recommended in Appendix 7C include 2015 and 2016 data as Before
years (Section 7.4.1). The data included in the calculation of these revised lake specific normal ranges are
as follows:
•

Area 8 Normal Range – Area 8 Baseline Normal Range Dataset and Area 8 2015 data

•

Lake 410 Normal Range – Lake 410 Baseline Normal Range Dataset and Lake 410 2015 data

•

Lake N11 Normal Range – Lake N11 Baseline Normal Range Dataset, Lake N11 2015 data, and Lake
N11 2016 data

•

Regional Normal Range – Reference Lake (i.e., Lake 3 and East Lake) Datasets (i.e., 2011 to 2018),
Core Lake (i.e., Area 8, Lake N11, and Lake 410) Baseline Normal Range Datasets, 2015 data (Area
8, Lake N11, and Lake 410), and 2016 data (Lake N11)

As per Section 7B.4.4, new regional normal ranges were implemented as a method of examining
environmental conditions in the core lakes within a regional context. The regional normal range will not use
data from the downstream lakes but will incorporate baseline and pre-impact data from the core lakes, as
well as data collected from reference lakes throughout the AEMP. These new regional normal ranges will
be similar to those already in use for the fish health and fish tissue components.
Area 8, Lake N11, and Lake 410 data comparisons to normal ranges were considered in evaluating whether
parameter concentrations in 2015 and 2016 were representative of baseline conditions, and therefore if
they could be used in the calculation of normal ranges (Section 7.4.1). Water quality changes documented
in Lake N11 and Area 8 since 2016 have rendered core lake data not suitable for inclusion in the dataset
for the revised normal ranges as Before years (Section 7.4.1). 2018 represented the third year of Mine
operations and at that time Lake N11 had received three years of limited periods of operational discharge
from the WMP and Area 8 had been subject to periodic seasonal flow mitigation pumping from Lake N11.
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The decision was made to also not include Lakes L2 and M4 in the regional normal range because a shift
in zooplankton community composition was observed in Area 8 (upstream of Lakes L2 and M4) in 2016.
Although the observed shift in zooplankton community composition was not directly attributed to Mine
influence on water quality, it is recommended to err on the side of caution and exclude the 2016 Area 8
data from normal range calculations for the AEMP.

7.4.6

Supplemental Analysis of Lake D2/D3 Water Quality

In response to a recommendation made in the 2018 AEMP Annual Report (De Beers 2019c) and
subsequent Board Directives issued following review of the report, this re-evaluation includes a
supplemental analysis of Lake D2/D3 water quality focussed on a statistical trend analysis and further
analysis of aquatic life guideline exceedances for four key trace metals.

7.4.6.1

Seasonal Kendall Trend Analysis

Following their review of the 2018 AEMP Annual Report (De Beers 2019c), the MVLWB issued the following
Directive for the Aquatic Effects Re-evaluation Report: “De Beers should compare the water quality
monitoring data with baseline conditions, and conduct Season Kendall test using data from 2010-2018 for
Lake D2/D3 as per the approved AEMP Design Plan.”
To meet this Directive, the water quality data for Lake D2/D3 were analyzed for trends using the seasonal
Kendall test. This test is a modification of Mann-Kendall test for data exhibiting seasonality (Hirsch et al.
1982). A summary of the available baseline and AEMP data for Lake D2/D3 is provided in Table 7.4-1.
Table 7.4-1

Available Baseline and AEMP Water Quality Data for Lake D2, Lake D3, and the
Raised Lake D2/D3
Number of Stations (Months)

Year
2010
2011
2012
2013
2014
2015
2016
2017
2018

Ice-cover
No data
1 (April)
No data
1 (April)
No data
5 (May)
5 (April)
5 (April)
5 (April)

Open-water
2 (July)
2 (July)
2 (August)
2 (July)
No data
15 (5 in each of July, August, and September)
15 (5 in each of July, August, and September)
15 (5 in each of July, August, and September)
15 (5 in each of July, August, and September)

AEMP = Aquatic Effects Monitoring Program.

Due to inconsistent data from 2010 to 2014, temporal trend tests were completed using data from 2015 to
2018. Trends were also assessed visually based on time series plots and these time series plots included
all available data from 2010 to 2018 (Appendix 7E).
Samples collected in April/May and September were used in the seasonal Kendall test to represent late
under-ice and open-water seasons, which were assumed to capture the range of conditions in Lake D2/D3.
Limiting the data to these two seasons also met the test assumptions of independent and nearly equally
spaced data. The data were used to calculate medians for each year and season, with
values/concentrations below detection limit replaced with half the detection limit.
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An assumption of the seasonal Kendall test is that the data within a time series are independent (i.e., no
serial correlation); therefore, data time series that showed serial correlation (i.e., based on autocorrelation
and partial autocorrelation plots with 95% confidence interval) were tested using a modified seasonal
Kendall test. No parameter reached the threshold of autocorrelation to trigger the use of modified seasonal
Kendall test. A Chi-Square test of homogeneity of proportions was performed to check for opposing trends
across seasons. Heterogeneity would violate the assumption of monotonic trend and invalidate the test
results (McKenzie et al. 2015). Due to Chi-square test’s low power with small sample sizes, results were
considered significant at α of 0.1. With the exception of pH, which was tested for a two-tailed alternative or
hypothesis, all remaining parameters were tested for one-tailed increasing trend alternative. When a
negative z-score was obtained, the test was re-run with decreasing trend alternative. Results were
considered significant at α of 0.05. All analyses were undertaken using R (R Core Team 2019), package
EnvStats was used for seasonal Kendall trend analysis (Millard 2013).
The initial dataset included the following parameters:
•

field-measured pH and field-measured specific conductivity;

•

calculated total dissolved solids;

•

major ions: chloride, fluoride, potassium, and sulphate;

•

nutrients: nitrate, nitrite, total ammonia, and TP;

•

total metals: aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, chromium, cobalt,
copper, iron, lead, manganese, mercury, molybdenum, nickel, selenium, silver, strontium, thallium,
uranium, vanadium, zinc; and

•

methyl mercury.

Nitrite, boron, selenium and silver were not analyzed due to the high percentage (i.e., >50%) of non-detect
data. Total ammonia and TDS did not meet the assumption of homogeneity of proportions and, therefore,
these parameters were not analyzed further.
Table 7.4-2 presents the results of the trend-analyses, Chi-square, and z-scores with corresponding
P-values, as well as the method and alternative used during the test. Despite low sample sizes (i.e., n = 8
comprising four ice-cover and four open-water seasons), the tests were able to detect significant trends for
most parameters, including nitrate, methyl mercury, TP and most metals (Table 7.4-2). Among the
twenty-nine validated tests, twenty-one presented significant increasing trends over time, and seven tests,
including the pH two-tailed alternative, were not significant. Sulphate was the only parameter with a
significant decreasing trend. The visual assessment identified the same parameters as having increasing
concentrations from baseline to 2018 (Table 7.4-2). Barium was noted to exhibit a visual increasing trend,
but it was not found to be statistically significant and pH showed some visual indication of decreasing over
time but no statistical trend was identified.
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Summary of Seasonal Kendall Trend Analysis for Selected Water Quality Parameters in Lake D2/D3, 2015 to 2018

Test for Homogeneity
Seasonal Kendall Test
n(a)
Chi-square
P-value
z-score
P-value
Alternative Tested
Significant Statistical Trend(b)
8
0.923
0.337
-0.721
0.236
Two
Tailed
Field pH
8
1.630
0.202
0.990
0.161
Increase
Field specific conductivity
8
3.692
0.055
n/a(d)
n/a
n/a
n/a
Total dissolved solids, calculated
8
0.231
0.631
1.201
0.115
Increase
Chloride
8
0.231
0.631
1.201
0.115
Increase
Fluoride
8
0.231
0.631
2.162
0.015
Increase
↑
Total potassium
8
0.231
0.631
-2.162
0.015
Decrease
↓
Sulphate
8
0.231
0.631
2.162
0.015
Increase
↑
Nitrate
8
3.692
0.055
n/a
n/a
n/a
n/a
Total ammonia
8
0.231
0.631
2.162
0.015
Increase
↑
Total phosphorus
8
0.231
0.631
2.162
0.015
Increase
↑
Total aluminum
8
0.923
0.337
0.721
0.236
Increase
Total antimony
8
0.231
0.631
2.162
0.015
Increase
↑
Total arsenic
8
0.231
0.631
1.201
0.115
Increase
Total barium
8
0.231
0.631
2.162
0.015
Increase
↑
Total beryllium
8
0.100
0.752
1.979
0.024
Increase
↑
Total cadmium
8
0.000
1.000
2.642
0.004
Increase
↑
Total chromium
8
0.923
0.337
1.681
0.046
Increase
↑
Total cobalt
8
0.231
0.631
2.162
0.015
Increase
↑
Total copper
8
0.923
0.337
1.681
0.046
Increase
↑
Total iron
8
0.231
0.631
2.162
0.015
Increase
↑
Total lead
8
0.923
0.337
1.681
0.046
Increase
↑
Total manganese
8
0.231
0.631
2.162
0.015
Increase
↑
Total mercury
8
0.000
1.000
2.642
0.004
Increase
↑
Methyl mercury
8
0.000
1.000
2.642
0.004
Increase
↑
Total molybdenum
8
0.231
0.631
2.162
0.015
Increase
↑
Total nickel
8
0.923
0.337
0.721
0.236
Increase
Total strontium
8
0.027
0.870
2.474
0.007
Increase
↑
Total thallium
8
0.000
1.000
2.642
0.004
Increase
↑
Total uranium
8
0.231
0.631
2.162
0.015
Increase
↑
Total vanadium
8
0.231
0.631
2.162
0.015
Increase
↑
Total zinc
Notes: Bolded values are significant at α = 0.1 (Chi-Square) and α = 0.05 (seasonal Kendall).
a) Two seasons: ice-cover and open-water, for four years (2015 to 2018).
b) Direction of significant trend in the seasonal Kendall test.
c) Presence of an increasing trend in concentration based on visual assessment of time series plots.
d) Total dissolved solids and total ammonia did not meet the assumption of homogeneity and therefore were not analyzed further.
↑ = Significant trend of increase; ↓ = Significant trend of decrease; n = sample size; n/a = not applicable; - = no significant trend detected.
Parameter

De Beers Canada Inc.

Increasing
Visual Trend(c)
No
No
No
No
No
Yes
No
Yes
No
Yes
Yes
No
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Yes
Yes
No
Yes
Yes
Yes
Yes
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No
Yes
Yes
Yes
Yes
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Further Analysis of Aluminum, Iron, Copper, and Zinc

In the 2018 AEMP Annual Report, lake-wide median concentrations for most metals were below applicable
CWQG-PAL, except for total aluminum, copper, iron, and zinc (Section 7.2.5 in De Beers 2019c). The report
stated that “while lake-wide guideline exceedances have been identified for 2018, it should be noted that
under baseline conditions concentrations of some metals naturally exceeded applicable water quality
guidelines in Lakes D2 and D3 (Golder 2014c), although not necessarily by the same magnitude as stated
above for 2018”. A recommendation was made to further evaluate the influence of ETMFs on the potential
for metals reported at concentrations above CWQG-PAL to result in effects to aquatic life in Lake D2/D3.
In response to regulatory review of the 2018 AEMP Annual Report, MVLWB issued a directive to conduct
further analysis on exceedances of aluminum, iron, copper, and zinc in Lake D2/D3. The Board requested
clarification on which of these metals were above guidelines under baseline condition, and to what extent
current concentrations have increased above baseline. They also requested that an assessment be
provided of the magnitude of the Mine's influence on water quality.
The following discussion is provided to jointly address the 2018 AEMP recommendation and the Board
Directive. It supports recommendations made in Section 7.3 of this document for the Sampling Design Reevaluation, specifically supplementing the analytical suite to include relevant site-specific water quality
parameters that facilitate interpretation of observed total guideline exceedances with respect to metal
bioavailability in this raised lake, given that some total metals have progressively increased in
concentration.

Comparison to Water Quality Guidelines and Pre-dyke Water Quality
Water quality data collected prior to 2016 (i.e., up to and including pre-dyke 2015) were compared to
post-dyke data for total aluminum, copper, iron, and zinc. During ice-cover periods, there has been an
overall increase in lake-wide concentrations of total aluminum, copper, iron, and zinc from baseline levels
prior to dyke construction through the formation of Lake D2/D3 up to 2018 (Table 7.4-3 and Table 7.4-4).
The same is true for open-water lake-wide concentrations of total aluminum, iron, and zinc but to lesser
extent for copper. The seasonal Kendall trend analysis also detected a significant increasing temporal trend
for these four metals and for a number of other parameters (Section 7.4.6.1).
Total aluminum, iron, and zinc concentrations exceeded the CWQG-PAL before and after Lake D2/D3 was
formed. Prior to dyke construction, CWQG-PAL exceedances for these three metals largely occurred
under-ice in individual Lakes D2 and D3, with few guideline exceedances during the open-water period. For
post-dyke ice-cover periods, the comparative magnitude of CWQG-PAL exceedances increased for these
metals (Table 7.4-3). Guideline exceedances were more frequent during post-dyke open-water periods
compared to those before dyke construction, although the magnitude of exceedance was still lower than
for the post-dyke ice-cover periods (Table 7.4-4). For zinc, a conservative screening-level comparison of
total zinc concentrations to the recent dissolved zinc CWQG-PAL found exceedances before and after dyke
construction, although the magnitude of exceedance was higher post-dyke. A direct comparison of
dissolved concentrations to the dissolved guideline provided in Table 7.4-5 confirmed that dissolved zinc
concentrations were also above the dissolved CWQG-PAL guideline, both before and after dyke
construction. As indicated in Table 7.4-5 and Table 7.4-6, the magnitude of exceedance did appear to be
slightly higher for both total and dissolved zinc after the formation of Lake D2/D3 because there has been
a general increase in dissolved concentrations since formation. Despite identification of a significantly
increasing trend for copper, the range of post-dyke open-water concentrations was similar to the pre-dyke
baseline range. Only median and maximum ice-cover concentrations after the formation of Lake D2/D3
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were clearly above both the baseline range and the CWQG-PAL (Table 7.4-3). Total copper concentrations
for both seasons were below the applicable CWQG-PAL before the dyke was built. The open-water period
represents the biologically active period and the most ecologically-relevant with respect to the potential for
exposure and subsequent adverse effects to aquatic life, thus CWQG-PAL exceedances during ice-cover
periods such as those observed for copper are of less concern than if they occurred during the open-water
season. This ecological context also applies to the other three key metals discussed here, where higher
concentrations in 2017 and 2018 were measured during ice-cover compared to the open-water season
where exposure is the greatest.
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Summary of Pre-dyke and Post-dyke Concentrations for Select Total Metals and Comparison to CCME Guidelines

Season
Ice-cover
Open-water
Ice-cover
Open-water
Ice-cover
Open-water
Ice-cover
Open-water

Pre-dyke Baseline
(2010 to 2013)

CWQGPAL(a,b)

Mean

Median

Min

Max

5
100
2
2
300
300
0.92
0.37

18.8
44.8
1.01
1.04
432
251
4.7
1.43

-(c)
44.5
-(c)
1.22
-(c)
209
-(c)
1.2

18.8
19.3
1.01
0.61
432
94
4.7
0.9

18.8
94.8
1.01
1.7
432
460
4.7
2.5

Pre-dyke during Mine Construction (2015)

n

CWQGPAL(a,b)

Mean

Median

Min

Max

1
9
1
9
1
9
1
9

5
100
2
2
300
300
2.1
0.16

25.2
29.6
1.27
1.10
554
178
2.93
1.04

25.5
18.5
1.32
0.83
557
104
2.91
1.0

11.2
12.8
1.14
0.712
505
66
2.56
0.54

43.9
94.7
1.34
1.64
589
662
3.48
<3.0

Post-dyke (2016 to 2018)

n

CWQGPAL(a)

Mean

Median

Min

Max

n

5
15
5
15
5
15
5
15

5
5
2
2
300
300
1.4
0.68

131
104
2.58
1.40
1,375
737
7.29
3.62

94.8
104
3.16
1.32
1,213
770
5.34
3.62

17.7
37.8
1.2
0.789
161
110
1.76
1.14

321
180
4.34
2.52
2,860
1,310
17.7
6.59

14
45
14
45
14
45
14
45

Notes: Concentrations are in µg/L; Bolded values indicate concentration exceeds 2018 CWQG-PAL. A dissolved guideline was only available for zinc and was conservatively applied, and values representing exceedances over the dissolved guideline were italicized.
a) For calculation of parameter-dependent guidelines, mean values for the dependent parameter were used to calculate the guideline.
b) The CWQG-PAL for total aluminum is pH dependent: when pH <6.5 a guideline of 5 µg/L was applied; when pH ≥6.5 a guideline of 100 µg/L was applied.
c) No value could be calculated due to limited data.
n = sample size; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life; µg/L = micrograms per litre; - = no data available.

Table 7.4-4

Total Metal
Aluminum
Copper
Iron
Zinc

Comparison of 2018 Values to Pre-dyke Values, and Magnitudes of CCME Guideline
Exceedances for Selected Total Metals
Magnitude of Exceedance
Comparison of Post-dyke to Pre-dyke
(2010 to 2015)
Comparison to CCME Guideline(a)
Ice-cover
Open-water
Ice-cover
Open-water
9.4x
4.8x
42x(b)
22x(b)
2.6x
1.9x
1.7x
–(c)
4.2x
8.4x
7.7x
3.1x
3.7x
3.9x
1.8x(b,d)
8.9x(b,d)

a) CWQG-PAL guideline was applied for comparison.
b) For calculation of parameter-dependent guidelines mean values for dependent parameters were used to calculate the guideline.
c) Median copper in 2018 during open-water did not exceeded the CWQG-PAL guideline.
d) The dissolved zinc CWQG-PAL was conservatively applied to total zinc for comparison and the values italicized. DOC concentrations were not analyzed in 2018; therefore, median TOC was used as a surrogate.
CCME = Canadian Council of Ministers of the Environment; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life; DOC = dissolved organic carbon; TOC = total organic carbon; - = no data available.
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Summary of Pre-dyke and Post-dyke Concentrations for Selected Dissolved Metals, and Comparison to Dissolved CCME
Guidelines

Dissolved
Metal

Season
Ice-cover
Aluminum
Open-water
Ice-cover
Copper
Open-water
Ice-cover
Iron
Open-water
Ice-cover(f)
Zinc
Open-water(g)

Pre-dyke during the Baseline Period
(2000 to 2012)(a)
Mean
Median
Min
Max
n
21
-(d)
15
27
2
-(e)
26
13
165
16
1.3
-(d)
0.9
1.7
2
-(e)
1.1
0.61
4.0
16
193
-(d)
119
267
2
(e)
66
27
437
16
4.3
-(d)
4.1
4.5
2
-(e)
2.0
1.1
5.5
15

Pre-dyke during Mine Construction
(2015)(b)
Mean
Median
Min
Max
-(d)
-(d)
-(d)
-(d)
17.2
19.4
9.77
22.4
-(d)
-(d)
-(d)
-(d)
1.0
1.1
0.74
1.2
-(d)
-(d)
-(d)
-(d)
58.7
64
37
75
-(d)
-(d)
-(d)
-(d)
3.35
2.78
1.61
5.67

n
-(d)
3
-(d)
3
-(d)
3
-(d)
3

Post-dyke during Construction and
Operations(2016 to 2018)(c)
Mean
Median
Min
Max
99
85
14
292
99
89
34
180
2.0
1.6
1.4
3.4
1.4
1.3
0.73
2.4
682
381
79
2,370
600
580
55
1,220
6.3
5.1
2.0
16
4.1
3.6
1.6
8.1

n
9
37
9
37
9
37
9
37

Note: Concentrations are in µg/L. Bolded values indicate concentration exceeds dissolved CQWG-PAL. Dissolved guidelines were only available for zinc.
a) Values from Golder (2014a). Median, minimum, and maximum values were calculated from a combined dataset of samples from both lakes D and E.
b) Data for July 2015 only.
c) Data available for April 2017 only.
d) No value could be calculated due to limited data.
e) Mean was not reported in Golder (2014a).
f) CWQG-PAL for dissolved zinc is 0.92 µg/L (pre-dyke baseline), 2.1 µg/L (pre-dyke during Mine construction), and 1.4 µg/L (post-dyke).
g) CWQG-PAL for dissolved zinc is 0.37 µg/L (pre-dyke baseline), 0.16 µg/L (pre-dyke during Mine construction), and 0.68 µg/L (post-dyke).
CCME = Canadian Council of Ministers of the Environment; - = no data available; µg/L = micrograms per litre; CQWG-PAL = Canadian water quality guideline for the protection of
aquatic life.

Table 7.4-6

Comparison of 2018 Post-dyke Values to Pre-dyke Values and CCME Guidelines: Magnitude of Exceedance for Selected
Dissolved Metals

Dissolved Metal
Aluminum
Copper
Iron
Zinc

Magnitude of Exceedance
Comparison of Post-dyke to Pre-dyke (2000 to 2012)(a,b)
Comparison to CCME Guideline(b,c)
Ice-cover (2017)(b)
Open-water (2017)(c)
Open-water (2018)
Ice-cover (2017)(b)
Open-water (2017)
Open-Water (2018)
8.0x
3.4x
3.3x
17.8x
17.8x
17.1x
1.9x
1.2x
1.2x
1.3x
-(d)
-(d)
5.9x
8.8x
9.9x
1.5x
1.9x
2.2x
2.2x
2.0x
1.7x
3.9x
3.3x
2.5x

a) Pre-dyke mean/median values were calculated from a combined dataset of samples from both D and E Lakes by Golder (2014a).
b) Dissolved metal samples collected during the 2018 ice-cover program were mistakenly discarded by the analytical laboratory prior to analysis, so 2017 ice-cover data were used.
c) When available, CWQG-PAL for dissolved metals were applied for comparison. In the absence of dissolved guidelines, total metal guidelines were applied for information purposes
only and the magnitude values italicised.
d) No exceedance of the CWQG-PAL guideline.
CCME = Canadian Council of Ministers of the Environment; CWQG-PAL = Canadian water quality guideline for the protection of aquatic life; - = no data available.
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During ice-cover periods, post-dyke total concentrations of these four metals were higher at stations L4 and
L5 in the shallower Basin D2 compared to stations in Basin D3 (L1 through L3). Pre-dyke baseline data for
ice-cover represent data collected from Lake D3 only because Lake D2 was not sampled, most likely
because sampling was not possible in the small, shallow lake freezing to the bottom during winter. It is
possible that background concentrations in Lake D2 were already elevated and above those in Lake D3
and the CWQG-PAL prior to amalgamation with Lake D3 to form the raised lake. During the open-water
season, post-dyke total metal concentrations at stations L4 and L5 were still higher than Basin D3 stations
but by a lower magnitude compared to ice-cover. At full supply level in June 2019, Lake D2/D3 overflowed
from an outlet from D3 to the tundra towards Lake N14. At this time, the peak concentrations observed for
some key parameters in the Basin D2 during the 2018 ice-cover season did not represent the water
chemistry of the outflow given that the overflow source was Basin D3 at the beginning of the open-water
season just after the spring-thaw.
Total metal concentrations reflect both the proportion of metals associated with particles and that dissolved
in the water column. Dissolved concentrations tend to provide a more realistic indication of the bioavailable
concentration for direct uptake from the water, particularly in turbid receiving environments (Chapman and
Wang 2000). However, the measure of “dissolved” metals is an operational definition based on whether the
metal passes through a small (0.45 micrometre [µm]) filter (BC MWLAP 2003). Water quality guidelines for
the protection of aquatic life are generally applied to total concentrations but are derived from
laboratory-based toxicity tests. In these tests, exposure concentrations are based on metals in solution from
metal salts and the laboratory test water has a low level of suspended matter (typically clear water).
Typically, these tests, while reporting total metal concentrations, are based on dissolved and thus more
bioavailable metals. The application of the CWQG-PAL to total concentrations measured in the environment
can therefore be conservative, especially when those metals are part of the mineral matrix that makes up
the particle.
With the exception of iron, a substantial proportion of these metals were present during the open-water
period in dissolved forms, both before and after dyke construction. For iron, and to a lesser extent aluminum
and copper, particulate matter present under-ice was observed to bind some of the total metal. As shown
in Tables 7.4-8 and 7.4-9, dissolved concentrations of aluminum, iron, and copper were above
corresponding total CWQG-PAL guidelines after the formation of Lake D2/D3. These total guidelines are
derived from toxicity test data where test substances tend to be mostly present in dissolved forms within
controlled laboratory exposures. For aluminum, iron, and zinc, dissolved forms were present at
concentrations above guidelines and so further discussion is warranted regarding the influence of
lake-specific ETMFs on the bioavailability for uptake by aquatic biota under site-specific conditions.

Metal Bioavailability Influence of Exposure and Toxicity Modifying Factors
Metals can exist as dissolved metals, adhered to particulates, as part of organic and/or inorganic
complexes, and in various oxidation states (Campbell et al. 2006). Metals adsorbed to or sequestered by
particles are less bioavailable for direct uptake from the water by aquatic organisms than dissolved metals
in the water column (Chapman et al. 1998; Luoma and Rainbow 2008). The operational dissolved fraction
that passes through a 0.45 µm filter represents the dissolved concentration reported by the analytical
laboratory and can include colloidal metals as both organically-bound metals and inorganic metal
complexes, as well as free ion forms. For example, dissolved copper species present in freshwater systems
include free ionic copper (Cu2+), copper hydroxides (CuOH+ and Cu[OH]2), copper carbonates (CuCO3,
Cu[CO3]22-), and copper bound to dissolved organic carbon. Scientific knowledge indicates it is the free
metal species that is typically bioavailable for uptake from the water, with the potential to elicit adverse
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effects, as opposed to complexed, colloidal forms (Campbell 1995; Campbell et al. 2006). Due to the
possibility of fine particulate matter passing through the 0.45 µm filter and the site-specific influence of
ETMFs on metal bioavailability in Lake D2/D3, the reported dissolved metals concentrations may
overestimate concentrations bioavailable for direct uptake by aquatic biota with the potential to elicit
adverse effects.
Metal accumulation and toxicity is largely dependent on metal bioavailability, which is influenced by ETMFs
that include environmental exposure conditions, as well as physiological and biological characteristics of
aquatic organisms. Environmental exposure conditions, including pH, water hardness, and DOC can
influence metal accumulation and toxicity (Campbell et al. 2006). For example, elevated concentrations of
organic carbon can protect against metal toxicity (Wood et al. 2011; Meyer et al. 2012). The physiological
and biological characteristics of aquatic organisms are reflected in the sensitivity of individual organisms
and life stages. CWQG-PAL are derived to protect the most sensitive species and life stage indefinitely
(CCME 2007). As most recently documented for aluminum (USEPA 2018), copper (ECCC 2019a), iron
(ECCC 2019b), and zinc (CCME 2018), there is a wide range of sensitivities to these metals, based on
toxicological data available for fish, invertebrates, and plants that reside in Canadian freshwater habitats.
Fish species documented in individual Lakes D2 and D3 prior to dyke construction, included Burbot (Lota
lota), Lake Trout (Salvelinus namaycush), Northern Pike (Esox lucius), and Slimy Sculpin (Cottus
cognatus). Dominant benthic invertebrates included chironomids, fingernail clams, nematodes, and
ostracods. Toxicological data from several fish, invertebrate and plant species, not relevant to Lake D2/D3,
were included in the derivation of current CWQG-PAL guidelines, which may result in the generic guidelines
being overly protective for this system depending on the parameter.
As described in Section 7.2.4.1, Lake D2/D3 pH ranged from 5.5 to 7.9, and ice-cover pH ranged from 5.4
to 7.2. Prior to dyke construction and the formation of Lake D2/D3, open-water pH measurements spanned
a similar range, from 5.3 to 7.5 in individual Lakes D2 and D3. Although ice-cover baseline data are limited,
water in Lake D2/D3 was typically lower in pH during the under-ice season compared to the open-water
season. The opposite is true of organic matter, where there has been a noticeable increase in TOC since
the formation of Lake D2/D3, and post-dyke under-ice concentrations are higher than open-water
concentrations. This was not the case prior to dyke construction when the lake-wide mean values were
comparable between seasons. Open-water lake-wide means for TOC increased from 8.1 mg/L in 2015 to
16 mg/L in 2018. Ice-cover mean values increased from 9.3 mg/L in 2015 and 10 mg/L in 2016, to 30 mg/L
in 2018. From 2016 to 2018 Lake D2/D3 remained relatively low in hardness, characteristic of soft water
(8.1 to 17 mg/L [as CaCO3] under-ice; 3.5 to 8.2 mg/L [as CaCO3] in open-water).
The influence of these exposure ETMFs on the bioavailability of aluminum, copper, iron, and zinc for uptake
by aquatic biota and the potential to elicit adverse effects is discussed below for each metal. Discussion is
focussed on the most recent 2018 AEMP data collected in the year prior to Lake D2/D3 reaching its full
supply level.
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Aluminum
Total concentrations exceeded the CWQG-PAL of 5 μg/L, applicable at pH <6.5, in most 2018 samples
collected from Lake D2/D3. Lake-wide median ice-cover (208 µg/L) and open-water (108 µg/L)
concentrations were also above the CWQG-PAL of 100 μg/L, applicable when pH >6.5 in 2018.
Aluminum bioavailability and toxicity is mediated by a variety of factors, most prominently pH, organic
carbon, and hardness (Gensemer and Playle 1999; USEPA 2018) but the CWQG-PAL only considers pH
to a limited extent. Other more recently derived guidelines gave more consideration to the site-specific
influence of pH, hardness, and DOC on aluminum toxicity (e.g., USEPA 2018). Recent studies have
supported the development of water quality-dependent criteria that incorporate several ETMFs to replace
existing fixed-value aluminum water quality standards (Gensemer et al. 2018; DeForest et al. 2018; Santore
et al. 2018). Santore et al. (2018) conducted a review of aluminum toxicity data to develop a biotic-ligand
model for aluminum incorporating effects of water chemistry on aluminum toxicity to freshwater organisms.
Their results suggest that hardness-based equations traditionally used to develop water quality guidelines
could be missing the most important bioavailability factors for aluminum, since the effects of pH and DOC
are not always considered. These three ETMFs are further discussed below with respect to influence on
aluminum bioavailability and potential toxicity in Lake D2/D3.
•

Organic carbon – Organic carbon is a key ETMF in Lake D2/D3 because post-dyke levels are elevated
in this lake compared to pre-dyke concentrations due to the raising of water levels during the formation
of Lake D2/D3. Elevated levels of DOC can act as complexing agents, since negatively charged organic
acids have a propensity to bind to free aluminum ions (Wilson 2012). Specifically, aluminum forms
complexes with various organic ligands (e.g., humic and fulvic acids), that contribute to the natural
organic matter in water. Studies at neutral and acidic pH have shown that aluminum toxicity to
freshwater fish can be attenuated by increasing DOC concentrations in exposure water (Burrows and
Hem 1977; Neville 1985; Gensemer and Playle 1999; Gensemer et al. 2018) because organic
complexes reduce bioavailability and toxicity (Wilson 2012).

•

pH – Several investigators have documented that the potential for aluminum toxicity appears to be the
lowest at neutral pH with toxicity tending to increase with either increasing or decreasing pH (above
and below normal pH; USEPA 2018). Median open-water pH values in D2/D3 from 2016 to 2018
reflected slightly acidic to circumneutral conditions (5.2 to 6.5). Under acidic conditions (pH <6), the
dissolution of aluminum into more bioavailable monomeric and ionic forms, and cationic aluminum
species, depends largely on pH and is favoured (Gensemer and Playle 1999; GEI 2011; Cardwell et
al. 2018). As solubility increases, aluminum tends to exhibit greater toxicity under these pH conditions
(Hamilton and Haines 1995; Cardwell et al. 2018; USEPA 2018). In contrast, at a pH of 6, Cardwell et
al. (2018) recently found that total aluminum concentrations were better correlated with toxicity
compared to dissolved and monomeric aluminum concentrations. At a pH range of pH 6 to 8, more
reflective of circumneutral to slightly alkaline conditions, aluminum has relatively low toxicity to
freshwater aquatic fauna (Wilson 2012).

•

Hardness – Aluminum toxicity shows some hardness dependency with decreasing toxicity with
increasing water hardness (Gundersen et al. 1994; GEI 2011; Gensemer et al. 2018).
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Iron
Concentrations for total iron exceeded the CWQG-PAL of 300 µg/L in all 2018 samples. Lake-wide
ice-cover and open-water 2018 median concentrations were 2,315 µg/L and 930 µg/L, respectively
(De Beers 2019c). The CWQG-PAL published by the Canadian Council of Resource and Environment
Ministers (CCREM 1987) is equivalent to a benchmark developed by the International Joint Commission
and the Ontario Ministry of the Environment. The value is based on the concentration of iron in water that
could result in precipitation of iron hydroxides on stream substrates and potentially smother habitat, rather
than toxicological responses.
Unlike some other metals, toxicity studies measuring total iron are more applicable since the total iron
fraction correlates better with toxicity (CIMM 2010a,b; CIMM 2011; OSU 2013). With respect to ETMFs,
DOC has a relatively large influence on iron bioavailability for uptake by aquatic biota compared to pH. Iron
has a moderately low solubility and readily sorbs to surfaces, so it is readily sorbed to complexing agents
represented by DOC. Environment Canada recently issued a draft federal water quality guideline rationale
document for public comment, which provides rationale for a new toxicity-based guideline that is dependent
on ETMFs such as DOC and pH and so is not a fixed value.

Copper
Total 2018 concentrations during ice-cover and open-water concentrations in September reported for
Lake D2/D3 exceeded the hardness dependent CWQG-PAL of 2.0 μg/L but there were no exceedances in
July and August 2018. Because copper toxicity is dependent on a number of receiving water quality
characteristics, a hardness-based derivation can oversimplify the relationship between copper toxicity and
water quality. Some ETMFs shown to influence copper toxicity are temperature, dissolved organic
compounds, suspended particles, pH, and various inorganic cations and anions, including those composing
hardness and alkalinity (CCME 2007). In general, copper tends to be less bioavailable for uptake in
receiving environments associated with hard water, turbid water, and circumneutral pH. Bioavailability to
aquatic biota tends to increase in waters that are soft, clear (non-turbid), or are lower in pH. In these
receiving environments there is greater likelihood of toxicity.

Zinc
Water chemistry influences zinc toxicity to aquatic organisms by affecting environmental fate and
bioavailability, with hardness, DOC, and pH the most important ETMFs (CCME 2018). Correspondingly,
CCME (2018) recently updated its aquatic life ambient water quality criterion for dissolved zinc, which
considers the site-specific influence of pH, hardness, and DOC on toxicity. When the updated guideline
was applied to dissolved concentrations reported for the 2018 open-water period and the 2017 ice-cover
period, there were also no guideline exceedances. The zinc guideline was calculated with hardness and
DOC values falling outside of the range defined in the guideline derivation (i.e., hardness = 13.8 to
250 mg/L; DOC = 0.3 to 17 mg/L). The guideline derivation document advises that at lower hardness and
higher DOC values, characteristic of Lake D2/D3, the revised WQG does not necessarily accurately reflect
the potential for toxic effects (CCME 2018). For example, there is uncertainty as to whether DOC values
above 17 mg/L would further decrease the potential for zinc toxicity and so a guideline calculated using
higher DOC values would be more uncertain than a guideline calculated with DOC values within the
specified range.
Increased hardness and levels of natural organic matter tend to decrease zinc toxicity, whereas changes
in pH may have a variable influence on toxicity (Santore et al. 2002; Clifford and McGeer 2009). In general,
increased hardness is protective (i.e., zinc is less toxic in harder waters), likely due to competitive
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interactions with Ca2+ and Mg2+ at binding sites. The effect of pH is not as clear. Authors report that toxicity
to fish and algae increases with increasing pH in natural waters, but there are no consistent patterns for
invertebrates. Dissolved organic matter is an important complexing agent for zinc; therefore, increased
organic matter tends to have a protective effect (CCME 2018).

Conclusion
Further interpretation of CWQG-PAL exceedances in Lake D2/D3 indicated that aluminum, copper, and
zinc were largely present in dissolved forms, although during ice-cover periods, proportionally more copper
and aluminum were bound to particulate matter compared to open-water conditions. For these metals, it is
dissolved forms that are more bioavailable for uptake by aquatic biota and have the potential to elicit
adverse effects. In contrast, iron was more likely to be bound to particulate matter in Lake D2/D3 due to its
moderately low solubility and propensity to partition to particulates, and so for this metal dissolved
concentrations tended to be proportionally lower in concentration than the corresponding total
concentrations. Although for iron, ECCC (2019b) cited studies that showed that the total fraction correlated
better with toxicity compared to dissolved fractions, and so ECCC concluded that the total concentration
was more applicable for assessing the potential for toxicity to aquatic life.
During both seasons, iron, aluminum, and zinc increased from pre-dyke levels up to 2018 just prior to the
full supply level being reached, whereas for copper, this increase was only evident during ice-cover and to
a lesser extent. The largest relative increase above baseline was noted for aluminum and iron. Peak total
iron concentrations reported in 2018 (i.e., 930 µg/L) were below the proposed draft guideline under
site-specific mean DOC and pH values (i.e., 4,843 µg/L) indicating that adverse effects to aquatic biota
would not be expected in this lake at the full supply level in 2018. The bioavailability of aluminum, copper,
and zinc to aquatic biota in Lake D2/D3 will largely depend on the balance of influence between the ETMFs
pH and DOC in Lake D2/D3 as the raised lake continues to develop. Bioavailability will be influenced by
both pH and DOC, whereby the slightly acidic pH will increase the potential for toxicity and the DOC values
will serve to ameliorate toxicity.

7.4.6.3

Proposed Preliminary AEMP Benchmarks for Lake D2/D3

To support the AEMP response framework for Lake D2/D3 described in Section 7.5.2 and not for inclusion
in the Water Licence, preliminary AEMP benchmarks are proposed for raised Lake D2/D3 in Table 7.4-7
for comparison to lake-wide mean/median values. Development of the proposed benchmarks broadly
followed the approach taken to develop AEMP benchmarks for the core lakes approved by the Board for
inclusion in the Water Licence. Further details on development of the Area 8 and Lake N11 AEMP
benchmarks can be found in De Beers (2014a) and in the 2014 and 2018 MVLWB Reasons for Decision
documents (MVLWB 2014b, 2018c). The latter provide descriptions of the final water quality objectives
adopted by the Board for Lake N11 and Area 8.
The benchmarks proposed in Table 7.4-7 are primarily based on CCME water quality guidelines for the
protection of aquatic life that are generic in their application across Canada (CCME 1999). On occasion it
was not appropriate to adopt the generic guidelines and an alternate benchmark was adopted. For example,
when baseline concentrations prior to amalgamation of Lakes D2 and D3 were already above the applicable
CCME guideline, then a benchmark that considered the baseline condition was proposed. Where
appropriate, an approved guideline from another Canadian jurisdiction that is equivalent to a CCME in terms
of protection level, or an approved benchmark from another mine in the Northwest Territories (NT) was
adopted as a benchmark.
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Lake D2/D3 specific TP and total nitrogen benchmarks were not calculated and will be developed as part
of the nutrient enrichment response planning (Section 9). Trophic status and classification will instead be
used to assess nutrient enrichment in Lake D2/D3, and additional lake-specific data will be collected to
facilitate future benchmark development.
Lake water quality is expected to continue to change as the Lake D2/D3 matures and develops, consistent
with EIS projections for this raised lake, until the eventual stabilization of water quality anticipated to occur
further into the Mine operations. Specifically, the EIS predicted that during raising of Lake D2/D3 there
would be water quality changes due to the release of nutrients, mercury, and other substances from flooded
sediments and vegetation. Prior to raising of water levels in Lakes D2 and D3, baseline data show natural
exceedances of some generic water quality guidelines, and these have been considered in the development
of AEMP benchmarks for Lake D2/D3.
Table 7.4-7
Parameter

Proposed AEMP Benchmarks for Lake D2/D3
Benchmark

Unit

Rationale for the Adoption of the Proposed Benchmark for Lake D2/D3

6.5 to 9.0

-

CCME guideline for the protection of aquatic life (CCME 1999)

Field Measured
pH

Conventional Parameters
pH

6.5 to 9.0

-

CCME guideline for the protection of aquatic life (CCME 1999)

Total dissolved
solids (calculated)

500

mg/L

Health Canada drinking water guideline (Health Canada 2019)

Total suspended
solids

8.3

mg/L

The average baseline TSS concentration in Lake D2/D3 is 3.3 mg/L. Therefore, the
CCME’s long-term guideline for the protection of aquatic life for TSS is equal to 5 mg/L
plus 3.33 mg/L = 8.3 mg/L (CCME 1999).

120

mg/L

CCME guideline for the protection of aquatic life (CCME 1999).

mg/L

Health Canada drinking water guideline of 1.5 mg/L (Health Canada 2019) for fluoride.
Since the Canadian maximum acceptable concentration for drinking water is 1.5 mg/L,
it is proposed that this value be adopted over the CCME guideline for the protection of
aquatic life (0.12 mg/L; CCME 1999) for Lake D2/D3. This is supported by:
• A recent peer-reviewed publication found acute toxicity occurred at fluoride
concentrations ranging from 11.5 mg/L to >800 mg/L (McPherson et al. 2014a).
• A chronic effects benchmark for the protection of aquatic life of 1.94 mg/L was
also calculated for fluoride (McPherson et al. 2014a).

mg/L

Given there is no CCME guideline for the protection of aquatic life for potassium, the
benchmark is to be based on the most recent SSWQO developed for the Ekati
Diamond Mine by ERM (2015). This SSWQO derived using an SSD approach (as
described by CCME 2007) is considered appropriate because it included more recent
published data and data from additional site-specific testing.

mg/L

Given there is no CCME guideline for the protection of aquatic life for sulphate, the
benchmark is to be based on the hardness dependent SSWQO, derived using an SSD
approach as described by CCME (2007), for the Ekati Diamond Mine by Rescan
(2012a):
Sulphate benchmark (mg/L) = e0.9116 x ln (hardness) + 1.712
For example, in 2018 the benchmark based on mean hardness (7.8 mg/L CaCO3)
would be 36 mg/L.

Major Ions
Chloride

Fluoride

Potassium

Sulphate

1.5

70

Calculation
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Proposed AEMP Benchmarks for Lake D2/D3
Benchmark

Unit

Rationale for the Adoption of the Proposed Benchmark for Lake D2/D3

Nutrients

Nitrate

Total ammonia

Calculation

In order to recognize the influence of the ETMF water hardness on nitrate toxicity, the
benchmark is to be based on the nitrate SSWQO most recently developed for the Ekati
Mine (Rescan 2012b).
mg-N/L When the hardness in Lake D2/D3 is <27 mg/L (as CaCO3):
SSWQO = 2.93 mg-N/L.
When the hardness in Lake D2/D3 is ≥27 mg/L (as CaCO3):
SSWQO = e0.9518[ln(hardness in Lake D2/D3)] – 2.032 mg N/L up to a maximum of 16.42 mg-N/L

5.7

CCME guideline for the protection of aquatic life (CCME 1999).
mg-N/L The CCME guideline varies with temperature and pH of the receiving water. The value
of 5.7 mg-N/L is calculated under worst case conditions in Lake D2/D3 with max
temperature = 15°C (2010 to 2018) and max pH = 7 (2010 to 2018).

Total Metals

Aluminum

Calculation

µg/L

US EPA (2018) water quality guideline.
When DOC is >12 mg/L, the maximum model bound DOC value will be applied. This
benchmark is to be applied as a screening level benchmark given that the benchmark
is likely conservative because DOC values in Lake D2/D3 are currently >12 mg/L. Also,
some pH values in Lake D2/D3 are outside the model bounds (i.e., pH<6, pH>8.2) and
although these can be used, the results might be subject to further interpretation.

Antimony

6

µg/L

Health Canada drinking water guideline (Health Canada 2019)

Arsenic

5

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)

Barium

1,000

µg/L

Health Canada drinking water guideline (Health Canada 2019)

Beryllium

11

µg/L

Ontario Ministry of Environment guideline (ONT MOE 1979)

Boron

1,500

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)

Cadmium

0.04

µg/L

Given that water hardness in Lake D2/D3 is below 17 mg/L, the benchmark is to be
based on the CCME guideline of 0.04 µg/L for the protection of aquatic life.

Chromium

1

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)

Cobalt

4

µg/L

BC ENV guideline (BC ENV 2019)

Copper

2

µg/L

CCME guideline for the protection of aquatic life (CCME 1999). This benchmark might
be subject to revision when the draft Federal Water Quality Guideline for copper is
finalized.

Iron

670

µg/L

The CCME guideline for the protection of aquatic life (300 µg/L) is lower than what can
be considered the upper edge of natural baseline concentrations for iron in individual
Lakes D2 and D3 (i.e., mean baseline plus two standard deviations). Given that the
CCME guideline is too conservative for this water body, and consistent with past Board
practice for benchmark development for the core lakes, the Lake D2/D3 benchmark is
to be equivalent to the regional baseline mean plus two standard deviations value
(670 mg/L) (MVLWB 2014b, 2018a). This benchmark might be subject to revision when
the draft Federal Water Quality Guideline for iron is finalized.

Lead

1

µg/L

The CCME guideline for the protection of aquatic life (CCME 1999). This benchmark
might be subject to revision when the draft Federal Water Quality Guideline for lead is
finalized.

Calculation

µg/L

The BC ENV guideline (BC ENV 2019):
Manganese Benchmark = 0.0044 x hardness + 0.605
For example, for a mean hardness of 7.8 the manganese benchmark would be
0.64 mg/L.
This benchmark might be subject to revision when the draft CCME guideline for the
protection of aquatic life for manganese is finalized.

Manganese

Mercury

0.026

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)

Molybdenum

73

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)

Nickel

25

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)
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Proposed AEMP Benchmarks for Lake D2/D3
Benchmark

Unit

1

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)

0.25

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)

Strontium

10,700

µg/L

Given there is no CCME guideline for the protection of aquatic life for strontium, the
benchmark is to be based on the SSWQO developed for the Snap Lake Mine
(McPherson et al. 2014b). This benchmark might be subject to revision when the draft
Federal Water Quality Guideline for strontium is finalized.

Thallium

0.8

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)

Uranium

15

µg/L

CCME guideline for the protection of aquatic life (CCME 1999)

Vanadium

6

µg/L

Ontario Ministry of Environment guideline (ONT MOE 1999)

µg/L

Long-term CCME guideline for the protection of aquatic life for dissolved zinc that
considers the ETMFs pH, hardness, and DOC (CCME 1999):
Benchmark = e0.947[ln(hardness mg/L)] - 0.815[pH] + 0.398[ln(DOC mg/L)] + 4.625
For example, in 2018 the benchmark based on mean pH (6.02), hardness (7.8), and
DOC (19.5) would be 17.2 µg/L.

Selenium
Silver

Zinc (dissolved)

Calculation

Rationale for the Adoption of the Proposed Benchmark for Lake D2/D3

BC ENV = British Columbia Ministry of Environment and Climate Strategy; CCME = Canadian Council of Ministers of the
Environment; ETMF = Exposure and Toxicity Modifying Factor; ON MOE = Ontario Ministry of Environment; µg/L = micrograms per
litre; mg/L = milligrams per litre; DOC = dissolved organic carbon; SSWQO = site-specific water quality guideline; SSD = Species
Sensitivity Distribution; TOC = total organic carbon.

7.4.7

Further Evaluation of pH Patterns in the Core Lakes

As discussed in Section 7.2.2, lake-wide median concentrations for all parameters analyzed in samples
from Lake N11 in 2018 were below or within relevant AEMP benchmarks, with the exception of the ice-cover
lake-wide pH value of 6.2 calculated from field measurements taken at the AEMP stations (De Beers
2019c). The corresponding open-water median pH value was higher and within the AEMP benchmark range
(i.e., pH = 7.1). Slightly acidic pH conditions under ice-cover are not unexpected within this study area
because lower ice-cover pH values relative to those measured during open-water were documented for
some LSA lakes during the baseline period (De Beers 2014a). In both seasons, 2018 lake-wide median
concentrations for Area 8 were within the AEMP benchmark.
In response to the median under-ice value reported below the Lake N11 AEMP benchmark range, the 2018
AEMP Annual Report made a recommendation to review pH patterns in the core lakes during the three
years when operational pumping from the WMP to Lake N11 occurred (De Beers 2019c). A summary of
pH ranges for the years 2016, 2017, and 2018 is provided in Table 7.4-8 and individual station field profiles
are provided in Appendix 7A.
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2017 (Operations;
WMP discharge)
2018 (Operations;
WMP discharge)

Section 7

Field pH Profile Ranges for Seasonal Sampling Events in Area 8, Lake N11, and
Lake 410 during Years with a Water Management Pond Discharge to Lake N11,
2016 to 2018

Year and Lake
2016
(Construction;
WMP discharge)

December 2019

Area 8
Lake N11
Lake 410
Area 8
Lake N11
Lake 410
Area 8
Lake N11
Lake 410

Under-ice
April

July

Open-water
August

September

5.8 to 7.3
6.6 to 7.6
5.8 to 6.1
6.6 to 7.2
5.5 to 6.4
5.9 to 6.7

5.3 to 6.8
6.1 to 6.7
5.4 to 6.8
6.5 to 6.8
6.6 to 6.9
6.5 to 6.8
6.6 to 6.9
6.4 to 6.8
6.0 to 6.8

6.3 to 7.6
6.6 to 7.0
6.4 to 6.7
6.5 to 6.7
6.4 to 6.9
6.4 to 6.7
6.4 to 7.8
6.4 to 7.2
6.2 to 7.6

6.5 to 6.9
6.4 to 6.8
6.2 to 7.2
6.5 to 7.1
6.9 to 7.3
6.2 to 6.5
6.6 to 7.7
6.6 to 7.9
6.3 to 7.5

- = field pH data invalidated. WMP = water management pond.

Ice-cover data were available for the two years following the onset of periodic pumping of WMP water to
Lake N11 in 2016. While there has been some variation6 in field pH for Lake N11 stations over the
two seasons, there appeared to be an overall decrease in 2018 compared to 2017 (Appendix 7A, Table
7.4-8). This downwards shift in pH in 2018 relative to 2017 was also evident at one of the reference
lakes (East Lake; De Beers 2018c, 2019c) but was not apparent in Area 8 or Lake 410. As pH values
below the lower limit of the CWQG-PAL (pH 6.5) have also been reported in both core and reference
lakes under baseline conditions (Golder 2014a,b), the observed slight decrease in pH in Lake N11 might
reflect natural variability in field pH measurements taken under-ice in these study lakes and may not be
attributable to the Mine. AEMP monitoring in 2019 will provide a third year of seasonal post-discharge
data that can be used to further evaluate pH patterns in Lake N11 during the ice-cover season.
Open-water pH values were more reflective of circumneutral conditions and pH ranges extended closer to
or above pH 7 than under ice-cover conditions, particularly in August and September, possibly as a result
of an increase in primary production through the open-water season or a Mine-related influence. Being
measured earlier in the season, pH values in July would also have been more influenced by residual
melt-water from the ice-cover period. Although lake median values were within AEMP benchmark ranges
for the open-water season, some individual measurements were slightly below the lower limit of the
CWQG-PAL (pH 6.5), as was also reported in both core and reference lakes under baseline conditions This
suggests these pH ranges may be characteristic of lakes within the AEMP study area.

6

Some of the variability in pH for some station depths may have been at least in part attributable to common challenges associated
with taking in situ pH measurements under-ice (i.e., in extreme cold weather conditions).

De Beers Canada Inc.

Gahcho Kué Mine
7-91
2015 to 2018 Aquatic Effects Re-evaluation Report
Water Quality

7.4.8

December 2019
Section 7

Guideline Exceedances at Individual Stations in the Core
Lakes

Assessment of the potential for adverse effects to aquatic life in AEMP annual reporting is at the lake-wide
level and is focussed on comparison to AEMP benchmarks approved for the core lakes, in order to answer
the following key question: Are concentrations of key water quality parameters in receiving waterbodies
outside AEMP benchmarks?”. The drinking water assessment to evaluate if the water is safe to drink is
focussed on comparison to drinking water guidelines at the individual station level. A summary of
benchmark and guideline comparisons for the core lakes is provided in the summary of Mine-related effects
in Sections 7.2.1.2 (Area 8), 7.2.2.2 (Lake N11), and 7.2.3.2 (Lake 410).
As part of the Aquatic Effects re-evaluation, a recommendation was made in the 2018 AEMP Annual Report
(De Beers 2019c) to review exceedances of water quality guidelines for the protection of aquatic life and
drinking water at individual stations to determine if trends are present in individual stations and/or
consistently measured. The summary of exceedances provided in Appendix 7F and described below for
each core lake, provides information as to where in the lake concentrations have been above a guideline
or benchmark (e.g., close to or far from the diffuser), the magnitude of exceedance, and whether a similar
exceedance occurred prior to operations. The assessment found that noted guideline exceedances at
individual stations during operations in 2017 and 2018 were not related to the Mine, and instead reflected
pre-discharge conditions documented in 2015 and 2016. The exception was a minor 2018 exceedance of
nitrite under ice-cover conditions at two stations close to the diffuser in Lake N11, which indicated a
Mine-related influence on water quality at these stations but not at the whole-lake level.
Area 8: Water quality parameters measured at individual Area 8 stations during the open water season
were below CWQG-PAL and CDWQG for operations (Appendix 7F). The same was true for the ice-cover
season, with the exception of some minor exceedances (e.g., pH, DO, and a few total metals) that did not
appear to be related to the Mine because they also occurred prior to discharge in 2015 and 2016, and were
mostly sporadic. Concentrations at individual stations reported during operations were also below lake-wide
AEMP benchmark values.
Lake N11: Most water quality parameters reported at individual stations during both open-water and
ice-cover periods were below CWQG-PAL and CDWQG for operations (Appendix 7F). Where minor
exceedances were noted, they either approximated the guideline (within 1.2 times the guideline) or were
similar in magnitude to those reported prior to discharge in 2015 and 2016, and were sporadic. The
exception was nitrite in April 2018, where the two stations closest to the diffuser were above the CWQG-PAL
by up to 2.2 times during ice-cover conditions. The corresponding lake-wide nitrite concentration remained
below the guideline. Concentrations at individual stations reported during operations were also below
lake-wide AEMP benchmark values, except for pH values that approximated the lower bound benchmark
value and an isolated phosphorus exceedance that was also documented prior to discharge.
Lake 410: Similar to the other two core lakes, the majority of water quality parameters reported at individual
stations in Lake 410 during both open-water and ice-cover periods were below CWQG-PAL and CDWQG
for operations (Appendix 7F). Where minor exceedances were noted during operations, they were not
related to the Mine and had been documented prior to discharge.
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Comparison of individual AEMP station data to guidelines over the past four years of monitoring in the Core
Lakes reached the same conclusions as comparison of lake-wide concentrations to AEMP benchmarks for
the respective lakes. The AEMP Design Plan will therefore be updated to streamline the screening of AEMP
data to reflect lake-wide comparison to AEMP Benchmarks where benchmarks are available, and to
applicable water quality guidelines where benchmarks are not available. To specifically assess the AEMP
Key Question of whether the water is safe to drink, individual station data will be compared to Health
Canada’s human health drinking water quality guideline (maximum acceptable concentration).

7.5

Action Level Updates

The AEMP Response Framework developed by De Beers (2016a) and summarized in Section 3 of this
document provides a systematic approach to responding to the results of the AEMP according to Low,
Moderate, and High Action Levels. Of the three impact hypotheses described in Section 3, (i.e., toxicological
impairment, nutrient enrichment, and physical habitat alteration), only toxicological impairment and nutrient
enrichment apply to the water quality component. The Nutrient Enrichment Hypothesis with regards to water
quality will be discussed in the plankton component to provide an integrated assessment with plankton for
the open-water period which is most relevant to the Nutrient Enrichment Hypothesis (Section 9.5.7). Spatial
and temporal patterns in nutrient data collected during the ice-cover season will be discussed in the water
quality component but these data will not be included in the assessment of nutrient enrichment action levels.
This is because of the lack of algal growth during the ice-cover season in these lakes which limits the
ecological relevance of the ice-cover nutrient data with respect to nutrient enrichment during this season.
Water quality endpoints provide “early warning” indicators of potential adverse effects to plankton and
benthos (which are food for fish), to fish health, and to the maintenance of ecological function. Assessment
attributes associated with water quality assessment endpoints described in De Beers (2016a) are:
•

water quality in Area 8, the N lakes, and downstream lakes that does not pose a risk to aquatic life,
wildlife, and/or humans; and

•

water quality in the restored Kennady lake that does not pose a risk to aquatic life, wildlife, and/or
humans.

Consistent with these assessment attributes, the water quality measurement endpoints for the AEMP are
defined as in situ water quality measurements (e.g., DO, pH, specific conductivity, temperature, Secchi
depth, turbidity) and concentrations of water quality parameters, such as TSS, TDS, metals, nutrients
(e.g., ammonia, nitrite, nitrate, TKN and TP), in the surface water receiving environment.
As described in Section 3, Action Levels are intended to represent increasing levels of change towards the
Significance Thresholds, which lead to increasing levels of actions to mitigate potential effects, and thereby
prevent reaching the Significance Thresholds. Action Levels are assessed consecutively, so triggering a
higher (e.g., Moderate) Action Level indicates that lower Action Levels below it (e.g., Low) have already
been triggered. The Significance Thresholds for water quality are: Ecological function is not maintained
(i.e., inadequate food for fish; fish unable to survive, grow, or reproduce; and/or sustained absence of a fish
species) and Water is not drinkable (i.e., risk to human health and/or wildlife). Action Levels to address
increasing levels of change towards the ecological function Significance Threshold are described in
Section 7.5.1.1, while increasing levels of change towards the drinking water Significance Threshold are
described in Section 7.5.1.2.
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The following recommendation pertinent to Action Level updates for the water quality component was made
in the series of AEMP annual reports issued under the current AEMP Design Plan and associated response
plans: The Action Level criteria used for assigning a Low Action Level for toxicological impairment should
be revised so that the sensitivity of the AEMP Response Framework is appropriate for detecting Minerelated effects. A similar commitment pertinent to Action Level updates for the water quality component
was made by De Beers in response to review comments on the AEMP annual reports; i.e., Provide
recommendations with rationale, for changes to Action Levels. Lastly, a Board directive relating to Action
Level updates for the water quality component was issued after review of the 2017 Response Plan for
Water Quality, Plankton, and Benthic Invertebrates; i.e., The Board also directs De Beers to propose a
Medium Action Level for toxicological impairment and nutrient enrichment during the AEMP re-evaluation
and AEMP re-design process in 2019, even if the Low Action Level is changed/revised.
In response to these recommendations, commitments, and directives, the Action Level updates proposed
in this section for the water quality component are:
•

review of Existing Low Action Levels for the Core Lakes (i.e., Lake N11, Area 8, and Lake 410);

•

development of Moderate and High Action Levels for Core Lakes (i.e., Lake N11, Area 8, and
Lake 410); and

•

development of Low, Moderate, and High Action Levels for Lake D2/D3.

Consistent with current AEMP guidance, the proposed Moderate and High Action Levels for the Core Lakes
and Lake D2/D3 could be subject to further refinement as additional information becomes available or as
new trends emerge as a result of ongoing monitoring of water quality.

7.5.1

Core Lake Action Levels

As outlined in Section 6 of the AEMP Design Plan (De Beers 2016a), the Mine has the potential to result in
toxicological impairment. Low Action Levels were developed to be used in responding to environmental
change and avoiding the occurrence of significant adverse Mine-related changes to the aquatic ecosystem.
If a Low Action Level is not triggered, then it is implied that the environmental change was negligible.
Updated water quality and drinking water Action Levels for toxicological impairment in the Core Lakes
(i.e., Lake N11, Area 8, and Lake 410) are proposed in Table 7.5-1 and Table 7.5-2, respectively.

7.5.1.1
7.5.1.1.1

Toxicological Impairment Action Levels – Water Quality
(Aquatic Life)
Low Action Level

Water quality criteria used for assigning a Low Action Level have been revised so that the sensitivity of the
AEMP Response Framework is appropriate for detecting Mine-related effects that has ecological relevance.
This update is in response to a recommendation made by De Beers during the first three years of AEMP
reporting, following the first discharge of Mine-influenced water to Lake N11, where it became evident that
the Low Action Level was being conservatively triggered because it was too sensitive. Low-Level triggers
for toxicological impairment have thus been revised according to recommendations made by De Beers
during subsequent AEMP reporting, in order to reduce the occurrence of false positive triggers while
maintaining an early warning of potential change that has ecological relevance.
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The updated Low Action Level outlined in Table 7.5-1 meets the expectation of current AEMP guidance in
that it is triggered by measurable effects well below the Significance Threshold. As an early warning
intended to trigger further evaluation, the Low Action Level has been updated. A Low Action Level will be
triggered in the event that a Lake-wide average concentration for the current monitoring year is greater than
the lake-specific normal range or EIS prediction, and if the lake-wide average concentration is also above
75% of the AEMP benchmark and the relative difference between the core lake and both reference lakes
is statistically significant compared to baseline. An early warning is recognized in the event there is a
statistically significant change in water quality above a normal range of sufficient magnitude to approach
an AEMP benchmark (i.e., there is ecological relevance to the statistical differences). In response to review
of the first three years of AEMP data and recommendations made in annual reporting, the normal range
calculation method and the BACI analysis approach have been revised to better evaluate AEMP data, in
order to meet AEMP objectives and incorporate a level of sensitivity appropriate for detecting Mine-related
effects. Further details and rationale for revisions to the BACI analysis approach and the normal range
calculation method are provided in Appendix 7B (Sections 7B.2 and 7B.4).
There is conservatism built into this Low Action Level because it relies on 75% of an AEMP Benchmark,
which for many parameters is equivalent to 75% of the CWQG-PAL. The use of these guidelines can be
conservative because they are generic in their application (apply Canada-wide) and are conservatively
derived to protect the most sensitive species and life stage indefinitely. These guidelines are therefore
appropriate for inclusion in an early warning trigger but have some limitations with respect to their sitespecific application. Adoption of 75% of the AEMP Benchmark for the Low Action Level is appropriate for
an early warning action level because this threshold is close to the benchmark but not at the benchmark,
so parameters at risk of exceeding the benchmark are identified, thus providing enough time for further
evaluation before the benchmark might be reached. The 75% mark provides confidence that the reported
parameter concentration is ‘near’ a benchmark but without potential to present environmental risk. If the
threshold percentage is lowered, the Low Action Level becomes more sensitive and can be triggered
without meaningful ecological relevance. A threshold lower than 75% would be too sensitive given inherent
conservatism in the derivation of the AEMP benchmarks, including:
•

Being set at conservative/generic thresholds that are often overly protective for site-specific
conditions/species (as discussed above).

•

SSWQOs derived based on results from laboratory toxicity tests with site water that use typical testing
species rather site-specific species.

•

Based on ‘exposure’ endpoints and not biological endpoints where other factors such as habitat are
considered..

Benchmarks were not calculated for alkalinity, calcium, magnesium, silica, or sodium as they are
components of the calculated TDS and do not have applicable guidelines. Instead, calculated TDS was
used to represent a mixture of major ions and also acted as a surrogate benchmark for conductivity. Metal
benchmarks were limited to those with guidelines, appropriate alternate benchmarks, or had toxicological
relevance. For non-metals, benchmarks were not calculated for supporting or general water quality
parameters, such as temperature, turbidity, biological oxygen demand, TKN, dissolved orthophosphate, or
TOC.
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For other parameters without benchmarks that are present at visually increasing concentrations
consistently above the normal range, the following will apply to the Low Action Level, if available:
•

an approved guideline from another Canadian jurisdiction that is equivalent to a CCME WQG in terms
of protection level; or

•

an approved benchmark from another mine in the NT.

The updated Low Action Level outlined in Table 7.5-1 no longer includes the Low Action level trigger for
end-of-pipe toxicity testing for sublethal toxic effects that are documented in three consecutive end-of-pipe
effluent samples, independent of the water quality results. The end-of-pipe toxicity testing is a condition of
the SNP sampling and will be assessed in reporting for the SNP. Should a Low Action level be triggered by
the AEMP water quality results, the sublethal toxicity test results would be evaluated as supporting
information for interpretation of Low Action Level trigger for water quality.
The updated Low Action Level for the Core Lakes proposed for the AEMP Design update differs from the
current Core Lakes Low Action Level in that:
•

Where a lake-wide concentration is greater than the lake-specific normal range or EIS, it does not need
to be supported by a visual temporal trend.

•

A significant BACI effect at the whole-lake level should also be accompanied by a central tendency
value for that given year that is above the whole-lake normal range.

•

The Low Action level trigger for end-of-pipe toxicity testing has been removed.

The above changes to the Low Action Level for water quality represent improvements to the relevance of
the Action Level, clarity in its application with the Response Framework, as well as an updated technical
basis as informed by review of the first four years of AEMP data. The Low Action Level has been updated
to focus more on changes to water quality with relevance to aquatic effects rather than known natural
variability in lake water quality.

7.5.1.1.2

Moderate Action Level

The Moderate Action Level proposed in Table 7.5-1 for the water quality component aligns with current
AEMP guidance, in that it is triggered by measurable effects that, although well below a Significance
Threshold, are trending towards it. Whereas the Low Action Level represents an early warning of a potential
change in water quality, the Moderate Action Level signifies that there is a change in water quality, which
represents a moderate level of concern that the Significance Threshold could be met or exceeded.
Consistent with this level of concern, a Response Plan is developed to better understand the variable that
triggered the Action Level and then, if necessary, proposes measures to reduce the degree of change. An
effect that falls within the Moderate Action Level should be responded to by actions that may involve
additional investigation to determine both significance and causation, and thus allow effective management
intervention, if such is required.
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The Moderate Action Level for the Toxicological Impairment Hypothesis is triggered by lake-wide average
concentrations greater than the regional normal range that also exceed AEMP benchmarks, and are
accompanied by an actual low-level change in at least one lower trophic component (either the benthic
invertebrate community or plankton). Triggering of the Moderate Action Level does not mean that ecological
function is not maintained, but rather that Mine-related changes in water quality were detected that could
potentially be responsible for low-level changes observed in a lower trophic component, that if not
responded, to could potentially lead to adverse effects. Biological monitoring is not currently undertaken in
Lake 410 so the Moderate Action Level would be evaluated based on water chemistry data only. If the
Moderate Action Level is triggered in Lake 410 then biological monitoring could be included as a component
of a special study to assess potential effects in the lake, and in the lakes and streams that flow into Lake 410
from Lake N11 and Area 8.
In response to the change in water chemistry identified by the Moderate Action Level trigger, an effects
threshold would be developed for the Response Framework and a special study would be initiated to assess
potential effects on downstream lakes and streams. Sublethal lake water toxicity testing at the edge-ofmixing-zone would be initiated as part of any special study to assess the toxicological relevance of water
quality changes in the lake and connection to the diffuser.

7.5.1.1.3

High Action Level

The High Action Level proposed in Table 7.5-1 for the water quality component aligns with current AEMP
guidance in that it is triggered by measurable effects closer to the Significance Threshold than at the
Moderate Action Level, and so indicates a high level of concern that the Significance Threshold might be
reached. This level might be reached because the initial management response to the Moderate Action
Level trigger might not have been sufficient to mitigate the potential threat to the aquatic ecosystem. The
subsequent level of heightened concern means that timely mitigation to reverse the effect is required
through a Response Plan.
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Updated Core Lake Water Quality Action Levels for Toxicological Impairment
Action Level

Low(a)
Effects are measureable but well below
the Significance Threshold – trigger
meant as a warning and requirement for
further evaluation

Moderate
Effects are measureable and are trending
towards the Significance Threshold, but
still well below it

High
Measured effects continue to trend
towards the Significance Threshold

Updated

Suggested Responses

Lake-wide average concentration for the current
monitoring year greater than the lake-specific
normal range or EIS prediction
AND
Relative difference between the core lake and both
reference lakes statistically significant compared to
baseline (i.e., significant BACI effect detected)
AND
Lake-wide average concentration exceeds 75% of
AEMP benchmark(b)

• Report in the AEMP annual report – no formal AEMP Response Plan needed as
per current AEMP guidance
• Continue AEMP seasonal monitoring to confirm the Low Action Level results
• If lake-wide concentration(s) are greater than EIS predictions, re-evaluate EIS
predictions in a special study to confirm predictions
• Address any key uncertainties identified by the Low Action Level assessment
• As per AEMP guidance, refine Moderate and High Action Levels if necessary

Lake-wide average concentration for the current
monitoring year is greater than the regional normal
range
AND
Lake-wide average concentration exceeds AEMP
benchmark(b)
AND
Low response in at least one lower trophic
component (either benthic invertebrates or
plankton)

• Prepare and submit an AEMP Response Plan
• Continue AEMP seasonal monitoring to confirm the noted Moderate Action Level
results
• Address any key uncertainties identified by the Moderate Action Level
assessment
• To further assess toxicological relevance, develop Effect Thresholds for the
Response Framework
• To further assess toxicological relevance, undertake a special study for edge-ofmixing-zone water sampling for sublethal toxic effects (e.g., Ceriodaphnia dubia
and Pseudokirchneriella subcapitata)
• Assess potential effects on downstream lakes and streams in a special study
• Identify and evaluate potential mitigation options in response to the Moderate
Action Level assessment. As appropriate, consider implementation of mitigation
measures

Above the effect threshold developed in response
to exceedance of the Moderate Action Level
AND
Confirmed moderate response in lower trophic
components (both benthic invertebrate and
plankton)

• Prepare and submit an AEMP Response Plan
• Continue AEMP seasonal monitoring to confirm the noted High Action Level
results
• Address any key uncertainties identified by the High Action Level assessment
• Assess potential effects on downstream lakes and streams in a special study
• Undertake a special study for sublethal toxic effects (e.g., Ceriodaphnia dubia
and Pseudokirchneriella subcapitata) at the AEMP station to assess toxicological
relevance
• Identify, evaluate, and implement mitigation measures to stop or reverse the
observed trend so the Significance Threshold is not reached.

a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible levels of environmental change.
b) Benchmarks currently used in the AEMP to which substance concentrations are compared. For core lakes where benchmarks have not yet been developed, applicable generic
water quality guidelines can be used as a surrogate.
AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; CCME = Canadian Council of Ministers of the Environment; EIS = Environmental Impact Statement.
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Toxicological Impairment Action Levels – Drinking Water

The drinking water Action Level criteria used for assigning a Low Action Level has been revised so that the
sensitivity of the AEMP Response Framework is appropriate for detecting Mine-related effects.
In AEMP reporting, maximum acceptable concentrations (MAC) were considered in screening of the water
quality data; however, any exceedances to the aesthetic objectives were only noted and were not relied
upon to assess the safety of the water to drink. The aesthetic objectives included in the current Low Action
Level are mainly based on taste, water discolouration or staining, and the potential for corrosion or scaling
in the distribution system; none of which are relevant to the Significance Threshold of Water is not drinkable
(i.e., risk to human health and/or wildlife). It is proposed that aesthetic objectives are not included in the
Action Level triggers for drinking water. Rather, the Action Level triggers should focus on health-based
MAC guidelines set to protect the health of the most vulnerable members of society, such as children and
the elderly (Health Canada 2019).
The updated Low Action Level outlined in Table 7.5-2 meets the expectation of the current AEMP guidance,
in that it is triggered by measurable effects well below the Significance Threshold. As an early warning
intended to trigger further evaluation, the Low Action Level for water quality monitoring is a confirmed
concentration of a drinking parameter at any AEMP station above 75% of Health Canada’s MAC human
health drinking water guideline will trigger a Low Action Level. There is conservatism built into this Low
Action Level because it relies on 75% of the Health Canada MAC and applies to any single station. Meeting
these guidelines provides confidence that the water is safe to drink.
The Moderate Action Level proposed in Table 7.5-2 for drinking water aligns with current AEMP guidance,
in that it is triggered by measurable effects, that although well bellow a Significance Threshold, are trending
towards it. Exceeding the Moderate Action Level signifies that there is a change in drinking water quality
that represents a moderate level of concern that the Significance Threshold could be met or exceeded. The
Moderate Action Level is triggered by a lake-wide mean/median concentration that is above 75% of Health
Canada’s MAC human health drinking water guideline. This Moderate Action Level is less conservative
than the Low Action Level, in that it is triggered using average concentrations instead of a single
concentration, but is still reasonably conservative in that it relies on 75% of the Health Canada MAC. As
part of the response plan, a screening-level human health risk assessment using conservative assumptions
would be conducted to further evaluate the noted exceedance(s).
The High Action Level proposed in Table 7.5-2 for drinking water aligns with current AEMP guidance in that
it is triggered by measurable effects that are closer to the Significance Threshold than at the Moderate
Action Level, and so indicate a high level of concern that the Significance Threshold might be reached. This
level might be reached because the initial management intervention response to the Moderate Action Level
trigger might not have been sufficient to mitigate the potential threat to drinking water quality. The
subsequent level of heightened concern means that timely management intervention to reverse the effect
is required through a Response Plan. The High Action Level is triggered by lake-wide mean/median
concentration that is above the Health Canada MAC. In response to the change in drinking water chemistry
identified by the High Action Level trigger, the screening-level human health risk assessment conducted
under the Moderate Action Level trigger would be refined using less conservative assumptions to assess
the toxicological relevance of the water quality changes, and inform the use of appropriate mitigation to
stop or reverse the observed trend so the Significance Threshold is not reached.
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Updated Core Lake Water Quality Action Levels for Toxicological Impairment (Drinking Water)

Action Level

Updated

Low(a)
Effects are measureable but well below
the Significance Threshold – trigger
meant as a warning and requirement
for further evaluation

Suggested Responses

Concentration of a drinking water parameter at any
AEMP station above 75% of Health Canada’s human
health drinking water quality guideline (maximum
acceptable concentration)(b) .

• Report in the AEMP Annual Report – no formal AEMP Reponse Plan needed
• Address any uncertainties identified by the Low Action Level assessment

Moderate
Effects are measureable and are
trending towards the Significance
Threshold, but still well below it

Lake-wide mean/median concentration of a drinking
water parameter is above 75% of Health Canada’s
human health drinking water quality guideline
(maximum acceptable concentration)

• Continue to confirm the noted exceedance(s) through AEMP seasonal
monitoring and to identify any temporal trends
• Conduct a screening-level human health risk assessment using conservative
assumptions to evaluate the noted exceedance(s) of the CDWQG(s)
• Identify and evaluate potential mitigation options in response to the noted
exceedance(s) and the outcome of the risk assessment activities. As
appropriate, consider implementation of mitigation measures

High
Measured effects continue to trend
towards the Significance Threshold

Lake-wide mean/median concentration of a drinking
water parameter is above Health Canada’s human
health drinking water quality guideline (maximum
acceptable concentration)

• Refine the screening-level human health risk assessment conducted in response
to the Moderate Action Level exceedance, using less conservative assumptions
• Continue to confirm the noted exceedance(s) through AEMP seasonal
monitoring to identify any temporal trends
• Identify, evaluate, and implement mitigation measures to address the outcome of
the human health risk assessment activities

a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible levels of environmental change.
b) Health Canada sets drinking water guidelines to be the maximum acceptable concentrations to protect the health of the most vulnerable members of society, such as children and
the elderly (Health Canada 2019). Meeting these guidelines provides confidence that the water is safe to drink. Setting the Low Action Level to 75% of the drinking water guidelines for
both human health and aesthetics is a sufficiently conservative measure to trigger additional action.
AEMP = Aquatic Effects Monitoring Program; CDWQG = Canadian Drinking Water Quality Guideline.
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Action Levels for Lake D2/D3

Although Action Levels for the raised Lake D2/D3 were not included in the current AEMP Design Plan
(De Beers 2016a), water quality in the lake has been monitored and screened against applicable WQGs,
undergone annual assessment to compare pre- and post-dyke water quality, and been evaluated to assess
within-lake spatial variability. As discussed in Section 7.2.4, the annual 2018 assessment confirmed that
water quality has changed for a number of parameters as the lake has approached full-supply level,
consistent with expectations documented in the EIS.
Lake D2/D3 water quality has been in a transitional development phase since the amalgamation of Lakes
D2 and D3 in 2016 and the raised lake only reached its full supply level in June 2019, when lake water from
the deeper Basin D3 overflowed to the tundra towards Lake N14. Water quality is expected to continue to
change as Lake D2/D3 continues to mature and develop over time. During the next few years, water levels
should remain stable at or close to full supply level, but water quality will likely remain in a transitional phase
for another one to three years. This transitional period is expected to lead to the eventual stabilization of
water quality such that Lake D2/D3 might be more consistent with other lakes in the study area. For three
years after reaching full supply level, it is reasonable to propose that the following water quality Significance
Threshold that applies to the core lakes would also apply to Lake D2/D3: Ecological function is not
maintained (i.e., inadequate food for fish; fish unable to survive, grow, or reproduce; and/or sustained
absence of a fish species).
The Action Levels proposed for Lake D2/D3 in Table 7.5-3 have been developed in recognition of a surface
hydrological connection between Lake D2/D3 and Lake N14, whereby Lake D2/D3 is the source water to
Lake N14. These Action Levels serve to monitor water quality during further development of Lake D2/D3,
and where appropriate in the downstream Lake N14 waterbody; i.e., when triggered by the response
framework and where there is hydrological connection between the two lakes through an overflow from
Lake D2/D3 to the tundra. The Action Levels are subject to refinement during the next Aquatic Effects
re-evaluation or sooner if required.
The Low Action Level represents an early warning change, where measurable though not unexpected
changes in water quality relative to pre-dyke water quality are found to be above AEMP benchmarks
proposed for Lake D2/D3, and occur in parallel with low-level change in at least one lower trophic
component. In response to triggering this Low Action Level, sublethal toxicity testing is proposed to evaluate
the potential for downstream effects of an overflow from Lake D2/D3. Another suggested response is to
extend water quality monitoring and develop Action Levels for Lake N14, assuming that Lake D2/D3 has
recently overflowed towards Lake N14.
Water quality and toxicity test data for Lake D2/D3 and water quality data for Lake N14 would be evaluated
as described in Table 7.5-3 to determine if a Moderate Action Level had been met for the system. For a
Moderate Action Level to be triggered, there would also have to be a confirmed Moderate Action Level
response in at least one Lake D2/D3 lower trophic component, indicating that the changes in water quality
had also resulted in changes in either benthic invertebrates or plankton of a comparable high magnitude.
Should a Moderate Action Level be triggered, water quality monitoring would continue in Lake D2/D3 and
downstream in Lake N14 as outlined in Table 7.5-3. Concurrent with this confirmatory monitoring, potential
mitigation would be identified, evaluated, and implemented as appropriate.
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For a High Action Level to be triggered, there would also have to be a confirmed High Action Level response
in at least one lower trophic component and a Moderate Action Level response in water quality for N14 as
triggered by a series of Action Levels for Lake N14 (to be developed in response to a Low Action Level
trigger for Lake D2/D3). This trigger represents a higher level of concern because the spatial scale of a
moderate effect on water quality is increased and a high-level biological response is evident in Lake D2/D3.
Accordingly, mitigation measures would be identified, evaluated, and implemented to stop or reverse the
observed trend so the Significance Threshold is not reached.
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Updated Water Quality Action Levels for Toxicological Impairment for Lake D2/D3

Action Level

Toxicological Impairment

Low
Effects are measureable but well
below the Significance Threshold –
trigger meant as a warning and
requirement for further evaluation

Significant increase in Lake D2/D3 lake-wide
mean/median concentration relative to pre-dyke
AND
Lake D2/D3 lake-wide average concentration exceeds
AEMP benchmark
AND
Low Action Level response in at least one lower trophic
component (either benthic invertebrates or plankton in
Lake D2/D3)

Moderate
Effects are measureable and are
trending towards the Significance
Threshold, but still well below it

Chronic toxicity tests: results from three consecutive
toxicity tests indicate a Mine-related effect in
consideration of supporting water chemistry. Samples
to be taken either directly from the overflow or close to
the outlet from Lake D2/D3.
AND (applicable if there is a surface hydrological
connection between Lake D2/D3 and Lake N14 for at
least part of the year)
Low Action Level response in water quality for Lake
N14(a)
AND
Confirmed Moderate Action Level response in at least
one Lake D2/D3 lower trophic component (either
benthic invertebrates or plankton)

High
Measured effects continue to trend
towards the Significance Threshold

Moderate Action Level response in water quality for
Lake N14(a)
AND
Confirmed High Action Level response at least one
Lake D2/D3 lower trophic component (either benthic
invertebrates or plankton)

Suggested Responses
• Report in the AEMP annual report – no formal AEMP Reponse Plan needed as
per current AEMP guidance
• Continue AEMP seasonal monitoring to confirm the Low Action Level results
• Address any key uncertainties identified by the Low Action Level assessment
• To evaluate the potential for downstream effects of the overflow (or potential
overflow) from Lake D2/D3 to Lake N14, conduct a special study to undertake
sublethal toxicity testing (i.e., Ceriodaphnia dubia and Pseudokirchneriella
subcapitata) in samples taken either directly from the overflow or close to the
outlet from Lake D2/D3
• Begin water quality monitoring in Lake N14 and develop Action Levels for Lake
N14, if Lake D2/D3 is overflowing towards Lake N14 (i.e., there is a surface
hydrological connection between the two lakes)
• Prepare and submit an AEMP Response Plan
• Continue AEMP seasonal monitoring to confirm the Moderate Action Level
results
• Address any key uncertainties identified by the Moderate Action Level
assessment
• Continue Lake N14 monitoring to evaluate the potential of downstream effects of
any overflow from Lake D2/D3
• Identify and evaluate potential mitigation options in response to the Moderate
Action Level assessment. As appropriate, consider implementation of mitigation
measures

• Prepare and submit an AEMP Response Plan
• Continue AEMP seasonal monitoring to confirm the High Action Level results
• Continue Lake N14 monitoring to evaluate the potential of downstream effects of
any overflow from Lake D2/D3
• Address any key uncertainties identified by the High Action Level assessment
• Identify, evaluate, and implement mitigation measures to stop or reverse the
observed trend so the Significance Threshold is not reached

a) Action Levels for Lake N14 developed in response to a Low Action Level trigger for Lake D2/D3.
AEMP = Aquatic Effects Monitoring Program.
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Conclusions and Recommendations

This component evaluated water quality in the core lakes (i.e., Area 8, Lake N11, Lake 410), raised lakes
(i.e., Lake D2/D3), and downstream lakes (i.e., Lake L2, Lake M4), and streams (i.e., Stream K5 and
Stream L2) during the initial years of Mine construction and operations. Low-level Mine-related changes to
water quality, within EIS predictions and AEMP benchmarks, were noted for Lake N11 and Area 8. No
Mine-related effects were observed for Lake 410 or the downstream lakes and streams.
Lake D2/D3 water quality has been changing in response to the flooding of tundra since 2016 and only
reached its full supply level in June 2019. Water quality is expected to continue to change as the lake
continues to mature and develop through this transitional phase, consistent with EIS projections for this
raised lake, until the eventual stabilization of water quality anticipated to occur further into the Mine
operations. Specifically, the EIS predicted that during the raising of Lake D2/D3 there would be water quality
changes due to the release of nutrients, metals, and other substances from flooded sediments and
vegetation.
The results of the 2015 to 2018 Aquatic Effects re-evaluation process for water quality identified several
improvements recommended to be implemented for the updated AEMP Design Plan, including updates or
refinements to the field sampling methods, data analysis approaches, and Action Levels for water quality.
The recommendations for changes to the AEMP Design Plan for the water quality component are as
follows:
•

Revise the analytical suite to include DOC analysis for lake and stream AEMP stations because it is
required for the dissolved zinc guideline calculation and DOC is a key exposure ETMF for a number of
metals.

•

Revise the analytical suite to include the immediate analysis of dissolved metals for Lake D2/D3 AEMP
stations, to facilitate interpretation of observed total guideline exceedances with respect to metal
bioavailability in this raised lake, given that some total metals have progressively increased in
concentration.

•

Streamline nutrient sampling to remove duplication of effort between the water quality and plankton
components.

•

Streamline the phosphorus analytical suite to focus on total phosphorus, dissolved phosphorus, and
soluble reactive phosphorus (i.e., orthophosphate).

•

Optimize sampling effort for the program by aligning water quality stream sampling stations with benthic
invertebrate stream sampling stations and reducing sampling effort for the downstream lakes.

•

Assign water quality data collected from the core lakes in 2015 and 2016 (except for 2016 data from
Area 8, and Lake 410 data) as pre-impact data for water quality. Subsequently include this data in the
lake-specific and regional normal ranges and as Before data in statistical comparisons.

•

In the updated AEMP Design Plan, incorporate the revised BACI statistical approach for the analysis
of water quality data recommended through independent review of the currently implemented BACI
approach.

•

Revise the current approach for managing non-detect values in the AEMP to better align with guidance
from the USEPA (2006). Based on this guidance, the data management approach is informed by the
degree of censoring in the dataset.
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•

Revise the lake-wide normal range calculation method using an 𝑎𝑎 = 0.15 and m = 1 to lower the
probability of Type I errors, while retaining enough sensitivity to provide an early warning of change
within the receiving environment.

•

Going forward use the updated baseline normal ranges including 2015/2016 data and the regional
normal ranges for the annual assessment of water quality in Area 8, Lake 410, and Lake N11.
Specifically, the lake-specific baseline and the regional normal ranges defined in Appendix 7C should
be compared to lake-wide mean/median concentrations in these lakes.

•

Include ongoing reference lake data in the regional normal range calculations for water quality in the
next Aquatic Effects Re-evaluation Report to better account for spatial and temporal variability in lake
water quality.

In addition, De Beers recommends adoption of the Low, Moderate and High Action Level for the core lakes
and raised lake, Lake D2/D3, as proposed in Section 7.5.

De Beers Canada Inc.

Gahcho Kué Mine
8-1
2015 to 2018 Aquatic Effects Re-evaluation Report
Sediment Quality

8

8.1

December 2019
Section 8

SEDIMENT QUALITY
Introduction

The purpose of the sediment quality component of the Aquatic Effects Monitoring Program (AEMP) is to
evaluate whether sediment quality remains acceptable in the study lakes, such that a healthy benthic
invertebrate community is maintained.

8.2

Summary of Mine-related Effects

The primary Mine-related activity that could potentially affect sediment quality in the receiving environment
is discharge from the Mine to the receiving environment. These discharges include operational pumping
from the water management pond (WMP) to Lake N11 and downstream flow mitigation pumping from
Lake N11 to Area 8. Operational pumping from the WMP to Lake N11 occurred during fall or winter seasons;
specifically, from October 29, 2016 to January 17, 2017, from September 4 to November 13, 2017, and
from September 4 to October 3, 2018 (De Beers 2019c). Downstream flow mitigation pumping from
Lake N11 to Area 8 is timed to occur during open-water low flow periods; this pumping occurred between
June and August 2017 and between June 16 and September 3, 2018.
Area 8 and Lake N11 sediment quality has not changed substantially from baseline, in that sediments have
remained naturally elevated in some metals, such as arsenic, cadmium, chromium, copper, and zinc. These
metals also exceed conservative interim sediment quality guidelines (ISQGs) in AEMP reference lakes and
other lakes within the region. In general, sediment parameter concentrations in the core lakes were similar
to those in reference lakes or were explained by the differences in analytical resolution and reliability
between the baseline and monitoring periods. Overall, the observed changes in sediment quality from 2015
to 2018 are consistent with Environment Impact Statement (EIS) predictions in the core lakes (i.e., Area 8
and Lake N11). The EIS predicted that Mine operations will not result in significant adverse effects to the
receiving environment.
No sediment quality Action Levels were triggered in Area 8 from 2016 to 2018 and for Lake N11 from 2016
to 2017. As discussed in De Beers (2019d), a Low Action Level was triggered in 2018 for zinc in Lake N11
because the zinc concentration at Station N11-L1 (the station closest to the diffuser in Lake N11; Map 7.3-1)
was above the upper-bound of the Lake N11 normal range for individual stations and the Canadian Council
of Ministers of the Environment (CCME) ISQG. This was despite the lack of significant before-after
control-impact (BACI) effects being detected for zinc in Lake N11 relative to either reference lake.
Construction of Dyke F downstream of Lakes D2 and D3 was completed in May 2016, which resulted in the
formation of a single waterbody (Lake D2/D3) during the 2016 open-water season. Potential changes to
sediment quality were predicted as a result of the establishment of Lake D2/D3 but between 2016 and 2018
only minor differences from baseline conditions were identified in this raised lake.
Further details on Mine-related effects in Area 8, Lake N11, and Lake D2/D3 are provided in the Sections
that follow.

8.2.1

Area 8

No Mine-related effects on sediment quality were observed for Area 8 between 2015 and 2018. Sediment
parameters have not shown a Mine-related increase during construction and operations, in comparison to
reference lake sediment quality. Parameter concentrations were within applicable normal ranges, with any
differences or trends explained by modifications in analytical sensitivity/resolution and reliability of analytical
methods employed during the baseline and post-baseline monitoring periods. Thus, no Low Action Levels
were triggered from 2015 to 2018. A synthesis of AEMP results from the first four years of AEMP monitoring
in Area 8 is provided below to support the Aquatic Effects re-evaluation.
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Substrate Characterization and Comparison to Sediment
Quality Guidelines and Normal Ranges

Physical Substrate Characterization, Carbon Content, and Nutrients
Sediment samples were collected between 2015 and 2018 as described in the AEMP Design Plan
(De Beers 2016a). The analysis of physical substrate characterization, carbon content, and nutrients in the
sediment samples has generally been consistent with described in the AEMP Design Plan (De Beers
2016a), except for particle size distribution. The particle size analytical method stated in the AEMP Design
Plan 7 was different from the method applied since the start of the AEMP in 2015 (i.e., hydrometer method 8),
which resulted in different size classes reported in the AEMP annual reports than planned in the AEMP
Design Plan (De Beers 2019c).
To address the discrepancy between the particle size analytical method stated in the AEMP Design Plan
and the method applied to the AEMP from 2015 to 2018, split samples were collected in 2018 to compare
both analytical methods. This comparison found that variability in sand and silt fractionation between the
two analytical methods was similar to that documented between quality assurance/quality control (QA/QC)
and original samples for the method applied since the start of the AEMP (De Beers 2019c). The less
dominant clay fraction which typically represented <20% of the sediment samples was more variable than
the other fractions but this variability was inconsequential to the AEMP results because clay was not a
dominant substrate type.
Particle size data collected under baseline conditions prior to and including 2012 were generated using the
hydrometer method without pre-treatment to remove organic matter. This method likely overestimated the
sand content, as is evident in Table 8.2-1, where samples taken between 2004 to 2012 appeared to be
dominated by sand. A more even mix of sand, silt, and clay was reported in 2013 when the micro-pipette
method was used after organic matter removal (Table 8.2-1); however, the baseline and post-baseline
stations were not in the same locations, thus limiting comparison to baseline. Particle size characterization
during construction and operations was deemed reliable and indicated that Area 8 sediments were
consistently dominated by fines, with median percent silt ranging from 62% to 79% and clay from 18% to
23%. The presence of loamy (or fine-grained) sediments is a key factor to be considered in the assessment
of metal accumulation in sediments because a number of metals preferentially bind to finer grained
substrates.
Median total organic carbon (TOC) was consistently between 16 and 18% from 2015 to 2018, comparable
to the median carbon content reported under baseline conditions (Table 8.2-1). Metals also preferentially
accumulate in sediments with relatively high TOC content, such as those present in Area 8. Similar to
carbon, total phosphorus (TP) and total nitrogen (TN) median values remained consistent between 2015
and 2018. During the 1999 to 2013 baseline studies, TP and TN were not analyzed or reported.

To achieve the size classes stated in the currently approved AEMP Design Plan (i.e., sand 0.063 to 2.0 mm, silt 0.063 to 0.004 mm,
and clay <0.004 mm), a combination of techniques are used including dry sieving for coarse particles, wet sieving for sand particles,
and the pipette sedimentation method for clay particles.
7

Particle size distribution (sand, silt, clay) is determined by the micro-pipette method (SSIR-51 Method 3.2.1.2.2), which includes pretreatment of the dry sediment sample with hydrochloric acid to remove carbonates, and then with hydrogen peroxide to remove organic
matter. The silt fraction is determined by calculation from the clay and sand fraction. The size classes reported with this method are
sand 0.05 to 2.0 mm, silt 0.002 to 0.05 mm, and clay <0.002 mm.

8
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Area 8 Physical Parameters for Baseline and Post-baseline Annual Median Values
Baseline

Area 8

Construction

Operations

2004 to 2012

2013

2015

2016

2017

2018

71%
24%
7%
13%
-

29%
35%
34%
17%
-

0.9%
79%
20%
18%
954 mg/kg dw
1.4%

8.2%
62%
23%
16%
800 mg/kg dw
1.2%

6.4%
69%
20%
16%
785 mg/kg dw
1.3%

9%
73%
18%
17%
840 mg/kg dw
1.3%

Particle Size (Sand)
Particle Size (Silt)
Particle Size (Clay)
TOC
Total Phosphorus
Total Nitrogen

Note: Values are expressed as medians.
mg/kg = milligrams per kilogram dry weight; TOC = total organic carbon; - = no available data for TN (total nitrogen) and TP (total
phosphorus) in the baseline setting.

Comparison to Sediment Quality Guidelines
Sediment data were compared to applicable CCME sediment quality guidelines (SQGs) for the protection
of freshwater aquatic life (CCME 1999). These guidelines are separated into probable effect levels (PELs)
and ISQGs. PELs are intended to represent concentrations above which adverse effects are predicted to
occur frequently, based on a concurrence data set with effects and concentration data from other sites. By
comparison, the ISQG is intended to represent a concentration above which adverse biological effects may
occur (CCME 1999). Both CCME sediment quality guidelines apply at a national level across Canada and
do not consider site-specific conditions. The concurrence approach used to develop ISQGs and PELs also
has the potential to identify false positives in which responses from one constituent are incorrectly ascribed
to other constituents (Chapman and Mann 1999).
There were no CCME PEL guideline exceedances in Area 8 from 2015 to 2018; however, there were
several ISQG exceedances with consistency among years, as summarized in Table 8.2-2. Arsenic,
cadmium, chromium, copper, and zinc, were also above ISQGs in sediment samples from Area 8 prior to
Mine-related activity, as discussed in Golder (2014a,b) and summarized in Table 8.2-3. The magnitude of
the ISQG exceedances between 2015 and 2018 is lower than or within the range of guideline exceedance
reported for Area 8 under baseline conditions or for the reference lakes pre- and post-construction
(Table 8.2-2 and Table 8.2-3). These observations indicate that lake sediments in the area have naturally
elevated concentrations of some metals.
Table 8.2-2
Area 8

ISQG

Area 8 Guideline Exceedances during Baseline, Construction, and Operations
Baseline
2004 to 2013

1/17 Arsenic (1.2x)
1/17 Cadmium (1.1x)
5/17 Chromium (2.2x)
14/17 Copper (2.6x)
2/17 Zinc (1.1x)

2015

Construction

2/5 Chromium (1.9x)
5/5 Copper (1.9x)

Operations

2016

2017

1/5 Arsenic (1.1x)
2/5 Chromium (1.3x)
5/5 Copper (1.8x)

1/5 Arsenic (1.1x)
3/5 Chromium (1.2x)
5/5 Copper (1.6x)

2018

1/5 Arsenic (1.4x)
2/5 Chromium (1.0x)
5/5 Copper (1.8x)

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
sediment quality guideline in brackets.
ISQG = interim sediment quality guideline.
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Reference Lake Guideline Exceedances during Baseline, Construction, and
Operations
Baseline
2011 to 2013

2015

East Lake
ISQG

4/18 Arsenic (3.6x)
4/18 Cadmium (1.5x)
9/18 Chromium (3.5x)
13/18 Copper (6.7x)
11/18 Zinc (1.8x)

East Lake
PEL

Construction

Operations

2016

2017

2018

2/5 Arsenic (4.7x)
1/5 Cadmium (1.45x)
1/5 Chromium (1.2x)
3/5 Copper (2.1x)
2/5 Zinc (1.5x)

1/5 Arsenic (1.4x)
1/5 Cadmium (1.2x)
1/5 Chromium (1.0x)
2/5 Copper (1.9x)

2/5 Arsenic (2.2x)
3/5 Chromium (1.2x)
3/5 Copper (1.7x)

2/5 Arsenic (5.9x)
1/5 Chromium (1.1x)
3/5 Copper (1.75x)
1/5 Zinc (1.3x)

1/18 Arsenic (1.2x)
1/18 Chromium (1.4x)
1/18 Copper (1.2x)

1/5 Arsenic (1.6x)

None

None

1/5 Arsenic (2.1x)

Lake 3
ISQG

1/9 Chromium (1.3x)
7/9 Copper (5.0x)
1/9 Zinc (1.1x)

1/5 Chromium (1.2x)
1/5 Copper (1.4x)

1/5 Chromium (1.2x)
1/5 Copper (1.4x)

3/5 Chromium (1.9x)
2/5 Copper (1.2x)

1/5 Copper (1.4x)

Lake 3
PEL

None

None

None

None

None

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
sediment quality guideline in brackets.
ISQG = interim sediment quality guideline; PEL = probable effect level.

Naturally elevated concentrations of arsenic, chromium, and copper have been observed in sediments from
other northern lakes. The occurrence of ISQG exceedances for several metals and one PEL exceedance
for arsenic in the reference lakes in the 2015-2018 sediment data is consistent with observations made by
Puznicki (1997) in an overview of sediment chemistry in lakes of the Northwest Territories (NT). The author
reported that arsenic and nickel concentrations frequently exceeded ISQGs (>70% of samples) and
occasionally PELs (>15% of samples); other metals also occasionally exceeded ISQGs (i.e., cadmium,
chromium, copper, lead, mercury, zinc). Specific to monitoring for diamond mine projects in the NT, baseline
studies at the Dominion Diamond Jay Project reported that arsenic and chromium concentrations in Lac du
Sauvage, and arsenic, chromium, and copper concentrations in Lac de Gras (far-field/reference areas of
the lake) were above ISQGs. Sediment arsenic concentrations typically exceeded PELs (Dominion
Diamond 2015), which is not unusual for some regions of the NT that are naturally enriched with arsenic
such as the Yellowknife Region (Galloway et al. 2012).

Comparison to Baseline Normal Ranges
During construction and operations, lake-wide mean/median concentrations for the majority of sediment
quality parameters fell within the Area 8 normal range. Exceptions included boron concentrations in 2017
and barium, beryllium, boron, and lead concentrations in 2018. Though, in most cases, lake-wide
concentrations were only marginally above the upper bound of the whole-lake normal range by <1.2x
(Table 8.2-4). Parameter concentrations at the station closest to the downstream mitigation flow diffuser
were within the normal range for that individual station, with the exception of beryllium, boron, and uranium.
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Area 8 Normal Range Exceedances during Construction and Operations

Area 8

2015

Construction

2016

2017

Operations

2018
Barium (1.0x)
Beryllium (1.0x)
Boron (1.2x)
Lead (1.1x)

Upper bound – Whole
Lake

n/a

n/a

Boron (1.5x)

Upper bound – Near to
diffuser at station L1

Boron (1.6x)

None

n/a

n/a

Upper bound – Near to
diffuser at station L2

n/a

n/a

Boron (2.4x)

Beryllium (1.2x)
Boron (1.5x)
Uranium (1.2x)

Note: Normal range exceedances: magnitude above the upper bound of the normal range.
The station closest to the downstream mitigation flow diffuser changed from Area 8-L1 to Area 8-L2 after construction (Map 7.3-1).
n/a = not applicable (no exceedances).

8.2.1.2

Within-lake Spatial Patterns

A visual assessment was used to qualitatively evaluate spatial trends within the core lakes in 2017 and
2018, while correlation analysis was used to evaluate these spatial trends in 2015 and 2016. In order to
effectively compare the visual assessment and the correlation analysis, the spatial pattern evaluation for
2017 and 2018 did not include sediment parameters that were within analytical variability (i.e., relative
percent difference [RPD]<30%) between the stations nearest and furthest from the diffuser in Table 8.2-5.
A positive relationship indicated that parameter concentrations increased with distance from the diffuser,
whereas, a negative relationship indicated a decrease with distance from the diffuser, suggestive of a
possible Mine-related effect.
The primary pathway for potential effects to sediment quality in Area 8 is the downstream flow mitigation
pumping from Lake N11, which occurred between June and August 2017, and June 16 and September 3,
2018. Positive and negative spatial patterns were identified during construction and operations phases
(Table 8.2-5). As there was no downstream flow mitigation during the construction phase (2015 or 2016),
the spatial patterns observed during construction were attributed to natural variability. A number of sediment
metals showed a negative spatial relationship with distance from the diffuser during operations when flow
mitigation occurred; that is, they showed a reducing concentration trend with distance from the diffuser.
Excluding those metals that also showed a negative spatial pattern during construction, arsenic, barium,
and cobalt remained suggesting their spatial relationship could be associated with a mine-related effect. It
is therefore possible that flow mitigation activities may have influenced concentrations of these metals within
Area 8, but this information should be interpreted alongside comparison to guidelines and normal ranges,
as it is only suggestive of a possible Mine-related effect.
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Area 8 Within-lake Spatial Patterns during Construction and Operations

Area 8

2015

Construction

2016

2017(a)

Operations

2018(a)

Positive relationship with
distance from the diffuser

Chromium

None

None

Antimony

Negative relationship with
distance from the diffuser

Cadmium
Iron
Molybdenum
Phosphorus
Zinc

Aluminum
Beryllium
Selenium
Silver
Vanadium
Zinc

Aluminum
Arsenic
Barium
Cadmium
Phosphorus
Vanadium
Zinc

Aluminum
Arsenic
Cobalt
Iron
Molybdenum
Phosphorus
Vanadium
Zinc

a) Visual assessment of graphs as provided in Section 6.4.4 of the 2017 AEMP Annual Report (De Beers 2018c) and Section 6.4.3
of the 2018 AEMP Annual Report (De Beers 2019c).

8.2.1.3

Before-After Control-Impact Analysis

BACI analyses were undertaken for parameters measured in samples from Area 8 in comparison to those
measured in reference lake samples (i.e., East Lake and Lake 3). Significant BACI effects indicating
increasing concentrations relative to both reference lakes and concentrations above the normal ranges
were identified.
As described in Section 9.2.4.5 of the AEMP Design Plan, a BACI design can be used to assess short-term
(pulse) effects and long-term (press) effects in an exposure area (De Beers 2016a). The hypothesis test for
a press effect is a test of the significance of the coefficient of the BA x CI interaction term in the model
(i.e., the test is whether differences between control and impact lakes depend on the sampling period before
and after). The hypothesis test for a pulse effect is a test of the significance of the coefficient of the
CI × Time(BA) interaction term in the model (i.e., the test is whether there is a BACI effect that depends on
time). The probability of Type I error (α) was set to 0.1 for both hypothesis tests. When interpreting the
results of the statistical analysis, it was assumed that only a response showing an increase in
concentration/value of a parameter in the core lakes may be indicative of a Mine-related effect.
Significant press (long-term) effects were identified for some parameters between Area 8 and both of the
reference lakes in the BACI analysis during the construction and operations phases of the Mine
(Table 8.2-6). No significant pulse (short-term) effects were identified.
Table 8.2-6
Area 8

Summary of Area 8 BACI Results for Construction and Operations
2015

Construction

Significant press effect
Lead
compared to each reference Mercury (DL)
lake
Silver (DL)

2016

Mercury (DL)
Silver (DL)

2017
Mercury (DL)
Phosphorus

Notes: A press effect is a long-term effect.
Parameters marked with DL are primarily a result of lower analytical detection limits.
BACI = before-after control-impact; DL = detection limit.
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Significant effects for lead, mercury, silver, and phosphorus are discussed further below.
Lead: The Area 8 concentration range in 2015 (6.0 to 8.4 milligrams per kilogram dry weight [mg/kg dw])
was greater than the range of concentrations measured in both reference lakes in 2011 to 2013 (<1 to
6 mg/kg dw in East Lake, 2.4 to 4.1 mg/kg dw in Lake 3; Golder 2014a,b). The 2015 dewatering discharge
was not considered responsible for the higher sediment concentrations because it did not result in an
increase in waterborne lead in Area 8. Rather, the higher sediment lead concentrations corresponded with
elevated silt content in 2015 sediments relative to the baseline. The significant BACI effect was thus not
reflective of a Mine-related impact but instead was a result of variation in sediment particle size and
associated effects on lead concentrations.
Mercury: The primary factor resulting in the significant press effect across all construction and operation
years was the lower analytical detection limits (DLs) reported since 2015 compared to baseline. The BACI
analysis appears to have been influenced by lower DLs and higher detection frequency since 2015
(Figure 8.2-1). Because the DL was an order of magnitude higher in the baseline dataset
(i.e., 0.05 mg/kg dw [baseline] vs. 0.005 mg/kg dw [2015 to 2018]) and the detection frequency was low
compared to data from 2015 to 2018, it is difficult to distinguish whether mercury actually increased in
Area 8, or if in fact, it remained stable from 2011 to 2018 and Area 8 sediments are naturally higher in
mercury than the reference lake sediments.
While it is recognized that mercury has been measured above the upper bound of the normal range since
2016, measured concentrations in Area 8 are within the range of variability of both detected and
non-detected baseline concentrations reported between 2011 and 2013 (Figure 8.2-1; note that the <DL
values are plotted at half the DL). Baseline concentrations ranged from <0.05 to 0.07 mg/kg dw, which
encompasses the concentration range reported from 2015 to 2018. This range also lies within the historic
sediment mercury concentration range in Kennady Lake measured between 1995 and 2010 (<0.05 to
0.09 mg/kg dw, of which 70% of the data were non-detects; De Beers 2010).
The normal range for Area 8 was based on a data set with a high proportion of non-detects (60%) that
reflected these higher baseline DLs. There is also no discernible source of mercury in the Mine discharge
and although a statistical difference was observed for mercury, Area 8 concentrations are consistent with
historic data and are not thought to reflect an increase in mercury as a result of Mine activities. As part of
this Aquatic Effects re-evaluation, the normal range calculation method for sediment mercury was
re-assessed (Section 8.4.3).
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Total Mercury Concentrations in Sediments in Area 8 and the Reference Lakes,
2011 to 2018

Notes: The shaded area represents the normal range for each sediment quality parameter.
Open symbols represent data below DL. Non-detected values were substituted with a value of half the DL.
Open squares represent the Area 8 lake-wide mean/median concentration.
dw = dry weight; DL = detection limit.

Silver: The primary factor resulting in the significant press effects across three of the four construction and
operation years was the lower DLs reported since 2015, compared to baseline (Figure 8.2-2; note that the
<DL values are plotted at half the DL). The silver DL of 0.05 mg/kg dw currently reported by the AEMP is
20 times lower than the baseline DL of 1 mg/kg dw reported for baseline. Consequently, silver was not
detected prior to 2015 in Area 8 sediment samples and the detection frequency increased from 2015
onwards, which influenced the BACI analysis. Although 2015 to 2018 sediment concentrations in Area 8
do appear to be slightly higher than the concentration range measured in the reference lakes, they are well
within the normal range and so were unlikely to reflect an increase associated with Mine activities.
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Total Silver Concentrations in Sediments in Area 8 and the Reference Lakes, 2011
to 2018

Notes: The shaded area represents the normal range for each sediment quality parameter.
Open symbols represent data below DL. Non-detected values were substituted with a value of half the DL.
Open squares represent the Area 8 lake-wide mean/median concentration.
dw = dry weight; DL = detection limit.

Total Phosphorus: Area 8 concentrations were mostly within the concentration range measured in the
reference lakes and were below the upper bound of the TP normal range (Figure 8.2-3). Mean
concentrations in 2017 and 2018 (i.e., 786 mg/kg dw and 918 mg/kg dw, respectively) were slightly higher
than corresponding measurements in the East Lake and Lake 3 reference lakes, contributing to the
significant BACI press effects in 2017 and 2018 (Figure 8.2-3). Although this was also true for 2015 and
2016, no significant BACI press effects were reported for these years (De Beers 2016c, 2017a). Overall,
the data shown on Figure 8.2-3 suggest that the significant differences detected for Area 8 can be attributed
to natural variability.
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Total Phosphorus Concentrations in Sediments in Area 8 and the Reference Lakes,
2011 to 2018

Note: the shaded area represents the normal range for each sediment quality parameter.
Open squares represent the Area 8 lake-wide mean/median concentration.
dw = dry weight.

8.2.1.4

Action Level Triggers

There were no Low Action Level triggers for Area 8 from 2015 to 2018.

8.2.2

Lake N11

No Mine-related effects on sediment quality were observed for Lake N11 between 2015 and 2018.
Sediment parameters have not shown a Mine-related increase during construction and operations in
comparison to reference lake sediment quality. Parameter concentrations were also within baseline normal
ranges, with any differences or trends explained by modifications in analytical sensitivity/resolution and
reliability of analytical methods employed during the baseline and post-baseline monitoring periods. Thus,
with the exception of zinc in 2018, there have been no Low Action Levels triggered in Lake N11. A synthesis
of AEMP results from the first four years of AEMP monitoring in Lake N11 is provided below to support the
Aquatic Effects re-evaluation.
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Substrate Characterization and Comparison to Sediment
Quality Guidelines and Normal Ranges

Physical Substrate Characterization, Carbon Content, and Nutrients
As described for Area 8 in Section 8.2.1, the two analytical methods for particle size analysis used in the
AEMP since 2015 were compared using split samples in 2018 and the methods were found to be sufficiently
comparable to combine the data into one 2015 to 2018 dataset. Particle size characterization during
construction and operations was deemed to be reliable and indicated that Lake N11 sediments were mostly
dominated by silt, with annual median values ranging from 49% to 74% (Table 8.2-7).
Particle size data collected under baseline conditions prior to and including 2012 were generated used the
hydrometer method. This method likely overestimated the sand content as is evident in Table 8.2-7, where
samples taken between 2004 to 2012 appeared to be dominated by sand. A more even mix of sand, silt,
and clay was reported in 2013 when the micro-pipette method was used after organic matter removal
(Table 8.2-7). Baseline and post-baseline particle size data were therefore not comparable.
Median TOC was consistently between 15 and 17% between 2015 and 2018, comparable to the median
carbon content reported under baseline conditions (Table 8.2-7). Although no baseline data are available
for TP and TN, annual median values remained reasonably consistent between 2015 and 2018.
Table 8.2-7

Lake N11 Physical Parameters Baseline and Post-baseline Annual Median Values
Baseline

Lake N11
Particle Size (Sand)
Particle Size (Silt)
Particle Size (Clay)
TOC
Total Phosphorus
Total Nitrogen

Construction

Operations

2010 to 2012

2013

2015

2016

2017

2018

75%
18%
5%
15%
-

54.5%
23%
24.5%
18.5%
-

41%
49%
9.9%
15%
643 mg/kg dw
1.2%

9.3%
67%
17%
17%
707 mg/kg dw
1.3%

12%
74%
14%
17%
820 mg/kg dw
1.4%

30%
59%
10%
14%
766 mg/kg dw
1.2%

Note: Values are expressed as medians.
mg/kg dw = milligrams per kilogram dry weight; TOC = total organic carbon; - = no available data for TN (total nitrogen) and TP (total
phosphorus) in baseline setting.

Comparison to Sediment Quality Guidelines
Metal concentrations at AEMP stations were below applicable PELs from 2015 to 2018 in Lake N11 but
some were above ISQG values (Table 8.2-8). As discussed in Section 8.2.1, the ISQG is the concentration
of a substance below which an adverse effect on aquatic life is unlikely, and the PEL is the concentration
of a substance above which adverse effects are expected to occur frequently, but not always. Chromium
and copper were measured above ISQGs in sediment samples from Lake N11 prior to Mine-related activity,
as identified in Golder (2014a,b) and summarized in Table 8.2-8. The chromium and copper ISQG
exceedances from 2015 to 2018 are of similar magnitude as those reported under baseline conditions,
which indicates that sediments in Lake N11 are naturally elevated in these two metals.
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In 2018, the reported zinc concentration of 134 mg/kg dw at the station closest to the diffuser
(Station N11-L1) was marginally above the ISQG of 123 mg/kg dw. Zinc was found to be above the ISQG
in Area 8 and Kennady Lake under baseline conditions (Section 8.2.1; Golder 2014a,b) indicating that the
lake sediments in the Local Study Area can have zinc concentrations naturally above this conservative
guideline. This is consistent with an overview of sediment chemistry in lakes of the NT, where Puznicki
(1997) reported zinc and some other metals occasionally exceeded ISQGs.
Table 8.2-8

Lake N11 Guideline Exceedances during Baseline, Construction, and Operations
Baseline

Lake N11
ISQG

Construction

Operations

2010 to 2013

2015

2016

2017

2018

10/15 Chromium (2.2x)
10/15 Copper (1.7x)

5/5 Chromium (2.4x)
5/5 Copper (1.3x)

5/5 Chromium (1.6x)
4/5 Copper (1.6x)

4/5 Chromium (1.8x)
4/5 Copper (1.5x)

2/5 Chromium (1.4x)
4/5 Copper (1.5x)
1/5 Zinc (1.1x)

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
sediment quality guideline in brackets.
ISQG = interim sediment quality guideline.

Comparison to Baseline Normal Ranges
In Lake N11, lake-wide mean/median concentrations for the majority of sediment parameters fell within
their respective whole-lake normal ranges. Exceptions included nitrogen, arsenic, boron, and lead in 2017
and arsenic, beryllium, boron, lead, mercury, and strontium in 2018, which were higher than the upper
bound of the whole-lake mean normal range. In all cases, lake-wide mean/median concentrations were
only above the upper bound of the normal range by a maximum of 1.5x (Table 8.2-9). At the AEMP station
closest to the operational diffuser at Station N11-L1, the majority of the parameters fell within the stationspecific normal range, with the exception of arsenic, manganese, and zinc which were above the upper
bound of the normal range by a maximum of 1.4x.
Table 8.2-9

Lake N11 Normal Range Exceedances during Construction and Operations

Lake N11

2015

Construction

2016

2017

Upper bound –
Whole-Lake

n/a

n/a

Nitrogen (1.0x)
Arsenic (1.5x)
Boron (1.3x)
Lead (1.0x)

Upper bound –
AEMP Station
Closet to the
diffuser

None

Arsenic (1.4x)
Manganese (1.3x)

Arsenic (1.4x)

Note: Normal range exceedances (magnitude above the upper bound of the normal range).
n/a = not applicable (no exceedances).

De Beers Canada Inc.

Operations

2018
Arsenic (1.5x)
Beryllium (1.0x)
Boron (1.1x)
Lead (1.1x)
Mercury (1.0x)
Strontium (1.1x)
Arsenic (1.4x)
Zinc (1.3x)
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Within-lake Spatial Patterns

A visual assessment was used to qualitatively evaluate spatial trends in core lakes in 2017 and 2018, while
correlation analysis was used to evaluate spatial trends in 2015 and 2016. In order to effectively compare
the visual assessment and the correlation analysis, the spatial pattern evaluation for 2017 and 2018 did not
include sediment parameters at concentrations within the range of analytical variability (i.e., RPD<30%;
RPD calculated between the stations nearest and furthest from the diffuser). In Table 8.2-10, a positive
relationship indicates that parameter concentrations increase with distance from the diffuser. A negative
relationship indicates that parameter concentrations decrease with distance from the diffuser, suggestive
of a possible Mine-related effect.
The primary pathway for potential effects to sediment quality is the operational discharge to Lake N11 from
the WMP, which occurred between October 29, 2016 to January 17, 2017, between September 4, 2017 to
November 13, 2017, and between September 4 and October 3, 2018 (De Beers 2018c, 2019c). Discharge
activities were regulated for total suspended solids (TSS) and a number of metals (i.e., aluminum,
chromium, copper, iron, molybdenum, nickel, and uranium), which limited the potential for release of
suspended sediment and metals in quantities that may have resulted in measurable deposition to the
benthic sediment across the lake.
The decreasing pattern observed for sand, cadmium, and zinc from 2016 to 2018, was also apparent in
2015 when there was no discharge of Mine-impacted water (De Beers 2016c). The observed within-lake
spatial patterns for these metals were therefore most likely reflective of natural variability rather than the
discharge. Multiple metals showed a positive relationship with the distance from the diffuser during
operations in 2017 and 2018. Under pre-discharge conditions in 2015, the fines content (silt, clay)
demonstrated a corresponding downstream increase, with the same pattern occurring in 2018. These
within-lake spatial patterns suggest that the distribution of positively increasing metals during operations
may have been influenced by the prevailing substrate type at the AEMP stations in a given year between
2015 and 2018.
Table 8.2-10

Lake N11 Within-lake Spatial Patterns during Construction and Operations

Lake N11

2015

Construction

2016

2017(a)

Positive relationship with
distance from the diffuser

Silt
Clay

None

Chromium
Cobalt
Iron
Nickel

Negative relationship with
distance from the diffuser

Sand
Cadmium
Zinc

Cadmium
Zinc

Boron
Cadmium

Operations

2018(a)
Fines
Antimony
Lead
Iron
Phosphorus
Sand
Cadmium
Zinc

a) Visual assessment of graphs as provided in Section 6.4.4 of the 2017 AEMP Annual Report (De Beers 2018c) and Section 6.4.3
of the 2018 AEMP Annual Report (De Beers 2019c).
RPD = relative percent difference.

8.2.2.3

Before-After Control-Impact Analysis

BACI analyses were undertaken for sediment quality parameters measured in samples from Lake N11 in
comparison to those measured in samples from the reference lakes East Lake and Lake 3. Significant press
(long-term) effects were identified between Lake N11 and both the reference lakes in the BACI analysis, as
summarized in Table 8.2-11.
De Beers Canada Inc.
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Summary of Lake N11 BACI for Construction and Operations

Lake N11
Significant press effect
compared to each reference
lake

2015

Construction

Mercury (DL)
Silver (DL)

2016
Mercury (DL)
Molybdenum
Nickel
Silver (DL)

2017
Mercury (DL)

Operations

2018
Silver (DL)
Mercury (DL)

Notes: A press effect is a long-term effect.
Parameters marked with DL are primarily a result of lower analytical detection limits achieved during construction and operations
compared to the baseline dataset.
DL = detection limit.

The primary factor resulting in the significant press effects for mercury and silver across construction and
operation years was the lower analytical DLs reported since 2015 compared to baseline. Prior to 2015,
mercury was infrequently detected in Lake 11 sediments and silver was not detected. During baseline, the
analytical DL was 0.05 mg/kg dw for mercury and 1 mg/kg dw for silver. The current mercury DL is an order
of magnitude lower than the baseline DL (i.e., 0.005 mg/kg dw), while the silver DL is 20 times lower than
the baseline DL (i.e., 0.05 mg/kg dw). Because the DL was higher in the baseline dataset with low detection
frequency, it was difficult to distinguish whether mercury and silver increased in Lake N11 from 2011 to
2018, or if concentrations remained stable and Lake N11 sediments are naturally higher in mercury than
the reference lake sediments.
While it is recognized that mercury concentrations have been measured above the upper bound of the
normal range since 2016, measured concentrations in Lake N11 were within the range of variability of both
detected and non-detected baseline concentrations from 2011 to 2013 (Figure 8.2-4; note that the
undetected concentrations [concentrations reported as <DL] are plotted at half the DL). Baseline
concentrations for Lake N11 ranged from <0.050 to 0.068 mg/kg dw, which encompassed the range of
concentrations measured from 2015 to 2018. This range also lies within the historic sediment mercury
concentration range in Kennady Lake (1995 and 2010) of <0.05 to 0.09 mg/kg dw, of which 70% of the data
were non-detects (De Beers 2010). The normal range for Lake N11 was based on a data set with a high
proportion of non-detects, reflecting the higher DL achieved during baseline studies and 63% of the baseline
data used to establish the normal range were non-detect concentrations. There is no discernible source of
mercury in the Mine discharge and although a statistical difference was observed for mercury, Lake N11
concentrations were consistent with historic data and were unlikely to reflect an increase as a result of the
Mine activities.
Similar to mercury, the significant press effect determined for silver concentrations in Lake N11 compared
to reference lakes was also attributed to differences in analytical sensitivity and reliability of measurements
conducted during the baseline monitoring period (i.e., 2011 to 2013), which influenced the BACI analysis
(Figure 8.2-5). There was no discernible source of silver in the Mine discharge and 2015 to 2018
concentrations were well within the normal range. Collectively, the monitoring data suggest that although a
statistical difference was observed for silver in 2018, concentrations measured in the first four years of
AEMP monitoring are unlikely to reflect an increase due to Mine activities.

De Beers Canada Inc.

Gahcho Kué Mine
8-15
2015 to 2018 Aquatic Effects Re-evaluation Report
Sediment Quality
Figure 8.2-4

December 2019
Section 8

Total Mercury Concentrations in Sediments in Lake N11 and the Reference Lakes,
2011 to 2018

Notes: the shaded area represents the normal range for each sediment quality parameter.
Open symbols represent data below DL. Non-detected values were substituted with a value of half the DL.
Open squares represent the Lake N11 lake-wide mean/median concentration.
dw = dry weight; DL = detection limit.

Figure 8.2-5

Total Silver Concentrations in Sediments in Lake N11 and the Reference Lakes,
2011 to 2018

Notes: the shaded area represents the normal range for each sediment quality parameter.
Open symbols represent data below DL. Non-detected values were substituted with a value of half the DL.
Open squares represent the Lake N11 lake-wide mean/median concentration.
dw = dry weight; DL = detection limit.
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A significant BACI effect was also detected for nickel and molybdenum in 2016. However, this effect likely
reflected spatial heterogeneity in sediment chemistry within Lake N11. It is unlikely that the higher
molybdenum and nickel concentrations in Lake N11 in 2016 were a result of Mine activities
(e.g., dewatering discharge to Lake N11 from Area 3) as no significant BACI effects were noted for either
parameter in 2017 or 2018 (concentrations have decreased) and mean concentrations were either similar
to reference lakes values or below 2015 concentrations.

8.2.2.4

Action Level Triggers

Within the AEMP Design Plan (Table 8.4-1, De Beers 2016a), Low Action Levels applied to sediment quality
parameters in response to the Toxicological Impairment Hypothesis. A Low Action Level trigger occurred
if:
•

the concentration at the AEMP station nearest the discharge was greater than the normal range OR
the relative difference between the core lake and the reference lakes was statistically significant
compared to baseline (i.e., significant BACI effect detected);

AND
•

the concentration at the AEMP station nearest the discharge exceeded its respective AEMP benchmark
(where applicable).

A Low Action Level was triggered for zinc for Lake N11 in 2018. The zinc concentration in the sediment
sample collected at Station N11-L1 (the station closest to the diffuser in Lake N11; Map 7.3-1) was
134 mg/kg dw, which was above the normal range for individual stations for Lake N11 (i.e.,121 mg/kg dw)
and above the ISQG of 123 mg/kg dw. Significant BACI effects were not detected for zinc in Lake N11
relative to either reference lake. Based on the normal range and ISQG exceedances, the zinc concentration
at Station N11-L1 triggered the Low Action Level for sediment quality. Although zinc did not exceed the
ISQG at Lake N11 under baseline conditions, zinc concentrations were above this conservative guideline
in Area 8, East Lake, and Lake 3 under baseline conditions. Elevated zinc concentrations above the ISQG
have also been documented in other NWT lakes not affected by mining activity (Puznicki 1997). As a result
of the Low Action Level Trigger for zinc in Lake N11 sediments, a response plan was submitted to the
Mackenzie Valley Land and Water Board (MVLWB or the Board) by De Beers.

8.2.3

Lake D2/D3

Some Mine-related effects were observed for Lake D2/D3. These were consistent with qualitative EIS
predictions established for the new raised lake that documented the expectation for some level of change
in sediment quality during the period of lake development, compared to pre-dyke sediment quality in the
two individual lakes.
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Substrate Characterization and Comparison to Sediment
Quality Guidelines and Normal Ranges

Physical Substrate Characterization, Carbon Content, and Nutrients
Substrate in Lake D2/D3 was predominantly a mix of sand and silt (38% to 71% sand and 27% to 54% silt)
with a lower percentage of clay (i.e., <10%) from 2010 to 2018 as summarized in Table 8.2-12.
Sediment median TOC values remained reasonably consistent between 2013 and 2018, ranging between
11 and 16% for the two individual lakes (2013 and 2015) and the combined lake (2016 to 2018;
Table 8.2-12). Higher median TOC was reported for two individual lakes in the baseline period 2011 to
2012 (20.5%). Median TP and TN values also remained reasonably consistent between 2015 and 2018.
Table 8.2-12

Lake D2/D3 Physical Parameters for Baseline and Post-baseline Annual Median
Values
Pre-dyke (2 Lakes)

Lake D2/D3

Post-dyke (1 Lake)

2011 to 2012

2013

2015

2016

2017

2018

64%
32%
5.2%
20.5%
-

71%
27%
2%
13%
820 mg/kg dw
-

40%
54%
6.6%
11%
521 mg/kg dw
0.9%

55%
37%
6%
12%
613 mg/kg dw
1.0%

64%
36%
6.6%
16%
551 mg/kg dw
1.0%

38%
54%
9%
14%
765 mg/kg dw
1.1%

Particle Size (Sand)
Particle Size (Silt)
Particle Size (Clay)
TOC
Total Phosphorus
Total Nitrogen

Note: Values are expressed as medians.
mg/kg dw = milligrams per kilogram dry weight; TOC = total organic carbon; - = no data available.

There were no PEL exceedances from 2015 to 2018; however, several metal concentrations were higher
than ISQG (Table 8.2-13). Cadmium, chromium, copper, and mercury were measured above ISQGs in
sediment samples from the small lakes in the upper Kennady Lake watersheds prior to Mine-related activity,
as identified in Golder (2014a,b) and summarized in Table 8.2-13. The 2015 to 2018 exceedances were
consistent with baseline and 2015 pre-dyke data, but limited to chromium and copper, which indicates that
sediments in Basin D2 and Basin D3 of the raised lake have naturally elevated concentrations of these
metals (Table 8.2-3 and Table 8.2-13).
Table 8.2-13
Lake
D2/D3
ISQG

Lake D2/D3 Guideline Exceedances during Baseline, Construction, and Operations
Pre-dyke (2 Lakes)

Post-dyke (1 Lake)

2011 to 2013

2015

2016

2017

2018

1/9 Cadmium (1.3x)
4/9 Chromium (1.4x)
8/9 Copper (1.8x)
1/9 Mercury (1.2x)

2/5 Copper (1.5x)

3/5 Copper (1.2x)

1/5 Chromium (1.7x)
2/5 Copper (1.4x)

3/5 Copper (1.7x)

Note: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable
sediment quality guideline in brackets.
ISQG = interim sediment quality guideline.
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Statistical Analysis

Post-dyke sediment quality was statistically evaluated using a repeated measure analysis of variance
(ANOVA; Sokal and Rohlf 1995) comparing post-dyke sediment quality to sediment data collected from
Lakes D2 and D3 in 2015 prior to dyke construction and the development of the new Lake D2/D3 waterbody
(De Beers 2019c). Significant differences were identified in Lake D2/D3 for several sediment parameters
by the statistical analysis applied to Lake D2/D3 (Table 8.2-14; Figures 8.2-6 to 8.2-8); however, results
were inconsistent between years.
•

Antimony: Although antimony showed a significant increase in 2018 compared to 2017, more than
50% of samples in 2017 were below detection limits (Figure 8.2-6). Concentrations of antimony were
not significantly different between 2018 and 2016 or between 2018 and 2015 (De Beers 2019c). The
analytical DLs for antimony were substantially lower in 2015 and 2016 (i.e., 0.05 mg/kg dw) compared
the 2011 to 2013 baseline data (i.e., 1 to 2 mg/kg dw), which resulted in the significant decrease
observed in 2015 and 2016.

•

Boron: Although the concentration of boron showed a significant increase in 2017 compared to 2015,
a significant decrease was noted in 2018 in comparison to 2017 (Figure 8.2-7).

•

Lead: The concentration of lead has been variable and showed a significant decrease in 2017
compared to 2016, while a significant increase was noted in 2018 compared to 2017 (Figure 8.2-8).

•

TP and Iron: Significant decreasing sediment concentration trends between 2016 and 2017 were
observed; however, there were no significant differences noted in 2018.

•

Silver: A significant decreasing sediment concentration trend was observed between 2015 and 2016;
however, there were no significant differences noted in 2017 or 2018.

Table 8.2-14
Lake D2/D3

Lake D2/D3 Statistical Analysis Comparing Sediment Variables to 2015, 2016,
2017, and 2018
Pre-dyke (2 Lakes)
2015(a)

2016(b)

Post-dyke (1 Lake)
2017

2018

Increase

none

none

Boron (39%)

Antimony(d) (DL) (105%)
Lead(d) (42%)

Decrease

Antimony (DL) (-95%)
Beryllium (DL) (-23%)
Silver (DL) (-95%)

Antimony (DL) (-83%)
Silver (DL) (-78%)

TP(c) (-14%)
Iron(c) (-26%)
Lead(c) (-23%)

Boron(d) (-25%)

Notes: The magnitude of the effect was calculated as the average percent change in the station differences. Parameters marked
with DL are primarily a result of lower analytical detection limits.
a) Compared to baseline dataset.
b) 2016 data was compared to the baseline dataset including 2015.
c) Only significant between 2017 and 2016 but not between 2017 and 2015.
d) Only significant between 2018 and 2017 but not between 2018 and 2016 or between 2018 and 2015.
DL = detection limit; TP = total phosphorus.
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Figure 8.2-6

Total Antimony Concentrations in Sediments in Lake D2/D3, 2011 to 2018

Figure 8.2-7

Total Boron Concentrations in Sediments in Lake D2/D3, 2011 to 2018

Figure 8.2-8

Total Lead Concentrations in Sediments in Lake D2/D3, 2011 to 2018

Section 8

Note: Open symbols represent data below detection DL. Non-detected values were substituted with a value of half the DL.
Open squares represent the Lake D2/D3 lake-wide mean/median concentration.
dw = dry weight; DL = detection limit.
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Sampling Design Re-evaluation

This section addresses past AEMP report recommendations, Information Request (IR) commitments made
by De Beers, and Board Directives, by each technical issue identified for re-evaluation related to the
sampling design.

8.3.1

SNP Sediment Sample Collection Method

To meet the Surveillance Network Program (SNP) monitoring requirement described in the AEMP Design
Plan (De Beers 2016a), sediment grab and core samples are required to be collected at three stations at
the edge of the mixing zone in Lake N11 and Area 8 (Table 8.3-1). This monitoring requirement is applicable
during the years where there is a dewatering or operational discharge to these lakes. These SNP samples
are collected to only monitor changes in sediment chemistry and not to support interpretation of biological
AEMP data collected during the open-water period.
Sampling of the top 5-cm with a grab sampler is consistent with sediment sampling at the AEMP stations
and with the AEMP baseline sediment sampling method. Sampling of the top 1-cm sediment layer with a
core sampler is also included in the AEMP Design Plan (De Beers 2016c), but is limited to the SNP mixing
zone stations in Area 8 and Lake N11, to provide an early warning of the potential changes in sediment
chemistry. This is because sediment deposition rates in northern sub-artic lakes tend to be relatively low,
as reported for Kennady Lake (average deposition time of ~0.02 centimetres per year [cm/yr]) and for other
sub-artic lakes (overall average values of ~0.014 cm per year to <0.01 cm/yr; Crann et al. 2015). Any
influence of Mine-related activities on sediment chemistry might first be apparent in 1 cm sediment depth
samples compared to those more reflective of the depth inhabited by benthic invertebrates (e.g., top 5-cm
sediment layer). While the top 1-cm core sample might yield the most relevant data for assessing temporal
change, sampling this depth horizon provides a less relevant estimate of contaminant exposure to benthic
invertebrates.
Table 8.3-1
Core
Lake

Description of SNP Sediment Monitoring Requirements in Lake N11 and Area 8

SNP
Station

Station
Description

Sampling Method

Sampling Frequency/ Parameter Suite

Area 8

SNP-03A
SNP-03B
SNP-03C

Edge of mixing
zone

Grab sampling – top 5-cm
Core sampling – top 1-cm

Once per year when there is an dewatering or
operational discharge from Kennady Lake or the
WMP to the core lakes

Lake
N11

SNP-01A
SNP-01B
SNP-01C

Edge of mixing
zone

Grab sampling – top 5-cm
Core sampling – top 1-cm

Parameter Suite: particle size (% sand, % silt,
% clay), total phosphorus,
total/inorganic/organic carbon, total metals,
extractable petroleum hydrocarbons

SNP = Surveillance Network Program; WMP = water management pond.

Area 8 and Lake N11 were sampled using the two sediment collection methods in 2015 and 2016 when
both core lakes received a temporary dewatering discharge. Since then only Lake N11 has received
operational discharge (from the WMP), so in 2017 and 2018, SNP sediment sampling comprised of the
collection of core and grab samples in Lake N11 as shown on Map 8.3-1. Although sediment coring was
completed at Lake N11 from 2015 to 2017, these core samples were not from the operational diffuser SNP
stations (Map 8.3-1); rather, the sediment data reflect the locations of the SNP stations associated with the
dewatering diffuser.
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In 2018, core sampling at the operational SNP stations in Lake N11 was unsuccessful, despite multiple
attempts and effort expended to identify and sample suitable substrates close at SNP-01. The presence of
unsuitable substrates, such as rock, cobble, and gravel, limited the successful collection and retrieval of
sediment cores. In response to the noted difficulties in collecting sediment core samples at the SNP mixing
zone boundary stations in Lake N11, a recommendation was made by the 2018 AEMP Annual Report
(De Beers 2019c) to review the sampling method used to collect surface (i.e., top 1-cm) sediment samples.
For the most recent SNP sediment sampling in September 2019, both core and grab sampling methods
were attempted at the Lake N11 SNP stations for the operational discharge. Sixteen coring attempts were
made at SNP-01a, with no successful cores taken and a grab sampling success rate of one out of five
attempts. At SNP-01b, thirteen cores were attempted with no successful cores taken and a grab sampling
success rate of two out of five attempts. At SNP-01c, twelve cores were attempted with no successful cores;
however, the grab sampling method was successful at this station. The core sampling was primarily limited
because at these stations there was a thin sediment layer over hard substrate. Only at SNP-01c was there
sufficient sediment to support grab sampling but the sediment layer was not thick enough for core sampling.
As a result, efforts were made to sample sediments using both methods at two new stations close to the
mixing zone boundary: Station S2 approximately 200 m southwest of the diffuser was sampled to replace
SNP-01a and station N2 approximately 205 m northeast from the diffuser was sampled to replace SNP-01b
(Map 8.3-1). At Station S2, twelve cores were attempted with no success but grab sampling was successful.
Some coring attempts were successful at Station N2 because it is located in a deeper pocket of water
(i.e., 7.6 m) but as it was the only station with some success, grab samples were collected to remain
consistent with SNP-01c and Station S2.
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Given the prevailing substrate type at the mixing zone boundary of the operational diffuser and the
substantial level of effort expended in 2019 with both sampling methods, core sampling efforts will be
discontinued in favour of grab sampling. It is proposed that SNP sediment sampling be continued by
sampling the top 1-cm from grab samples taken at SNP-01c, Station S2, and Station N2 both particle size
and chemistry, to provide early warning data for potential changes in sediment chemistry. The 5 cm
sediment grab samples will continue to be collected at SNP-01a, SNP-01b, and SNP-01c for the full suite
of sediment quality parameters listed in Table 8.3-1.

8.3.2

Timing of the SNP Sediment Sampling Program

Sediment quality monitoring at the edge of the mixing zone in Lake N11 at SNP-01 stations is required once
per year in the fall when there is discharge to Lake N11 as per the Water Licence 9. Sediment SNP samples
were collected in September 2015, September 2016, and September 2017.
The 2018 SNP sediment sampling program at Lake N11 occurred from September 13 to 15. Poor weather
and the onset of ice development after September 15 limited the ability to spend additional time collecting
suitable core samples. Subsequent supplemental grab sampling could not be undertaken due to unsafe
conditions on Lake N11 in late September and the discharge period ended October 3, 2018. Although
additional attempts were made to identify and sample suitable substrates close at SNP-01, this effort was
also limited by poor weather conditions. As reported in the 2018 AEMP Annual Report, sediment samples
were not collected at the SNP-01 stations in 2018. In response to review comment on the 2018 AEMP
Annual Report by the MVLWB, De Beers committed to implementing measures to facilitate the safe
completion of sediment sampling at the SNP-01 stations in the event of poor weather conditions to the
extent possible.
The Water Licence states that sediment sampling at SNP-01 stations is to be conducted once a year in the
fall. In order to minimize the possibility that poor weather conditions may impede the field crew’s ability to
safely conduct sampling, the following change to the sediment quality sampling schedule is proposed:
•

The Water Licence be revised to change the timing of the sediment SNP sampling program from
September (fall) to August/September, starting in 2020. The shift to August will allow for more
favourable weather conditions and minimize constraints on the program, such as the early onset of icecover conditions. If poor weather conditions in August constrain SNP sediment sampling, then the SNP
samples will be collected in September. In the unlikely event that sampling is unable to proceed in
August or September, ice-cover sediment sampling will occur between October and December when
the SNP-01 stations can be safely accessed. Under-ice sampling is proposed as a potential
contingency because the SNP sediment samples are only collected to monitor changes in sediment
chemistry and do not support interpretation of biological open-water AEMP data. Under-ice data should
still be valid to assess changes in sediment chemistry over time.

8.4

Data Analysis Re-evaluation

This section addresses past AEMP report recommendations, IR commitments made by De Beers, and
Board Directives, by each technical issue identified for re-evaluation related to AEMP data analysis.

9

This WL requirement also applies to the edge-of-mixing-zone SNP stations in Area 8, during periods of discharge from the mine.
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2015 and 2016 Data as Before Years

In the 2015, 2016, 2017, and 2018 AEMP annual reports, De Beers recommended the incorporation of the
2015 and 2016 data as “Before” or “pre-impact” years in future AEMPs to increase the robustness of the
normal range estimates and the BACI statistical analysis (De Beers 2016c, 2017a, 2018c, 2019c).
Following the MVLWB review, De Beers committed, as part of the Aquatic Effects Re-evaluation Report, to
evaluate whether 2015 and 2016 data from the core lakes could be incorporated into the normal range
calculation (Appendix 1A, Table 1A-4; response to ECCC-15 and ENR-23) and as Before years in the BACI
statistical analysis (Appendix 1A, Table 1A-4; response to ECCC-39, ENR-23 and ENR-24).
To assess the suitability of adding the 2015 and/or 2016 data to the normal range calculation and to the
Before dataset in the BACI analysis, two lines of evidence were evaluated:
•

the potential for Mine activity to affect the aquatic ecosystem in Area 8 and Lake N11 in 2015 or 2016
(Mine activity during 2015 and 2016, as described in Appendix 7B; Section 7B.1.1for the water quality
component); and

•

the presence/absence of Mine-related effects based on AEMP monitoring results during these years
(2015 and 2016 monitoring results, as described in Appendix 7B; Section 7B.1.2for the water quality
component).

Effects on receiving environments do not necessarily begin at the start of construction or operations, which
provides an opportunity to accumulate additional data to characterize background variation, to arrive at
realistic normal ranges and increase the number of Before years included in the BACI analysis. The ability
to use data collected during construction in this manner should be based on evidence for the
presence/absence of Mine-related effects in the receiving environments. Based on the information in
Section 7B.1 (Appendix 7B), inclusion of construction years’ data (2015, 2016) is recommended as Before
or “pre-impact” data in the normal range calculations and future BACI analyses. Overall, it is recommended
that the 2015 and 2016 data be included as “pre-impact” data for Lake N11; however, for Area 8, only the
2015 data be included as a result of effects observed in the zooplankton community in Area 8 in 2016. The
effects of dewatering on sediment quality during the construction phase of the Mine were determined to be
minimal in both Area 8 and Lake N11, which supports this recommendation.

8.4.2

Before-After Control-Impact Statistical Design

As a part of the Aquatic Effects re-evaluation and following Environment and Natural Resources (ENR)
comments from the review of the 2016 AEMP Annual Report, an independent review of the statistical
methods for the BACI analysis was sought. This review was undertaken by Dr. Carl Schwarz, an Accredited
Professional Statistician. The re-evaluated approach to the statistical analysis of data collected annually is
detailed in Section 7B.2 (Appendix 7B), which includes examples to provide a comparison between the
previous analytical approach described in the AEMP Design Plan and subsequent AEMP annual reports,
and the method recommended as an outcome of the re-evaluation.
Overall, while the re-evaluated analytical method is consistent with the previous method, it also incorporates
an improved visual data interpretation approach, and provides an opportunity to streamline both the BACI
analysis and the interpretation of results. The recommended approach is also less likely to result in a
statistically significant finding when at least one of the reference lakes has temporal trends similar to those
of the core lakes. Based on the re-evaluation and worked examples in Section 7B.2, the revised method
for the BACI analysis is considered appropriate for incorporation in the AEMP Design update.
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In addition to implementing the above-mentioned recommendations, the BACI analysis for sediment quality
will consider incorporating modifying factors, such as particle size, as potential covariates in the BACI
model. It is well documented that finer sediments and those higher in organic carbon tend to offer more
binding sites for metals to bind to and so are often highly correlated with metal concentrations. Therefore,
modifying factors will be considered as covariates in the BACI model, as appropriate, to account for the
possibility that variation in fines or TOC may explain some of the variation in sediment quality response
variables.

8.4.3

Dealing with Non-Detect Data

In analytical chemistry, the detection limit is the lowest concentration of a parameter that can be accurately
quantified. Values below the detection limit are only partially known, occurring between the detection limit
and zero. In the environmental literature, values occurring below the detection limit are referred to as nondetect or censored values. Managing datasets with non-detect values can be challenging, with implications
for calculating descriptive statistics and hypothesis testing. Numerous methods have been developed to
manage these limitations, ranging in complexity from relatively simple substitution approaches to more
elaborate methods based on survival analysis and extrapolation (Helsel 2010). The suitability of various
approaches depends on sample sizes and detection frequency (i.e., the percent of values above the
detection limit) and there are currently no general procedures that are applicable in all cases (USEPA 2000).
The current approach for managing non-detect values was based on the substitution of values below the
detection limit with values one half of the detection limit. A revised approach based on the guidance from
USEPA (2006) is presented in Appendix 7B (Section 7B.3).

8.4.4
8.4.4.1

Normal Range Calculation Method
Revised Normal Ranges for the Mean

Normal ranges currently provide two functions in the AEMP Design Plan (De Beers 2016a), the baseline
normal range and regional normal range. The baseline normal range is used by the water quality, sediment
quality, plankton and benthic invertebrate components to compare exposure data collected from the core
lakes (e.g., Area 8 and Lake N11) to lake-specific baseline data collected prior to operations to identify
deviations from baseline conditions. Regional normal ranges are currently used in the fish health and fish
tissue components to present data collected from the core lakes (i.e., Area 8 and Lake N11) in the context
of regional variation in measured endpoints.
Considering the limitations presented in Section 7B.4.2 of Appendix 7B when calculating normal ranges for
the AEMP using the approach outlined in Barrett et al. (2015), a revised method was developed as part of
this Aquatic Effects re-evaluation. The revised method differs from that currently used in that it does not
consider the number of observations in the dataset (i.e., 𝑚𝑚) and therefore is expected to improve the utility
of using normal ranges to monitor environmental change for the AEMP (Appendix 7B, Section 7B.4.3).
Use of the revised normal range calculation method described in Section 7B.4 of Appendix 7B is
recommended for the sediment quality component in future AEMP annual reports. Calculation of the
baseline normal range using the revised method provides slightly wider baseline normal ranges for
sediment parameters compared to those presented in the 2016 to 2018 AEMP annual reports. The use of
the revised method is anticipated to result in a lower probability of Type I errors (false-positives), while
retaining enough sensitivity to provide an early-warning of change within the receiving environment. Using
the revised calculation method, two baseline normal ranges will be calculated for this re-evaluation; one
using the current dataset and one with the addition of relevant 2015/2016 data from the core lakes
(Section 8.4.1). The two normal ranges will be calculated for the purposes of this re-evaluation to illustrate
the influence of including relevant 2015/2016 data from the core lakes.
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In addition to the baseline normal range currently used for the water quality, sediment quality, plankton and
benthic invertebrate components, new regional normal ranges will be also developed as a method of
examining environmental conditions in the core lakes within a regional context. The regional normal ranges
represent an escalation in spatial scale; and not necessarily magnitude when compared to baseline normal
ranges. The addition of regional normal ranges for sediment parameters provides a method of examining
environmental conditions in the core lakes within a regional context. The sediment quality regional normal
ranges were calculated from baseline and pre-impact data from the core lakes, and 2015-2018 data
collected from the reference lakes. Similar to the lake-specific baseline normal range, a regional normal
range including relevant 2015/2016 core lake data will also be calculated. Regional normal ranges will be
recalculated during future Aquatic Effects re-evaluations to incorporate relevant data from the reference
lakes, and account for long-term environmental processes such as climate change. If it is determined that
changing conditions within the reference lakes necessitate more frequent updates, regional normal ranges
may be updated on a more frequent basis for some components (e.g., annually). The regional normal
ranges will be incorporated into the Action Level assessment to identify significant departures in
environmental conditions, in consideration of local spatial and temporal variation.
For each sediment quality parameter, the upper and lower bounds for the previously implemented baseline
normal ranges, the revised lake-specific baseline normal ranges, and regional normal ranges are presented
in Appendix 8A in Tables 8A-1 (Area 8), 8A-2 (Lake N11), and 8A-3 (regional normal ranges).

8.4.4.2

Revised Normal Ranges for the Individual Station

The sediment quality component also includes a comparison of individual concentrations at the stations in
Area 8 and Lake N11 closest to the in-lake diffuser to their station-specific baseline normal range
(Map 7.3-1). Individual AEMP stations selected in the core lakes are:
•

Station L2 in Area 8: due to its close proximity to the diffuser providing the augmented water pumping
for the downstream flow mitigation; and

•

Station L1 in Lake N11: due to its close proximity relative to the operational diffuser.

Comparison of sediment quality data collected from the AEMP station closest to the diffuser in each lake
to their station-specific normal ranges, indicates whether sediment concentrations are above those
expected at that station under baseline conditions. Station-specific comparisons were included in the AEMP
Design Plan (De Beers 2016a) in response to concern from reviewers that changes in sediment chemistry
attributable to the Mine in Lake N11 and Area 8 may not be detectable if the Low Action Level only
considered lake-wide average comparisons.
For the station-specific normal ranges, single observations at Station L2 in Area 8 or Station L1 in Lake N11
will be compared to the 95th prediction interval, consistent with guidance provided in Barrett et al. (2015)
using Equation 7B-2 (Appendix 7B) with 𝑎𝑎 = 0.05. For each sediment quality parameter, the upper and
lower bounds for the previously implemented station-specific normal ranges, the revised station-specific
baseline normal ranges, and the regional station-specific normal ranges are presented in Appendix 8B in
Tables 8B-1 (Area 8), 8B-2 (Lake N11), and Table 8B-3 (regional normal ranges). Data source summaries
used in the calculation of the normal ranges are provided in Appendix 8C.
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Revised Normal Ranges for Mercury

In the 2018 AEMP Annual Report, a recommendation was made to re-calculate the normal range for
mercury in Area 8 and Lake N11, given that most of the baseline data used to establish the normal range
were non-detect concentrations. The following normal ranges have therefore been calculated for sediment
(including mercury) using the revised calculation method:
•

revised baseline normal range;

•

revised baseline normal range, including 2015 and 2016 data as Before years (except for Area 8 [2016]
as described in Section 8.4.1);

•

regional normal range; and

•

regional normal range including 2015 and 2016 as Before years (except for Area 8 [2016] as described
in Section 8.4.1).

A brief discussion of the results is provided below:
•

Area 8: Inclusion of data from 2015 in the baseline normal range resulted in an adjustment of the upper
bound of the normal range because it lowered the percentage of data below the analytical detection
limits (Figures 8.4-1 and 8.4-2). Comparing the 2018 lake-wide median concentration of
0.063 mg/kg dw to the revised baseline normal ranges, the lake-wide concentration is below the upper
bound baseline normal range values (Table 8.4-1; Figures 8.4-1b,c), but marginally outside of the upper
bound regional normal range values (Table 8.4-1; Figures 8.4-1d,e). These comparisons indicate that
it is unlikely that in 2018 the lake-wide concentration represented an increase in sediment mercury as
a result of the Mine-related activities; rather, it was within the range of natural variability within the lake
and comparable to regional variability.

•

Lake N11: Inclusion of data from 2015 and 2016 in the baseline normal range for Lake N11 resulted in
a slight change in the upper bound of the normal range. The 2018 lake-wide mean concentration of
0.05 mg/kg dw therefore continues to be at the upper bound of the revised baseline normal ranges,
similar to the current normal range (Table 8.4-1; Figure 8.4-2c). When compared to the regional normal
ranges, the 2018 mean/median concentration is below the regional upper bound values (Table 8.4-1;
Figure 8.4-2e). These comparisons indicate it is unlikely the 2018 lake-wide concentration represents
a Mine-related increase in sediment mercury; rather, it was within the range of natural variability within
the lake and within regional variability.

Table 8.4-1

Area 8 and Lake N11 2018 Mean/Median Mercury Concentration (mg/kg dw) in
Comparison to the Upper Bound of the Current Baseline, Revised Baselines, and
Regional Normal Ranges
2018 Mean/
Median

Current
Baseline

Revised
Baseline

Upper Bound
Revised Baseline (including
2015/2016 data)(a)

Regional

Regional (including
2015/2016 data)(a)

Area 8

0.063

0.065

0.089

0.086

0.051

0.06

Lake N11

0.05

0.05

0.055

0.052

0.051

0.06

Lake

a) Baseline data set + 2015 data (Area 8) or baseline data set + 2015 and 2016 (Lake N11).
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Total Mercury Concentrations in Sediment for Area 8 and Reference Lakes, using
Various Normal Range Scenarios, 2011 to 2018

a) Current Baseline Normal Range
2018 median = 0.063 mg/kg

2018 mean = 0.063 mg/kg

b) Revised Baseline Normal Range

2018 median = 0.063 mg/kg

2018 mean = 0.063 mg/kg

c) Revised Baseline Normal Range, Including 2015 and 2016 data(a)
2018 median = 0.063 mg/kg

2018 mean = 0.063 mg/kg
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d) Regional Normal Range
2018 median = 0.063 mg/kg

2018 mean = 0.063 mg/kg

e) Regional Normal Range, Including 2015 and 2016 data(a)
2018 median = 0.063 mg/kg

2018 mean = 0.063 mg/kg

Note: Open symbols represent concentrations below the DL and are plotted at half the DL.
a)

Baseline data set + 2015 data (Area 8) or Baseline data set + 2015 and 2016 (Lake N11)
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Total Mercury Concentrations in Sediment for Lake N11 and Reference Lakes,
using Various Normal Range Scenarios, 2011 to 2018

a) Current Baseline Normal Range
2018 median = 0.05 mg/kg

2018 mean = 0.05 mg/kg

b) Revised Baseline Normal Range

2018 median = 0.05 mg/kg

2018 mean = 0.05 mg/kg

c) Revised Baseline Normal Range, Including 2015 and 2016 data(a)
2018 median = 0.05 mg/kg

2018 mean = 0.05 mg/kg
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d) Regional Normal Range
2018 median = 0.05 mg/kg

2018 mean = 0.05 mg/kg

e) Regional Normal Range, Including 2015 and 2016 data(a)
2018 median = 0.05 mg/kg

2018 mean = 0.05 mg/kg

Note: Open symbols represent concentrations below the DL and are plotted at half the DL.
a) Baseline data set + 2015 data (Area 8) or Baseline data set + 2015 and 2016 (Lake N11).
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Action Level Updates

The AEMP Response Framework developed by De Beers (2016a) and summarized in Section 3 of this
document provides a systematic approach to responding to the results of the AEMP using Low, Moderate,
and High Action Levels. Of the three impact hypotheses described in Section 3, (i.e., toxicological
impairment, nutrient enrichment, and physical habitat alteration), only toxicological impairment applies to
the sediment quality component.
Sediment quality endpoints provide “early warning” indicators of potential adverse effects to benthos (which
are food for fish), fish health, and the maintenance of ecological function. Assessment attributes associated
with the sediment quality assessment endpoints described in De Beers (2016a) are:
•

maintenance of sediment chemistry in Area 8, the N lakes, and downstream lakes that does not pose
a risk to the benthic invertebrate community; and

•

maintenance of sediment chemistry in in the restored Kennady Lake that does not pose a risk to the
benthic invertebrate community.

Consistent with these assessment attributes, the sediment quality measurement endpoints are
concentrations of sediment quality parameters, such as metals and nutrients in surficial sediments.
As described in Section 3, Action Levels are intended to represent increasing levels of change towards
Significance Thresholds, which lead to increasing levels of actions to mitigate potential effects, and thereby
prevent reaching Significance Thresholds. The Significance Threshold for sediment quality is: Ecological
function is not maintained (i.e., inadequate food for fish; fish unable to survive, grow, or reproduce; and/or
sustained absence of a fish species).
The following recommendation pertinent to Action Level updates for the sediment component was made in
the AEMP annual reports issued to date based on the current AEMP Design Plan and associated response
plans: The Action Level criteria used for assigning a Low Action Level for toxicological impairment should
be revised so that the sensitivity of the AEMP Response Framework is appropriate for detecting
Mine-related effects. A similar commitment pertinent to Action Level updates for the sediment component
was also made by De Beers in response to review comments on the AEMP annual reports; i.e., Provide
recommendations with rationale, for changes to Action Levels.
In response to these recommendations, commitments, and directives, the Action Level updates proposed
for the sediment quality component are:
•

review of existing Low Action Levels for the Core Lakes N11 and Area 8;

•

development of Low Action Levels for Lake D2/D3; and

•

development of Moderate and High Action Levels for Core Lakes N11 and Area 8 and Lake D2/D3.

8.5.1

Updated Core Lake Action Levels

Updated sediment quality Action Levels for toxicological impairment in Lake N11 and Area 8 are proposed
in Table 8.5-1. These Action Levels are not currently applicable to Lake 410 because this lake is currently
not monitored for sediment quality as part of the AEMP. Should sediment monitoring be initiated in this lake
at a later date or as a response to an Action Level trigger, then the Action Levels for this lake will be
developed.
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Low Action Level

The sediment quality Action Level criteria used for assigning a Low Action Level have been revised so that
the sensitivity of the AEMP Response Framework is appropriate for detecting Mine-related effects. The
over-sensitivity of the Action Level trigger became apparent when the Low Action Level was triggered in
2018 for zinc, as discussed in De Beers (2019d). Review of the Low Action Level trigger by De Beers
(2019d) concluded that the potential for an adverse effect to sediment dwelling biota was not present
(De Beers 2019d). This is the only instance of a Low Action Level trigger for sediment recorded to date in
this AEMP.
The updated Low Action Level outlined in Table 8.5-1 meets the expectation of the current AEMP guidance
in that it is triggered by measurable effects well below the Significance Threshold. As an early warning
intended to trigger further evaluation, the Low Action Level has been updated, so that a concentration above
the normal range close to the diffuser, or a significant increase in lake-wide concentrations above a wholelake normal range, will trigger a Low Action Level if the concentration is also above an AEMP benchmark.
Therefore, an early warning is recognized in the event there is a change in sediment quality above a normal
range that is of sufficient magnitude that an AEMP benchmark is exceeded. There is conservatism built into
this Low Action Level because the CCME ISQG is adopted as the AEMP benchmark for the Low Action
Level assessment. The ISQG represents a concentration above which adverse biological effects may occur
and is not specific to the NT, where a number of metals are naturally present in some lake sediments at
concentrations above this guideline.
For sediment quality parameters that do not have applicable CCME ISQGs and are present at increasing
concentrations consistently above the normal range, the following will apply to the Low Action Level, if
available:
•

an approved guideline from another Canadian jurisdiction that is equivalent to a CCME ISQG in terms
of protection level; or

•

an approved benchmark from another mine in the NT.

In response to the review of the first four years of AEMP data and recommendations made in annual
reporting, the normal range calculation method and the BACI analysis have been revised to better evaluate
AEMP data. This was done to address AEMP study objectives and incorporate a level of sensitivity
appropriate for detecting Mine-related effects. Further details and rationale for revisions to the normal range
calculation method and the BACI analysis are provided in Sections 8.4.4 and 8.4.2.
As recommended by De Beers (2019d), the Low Action Level was also revised to incorporate the results
of the SNP effluent and edge-of-mixing zone water and sediment quality data, as well as the AEMP water
quality within-lake spatial trend assessment. The revised sediment Low Action Level references changes
in water quality that provide evidence of decreasing concentrations with distance from the diffuser, and
evidence of elevated concentrations in sediment parameters measured at SNP stations. The SNP stations
are located closer to the diffuser (i.e., at the mixing zone boundary) compared to the AEMP stations
(i.e., outside mixing zone). The Mine effluent discharge is not a substantial source of suspended solids to
Lake N11 and so the direct deposition of effluent-sourced solids is thought to be limited. Rather, the
potential for effluent to affect sediment quality is most likely via exposure of the sediments to lake water
influenced by the diffuser discharge. Elevated concentrations in the effluent, at the edge of the mixing zone,
combined with supporting evidence from the AEMP water quality within-lake spatial trend assessment, that

De Beers Canada Inc.

Gahcho Kué Mine
8-34
2015 to 2018 Aquatic Effects Re-evaluation Report
Sediment Quality

December 2019
Section 8

indicate a link between elevated sediment concentrations at the AEMP station(s) and the effluent discharge
would suggest a Mine-related effect on sediment quality.
The Low Action Level proposed for the updated AEMP Design Plan differs from the current Low Action
Level as described below:
•

Where a concentration at the AEMP station closest to the diffuser is greater than normal range, it should
also be accompanied by a visual trend that shows concentrations do not also increase with distance
from the diffuser. This additional condition is intended to eliminate an Action Level trigger due to
elevated background concentrations in lake sediments.

•

A significant BACI effect at the whole-lake level should be accompanied by a central tendency
(i.e., mean or median) value for that given year, which is above the whole-lake normal range. This
additional condition is intended to eliminate an Action Level trigger due to year-to-year variation within
the normal range.

•

The AEMP benchmark has been clearly defined (CCME ISQG), and alternative values are suggested
where a CCME ISQG is not available for a given parameter and the parameter is present at increasing
concentrations consistently above the normal range. The currently approved AEMP Design Plan did
not specify the source of the AEMP benchmarks and therefore, this clarity is provide in the revised Low
Action Level. The action level assessment was also limited to those parameters with CCME ISQG; the
addition of benchmarks for other parameters improves the sensitivity of the assessment and places
any increasing concentrations in context of the potential for adverse toxicological effects to sediment
dwelling biota.

•

Changes in sediment quality are consistent with those in other monitoring sources (i.e., SNP effluent
and edge-of-mixing-zone data, AEMP lake water quality data), such that the interpretation of data from
multiple media indicate that effluent exposure is the most likely pathway responsible for observed
changes in core lake sediment quality.

The above changes to the Low Action Level represent improvements to the relevance of the Action Level
and clarity in its application, as well as the technical basis for the Action Level as informed by review of the
first four years of AEMP data.

8.5.1.2

Moderate Action Level

The Moderate Action Level proposed in Table 8.5-1 aligns with current AEMP guidance, in that it is triggered
by measurable changes in the receiving environment (e.g., increases in ambient concentrations) that
remain below the Significance Threshold, which in contrast to the Low Action Level, are visually trending
towards it. Whereby the Low Action Level represents an early warning of a potential change in sediment
quality, the Moderate Action Level signifies a change that represents a moderate level of concern that the
Significance Threshold could be met or exceeded in the future.
The Moderate Action Level is triggered by sediment concentrations above both station- or baseline normal
ranges and the regional normal range, elevated either at the AEMP station nearest to the diffuser or at the
lake-wide level. This observed change needs to result in a sediment concentration that is above the CCME
PEL, or an equivalent approved guideline or benchmark that has been assigned to a sediment quality
parameter that doesn’t have a CCME PEL. The PEL more strongly indicates the potential for adverse
effects on sediment-dwelling biota compared to the ISQG. Lastly, for the sediment quality Moderate Action
Level to be triggered, a benthic invertebrate Low Action Level trigger should also be triggered for the
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Toxicological Impairment Hypothesis. Then, a mine-related change in sediment quality will have been
detected that could potentially be responsible for an observed early-warning of change in the benthic
invertebrate community.
In response to the changes identified by the Moderate Action Level trigger, a sediment toxicity testing study
would be initiated to assess the toxicological relevance of the observed changes in sediment quality. Metal
bioavailability would also be assessed through a chemical surrogate (e.g., acid-volatile
sulfide/simultaneously extracted metals; AVS-SEM) and biological relevance would be further assessed by
scheduling the sample collection for toxicity testing to coincide with AEMP benthic invertebrate monitoring.
These lines of evidence would be evaluated together using a weight of evidence type approach
(i.e., sediment chemistry, toxicity, and benthic invertebrate communities). There is a broad body of literature
as well as Canadian regulatory guidance that supports weight-of-evidence approaches in assessing and
managing sediment contamination.

8.5.1.3

High Action Level

The High Action Level proposed in Table 8.5-1 aligns with current AEMP guidance in that it is triggered by
measurable changes in the receiving environment (e.g., increases in ambient concentrations) that are
trending closer to the Significance Threshold than at the Moderate Action Level, and so indicate a higher
level of concern that the Significance Threshold might be reached. The level of heightened concern means
that timely management intervention to reverse the effect is required.
For sediment quality, the High Action Level is triggered by a positive result for sediment toxicity testing that
indicates that the changes in chemistry have the potential to adversely affect some benthic invertebrates,
in combination with a Moderate Action Level response in the benthic invertebrate community for
toxicological impairment. These triggers would confirm that adverse effects on the benthic community are
linked to Mine activities. As a result of this trigger, identification of the source of the change, and
implementation of mitigation would be required to stop or reverse the observed trend so the Significance
Threshold of inadequate food for fish is not reached.

De Beers Canada Inc.

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Sediment Quality
Table 8.5-1

8-36

December 2019
Section 8

Updated Sediment Quality Action Levels for Toxicological Impairment in Core Lakes, Area 8, and Lake N11

Action Level

Updated

Suggested Responses

Low (a)
Effects are measureable but well below
the Significance Threshold – trigger
meant as a warning and requirement
for further evaluation

Concentration at the AEMP station nearest the
diffuser is greater than the normal range for individual
stations, supported by a visual spatial pattern that
suggests that concentrations do not increase further
with distance from the diffuser, or lake-wide
mean/median concentration greater than the normal
range, and relative difference between core lake and
reference lakes statistically significant compared to
baseline (i.e., significant BACI effect detected)
AND
Concentration at AEMP station nearest the diffuser or
lake-wide mean/median concentration higher than
applicable CCME ISQG or alternate benchmark (if
available)
AND
Concentrations also elevated in other media (i.e., SNP
effluent and edge-of-mixing zone data, AEMP lake
water quality data), such that interpretation of data
from multiple media indicate that effluent exposure is
the most likely pathway responsible for the observed
changes in core lake sediment quality

Moderate
Effects are measureable and are
trending towards the Significance
Threshold, but still well below it

Concentration at the AEMP station nearest the
diffuser is greater than the regional normal range for
individual stations, supported by a visual spatial
pattern that suggests that concentrations do not
increase further with distance from the diffuser, or
lake-wide mean/median concentration greater than
the regional normal range for the mean, and relative
difference between core lake and reference lakes
statistically significant compared to baseline
(i.e., significant BACI effect detected)
AND
Concentration at AEMP station nearest the diffuser or
lake-wide mean/median concentration exceeds CCME
PELs or alternate benchmark (if available)
AND
Low Action Level response is observed in the benthic
invertebrate component to the Toxicological
Impairment Hypothesis

• Report in the AEMP Annual Report – no formal AEMP Response Plan needed
as per current AEMP guidance
• Continue monitoring to confirm Low Action Level trigger
• Address key uncertainties identified by the Low Action Level assessment
• Moderate and High Action Levels may be refined depending on the factor(s)
that resulted in the Low Action Level trigger

Prepare and submit an AEMP Response Plan
Continue monitoring to confirm Moderate Action Level trigger
Address key uncertainties identified by the Moderate Action Level assessment
To further assess toxicological relevance, conduct sediment toxicity testing at
the AEMP station nearest the discharge, select stations further away from the
discharge and at select stations in both reference lakes. Testing with both
chironomids and Hyalella azteca. Supporting sediment chemistry with AVSSEM added to the AEMP sediment quality parameter suite. The study should be
scheduled to coincide with AEMP benthic invertebrate monitoring.
• Identify and evaluate potential mitigation options in response to the Moderate
Action Level assessment
• As appropriate, consider implementation of mitigation.
•
•
•
•

De Beers Canada Inc.

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Sediment Quality
Table 8.5-1

8-37

December 2019
Section 8

Updated Sediment Quality Action Levels for Toxicological Impairment in Core Lakes, Area 8, and Lake N11

Action Level

High
Measured effects continue to trend
towards the Significance Threshold

Updated

Suggested Responses

Sediment toxicity test results indicate a Mine-related
effect
AND
Moderate Action Level response is observed in the
benthic invertebrate component to the Toxicological
Impairment Hypothesis

•
•
•
•

Prepare and submit an AEMP Response Plan
Continue AEMP monitoring to confirm High Action Level trigger
Address any key uncertainties identified by the High Action Level assessment
Identify, evaluate, and implement mitigation to stop or reverse the observed
trend so the Significance Threshold is not reached

a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible levels of environmental change.
AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; CCME = Canadian Council of Ministers of the Environment; EIS = Environmental Impact Statement;
PEL = probable effect level; ISQG = interim sediment quality guideline; AVS-SEM = acid-volatile sulfide/simultaneously extracted metals.
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Lake D2/D3

Action levels for the raised Lake D2/D3 were not included in the existing design plan (De Beers 2016a);
however, AEMP annual reporting includes screening of sediment data against applicable guidelines and a
statistical comparison of pre- and post-dyke sediment quality. As discussed in Section 8.2.3, the 2018
AEMP assessment confirmed that some Mine-related effects were observed for Lake D2/D3, consistent
with EIS expectations that some level of change in sediment quality would be expected during the period
of lake expansion from that documented prior to dyke construction.
Lake D2/D3 has been in a transitional phase since the construction of Dyke F in 2016 resulting in the
merging of Lakes D2 and D3 to form the raised Lake D2/D3. Lake D2/D3 only reached its full supply level
in June 2019. Further changes in sediment quality are possible as Lake D2/D3 continues to mature and
develop over time. During the next few years, water level should remain stable at or close to full supply
level but sediment quality will likely remain in a transitional phase for at least another one to three years
based on our expectation that the flooded tundra and surface soils are still in some degree of
decomposition. It is reasonable to propose that the sediment quality Significance Threshold that applies to
the core lakes would also apply to Lake D2/D3; i.e., Ecological function is not maintained (i.e., inadequate
food for fish; fish unable to survive, grow, or reproduce; and/or sustained absence of a fish species).

8.5.2.1

Low Action Level

The Low Action Level outlined in Table 8.5-2 meets the expectation of the current AEMP guidance in that
it is triggered by measurable effects well below the Significance Threshold. As an early warning intended
to trigger further evaluation, the Low Action Level is triggered by a significant increase in the lake-wide
mean/median concentration from pre-dyke concentrations (i.e., baseline data associated with Lakes D2
and D3), to a post-dyke concentration in Lake D2/D3 above a CCME ISQG. There is conservatism built
into this Low Action Level because the CCME ISQG is adopted as the AEMP benchmark. The ISQG
represents a concentration above which adverse biological effects may or may not occur and is not specific
to the NT, where a number of metals are naturally present in some lake sediments above this guideline
without apparent biological effects (Puznicki 1997; Dominion Diamond 2015).
For sediment quality parameters that do not have applicable CCME ISQGs and exhibit a consistent pattern
of increasing concentrations, the following will apply to the Low Action Level, if available:
•

An approved guideline from another Canadian jurisdiction that is equivalent to a CCME ISQG in terms
of protection level; or

•

An approved benchmark from another mine in the NT.

8.5.2.2

Moderate Action Level

The Moderate Action Level proposed in Table 8.5-2 aligns with current AEMP guidance, in that it is triggered
by measurable changes in the receiving environment (e.g., increases in ambient concentrations), that
remain below a Significance Threshold, which in contrast to the Low Action Level, are visually trending
towards it. Whereas the Low Action Level represents an early warning of a potential change in sediment
quality, the Moderate Action Level signifies a change in sediment quality that represents a moderate level
of concern that the Significance Threshold could be met or exceeded. Consistent with this level of concern,
if a Moderate Action Level is triggered, a Response Plan would be developed to better understand the
variable that triggered the Action Level and then, as required, propose measures to mitigate or manage the
causal agent and thereby reduce the degree of change.
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The Moderate Action Level is triggered by a lake-wide mean/median sediment concentration above a
CCME PEL in conjunction with a Moderate Action Level trigger in the benthic invertebrate community for
toxicological impairment. An increase in concentration above the CCME PEL is indicative of a higher
potential for adverse effects on sediment-dwelling biota compared to sediment concentrations above the
corresponding ISQG.
For sediment quality parameters that do not have applicable CCME PELs and exhibit a consistent pattern
of increasing concentrations, the following will apply to the Moderate Action Level, if available:
•

An approved guideline from another Canadian jurisdiction that is equivalent to a CCME PEL in terms
of protection level; or

•

An approved benchmark from another mine in the NT.

In response to the changes identified by a Moderate Action Level trigger, a special study would be initiated
to assess the toxicological relevance of the measured changes in sediment chemistry. Metal bioavailability
would also be assessed through a chemical surrogate (e.g., acid-volatile sulfide/simultaneously extracted
metals; AVS-SEM) and biological relevance would be further assessed by scheduling the sample collection
for toxicity testing to coincide with AEMP benthic invertebrate monitoring. Concurrent with this special study,
potential mitigation would be identified, evaluated, and implemented as appropriate.

8.5.2.3

High Action Level

The High Action Level proposed in Table 8.5-2 aligns with current AEMP guidance in that it is triggered by
measurable changes in the receiving environment (e.g., increases in ambient concentrations) that are
trending closer to the Significance Threshold than at the Moderate Action Level, and so indicate a higher
level of concern that the Significance Threshold might be reached. The subsequent level of heightened
concern means that timely management intervention to reverse the effect would be required.
The High Action Level is triggered by a positive result for sediment toxicity testing that indicates measured
changes in sediment chemistry have the potential to adversely affect benthic invertebrates, in combination
with multiple lake-wide mean/median sediment concentrations that are above CCME PELs or alternative
benchmarks for those sediment quality parameters that do not have CCME guidelines. These results would
confirm that adverse effects on the benthic community can be linked to Mine activities. Identification of the
source of the change, and identification and implementation of appropriate mitigation would be required to
stop or reverse the observed trend so the Significance Threshold of inadequate food for fish is not reached.
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Updated Sediment Quality Action Levels for Toxicological Impairment in Lake D2/D3

Action Level
Low
Effects are measurable but well below
the Significance Threshold – trigger
meant as a warning and requirement
for further evaluation

Moderate
Effects are measurable and are
trending towards the Significance
Threshold, but still well below it

High
Measured effects continue to trend
towards the Significance Threshold

Toxicological Impairment
Significant increase in lake-wide mean/median
concentration relative to pre-dyke concentrations
AND
Lake-wide mean/median concentration is higher than
the CCME ISQG (adopted as the AEMP benchmarks
for the Low Action Level assessment) or alternate
benchmark (as applicable)

Suggested Responses
Report in the AEMP annual report – no formal AEMP Response Plan needed as
per current AEMP guidance
Continue AEMP monitoring to confirm the noted Low Action Level results
Address any key uncertainties identified by the Low Action Level assessment

Prepare and submit an AEMP Response Plan
Continue AEMP monitoring to confirm the noted Moderate Action Level results
Lake-wide mean/median concentration is higher than Address any key uncertainties identified by the Moderate Action Level assessment
the CCME PEL (adopted as the AEMP benchmarks
In a special study, to further assess toxicological relevance, conduct sediment
for the Moderate Action Level assessment) or
toxicity testing at the AEMP station nearest the discharge, select stations further
alternate benchmark (as applicable)
away from the discharge and at select stations in both reference lakes. Testing with
AND
both chironomids and Hyalella azteca. Supporting sediment chemistry with AVSA Moderate Action Level response is measured in the SEM added to the AEMP sediment quality parameter suite. The study should be
scheduled to coincide with AEMP benthic monitoring.
benthic invertebrate component to the Toxicological
Impairment Hypothesis(a)
Identify and evaluate potential mitigation options in response to the Moderate
Action Level Assessment.
As appropriate, consider implementation of mitigation measures.
Lake-wide mean/median concentrations for more than
one sediment quality parameter that are consistently
increasing and are higher than CCME PELs or
alternate benchmarks (as applicable)
AND
Toxicity test results from the special study triggered
by the Moderate Action Level indicate a Mine-related
effect
AND
A High Action Level response is measured in the
benthic invertebrate component to the Toxicological
Impairment Hypothesis(a)

Prepare and submit an AEMP Response Plan
Continue AEMP monitoring to confirm the noted High Action Level results
Address any key uncertainties identified by the High Action Level Assessment
Identify, evaluate, and implement mitigation measures to stop or reverse the
observed trend so the Significance Threshold is not reached.

a) Applies if the benthic invertebrate Action Level trigger is not attributed to another factor (e.g., low dissolved oxygen concentration or physical habitat alteration).
AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; CCME = Canadian Council of Ministers of the Environment; PEL = probable effect level; ISQG =
interim sediment quality guideline; AVS-SEM = acid-volatile sulfide/simultaneously extracted metals.
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Conclusions and Recommendations

The sediment quality component evaluated sediment quality in the core lakes (i.e., Area 8, Lake N11) and
the raised lake (i.e., Lake D2/D3) during the first three years of Mine operations (i.e., from 2016 to 2018).
No Mine-related effects on sediment quality were observed for Area 8 or Lake N11, but some Mine-related
effects, consistent with qualitative EIS predictions established for the new raised lake, were observed for
Lake D2/D3. No Mine-related effects were observed for Area 8 or Lake N11.
The results of the 2015 to 2018 Aquatic Effects re-evaluation process for sediment quality identified a
number of improvements that are recommended to be implemented for the updated AEMP Design Plan,
including updates or refinements to the field sampling methods, data analysis approach, and Action Levels
for sediment quality.
The recommendations for changes to the sediment quality component of the AEMP Design Plan are as
follows:
•

In consideration of the results of the 2019 SNP sediment sampling program and the prevailing substrate
type at the mixing boundary, discontinue the 1-cm core sampling in favour of 1-cm grab sampling to
provide early warning data for potential changes in sediment chemistry at the mixing zone of the
operational diffuser in Lake N11.

•

Assign sediment quality data collected from the core lakes in 2015 and 2016 (except for 2016 data for
Area 8) as pre-impact data for sediment quality, and subsequently include these data in regional normal
ranges and as Before data in statistical comparisons.

•

Implement the revised statistical methods defined in Section 7B.2 (Water Quality) for the BACI analysis
for the sediment quality component.

•

Include percent fines or TOC as covariates in the BACI model for the annual sediment quality data
analyses. It is anticipated that inclusion of particle size or TOC as covariates in the BACI model will
help to address concerns that modifying factors at AEMP stations in the core and reference lakes could
interfere with the interpretation of results for the sediment quality component.

•

Revise the lake-wide normal range calculation method using an 𝑎𝑎 = 0.15 and m = 1 to lower the
probability of Type I errors, while retaining enough sensitivity to provide an early warning of change
within the receiving environment.

•

Revise the station-specific normal range calculation method using an 𝑎𝑎 = 0.05 and m = 1 to lower the
probability of Type I errors.

•

Use the updated baseline normal ranges including 2015/2016 data and the regional normal ranges for
the annual assessment of sediment quality in Area 8 and Lake N11. Specifically, the lake-specific
baseline and the regional normal ranges defined in Appendix 8A should be compared to lake-wide
mean/median concentrations in these lakes, and the station-specific baseline and regional normal
ranges defined in Appendix 8B should be compared to concentrations at the station closest to the inlake diffuser.

•

Include ongoing reference lake data in the regional normal range calculations for sediment quality in
the next Aquatic Effects Re-evaluation Report to better account for spatial and temporal variability in
effect indicators.
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De Beers also recommends the adoption of the Low, Moderate, and High Action Levels for the core
lakes and Lake D2/D3, as proposed in Section 8.5.

It is also recommended to revise the timing specified in the Water Licence for SNP sediment sampling from
fall (i.e., September) to August/September with the incorporation of several contingency plans. This revision
has been proposed to minimize the possibility that poor weather conditions may impede the field crew’s
ability to safely conduct sampling at the SNP sampling stations in September.
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PLANKTON

Introduction

The purpose of the plankton component of the Aquatic Effects Monitoring Program (AEMP) is to evaluate
potential effects of the Gahcho Kué Mine (Mine) on phytoplankton and zooplankton biomass and community
structure due to changes in surface water quality.

9.2

Summary of Mine-related Effects

Area 8 and Lake N11 remain clear-water lakes with euphotic zones generally reaching the lake bottom.
Trophic status classification remains oligotrophic, and the phytoplankton and zooplankton communities
remain healthy with no indication of toxicological impairment in Area 8. In Lake N11, zooplankton
community changes and lower zooplankton abundance in 2016 and 2018 triggered the Low Action Level
for toxicological impairment.
Nutrient enrichment responses were observed in phytoplankton community composition in Lake N11 in
2017 and phytoplankton biomass in Area 8 and Lake N11 in 2018, triggering the Low Action Level. An
ecologically significant change in zooplankton community composition was observed in 2016 in Area 8
triggering the Low Action Level for nutrient enrichment. However, nutrient enrichment effects were not
evident in other ecosystem components, with the exception of chlorophyll a concentration; therefore, the
changes were attributed to other Mine-related effects, such as disconnection of Area 8 from Kennady Lake
resulting in reduced watershed area and flows.
Overall, the observed changes in the plankton communities from 2015 to 2018 are consistent with
predictions of a negligible to low effect on the plankton community in the core lakes (i.e., Area 8 and
Lake N11).
Construction of Dyke F downstream of Lake D2/D3 was completed in May 2016, and during the 2016
open-water season, Basin D2 and Basin D3 were hydrologically joined to form a single waterbody
(Lake D2/D3). Lake water in Lake D2/D3 was less clear than in Area 8 and Lake N11, and the trophic status
classification shifted from oligotrophic/mesotrophic to eutrophic between 2015 and 2018. The
phytoplankton and zooplankton communities in Lake D2/D3 in 2015 were representative of pre-dyke
conditions, while the plankton community in 2016 was considered representative of a transition period
where water levels had not yet stabilized (i.e., the community was still in flux). The changes observed in
the plankton communities in 2017 and 2018 did not signal impairment of the biological communities in
Lake D2/D3.
Further details on Mine-related effects on plankton communities in Area 8, Lake N11 and Lake D2/D3 are
provided in the Sections that follow.
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Area 8

Area 8 remains a clear water lake with the euphotic zone generally reaching the bottom of the lake
(Table 9.2-1). The trophic status classification, based on the classification systems of Vollenweider and
Kerekes (1982) and Carlson (1977), has remained oligotrophic between 2015 and 2018, with low
depth-integrated nutrient and chlorophyll a concentrations. None of the depth-integrated nutrients with
Canadian Council of Ministers of the Environment (CCME) Canadian water quality guidelines for the
protection of aquatic life (CWQG-PAL) were exceeded (CCME 1999).
The phytoplankton and zooplankton communities in Area 8 remain healthy, with no clear indication of
toxicological impairment and no Action Level triggers for toxicological impairment observed between 2015
and 2018. From 2015 to 2017, the phytoplankton community did not indicate nutrient enrichment. However,
in 2018, changes in the phytoplankton community suggested that Mine-related nutrient enrichment may be
occurring, which triggered the Low Action Level.
Changes in zooplankton community composition in 2016 were interpreted as signaling a nutrient
enrichment effect, consistent with slightly higher chlorophyll a concentrations compared to 2015, which
triggered the Low Action Level. However, phosphorus and phytoplankton biomass results did not support
this interpretation, and results from 2017 did not indicate nutrient enrichment. It is possible that other
Mine-related effects, i.e., disconnection of Area 8 from Kennady Lake resulting in reduced watershed area
and flows, may have caused the changes in the zooplankton community.
Community shifts were observed at the sub-dominance level in the phytoplankton community between 2015
and 2018 but overall, the community has remained chrysophyte-dominated (by abundance and biomass;
Table 9.2-1). Zooplankton community composition varied from year to year; however, the only ecologically
significant change in community composition was observed in 2016, which triggered the Low Action Level
for nutrient enrichment.
Overall, the observed changes in the plankton communities from 2015 to 2018 are consistent with
predictions of a negligible to low effect on the plankton community in Area 8.
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Summary of Plankton Monitoring Results for Area 8

Parameter
Light climate
Depth-integrated total phosphorus (a)
Depth-integrated total nitrogen(b)
Chlorophyll a
Trophic Status(c)

Phytoplankton community

Zooplankton community

Construction
2015
Water column clear; euphotic zone generally extends near the
bottom
0.004 to 0.008 mg-P/L
0.08 to 0.31 mg-N/L
0.75 to 4.31 µg/L
oligotrophic
The phytoplankton community was dominated by chrysophytes
based on abundance and biomass.
The community is healthy with no clear indication of toxicological
impairment or nutrient enrichment.

The zooplankton community was dominated by cyclopoid
copepods based on abundance, and cladocerans or cyclopoid
copepods based on biomass.
The community is healthy, with no clear indication of toxicological
impairment or nutrient enrichment.

Operations
2016

2017

2018

Water column clear; euphotic zone generally extends near the
bottom
0.003 to 0.009 mg-P/L
0.12 to 0.32 mg-N/L
2.17 to 5.26 µg/L
oligotrophic
The phytoplankton community was dominated by chrysophytes
based on abundance and by chrysophytes and cyanobacteria
based on biomass.

Water column clear; euphotic zone generally extends near the
bottom
0.004 to 0.011 mg-P/L
0.14 to 0.32 mg-N/L
0.93 to 4.20 µg/L
oligotrophic
The phytoplankton community was dominated by chrysophytes
based on abundance and chrysophytes and in August, codominated by chrysophytes and cyanobacteria based on biomass.

The community is healthy with no clear indication of toxicological
impairment or nutrient enrichment.
The zooplankton community was dominated by rotifers based on
abundance, and calanoid copepods based on biomass.

The community is healthy with no clear indication of toxicological
impairment or nutrient enrichment.

The community is healthy. Changes in phytoplankton community
suggest that Mine-related nutrient enrichment may be occurring
but does not signal impairment of biological communities.

The zooplankton community was dominated by rotifers based on
abundance, and calanoid copepods (Aug/Sept) and cladocerans
(Jun/Jul) based on biomass.

The zooplankton community was dominated by rotifers based on
abundance, and co-dominated by cladocerans, calanoid and
cyclopoid copepods based on biomass.

The community is healthy, with no clear indication of toxicological
impairment or nutrient enrichment.

The community is healthy, with no clear indication of toxicological
impairment or nutrient enrichment.

The community is healthy. Changes in community composition
suggest that a Mine-related nutrient enrichment effect (based on
chlorophyll a concentrations) may be occurring. However,
phosphorus and phytoplankton biomass do not support this
interpretation. It is possible that other Mine-related effects
(i.e., disconnection of Area 8 from Kennady Lake resulting in
reduced watershed area and flow-through) may have caused the
changes.

a) Detection limit = 0.001 mg-P/L.
b) Detection limit = 0.003 mg-N/L.
c) Status based on the classification systems of Vollenweider and Kerekes (1982) and Carlson (1977).
mg-P/L = milligrams of phosphorus per litre; mg-N/L = milligrams of nitrogen per litre; µg/L = micrograms per litre.
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Water column clear; euphotic zone generally extends near the
bottom
0.005 to 0.008 mg-P/L
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The phytoplankton community was dominated by chrysophytes
based on abundance and biomass.
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Nutrients

Total phosphorus (TP) and total nitrogen (TN) concentrations measured in Area 8 were similar to those
measured in the reference lakes between 2015 and 2018 (Figure 9.2-1 and 9.2-2). However, a slight
increasing trend in TP concentration was apparent between baseline and 2018 in Area 8
(Figure 9.2-1a,b,c). In contrast, slight decreases in TP concentrations are apparent between 2016 and 2018
in the reference lakes. However, significant before-after control-impact (BACI) effects relative to both
reference lakes were not detected and lake-wide mean/median concentrations were within normal range
(De Beers 2019c). For concentrations of TN, a slight increasing trend was observed from baseline (with the
exclusion of 2011 mid-depth data) to 2018 (Figure 9.2-2a). Similar, but less pronounced trends were also
observed in the reference lakes (Figure 9.2-2b,c). There were differences among months in concentrations
of TP and TN; however, clear seasonal trends throughout the sampling period were not observed (De Beers
2016c, 2017a, 2018c, 2019c).

9.2.1.2

Chlorophyll a

Mean annual chlorophyll a concentrations have varied over time in Area 8 and in the reference lakes
(Figure 9.2-3 and Appendix 9A). However, chlorophyll a concentrations in Area 8 have shown a general
increasing trend since baseline (2007) during August and September. Similar trends were not observed in
the reference lakes, and between 2017 and 2018, concentrations decreased in the reference lakes but
increased in Area 8. A clear seasonal pattern of increasing chlorophyll a concentrations throughout the
open-water period, with peak concentrations observed in September, was observed from 2015 to 2018
(De Beers 2016c, 2017a, 2018c, 2019c).

9.2.1.3

Phytoplankton Community

Phytoplankton community variables evaluated in the AEMP annual reports consist of phytoplankton
abundance, biomass, taxonomic richness and community composition based on abundance and biomass.
A summary of these variables is provided below.
Mean annual phytoplankton abundance increased from 2011 to 2015 in Area 8 but decreased from 2015
to 2016. An increasing trend was observed again between 2016 and 2018 (Appendix 9A; De Beers 2019c).
In 2017 and 2018, phytoplankton abundance was generally greater than baseline in Area 8 and the
reference lakes. No clear trends were observed in phytoplankton abundance in the reference lakes between
baseline and 2018. Phytoplankton abundance generally showed a seasonal trend of peak abundance in
September, with the exception of 2018 (De Beers 2016c, 2017a, 2018c, 2019c). Abundance was highest
in September in 2015 and 2016 but did not show a clear seasonal increasing trend throughout the
open-water season; in 2017, this trend was apparent. In 2018, abundance was highest in August.
Mean annual phytoplankton biomass, driven by August and September values, increased slightly in Area 8
during baseline between 2007 and 2015, followed by a decrease between 2015 and 2016 (Figure 9.2-3
and Appendix 9A). Phytoplankton biomass increased again in 2017, to 2015 levels and in 2018, biomass
increased to the highest values on record. No clear trends were observed in phytoplankton biomass in the
reference lakes between baseline and 2018. Phytoplankton biomass did not show a clear seasonal trend
in 2015, 2016, 2017 or 2018 (De Beers 2016c, 2017a, 2018c, 2019c). In 2015, phytoplankton biomass
decreased between July and August and increased in September. In 2016, biomass was lowest in August
and similar between July and September. In 2017 and 2018, biomass was highest in September and
August, respectively.
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Open-water Total Phosphorus Concentrations in Area 8, East Lake, and Lake 3

a) Area 8
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c) Lake 3 (reference lake)
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mg-P/L = milligrams of phosphorus per litre.
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Open-water Total Nitrogen Concentrations in Area 8, East Lake, and Lake 3

a) Area 8
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c) Lake 3 (reference lake)
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mg-N/L = milligrams of nitrogen per litre.
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Comparison of Chlorophyll a Concentrations and Phytoplankton Biomass in Area 8 to Normal Ranges, 2014 to 2018

a) June/July

b) August

c) September

µg/L = micrograms per litre; mg/m3 = = milligrams per cubic metre.
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Taxonomic richness in Area 8 was similar to baseline (Golder 2014a) and to reference lakes (De Beers
2019c). Phytoplankton community composition, based on abundance, was generally similar to reference
lakes and baseline and was chrysophyte-dominated with either chlorophyte or cyanobacteria
sub-dominance. Community composition based on biomass was chrysophyte dominated with
sub-dominance differing from baseline (Figure 9.2-4, showing open-water mean relative abundances).
There was low seasonal variability in phytoplankton community composition in 2015, 2016, 2017 and some
seasonal variation at the sub-dominance level in 2018 but throughout the sampling period, chrysophytes
were the dominant group in each month (De Beers 2016c, 2017a, 2018c, 2019c).
The non-metric multidimensional scaling (nMDS) and analysis of similarities (ANOSIM) results for
phytoplankton community composition (by biomass) showed that Area 8 in 2018 differed from baseline
communities, suggesting that the community structure may be responding to changing conditions in the
lake (Figure 9.2-5). However, the observed changes in Area 8 were consistent with those observed in one
of the reference lakes (Lake 3). This suggests that the changes may have resulted from a regional change,
rather then being Mine-related. When the sampling events were examined individually, ANOSIM results
revealed that the 2017 and 2018 phytoplankton communities in Area 8 were different from baseline during
all three sampling events, with the exception of August 2017, and from reference lakes, with the exception
of August and September 2018 (Table 9.2-2). Overall, the ordination plot indicates separation between the
area-year groupings for Area 8 and reference lakes in terms of phytoplankton community composition,
suggesting among-lake or among-year variability, with the exception of 2018 which suggests a stronger
within-year grouping than in previous years.
Overall, increasing temporal trends in phytoplankton abundance and biomass and changes in community
composition from baseline (based on nMDS) and reference lakes appeared to be occurring between 2016
(end of construction), and 2017 and 2018 (operations), with minimal effects on the phytoplankton
community observed during construction in Area 8. Multivariate analysis of phytoplankton community
composition (by biomass) in Area 8 showed that the 2018 community differed from baseline communities,
suggesting that the community structure may be responding to changing conditions in the lake. However,
the observed changes in Area 8 were consistent with those observed in one of the reference lakes (Lake 3),
which points to regional effects (i.e., warming temperatures), rather then Mine-related effects.
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Open-Water Mean Phytoplankton Community Composition by a) Abundance and b) Biomass and Zooplankton Community
Composition by c) Abundance and d) Biomass in Area 8
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Non-Metric Multidimensional Scaling Ordination Plots of Phytoplankton and Zooplankton Data from the Core Lakes and Reference Lakes, 2011 to 2018

a) Phytoplankton biomass
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Table 9.2-2

Summary of Significant Results for the Analysis of Similarities Tests in Area 8
Operations
2017

2018

Variable/Test

Jun/Jul

Aug

Sept

Jun/Jul

Aug

Sept

Phytoplankton ANOSIM result (R-statistic) comparison to baseline
Community
ANOSIM result (R-statistic) comparison to reference lakes

0.94

0.22

0.60

1.00

1.00

0.97

0.70

0.58

0.72

0.83

0.28

0.34

ANOSIM result (R-statistic) comparison to baseline

0.90

0.14

0.99

ns

ns

ns

ANOSIM result (R-statistic) comparison to reference lakes

0.27

0.24

0.84

0.72

0.61

0.87

Zooplankton
Community

Area 8
Lake N11
East Lake
Lake 3

Area

2017

2014 2015

Area

Area 8
Lake N11
East Lake
Lake 3

2014

Similarity
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40
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2D Stress: 0.13

Similarity

2018
2016

Transform: Log(X+1)
Resemblance: S17 Bray-Curtis similarity

b) Zooplankton biomass

Transform: Log(X+1)
Resemblance: S17 Bray-Curtis similarity

Note: A R-statistic equal to zero indicates overall similarity between communities, while a R-statistic equal to one indicates dissimilarity; ANOSIM tests were not completed in 2015 and 2016.
ns = not significant.
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Zooplankton Community

Zooplankton community variables evaluated in the AEMP annual reports are zooplankton abundance,
biomass, taxonomic richness and community composition based on abundance and biomass. A summary
of these variables is provided below; for detailed results, refer to the AEMP annual report (De Beers 2016c,
2017a, 2018c, 2019c).
Mean annual zooplankton abundance in Area 8 peaked in 2016, dropped in 2017 but then increased again
in 2018 and was higher than in the reference lakes (Appendix 9A; De Beers 2019c). In the reference lakes,
zooplankton abundance was similar to baseline values in East Lake but showed a decreasing trend from
2015 to 2018. In Lake 3, zooplankton abundance increased from 2013 to 2016 but decreased from 2016
to 2018. In 2017 and 2018, zooplankton abundance was generally greater than baseline in Area 8.
Mean annual zooplankton biomass increased slightly in Area 8 between baseline (2011) and 2015, followed
by a decrease between 2015 and 2016 (De Beers 2019c). Biomass showed an increasing trend from 2016
to 2018 in Area 8 and in 2018, biomass was higher than in the reference lakes (Figure 9.2-6). Zooplankton
biomass in the reference lakes was generally similar to the baseline values. No clear trends were observed
in zooplankton biomass in the reference lakes between baseline and 2018.
Zooplankton abundance and biomass showed similar seasonal trends. Abundance and biomass generally
decreased throughout the season, with peak abundance and biomass observed in June/July through the
sampling period, with the exception of 2017 (De Beers 2016c, 2017a, 2018c, 2019c). In 2015, 2016 and
2018, zooplankton abundance and biomass were highest in June/July, showing a clear decreasing trend
throughout the open-water season. In 2017, abundance and biomass were highest in September, with the
opposite trend observed (i.e., a clear increasing trend throughout the open-water season).
Zooplankton taxonomic richness in Area 8 was similar to baseline (Golder 2014a) and to reference lakes
(De Beers 2019c). Zooplankton community composition, based on abundance, was generally similar to
reference lakes and baseline and was rotifer-dominated, with the exception of 2015 which had a higher
proportion of cyclopoid copepods (Figure 9.2-4). Community composition based on biomass was calanoid
copepod dominated during baseline; however, the proportion of the calanoid copepods was lower from
2015 to 2018, especially in 2015. There was a higher proportion of cladocerans between 2015 and 2018
compared to baseline. There was low seasonal variability in zooplankton community composition in 2016,
2017 and 2018 and some seasonal variation in 2015 (De Beers 2016c, 2017a, 2018c, 2019c). In 2015, a
higher proportion of cyclopoids were observed in September compared to June/July and August (De Beers
2016c).
The nMDS and ANOSIM results indicate that changes over time in zooplankton community structure have
been occurring in Area 8 and that conditions in recent years (i.e., 2016, 2017, and 2018) differed from
baseline years (2011 and 2014; Figure 9.2-5; Table 9.2-2).
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Overall, zooplankton abundance increased from baseline until 2016, with no clear trend between 2016 and
2018. Zooplankton biomass has shown a slight increasing temporal trend since baseline; similar trends
were not observed in the reference lakes. Zooplankton community composition, based on abundance, was
generally similar to reference lakes and baseline and was rotifer-dominated, with the exception of 2015
which had a higher proportion of cyclopoid copepods. Community composition based on biomass was
calanoid copepod dominated during baseline; however, the proportion of the calanoid copepods was lower
from 2015 to 2018, especially in 2015 and there was a higher proportion of cladocerans between 2015 and
2018 compared to baseline. The nMDS and ANOSIM results indicate that changes over time in zooplankton
community structure have been occurring in Area 8 and that conditions in recent years (i.e., 2016, 2017,
and 2018) differed from baseline years (2011 and 2014) and reference lakes.

9.2.1.5

Within-lake Spatial Patterns

Spatial variability was low in most plankton variables in Area 8 between 2015 and 2018 (De Beers 2016c,
2017a, 2018c, 2019c). Chlorophyll a concentrations and phytoplankton abundance and biomass had low
spatial variability from 2015 to 2018, with the exception of September 2016 which had high spatial
variability, showing a spatial pattern in relation to the diffuser (i.e., higher concentrations of chlorophyll a
and greater biomass at stations closest to the diffuser). However, there was no dewatering or operational
discharge; therefore, this was unlikely to be related to the diffuser and was attributed to natural variability.
In 2017 and 2018, although there was some spatial variability, there were no consistent spatial patterns in
relation to the temporary discharge point for downstream flow mitigation.
Zooplankton abundance and biomass had low spatial variability with no consistent spatial patterns in 2015
and for biomass in 2016 (De Beers 2016c, 2017a). In 2016, there was a spatial pattern in zooplankton
abundance in relation to the diffuser in September (i.e., lower abundance at stations closest to the diffuser).
However, there was no dewatering or operational discharge; therefore, this was unlikely to be related to the
diffuser and was attributed to natural variability. In 2017 and 2018, there were no consistent spatial patterns
in abundance or biomass in relation to the temporary discharge point for downstream flow mitigation
(De Beers 2018c, 2019c). The spatial variability in zooplankton and phytoplankton community composition
was low and reflective of natural variation between 2015 and 2018 (De Beers 2016c, 2017a, 2018c, 2019c).
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Comparison of Zooplankton Abundance and Biomass in Area 8 to Normal Ranges, 2014 to 2018

a) June/July

b) August

c) September

org/L = organisms per litre; mg/m3 = milligrams per cubic metre.
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Comparison to Normal Range

To assess whether, on average, the chlorophyll a, phytoplankton, and zooplankton data from 2015 to 2018
fell outside the range of natural variability, whole-lake means were compared to the normal range for each
endpoint. The normal range was defined as the 95% prediction interval (PI) for the mean or individual
observation, as appropriate, using lake-specific baseline data. The influence of seasonality on the plankton
endpoints was assessed using a linear regression of the plankton endpoint on sampling date (i.e., day of
the year represented as a number beginning with July 1 = 1; Barrett et al. 2015). When seasonality was
evident, as indicated by a significant regression, and consistent among lakes, the normal range for the
endpoint was defined using a 95% PI for the mean based on the linear regression with sampling date.
Based on this analysis, seasonality was incorporated into the normal ranges for the zooplankton abundance
and biomass endpoints but was not required for chlorophyll a or phytoplankton biomass (Table 9.2-3).
The normal range for chlorophyll a in Area 8 was based on baseline data from 2004, 2007, 2011, and 2014
(De Beers 2019c). The lake-wide mean chlorophyll a concentrations in Area 8 exceeded the upper bound
of the normal range in each year of monitoring (i.e., in June/July in 2016; August in 2016 and 2018;
September from 2015 to 2016; Table 9.2-4). Chlorophyll a fell below the lower bound of the normal range
in June/July of 2015 and 2017.
The normal range for phytoplankton biomass and zooplankton abundance and biomass in Area 8 was
based on baseline data from 2007, 2011, and 2014 (De Beers 2019c). The lake-wide mean phytoplankton
biomass in Area 8 exceeded the upper bound of the normal range in September 2015 and 2017 and August
and September 2018 (Table 9.2-4). It fell below the lower bound of the normal range in June/July 2017.
Phytoplankton biomass has been above the upper bound of the normal range in one or more seasons for
two consecutive years. If three consecutive years of data are observed above the normal range, the Low
Action Level will be triggered for nutrient enrichment.
The lake-wide mean zooplankton abundance exceeded the upper bound of the normal range in June/July
2015 and 2016 and September 2018 and fell below the lower bound of the normal range in August 2017
(Table 9.2-4). Zooplankton biomass remained within the normal range from 2015 to 2018, with the
exceptions of September 2015 and 2017.
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Normal Ranges for Plankton Community Variables in Area 8

Variable
Chlorophyll a(c)
Phytoplankton Biomass (d)

Unit

Year

µg/L
mg/m3

2015
2016
2017
2018
2015
2016
2017
2018

Zooplankton Abundance(e)

org/L

Zooplankton Biomass(e)

mg/m3

Normal Range - Lower Bound(a,b)
Jun/Jul
Aug
Sept

22
23
24
24
86
85
84
84

1.27
409
16
17
18
18
83
84
85
85

Normal Range - Upper Bound(a,b)
Jun/Jul
Aug
Sept

5
5
7
6
60
60
64
62

56
60
63
62
646
753
843
832

2.10
882
42
43
44
46
385
397
416
437

32
32
33
32
293
293
298
298

a) The 95% PI was calculated for the mean of a sample of size of 5 (n = 5) from each core lake (Barrett et al. 2015).
b) When seasonality was present in the dataset, separate upper and lower bounds were calculated for each of the three sampling
events (i.e., June/July, August, and September) based on the regression equation and the sampling dates from the 2018 AEMP.
c) Baseline period includes 2004, 2007, 2011 and 2014 data; no seasonality was observed.
d) Baseline period includes 2007, 2011 and 2014 data; no seasonality was observed.
e) Baseline period includes 2007, 2011 and 2014 data; seasonality was observed; therefore, the normal range calculations were
based on the PI based on linear regression with sampling date.
µg/L = micrograms per litre; mg/m3 = milligrams per cubic metre; org/L = organisms per litre; PI = prediction interval;
- = not applicable or data not available; n = sample size; AEMP = Aquatic Effects Monitoring Program.

Table 9.2-4
Mine Activity

Normal Range Exceedances for Plankton Community Variables in Area 8
Year
2015

Construction
2016

2017
Operations
2018

Month

Exceedance of Upper Bound of
Normal Range

Exceedance of Lower Bound of
Normal Range

Jun/Jul

zoop abund (57 org/L)

chla (0.86 µg/L)
-

Aug

-

Sep
Jun/Jul
Aug
Sep

chla (3.08 µg/L); phyto (977 mg/m3)
chla (2.97 µg/L); zoop abund (80 org/L)
chla (2.90 µg/L); zoop abund (93 org/L)
chla (3.95 µg/L)

Jun/Jul

-

Aug
Sep
Jun/Jul
Aug
Sep

chla (4.00 µg/L); phyto (1,015 mg/m3)
chla (2.75 µg/L); phyto (1,644 mg/m3)
chla (3.33 µg/L); phyto (1,318 mg/m3) zoop
abund (49 org/L)

zoop bio (22 mg/m3)
chla (1.24 µg/L); phyto (342 mg/m3)
zoop abund (16 org/L),
zoop biom (29 mg/m3)
-

chla = concentrations of chlorophyll a; phyto = phytoplankton biomass; zoop biom = zooplankton biomass;
zoop abund = zooplankton abundance; - = no exceedance; µg/L = micrograms per litre; mg/m3 = milligrams per cubic metre; org/L =
organisms per litre.
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Before-After Control-Impact Analysis

BACI analyses were undertaken for Area 8 in comparison to the reference lakes (i.e., East Lake and
Lake 3). Plankton variables for each sampling program (i.e., June/July, August, and September) were
assessed independently. Detailed methods are provided in the AEMP annual reports (De Beers 2016c,
2017a, 2018c, 2019c) and the AEMP Design Plan (De Beers 2016a). The BACI approach for the plankton
component differed in 2015 from that used from 2016 through 2018. In 2015, the BACI model included a
Sampling Date factor to account for significant differences in sampling date related to the seasonality
observed in plankton data. Two terms were assessed to determine if a significant BACI effect was detected
in the plankton community variables:
(𝐵𝐵𝐵𝐵 × 𝐶𝐶𝐶𝐶); and

(𝐵𝐵𝐵𝐵 × 𝐶𝐶𝐶𝐶 × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷).

From 2016 to 2018, the BACI model was run three separate times (i.e., once each June/July, August, and
September) to account for differences in the plankton data among sampling programs, rather than using
the Sampling Date factor.

When interpreting the results of the BACI analysis, it was assumed that a response pattern showing an
increase or decrease in chlorophyll a, phytoplankton biomass, or zooplankton abundance or biomass in a
core lake (Area 8 or Lake N11) may be indicative of a Mine-related effect if:
•

a BACI effect is detected relative to each reference lake; and

•

the change occurred in the same direction relative to each reference lake; and

•

the effect can be linked to the Mine through corresponding changes of sufficient magnitude in other
ecosystem components, such as water and sediment chemistry (e.g., an increase in plankton biomass
accompanied by increased nutrient concentrations in discharge waters, and in lake water above the
normal range, would provide evidence of Mine-related nutrient enrichment).

For chlorophyll a concentrations, significant BACI effects were detected relative to both reference lakes and
the changes occurred in the same direction for one or more months in 2015, 2016, 2017 and 2018
suggesting a potential effect (Table 9.2-5). In 2016, BACI results identified significant increasing BACI
effects in chlorophyll a concentrations in June/July, August and September (Table 9.2-5). In 2017,
significant increasing BACI effects in chlorophyll a concentrations were observed in August and September
and in 2018, significant increasing BACI effects were observed throughout the open-water season.
For phytoplankton biomass, significant BACI effects were detected relative to both reference lakes and the
changes occurred in the same direction for one or more months in 2016 and 2018 (Table 9.2-5). Significant
increasing BACI effects in phytoplankton biomass were observed in August 2016 and June/July and August
2018.
For zooplankton abundance, significant BACI effects were detected relative to both reference lakes and the
changes occurred in the same direction for 2015 and September 2018 (i.e., significant increasing BACI
effects; Table 9.2-5). For zooplankton abundance a significant increasing BACI effect was observed in
2015. For biomass, significant increasing BACI effects were observed in September 2016, 2017, 2018 and
June/July 2018. Decreasing BACI effects were observed in September 2016 for zooplankton biomass, while
increasing BACI effects were observed in June/July and September 2018. In 2017, a decreasing BACI
effect was observed in September for zooplankton biomass.
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Generally, chlorophyll a, phytoplankton biomass, zooplankton biomass and abundance have shown an
increase in recent years (i.e., 2017 and 2018) compared to reference lakes and compared to baseline in
one or more months (Table 9.2-5).
Table 9.2-5
Mine Activity

Before-After Control-Impact Results for Plankton Community Variables in Area 8
Year
2015(a)

Construction
2016

2017
Operations

Month
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep
Jun/Jul

2018

Aug
Sep

Significant press or pulse effect compared to Significant press or pulse effect compared to
each reference lake, and an overall response each reference lake, and an overall response
pattern indicating an increase in Area 8
pattern indicating a decrease in Area 8
chla, zoop abund

-

chla (press and pulse)
chla (press); phyto (press and pulse)
chla (press and pulse)
chla (press and pulse)
chla (press and pulse)
chla (press and pulse); phyto (press and
pulse); zoop biom (press and pulse)
chla (press and pulse); phyto (press and pulse)
chla (press and pulse); zoop abund (press and
pulse); zoop biom (press)

zoop biom (press and pulse)
zoop biom (press)
-

a) A single year of Before and After data; therefore, press and pulse effects could not be distinguished.
chla = concentrations of chlorophyll a; phyto = phytoplankton biomass; zoop biom = zooplankton biomass;
zoop abund = zooplankton abundance; - = no effects.

9.2.1.8

Action Level Triggers

Plankton variables were evaluated in relation to Action Levels for toxicological impairment and nutrient
enrichment responses from 2015 to 2018. Action levels for the plankton component are described in
Section 8.4 of the AEMP Design Plan (De Beers 2016a).
Total phytoplankton biomass, total zooplankton abundance, and total zooplankton biomass were selected
as the indicators of effects on the plankton community for both the toxicological impairment and nutrient
enrichment Action Levels. Phytoplankton and zooplankton community composition were selected as
indicators of effects for the Nutrient Enrichment Hypothesis only.
The Action Level classifications for plankton incorporate results of the BACI analysis (Section 9.2.1.4), as
well as comparisons to the normal range (Section 9.2.1.3). Some level of nutrient enrichment is expected
in Area 8 based on Environmental Impact Statement (EIS) predictions and, at a low level, the nutrient
enrichment may be beneficial to the plankton community. Thus, a more persistent effect on the plankton
community (i.e., endpoints above the normal range for three consecutive years) is required to reach the
Low Action Level for nutrient enrichment based on the normal range comparison.
Significant BACI effects triggered an Action Level only if the measurement endpoint in the impact (i.e., core)
lake showed a clear increase or decrease from the Before to the After period during at least two sampling
events within an open-water season, and the direction of this change differed from the trends observed in
both Control (i.e., reference) lakes in the same direction.
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The Low Action Level for the Toxicological Impairment Hypothesis for plankton is based on two trigger
statements:

OR

1) Lake-wide average value for total phytoplankton biomass, zooplankton abundance, or
zooplankton biomass less than normal range;
2) A statistically significant relative difference in total phytoplankton biomass, zooplankton abundance,
or zooplankton biomass, between core lake and reference lakes compared to baseline
(i.e., significant BACI effect detected).

If one or both of these trigger statements are true, a Low Action Level is triggered.
The Low Action Level for the Nutrient Enrichment Hypothesis for plankton is based on three trigger
statements:
1) Lake-wide average value for total phytoplankton biomass, zooplankton abundance, or zooplankton
biomass persistently (three consecutive years) above normal range;
OR
OR

2) An ecologically relevant change in phytoplankton or zooplankton community composition;
3) A statistically significant relative difference in total phytoplankton biomass, zooplankton abundance,
or zooplankton biomass, between core lake and reference lakes compared to baseline
(i.e., significant BACI effect detected).

If one or more of these trigger statements are true, a Low Action Level is triggered.
For the Nutrient Enrichment Hypothesis, an ecologically relevant change in the plankton community
composition was also defined as a change in community composition (by biomass) that persisted for at
least two sampling events within an open-water season. Results from the following approaches were
examined to make these comparisons:
•

monthly multidimensional (MDS) ordination plots based on biomass data;

•

ANOSIM results for biomass; and

•

monthly stacked bar time series plots of lake-wide means for community composition by major
taxonomic group.

When interpreting the ANOSIM results and community composition time series plots, a change was
considered noteworthy if the community composition in the core lakes differed from baseline and also from
the composition observed in the reference lakes in a given year. Plots and analyses were done separately
for each sampling event (i.e., June/July, August, and September) and were examined to determine whether
the change in plankton community composition persisted for at least two sampling events. Significant
ANOSIM results and distinct changes in the community composition, based on the time series plots, during
at least two sampling events were considered indicative of an ecologically relevant change, thus triggering
a Low Action Level for nutrient enrichment.
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Based on the results from 2015 to 2018, none of the plankton endpoints triggered a Low Action Level for
toxicological impairment in Area 8 (Table 9.2-6), while two of the plankton endpoints (i.e., zooplankton
community composition in 2016 and phytoplankton biomass in 2018) triggered a Low Action Level for
nutrient enrichment in Area 8.
Table 9.2-6
Mine Activity
Construction

Operations

9.2.2

Action Level Triggers in Area 8
Year

Low Action Level Triggered for
Toxicological Impairment

Low Action Level Triggered for
Nutrient Enrichment

2015

none

none

2016
2017
2018

none
none
none

Zooplankton community composition
none
Phytoplankton biomass

Lake N11

Lake N11 remains a clear-water lake with a euphotic zone generally reaching the bottom of the lake
(Table 9.2-7). The trophic status of this lake, based on the classification systems of Vollenweider and
Kerekes (1982) and Carlson (1977), has remained oligotrophic between 2015 and 2018, with low depthintegrated nutrient and chlorophyll a concentrations. None of the nutrients with available CCME CWQGPAL were exceeded (CCME 1999).
The phytoplankton and zooplankton communities in Lake N11 remain healthy. In 2017 and 2018, the
phytoplankton community results suggested a nutrient enrichment effect based on phytoplankton
community composition in 2017 and phytoplankton biomass in 2018, which triggered a Low Action Level.
For the zooplankton community, zooplankton abundance fell below the lower bound of the normal range
during two consecutive sampling events in 2016 and 2018 signaling a potential toxicological impairment
response and triggering a Low Action Level. However, water quality and other plankton variables
(chlorophyll a, phytoplankton biomass and zooplankton biomass) did not suggest that toxicological
impairment was occurring in the plankton community.
Community shifts were observed at the sub-dominance level in the phytoplankton community between 2015
and 2018, but overall the community has remained chrysophyte-dominated (by abundance and biomass;
Table 9.2-7). Zooplankton community composition varied from year to year, shifting between copepods and
cladocerans by biomass, and copepods and rotifers by abundance.
Overall, the observed changes in the plankton communities from 2015 to 2018 are consistent with
predictions of a negligible to low effect on the plankton community in Lake N11.
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Nutrients

Concentrations of TP and TN in Lake N11 have been similar to those measured in the reference lakes (East
Lake and Lake 3) between 2015 and 2018, with the exception of TN concentration in Lake N11 in 2018
(De Beers 2016c, 2017a, 2018c, 2019c). No clear trend in TP concentration was observed in either middepth or depth-integrated samples between baseline and 2018 in Lake N11 (Figure 9.2-7a). In Lake 3, a
slight decreasing trend was observed between 2016 and 2018 (Figure 9.2-7c); no clear trends were
observed in East Lake (Figure 9.2-7b).
A clear increasing trend in TN concentrations was observed from 2016 to 2018 in Lake N11, with the largest
increase occurring between 2017 and 2018 (Figure 9.2-8a). A slight increasing trend was observed in East
Lake between 2016 and 2018 (Figure 9.2-8b). No clear trends were observed in Lake 3 between baseline
and 2018 (Figure 9.2-8c). There were differences among months in concentrations of TP and TN; however,
clear seasonal trends throughout the sampling period were not observed (De Beers 2016c, 2017a, 2018c,
2019c).

De Beers Canada Inc.

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Plankton
Table 9.2-7

9-21

December 2019
Section 9

Summary of Plankton Monitoring Results for Lake N11
Construction
Parameter

Light climate
Depth-integrated total phosphorus(a)
Depth-integrated total nitrogen(b)
Chlorophyll a
Trophic status(c)

Phytoplankton community

Zooplankton community

2015
Water column clear; euphotic zone generally extends near the
bottom
0.004 to 0.007 mg-P/L
0.05 to 0.23 mg-N/L
0.39 to 1.30 µg/L
oligotrophic

Operations
2016

Water column clear; euphotic zone generally extends near the
bottom
0.002 to 0.012 mg-P/L
0.0.13 to 0.33 mg-N/L
1.02 to 2.69 µg/L
oligotrophic

The phytoplankton community was dominated by chrysophytes
The phytoplankton community was dominated by chrysophytes
and chlorophytes based on abundance and by chrysophytes and and chlorophytes based on abundance and chrysophytes and
cyanobacteria based on biomass.
cyanobacteria based on biomass.

2017
Water column clear; euphotic zone generally extends near the
bottom
0.005 to 0.019 mg-P/L
0.20 to 0.38 mg-N/L
1.27 to 2.85 µg/L
oligotrophic
The phytoplankton community was dominated by chrysophytes
and chlorophytes based on abundance and chrysophytes and
cyanobacteria based on biomass.

2018
Water column clear; euphotic zone generally extends near the
bottom
0.003 to 0.007 mg-P/L
0.38 to 1.3 mg-N/L
0.71 to 7.62 µg/L
oligotrophic
The phytoplankton community was dominated by chrysophytes
based on abundance and by chrysophytes, diatoms and
cryptophytes based on biomass.

The community is healthy. Changes in community composition by
biomass suggest that a Mine-related nutrient enrichment change
The community is healthy. Changes in phytoplankton community
The community is healthy with no clear indication of toxicological The community is healthy with no clear indication of toxicological may be occurring; however, phosphorus and chlorophyll
suggests that Mine-related nutrient enrichment may be occurring
impairment or nutrient enrichment.
impairment or nutrient enrichment.
concentrations do not support this interpretation. It is possible that
but does not signal impairment of biological communities.
other Mine-related effects, or natural change (i.e., dry climate
conditions) caused the changes.
The zooplankton community was dominated by rotifers based on
The zooplankton community was dominated by rotifers based on
The zooplankton community was dominated by cyclopoid
The zooplankton community was dominated by rotifers based on abundance and cyclopoid and calanoid copepods based on
copepods based on abundance and calanoid copepods based on abundance and cladocerans based on biomass.
abundance and cladocerans based on biomass.
biomass.
biomass.
The community is healthy with no clear indication of toxicological
The community is healthy with no clear indication of toxicological The community is healthy with no clear indication of toxicological
The community is healthy with no clear indication of toxicological impairment or nutrient enrichment, but zooplankton abundance
impairment or nutrient enrichment.
impairment or nutrient enrichment, but zooplankton abundance
triggered a Low Action Level for toxicological impairment.
impairment or nutrient enrichment.
triggered a Low Action Level for toxicological impairment.

a) detection limit = 0.001 mg-P/L.
b) detection limit = 0.003 mg-N/L.
c) Status based on the classification systems of Vollenweider and Kerekes (1982) and Carlson (1977).
mg-P/L = milligrams of phosphorus per litre; mg-N/L = milligrams of nitrogen per litre; µg/L = micrograms per litre.
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Open-water Total Phosphorus Concentrations in Lake N11, East Lake, and Lake 3

a) Lake N11
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b) East Lake (reference lake)
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c) Lake 3 (reference lake)

Total Phosphorus (mg P/L)

0.025

0.020

0.015

0.010

0.005

0.000
2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

Mid-depth Data from Water Quality Component (2012, 2013, 2015, 2016, 2017,
2018)
Depth-integrated Data from Plankton Component (2014, 2015, 2016, 2017, 2018)

mg-P/L = milligrams of phosphorus per litre.
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Open-water Total Nitrogen Concentrations in Lake N11, East Lake, and Lake 3

a) Lake N11

b) East Lake (reference lake)
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c) Lake 3 (reference lake)
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mg-N/L = milligrams of nitrogen per litre.
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Chlorophyll a

Mean annual chlorophyll a concentrations have varied over time in Lake N11 and in the reference lakes
(De Beers 2019c). Concentrations decreased from baseline to 2015, and then from 2015 to 2018,
concentrations generally increased (Figure 9.2-9 and Appendix 9A). Similar trends were not observed in
the reference lakes, and between 2017 and 2018, concentrations decreased in the reference lakes but
increased in Lake N11. A clear seasonal pattern of increasing chlorophyll a concentration throughout the
open-water period, with peak concentrations in September, was observed from 2015 to 2018 (De Beers
2016c, 2017a, 2018c, 2019c).

9.2.2.3

Phytoplankton Community

Phytoplankton community variables evaluated in the AEMP annual reports consist of phytoplankton
abundance, biomass, taxonomic richness and community composition based on abundance and biomass.
A summary of these variables is provided below; for detailed results, refer to the AEMP annual reports
(De Beers 2016c, 2017a, 2018c, 2019c).
Mean annual phytoplankton abundance varied without a trend between 2011 and 2016 in Lake N11 but
increased from 2016 to 2018 (Appendix 9A; De Beers 2019c). In 2017 and 2018, phytoplankton abundance
was greater than baseline in Lake N11 and greater than the reference lakes. No clear trends were observed
in phytoplankton abundance in the reference lakes between baseline and 2018. Phytoplankton abundance
showed a seasonal trend of peak abundance in September in 2015 and 2018 (De Beers 2016b, 2019c).
Abundance was highest in June/July in 2016 and in August in 2017.
Mean annual phytoplankton biomass increased slightly between 2014 and 2015, followed by a decrease
between 2015 and 2016 in Lake N11 (Figure 9.2-9 and Appendix 9A). Phytoplankton biomass increased
again between 2016 and 2018. In 2018, biomass increased to the highest value on record for Lake N11
and was higher than observed in the reference lakes. No clear trends were observed in phytoplankton
biomass in the reference lakes between baseline and 2018. Phytoplankton biomass did not show a clear
seasonal trend in 2015, 2016, 2017 or 2018 (De Beers 2016c, 2017a, 2018c, 2019c). In 2015, biomass
decreased throughout the open-water season with the lowest biomass observed in September. In 2016,
the highest biomass was observed in August, and in 2017, it was observed in September. In 2018, biomass
increased throughout the open-water season, peaking in September.
Taxonomic richness in N11 was similar to baseline (Golder 2014a) and to reference lakes (De Beers
2019c). The phytoplankton community in 2011 was dominated by chlorophytes and cyanobacteria, based
on abundance, with chrysophyte sub-dominance, which differed from data collected in more recent years
and from baseline data collected in 2014, which were chrysophyte dominated (Figure 9.2-10). Based on
biomass, the phytoplankton community in 2011 was dominated by cyanobacteria with chrysophyte
sub-dominance, which also differed from data collected in more recent years and from baseline data
collected in 2014, which were chrysophyte dominated (Figure 9.2-10). Community composition based on
abundance and biomass was chrysophyte dominated in the reference lakes (De Beers 2016c, 2017a,
2018c, 2019c). There was low seasonal variability in phytoplankton community composition in 2015, 2016,
2017 and some seasonal variation at the sub-dominance level in 2018, but throughout the sampling period,
chrysophytes were the dominant group in each month (De Beers 2016c, 2017a, 2018c, 2019c).
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Comparison of Chlorophyll a Concentrations and Phytoplankton Biomass in Lake N11 to Normal Ranges, 2014 to 2018

a) June/July

b) August

c) September

µg/L = micrograms per litre; mg/m3 = milligrams per cubic metre.
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Phytoplankton Community Composition by a) Abundance and b) Biomass and Zooplankton Community Composition by
c) Abundance and d) Biomass in Lake N11
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The nMDS and ANOSIM results for phytoplankton community composition (by biomass) showed that
Lake N11 in 2018 differed from baseline communities, suggesting that the community structure may be
responding to changing conditions in the lake (Figure 9.2-5). However, the observed changes in Lake N11
were consistent with those observed in one of the reference lakes (Lake 3). This suggests that the changes
may have resulted from a regional change, rather then being Mine-related. When the sampling events were
examined individually, ANOSIM results revealed that the 2017 and 2018 phytoplankton communities in
Lake N11 were different from baseline during all three sampling events, with the exception of August 2017,
and from reference lakes, with the exception of August and September 2018 (Table 9.2-8). Overall, the
ordination plot indicates separation between the area-year groupings for Lake N11 and reference lakes in
terms of phytoplankton community composition, suggesting among-lake or among-year variability, with the
exception of 2018, which suggests a stronger within-year grouping than in previous years.
Overall, increasing temporal trends in phytoplankton abundance and biomass and changes in community
composition from baseline (based on MDS) and reference lakes appeared to be occurring between 2016
and in 2017 and 2018 (i.e., between end of construction and operations), with minimal effects on the
phytoplankton community observed during construction in Lake N11. Multivariate analysis of the
phytoplankton community composition (by biomass) in Lake N11 showed that the 2018 community differed
from baseline communities, suggesting that the community structure may be responding to changing
conditions in the lake. However, the observed changes in Lake N11 were consistent with those observed
in one of the reference lakes (Lake 3), which points to regional effects (i.e., warming temperatures), rather
then Mine-related effects.
Table 9.2-8

Summary of Results for the Analysis of Similarities Tests in Lake N11
Operations
2017
Variable/Test

Aug

Sept

Jun/Jul

Aug

Sept

1.00

0.24

1.00

1.00

0.99

0.99

0.93

0.78

0.83

0.82

0.36

0.21

ANOSIM result (R-statistic) comparison to baseline

0.75

0.59

0.76

ns

ns

ns

ANOSIM result (R-statistic) comparison to reference
lakes

0.71

0.95

0.91

0.45

0.83

ns

ANOSIM result (R-statistic) comparison to baseline

Phytoplankton
ANOSIM result (R-statistic) comparison to reference
Community
lakes
Zooplankton
Community

2018

Jun/Jul

Notes: A R-statistic equal to zero indicates overall similarity between communities, while a R-statistic equal to one indicates
dissimilarity. ANOSIM tests were not completed in 2015 and 2016.
ANOSIM = analysis of similarity; ns = not significant.

9.2.2.4

Zooplankton Community

Zooplankton community variables evaluated in the AEMP annual reports consist of zooplankton
abundance, biomass, taxonomic richness and community composition based on abundance and biomass.
A summary of these variables is provided below; for detailed results, refer to the AEMP annual reports
(De Beers 2016c, 2017a, 2018c, 2019c).
Mean annual zooplankton abundance in Lake N11 increased from 2015 to 2017 and decreased in 2018 to
abundances observed in 2015 and 2016 but was still higher than in the reference lakes in 2018 (Appendix
9A; Figure 9.2-11). In the reference lakes, zooplankton abundance was similar to baseline values in East
Lake but showed a decreasing trend from 2015 to 2018. In Lake 3 zooplankton abundance increased from
2013 to 2016 but decreased from 2016 to 2018. In 2015, 2016 and 2018, zooplankton abundance was
similar to baseline in Lake N11.
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Mean annual zooplankton biomass was higher during baseline in Lake N11 than in Area 8 or the reference
lakes (Appendix 9A; De Beers 2019c). Zooplankton biomass was similar between 2014 and 2016, but from
2016 to 2018, biomass decreased to below baseline and was similar to that observed in Area 8
(Appendix 9A; Figure 9.2-11). Biomass in Lake N11 in 2018 was still higher than in the reference lakes
(Figure 9.2-11). Zooplankton biomass in the reference lakes was generally similar to the baseline values.
No clear trends were observed in zooplankton biomass in the reference lakes between baseline and 2018.
Zooplankton abundance and biomass showed similar seasonal trends. Abundance and biomass generally
decreased throughout the season, with peak values observed in June/July, with the exception of 2018
(De Beers 2016c, 2017a, 2018c, 2019c). In 2015, 2016 and 2017, zooplankton abundance and biomass
were highest in June/July, showing a clear decreasing trend throughout the open-water season. In 2018,
abundance was highest in June/July and biomass was highest in August.
Zooplankton taxonomic richness in Lake N11 was similar to baseline (Golder 2014a) and to reference lakes
(De Beers 2019c). Zooplankton community composition, based on abundance, was generally similar to
reference lakes and baseline, and was rotifer-dominated, with the exception of 2015 which had a higher
proportion of cyclopoid copepods (Figure 9.2-10). Community composition based on biomass differed
annually, during baseline and in 2016 and 2017 the zooplankton community was cladoceran dominated. In
2015, it was calanoid copepod dominated and in 2018, it was cyclopoid copepod dominated (Figure 9.2-10).
There was some seasonal variability in zooplankton community composition in 2015, 2016, 2017 and 2018
(De Beers 2016c, 2017a, 2018c, 2019fc, reflective of natural variation.
The nMDS and ANOSIM results indicate that changes over time in zooplankton community structure have
been occurring in Lake N11 and that conditions in recent years (i.e., 2016, 2017, and 2018) visually differed
from baseline years (2011 and 2014; Figure 9.2-5; Table 9.2-8). However, the zooplankton communities in
Lake N11 in 2018 did not differ significantly differ from baseline (Table 9.2-8).
Overall, zooplankton abundance in Lake N11 was above reference lake abundances and was similar to
baseline, while zooplankton biomass decreased from baseline to biomass similar to the reference lakes
and Area 8. No clear trends were observed in the reference lakes. Zooplankton community composition,
based on abundance, was generally similar to reference lakes and baseline, and was rotifer-dominated,
with the exception of 2015, which had a higher proportion of cyclopoid copepods. Community composition
based on biomass varied annually and shifted between cladoceran dominance during baseline to calanoid
copepod dominance in 2015 back to cladoceran dominance in 2016 and 2017 and cyclopoid copepod
dominance in 2018. The nMDS and ANOSIM results indicate that changes over time in zooplankton
community structure have been occurring in Lake N11 and that conditions in recent years (i.e., 2016, 2017,
and 2018) visually differed from baseline years (2011 and 2014) but did not differ significantly from baseline.
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Comparison of Zooplankton Abundance and Biomass in Area 8 to Normal Ranges, 2014 to 2018

a) June/July

b) August

c) September

org/L = organisms per litre; mg/m3 = milligrams per cubic metre.
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Within-lake Spatial Patterns

There was low spatial variability in most plankton variables in Lake N11 between 2015 and 2018 (De Beers
2016c, 2017a, 2018c, 2019c). Chlorophyll a concentrations had low spatial variability from 2015 to 2018,
with the exception of September 2016, which had high spatial variability, showing a spatial pattern in relation
to the diffuser (i.e., higher concentrations of chlorophyll at stations closest to the diffuser). However, there
was no dewatering or operational discharge; therefore, it was unlikely to be related to the diffuser and was
attributed to natural variability. Phytoplankton abundance had low spatial variability, with the exception of
September 2015 and June/July 2016, which had high abundances at Station N11-L5 compared to other
stations. Although there was some spatial variability in 2017 and 2018, there were no consistent spatial
patterns in relation to the temporary discharge point for downstream flow mitigation. In 2015, 2016 and
2018, phytoplankton biomass had some spatial variability, but spatial patterns were not consistent with
dewatering or operational discharges. In 2017, biomass increased with increasing distance from the
diffuser.
Zooplankton abundance and biomass had low spatial variability, with no consistent spatial patterns in 2015
(De Beers 2016c). In 2016, there was a spatial pattern in zooplankton abundance in relation to the diffuser
in (i.e., lower abundance at stations closest to the diffuser [N11-L1 and N11-L3]). However, there was no
dewatering or operational discharge; therefore, it was unlikely to be related to the diffuser and was attributed
to natural variability. In contrast, biomass was higher at Stations N11-L1 and N11-L3 in 2016 compared to
other stations. In August 2017, Station N11-L1 had noticeably higher abundance compared to the other
stations in Lake N11, while abundance was highest at Station N11-L5 in September. Given the lack of
consistency and repeatability of these spatial patterns, they are unlikely to be related to operational
discharge to Lake N11. Biomass in 2017 had some spatial variation reflective of natural variation. In 2018,
there were no consistent spatial patterns in abundance or biomass in relation to the temporary discharge
point for downstream flow mitigation (De Beers 2018c, 2019c). The spatial variability in zooplankton and
phytoplankton community composition was low and reflective of natural variation between 2015 and 2018
(De Beers 2016c, 2017a, 2018c, 2019c).

9.2.2.6

Comparison to Normal Range

To assess whether, on average, the chlorophyll a, phytoplankton, and zooplankton data from 2015 to 2018
fell outside the range of natural variability, whole-lake means were compared to the normal range for each
endpoint as described in Section 9.2.1.3. The normal ranges for chlorophyll a, phytoplankton biomass and
zooplankton abundance and biomass for Lake N11 are presented in Table 9.2-9. These normal ranges
were based on baseline data from 2011, and 2014 (De Beers 2019c).
The lake-wide mean chlorophyll a concentrations in Lake N11 exceeded the upper bound of the normal
range in August 2018 and September 2016, 2017 and 2018 (Table 9.2-10). Lake-wide mean chlorophyll a
concentrations fell below the lower bound of the normal range throughout the open-water period in 2015
(Table 9.2-10).
The lake-wide mean phytoplankton biomass in Lake N11 exceeded the upper bound of the normal range
in June/July 2015, August 2015 and 2018 and September 2017 and 2018 (Table 9.2-10). Biomass fell
below the lower bound of the normal range in September 2016.
Phytoplankton biomass was above the upper bound of the normal range in one or more seasons for two
consecutive years. If three consecutive years of data are observed above the normal range, phytoplankton
biomass will trigger a Low Action Level for nutrient enrichment in Lake N11.
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The lake-wide mean zooplankton abundance exceeded the normal range in September 2017, while
biomass was either within the normal range or below (Table 9.2-10). Mean zooplankton abundance fell
below the lower bound of the normal range in August 2017 and 2018 and September 2015 and 2018 and
zooplankton biomass in Lake N11 fell below the lower bound of the normal range in August 2017 and
June/July 2018 (Table 9.2-10).
Table 9.2-9

Normal Ranges for Plankton Community Variables in Lake N11

Variable

Unit

Chlorophyll a(c)
Phytoplankton Biomass(d)

µg/L
mg/m3

Zooplankton Abundance(e)

org/L

Zooplankton Biomass(e)

mg/m3

Year
2015
2016
2017
2018
2015
2016
2017
2018

Normal Range - Lower Bound(a,b)

Normal Range - Upper Bound(a,b)

Jun/Jul

Aug

Jun/Jul

Aug

Sep

32
32
32
32
385
374
369
362

1.21
362
31
31
31
31
374
371
385
387

52
53
54
55
1,871
1,962
1,993
2,040

2.17
718
46
46
47
47
1,524
1,514
1,567
1,578

42
42
43
43
1,325
1,325
1,345
1,333

Sep

26
26
28
27
123
123
209
168

a) The 95% PI was calculated for the mean of a sample of size of 5 (n = 5) from each core lake (Barrett et al. 2015).
b) When seasonality was present in the dataset, separate upper and lower bounds were calculated for each of the three sampling
events (i.e., June/July, August, and September) based on the regression equation and the sampling dates from the 2018 AEMP.
c) Baseline period includes 2011 and 2014 data; no seasonality was observed.
d) Baseline period includes 2011 and 2014 data; no seasonality was observed.
e) Baseline period includes 2011 and 2014 data; seasonality was observed; therefore, the normal range calculations were based on
the PI based on linear regression with sampling data.
µg/L = micrograms per litre; mg/m3 = milligrams per cubic metre; org/L = organisms per litre; PI = prediction interval;
- = not applicable or data not available; AEMP = Aquatic Effects Monitoring Program.

Table 9.2-10
Mine Activity

Normal Range Exceedances for Plankton Community Variables in Lake N11
Year
2015

Construction
2016

2017

Month
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep

Operations
2018

Jun/Jul
Aug
Sep

Exceedance of Upper Bound of
Normal Range

Exceedance of Lower Bound of Normal
Range

phyto (1,115 mg/m3)
phyto (854 mg/m3)
chla (2.63 µg/L)
-

chla (0.49 µg/L)
chla (0.68 µg/L)
chla (1.16 µg/L); zoop abund (21 org/L)
phyto (330 mg/m3)
zoop abund (30 org/L); zoop biom (265
mg/m3)

chla (2.64 µg/L); phyto (991 mg/m3);
zoop abund (54 org/L)
chla (2.93 µg/L); phyto (1,132 mg/m3)
chla (5.27 µg/L); phyto (1,879 mg/m3)

zoop biom (338 mg/m3)
zoop abund (24 org/L)
zoop abund (23 org/L)

chla = concentration of chlorophyll a; phyto = phytoplankton biomass; zoop biom = zooplankton biomass; zoop abund = zooplankton
abundance; - = no exceedance; µg/L = micrograms per litre; mg/m3 = milligrams per cubic metre; org/L = organisms per litre.
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Before-After Control-Impact Analysis

BACI analyses were undertaken for Lake N11 in comparison to the reference lakes (i.e., East Lake and
Lake 3). Plankton variables for each sampling program (i.e., June/July, August, and September) were
assessed independently. When interpreting the results of the statistical analysis, it was assumed that a
Mine-related effect was only detected if an increase or decrease in plankton variables in Lake N11 was
observed relative to both reference lakes.
For chlorophyll a concentrations, significant BACI effects were detected relative to both reference lakes
(East Lake and Lake 3) and the changes occurred in the same direction for one or more months in 2016,
2017 and 2018, suggesting a potential effect (Table 9.2-11). From 2016 to 2018, BACI results identified
significant increasing BACI effects in chlorophyll a concentrations in all months, with the exception of August
2017.
For phytoplankton biomass, significant BACI effects were detected relative to both reference lakes and the
changes occurred in the same direction for one or more months in 2016, 2017 and 2018 (Table 9.2-11).
Significant increasing BACI effects in phytoplankton biomass were observed in September 2017 and
August and September 2018. A significant increasing BACI effect relative to both reference lakes was
identified in September 2016 and a significant increasing BACI effect was identified in June/July 2018.
For zooplankton abundance, significant BACI effects were detected relative to both reference lakes and the
changes occurred in the same direction for 2015 (i.e., increasing BACI effects) and June/July and August
2016 (i.e., significant decreasing BACI effects; Table 9.2-11). A significant increasing BACI effect was
observed in June/July 2017 for zooplankton abundance. For zooplankton biomass, significant BACI effects
were not observed between 2015 and 2018 for Lake N11.
Generally, chlorophyll a and phytoplankton biomass have shown an increase in recent years (i.e., 2016,
2017 and 2018) compared to reference lakes and compared to baseline in one or more months
(Table 9.2-11). Zooplankton abundance has shown an inconsistent response with decreasing press and
pulse results in 2015 and 2016 and an increasing pulse effect in 2017.
Table 9.2-11
Mine
Activity

Before-After Control-Impact Results for Plankton Community Variables in Lake N11

Year
2015(a)

Construction
2016

2017
Operations
2018

Month
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep

Significant press or pulse effect compared to
each reference lake, and an overall response
pattern indicating an increase in Lake N11

Significant press or pulse effect compared to
each reference lake, and an overall response
pattern indicating a decrease in Lake N11

chla, zoop abund

-

chla (press and pulse)
chla (press and pulse)
chla (press and pulse); phyto (press)
chla (press and pulse); zoop abund (pulse)
chla (press and pulse); phyto (press and pulse)
chla (press and pulse); phyto (pulse)
chla (press and pulse); phyto (press and pulse)
chla (press and pulse); phyto (press and pulse)

zoop abund (press and pulse)
zoop abund (press and pulse)
-

a) A single year of Before and After data; therefore, press and pulse effects could not be distinguished.
chla = concentrations of chlorophyll a; phyto = phytoplankton biomass; zoop biom = zooplankton biomass;
zoop abund = zooplankton abundance; - = no effects.
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Action Level Triggers

Plankton variables were evaluated in relation to Action Levels for toxicological impairment and nutrient
enrichment responses from 2015 to 2018 as described in Section 9.2.1.5 and in Section 8.4 of the AEMP
Design Plan (De Beers 2016a).
Based on the results from 2015 to 2018, zooplankton abundance triggered the Low Action Level for
toxicological impairment in Lake N11 in 2016 and 2018, while phytoplankton community composition in
2017 and phytoplankton biomass in 2018 triggered the Low Action Level for nutrient enrichment in
Lake N11 (Table 9.2-12).
Table 9.2-12
Mine Activity
Construction
Operations

9.2.3

Action Level Triggers in Lake N11
Year

Low Action Level Triggered for
Toxicological Impairment

Low Action Level Triggered for
Nutrient Enrichment

2015
2016
2017
2018

none
Zooplankton abundance
none
Zooplankton abundance

none
none
Phytoplankton community composition
Phytoplankton biomass

Lake D2/D3

Construction of Dyke F downstream of Lake D2/D3 was completed in May 2016, and following spring
freshet, water levels in Lake D2/D3 began to increase over the open-water season. During the 2016 openwater season, Basin D2 and Basin D3 were hydrologically joined to form a single waterbody (Lake D2/D3).
During the 2016 sampling events, lake water was more turbid than in previous years. Light measurements
confirmed this observation (i.e., light was attenuated quickly throughout the water column) (De Beers
2016c, 2017a, 2018bc, 2019c). Trophic status of lake D2/D3, based on the classification systems of
Vollenweider and Kerekes (1982) and Carlson (1977), has shifted from oligotrophic/mesotrophic in 2015 to
mesotrophic/eutrophic in 2016 and 2017, and to eutrophic in 2018 (Table 9.2-13). However, none of the
depth-integrated nutrients with CCME CWQG-PAL were exceeded (CCME 1999).
The phytoplankton and zooplankton communities in Lake D2/D3 in 2015 were representative of conditions
prior to the construction of Dyke F. The status of plankton in Lake D2/D3 in 2016 was representative of a
transition period where water levels still had not stabilized. Phytoplankton community composition was
co-dominated by chrysophytes and chlorophytes by abundance and by chrysophytes, chlorophytes and
dinoflagellates by biomass (Table 9.2-13). Zooplankton community composition was rotifer dominated,
based on abundance and copepod dominated based on biomass; Table 9.2-13).
The 2017 and 2018 plankton community data suggest that increased water levels in Lake D2/D3 has not
impaired the plankton community (De Beers 2018c, 2019c). Phytoplankton community composition was
chlorophyte-dominated by abundance in 2017 and 2018, chrysophyte-, chlorophyte-, and
cryptophyte-dominated by biomass in 2017, and cryptophyte- and chlorophyte-dominated in 2018
(Table 9.2-13). Zooplankton community composition was cyclopoid copepod-dominated based on
abundance, and cladoceran- and copepod-dominated based on biomass in 2017, and
cladoceran-dominated in 2018 (Table 9.2-13).
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Summary of Plankton Variables in Lake D2/D3
Construction

Parameter
Light climate
Depth-integrated total phosphorus(a)
Depth-integrated total nitrogen(b)
Chlorophyll a
Trophic status(c)

Phytoplankton community

2015
Less clear than core and reference lakes
Basin D2 = 0.022 to 0.034 mg-P/L
Basin D3 = 0.008 to 0.011 mg-P/L
Basin D2 = 0.03 to 1.4 mg-N/L
Basin D3 = 0.03 to 0.38 mg-N/L
Basin D2 = 3.72 to 7.91 µg/L
Basin D3 = 1.15 to 3.09 µg/L
oligotrophic to mesotrophic
The phytoplankton community was dominated by chrysophytes
based on abundance and by chrysophytes with chlorophyte and
dinoflagellate sub-dominance based on biomass.
The status of plankton in Lake D2/D3 in 2015 is considered
representative of pre-dyke conditions.

Zooplankton community

The zooplankton community was dominated by cyclopoid
copepods with rotifer sub-dominance based on abundance and
rotifers and cladocerans based on biomass.
The status of plankton in Lake D2/D3 in 2015 is considered
representative of pre-dyke conditions.

Operations
2016

2017

2018

Less clear than core and reference lakes
Basin D2 =0.026 to 0.049 mg-P/L
Basin D3 = 0.010 to 0.017 mg-P/L
Basin D2 =0.52 to 1.02 mg-N/L
Basin D3 = 0.26 to 0.42 mg-N/L
Basin D2 = 5.88 to 13.02 µg/L
Basin D3 = 2.06 to 6.68 µg/L
mesotrophic to eutrophic
The phytoplankton community was co-dominated by chrysophytes
and chlorophytes based on abundance and by chrysophytes,
chlorophytes and dinoflagellates based on biomass.

Less clear than core and reference lakes
Basin D2 = 0.035 to 0.051 mg-P/L
Basin D3 = 0.019 to 0.026 mg-P/L
Basin D2 = 0.70 to 1.19 mg-N/L
Basin D3 = 0.61 to 0.91 mg-N/L
Basin D2 = 0.94 to 3.57µg/L
Basin D3 = 0.72 to 8.13 µg/L
mesotrophic to eutrophic
The phytoplankton community was dominated by chlorophytes
based on abundance and chrysophytes, chlorophytes, and
cryptophytes based on biomass.

Less clear than core and reference lakes
Basin D2 =0.039 to 0.068 mg-P/L
Basin D3 = 0.035 to 0.054 mg-P/L
Basin D2 =0.98 to 1.96 mg-N/L
Basin D3 = 0.94 to 1.53 mg-N/L
Basin D2 = 4.62 to 15.42 µg/L
Basin D3 = 4.06 to 8.10 µg/L
eutrophic
The phytoplankton community was dominated by
chlorophytes based on abundance and cryptophytes and
chlorophytes based on biomass.

The status of plankton in Lake D2/D3 in 2016 is considered
representative of a transition period where water levels have not yet
stabilized and is still in flux.
The zooplankton community was dominated by rotifers based on
abundance and calanoid copepods with cyclopoid copepod subdominance based on biomass.

Changes in phytoplankton community suggests that water-level
changes in the Lake D2/D3 may be occurring but does not
signal impairment of the biological communities.
The zooplankton community was dominated by cyclopoid
copepods based on abundance and cladoceran, cyclopoid
copepods and calanoid copepods based on biomass.

Changes in phytoplankton community suggests that waterlevel changes in the Lake D2/D3 may be occurring but does
not signal impairment of biological communities.
The zooplankton community was dominated by cyclopoid
copepods based on abundance and cladocerans based on
biomass.

The current status of plankton in Lake D2/D3 is considered
representative of a transition period where water levels have not yet
stabilized and is still in flux.

Changes in zooplankton community suggests that water-level
changes in the Lake D2/D3 may be occurring but does not
signal impairment of the biological communities.

Changes in zooplankton community suggests that waterlevel changes in the Lake D2/D3 may be occurring but does
not signal impairment of biological communities.

a) Detection limit = 0.001 mg-P/L.
b) Detection limit = 0.003 mg-N/L.
c) Trophic status based on the classification systems of Vollenweider and Kerekes (1982) and Carlson (1977).
mg-P/L = milligrams of phosphorus per litre; mg-N/L = milligrams of nitrogen per litre; µg/L = micrograms per litre.
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Nutrients

The results of the discrete and depth-integrated water quality sampling are consistent with EIS predictions
of an increase in nutrient (i.e., TP and TN) concentrations in response to rising water levels. Concentrations
of TP and TN have increased between 2010 and 2018, and in recent years (i.e., 2017 and 2018), have
been higher than those measured in the core and reference lakes (Figure 9.2-12). A clear increasing trend
in TP concentrations was observed in both the mid-depth and depth-integrated TP concentrations between
2010 and 2018 in Lake D2/D3 (Figure 9.2-12a). A clear increasing trend in TN concentrations was also
observed from 2010 to 2018 in Lake D2/D3 (Figure 9.2-12b). There were differences among months in
concentrations of TP and TN; however, clear seasonal trends throughout the sampling period were not
evident (De Beers 2016c, 2017a, 2018c, 2019c).

9.2.3.1

Chlorophyll a

Mean annual chlorophyll a concentrations have increased between 2014 and 2018 in Lake D2/D3, with the
exception of a sharp decrease in 2017 (Appendix 9A; Figure 9.2-13). In June/July and August, clear
increasing trends in mean annual chlorophyll a concentrations were observed between 2014 and 2018,
with the exception of 2017. In September, a decreasing trend between was observed between 2016 and
2018 (Figure 9.2-13).

9.2.3.1

Phytoplankton Community

Phytoplankton community variables evaluated in the AEMP annual reports consist of phytoplankton
abundance, biomass, taxonomic richness and community composition based on abundance and biomass.
A summary of these variables for Lake D2/D3 is provided below; for detailed results, refer to the AEMP
annual reports (De Beers 2016c, 2017a, 2018c, 2019c).
Mean annual phytoplankton abundance and biomass decreased from 2015 to 2017 and increased in 2018
(Appendix 9A; De Beers 2019). For biomass, clear decreases were observed in June/July, August and
September between 2015 and 2017; in September, the decreasing trend continued into 2018
(Figure 9.2-13).
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Total Phosphorus and Total Nitrogen Concentrations in Lake D2/D3

a) Total phosphorus
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mg-N/L = milligrams of nitrogen per litre.
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Chlorophyll a Concentrations, Phytoplankton Biomass and Zooplankton Abundance and Biomass in Lake D2/D3
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From 2015 to 2018, there were no consistent seasonal trends in phytoplankton abundance or biomass; in
2015 abundance and biomass were highest in June/July and lowest in September, in 2016 they were
highest in September. In 2017, abundance was highest in June/July and lowest in August and biomass was
similar throughout the sampling season. In 2018, abundance was highest in August and biomass was
highest in June/July and declined throughout the open-water season.
Taxonomic richness in Lake D2/D3 during post-dyke years (i.e., 2016, 2017 and 2018) was lower compared
to pre-dyke (i.e., 2015; De Beers 2016c). Phytoplankton community composition based on abundance
shifted from chrysophyte dominance to chlorophyte dominance between 2015 and 2018. Community
composition based on biomass also shifted from chrysophyte dominance with dinoflagellate and
chlorophyte sub-dominance in 2015 and 2016, to cryptophyte dominance with dinoflagellate and
chrysophyte sub-dominance in 2017 and 2018 (Figure 9.2-14). There was low seasonal variability in
phytoplankton community composition based on abundance and biomass in 2015, 2016, 2017 and 2018,
with the exception of community composition based on abundance in 2018 (De Beers 2016c, 2017a, 2018c,
2019c). In 2018, there was considerable seasonal variation, i.e., in June/July, chrysophytes dominated and
in August and September chlorophytes dominated in Lake D2/D3 (De Beers 2019c).
The nMDS and ANOSIM results for phytoplankton community composition (by biomass) showed that
Lake D2/D3 in 2017 and 2018 differed from communities in 2015 and 2016, suggesting that the community
structure is responding to changing conditions in the lake (Table 9.2-14; Figure 9.2-15).
Table 9.2-14

Summary of Results for the Analysis of Similarities Tests in Lake D2/D3
Operations
2017
Variable

2018

Jun/Jul

Aug

Sept

Jun/Jul

Aug

Sept

Phytoplankton Community

0.94

1.00

1.00

1.00

1.00

1.00

Zooplankton Community

0.49

1.00

0.85

1.00

1.00

1.00

Note: Multivariate analyses were not performed in 2015 or 2016.

Overall, phytoplankton abundance and biomass generally decreased between 2015 and 2018, community
composition differed from the core and reference lakes in recent years (i.e., 2017 and 2018), and recent
years differed from 2015 and 2016 (based on nMDS). Changes in the phytoplankton community in 2017
and 2018 suggest that water-level changes in Lake D2/D3 have not resulted in impairment of the
phytoplankton community.

9.2.3.2

Zooplankton Community

Zooplankton community variables evaluated in the AEMP annual reports consist of zooplankton
abundance, biomass, taxonomic richness and community composition based on abundance and biomass.
A summary of these variables for Lake D2/D3 is provided below; for detailed results, refer to the AEMP
annual reports (De Beers 2016c, 2017a, 2018c, 2019c).
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Phytoplankton Community Composition by a) Abundance and b) Biomass, and Zooplankton Community Composition by c) Abundance and d) Biomass in Lake D2/D3
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Metric Multidimensional Scaling Ordination Plots of Phytoplankton and Zooplankton Data from Lake D2/D3, 2015 to 2018
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Mean annual zooplankton abundance in Lake D2/D3 was highest in 2015 showing an overall decreasing
trend between 2015 and 2018 (Appendix 9A; De Beers 2019c). In June/July and August, a decreasing
trend was evident in Lake D2/D3; however, in September, zooplankton abundance increased from 2015 to
2016 and then decreased between 2016 and 2018 (Figure 9.2-13). Zooplankton abundance was generally
highest in August between 2015 and 2018, with the exception of 2017 when zooplankton abundance
decreased throughout the open-water season (De Beers 2016c, 2017a, 2018c, 2019c).
Mean annual zooplankton biomass increased slightly in Lake D2/D3 between 2015/2016 and 2017,
followed by a decrease between 2017 and 2018 (De Beers 2019c). Biomass in 2018 in Lake D2/D3 was
similar to that observed in 2015 and 2016 (Appendix 9A). A decrease in zooplankton biomass in August
was observed between 2016 and 2017 but in September, a clear increase in biomass between pre-dyke
(2015) and post dyke (i.e., 2017 and 2018) was observed (Figure 9.2-13). Zooplankton biomass was
generally highest in June/July between 2015 and 2018, with the exception of 2016 when biomass was
highest in August (De Beers 2016c, 2017a, 2018c, 2019c).
Zooplankton taxonomic richness in Lake D2/D3 during post-dyke years (i.e., 2016, 2017 and 2018) was
similar to pre-dyke (2015; De Beers 2016c). Zooplankton community composition, based on abundance,
was rotifer- and cyclopoid copepod-dominated in 2015 and 2016 and cyclopoid copepod-dominated in 2017
and 2018 (Figure 9.2-14). Community composition based on biomass differed from year-to-year
(Figure 9.2-14d). In 2015, the community was cladoceran/rotifer co-dominated; in 2016, it was calanoid
copepod-dominated; and in 2017 and 2018, it was cladoceran-dominated, with cyclopoid copepod
sub-dominance in 2017 and calanoid copepod sub-dominance in 2018 (Figure 9.2-14). There was some
seasonal variability in zooplankton community composition in 2015, 2016, 2017 and 2018 (De Beers 2016c,
2017a, 2018c, 2019c). In 2015, there was a higher proportion of rotifers, based on abundance, in
September compared to June/July and August (De Beers 2016c). In 2018, there was a higher proportion
of rotifers, based on abundance in June/July, and a higher proportion of calanoid copepods, based on
biomass in August, compared to the other months (De Beers 2019c).
The nMDS and ANOSIM results indicate that some changes in zooplankton community structure have
occurred over time in Lake D2/D3 and conditions in recent years (i.e., 2017, and 2018) differed from predyke (2015) (Figure 9.2-15; Table 9.2-14).
Overall, zooplankton abundance and biomass decreased from pre-dyke conditions and community
composition in Lake D2/D3 differed from the core and reference lakes in 2017 and 2018. Water-level
changes in Lake D2/D3 have not resulted in impairment of the zooplankton community.

9.2.3.3

Within-lake Spatial Patterns

There was higher spatial variability in most plankton variables in Lake D2/D3 between 2015 and 2018
compared to the core and reference lakes (De Beers 2016c, 2017a, 2018c, 2019c), as a result of the two
basins joining. Chlorophyll a concentrations differed between Basin D2 and Basin D3 in all monitored years,
with higher concentrations in Basin D2.
Phytoplankton abundance and biomass differed between Basin D2 and Basin D3 from 2015 to 2018
(De Beers 2016c, 2017a, 2018c). Higher abundance and biomass were observed in Basin D2 compared
to Basin D3, except for biomass in September 2017. In September 2017, biomass at stations D2D3-L4 and
D2D3-L5 (located in Basin D2) had lower biomass compared to the stations in Basin D3.
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There was some among-station and between-basin variation in zooplankton abundance and biomass
between 2015 and 2018 (De Beers 2016c, 2017a, 2018c, 2019c). The greatest among-station and
between-basin variation was observed in zooplankton abundance in June/July 2016 and in zooplankton
biomass in August 2016, likely as a result of the joining of the two basins in spring 2016. Less within-lake
spatial variation was observed in 2017 and 2018 compared to 2016 and 2015 (Figure 9.2-13).
The spatial variability in zooplankton and phytoplankton community composition was low and reflective of
natural variation between 2015 and 2018 (De Beers 2016c, 2017a, 2018c, 2019c).

9.2.3.4

Statistical Analysis

Changes in Lake D2/D3 post-dyke (2016, 2017 and 2018) were evaluated with statistical comparisons to
pre-dyke data (2015). In 2016, effects of changes in water levels in Lake D2/D3 on the plankton community
were evaluated using paired sample t-tests (Sokal and Rohlf 2012). Mean differences in chlorophyll a
concentrations from paired samples collected from each station during the 2015 (pre-dyke) and 2016
(post-dyke) sampling periods were compared. Each sampling program (i.e., July, August, and September)
was assessed independently. Since plankton community descriptors were not expected to change in a
particular direction from one year to the next, a two-tailed test was used. In 2017 and 2018, effects were
evaluated using repeated measures analysis of variance (ANOVA) comparing plankton summary variables
from 2017 or 2018 (post-dyke) to data from other post-dyke years (2016 or 2017) and from 2015 (pre-dyke).
Each sampling program (i.e., June/July, August, and September) was assessed independently. The means
of all years were first compared in an overall ANOVA. Plankton variables with significant ANOVA results
were compared among years using Tukey’s honestly significant difference multiple comparison method
(Zar 1999). In all years, when a statistically significant difference was detected, the magnitude of the effect
was calculated as the average percent change in the station differences.
When interpreting the results of the statistical analysis in Lake D2/D3, it was assumed that the most likely
effect of an increase in water levels would be an increase in habitat area (i.e., lake volume) for plankton
resulting in an overall increase in total biomass of plankton, following a period of adjustment to the new
water levels.
A response pattern indicating an overall increase or decrease in a plankton variable between pre-dyke
(2015) and post-dyke (2016, 2017 or 2018) may suggest a potential Mine-related effect resulting from an
increase in water level and other corresponding changes. Changes in community composition were
explored qualitatively by a visual comparison of relative percentages of major taxonomic groups between
sampling events.
Statistical analysis of chlorophyll a concentrations, phytoplankton biomass and zooplankton abundance
and biomass in Lake D2/D3 detected some differences between the pre- and post-dyke periods (De Beers
2016c, 2017a, 2018c, 2019c). Concentrations of chlorophyll a in Lake D2/D3 in June/July increased
significantly between 2015 and 2018 but did not significantly differ in 2016 or 2017. In August,
concentrations increased significantly in two of the three pair-wise comparisons (i.e., 2015 vs. 2016 and
2015 vs. 2018; Table 9.2-15), while chlorophyll a concentrations in August 2017 were significantly lower
compared to 2015. In September 2016, chlorophyll a concentrations were significantly higher than in 2015;
in 2017 and 2018 concentrations did not significantly differ from 2015 concentrations.
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Phytoplankton biomass in Lake D2/D3 decreased between pre- and post-dyke periods in each open-water
sampling month except June/July 2018 (Table 9.2-15). Zooplankton abundance also decreased between
the pre- and post-dyke periods in June/July 2016 and 2018, and August 2016, 2017 and 2018. There were
no significant differences between the pre- and post-dyke periods in September (Table 9.2-15). The
zooplankton biomass response was inconsistent among sampling periods in 2016; in June/July,
zooplankton biomass decreased compared to pre-dyke conditions, while in August and September it
increased (Table 9.2-15). In 2017, zooplankton biomass increased significantly from pre-dyke conditions in
August and September and in 2018, it increased significantly from pre-dyke conditions in September; the
other months did not differ significantly from pre-dyke conditions.
Table 9.2-15

Variable
Chlorophyll a
concentration
Phytoplankton
biomass
Zooplankton
abundance
Zooplankton
biomass

Statistically Significant Results Comparing 2015 Plankton Variables to 2016, 2017
and 2018 in Lake D2/D3
Construction
2016
Jun/Jul
Aug

Operations
Sep

Jun/Jul

2017
Aug

Sep

Jun/Jul

2018
Aug

Sep

-

45% (↑)

78% (↑)

-

-64% (↓)

-

152% (↑)

270% (↑)

-

-77% (↓)

-76% (↓)

-47% (↓)

-91% (↓)

-93% (↓)

-83% (↓)

-

-72% (↓)

-90% (↓)

-55% (↓)

-59% (↓)

-

-

-78% (↓)

-

-77% (↓)

-84% (↓)

-

-25% (↓)

302% (↑)

17% (↑)

-

155% (↑)

129% (↑)

-

-

130% (↑)

↓ = decrease from 2015; ↑ = increase from 2015; - = no statistical difference.

9.3

Sampling Design Re-evaluation

This section addresses past AEMP report recommendations, commitments made by De Beers in responses
to Information Requests (IRs), and Board Directives, for each technical issue identified for re-evaluation
related to the sampling design.

9.3.1

Field Quality Control Samples

In the 2015 AEMP Annual Report, a recommendation was made to reduce the number of field duplicate
quality control (QC) samples for chlorophyll a, phytoplankton and zooplankton samples from 20% to 10%
of the total samples collected during each sampling program 10 (Appendix 1 A, Table 1A-4; De Beers 2016c).
In the approved AEMP Design Plan, the number of duplicate samples was described as “one duplicate
sample collected from each lake during each sampling program” (De Beers 2016a). The Mackenzie Valley
Land and Water Board (MVLWB) responded to the recommendation by instructing De Beers to justify
reducing the number of QC samples for the plankton component by formally applying for this change, as
allowed by Part 1, item 3 of the Licence MV2005L2-0015, as part of the Aquatic Effects Re-evaluation
Report.

10

This recommendation was also discussed in ENR-24 from the review of the 2016 AEMP Annual Report (Appendix 1A, Table 1A-4;
De Beers 2017a).
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The recommendation to reduce the number of QC duplicate samples to 10% from 20% was based on the
variability observed between duplicate samples in 2014 and 2015. These duplicate results indicated that
the within-station variation was relatively low for these variables, suggesting that the number of field QC
samples could be reduced without reducing the ability to detect effects on chlorophyll a or plankton
communities (De Beers 2016c). Standard practice for water quality QC samples is 10% of the total sample
suite (Alberta Environment 2006; CCME 2011); therefore, it is reasonable for the same level of effort to be
applied to plankton QC sampling. In addition, further evaluation of the duplicate data from 2015 to 2018
demonstrated redundancy in sampling effort for QC samples by showing that the within-station variability
has been low for chlorophyll a (Table 9.3-1), phytoplankton abundance (Table 9.3-2) and zooplankton
abundance (Table 9.3-3) resulting in a negligible number of exceedances of the QC criterion for each
variable:
•

For chlorophyll a, 14% of the duplicate QC samples from 2015 to 2018 exceeded the QC criterion
(i.e., relative percent difference [RPD] > 20%; Table 9.3-1).

•

For total phytoplankton abundance, none of the duplicate QC samples from 2015 to 2018 exceeded
the QC criterion (i.e., RPD > 50%; Table 9.3-2).

•

For total zooplankton abundance, 2% of duplicate QC samples from 2015 to 2018 exceeded the QC
criterion (i.e., RPD > 50%; Table 9.3-3).

Based on the low within-station variability observed in the 2015 to 2018 duplicate samples, it was concluded
that the original level of duplication is unnecessary and does not add value to the AEMP. Therefore, it is
recommended that in the updated AEMP Design Plan plankton QC samples be reduced from 20% (15 QC
samples per year) to 10% (8 QC samples per year).
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Table 9.3-1

Section 9

Summary of Duplicate Chlorophyll a Samples Collected between 2014 and 2018

Station
Area 8-L3
Area 8-L6
Area 8-L6
N11-L3
N11-L6
N11-L6
East-L3
East-L6
East-L6
Lake 3-L3
Lake 3-L6
Lake 3-L6
D2D3-L3
D2D3-L3
D2D3-L6
Area 8-L1
Area 8-L2
Area 8-L2
Area 8-L5
N11-L5
East-L1
Lake 3-L4
D2D3-L2
D2D3-L3
Area 8-L4
Area 8-L5
N11-L2
N11-L5
N11-L5
East-L5
East-L5
Lake 3-L3
Lake 3-L4
Area 8-L4
N11-L4
N11-L4
N11-L5
East-L3
East-L4
East-L5
Lake 3-L1
Lake 3-L5

December 2019

Sampling Date
12-Jul-15
9-Aug-15
8-Sep-15
11-Jul-15
7-Aug-15
10-Sep-15
14-Jul-15
9-Aug-15
9-Sep-15
11-Jul-15
7-Aug-15
11-Sep-15
10-Jul-15
13-Sep-15
11-Aug-15
07-Aug-16
05-Jul-16
11-Sep-16
11-Sep-16
08-Aug-16
05-Aug-16
04-Jul-16
05-Sep-16
04-Jul-16
04-Sep-17
04-Aug-17
02-Sep-17
02-Jul-17
03-Aug-17
01-Jul-17
02-Aug-17
01-Jul-17
06-Sep-17
10-Sep-18
02-Aug-18
07-Sep-18
30-Jun-18
07-Sep-18
31-Jul-18
06-Sep-18
09-Sep-18
30-Jun-18

Original Sample
(µg/L)

Duplicate Sample
(µg/L)

Mean
(µg/L)

RPD
(%)

0.80
1.46
3.86
0.50
0.59
1.13
0.65
1.02
1.17
0.78
0.70
2.49
1.20
3.08
1.49
2.98
2.93
5.26
3.41
1.78
1.39
1.46
6.20
2.75
4.20
1.59
2.63
1.71
1.47
0.65
1.09
1.13
3.24
3.33
3.01
6.66
1.34
1.31
0.72
0.78
1.87
0.69

0.90
1.42
3.74
0.53
0.60
1.28
0.58
0.78
1.06
0.75
1.04
2.53
1.11
3.04
1.34
3.57
3.00
4.40
3.67
2.06
1.57
1.49
5.79
2.93
3.65
1.44
2.93
0.64
1.40
0.88
1.02
2.94
3.24
3.27
3.65
5.32
1.15
1.13
0.90
0.88
1.21
0.78

0.85
1.44
3.80
0.52
0.59
1.21
0.61
0.90
1.11
0.77
0.87
2.51
1.15
3.06
1.41
3.27
2.96
4.83
3.54
1.92
1.48
1.47
6.00
2.84
3.93
1.52
2.78
1.18
1.44
0.77
1.06
2.04
3.24
3.30
3.33
5.99
1.25
1.22
0.81
0.83
1.54
0.73

6
2
2
2
0.4
6
6
14
5
2
18
1
4
1
6
18
3
18
7
15
13
2
7
6
14
10
11
91
5
30
7
89
0
2
19
22
15
14
23
12
43
13

RDP Values >20%

6

Note: Grey shaded cells indicate RPD values >20%. The percentage of RPD values over 20% for the duplicate pairs is 14%.
RPD = relative percent difference; µg/L = micrograms per litre; µg/L = micrograms per litre.
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Summary of Duplicate Phytoplankton Samples Collected between 2014 and 2018
Sampling Date

Original Sample
(cells/L)

Area 8-L3
12-Jul-15
2,545,214
Area 8-L6
9-Aug-15
2,311,838
Area 8-L6
8-Sep-15
5,166,332
N11-L3
11-Jul-15
1,699,243
N11-L6
7-Aug-15
1,042,860
N11-L6
10-Sep-15
1,970,553
East-L3
14-Jul-15
1,939,888
East-L6
9-Aug-15
1,896,134
East-L6
9-Sep-15
2,685,261
Lake 3-L3
11-Jul-15
2,217,036
Lake 3-L6
7-Aug-15
2,231,610
Lake 3-L6
11-Sep-15
3,093,664
D2D3-L3
10-Jul-15
8,868,230
D2D3-L6
10-Aug-15
6,942,897
D2D3-L3
13-Sep-15
4,084,052
Area 8-L2
5-Jul-16
1,837,796
Area 8-L1
7-Aug-16
2,144,097
N11-L5
8-Aug-16
1,779,456
N11-L3
10-Sep-16
1,451,279
East-L1
5-Aug-16
918,877
Lake 3-L5
4-Jul-16
2,136,796
Lake 3-L4
8-Sep-16
2,144,088
D2D3-L3
4-Jul-16
1,932,589
D2D3-L2
5-Sep-16
2,521,897
Area 8-L5
4-Aug-17
2,457,691
Area 8-L4
9-Sep-17
3,515,180
N11-L5
2-Jul-17
2,836,947
N11-L5
3-Aug-17
3,011,968
N11-L2
2-Sep-17
2,588,965
East-L5
1-Jul-17
3,092,184
East-L5
2-Aug-17
2,107,631
Lake 3-L3
1-Jul-17
2,676,486
Lake 3-L4
6-Sep-17
2,078,459
Area 8-L4
7-Sep-18
3,900,271
N11-L5
30-Jun-18
2,486,875
N11-L4
2-Aug-18
6,169,829
N11-L4
7-Sep-18
6,064,827
East-L5
29-Jun-18
2,304,548
East-L4
31-Jul-18
1,848,027
East-L3
7-Sep-18
1,490,654
Lake 3-L5
30-Jun-18
1,990,945
Lake 3-L1
4-Aug-18
2,358,543
RDP Values >50% and Bray-Curtis Dissimilarity >0.5

Duplicate Sample
(cells/L)

RPD
(%)

Bray Curtis
Dissimilarity Index

2,705,660
2,443,109
6,371,130
1,582,542
1,619,005
2,133,842
2,158,679
1,764,867
2,532,107
1,998,249
1,801,328
2,583,155
7,234,598
4,262,734
4,676,243
2,333,708
2,647,306
2,049,287
1,392,925
1,249,492
1,604,418
2,049,279
1,837,791
4,156,960
2,392,058
4,754,985
2,829,644
3,048,435
2,559,801
2,377,477
2,063,873
2,209,730
2,625,425
5,064,229
1,947,188
5,145,915
6,820,376
2,136,807
1,286,471
1,276,261
2,523,333
2,501,483

6
6
21
7
43
8
11
7
6
10
21
18
20
48
14
6
5
4
1
8
7
1
1
12
3
30
0
1
1
26
2
19
23
26
24
18
12
8
36
15
24
6
0

0.06
0.14
0.12
0.09
0.22
0.04
0.10
0.05
0.10
0.07
0.14
0.12
0.10
0.24
0.07
0.14
0.14
0.07
0.11
0.15
0.14
0.08
0.08
0.26
0.16
0.20
0.12
0.03
0.08
0.16
0.08
0.11
0.14
0.14
0.17
0.14
0.06
0.05
0.18
0.10
0.12
0.04
0

Note: The percentage of values failing a quality control check for the duplicate pairs is 0%.
cells/L = cells per litre; RPD = relative percent difference.
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Summary of Duplicate Zooplankton Samples Collected between 2014 and 2018

Original Sample
Duplicate Sample
RPD
Bray Curtis
Station
Sampling Date
(org/L)
(org/L)
(%)
Dissimilarity Index
Area 8-L3
12-Jul-15
62
42
38
0.19
Area 8-L6
9-Aug-15
36
19
61
0.31
Area 8-L6
8-Sep-15
36
29
21
0.11
N11-L3
11-Jul-15
35
41
16
0.09
N11-L6
7-Aug-15
31
31
1
0.06
N11-L6
10-Sep-15
25
22
13
0.06
East-L3
14-Jul-15
37
44
18
0.09
East-L6
9-Aug-15
22
19
14
0.11
East-L6
9-Sep-15
9
9
9
0.05
Lake 3-L3
11-Jul-15
29
37
25
0.14
Lake 3-L6
7-Aug-15
13
12
3
0.11
Lake 3-L6
11-Sep-15
27
27
0
0.02
D2D3-L3
10-Jul-15
111
88
23
0.12
D2D3-L6
10-Aug-15
82
98
18
0.14
D2D3-L3
13-Sep-15
11
11
0
0.09
Area 8-L2
5-Jul-16
36
55
10
0.21
Area 8-L1
7-Aug-16
10
7
9
0.23
Area 8-L1
6-Sep-16
10
25
21
0.45
N11-L5
8-Aug-16
27
27
0
0.08
East-L1
5-Aug-16
28
21
8
0.15
East-L4
10-Sep-16
11
11
0
0.02
Lake 3-L5
4-Jul-16
52
69
7
0.15
D2D3-L3
4-Jul-16
73
58
6
0.11
D2D3-L2
5-Sep-16
40
33
5
0.10
Area 8-L5
04-Aug-17
20.51
21.77
6
0.10
Area 8-L4
08-Sep-17
33.91
42.36
22
0.11
N11-L5
02-Jul-17
53.10
56.05
5
0.13
N11-L5
03-Aug-17
26.15
27.67
6
0.07
N11-L2
02-Sep-17
45.20
62.98
33
0.16
East-L5
01-Jul-17
26.73
25.79
4
0.05
East-L5
02-Aug-17
10.20
10.61
4
0.04
Lake 3-L3
01-Jul-17
38.90
27.41
35
0.20
Lake 3-L4
06-Sep-17
14.91
13.16
12
0.06
Area 8-L4
07-Sep-18
55.2
65.7
17
0.09
N11-L5
30-Jun-18
40.1
33.4
18
0.11
N11-L4
02-Aug-18
27.1
28.1
3
0.04
N11-L4
07-Sep-18
21.7
8.6
86
0.43
East-L5
29-Jun-18
14.2
16.8
16
0.09
East-L4
31-Jun-18
18.1
23.3
25
0.13
East-L3
07-Sep-18
23.4
22.1
6
0.03
Lake 3-L5
30-Jun-18
28.2
30.6
8
0.05
Lake 3-L1
04-Aug-18
28.2
30.6
8
0.05
RDP Values >50% and Bray-Curtis Dissimilarity >0.5
2
0
Note: Grey shaded cells indicate cells with values that failed one or more quality control checks (i.e., either the RPD values >50% or
the Bray-Curtis dissimilarity index exceeded the 0.5 criterion). The percentage of values failing a quality control check for the
duplicate pairs is 5%.
org/L = organisms per litre; RPD = relative percent difference.
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Light Measurements

In the 2017 AEMP Annual Report, a recommendation was made to “remove the collection of light
attenuation profile measurements because the instrumentation has been shown to malfunction easily and
the light intensity data are not particularly useful to interpreting the plankton results” (De Beers 2018c).
Upon review of the data and reconsideration of the recommendation, it is suggested that the light profile
measurements be removed from the program. Secchi depth measurements can provide the information
needed to estimate euphotic zone depth for phytoplankton sampling.
Throughout the dataset, the Secchi depth estimates of the euphotic zone have been consistent with those
measured with the light meter (Table 9.3-4), indicating that the Secchi depth method is a sufficiently reliable
method of estimating the euphotic depth.
Table 9.3-4

Lake
Area 8
Lake
N11
East
Lake
Lake 3
Lake
D2/D3

Secchi Depth and Light Meter Data Collected between 2015 and 2018

Mean Water Depth
(m)
2015 2016 2017 2018

Mean Secchi Depth
(m)(a)
2015 2016 2017 2018

Euphotic Zone Depth
based on Secchi Depth
(m)(b)
2015 2016 2017 2018

Euphotic Zone Depth
based on Light Meter Data
(m)(b)
2015 2016 2017(c) 2018

5.9

5.4

5.6

5.7

4.5

3.7

4.3

3.6

4.9

5.1

B

B

B

B

-

B

5.9

5.6

5.6

5.6

5.7

4.5

4.8

4.0

B

B

B

B

B

B

-

B

7.3

6.0

6.1

6.3

5.6

4.7

5.4

5.4

6.8

B

B

B

B

B

-

B

5.9

5.4

5.5

5.6

5.3

4.4

4.7

5.4

B

B

B

B

B

B

-

B

1.9

3.0

3.5

3.7

B

1.8

1.1

0.8

B

3.0

2.2

1.6

B

B

-

1.4

a) “Bottom” indicates that the lake bottom was visible and a Secchi depth measurement could not be made.
b) Euphotic zone depth is based on light measurements made with the light meter.
c) Light profile data not available.
- = not collected; B = bottom.

9.3.3

Effectiveness of Plankton Monitoring

De Beers committed to evaluating the effectiveness of plankton monitoring as part of the Aquatic Effects
Re-evaluation Report to address a concern raised by the MVLWB following review of the 2015 AEMP
Annual Report (Appendix 1A, Table 1A-4; MVLWB-5). The MVLWB was concerned with a conclusion made
in the plankton component that stated, “the composition of phytoplankton communities in the reference
lakes (East Lake and Lake 3) are more similar to each other than they are to the communities in the core
lakes and raised lakes." The MVLWB requested that “De Beers explain the implications of this observation
for the analysis of phytoplankton effects in future years. For example, if phytoplankton communities
between core lakes and reference lakes are dissimilar in what is being considered a "baseline data" year
(i.e., in a year when we don't expect to see an effect), will this type of analysis be useful in future for
detecting mine-related effects to phytoplankton?”
The AEMP design does not assume identical baseline communities in reference lakes and core lakes.
Rather, further divergence of communities among lakes relative to baseline conditions would be considered
to indicate a potential Mine effect, taking into consideration the considerable natural biological variation
among lakes in the area surrounding the Mine, as well as regional warming caused by climatic changes in
the North.
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The effectiveness of plankton monitoring has been evaluated as part of this Aquatic Effects re-evaluation.
Following four years of plankton monitoring, it can be demonstrated that plankton monitoring has been
effective at assessing Mine-related effects. The baseline to 2018 results have shown that the plankton
communities in Area 8 and Lake N11 have differed from baseline conditions, and responded to small
increases in nutrient concentrations (De Beers 2019c). There have been significant differences in plankton
community variables between the core lakes and reference lakes and some plankton endpoints have been
outside the calculated normal ranges, triggering the Low Action Levels for both toxicological impairment
and nutrient enrichment (De Beers 2016c, 2017a, 2018c, 2019c). Although these observed changes have
been consistent with predictions of a negligible to low effect on the plankton community in the core lakes,
the results also suggest that the plankton monitoring program is sensitive enough to detect these low-level
effects.
Plankton monitoring has been shown to be an effective tool to monitor Mine-related effects from 2015 to
2018; however, the scope of the annual AEMP reports is large. Therefore, it is recommended that it be
reduced from annual evaluation of spatial, seasonal and temporal trends, to annual evaluation of spatial
and seasonal trends only, and evaluating temporal trends as part of the Aquatic Effects Re-evaluation
Report every three years. The reduced scope will still allow for an evaluation of Action Level triggers
annually and will remain sensitive enough to detect changes in the plankton community, while reducing
annual effort and aligning with the guidance set out in MVLWB and GNWT (2019) for AEMP reporting.

9.4

Data Analysis Re-evaluation

This section addresses past AEMP report recommendations, commitments made by De Beers in responses
to IRs, and Board Directives, for each technical issue identified for re-evaluation with respect to AEMP data
analysis.

9.4.1

2015 and 2016 Data as Before Years

De Beers committed to evaluate whether the 2015 and 2016 core lake data could be incorporated into the
normal range calculation (Appendix 1A, Table 1A-4; ECCC-15 and ENR-23) and be considered as Before
years in the BACI statistical analysis (Appendix 1A, Table 1A-4; ECCC-39, ENR-23 and ENR-24) in the
Aquatic Effects Re-evaluation Report. In addition, De Beers agreed to consider the input of plankton into
Lake N11 from the dewatering of Kennady Lake through further assessment of the pre-development (or
baseline) plankton community.
Based on the results reported in Section 7.4.1, a conservative approach is recommended in the inclusion
of construction years’ data (2015, 2016) in the normal range calculations and future BACI analyses as
Before data. The effects of dewatering during the construction phase of the Mine were determined to be
minimal in both Area 8 and Lake N11 for water quality, sediment quality, phytoplankton community and
benthic invertebrate community composition. However, there was indication of a change in zooplankton
community composition in Area 8 in 2016. Although there does not appear to be a clear driver
(i.e., supported by water quality) for the change in the zooplankton community in Area 8 in 2016, it is
suggested that the Area 8 2016 data be excluded from the pre-impact dataset.
Following review of the 2015 AEMP Report, the Government of Northwest Territories, Environment and
Natural Resources (ENR) raised concern over new species of zooplankton and phytoplankton entering
Lake N11 and Area 8 following discharge from Kennady Lake (Appendix 1A, Table 1A-4; ENR-23 and
ENR-24). ENR suggested that “there could be a significant change in the biomass or community structure
from such a large influx of water” into the core lakes. ENR acknowledged that “connections exist between
many of the waterbodies; however, natural variability between plankton communities could occur and be of
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a scale that could misrepresent conditions prior to anthropogenic disturbance (dewatering) in Lake N11 and
Area 8.” ENR requested further analysis of pre-dewatering and dewatering data from Lake N11 and Area 8
be done in order to make an informed decision about the baseline period. The MVLWB responded by
directing De Beers to further explore this possibility by stating that “ENR has brought up a point not explicitly
considered in the AEMP; that in our consideration of including 2015 plankton data into the calculation of
the normal range for the potentially impacted lakes, we need to consider the addition of plankton from
Kennady Lake as well as any Mine-related changes to water quality.”
As discussed in Section 7.4.1, large influxes of water from Area 3 of Kennady Lake to Area 8 occurred in
2015; however, Area 8 was hydraulically connected to Area 3, both being a part of Kennady Lake prior to
the dyke being installed. Therefore, no new plankton species introductions would have occurred in Area 8
in 2015, which is supported by the nMDS results (i.e., similar community composition between baseline
and 2015; Section 9.2.1; Figure 9.2-5). For Lake N11, discharge from Area 3 of Kennady Lake to Lake N11
did not occur until 2016; therefore, the 2015 plankton community data in Lake N11 is representative of
pre-impact conditions. Comparison of the Lake N11 2016 plankton community data to previous years’ data
(i.e., pre-impact years) demonstrates that both phytoplankton and zooplankton community composition did
not change between pre-discharge years (i.e., 2014 and 2015) and discharge (2016), with community
composition among years being similar (Section 9.2.2; Figure 9.2-5).
It is recommended that 2015 and 2016 phytoplankton and zooplankton data be included as “pre-impact”
data for Lake N11. However, given the changes observed in zooplankton community composition in Area
8 in 2015, it is recommended that for Area 8 only 2015 data be included in the “pre-impact” dataset.

9.4.2

BACI Statistical Design

As part of the re-evaluation and following ENR comments from the review of the 2016 AEMP Annual Report,
an independent review of the statistical methods for the BACI analysis included in the AEMP was sought.
This review was undertaken by Dr. Carl Schwarz, an Accredited Professional Statistician. The
recommended approach to the statistical analysis of data collected annually is detailed in Section 7.4.2.
Following review of the method, Dr. Schwarz recommended a re-evaluated analytical method, which
showed consistency with the previous method, demonstrated consistency with visual data interpretation,
and provided the opportunity to streamline both the BACI analysis and the interpretation of results. The
recommended approach is less likely to result in a statistically significant finding when at least one of the
reference lakes has temporal trends similar to those of the core lakes. Based on the re-evaluation and
worked examples in Section 7.4.2, the revised method for the BACI analysis is considered appropriate for
incorporation in the plankton component of AEMP Design Plan update.

9.4.3

Normal Range Calculation Method

The normal range approach used during the 2015 to 2018 AEMP reports and presented in Barrett et al.
(2015) has been useful in identifying environmental change during the initial monitoring cycles of the AEMP;
however, limitations were identified in the application and underlying assumptions of the method for the
calculation of the prediction intervals. These are discussed in detail in Section 7.4.4. In addition, a revised
normal calculation method which includes a revised baseline normal range calculation method and a new
regional normal range method are presented.
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The baseline normal ranges apply to Area 8 and Lake N11 and are calculated using data from the baseline
period for a specific waterbody. The regional normal ranges apply to both core lakes and are calculated
using both baseline data from the core lakes and all available data from the reference lakes, including
recent data.
A summary of the data sources used in the calculation of the current nutrient normal range and the revised
baseline and regional normal ranges are provided in Table 9.4-1 and for the plankton variables in
Appendix 9B. De Beers is proposing to include the 2015 data in the normal range for Area 8, and the 2015
and 2016 data in the normal range for Lake N11 (Section 9.4.1); therefore, two normal range scenarios are
presented: one that includes the 2015 and/or 2016 data, and one that does not.
Adding the 2015 and/or 2016 data generally did not result in wider normal ranges. Rather, adding these
data often resulted in narrower ranges, due to the greater sample sizes used in the calculation. As
discussed in Section 7.4.4.3, a greater sample size increases the likelihood that extreme values will be
excluded from the normal range. This also means that the baseline normal ranges were more affected by
the presence of extreme values than regional normal ranges, which were based on a substantially larger
sample size (e.g., for phytoplankton biomass including the 2015 and/or 2016 data, n = 38 and n = 52 for
baseline normal ranges for Area 8 and Lake N11, respectively, and n = 240 for the regional normal range).

9.4.3.1

Nutrients

The TP normal range was calculated using the current normal range calculation method in the Water Quality
component for discrete water samples, for both under-ice and open-water concentrations (Table 9.4-1;
Section 7). However, a TN normal range was not calculated and normal ranges for the depth-integrated
nutrient data were not calculated. Therefore, TN and TP normal ranges were calculated using the available
pooled open-water discrete and depth-integrated nutrient data, following the revised baseline normal range
and regional normal range calculation methods (Tables 9.4-2 and 9.4-3).
Use of the revised baseline normal range calculation method presented in Section 7.4.4 is recommended
for the nutrient component in future AEMP annual reports. The revised method produces slightly wider
baseline normal ranges for nutrient variables than those previously used for TP, and does not bottom out
at zero. It is anticipated that there will be a lower probability of false positive results using the revised
baseline normal range method, while retaining enough sensitivity to provide an early warning of change in
monitored lakes. In addition to this, regional normal ranges have also been calculated for the nutrient
variables using baseline and pre-impact data from the core lakes, as well as data collected from the
reference lakes throughout the AEMP (Section 7.4.4.4). It is recommended that both the revised baseline
normal range and the regional normal range be used in the Action Level assessment for nutrients.
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Summary of Data Sources used in the Revised and Recommended Normal Ranges for Open-water Nutrients

Variable
Total Phosphorus
(mg-P/L)

Baseline Normal Range
Baseline Normal range
Current
Normal Range(a)
+ 2015/2016 data(b)
2011 and 2013

2011 and 2013 to 2015

nc(c)

2011 and 2013 to 2015

2011 and 2013

2011 and 2013 to 2016

nc(c)

2010, 2011 and 2013 to 2016

Area 8
Total Nitrogen
(mg-N/L)
Total Phosphorus
(mg-P/L)
Lake N11
Total Nitrogen
(mg-N/L)

Regional/Baseline
Data Period

Regional Normal Range
Regional/Baseline Data Period
+ 2015/2016

Area 8 - 2011, 2013 and 2014
Lake N11 – 2011, 2013 and 2014
East Lake - 2011 to 2018
Lake 3 - 2012 to 2018
Area 8 - 2011, 2013 and 2014
Lake N11 – 2010, 2011, 2013 and 2014
East Lake – 2011 to 2018
Lake 3 – 2012 to 2018
Area 8 – 2011, 2013 and 2014
Lake N11 – 2011, 2013 and 2014
East Lake - 2011 to 2018
Lake 3 - 2012 to 2018
Area 8 - 2011, 2013 and 2014
Lake N11 – 2010, 2011, 2013 and 2014
East Lake - 2011 to 2018
Lake 3 - 2012 to 2018

Area 8 - 2011, 2013 to 2015
Lake N11 - 2011 and 2013 to 2016
East Lake - 2011 to 2018
Lake 3 - 2012 to 2018
Area 8 – 2011, 2013 to 2015
Lake N11 – 2010,2011 and 2013 to 2016
East Lake – 2011 to 2018
Lake 3 – 2012 to 2018
Area 8 - 2011, 2013 to 2015
Lake N11 - 2011 and 2013 to 2016
East Lake - 2011 to 2018
Lake 3 - 2012 to 2018
Area 8 - 2011, 2013 and 2015
Lake N11 – 2010, 2011 and 2013 to 2016
East Lake - 2011 to 2018
Lake 3 - 2012 to 2018

Note: Bolded values identify data recommended for calculating normal ranges for open-water nutrients.
a) Dataset used in the normal ranges calculated in the 2015 to 2018 AEMP annual reports.
b) Baseline data + 2015/2016 is the baseline dataset, including both discrete and depth-integrated data, and data from Area 8 2015 data or Lake N11 2015 and 2016 data.
c) Normal ranges for total nitrogen were not calculated in the 2015 to 2018 AEMP annual reports.
mg-P/L = milligrams of phosphorus per litre; mg-N/L = milligrams of nitrogen per litre; nc = not calculated.
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Baseline Open-water Nutrient Normal Ranges Calculated Using Revised and Recommended Calculation Methods
Variable

Method

Current
Revised Approach
Baseline Data + 2015/2016(b)
Normal Range(a)
Baseline Data Period
Normal Range – Normal Range –
Normal Range – Normal Range –
Normal Range – Normal Range –
Method
Method
Lower Bound
Upper Bound
Lower Bound
Upper Bound
Lower Bound
Upper Bound

Total Phosphorus (mg-P/L)
Total Nitrogen (mg-N/L)

logPI
nc(d)

0(c)
nc(d)

0.006
nc(d)

PI(e)
PI

0.002
0.155

0.012
0.335

PI(e)
%tile

0.002
0.108

0.012
0.340

Total Phosphorus (mg-P/L)
Lake N11 Total Nitrogen (mg-N/L)

PI
nc(d)

0.003
nc(d)

0.005
nc(d)

PI(e)
PI

0.002
0.145

0.010
0.291

%tile
%tile

0.003
0.128

0.009
0.278

Area 8

Note: Bolded values identify the recommended baseline open-water nutrient normal ranges. The 95% PI in the AEMP Design Plan (De Beers 2016a) normal range calculation method
was calculated for the mean of a sample (n = 5; m = 5; alpha = 0.05) from an exposure area (Barrett et al. 2015). In the revised approach, alpha = 0.15 and
m = 1.
a) Dataset used in the normal ranges calculated in the 2015 to 2018 AEMP annual reports.
b) Baseline data + 2015/2016 is the baseline data set, including both discrete and depth-integrated data, and data from Area 8 2015 data or Lake N11 2015 and 2016 data.
c) The lower bound of the normal range was below the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
d) Normal ranges for total nitrogen were not calculated in the 2015 to 2018 AEMP annual reports.
e) Calculated using Box-Cox transformed data.
mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; PI = prediction interval; %tile = percentile;
n = sample size; m = number of observations in the dataset; nc = not calculated.

Table 9.4-3

Regional Open-water Nutrient Normal Ranges Calculated Using the Revised and Recommended Calculation Methods
Variable

Total Phosphorus (mg-P/L)
Total Nitrogen (mg-N/L)

Method
%tile
%tile

Regional/Baseline Data Period
Normal Range –
Normal Range –
Lower Bound
Upper Bound
0.003
0.129

0.010
0.291

Regional/Baseline Data Period + 2015/2016(a)
Normal Range –
Normal Range –
Method
Lower Bound
Upper Bound
%tile
%tile

0.003
0.122

0.010
0.279

Note: Bolded values identify the recommended regional open-water nutrient normal ranges. Regional/baseline normal range is calculated with open-water discrete and depth-integrated
nutrient data from core and reference lakes, using an alpha = 0.15 and m = 1.
a) Baseline data + 2015/2016 is the baseline data set, including Area 8 2015 data or Lake N11 2015 and 2016 data.
mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; %tile = percentile; m = number of observations in the dataset.
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Plankton

Use of the regional normal range calculation method presented in Section 7.4.4 is recommended for the
plankton variables in future AEMP annual reports. A summary of the data sources used in the calculation
of the current normal range and the revised baseline and regional normal ranges for plankton community
variables are provided in Appendix 9B, and for the current normal range and recommended normal range
in Table 9.4-4. The current upper and lower bounds and the recommended regional normal range upper
and lower bounds for the plankton variables are represented in Table 9.4-5. Because of the influence of
seasonality on zooplankton abundance and biomass, each open-water period (June/July, August and
September) a separate regional normal range is presented in Table 9.4-5.
The influence of seasonality on the plankton endpoints was assessed using a linear regression of the
plankton endpoints on sampling date (i.e., day of the year represented as a number beginning with
July 1 = 1; Barrett et al. 2015). When seasonality was evident (i.e., zooplankton abundance and biomass),
indicated by a significant regression, and consistent among lakes, the normal range for the endpoint was
defined using a 95% PI for the mean based on the linear regression with sampling date. Separate upper
and lower bounds were calculated for each of the three sampling events (i.e., June/July, August, and
September) based on the regression equation and the sampling dates for each variable showing
seasonality. Each year, the normal range is dependent on the current year’s sampling dates; therefore, new
normal ranges for zooplankton abundance and biomass are presented in the Annual reports. The values
provided in Table 9.4-5 are based on sampling dates from the 2018 AEMP and are being provided to
capture differences in the alternative methods for calculating the normal ranges for these variables and to
assess which method is most appropriate.
Normal ranges generated based on the revised baseline (lake-specific) normal range method described in
Section 7.4.4.3 and the regional normal range method were compared graphically to evaluate and select
the appropriate method to be applied for the plankton component. Box plots showing a comparison of the
baseline and regional normal ranges are provided in (Appendix 9B, Figures 9B-1 to 9B-4). These plots
include the 2015 and/or 2016 data; however, baseline and regional normal ranges calculated without these
data are presented in Appendix 9B (Tables 9B-2 and 9-B-3) for comparative purposes.
The revised baseline (lake-specific) normal ranges calculated for the plankton variables differ in their
sensitivity to detect effects (Appendix 9B, Figures 9B-1 to 9B-4). For example, the normal ranges for
chlorophyll a, phytoplankton biomass and zooplankton abundance are narrower in Lake N11 compared to
Area 8, while the normal range for zooplankton biomass is narrower in Area 8 compared to Lake N11. The
regional normal ranges generally fall between these the two baseline normal ranges encompassing the
variability of both lakes.
The regional normal range calculation method is recommended for the plankton variables in the core lakes
because the regional normal ranges are based on a substantially larger sample size, and as a result, they
are better at dealing with the influence of extreme values. This results in a more conservative estimate of
the normal range and improves sensitivity of the normal range to detect changes that could indicate an
effect from the Mine.
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The regional normal range, with the inclusion of the 2015 and/or 2016 data, incorporates four and five years
of data baseline data for Lake N11 and Area 8, respectively, compared to two and three years, respectively
for Lake N11 and Area 8 for the baseline normal range and four years of reference lake data for both Lake 3
and East Lake. Therefore, this regional normal range provides a more comprehensive estimate of
year-to-year and among-lake variability in the plankton community. The main disadvantage to adopting
regional normal ranges is that population shifts of taxa that are naturally prone to extreme abundance or
biomass shifts, which are unrelated to the Mine, may exceed the upper or lower bounds of the normal
range, resulting in a false exceedance. However, this will be taken into consideration in the interpretation
of the results for the plankton component. This is considered to be a more conservative approach than
failing to detect a Mine-related change due to a lack of sensitivity of the normal range to detect Mine-related
effects.
The regional normal ranges will be recalculated every three years during future re-evaluations to
incorporate relevant data from the reference lakes, and to account for long-term environmental processes
such as climate change. If it is determined that changing conditions within the reference lakes necessitate
more frequent updates to the normal ranges, then regional normal ranges may be updated on a more
frequent basis (e.g., annually). The regional normal ranges will be incorporated into the Action Level
assessment to identify significant departures in environmental conditions, in consideration of local spatial
and temporal variation.
Table 9.4-4

Lake

Summary of Data Sources used in the Current and Regional Normal Ranges for
Plankton
Variable

Chlorophyll a (µg/L)
Area 8

Phytoplankton biomass
(mg/m³)
Zooplankton abundance (org/L)
Zooplankton biomass (mg/m³)
Chlorophyll a (µg/L)

Lake N11

Phytoplankton biomass
(mg/m³)
Zooplankton abundance (org/L)
Zooplankton biomass (mg/m³)

Seasonality

Current Normal Range(a)

no

2004, 2007, 2011 and 2014

no

2007, 2011 and 2014

yes
yes

2007, 2011 and 2014
2007, 2011 and 2014

no

no
yes
yes

2011 and 2014
2011 and 2014
2011 and 2014
2011 and 2014

Regional/Baseline Data
+ 2015/2016(b)
Area 8 - 2004, 2007, 2011, 2014 and
2015
Lake N11 - 2011 and 2014 to 2016
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018
Area 8 - 2007, 2011 2014 and 2015
Lake N11 - 2011 and 2014 to 2016
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018
Area 8 - 2004, 2007, 2011, 2014 and
2015
Lake N11 - 2011 and 2014 to 2016
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018
Area 8 - 2007, 2011 2014 and 2015
Lake N11 - 2011 and 2014 to 2016
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018

a) Dataset used in the normal ranges calculated in the 2015 to 2018 AEMP annual reports.
b) Baseline data + 2015/2016 is the baseline data set including Area 8 2015 data or Lake N11 2015 and 2016 data.
µg/L; mg/m3 = milligrams per cubic metre; org/L = organisms per litre.
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Current and Recommended Normal Ranges for Plankton

Variable

Chlorophyll a (µg/L)

Lake
Area 8

Lake N11
Phytoplankton biomass Area 8
(mg/m³)
Lake N11
Area 8
Zooplankton
abundance (org/L)
Lake N11
Zooplankton biomass Area 8
(mg/m³)
Lake N11

Method

Current Normal Range (a)
Normal Range –
Normal Range –
Lower Bound(c)
Upper Bound(c)
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep

%tile

1.27

2.10

PI
%tile
PI
PI(d)
PI(d)
PI(d)

24
32
84

1.21
409
362
18
31
85

6
27
62

62
55
832

2.17
882
718
46
47
437

32
43
298

PI(d)

362

387

168

2,040

1,578

1,333

Method

Regional/Baseline Data + 2015/2016
Normal Range –
Normal Range –
Lower Bound (a,b)
Upper Bound (a,b)
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep

PI(f)

0.65

3.05

%tile

99

295

PI(c)

19

13

6

52

46

39

logPI(c)

118

83

54

1,402

971

632

Note: The 95% PI in the AEMP Design Plan (De Beers 2016a) normal range calculation method was calculated for the mean of a sample (n = 5; m = 5; alpha = 0.05) from an exposure area
(Barrett et al. 2015). In the revised approach, alpha = 0.15 and m = 1. Regional/baseline normal range is calculated with plankton data from core and reference lakes using an alpha = 0.15
and m = 1.
a) Dataset used in the normal ranges calculated in the 2015 to 2018 AEMP annual reports.
b) Baseline data + 2015/2016 is the baseline data set including Area 8 2015 data or Lake N11 2015 and 2016 data.
c) When seasonality was present in the dataset, separate upper and lower bounds were calculated for each of the three sampling events (i.e., June/July, August, and September) based on
the regression equation and the sampling dates from the 2018 AEMP.
d) PI based on linear regression with sampling date.
e) For logPI = the 95% prediction interval was calculated using log or log(x+1) transformed data, and then upper and lower boundaries were back-transformed to the original scale.
f) Calculated using Box-Cox transformed data.
mg/m3 = milligrams per cubic metre; org/L = organisms per litre; PI = prediction interval; %tile = percentiles; logPI = log (x+1) transformed data;
n = sample size; AEMP = Aquatic Effects Monitoring Program; n = sample size; ; m = number of observations in the dataset.
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Edibility Assessment

During the review of the 2017 AEMP Annual Report, ENR suggested that De Beers evaluate whether an
edibility assessment would be a useful addition to the AEMP Design Plan, and if so, requested that
De Beers outline what would trigger an edibility assessment (Appendix 1A, Table 1A-4; ENR-10). In
response, De Beers suggested that a Low Action Level trigger for nutrient enrichment in the plankton AND
water quality (open-water) components would be needed before an edibility assessment is completed.
In 2018, Low Action Level triggers for both plankton and water quality were observed; therefore, an edibility
assessment was provided in the 2018 AEMP Annual Report (De Beers 2019c). The 2018 edibility
assessment, which was based on the phytoplankton community biomass data from 2014 to 2018, showed
that the core lakes and raised lakes had higher proportions of edible phytoplankton biomass across
sampling years compared to the reference lakes (Appendix 7K in De Beers 2019c). There were no clear
trends observed between mean annual edible phytoplankton biomass and mean annual total zooplankton
biomass in the lakes evaluated, with the exception of Area 8. In Area 8, mean annual edible phytoplankton
biomass and mean annual total zooplankton biomass followed a similar temporal trend throughout the time
series.
Overall, the edibility assessment provided no indication of an adverse effect on phytoplankton edibility in
the core lakes or raised lakes compared to the reference lakes. Since the proportion of edible phytoplankton
in the core lakes and raised lakes was higher than in the reference lakes, the results suggest that the
plankton ecosystem is “healthy” and efficiently transferring energy from phytoplankton to zooplankton in
these lakes. However, it is suggested, based on the following, that the edibility assessment is not a
necessary component of the AEMP data analysis for plankton:
•

The edibility assessment is a coarse-level assessment, and is not expected to be useful for detecting
early-warning changes:
−

The classification of phytoplankton taxa as edible or inedible has a high level of uncertainty because
the size class of each identified taxon are not provided by the taxonomist.

−

The classification of edible or inedible is based on professional judgement and consultation with
taxonomic experts. Taxa were deemed inedible if they were capable of producing toxins, if their
structure was such that they could interfere with zooplankton filter-feeding or if they were known to
be “larger” taxa based on the literature.

−

There was a high degree of year-to-year variability in the dataset which reduces the sensitivity of
the assessment.

The assessment did not provide further information compared to that provided by other monitoring
endpoints and analyses (i.e., the plankton community is healthy and efficiently transferring energy among
trophic levels from phytoplankton to zooplankton and from zooplankton to fish [Fish Health, Section 12]).
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Nitrate as an Indicator of Nutrient Enrichment

Following review of the 2017 AEMP Response Plan for Water Quality, Plankton, and Benthic Invertebrates
(De Beers 2018e), the MVLWB directed De Beers to include the nitrate benchmark in the nutrient
enrichment Action Level assessment in the AEMP Response Plan (Version 2, De Beers 2018f). De Beers
outlined concerns with using the nitrate benchmark for nutrient enrichment noting that “nitrate is only
appropriate for evaluating effects related to toxicity” and that "phosphorus (i.e., the limiting nutrient) is a
more relevant parameter to determine the potential for nutrient enrichment in [the core lakes] and in 2017
no significant effects were detected on phosphorus concentrations." It was agreed that detailed
presentation and discussion of a nitrate benchmark would occur in the Aquatic Effects re-evaluation and
AEMP re-design reports, along with an amendment to the Low Action Level specific to nutrient enrichment.
In their review of the 2018 AEMP Response Plan for Water Quality, Plankton, and Benthic Invertebrates,
ENR agreed that “the AEMP benchmark is intended to evaluate toxic effects due to exposure to nitrate
rather than a level to avoid changes in either phytoplankton community including increases in primary
production” and recommended that the current nitrate AEMP benchmark “may not be an appropriate
criterion for the nutrient enrichment impact hypothesis” (ENR-13; Appendix 1 A, Table 1A-4). It is
recommended that a TN benchmark be developed to be used in combination with the TP benchmark to
evaluate the potential effects of nutrient enrichment on the core lakes, rather than using the toxicity-related
nitrate benchmark.
The following sections 1) assess the need for both a TP and TN benchmark to assess nutrient enrichment
in the core lakes based on nutrient limitation and the peer-reviewed literature and 2) suggests an
appropriate nitrogen benchmark for nutrient enrichment, as an alternative to the nitrate benchmark based
on toxicological data.
Nutrient limitation
Limitation in lakes is often assessed using the Redfield ratio, which is a nitrogen to phosphorus ratio of 7:1
(by mass; Redfield 1958), with P-limitation expressed as values less than (>) 7, although other ratios have
also been reported:
•

Guildford and Hecky (2000): >9:1

•

Wetzel (2001): >10:1

•

Abell et al. (2010): >15:1

•

Smith (1982): >17:1

•

Vollenweider and Kerekes (1982): >13:1

Ranges exist, in part, because Redfield ratios represent open-water steady-state concentrations, whereas
on shorter time scales, one or another nutrient may be limiting.
Although, the limiting nutrient to the phytoplankton community can vary among and within lakes (Abell et
al. 2010), phosphorus is typically the nutrient that limits phytoplankton growth in Canadian Boreal Shield
Lakes (Schindler et al. 1971, 1973). Schindler performed several experiments of enriching lakes in the
Experimental Lakes Area with carbon, nitrogen and phosphorus and studied the effects (Schindler et al.
1971, 1973). It was concluded that phosphorus is typically the limiting nutrient and, because of the nitrogen
fixation potential of many cyanobacteria, deficiencies in nitrogen would often be alleviated (Schindler 1977).
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Recent initiatives in Alberta (ESRD 2014) and ongoing efforts across the United States (USEPA 2016) have
put considerable research into nutrient limitation in aquatic ecosystems and evidence has been published
suggesting that nitrogen limitation and nitrogen-phosphorus co-limitation can also occur. For example,
Smith (1982) demonstrated that the concentration of TN can influence the concentration of chlorophyll,
even in lakes where phosphorus alone was presumed to be limiting (i.e., TN:TP >10 to 17). In Arctic lakes
in southwest Greenland, under TN and TP addition experiments, the influence of nitrogen alone was
significantly greater than the influence of phosphorus alone (Levine and Whalen 2001); and. Abell et al.
(2010) completed a review of published results of nutrient enrichment experiments in European and New
Zealand lakes that showed that nitrogen frequently limited lake productivity more than phosphorus, despite
stoichiometric analysis indicating that the majority (52.9%) of lakes evaluated had nutrient ratios indicative
of potential phosphorus limitation (>15:1).
Based on mean annual depth-integrated TN:TP ratios (by mass) for the AEMP core and reference lakes
monitored from 2014 to 2018 (Table 9.4-6), the lakes have consistently been phosphorus-limited. Despite
evidence suggestive of phosphorus-limitation in the core and reference lakes, it is acknowledged that
nitrogen limitation is more widespread than originally assumed; therefore, to allow for the possibility that
nitrogen has a role in influencing productivity in the core lakes and to satisfy the Board requirement to
develop a nitrogen-related nutrient benchmark, it is recommended that a TN benchmark be established for
evaluating nutrient enrichment in the core lakes. A TP benchmark is already in place in the water quality
Action Level assessment for nutrient enrichment. Because the core lakes are considered phosphoruslimited, the TN benchmark will be based on a classification system for phosphorus-limited lakes presented
by Vollenweider and Kerekes 1982 (reproduced in Wetzel 2001), and will be considered secondary to TP
in the Action Level assessment.
Table 9.4-6

Total Nitrogen to Phosphorus Nutrient Ratios in the Core and Reference Lakes
between 2015 and 2018

Lake
Area 8
Lake N11
East Lake
Lake 3

2014

2015

2016

2017

2018

31
32
36
31

27
24
28
29

38
29
33
27

40
36
38
40

52
157
68
57

Nitrogen Benchmark
The Low Action Level trigger statements for nutrient enrichment are as follows:
“Lake-wide average nitrogen and phosphorus nutrient concentrations greater than normal range or EIS
prediction, supported by a visual temporal trend
AND
Lake-wide average nitrogen and phosphorus nutrient concentrations exceed 75% of AEMP benchmark
or
Relative difference of nitrogen and phosphorus nutrient concentrations between core lake and reference
lakes statistically significant compared to baseline (i.e., significant BACI effect detected)”
For the second statement, the benchmarks were those currently used in the AEMP, such as EIS
benchmarks and CCME guidelines. For phosphorus, the AEMP benchmark is 0.011 mg-P/L and is based
on CCME guidelines (CCME 2004). The intent of the TP benchmark is to provide protection from a trophic
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status increase from oligotrophic to mesotrophic (De Beers 2014a). However, a TN benchmark was not
defined for nutrient enrichment; therefore, the Board directed De Beers to use the toxicity benchmark for
nitrate in the assessment. De Beers noted that “nitrate is only appropriate for evaluating effects related to
toxicity” and agreed to suggest a TN benchmark in the Aquatic Effects Re-evaluation Report.
It is recommended that the TN benchmark generally follow the trophic classification system of Vollenweider
and Kerekes 1982 (reproduced in Wetzel 2001) and presented in Table 9.4-7. The range within each trophic
classification is wide, the oligotrophic and mesotrophic classifications overlap nearly fully, and their mean
TN values are similar. Therefore, a defensible boundary between oligotrophic and mesotrophic
classifications cannot be estimated for TN based on these data. Given that there is high certainty that the
core lakes and raised lakes are phosphorus-limited, it is suggested that the eutrophic status mean
(1.875 mg-N/L) be used as the TN benchmark, subject to further refinement based on its application in the
future. This value represents a 15% increase relative to the oligotrophic status maximum, or an increase of
approximately 10-fold relative to baseline TN concentrations in the core lakes.
Table 9.4-7

Total Nitrogen Trophic Classification and Proposed Benchmarks

Total Nitrogen
Count
Range (mg-N/L)
Mean (mg-N/L)

Oligotrophic

Trophic Classification(a)
Mesotrophic

11
0.307 to 1.630
0.661

8
0.361 to 1.387
0.753

Eutrophic

Proposed TN Benchmark

37
0.393 to 6.100
1.875

1.875

a) Based on Vollenweider and Kerekes 1982.
TN = total nitrogen; mg-N/L = milligrams of nitrogen per litre.

9.5

Action Level Updates for Plankton Variables

The AEMP Response Framework developed by De Beers (2016a) and summarized in Section 3 of this
document provides a systematic approach to responding to the results of the AEMP using tiered Low,
Moderate, and High Action Levels. Of the three impact hypotheses described in Section 3, (i.e., toxicological
impairment, nutrient enrichment, and physical habitat alteration), only toxicological impairment and nutrient
enrichment apply to the plankton component.
As described in Section 3, Action Levels are intended to represent increasing levels of change towards the
Significance Thresholds, which lead to increasing levels of actions to mitigate potential effects, and thereby
prevent reaching the Significance Thresholds. The Significance Threshold for the plankton component is:
ecological function is not maintained (i.e., inadequate food for fish; fish unable to survive, grow, or
reproduce; and/or sustained absence of a fish species).
The conditions that are specifically relevant to the plankton component are inadequate food for fish and fish
unable to survive, grow, or reproduce. Zooplankton are an important source of food for fish and some
phytoplankton taxa can produce toxins that can affect both zooplankton and fish survival, growth and
reproduction. Inadequate food for fish can also lead to fish being unable to survive, grow, or reproduce, and
result in the sustained absence of a fish species. As well, large increases in phytoplankton biomass
(i.e., blooms) can result in low dissolved oxygen (DO) conditions in important fish habitat and lead to fish
being unable to survive, grow, or reproduce, and result in the sustained absence of a fish species. The
Action Levels for the plankton component have been developed to address conditions that would result in
an insufficient food supply for local fish populations and toxic conditions for fish survival growth and
reproduction.
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Based on the 2015 to 2018 AEMP annual reports, and additional analyses completed through this reevaluation, recommendations to improve the Action Levels assessment for the plankton component
include:
•

The addition of chlorophyll a to the Action Level assessment for plankton (Section 9.5.1).

•

The removal of zooplankton abundance from the Action Level assessment (Section 9.5.2).

•

Modification to use of phytoplankton and zooplankton community composition (by biomass) in the
Action Level assessment (Section 9.5.3).

•

For the Core Lakes, revision of the Low Action Level criteria so that the sensitivity of the AEMP
Response Framework is appropriate for responding to Mine-related effects at an appropriate magnitude
and development of Moderate and High Action Levels (Section 9.5.4).

•

Development of Action Levels (Low, Moderate, and High) for Lake D2/D3 (Section 9.5.5).

9.5.1

Adding Chlorophyll a to Action Level Assessment

In the 2016 AEMP Annual Report, a recommendation was made to add chlorophyll a to the Action Level
assessment for plankton (De Beers 2017a) because it has proven to be a useful and complementary
indicator of phytoplankton biomass, and is subject to less spatial and temporal variation than phytoplankton
biomass (Golder 2014c). However, following review of the 2016 AEMP Annual Report, ENR recommended
that further discussion and evidence be provided to support this recommendation in the Aquatic Effects
Re-evaluation Report (Appendix 1A, Table 1A-4; ENR-14 and ENR-15).
From 2014 to 2018, weak to strong relationships were found between phytoplankton biomass and
chlorophyll a concentrations for the core and reference lakes depending on the year, with the strongest
linear relationship observed in the 2018 dataset (coefficient of determination [r2] = 0.765), followed by the
2015 dataset (r2 = 0.499; Figure 9.5-1). Despite varying strength of relationships among years, slopes of
relationships were parallel, or nearly parallel. Taken together, the results for all monitored years yield a
moderately strong relationship in the expected direction. Therefore, chlorophyll a concentration appears to
be a useful surrogate variable for phytoplankton biomass, especially as the range of concentrations
increase over time. Inclusion of chlorophyll a in the Action Level assessment would provide additional
evidence to support nutrient-related effects on the phytoplankton community, and would aid in the ability to
detect Mine-related effects because chlorophyll a concentrations appear to have lower spatial and temporal
variation relative to phytoplankton biomass (Figure 9.5-1).
Chlorophyll a has also been shown to be an important monitoring variable in other diamond mine monitoring
programs and is used in the Action Level assessment for the Diavik Diamond Mines (Diavik) AEMP (Golder
2014c). For Diavik, a chlorophyll a benchmark was developed to aid the Action Level assessment and was
at a concentration representing the upper limit characteristic of oligotrophic waters, based on a review of
the relevant scientific literature (Golder 2014c). It is recommended that a similar approach be adopted for
the core lakes in the AEMP re-design.
Chlorophyll a has been a reliable indicator of the biological response to nutrient enrichment at other mine
sites and appears to be a useful surrogate for phytoplankton biomass in the core and reference lakes, it is
recommended that chlorophyll a should be included as a variable in the Action Level assessment for the
Nutrient Enrichment Hypothesis.
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Relationship between Phytoplankton Biomass and Chlorophyll a Concentration for
the Core and Reference Lakes, 2014 to 2018

mg/m3 = milligrams per cubic metre; µg/L = micrograms per litre; r2 = coefficient of determination.

9.5.2

Removing Zooplankton Abundance from Action Level
Assessment

A recommendation was made in the 2016 AEMP Annual Report (De Beers 2017a) to remove zooplankton
abundance from the Action Levels. De Beers committed to provide rationale for removing it in the AEMP
Aquatic Effects Re-evaluation Report (Appendix 1A, Table 1A-4, MVLWB-1). However, following review of
the four years of monitoring data, it was determined that zooplankton abundance should remain a
component of the Action Level assessment because zooplankton abundance data in the core lakes have
suggested Mine-related effects, while zooplankton biomass data did not (Sections 9.2.1 and 9.2.2).

9.5.3

Community Composition in the Action Level Assessment

Following review of the four years of monitoring data, the recommendation is that community composition
data should be removed from the Low Action Level, but incorporated into the Moderate and High Action
Levels. In addition, it is suggested that the approach used to interpret the community data should be revised.
The current Low Action Level criteria for the Nutrient Enrichment Hypothesis related to an ecologically
relevant change in the plankton community composition was defined as a change in community composition
(by biomass) that persisted for at least two sampling events. Monthly MDS ordination plots (based on
biomass), ANOSIM results (based on biomass) and stacked bar time series plots of lake-wide mean
community composition by major taxonomic group (based on biomass and abundance) were examined to
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evaluate whether an ecologically relevant change was observed. When interpreting the ANOSIM results
and community composition time series plots, a change was considered noteworthy if the community
composition in the core lakes differed from baseline and also from the composition observed in the
reference lakes in a given year. Plots and analyses were done separately for each sampling event
(i.e., June/July, August, and September) and were examined to determine whether the change in plankton
community composition persisted for at least two sampling events. Significant ANOSIM results and distinct
changes in the community composition, based on the time series plots, during at least two sampling events
were considered indicative of an ecologically relevant change, thus triggering a Low Action Level for nutrient
enrichment.
The inherent variability in community composition led to uncertainty in the interpretation of ecologically
relevant changes and overly sensitive triggers of the Low Action Level, because changes in community
composition triggered the Action Level in the absence of changes in more reliable indicators of biomass,
such as phytoplankton biomass and chlorophyll a. Therefore, rather than include community composition
changes in the Low Action Level for the Nutrient Enrichment Hypothesis, it is proposed that community
compositional changes relevant to supporting a healthy fish community be included in both the toxicological
impairment and nutrient enrichment Action Levels at the Moderate Action Level. It is also suggested that
specific major groups be tracked (relevant to fish health endpoints, i.e., cladocerans [Ginter et al. 2018])
and directionality be placed on these variables. The suggested additions relevant to community
compositional changes are provided in Table 9.5-1.
For toxicological impairment, Moderate and High Action Level triggers are based on a reduction in
cladoceran biomass (≥50% reduction for moderate and ≥75% reduction for high) because cladocerans are
a preferred food source for fish. It is acknowledged that a reduction in cladoceran biomass may be observed
as a result of increased predation pressure; however, community composition changes are one of multiple
triggers that are needed within the Moderate or High Action Levels (Table 9.5-3). Further lines of evidence
pointing towards toxicity are required to trigger the Moderate and High Action Levels.
For nutrient enrichment, the Moderate Action Level is based on a shift in community composition from
chrysophytes and diatoms (baseline community composition) to cyanobacteria and chlorophytes
(Table 9.5-1). The magnitude of change that is required to trigger the Moderate Action Level is a ≥50%
reduction in chrysophytes and diatoms and a ≥100% increase in cyanobacteria and chlorophytes. Changes
greater than a 50% reduction and a 100% increase are needed to trigger the Moderate Action Level
because reductions in chyrosphytes and diatoms at 50% or less and increases in cyanobacteria and
chlorophytes of 100% or less have been observed during baseline (Section 9.2).
The High Action Level trigger for nutrient enrichment is the same as the High Action Level for toxicological
impairment and is related to community compositional changes that are relevant to a healthy fish community
and maintenance of ecological function (i.e., the Significance Threshold). Both toxicity and nutrient
enrichment can result in a reduction in large cladocerans and copepods and an increase in rotifers. An
increase in cyanobacteria (observed as part of the Moderate Action Level) can result in an increase in
toxinproducing taxa as well as an increase in taxa that can interfere with zooplankton filter-feeding capacity
(Anderson et al. 2002); therefore, a ≥75% reduction in cladoceran biomass is also considered to in the High
Action Level criteria for nutrient enrichment.
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Proposed Moderate and High Action Levels Relevant to Community Composition
Changes
Impact Hypothesis

Action Level

Toxicological Impairment

Moderate

Zooplankton community composition shifting from
cladocerans and copepods to rotifers measured as a
≥50% reduction in cladoceran biomass relative to
regional normal range mean/median

High

Zooplankton community composition shifting from
cladocerans to rotifers measured as a ≥75% reduction
in cladoceran biomass relative to regional normal
range mean/median

9.5.4

Nutrient Enrichment
Phytoplankton community composition shift from
chrysophytes and diatoms to cyanobacteria and
chlorophytes measured as a ≥50% reduction in
chrysophyte and diatom biomass and a ≥100%
increase in cyanobacteria and chlorophytes relative to
regional normal range mean/median
Zooplankton community composition shifting from
cladocerans to rotifers measured as a ≥75% reduction
in cladoceran biomass relative to regional normal
range mean/median

Action Level Updates in the Core Lakes

The re-evaluation process for the plankton Action Levels in the core lakes consisted of revising the Low
Action Level criteria, and developing Moderate and High Action Levels.

9.5.4.1

Low Action Level

Recommendations were made in the 2015 and 2017 AEMP annual reports (De Beers 2016c, 2018c) to
modify the Low Action Level criteria for plankton component for the Toxicological Impairment and Nutrient
Enrichment Hypotheses. The Low Action Levels for the plankton component are described in Section 8.4
of the AEMP Design Plan (De Beers 2016a) and Table 9.5-2. Primarily, the Low Action Level in the core
lakes should be modified to address problems related to the sensitivity of the Action Level criteria to detect
Mine-related changes. The current Low Action Level trigger for toxicological impairment for plankton is
based on two statements and is triggered if (Table 9.5-2):
•

lake wide average value for a plankton variable exceeds the upper or lower bound of the normal range
or

•

there is a significant BACI effect detected in a variable relative to each of the reference lakes, in a
consistent direction

For nutrient enrichment, a third statement is included related to an ecologically relevant change to
community composition. If one or more of these conditions are true, a Low Action Level is triggered.
Based on the current Low Action Level criteria, it is possible to have a significant BACI effect and still be
within the normal range (Table 9.5-2). Conversely, because of the narrow normal range, which was based
on limited baseline data, a Low Action Level could also be triggered by a normal range exceedance without
having a significant BACI effect. Triggering based on these Low Action Level criteria is unlikely to be
indicative of a real effect, largely because the “or” operator in the Action Level criteria makes the Low Action
Level overly sensitive.
The Low Action level was triggered in three out of the four years of monitoring in one or both of the core
lakes (Section 9.2).The high incidence of Action Level triggers for the plankton component is inconsistent
with the conclusions of the analysis and with the overall Weight of Evidence analysis for the AEMP, which
do not clearly indicate that toxicological impairment effects have occurred in the core lakes. While there
was some evidence to link the plankton responses to the Mine and to nutrient enrichment, the results are
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also representative of high year-to-year variability in the plankton community and a narrow normal range
based on a limited baseline dataset. Overall, these findings suggest that the existing Low Action Level
criteria for plankton do not align with the intended effect magnitude for a Low Action Level, as defined by
the 2019 guidelines.
It is recommended that the Action Level criteria used for assigning a Low Action Level should be revised,
so that the sensitivity of the AEMP Response Framework is appropriate for responding to Mine-related
effects at the appropriate magnitude. The recommended revision involves changing the Low Action Level
definitions to replace the “or” logical operator with an “and”, thereby requiring both criteria be met before a
Low Action Level is triggered (Table 9.5-2). This modification to the Low Action Levels for the plankton
component will address the current oversensitivity of the Low Action Level criteria, while still allowing for an
early warning of potential change.
As recommended in Sections 9.5.1 and 9.5.3, chlorophyll a should be included as a variable in the nutrient
enrichment Action Levels and community composition changes should be removed from the Low Action
Level, and only be considered in the moderate and high Action Level triggers (Table 9.5-3).
It is also recommended for the Low Action Level, that the number of years that a persistent change be
observed in the nutrient enrichment Action Levels be reduced from three years to two years to be consistent
with other components (i.e., water quality and benthic invertebrates). The language used to describe the
BACI results is ambiguous; therefore, it is recommended that clear modifiers be added to the BACI results
for each impact hypothesis (i.e., for the toxicological impairment Action Levels, a decreasing BACI effect
must be observed, while for the nutrient enrichment Action Levels, an increasing BACI effect must be
observed).
The recommended changes to the Low Action Level for the plankton variables are consistent with the
updated guidance document, that a Low Action Level should be triggered in cases where “effects are
measurable, but are well below the significance threshold” (MVLWB and GNWT 2019). The revised Low
Action Levels (Table 9.5-2) are intended to detect a change in the plankton community towards the
Significance Threshold that is of relatively low concern and may require further review of potential causes
as part of follow-up actions. By requiring both criteria to be true for a trigger, an effect that triggers the Low
Action Level represents a detectable change that is large enough to be outside typical background
variability.
Consistent with the currently approved Low Action Level, the revised Low Action Levels include
consideration of main plankton variables evaluated by the AEMP (i.e., chlorophyll a, phytoplankton
biomass, and zooplankton abundance and biomass). This allows the Low Action Level to detect relatively
subtle responses in plankton community, that could indicate an adverse change in the community that could
lead to a change in ecological function. However, triggering a Low Action Level does not imply that adverse
effects to ecological function and fish are likely to occur; rather, the responses suggest that there are low
level changes occurring in the community that should continue to be monitored to confirm that the conditions
do not worsen over time.
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Moderate Action Level

The Moderate Action Level proposed in Table 9.5-2 for the plankton component aligns with current AEMP
guidance, in that it is triggered by measurable effects that, although well bellow a Significance Threshold,
are trending towards it. Whereby the Low Action Level represents an early warning of a potential change
in plankton communities, the Moderate Action Level signifies that there is a change that represents a
moderate level of concern that the Significance Threshold could be reached, and therefore requires
preparation of a Response Plan. An effect that triggers the Moderate Action Level poses a potential threat
to the aquatic ecosystems in Lake N11 or Area 8, and should be responded to by actions that may involve
additional investigation of causation and ecological implications, and thus allow appropriate management
intervention, if required (Table 9.5-2).
To trigger the Moderate Action Level for toxicological impairment, there has to be a meaningful reduction
in availability of zooplankton as a food source for fish. The plankton variables considered at the Moderate
Action Level for toxicological impairment are zooplankton abundance and biomass and biomass of a key
prey item (i.e., cladocerans) for local fish. Phytoplankton biomass is considered at the Low Action Level but
is not included at the Moderate Action Level, because escalation of the Action Levels must focus on effect
variables that are directly linked to the Significance Threshold (i.e., ecological function is not maintained inadequate food for fish; fish unable to survive, grow, or reproduce; and/or sustained absence of a fish
species).
Frequency criteria are often considered when escalading from a Low to a Moderate Action Level (i.e., two
consecutive years of effects observed before an Action Level is triggered); however, for the toxicological
impairment Action Levels, this aspect was not incorporated to preserve the sensitivity of the Moderate
Action Level in responding to potential toxicity-related effect.
It is recommended that a Moderate Action Level for toxicological impairment is triggered if all three of the
following trigger statements are met:
1. Lake-wide average value for total zooplankton abundance, or biomass is less than the lower boundary
of the regional normal range, or less than the regional mean and trending toward the lower boundary
of the regional normal range over a period of at least three years.
2. Zooplankton community composition is shifting from cladocerans and copepods to rotifers, measured
as a ≥50% reduction in cladoceran biomass relative to the regional normal range median.
3. Moderate Action Level is triggered by one or more water quality, sediment quality, or benthic
invertebrate endpoint(s).
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Updated Action Levels for the Plankton Community in the Core Lakes
Action Level

Impact Hypothesis
Toxicological Impairment

Nutrient Enrichment

Low(a)
Effects are measurable but well below the
Significance Threshold – trigger meant as a
warning and requirement for further evaluation

Lake-wide average value for total phytoplankton biomass, zooplankton abundance,
or zooplankton biomass less than the lower boundary of the regional normal range
AND
A significant decreasing BACI effect detected in total phytoplankton biomass,
zooplankton abundance, or zooplankton biomass

Lake-wide average value for chlorophyll a, total phytoplankton biomass, zooplankton
abundance, or zooplankton biomass above the upper boundary of the regional normal
range for two consecutive years (b)
AND
A significant increasing BACI effect detected in chlorophyll a, total phytoplankton
biomass, zooplankton abundance, or zooplankton biomass in two consecutive years

Moderate
Effects are measurable and are trending towards
the Significance Threshold, but still well below it

Lake-wide average value for total zooplankton abundance, or zooplankton biomass
less than the lower boundary of the regional normal range or less than the regional
mean and trending toward the lower bound of the regional normal range over a
period of at least three years.
AND
Zooplankton community composition shifting from cladocerans and copepods to
rotifers measured as a ≥50% reduction in cladoceran biomass relative to regional
normal range median
AND
Moderate Action Level in one or more water quality, sediment quality, or benthic
invertebrate endpoint(s).

High
Measured effects continue to trend towards the
Significance Threshold

Lake-wide average value for total zooplankton biomass 50% less than the lower
bound of the regional normal range.
AND
Zooplankton community composition shifting from cladocerans to rotifers measured
as a ≥75% reduction in cladoceran biomass relative to regional normal range
median

Lake-wide average value for total phytoplankton biomass, zooplankton abundance, or
zooplankton biomass above the uppper boundary of the regional normal range or shift
in trophic status observed from oligotrophic to mesotrophic based on chlorophyll a
concentrations.
AND
Phytoplankton community composition shift from chrysophytes and diatoms to
cyanobacteria and chlorophytes measured as a ≥50% reduction in chrysophyte and
diatom biomass and a ≥100% increase in cyanobacteria and chlorophytes relative to
regional normal range mean
AND
Moderate Action Level in one or more water quality, sediment quality, or benthic
invertebrate endpoint(s).
Visual algal bloom or a lake-wide average value for total phytoplankton biomass 75%
greater than the upper bound of the regional normal range or lake-wide average value
for total zooplankton biomass 50% less than the lower bound of the regional normal
range
AND
Zooplankton community composition shifting from cladocerans to rotifers measured as
a ≥75% reduction in cladoceran biomass relative to regional normal range median

Suggested Responses
Report in the AEMP report – no formal AEMP Reponse Plan needed as per
current AEMP guidance
Continue AEMP annual monitoring to confirm the noted Low Action Level
results
If observed response(s) are outside EIS predictions, re-evaluate EIS
predictions in a special study to confirm predictions
Address any key uncertainties identified by the Low Action Level assessment

Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the noted Moderate Action
Level results
Address any key uncertainties identified by the Moderate Action Level
assessment
Assess potential effects on downstream lakes in a special study
Identify and evaluate potential mitigation options in response to the Moderate
Action Level assessment. As appropriate, consider implementing mitigation.

Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the noted High Action Level
results
Address any key uncertainties identified by the High Action Level assessment
Initiate mitigation options

a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible levels of environmental change.
b) Some level of nutrient enrichment is expected, and, at a low level, the nutrient enrichment may be beneficial to the plankton community. Thus, a more persistent (i.e., two consecutive years) effect on the plankton community is required to reach the Low Action Level for nutrient enrichment.
TBD = to be determined; BACI = before-after control-impact; AEMP = Aquatic Effects Monitoring Program; ANOSIM = analysis of similarities; MDS = multidimensional scaling. EIS = Environmental Impact Statement.
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To trigger the Moderate Action Level for nutrient enrichment, there has to be a meaningful increase in
plankton variables in response to nutrient loading that represents a moderate level of concern that the
Significance Threshold could be reached. Studies evaluating effects of nutrient enrichment on plankton
communities indicate that a typical response is an overall increase in biomass and abundance at low to
moderate nutrient loading. This increase will continue as nutrient loading continues; however, under
eutrophic to hyper-eutrophic conditions, the increase abundance and/or biomass is often followed by a
sharp decline which can lead to a high rate of decomposition of plankton biomass and reduced dissolved
oxygen concentrations at the bottom of the water column. This could lead to potential winter fish kills
(Anderson et al. 2002). The magnitude and timing of the response depends on factors such as the rate of
nutrient loading, life history characteristics of taxa, and the influence of bottom-up and top-down factors that
regulate secondary producers. The plankton variables considered at the Moderate Action Level for nutrient
enrichment are chlorophyll a concentration, phytoplankton biomass, zooplankton abundance and biomass
and phytoplankton community composition.
It is recommended that a Moderate Action Level for nutrient enrichment is triggered if all three of the
following trigger statements are met:
4. Lake-wide average value for total phytoplankton biomass, zooplankton abundance, or zooplankton
biomass is above the upper boundary of the regional normal range, or a shift in trophic status occurs
from oligotrophic to mesotrophic based on chlorophyll a concentration.
5. Phytoplankton community composition shift occurs from chrysophytes and diatoms to cyanobacteria
and chlorophytes, measured as a ≥50% reduction in chrysophyte and diatom biomass and a ≥100%
increase in cyanobacteria and chlorophyte biomass relative to regional normal range mean.
6. Moderate Action Level is triggered by one or more water quality, sediment quality, or benthic
invertebrate endpoint(s).
At the Moderate Action Level, a shift in community composition is anticipated from chrysophytes and
diatoms (baseline community composition) to cyanobacteria and chlorophytes. The magnitude of change
that is required to trigger the Moderate Action Level is a ≥50% reduction in chrysophytes and diatoms and
a ≥100% increase in cyanobacteria and chlorophytes. Changes greater than a 50% reduction and a 100%
increase are needed to trigger the Moderate Action Level, because reductions in chrysophytes and diatoms
at 50% or less and increases in cyanobacteria and chlorophytes of 100% or less have been observed
during baseline conditions (Section 9.2).
For both the Toxicological Impairment and Nutrient Enrichment Hypotheses, the Action Level criteria allow
for effects to either occur abruptly, within a single year (i.e., once a Low Action Level has been triggered),
or for a gradual increasing trend toward the defined thresholds over a period of at least three years. In
addition, both the toxicological impairment and nutrient enrichment Moderate Action Levels include the
requirement that a Moderate effect must also be triggered in one or more variables measured by the water
quality, sediment quality, or benthic invertebrate components. This provision ensures that high natural or
variability in the plankton community does not trigger an Action Level in the absence of a link to the Mine.
Furthermore, if a Moderate Action Level caused by a Mine-related source were triggered for the plankton
component, a response of corresponding magnitude would be expected to occur in at least one other effect
indicator measured by the AEMP.
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Overall, triggering of the Moderate Action Level does not mean that ecological function is no longer
maintained, but that Mine-related changes in plankton were detected that could potentially be responsible
for low-level changes in fish and fish health that, if not responded to, could potentially lead to adverse
effects. The suggested response to a Moderate Action Level trigger for the plankton community is to confirm
results, address uncertainties in the data, assess potential effects on downstream lakes, and identify and
implement potential mitigation options.

9.5.4.3

High Action Level

The High Action Level proposed in Table 9.5-2 for the plankton component aligns with current AEMP
guidance, in that it is triggered by measurable effects that are approaching the Significance Threshold. This
level may be reached because the initial management response to the Moderate Action Level trigger was
insufficient to mitigate the potential threat to the aquatic ecosystem. This level of heightened concern means
that timely management intervention to reverse the effect is required through a Response Plan.
The High Action Level for toxicological impairment is triggered if both of the following trigger statements are
met:
7. Lake-wide average value for total zooplankton biomass is 50% less than the lower bound of the regional
normal range.
8. Zooplankton community composition shifts from cladocerans to rotifers, measured as a ≥75% reduction
in cladoceran biomass relative to the regional normal range median.
The High Action Level for nutrient enrichment is triggered if both of the following trigger statements are met:
9. Visual algal bloom, or a lake-wide average value for total phytoplankton biomass that is 75% greater
than the upper bound of the regional normal range, or lake-wide average value for total zooplankton
biomass that is 50% less than the lower bound of the regional normal range is observed.
10. Zooplankton community composition shifts from cladocerans to rotifers, measured as a ≥75% reduction
in cladoceran biomass relative to the regional normal range median.
The High Action Level conditions are similar for the Toxicological Impairment and Nutrient Enrichment
Hypotheses (Table 9.5-2). In both cases, a high-level effect is signified by a meaningful reduction in the
availability of zooplankton prey as a food source for fish, indicating a high level of concern that the
Significance Threshold could be reached. A substantial decrease in zooplankton abundance or biomass
could occur due to either toxicological impairment or nutrient enrichment resulting from Mine activity. In the
case of nutrient enrichment, the intent is to capture the decline in abundance or biomass that often occurs
following high nutrient inputs. The Nutrient Enrichment Hypothesis includes one additional criterion in the
High Action Level criteria related to phytoplankton biomass, which could be harmful to fish (i.e., a visual
algal bloom or an increase in phytoplankton biomass to a value that is 75% greater than the upper bound
of the normal range). Under eutrophic to hyper-eutrophic conditions, the increase abundance and/or
biomass in phytoplankton can result in cyano-toxin production and can often be followed by a sharp decline
in biomass, which can lead to high rates of decomposition and reduced dissolved oxygen concentrations
at the bottom of the water column, and potential winter fish kills (Anderson et al. 2002).
Triggering of the High Action Level does not mean that ecological function is no longer maintained, but that
we have detected Mine-related changes in the plankton component that could be responsible for changes
in fish and fish health that have the potential to lead to adverse effects. The suggested response to a
change in the plankton community that triggers the High Action Level is to confirm results, address
uncertainties in the data, and continue or initiate mitigation.
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Action Levels in Lake D2/D3

Monitoring of Lake D2/D3 under the AEMP from 2015 to 2018 identified a number of changes in the aquatic
environment that have been linked to rising water level following construction of Dyke F. Therefore, it is
recommended that Action Levels for plankton variables be developed for Lake D2/D3. This
recommendation is consistent with guidance set out in MVLWB and GNWT (2019) that additional Action
Levels should be developed when evidence of a trend is documented by the AEMP.
The Action Levels for Lake D2/D3 are provided in Table 9.5-3. The Low, Moderate and High Action Level
criteria generally follow the same concepts and rationale as the Action Levels developed for the core lakes
(Section 9.5.3). The main differences are that there are no normal ranges defined for the plankton variables
for Lake D2/D3, and the statistical approach applied to the environmental data from Lake D2/D3 is a
univariate comparison of pre- and post-dyke sampling events rather than a BACI design. As there are no
normal ranges defined for the plankton variables in Lake D2/D3, the magnitude of effect is defined in terms
of the mean plus or minus two standard deviations applied to Action Level criteria incorporating effect
magnitude.
Similar to the core lakes, Action Levels for Lake D2/D3 were developed for both the Toxicological
Impairment and Nutrient Enrichment Hypotheses (Table 9.5-3). Therefore, the Action Levels allow for
categorization of both increases and decreases in plankton variables in response to Mine-related changes
in hydrology, and water quality. It is acknowledged that other community responses may occur in
Lake D2/D3 as a result of the various stressors and environmental changes that may be acting as a result
of the increased water level. For example, rising water levels could increase available habitat area in
Lake D2/D3, leading to an overall increase in plankton abundance and biomass in the lake.

9.5.5.1

Low Action Level

The Low Action Levels proposed for the plankton variables in Lake D2/D3 are defined in Table 9.5-3. For
the Toxicological Impairment and Nutrient Enrichment Hypotheses, the Low Action Level is based on a
decrease or an increase, respectively of two standard deviations (SD) from the pre-dyke (2015) mean.

9.5.5.2

Moderate Action Level

The Moderate Action Levels proposed for the plankton variables in Lake D2/D3 are defined in Table 9.5-3.
For toxicological impairment, the Moderate Action Level criteria are based on whole-lake average values
for total zooplankton biomass and cladoceran biomass being 50% less than the pre-dyke mean or less
than the pre-dyke mean and decreasing for three or more years. For nutrient enrichment, the Moderate
Action Level criterion was defined as an increase in total phytoplankton or zooplankton biomass by greater
than or equal to 50% relative to the pre-dyke mean.
For both the Toxicological Impairment and Nutrient Enrichment Hypotheses, the Moderate Action Levels
include the requirement that a Moderate Action Level must also be triggered in one or more variables
measured by the water quality, sediment quality, or benthic invertebrate components. This provision
ensures that high natural variability in the plankton community does not trigger an Action Level in the
absence of a link to the Mine. Furthermore, if a Moderate Action Level caused by a Mine-related source
were triggered for the plankton component, a corresponding magnitude response would be expected to
occur in at least one other effect indicator measured by the AEMP.
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High Action Level

The High Action Level criteria proposed for plankton variables in Lake D2/D3 are defined in Table 9.5-3.
The High Action Level conditions for Lake D2/D3 are similar for the Toxicological Impairment and Nutrient
Enrichment Hypotheses. In both cases, the High Action Level is defined as a greater than or equal to 75%
decrease in zooplankton biomass compared the pre-dyke mean, while for nutrient enrichment, an increase
in phytoplankton biomass by greater than or equal to 75% is also included to capture potential cyano-toxin
production or algal bloom conditions (Section 9.5.4.3).
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Updated Action Levels for the Plankton Community in Lake D2/D3

Action Level

Toxicological Impairment

Nutrient Enrichment

Low
Effects are
measurable but well
below the Significance
Threshold – trigger
meant as a warning
and requirement for
further evaluation

Significant decrease in total phytoplankton biomass,
zooplankton abundance, or zooplankton biomass
relative to pre-dyke conditions, with a magnitude
greater than the mean ± 2SD

Significant increase in for chlorophyll a, total
phytoplankton biomass, zooplankton abundance, or
zooplankton biomass relative to pre-dyke conditions,
with a magnitude greater than the mean ± 2SD

Moderate
Effects are
measurable and are
trending towards the
Significance
Threshold, but still well
below it

Lake-wide average values for total zooplankton
biomass and biomass of cladocerans and copepods
50% less than the pre-dyke mean or less than the
pre-dyke mean and decreasing for three or more
years
AND
Moderate Action Level in one or more water quality,
sediment quality, or benthic invertebrate endpoint(s)

Lake-wide average value for total phytoplankton or
zooplankton biomass 50% greater than the pre-dyke
mean or greater than the pre-dyke mean and
increasing for three or more years
AND
Moderate Action Level in one or more water quality,
sediment quality, or benthic invertebrate endpoint(s)

High
Measured effects
Lake-wide average value for total zooplankton
continue to trend
biomass 75% less than the pre-dyke mean
towards the
Significance Threshold

Lake-wide average value for total phytoplankton
biomass 75% greater than the pre-dyke mean or
zooplankton biomass 75% less than the pre-dyke
mean

Suggested Responses
Report in the AEMP annual report – no formal
AEMP Reponse Plan needed as per current AEMP
guidance
Continue AEMP annual monitoring to confirm the
noted Low Action Level results
If observed response(s) are outside EIS predictions,
re-evaluate EIS predicitons in a special study to
confirm predictions
Address any key uncertainties identified by the Low
Action Level assessment
Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the
noted Moderate Action Level results
Address any key uncertainties identified by the
Moderate Action Level assessment
Identify and evaluate potential mitigation options in
response to the Moderate Action Level assessment.
As appropriate, consider implementing mitigation
Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the
noted High Action Level results
Address any key uncertainties identified by the High
Action Level assessment
Identify, evaluate, and implement mitigation
measures to stop or reverse the observed trend so
the Significance Threshold is not reached

≥ = greater than or equal to; CES = critical effect size; ± = plus or minus; SD = standard deviation; EIS = environmental impact statement; AEMP = Aquatic Effects Monitoring Program.
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Action Level Updates for Nutrients

As described in Section 3, Action Levels are intended to represent increasing levels of change towards the
Significance Thresholds, which lead to increasing levels of actions to mitigate potential effects, and thereby
prevent reaching the Significance Thresholds. The Significance Thresholds for the Nutrient Enrichment
Hypothesis is: Ecological function is not maintained (i.e., inadequate food for fish; fish unable to survive,
grow, or reproduce; and/or sustained absence of a fish species).

9.6.1

Core Lakes

De Beers recommends that Action Levels specific to nutrient enrichment be included as part of the Plankton
component (i.e., rather than the Water Quality component) and include both depth-integrated and discrete
nutrient data because the Plankton component already evaluates depth-integrated nutrient concentrations,
while the Water Quality component focuses on effects related to potential toxicity. It is also recommended
as discussed in Section 9.6.1 that AEMP nutrient benchmarks are needed for both TP and TN to assess
nutrient enrichment in the core lakes based on nutrient limitation. The TP benchmark (0.011 mg-P/L) was
developed under the AEMP Design Plan and has been applied throughout the 2015 to 2018 AEMP annual
reports under the water quality component; however, a TN benchmark had not been developed
(Table 9.6-1). The proposed TN benchmark is 1.875 mg-N/L (Section 9.6.1). The Action Levels for nutrient
enrichment applied throughout the 2015 to 2018 AEMP annual reports focused on TP concentrations; the
updated nutrient Action Levels incorporate both TP and TN.
In the EIS for the Mine (De Beers 2011, 2012) and in the water quality model update as part of the 2018
Water Licence Amendment application (De Beers 2018g), mild nutrient enrichment effects were considered
likely in Area 8 and Lake N11. Therefore, nutrient benchmarks and Action Levels take this into
consideration. In addition, low level nutrient enrichment can be beneficial to the plankton, benthic
invertebrate and fish communities. In addition, increases in nitrate concentration are expected in Lake N11
and to a lesser extent in Area 8 as a result of Mine-related activities (Water Quality, Section 7), and
phosphorus is the more likely limiting nutrient in the core lakes; therefore, greater increases in TN are
expected in the core lakes compared to TP, and a more persistent increase in TN is required to reach the
Low Action Level for nutrient enrichment, while still preserving ecological function of the lake under the Low
and Moderate Action Levels.
The Action Levels for nutrient enrichment consider that both TP and TN increase; however, because the
core lakes are phosphorus-limited, increase in phosphorus without increases in nitrogen can result in large
increases in productivity. Therefore, in the event that TN increases are not observed, the Action Levels can
be driven by TP alone rather than requiring increases in both nutrients.
Table 9.6-1

Trophic Classification Ranges and Proposed Benchmarks

Nutrient
Count
Total Phosphorus(a,b)
Range (mg-P/L)
Mean (mg-P/L)
Count
Total Nitrogen(c)
Range (mg-N/L)
Mean (mg-N/L)

Trophic Classification
Oligotrophic
Mesotrophic
Eutrophic
0.004 to 0.010
0.010 to 0.020
0.035 to 0.10
11
8
37
0.31 to 1.63
0.36 to 1.39
0.39 to 6.10
0.661
0.753
1.875

AEMP Nutrient
Benchmarks
0.011(b)

1.875

a) Based on CCME 2004.
b) The AEMP Benchmark for TP was developed as part of the AEMP Design Plan Version 5 (De Beers 2016a).
c) Based on Vollenweider and Kerekes (1982).
mg-P/L = milligrams of phosphorus per litre; mg-N/L = milligrams of nitrogen per litre; AEMP = Aquatic Effects Monitoring Program; = not applicable; not reported by sources.
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Low Action Level
The Low Action Level proposed in Table 9.6-2 for the Nutrient Enrichment Hypothesis aligns with current
AEMP guidance, where a Low Action Level is triggered in cases where “effects are measurable, but are
well below the significance threshold” (MVLWB and GNWT 2019), representing an early warning of an
increase in nutrient concentrations.
The Low Action Level is triggered by lake-wide TP and TN concentrations above the baseline normal range
and a statistically significant difference between the core lakes and reference lakes and compared to
baseline in either nutrient. In addition, the observed lake-wide mean concentrations of TP and TN should
exceed 75% of the AEMP benchmarks (Table 9.6-1).

Moderate Action Level
The Moderate Action Level proposed in Table 9.6-2 for the Nutrient Enrichment Hypothesis aligns with
current AEMP guidance, in that it is triggered by measurable effects that, although well below a Significance
Threshold, are trending towards it. Whereas the Low Action Level represents an early warning of a change
in nutrient concentrations, the Moderate Action Level signifies that there is a change in nutrient
concentrations that represents a moderate level of concern that the Significance Threshold could be
reached. Consistent with this level of concern, a Response Plan is developed to better understand the
variable that triggered the Action Level and then, if necessary, proposes measures to reduce the degree of
change. An effect that falls within the Moderate Action Level should be responded to by actions that may
involve additional investigation to determine both significance and causation, and thus allow effective
management intervention, if such is required.
The Moderate Action Level is triggered by lake-wide average TP and TN concentrations persistently above
the baseline normal range for three consecutive years. The observed lake-wide change in concentration
should also exceed the AEMP benchmarks for TP and TN (Table 9.6-1). Triggering of the Moderate Action
Level does not mean that ecological function is not maintained, but rather that we have detected Minerelated changes indicating nutrient enrichment is occurring that could potentially be responsible for lowlevel changes observed in lower trophic communities. Some degree of nutrient enrichment is beneficial to
fish productivity; therefore, a persistent increase above the baseline normal range in either nutrient is
needed before action is taken.

High Action Level
The High Action Level proposed in Table 9.6-2 for the Nutrient Enrichment Hypothesis aligns with the
current AEMP guidance in that it is triggered by measurable effects that are closer to the Significance
Threshold than at the Moderate Action Level, and so indicate a high level of concern that the Significance
Threshold might be reached.
The High Action Level is triggered by lake-wide average TP and TN concentrations exceeding the AEMP
benchmark by 50% (Table 9.6-2).
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Updated Action Levels for Nutrients in the Core Lakes

Action Level

Low(a)
Effects are
measurable but well
below the
Significance
Threshold – trigger
meant as a warning
and requirement for
further evaluation

Moderate
Effects are
measurable and are
trending towards the
Significance
Threshold, but still
well below it

High
Measured effects
continue to trend
towards the
Significance
Threshold

December 2019

Core Lake Action Levels
Lake-wide average nitrogen and phosphorus
nutrient concentrations greater than the baseline
normal range or EIS prediction(b)
AND
A statistically significant relative difference between
core lake and reference lakes for total phosphorus
and total nitrogen compared to baseline (i.e.,
significant BACI effect detected)
AND
Lake-wide average nitrogen and phosphorus
nutrient concentrations exceed 75% of AEMP
benchmarks
Lake-wide average value for total phosphorus and
total nitrogen concentrations persistently (three
consecutive years) above regional normal range
AND
Lake-wide average nitrogen and phosphorus
nutrient concentrations exceeding the AEMP
benchmarks

Lake-wide average total phosphorus and total
nitrogen concentrations exceeding the AEMP
benchmark by 50%

Suggested Responses

Report in the AEMP annual report – no formal AEMP
Reponse Plan needed as per current AEMP
guidance
Continue AEMP annual monitoring to confirm the
noted Low Action Level results
Address any key uncertainties identified by the Low
Action Level assessment

Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the
noted Moderate Action Level results
Address any key uncertainties identified by the
Moderate Action Level assessment
Identify and evaluate potential mitigation options in
response to the Moderate Action Level assessment.
As appropriate, consider implementing mitigation
Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the
noted High Action Level results
Address any key uncertainties identified by the High
Action Level assessment
Identify, evaluate, and implement mitigation
measures to stop or reverse the observed trend so
the Significance Threshold is not reached

a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent
negligible levels of environmental change.
b) EIS predictions for TP and nitrate and ammonia.
AEMP = Aquatic Effects Monitoring Program; BACI = before-after control impact; EIS = Environmental Impact Statement; mg-P/L =
milligrams of phosphorus per litre; mg-N/L = milligrams of nitrogen per litre.
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Lake D2/D3

Monitoring of Lake D2/D3 under the AEMP from 2015 to 2018 identified a number of changes in the aquatic
environment that have been linked to rising water levels. Action Levels were developed for nutrient
enrichment variables (i.e., TP and TN) in Lake D2/D3, consistent with guidance set out in MVLWB and
GNWT 2019 that additional Action Levels should be developed when evidence of a trend is documented
by the AEMP.
The Action Levels for nutrient enrichment in Lake D2/D3 are summarized in Table 9.6-3. The Low, Moderate
and High Action Level categories generally follow the same concepts and rationale as the Action Levels
developed for the core lakes (Section 9.6.2.1). The main differences are that there are no normal ranges
or AEMP benchmarks defined for TP and TN in Lake D2/D3 and the statistical approach applied to the
environmental data from Lake D2/D3 is a univariate comparison of pre- and post-dyke sampling events
rather than a BACI design. As there are no normal ranges or AEMP benchmarks defined for TP or TN in
Lake D2/D3, the magnitude of effect is defined in terms changes in trophic classification as defined by
CCME 2004 for TP and for TN by Vollenweider and Kereks 1982 (reproduced in Wetzel 2001) for
phosphorus limited lakes (Table 9.6-1).
Nutrient enrichment is expected to occur in Lake D2/D3 and has been observed in the 2017 and 2018
AEMP monitoring data, as a result of the flooding of the tundra surrounding Lakes D2 and D3. A 20-year
study at Experimental Lakes Area (known as the IISD-ELA) showed that impoundment and flooding of the
wetland surrounding a small existing lake (Lake 979) resulted in an increase in nutrient concentrations that
lasted from 6 to 14 years (Paterson et. al. 2019). The increase in fluxes during the first six years of
impoundment indicated an internal source of nutrients in Lake 979. The authors attributed the increased
nutrient fluxes and concentrations to releases from the flooded wetland and associated decomposition of
organic matter.
The Paterson et al. (2019) article provides evidence to suggest that new reservoirs are likely to be a
temporary source of nutrients to downstream ecosystems. With net outputs exceeding inputs but with time,
most reservoirs will become more similar to natural lakes and shift to being net nutrient sinks. Lake 979
shifted from being a net source of TP and TN to a sink within two decades of the initial impoundment. For
example, mean TP concentrations increased to a high of 0.031 mg-P/L approximately a decade after
impoundment, following removal of the dam, mean annual TP concentrations returned to near
pre-impoundment levels (0.0068 mg-P/L). Mean annual TN concentrations in Lake 979 increased from
0.355 mg-N/L (pre-impoundment) to 0.803 mg-N/L three years after impoundment. In subsequent years,
mean annual TN concentrations increased to a high of 0.992 mg-N/L a decade after impoundment. After
removal of the dam, mean TN concentrations were near pre-impoundment levels (0.370 mg-N/L).
Throughout the two decades of study the TN:TP ratio (by mass) declined from pre-impoundment (48.6) to
impoundment (31.9) and increased again after removal of the dam.
It is anticipated that Lake D2/D3 will undergo a similar progression of increasing nutrient concentrations
followed by a stabilization period at which point it will become a nutrient sink. The timeframe for this to occur
is unclear; however, it can be estimated, based on the study by Paterson et al. (2019) that it will be in the
order of a decade or two. It is recommended that the Action Levels for Lake D2/D3 reflect the increase in
nutrients expected at the initial stages of flooding; therefore, higher nutrient concentrations are required to
trigger a Low, Moderate and High Action Level for Lake D2/D3 than for the core lakes.
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Updated Action Levels for Nutrients in Lake D2/D3

Action Level

Lake D2/D3 Action Levels

Low(a)
Effects are
measurable but
well below the
Significance
Threshold – trigger
meant as a warning
and requirement for
further evaluation

A statistically significant difference in either total
phosphorus or total nitrogen compared to pre-dyke
conditions
AND
Lake-wide average phosphorus concentrations
exceeding 0.035 mg-P/L and lake-wide average
total nitrogen concentrations exceeding 0.7 mg-N/L

Moderate
Effects are
measurable and
are trending
towards the
Significance
Threshold, but still
well below it

A statistically significant difference in total
phosphorus and total nitrogen compared to predyke conditions
AND
Lake-wide average phosphorus concentrations
exceeding 0.050 mg-P/L and lake-wide average
total nitrogen concentrations exceeding 1.0 mg-N/L

High
Measured effects
continue to trend
towards the
Significance
Threshold

Lake-wide average phosphorus concentrations
exceeding 0.080 mg-P/L and lake-wide average
total nitrogen concentrations exceeding 1.875 mgN/L

Suggested Responses
Report in the AEMP annual report – no formal AEMP
Reponse Plan needed as per current AEMP guidance
Continue AEMP annual monitoring to confirm the
noted Low Action Level results
If observed response(s) are outside EIS predictions,
re-evaluate EIS predicitons in a special study to
confirm predictions
Address any key uncertainties identified by the Low
Action Level assessment
Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the
noted Moderate Action Level results
Address any key uncertainties identified by the
Moderate Action Level assessment
Identify and evaluate potential mitigation options in
response to the Moderate Action Level assessment.
As appropriate, consider implementing mitigation
Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the
noted High Action Level results
Address any key uncertainties identified by the High
Action Level assessment
Identify, evaluate, and implement mitigation measures
to stop or reverse the observed trend so the
Significance Threshold is not reached

AEMP = Aquatic Effects Monitoring Program; EIS = Environmental Impact Statement; mg-P/L = milligrams of phosphorus per litre;
mg-N/L = milligrams of nitrogen per litre.

Low Action Level
The Low Action Level proposed in Table 9.6-3 for the Nutrient Enrichment Hypothesis aligns with current
AEMP guidance, where a Low Action Level is triggered in cases where “effects are measurable, but are
well below the significance threshold” (MVLWB and GNWT 2019), representing an early warning of an
increase in nutrient concentrations.
The Low Action Level in Lake D2/D3 is triggered by lake-wide TP concentrations exceeding 0.035 mg-P/L
and lake-wide TN concentrations exceeding 700 mg-N/L. In addition, a statistically significant difference in
either TP or TN compared to baseline in either nutrient is required (Table 9.6-3).

Moderate Action Level
The Moderate Action Level proposed in Table 9.6-3 for the Nutrient Enrichment Hypothesis aligns with
current AEMP guidance, in that it is triggered by measurable effects, that although well below a Significance
Threshold are trending towards it.
The Moderate Action Level in Lake D2/D3 is triggered by lake-wide average TP concentrations exceeding
0.05 mg-P/L and lake-wide TN concentrations exceeding 1,000 mg-N/L and a statistically significant
difference in both TP and TN compared to baseline in both nutrients is required (Table 9.6-3).
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High Action Level
The High Action Level proposed in 9.6-3 for the Nutrient Enrichment Hypothesis aligns with the current
AEMP guidance in that it is triggered by measurable effects that are closer to the Significance Threshold
than at the Moderate Action Level, and so indicate a high level of concern that the Significance Threshold
might be reached.
The High Action Level in Lake D2/D3 is triggered by lake-wide average TP concentrations exceeding
0.080 mg-P/L and lake-wide average TN concentrations exceeding 1.875 mg-N/L (Table 9.6-3).

9.7

Conclusions and Recommendations

The results of the re-evaluation process have indicated that Area 8 and Lake N11 remain clear-water
oligotrophic lakes, and the phytoplankton and zooplankton communities remain healthy with no indication
of toxicological impairment. Nutrient enrichment responses were observed in phytoplankton community
composition in Lake N11 in 2017 and phytoplankton biomass in Area 8 and Lake N11 in 2018, triggering
the Low Action Level. No increases were observed in phosphorus concentrations, but TN increased in both
lakes in 2018, with a greater increase observed in Lake N11. However, nutrient enrichment effects were
not evident in other ecosystem components. The changes were attributed Mine-related effects, such as
disconnection of Area 8 from Kennady Lake resulting in reduced watershed area and flows. Overall, the
observed changes in the plankton communities from 2015 to 2018 are consistent with predictions of a
negligible to low effect on the plankton community in the core lakes (i.e., Area 8 and Lake N11).
Lake water in Lake D2/D3 was less clear than in Area 8 and Lake N11, and the trophic status classification
shifted from oligotrophic/mesotrophic to eutrophic between 2015 and 2018. The phytoplankton and
zooplankton communities in Lake D2/D3 in 2015 were representative of pre-dyke conditions, while the
plankton community in 2016 was considered representative of a transition period, where water levels had
not yet stabilized (i.e., the community was still in flux). The changes observed in the plankton communities
in 2017 and 2018 did not signal impairment of the biological communities in Lake D2/D3.
The results of the re-evaluation process for the plankton component identified a number of improvements
pertaining to the field sampling methods and data analysis approach used for the component, including a
number of recommendations that are shared by other AEMP components. The recommendations for
changes to the plankton component of the AEMP Design Plan are as follows:
•

Plankton QC samples should be reduced from 20% (15 QC samples per year) to 10% (8 QC samples
per year).

•

Light meter measurements should be discontinued.

•

The 2015 and 2016 phytoplankton and zooplankton data should be included as “pre-impact” data for
Lake N11. However, given the changes observed in zooplankton community composition in Area 8 in
2015, only 2015 data for Area 8 should be included in the “pre-impact” dataset.

•

The normal ranges defined in Section 9.4.3 should be used going forward for the plankton component
in the AEMP annual reports. Specifically, the baseline and regional normal ranges defined in
Tables 9.4-2 and 9.4-3 should be adopted for the core lakes analysis for the nutrient variables and the
regional normal ranges defined in Table 9.4-5 should be adopted for the plankton variables.

•

The revised statistical methods defined in Appendix 7B (Water Quality) for the BACI analysis should
be implemented for the plankton component.
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•

Reference data should be updated in the regional normal range calculations for plankton and nutrients
every three years as part of the re-evaluation reports to better account for spatial and temporal
variability in plankton communities and in nutrient concentrations.

•

The edibility assessment does not provide further information compared to that provided by other
monitoring endpoints and analyses (i.e., the plankton community is healthy and efficiently transferring
energy among trophic levels) and should be removed from the plankton component.

•

The scope of the annual AEMP plankton reports should be reduced to evaluate seasonal and spatial
patterns visually and Action Level triggers. Temporal trends (including MDS) should be assessed in the
re-evaluation reports.

•

Chlorophyll a has been a reliable indicator of the biological response to nutrient enrichment; therefore,
it should be included as a variable in the Action Level assessment for the Nutrient Enrichment
Hypothesis.

•

Community composition assessment should be removed from the Low Action Level criteria, but
incorporated into the Moderate and High Action Levels.

•

Nutrient data should be assessed as part of the plankton component (i.e., normal range comparisons,
statistical analysis, and Action Level assessments).

•

The phosphorus analytical suite should be streamlined to focus on total phosphorus, dissolved
phosphorus, and soluble reactive phosphorus (i.e., dissolved orthophosphate).

•

A TN benchmark of 1.875 mg-N/L should be adopted.

Low, Moderate and High Action Level definitions proposed in Sections 9.5 for the Core Lakes and raised
Lake D2/D3 for plankton variables and Section 9.6 for nutrient parameters should be adopted.
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10 BENTHIC INVERTEBRATES
10.1

Introduction

The purpose of the benthic invertebrate component of the Aquatic Effects Monitoring Program (AEMP) is
to evaluate potential effects of the Gahcho Kué Mine (Mine) on the benthic invertebrate community due to
changes in water or sediment quality, or physical habitat.

10.2

Re-analysis of Area 8 Data

Analyses completed in support of the Aquatic Effects re-evaluation for benthic invertebrates identified an
error that affected the accuracy of some of the results reported for Area 8 in the 2015 to 2018 AEMP annual
reports. The error was identified as a result of a mesh size study completed as a component of the reevaluation (Section 10.5.3). The error occurred during initial compilation of the 2011 baseline dataset
carried into the AEMP for Area 8. The discovery of this error influenced the approach taken to conduct the
re-evaluation data summary for Area 8, as it required that a number of the analyses be re-run to accurately
summarize Mine-related effects. A description of the source of the error, the approach taken to correct it
and provide a summary of Mine-related effects for Area 8 is provided below.
As a component of the 2011 baseline study for the Mine, a mesh size study was completed using benthic
invertebrate community samples collected from Area 8 to compare retention of benthic invertebrates
between 250 and 500 µm mesh sizes (Golder 2013b). The 250 µm mesh sample results for Area 8 in 2011
were reported as a fraction of the total number of invertebrates in a sample and excluded animals retained
on the 500 µm mesh. This differed from the convention used for other samples, where invertebrate counts
for 250 µm samples represented the total number of invertebrates in a sample. The difference in reporting
conventions between 2011 and other samples resulted in the 250 µm mesh fraction inadvertently being
used as the dataset for 2011, rather than the sum of the 250 and 500 µm fractions. This was an inadvertent
error that has been logged as learning for the AEMP.
The main consequences of the error were that total density, richness and the densities of larger taxa, such
as fingernail clams (Pisidiidae), were under-reported in the 2011 dataset. This resulted in inaccurate normal
ranges calculated for Area 8. In addition, the before-after control-impact (BACI) analysis for Area 8, which
incorporates the 2011 data as the Before group, was affected. Table 10.2-1 provides a summary of how
each aspect of the data analysis was affected. As the issue occurred during initial compilation of the
baseline dataset, the error affected results reported in the 2015 to 2018 AEMP annual reports. The issue
did not affect analyses for Lake D2/D3 and streams downstream of Area 8. The analysis for Lake N11 was
largely unaffected; however, aspects that involved summarizing data across all of the core and reference
lakes were affected (Table 10.2-1).
To correct the issue and provide a summary of Mine-related effects for Area 8, normal ranges were
recalculated using the corrected data for 2011, and the BACI was re-run using the benthic invertebrate
dataset up to and including 2018. Only aspects of the analysis that included a comparison to the 2011
baseline data for Area 8 were affected (Table 10.2-1). In cases where analyses were re-run, a comparison
of the revised results with the results reported in the AEMP annual reports was made to provide an
understanding of what has changed and how these changes affect the results interpretation. For data
analysis components that were unaffected, the summary of Mine-related effects presented for Area 8 is
based on the results reported in the AEMP annual reports, consistent with the approach taken for other
study areas and components.
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Summary of Data Re-analysis Requirements for Core Lakes
Reanalysis Required
(Yes/No and Description)

Data Analysis
Component
Selection of dominant
taxa and major
taxonomic groups
Physical habitat variables
Influence of habitat
variation
Benthic invertebrate
community summary
variables
Within-lake spatial
patterns
Comparison to normal
range
BACI analysis
Community composition
nMDS
Action Level triggers

Yes – dominant taxa and major taxonomic groups were
reassessed for each year of monitoring (2015 to 2018).
No
Yes – Spearman-rank correlations were reassessed for
each year of monitoring (2015 to 2018).
Yes – summary statistics for benthic invertebrate
community summary variables from 2015 to 2018 were
not affected; however reported values have been
updated to reflect the corrected dominant taxa lists.

Core Lake Affected Report Section
Area 8, Lake N11

10.3.1.1;
10.3.2.1

n/a

10.3.1.2

Area 8, Lake N11

10.3.1.3;10.3.2.3

Area 8

10.3.1.4

n/a

10.3.1.5

Area 8

10.3.1.6

Area 8

10.3.1.7

Area 8

10.3.1.8

Area 8

10.3.1.8

Area 8

10.3.1.9

No
Yes – normal ranges were re-calculated
Yes – BACI analysis was reassessed using the full
dataset from 2011 to 2018
Yes – Relative abundance of major taxonomic groups
from 2015 to 2018 were not affected; however, reported
values have been updated to reflect the corrected major
taxa lists.
Yes – the nMDS was reassessed using the full dataset
from 2011 to 2018
Yes – Action Level triggers were reassessed

BACI = before-after control-impact; nMDS = non-metric multidimensional scaling; n/a = not applicable.

10.3
10.3.1

Summary of Mine-related Effects
Area 8

Analysis of the benthos data in Area 8 provided limited evidence of effects on the community. Over the
period of 2015 to 2018, three variables (total density [2015], Nematoda density [2015 to 2018] and
Micropsectra/Tanytarsus density [2017]) exceeded the upper bound of the normal range and three variables
(richness [2018], diversity [2018] and Corynocera density [2018]) exceeded the lower bound. Two variables
(richness and diversity [2018]) also had significant decreasing BACI effects relative to each reference lake.
There was no discernible effect on community structure. These six variables triggered the Low Action Level
during the years that the normal range exceedances and/or significant BACI effects were identified. An
AEMP Response Plan was developed to address the Low Action Level triggers, in accordance with the
AEMP Design Plan (De Beers 2016a). An exception was that the Action Level trigger for richness in 2018
was identified only after re-running the data analyses using the corrected data for 2011 and therefore the
trigger was not reported in the 2018 AEMP.
The observed responses in the benthic invertebrate community in Area 8 over the period of 2015 to 2018
were inconsistent, both in terms of the direction of the effect and consistency over time. The results of the
analysis did not clearly support either of the two main impact hypotheses defined for the AEMP: nutrient
enrichment or toxicological impairment. Of the six variables, Nematoda density was the only variable that
had a consistent response pattern during more than a single year of monitoring.
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Although a number of variables satisfied conditions used to define a Mine-related effect in the core lakes,
the results of the analysis do not clearly indicate that toxicological impairment or nutrient enrichment effects
have occurred on benthic invertebrates in Area 8. Rather, habitat variation appears to be an influential
factor contributing to the variation in the community among lakes and years. Correlation analysis between
benthic variables and habitat variables demonstrated that variation in habitat likely contributed to the
variation in total density, richness, diversity, and density of Nematoda among stations in the core and
reference lakes. Natural year-to-year variation in the community may also contribute to the differences
observed among years.
There is some evidence supporting a potential nutrient enrichment effect on the benthic community in
Area 8. The normal range exceedances noted for total density, Nematoda density and
Micropsectra/Tanytarsus density could potentially have reflected Mine-related increases in the
concentration of nitrate (Section 7, Water Quality) chlorophyll a and total phytoplankton biomass (Section 9,
Plankton). However, these exceedances occurred during only a single year of monitoring. There was no
consistent evidence of effects due to toxicological impairment in Area 8 that would explain the decreasing
response patterns in richness, diversity, and Corynocera density in 2018. The water and sediment quality
components identified significant increases in a number of variables (Section 7, Water Quality and Section
8, Sediment Quality). However, none of these exceeded benchmarks for the protection of aquatic life,
indicating that they are not found at concentrations that could potentially harm aquatic life. To date, these
responses have been detected during a single year of monitoring; additional monitoring is needed to confirm
whether they persist.
One explanation for the significant decreasing BACI effects in richness and diversity in 2018 is that
installation of the downstream flow mitigation diffuser may have disturbed the lake bottom at the station
located closest to the diffuser, resulting in a disturbance to the benthic community. This station had lower
invertebrate richness and diversity than other stations and is located within 100 m of the diffuser. This
disturbance may have contributed to an overall reduction in invertebrate richness and diversity in Area 8 in
2018, compared to the Before period and the reference lakes.
A key finding of the AEMP was that there is uncertainty related to whether the baseline condition used to
characterize the normal range for benthic invertebrates, and in the BACI analysis as the Before group,
accurately represents the expected range of natural variability in the benthic community. Only a one year
of baseline data was available to use in these comparisons and may not adequately characterize natural
year-to-year variability in the community. As a result, the analyses may be oversensitive in detecting effects
on benthic invertebrates. The normal range is intended to provide an estimate of natural variability in the
exposure area, and should, therefore incorporate year-to-year variability in the community.
Use of the corrected 2011 data in the analysis resulted in fewer than half as many normal range
exceedances, as were reported for Area 8 in previous annual reports. This is finding is notable because the
number of normal range exceedances and Action Level triggers originally reported for Area 8 was high
considering the relative absence of Mine-related effects observed in other components during construction,
and the low level nutrient enrichment effects reported during early operation.
Presently, some uncertainty remains regarding both the cause(s) of the benthic invertebrate responses in
Area 8 and the relative importance of Mine-related factors versus natural factors in explaining the
responses. Continued monitoring, and implementation of the AEMP Design Plan updates noted in Sections
10.4 to 10.6, are recommended to further assess and confirm the type and cause(s) of the observed
changes in the benthic community in Area 8.
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Variable Selection

As described in the AEMP Design Plan, benthic invertebrate community summary variables used in the
data analysis included total invertebrate density, taxonomic richness, Simpson’s diversity index (SDI;
diversity), and Simpson’s evenness index (SEI; evenness). The densities of dominant taxa and percentages
of major taxonomic groups were included in the analysis to evaluate changes in community composition.
Due to the data issue described in Section 10.2, dominant taxa and major taxonomic groups were
reassessed using the corrected dataset for Area 8. In 2016, the AEMP reported the results for fingernail
clams at the genus level (Pisidium) rather than the family level (Pisidiidae), which was used in all other
years (Table 10.3-1; De Beers 2017a). This inconsistency was addressed in subsequent AEMP reports,
and in the re-analysis for Area 8.
With inclusion of the corrected 2011 data, dominant taxa and major taxonomic groups were similar to those
reported in the annual reports. No new variables were added to the list of dominant taxa in any year;
however, variables were no longer considered in the analysis in 2015 (the chironomid midges Microtendipes
and Pagastiella) and 2016 (Micropsectra/Tanytarsus). Overall, the dominant taxa selected for analysis were
similar among years (Table 10.3-1).
Table 10.3-1

Dominant taxa

Major taxonomic
groups

Summary of Revised Dominant Taxa and Major Taxonomic Groups Selected for
Inclusion in the Analysis for the Core Lakes, 2015 to 2018
Variable
Nematoda
Pisidiidae
Corynocera
Micropsectra/Tanytarsus(a)
Pagastiella
Nematoda
Oligochaeta
Pisidiidae
Hydracarina
Copepoda - Harpacticoida
Chironomidae

Construction
2015
2016

















Operation
2017
2018





















a) Dominant taxa selected for analysis consisted of two midge genera (Micropsectra and Tanytarsus) that could not be distinguished
from one another by the taxonomist due to their similar morphology. For the AEMP benthic invertebrate analysis, these taxa are
referred to as Micropsectra/Tanytarsus.
 = taxon included in the list of dominant taxa or major taxonomic groups; - = taxon not included in the list of dominant taxa or major
taxonomic groups.

10.3.1.2

Variation in Physical Habitat

Field water quality measured in Area 8 at the lake bottom indicated that pH was slightly acidic to neutral
and the water was generally well oxygenated (Table 10.3-2). Conductivity was lowest during 2015 and 2016
when the Mine was under construction, and highest in 2018. With the exception of the pattern in
conductivity, variation in field water quality measurements was low among years and stations. Vertical
variation in water quality was generally low (Section 7, Water Quality), indicating the lake was well mixed.
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Bottom sediments in Area 8 consisted primarily of fines (silt and clay; Table 10.3-2); however, two of the
stations (Area 8-L3 and Area 8-L4) had a higher proportion of sand. Sediments in Area 8 differed from
those of the reference lakes, which were sandier overall. Sediments in East Lake consisted of a mix of sand
and fines across all stations. In Lake 3, sediment particle size was dominated by fines at some of the
stations, and by sand at others. The total organic carbon (TOC) content of sediments in Area 8 ranged from
3% to 20% across all years, however, values were typically in the range of 10% to 20%, reflecting the high
percentage of fines at stations. Sediment TOC content was lower in the reference lakes, ranging from 1%
to 13% in East Lake and from 3% to 13% in Lake 3.
Table 10.3-2

Summary of Habitat Data for Benthic Invertebrate Stations Sampled in Area 8, 2015
to 2018
Variable

Water depth (m)
Secchi depth (m)(a)
Field water quality
(at lake bottom)
Sediment quality

Water temperature (ºC)
Dissolved oxygen (mg/L)
Specific conductivity (µS/cm)
pH
Fines (silt +clay) (%)
Total organic carbon (%)

Construction
2015
2016
4.9 – 7.6
4.2 – 7.5
3.6 – bottom
11.6 – 12.3
8.2 – 9.9
8.9 – 9.8
8.8 – 10.7
14.1 – 15.1
13.7 – 14.1
5.7 – 6.5
6.7 – 6.7
96 – 100
55 – 95
16 – 20
3 – 20

Operation
2017
2018
4.6 – 7.8
4.1 – 8.0
3.0 – 4.3
3.4 – 3.6
12.0 – 13.0
5.8 – 8.0
9.5 – 10.1
11.6 – 11.6
17.0 – 20.0
28.4 – 31.8
6.7 – 6.8
6.7 – 7.1
71 – 97
40 – 96
16 – 19
11 – 19

a) ”bottom” indicates that the lake bottom was visible and a Secchi depth measurement could not be made.
μS/cm = microSiemens per centimetre; - = no data available.

10.3.1.3

Influence of Habitat Variation

In all years, the variation in the physical attributes of sampling stations was sufficient to account for part of
the variation in benthic community structure in the study area. The physical variables of greatest concern
were water depth, percent fine sediment, and sediment TOC content (Appendix 10A). The variation in field
water quality variables (Section 10.3.1.2) was not considered likely to influence benthic community
structure, and therefore these variables were not considered further.
For each annual report, Spearman-rank correlation analysis was used to evaluate relationships between
benthic variables and water depth, percent fine sediment and TOC. The data issue described in Section
10.2 affected the accuracy of the reported correlations between benthic invertebrate variables and water
depth and TOC. Therefore, these correlations were re-calculated (Table 10.3-3). The error did not affect
the results of correlations between percent fine sediment and benthic invertebrate variables, because the
2011 data had previously been omitted due to a difference in the laboratory method used to characterize
particle size distribution in 2011 compared with other years (De Beers 2016c).
In all years, correlation analysis confirmed that the variation in sediment particle size and TOC explained a
portion of the variation in benthic community structure among years and stations in the core and reference
lakes, whereas water depth generally had a lesser influence on community structure. Significant
correlations between benthic invertebrate variables, water depth, percent fine sediment and TOC, using
the corrected dataset, are summarized in Table 10.3-3 for each year of the AEMP. All other pairwise
combinations were non-significant (P<0.05).
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Summary of Revised Benthic Invertebrate Community Variables with Significant
Spearman Rank Correlations against Water Depth, Sediment Total Organic Carbon
Content or Percent Fine Sediment, 2015 to 2018
2015
Variable
-

Construction

2016
Variable

rs
-

Richness

rs

rs

2018
Variable

rs

-0.26 Richness

-0.30 Richness

-0.26

0.37 Total density
0.42 Diversity
0.34 Evenness
Nematoda density
Pagastiella density
0.40 Total density
0.29 Nematoda density
0.34 Pisidiidae density

0.34
-0.20
-0.22
0.41
0.26
0.34
0.37
0.31

Total density
Nematoda density
Pisidiidae density

0.41 Total density
0.47 Nematoda density
0.44 Pisidiidae density

0.32 Total density
0.34 Nematoda density
0.31 Pisidiidae density

Fine sediment Total density
(silt +clay)
Nematoda density
(%)(a)
Pisidiidae density

0.53 Total density
0.57 Nematoda density
0.58 Pisidiidae density

0.41 Total density
0.41 Nematoda density
0.48 Pisidiidae density

Total organic
carbon
(%)

Operation

2017
Variable

Note: P = 0.05 was used to denote a significant correlation.
a) Correlations on percent fine sediment were run using the 2013, 2015 and 2016 data only, because the results in 2011 were
analyzed using a different method that is not comparable to the 2013, 2015, and 2016 data (Section 8.4.1.1.1 of De Beers 2016a).
- = no significant correlations; rs = Spearman rank correlation coefficient.

10.3.1.4

Benthic Invertebrate Community Variables

Across all years and stations in Area 8 (Table 10.3-4), the total density of invertebrates ranged from 1,069
to 30,841 organisms per square metre (org/m2), richness ranged from 12 to 31 taxa per station, diversity
from 0.50 to 0.89, and evenness values ranged from 0.18 to 0.52. Dominant taxa in Area 8 varied slightly
among years; however, Nematoda was the most abundant taxon identified in the samples from Area 8
(range = 7 to 9,101 org/m2), followed by Pisidiidae (range = 72 to 2,037 org/m2), based on relative density
across all stations and years. Other common taxa included the chironomid midge genera Corynocera,
Pagastiella and Micropsectra/Tanytarsus.
Table 10.3-4

Summary of Total Invertebrate Density, Taxonomic Richness, Community Index
Values and Densities of Dominant Taxa in Area 8, 2015 to 2018

Variable
Total density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Nematoda density (org/m2)
Pisidiidae density (org/m2)
Corynocera density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Pagastiella density (org/m2)

Construction
2015
2016
10,245 – 30,841 4,529 – 18,795
21 – 29
17 – 28
0.81 – 0.86
0.82 – 0.87
0.19 – 0.36
0.21 – 0.46
3,942 – 9,101
1,159 – 7,246
369 – 2,037
376 – 1,688
0 – 3,913
0 – 964
-

Operation
2017
2018
4,658 – 21,384 1,069 – 7,397
17 – 31
12 – 25
0.77 – 0.89
0.50 – 0.89
0.19 – 0.34
0.18 – 0.52
1,609 – 7,848
7 – 1,875
152 – 1,355
72 – 862
0 – 3,457
0 – 366
29 – 1,957
0 – 769
0 – 582

org/m2 = number of organisms per square metre; - = taxon did not meet criteria for inclusion in the list of dominant taxa retained in
the analysis.
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Within-lake Spatial Patterns

No consistent trends were evident in relation to the diffuser in Area 8 that would suggest an effect on the
benthic community from the dewatering activities (2015) and from diversion of water from Lake N11, which
received discharge from the water management pond (WMP; 2016 to 2018). The exception was in 2016,
where spatial trends of decreasing total density and richness and increasing diversity and evenness were
detected with proximity to the dewatering diffuser at the southwest end of Area 8. However, this result was
unexpected because there was no discharge from the Mine to Area 8 in 2016, and thus, no clear mechanism
to link these trends to the Mine.
One notable finding from the 2018 AEMP was that there was evidence of a disturbance to the community
at Station Area 8-L2, which is the closest station to the downstream flow mitigation diffuser in Area 8, on
the west shoreline. Area 8-L2 had the lowest invertebrate density, richness, diversity and evenness of the
five stations sampled. There was no indication that habitat characteristics contributed to the differences in
community variables at this station. The cause of the disturbance is unclear; however, a possible
explanation is that installation of the diffuser may have disturbed the lake bottom at the location sampled,
resulting in a disturbance to the community. Additional monitoring is needed to confirm the effect.

10.3.1.6

Comparison to Normal Range

Due to the data error described in Section 10.2, normal ranges, which are based on the 2011 baseline data,
were recalculated for each benthic invertebrate variable (Table 10.3-5). Lake-wide mean values reported
in the annual reports were unaffected by the error and were compared with the corrected normal ranges to
evaluate potential exceedances of the normal range that may indicate a divergence of the Area 8
community from baseline conditions.
Table 10.3-5

Revised Normal Ranges for Benthic Invertebrate Variables for Area 8

Variable
2
Total density (org/m )
Richness (taxa/station)
Diversity
Evenness
Nematoda density (org/m2)
Pisidiidae density (org/m2)
Corynocera density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Pagastiella density (org/m2)

Method
PI
PI
PI
PI
PI
PI(b)
PI(b)
PI(b)
PI

Normal Range(a)
Lower Bound
Upper Bound
1,597
15,429
24
35
0.80
0.92
0.15
0.41
93
1,036
120
2,467
24
13,901
15
589
33
800

a) The 95% PI was calculated for the mean of a sample of size 5 from an exposure area (Barrett et al. 2015).
b) Normal range was calculated using log transformed data.
org/m2 = number of organisms per square metre; PI = prediction interval.

The following variables exceeded the upper bound of the normal range from 2015 and 2018 (Table 10.3-6):
total density (2015), Nematoda density (all years) and Micropsectra/Tanytarsus density (2017). Variables
that fell below the lower bound of the normal range included taxonomic richness (2018), diversity (2018)
and Corynocera density (2018); however, the lake-wide mean value for diversity in 2018 was only
marginally less than the lower bound of the normal range. Variables that are not listed in Table 10.3-6 had
mean values that were within their respective normal ranges. With the exception of the exceedance noted
for richness in 2018, each of the normal range exceedances noted in Table 10.3-6 was previously reported
in the AEMP annual reports.
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The results of the habitat evaluation (Section 10.3.1.3) indicate that four (total density, richness, diversity,
Nematoda density) of the six variables with normal range exceedances had significant correlations with one
or more habitat variables (water depth, TOC, and percent fine sediment 11; Appendix 10A). Total density and
Nematoda density were positively correlated with both percent TOC and percent fine sediment and diversity
was negatively correlated with percent TOC. Overall, the percentage of TOC in sediments in 2011 (15%)
was slightly lower than in 2015 (17.8 %), 2016 (16.5 %) and 2017 (16.7 %), indicating that the greater
percentage of TOC in the samples may have contributed to the greater total density and density of
Nematoda, and the lower level of diversity, in those years. These results indicate that habitat characteristics
likely account for a portion of the variation observed in these variables among years and lakes. The results
of the habitat evaluation also indicate that richness was negatively correlated with water depth. Water depth
at the stations sampled in 2011 in Area 8 (5.5 m) was slightly lower overall compared with the depths at the
stations sampled in 2018 (5.7 m), indicating that the greater depths at the 2018 stations may have
contributed to the lower level of richness.
Table 10.3-6

Revised List of Benthic Invertebrate Community Summary Variables that Exceeded
the Normal Range for Area 8, 2015 to 2018

Year
Construction

2015
2016
2017

Operation

2018

Variable
Total density (org/m2)
Nematoda density (org/m2)
Nematoda density (org/m2)
Nematoda density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Richness (taxa/station)
Diversity
Nematoda density (org/m2)
Corynocera density (org/m2)

Normal Range
1,597 – 15,429
93 – 1,036
93 – 1,036
93 – 1,036
15 – 589
24 – 35
0.80 – 0.92
93 – 1,036
24 – 13,901

Lake-wide Mean
19,788
6,380
4,020
4,363
709
17.6
0.75
1,143
0

Note: Grey shading indicates an exceedance of the upper bound of the normal range.
org/m2 = number of organisms per square metre.

10.3.1.7

Before-After Control-Impact Analysis

The data error described in Section 10.2 affected the outcome of the BACI results reported in the annual
reports; therefore, the BACI analysis was re-run once for each variable, using all available data up to and
including 2018. This approach was taken, because it provides the most comprehensive evaluation of effects
to date and because there is limited value in re-running the BACI for previous years, which included only a
subset of the available data.
As described in the AEMP methods for the BACI analysis, when interpreting the results of the analysis, it
was assumed that a response pattern showing an increase or decrease in benthic invertebrate density,
richness or community index values in a core lake may be indicative of a Mine-related effect if a (1) BACI
effect is detected relative to both of the reference lakes; (2) the change occurred in the same direction
relative to both reference lakes; and (3) the effect could be linked to the Mine through corresponding
changes of sufficient magnitude in other ecosystem components, such as water and sediment chemistry.

11

The percent fine sediment data from 2011 were analyzed using a different laboratory method that was not comparable to that used
for the more recent AEMP data; therefore, a comparison of the results in 2011 to the AEMP results could not be made.
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Significant press effects were detected in seven of the eight benthic variables evaluated in the BACI
between Area 8 and one or both reference lakes (Tables 10.3-7 and 10.3-8; Figures 10.3-1 and 10.3-2). Of
these, only two variables (richness and diversity in 2018) had significant press or pulse effects relative to
both reference lakes, with the change occurring in the same direction. In both cases, richness and diversity
decreased in Area 8 between the Before to the After period relative to each of the reference lakes
(Figure 10.3-1). The significant BACI effects in 2018 were detected only after re-running the model using
the corrected data for 2011 and thus, were not reported in the 2018 AEMP.
The results of the habitat evaluation (Section 10.3.1.3) indicate that richness was negatively correlated with
water depth and diversity was negatively correlated with sediment TOC content. These results may indicate
that habitat characteristics account for a portion of the variation observed in richness and diversity among
years and lakes. A method to deal with this issue in future AEMP analyses is provided in Sections 10.5.2
and 10.5.5.
Table 10.3-7

Summary of Revised Before-After Control-Impact Responses for Benthic
Invertebrate Community Summary Variables in Area 8, 2018

Response Pattern
Significant press or pulse effect compared to each reference lake, and an overall
response pattern indicating increasing density, richness or community index values
in the core lake
Significant press or pulse effect compared to each reference lake, and an overall
response pattern indicating decreasing density, richness or community index
values in the core lake
Significant press or pulse effect compared to each reference lake but no
consistent overall response pattern (both increases and decreases observed in
core lake depending on reference lake and sampling year)
Significant press or pulse effect compared to East Lake only (no significant
differences compared to Lake 3)
Significant press or pulse effects compared to Lake 3 only (no significant
differences compared to East Lake)
No significant effect compared to either reference lake

De Beers Canada Inc.

2018
None
Richness, Diversity
Total density, Nematoda
density
Micropsectra/Tanytarsus
density, Pagastiella density
Pisidiidae density, Corynocera
density
Evenness
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Summary of the Revised Before-After Control-Impact Analysis for Benthic
Invertebrate Community Summary Variables in Area 8, 2018

Reference
Lake
East Lake
Total density
(org/m2)
Lake 3
East Lake
Richness
(taxa/station)
Lake 3
East Lake
Diversity
Lake 3
East Lake
Evenness
Lake 3
East Lake
Nematoda
density (org/m2) Lake 3
East Lake
Pisidiidae
density (org/m2) Lake 3
East Lake
Corynocera
density (org/m2) Lake 3
Micropsectra / East Lake
Tanytarsus
density (org/m2) Lake 3
East Lake
Pagastiella
density (org/m2) Lake 3
Variable

December 2019

Overall Model(a)
Press Effect
Pulse Effect
Simple Effects
Significance of Significance of
Significance of
BA x CI
CI × Time(BA)
BA x CI
Type of
Interaction
Interaction
Interaction
Term
Direction
Term
Term
Direction
Effect
Yes
↑
Yes
No
Yes
↓
No
No
Yes
Yes
↓
Press/Pulse
Yes
↓
No
Yes
↓
No
Press/Pulse
No
Yes
Yes
↓
No
No
No
Yes
No
Yes
↑
Yes
No
Yes
↓
No
No
Yes
No
Yes
↓
No
No
No
Yes
↓
No
Yes
↑
Yes
No
No
No
No
No

-

Yes
No

Yes
-

↓
-

-

Note: In cases where statistical outliers were identified, the analysis was run with and without the outlier, and the more conservative
result is reported.
BA = before-after; CI = control-impact; org/m2 = number of organisms per square metre; ↑ = increase; ↓ = decrease;
- = not applicable.
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Benthic Invertebrate Community Variables in Area 8 and the Reference Lakes, 2011 to 2018

org/m2 = number of organisms per square metre.
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Densities of Dominant Benthic Invertebrates in Area 8 and the Reference Lakes, 2011 to 2018

org/m2 = number of organisms per square metre.
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Community Composition

Major Taxonomic Groups
Benthic communities in Area 8 consisted primarily of chironomid midge larvae (Chironomidae), aquatic
worms (Nematoda), fingernail clams (Pisidiidae), water mites (Hydracarina), benthic copepods
(Harpacticoida), and aquatic worms (Oligochaeta; Figure 10.3-3). For all major groups, relative densities in
Area 8 were within the ranges observed in the reference lakes in most years. The relative density of
Chironomidae was similar between Area 8 and Lake 3 and across all years, and higher overall in East Lake
(Figure 10.3-3). Area 8 and Lake 3 generally had higher representation of Nematoda, compared to East
Lake. There were no clear trends over time in relative densities of major groups in Area 8. Differences in
relative density among years were less than 15% for all groups considered. These minor differences in
percent composition among years likely reflected local differences in community structure or among-year
variability.

Multivariate Analysis
Due to the data error described in Section 10.2, the nMDS was re-run using all available density data up to
2018. The updated output (Figure 10.3-4) is very similar to that provided in the 2018 AEMP Annual Report.
The main difference was that the 2011 baseline benthic invertebrate density data now group together with
the Area 8 data for other years, whereas previously the 2011 data were separated from the other years’
data. Overall, stations in Area 8 and Lake N11 generally clustered in the lower left quadrant of the ordination
plot, whereas the East Lake stations clustered in the upper centre of the plot and the Lake 3 stations
clustered on the lower right quadrant of the plot. In general, stations in Lake 3 were separated from their
respective baseline data, whereas stations in Lake N11 and East Lake clustered with their respective
baseline data.
All stations and years grouped together at 60% similarity based on the similarity profile (SIMPROF) test,
indicating a moderate degree of similarity among lakes and years. Stations from the core lakes generally
demonstrated greater similarity to each other than to the reference stations and were grouped together at
70% similarity. The exception was Area 8 in 2018, which was situated outside of the 70% similarity ellipse,
but still within the 60% similarity ellipse. Although the station in Area 8 in 2018 was outside of the 70%
similarity ellipse, all years in Area 8 were clustered relatively close to each other, indicating that the
communities were similar to each other. Stations in East Lake grouped together at 70% similarity, separate
from stations in the core lakes and Lake 3. Stations in Lake 3 grouped together at 70% similarity, separate
from the core lakes and East Lake, and from Lake 3 stations during the 2013 baseline survey.
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Revised Benthic Invertebrate Community Composition in Area 8 and the Reference
Lakes, 2011 to 2018
Chironomidae

Nematoda

Pisidiidae

Oligochaeta

Harpacticoida

Hydracarina

Other

Relative Density (%)
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Note: relative densities for major groups retained in the analysis for 2018 are shown.

Figure 10.3-4

Revised Non-Metric Multidimensional Scaling Ordination Plot of Benthic
Invertebrate Density Data at Stations in the Core and Reference Lakes, 2011 to
2018
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Action Level Triggers

Action Levels for the benthic invertebrate component are defined in the AEMP Design Plan. For the core
lakes, Action Levels address the two main impact hypotheses for the AEMP: Toxicological Impairment
Hypothesis and Nutrient Enrichment Hypothesis. The benthic invertebrate community variables considered
in the Action Level evaluation are total density, richness, and the densities of dominant taxa retained in the
analysis during each year.
The Low Action Level for the Toxicological Impairment Hypothesis for benthic invertebrates is based on
two trigger statements:

OR

3) Lake-wide average value for total density, richness, diversity or densities of dominant taxa less
than normal range;
4) Relative difference in total density, richness, diversity or densities of dominant taxa, between core
lake and reference lakes statistically significant compared to baseline (i.e., significant BACI effect
detected).

If one or both of these trigger statements are true, the Low Action Level is triggered.
The Low Action Level for the Nutrient Enrichment Hypothesis for benthic invertebrates is based on two
trigger statements:

OR

1) Lake-wide average value for total density, richness, diversity or densities of dominant taxa greater
than normal range;
2) Relative difference in total density, richness, diversity or densities of dominant taxa, between core
lake and reference lakes statistically significant compared to baseline (i.e., significant BACI effect
detected).

If one or both of these trigger statements are true, the Low Action Level is triggered.
As the data error described in Section 10.2 affected the accuracy of the reported results for the BACI and
normal range analyses, the outcome of the Action Level evaluation for Area 8 was also affected. As a result,
Action Levels were re-assessed (Table 10.3-9). Because the BACI analysis was re-run using the full dataset
available in 2018 only, Action Level results for 2015 to 2017 were based on exceedance of the normal
range only. For the purpose of the Action Level evaluation for 2018, it was assumed that the criterion related
to the BACI results was met only if the conditions described in Section 10.3.1.7 for defining a Mine-related
effect based on the BACI results were also met.
For the period of 2015 to 2017, Low Action Levels for nutrient enrichment were triggered for total density
(2015), Nematoda density (all years) and Micropsectra/Tanytarsus density (2017), because their lake-wide
mean values were greater than the upper bound of the normal range (Table 10.3-10). None of the variables
triggered the Low Action Level for toxicological impairment during the period of 2015 to 2017. In 2018,
richness and diversity both triggered the Low Action Level for toxicological impairment because their
lake-wide means were less than the lower bound of the normal range and significant decreasing BACI
effects were detected relative to both reference lakes (Tables 10.3-9 and 10.3-10). Nematoda density
triggered the Low Action Level for nutrient enrichment because the lake-wide mean was greater than the
upper bound of the normal range.
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All of the variables that triggered Action Levels based on the corrected 2011 data (Table 10.3-9) were
previously reported in the AEMP annual reports, with the exception of the trigger for richness in 2018.
Correcting the 2011 dataset resulted in several variables no longer triggering Action Levels because their
lake-wide mean values no longer exceeded the normal range, or because the variables no longer met
criteria for inclusion as dominant taxa (Section 10.3.1.1).
Table 10.3-9

Summary of Revised Action Level Results for Benthic Invertebrates in Area 8, 2018
Toxicological Impairment

Variable

Nutrient Enrichment

Lake-wide
Average
<NR?

Significant
BACI Effect
Relative to
Both
Reference
Lakes(a)

Low Action
Level
Triggered?

No
Yes
Yes
No

No
Yes
Yes
No

Total density
Richness
Diversity
Evenness
Nematoda density
(org/m2)
Pisidiidae density
(org/m2)
Corynocera
density (org/m2)
Pagastiella
density (org/m2)
Micropsectra/Tany
tarsus density
(org/m2)

Lake-wide
Average
>NR?

Significant
BACI Effect
Relative to
Both
Reference
Lakes

Low Action
Level
Triggered?

No
Yes
Yes
No

No
No
No
No

No
No
No
No

No
No
No
No

No

No

Yes

No

Yes

No

No

No

No

No

No

Yes

No

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

OR

OR

BACI = before-after control-impact; org/m2 = number of organisms per square metre; NR = normal range.

Table 10.3-10 Summary of Revised Action Level Results for Benthic Invertebrates in Area 8, 2015
to 2018
Mine
Activity
Construction
Operation

Low Action Level Triggered for
Toxicological Impairment

Year
2015(a)
2016(a)

n/a
n/a

2017(a)

n/a

2018

Richness, Diversity, Corynocera density

Low Action Level Triggered for
Nutrient Enrichment
Total density, Nematoda density
Nematoda density
Nematoda density,
Micropsectra/Tanytarsus density
Nematoda density

n/a = not applicable as there was no Action Level trigger.
a) Action Level results for 2015, 2016 and 2017 were based on an exceedance of the normal range only because the BACI was not
re-run for each individual year, except for 2018.
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Lake N11

Analysis of the benthos data in Lake N11 provided limited evidence of effects on the benthic community.
Over the period of 2015 to 2018, three variables (total density [2015], Nematoda density [2015, 2018] and
Corynocera density [2018]) exceeded the lower bound of the normal range and one variable (evenness
[2017]) exceeded the upper bound of the normal range. Two variables (Pisidium density [2016] and
Pisidiidae density [2017]) had a significant decreasing BACI effects relative to both of the reference lakes.
None of the variables both exceeded the normal range and also had a significant BACI effect, in a consistent
direction, relative to both of the reference lakes. There was no discernible effect on community structure in
any of the years assessed. These six variables triggered the Low Action Level during the years that the
normal range exceedances and/or significant BACI effects were identified. An AEMP Response Plan was
developed to address the Low Action Level triggers identified for these variables, in accordance with the
AEMP Design Plan (De Beers 2016a).
With the exception of the normal range exceedance for evenness in 2017, the direction of the benthic
invertebrate responses in Lake N11 from 2015 to 2018, was a decrease in density relative to reference
values. This pattern of response is consistent with the Toxicological Impairment Hypothesis. There was no
indication of a nutrient enrichment effect on the community in Lake N11, despite direct discharge of treated
effluent to the lake and documented increases in the concentrations of several nutrients and in chlorophyll
a over time.
Although a number of the variables satisfied conditions used to define a Mine-related effect in the core
lakes, the results of the analysis do not clearly indicate that toxicological effects on benthic invertebrates
have occurred in Lake N11. Rather, habitat variation appears to be an influential factor contributing to the
variation observed in the benthic community among lakes and years. Correlation analysis between benthic
variables and habitat variables demonstrated that variation in habitat likely contributed to the variation in
total density, evenness, Nematoda density, Pisidiidae density, and Pisidium density among stations in the
core and reference lakes. Natural year-to-year variation in the community may also contribute to the
differences observed among years.
There is no clear evidence to suggest that Mine-related changes in water quality have influenced the benthic
invertebrate community in Lake N11. The EIS predicted that the concentrations of several constituents in
water would increase in the core lakes over time (De Beers 2010, 2011, 2012). As expected, the water
quality component (Section 7, Water Quality) detected increases in a number of metals and major ions in
Lake N11 over time. In general, the concentrations of these variables were below criteria for the protection
of aquatic life, or they naturally exceeded water quality criteria during the baseline sampling in Lake N11.
As such, the community would be expected to be naturally adapted to elevated concentrations of these
constituents in the water column. There were a few variables that exceeded guidelines for the protection of
aquatic life; however, these results were non-typical and not representative of water quality conditions in
the lake in general and therefore, unlikely to substantially influence benthic invertebrate receptors. The
exceedance of a water quality guideline also does not mean that toxicity is occurring, only that it may occur.
Overall, it is unlikely that the Action Level triggers identified for Area 8 were caused by toxicological
impairment, suggesting that the Action Level criteria used for the benthic invertebrate component are too
sensitive. Proposed revisions to the Action Levels that address this issue are summarized in Section 10.6.1.
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As described for Area 8, a key finding of the AEMP is that there is high uncertainty related to whether the
baseline dataset used to characterize the normal range for benthic invertebrates, and in the BACI analysis,
accurately represents the expected range of natural variability in the benthic community. Only a single year
of baseline data was available for Lake N11 (2011). The 2011 community was characterized by high
variability in total density relative to other lakes in the study area, driven by very high abundance of the
chironomid midge Corynocera at certain stations. Studies of the population dynamics of this genus indicate
that it is characterized by extreme density shifts (Brodersen and Lindegaard 1999). Therefore, the high
density of Corynocera during the 2011 baseline year may affect the accuracy of the normal range in
describing natural variation in the community as a whole.
Presently, some uncertainty remains regarding the specific cause(s) of the benthic invertebrate responses
in Lake N11, and the relative importance of Mine-related factors versus natural factors in explaining the
observed responses. However, a conservative interpretation is that the observed changes are consistent
with EIS predictions of a negligible to low level effect on assessment endpoints, which include benthic
invertebrates as a measurement indicator (De Beers 2010, 2011, 2012). Continued monitoring, and
implementation of the proposed AEMP Design Plan updates noted in Sections 10.4 to 10.6, are
recommended to further assess and confirm the type and cause(s) of the observed changes in the benthic
community in Lake N11.

10.3.2.1

Variable Selection

The benthic invertebrate summary variables used in the data analysis for Lake N11 are the same as those
reported in Section 10.3.1.1 for Area 8.

10.3.2.2

Variation in Physical Habitat

Field water quality measured in Lake N11 at the lake bottom indicated that pH was slightly acidic to neutral
and that the water was generally well oxygenated (Table 10.3-11). Conductivity was lowest during 2015
and 2016 when the Mine was under construction, with the highest conductivity values measured in 2018.
With the exception of the pattern in conductivity, variation in field water quality measurements was low
among years and stations. Vertical variation in water quality was generally low (Section 7, Water Quality),
indicating the lake was well mixed.
Bottom sediments in Lake N11 consisted primarily of fines; however, two stations (N11-L1 and N11-L2)
typically had a higher proportion of sand (Table 10.3-11). Sediments in Lake N11 differed from those of the
reference lakes, which were sandier overall (Section 10.3.1.2). Sediment TOC content was moderate to
high at stations in Lake N11 and ranged from 8% to 19% across all years, reflecting the moderate to high
percentage of fines at benthic invertebrate stations. In contrast, sediment TOC content was considerably
lower in the reference lakes, ranging from 1% to 13% in East Lake and from 3% to 13% in Lake 3
(Section 10.3.1.2).
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Table 10.3-11 Summary of Habitat Data for Benthic Invertebrate Stations Sampled in Lake N11,
2015 to 2018
Construction
2015
2016

Variable
Water depth (m)
Secchi depth (m)(a)
Field water quality
(at lake bottom)
Sediment quality

Water temperature (ºC)
Dissolved oxygen (mg/L)
Specific conductivity (µS/cm)
pH
Fines (silt +clay) (%)
Total organic carbon (%)

4.2 – 6.2
12.8 – 12.9
8.8 – 8.9
12.7 – 12.8
5.7 – 6.3
49 – 88
12 – 15

4.1 – 6.5
5.0 – bottom
9.1 – 9.6
8.9 – 9.7
12.2 – 12.3
6.5 – 6.7
27 – 96
8 – 19

Operation
2017
2018
4.1 – 6.9
4.6 – bottom
12.0 – 13.0
4.6 – 9.8
17.0 – 19.0
6.9 – 7.3
29 – 97
11 – 18

4.0 – 6.2
3.0 – 3.5
7.4 – 9.5
11.1 – 11.6
46.7 – 50.0
6.6 – 7.0
26 – 89
11 – 16

a) “bottom” indicates that the lake bottom was visible and a Secchi depth measurement could not be made.
μS/cm = microSiemens per centimetre; - = no data available.

10.3.2.3

Influence of Habitat Variation

The results of the habitat evaluation for Lake N11 are the same as those reported in Section 10.3.1.3 for
Area 8. The results of the habitat analysis indicate that the variation in sediment particle size and TOC
explained a portion of the variation in benthic community structure among years and stations in the core
and reference lakes, whereas water depth generally had a lesser influence on community structure.
Significant correlations between benthic invertebrate variables, water depth, percent fine sediment and
TOC are summarized in Table 10.3-3 for each year of the AEMP. Figures showing water depths, percent
fine sediment and sediment TOC content at stations sampled in Lake N11 from 2015 to 2018 are provided
in Appendix 10A.

10.3.2.4

Benthic Invertebrate Community Variables

Across all years and stations in Lake N11 (Table 10.3-4), the total density of invertebrates ranged from
1,722 to 35,214 organisms per square metre (org/m2), richness ranged from 12 to 31 taxa per station,
diversity from 0.71 to 0.90, and evenness ranged from 0.12 to 0.38. Dominant taxa in Lake N11 varied
among years; however, Nematoda was the most abundant taxon (range = 0 to 12,638 org/m2), followed by
the chironomid midge genus Corynocera (range = 36 to 6,565 org/m2), based on relative density across all
stations and years. Other common taxa included the Pisidiidae, Pagastiella and Micropsectra/Tanytarsus
(Table 10.3-12).
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Table 10.3-12 Summary of Total Invertebrate Density, Taxonomic Richness, Community Index
Values and Densities of Dominant Taxa in Lake N11, 2015 to 2018
Variable
Total density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Nematoda density (org/m2)
Pisidiidae density (org/m2)(a)
Corynocera density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Pagastiella density (org/m2)

Construction
2015
2016
4,825 – 16,384
2,512 – 25,916
14 – 29
18 – 30
0.71 – 0.86
0.72 – 0.90
0.18 – 0.31
0.12 – 0.38
522 – 2,957
0 – 12,638
166 – 486
174 – 1,088(a)
348 – 6,565
130 – 5,001
-

Operation
2017
2018
6,181 – 32,398
1,722 – 35,214
17 – 26
18 – 29
0.82 – 0.89
0.76 – 0.86
0.12 – 0.38
0.16 – 0.35
870 – 6,232
14 – 6,351
333 – 1,144
179 – 1,789
196 – 6,268
36 – 2,888
0 – 3,949
122 – 2,033
194 – 8,398

a) In the 2016 AEMP annual report, the genus Pisidium was assessed as the dominant taxon retained in the analysis, rather than
the family level (Pisidiidae), because Pisidium contributed the majority of Pisidiidae density. This inconsistency was addressed in
subsequent reports which presented results at the family level.
org/m2 = organisms per square metre; - = taxon did not meet criteria for inclusion in the list of dominant taxa retained in the analysis.

10.3.2.5

Within-lake Spatial Patterns

No consistent trends were evident in relation to the diffuser in Lake N11 that would suggest an effect on
the benthic invertebrate community from the Mine discharge. In 2016, there was a spatial trend of increasing
density of Nematoda with distance from the diffuser; however, as there was no operational discharge to
Lake N11 prior to the AEMP sampling in 2016, Mine-related trends in relation to the diffuser were not
expected. This response was not observed in any other year and, therefore, is likely a stochastic event that
was unrelated to the Mine.

10.3.2.6

Comparison to Normal Range

Evenness was the only variable in Lake N11 that exceeded the upper bound of the normal range (2017).
Three variables were below the lower bound of the normal range: total density (2015), and the densities of
Nematoda (2015 and 2018) and Corynocera (2018) (Table 10.3-13). Variables that are not listed in
Table 10.3-13 had mean values that were within their respective normal ranges.
Table 10.3-13 List of Benthic Invertebrate Community Summary Variables that Exceeded the
Normal Range for Lake N11, 2015 to 2018
Year
Construction

Variable
2015
2016
2017

Operation

2018

(org/m2)

Total density
Nematoda density (org/m2)

Normal Range

Lake-wide Mean

12,070 – 40,512
3,660 – 11,164

9,721
1,952

0.04 – 0.31
3,660 – 11,164
316 – 67,307

0.33
2,104
208

Evenness
Nematoda density (org/m2)
Corynocera density (org/m2)

Note: Grey shading indicates an exceedance of the upper bound of the normal range.
org/m2 = number of organisms per square metre; - = no exceedances.
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Before-After Control-Impact Analysis

The methods used to conduct the BACI analysis are outlined in the AEMP annual reports. In 2015, the
analysis for Lake N11 was run against East Lake only, and the comparison of Lake N11 data against Lake 3
was based on a graphical (visual) analysis. In other years, the BACI analysis was run between Lake N11
and each reference lake. The 2015 analysis included only East Lake as the reference lake, because the
BACI assumption that the data must be paired in time was not met for the Before period (i.e., Lake N11
[2011] and Lake 3 [2013]). However, a review of the baseline data completed as a part of the 2016 AEMP
Annual Report (De Beers 2017a) indicated that the 2013 data from Lake 3 were generally comparable to
other years’ baseline data, and could therefore be paired with data were collected in 2011. This represented
a refinement to the analysis that was applied in 2016 and in subsequent years. A second difference was
that pulse effects (i.e., significance of CI x Time(BA) interaction term) were not assessed in 2015. Pulse
effects were not relevant in 2015 because the analysis in that year consisted of a simple BACI, with a single
Before year (2011) and a single After year (2015). Therefore, only the overall BA x CI interaction term was
reported in the model output.
During each year of monitoring from 2015 to 2018, significant BACI effects (i.e., overall BACI effects in
2015; and press or pulse effects in 2016 to 2018) were detected in most of the benthic invertebrate variables
evaluated in the BACI analysis between Lake N11 and the reference lakes (Table 10.3-14; Figures 10.3-5
and 10.3-6); however, in most instances, BACI effects were not present relative to both reference lakes, or
the direction of the effect differed relative to each of the reference lakes. For analysis in 2015, this
determination was based on the combined results of the BACI run against East Lake and the graphical
comparison of Lake N11 data against Lake 3, whereas for the analysis in 2016 to 2018, the results of the
BACI run against each of the reference lakes were considered. Two variables (Pisidium density [2016] and
Pisidiidae density [2017]) had significant press or pulse effects with a consistent response pattern relative
to both reference lakes (Figure 10.3-6). In both cases, density decreased relative to each reference lake.
The results of the habitat evaluation (Section 10.3.1.3) indicate that the density of Pisidiidae was positively
correlated with both sediment TOC content and percent fine sediments. These results indicate that habitat
characteristics may account for a portion of the variation observed in Pisidium/Pisidiidae density among
years and lakes. A method to deal with this issue in future AEMP analyses is provided in Sections 10.5.2
and 10.5.5.
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Table 10.3-14 Summary of Before-After Control-Impact Responses for Benthic Invertebrate
Community Summary Variables in Lake N11, 2015 to 2018
Response Pattern
Significant press or pulse effect
compared to each reference lake,
and an overall response pattern
indicating increasing density,
richness or community index
values in the core lake
Significant press or pulse effect
compared to each reference lake,
and an overall response pattern
indicating decreasing density,
richness or community index
values in the core lake
Significant press or pulse effect
compared to each reference lake
but no consistent overall
response pattern (both increases
and decreases observed in core
lake depending on reference lake
and sampling year)
Significant press or pulse effect
compared to East Lake only (no
significant differences compared
to Lake 3)

2015

Construction

Operation

2016

2017

n/a(a)

None

None

None

n/a (a)

Pisidium density

Pisidiidae density

None

n/a (a)

None

None

None

Pagastiella
density(a, b)

None

None

None

Significant press or pulse effects
compared to Lake 3 only (no
significant differences compared
to East Lake)

n/a (a)

No significant effect compared to
either reference lake

n/a (a)

Total density,
Richness,
Total density,
Evenness,
Richness, Diversity,
Pisidiidae density,
Evenness,
Nematoda density,
Nematoda density,
Corynocera density,
Corynocera density
Micropsectra/
Tanytarsus density
None

Diversity

2018

Total density,
Richness,
Evenness,
Pisidiidae density,
Nematoda density,
Corynocera density,
Micropsectra/
Tanytarsus density
Diversity,
Pagastiella density

a) In the 2015 AEMP Annual Report, the BACI analysis was run against East Lake only. The rationale for this approach is provided
in Section 8.2.3.5.2 of the 2015 AEMP Annual Report (De Beers 2016c).
b) Pulse effects (i.e., significance of CI x Time(BA) interaction term) were not assessed in 2015 because the analysis in 2015
consisted of a simple BACI with a single Before year (2011) and a single After year (2015). Therefore, only the overall BA x CI
interaction term was reported in the model output.
n/a = not applicable; BACI = before-after control-impact.
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Benthic Invertebrate Community Variables in Lake N11 and the Reference Lakes, 2011 to 2018

org/m2 = number of organisms per square metre.
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Densities of Dominant Benthic Invertebrates in Lake N11 and the Reference Lakes, 2011 to 2018

org/m2 = number of organisms per square metre
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Community Composition

Major Taxonomic Groups
Benthic communities in Lake N11 consisted primarily of the Chironomidae, Nematoda, Pisidiidae,
Hydracarina, Harpacticoida, and Oligochaeta (Figure 10.3-7). For all major groups, relative densities in
Lake N11 were within the ranges observed in the reference lakes in most years. The relative density of
Chironomidae was similar between Lake N11 and Lake 3 and across all years, and higher overall in East
Lake. Lake N11 and Lake 3 generally had a higher representation of Nematoda compared to East Lake.
There were no clear trends over time in relative densities of major groups in Lake N11. Differences in
relative density among years were less than 15% for all groups considered. These minor differences in
percent composition among years likely reflect local differences in community structure or among-year
variability.
Figure 10.3-7
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Multivariate Analysis
The nMDS analysis of benthic invertebrate community composition incorporated all available data for the
core lakes (Area 8, Lake N11) and reference lakes (East Lake, Lake 3). The results are reported
Section 10.3.1.8.

10.3.2.9

Action Level Triggers

A summary of the approach taken to conduct the Action Level evaluation for the core lakes is provided in
Section 10.3.1.9. For the period of 2015 to 2018, the Low Action Level for toxicological impairment was
triggered for total density (2015), and the densities of Nematoda (2015 and 2018), Micropsectra/Tanytarsus
(2017), Pisidium (2016) and Pisidiidae (2017) (Table 10.3-15). Total density and the densities of Nematoda
and Corynocera triggered the Low Action Level because their lake-wide means were less than the lower
bound of the normal range, whereas the densities of Pisidium and Pisidiidae had significant decreasing
BACI effects relative to each of the reference lakes. None of the variables triggered the Low Action Level
for nutrient enrichment during the period of 2015 to 2018 (Table 10.3-15).
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Table 10.3-15 Summary of Action Level Results for Benthic Invertebrates in Area 8, 2015 to 2018
Mine Activity
Construction

Operation

Year

Low Action Level Triggered for
Toxicological Impairment

2015
2016
2017
2018

Total density
Nematoda density
Pisidium density
Pisidiidae density
Nematoda density
Corynocera density

Low Action Level Triggered for Nutrient
Enrichment
n/a
n/a
n/a
n/a

n/a = not applicable as there was no Action Level trigger.

10.3.3

Lake D2/D3

Initial monitoring in Lake D2/D3 identified some differences in benthic invertebrate community variables
between the pre- and post-dyke periods that are consistent with the expected effects from development of
Dyke F. Total invertebrate density and densities of Microtendipes, Micropsectra/Tanytarsus and Pisidiidae
initially increased during one or both of 2016 or 2017 relative to the 2015 pre-dyke year. However, during
the most recent monitoring year (2018), total density and the densities of the above-mentioned taxa were
lower than in 2016 and 2017 and more closely resembled pre-dyke levels.
Initially, the response in invertebrate density appeared to be influenced by nutrient enrichment of the
Lake D2/D3 environment following construction of Dyke F. Lake water levels have increased over time
since the construction the dyke, resulting in an increase in lake area and water depth. General productivity
metrics have also shown an increase, which has resulted in the trophic status of Lake D2/D3 shifting from
oligotrophic to eutrophic (based on chlorophyll a concentrations). The initial density increases were
consistent with the EIS prediction that water level changes in Lake D2/D3 could alter biological productivity
due to the release of nutrients from flooded terrestrial soils and vegetation. Field observations of bottom
sediment conditions indicated that a substantial amount of organic material was present on the lake bottom
relative to the 2015 pre-dyke year, particularly during the first and second surveys following the construction
of the dyke. The EIS also predicted that the most likely effect of an increase in water levels is an increase
in available habitat area for benthic invertebrates, resulting in an overall increase in invertebrate abundance.
The sampling design for the AEMP does not allow for direct evaluation of this prediction because effects
are assessed based the responses of the communities at the five sampled stations, rather than quantifying
the potential change in invertebrate density for the lake as a whole.
In contrast to the results of initial post-construction monitoring, there was no indication of increased benthic
invertebrate density in Lake D2/D3 in 2018 despite a continued increase in water levels and general
productivity metrics in Lake D2/D3. The decline in density in 2018 may have been caused by reduced DO
availability in the water column during ice-cover conditions. Under-ice DO concentrations were at anoxic or
low levels at a number of stations during the winters of 2017 and 2018. These anoxic or low DO conditions
may have limited the overall productivity of the benthic community during the most recent monitoring and
restricted densities of common taxa that decreased relative to previous post-dyke years. The abundance
and proportion of total density represented by the chironomid genus Chironomus, which is highly tolerant
of low DO conditions, increased markedly during the last two years of monitoring, when DO levels were
lowest. These changes suggest simplification of the benthic invertebrate community caused by DO stress,
particularly in Basin D2.
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It is unlikely that the more recent shift in invertebrate density toward pre-dyke levels was caused by
toxicological impairment, associated with gradual increasing concentrations of certain metals in Lake D2/D3
over time. As discussed Section 7 (Water Quality), some constituents had concentrations above guidelines
for the protection of aquatic life; however, most of these constituents also exceeded guidelines during predyke years. As such, the benthic community would be expected to be naturally adapted to elevated
concentrations of these constituents. The exceedance of a water quality guideline also does not mean that
toxicity is occurring, only that it may occur. Therefore, the observed density changes may not be related to
guideline exceedances. However, as the frequency of exceedances for these variables has increased
during the post-dyke period, there remains some potential that the reductions in invertebrate density were
due to toxicological impairment.
A key result from the 2015 to 2018 re-evaluation period is that there is a distinctive difference in the
response of the benthic invertebrate community between the two basins in Lake D2/D3. This difference
was most obvious during the first two years of monitoring, with the more recent monitoring indicating that
some variables (e.g., total density, richness) may be shifting to be more similar between Basin D3 and
Basin D2. This may be a result of gradual mixing of water between the two basins over time as well as
colonization and dispersal by invertebrates between two formerly separate waterbodies. However, notable
differences in community composition were still evident in the more recent data.
Overall, the results of the benthic invertebrate analysis in Lake D2/D3 partly support the EIS predictions of
an overall increase in biomass of benthic invertebrates due to an increase in lake bottom habitat and
productivity (De Beers 2010, 2011, 2012). However, other environmental factors such as increased
incidence of anoxic or low DO conditions in Lake D2/D3 may also be influencing the benthic community.
To date, there have only been three years of monitoring in Lake D2/D3 following the development of Dyke
F. Additional monitoring is needed to continue to assess and characterize the changes occurring in the
Lake D2/D3 environment, and to confirm the potential cause (s) of the observed changes.

10.3.3.1

Variable Selection

Benthic invertebrate community summary variables used in the data analysis for Lake D2/D3 included total
invertebrate density, taxonomic richness, diversity, and evenness. A description of the methods used to
select dominant taxa and major taxonomic groups is provided in Section 10.3.1.1. Variable selection for the
Lake D2/D3 analysis was conducted separately from the core and reference lakes and considered all
available data for the lake, including data from the pre-dyke sampling year (2015) and the three post-dyke
years (2016 to 2018; Table 10.3-16).
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Table 10.3-16 Summary of Dominant Taxa and Major Taxonomic Groups Selected for Inclusion in
the Analysis for Lake D2/D3, 2015 to 2018
Construction
2015
2016

Variable

2017

Operation

2018

Dominant taxa

Nematoda
Pisidiidae
Microtendipes
Polypedilum
Corynocera
Micropsectra/Tanytarsus(a)

























Major taxonomic
groups

Nematoda
Oligochaeta
Pisidiidae
Ostracoda
Chironomidae
























a) Dominant taxa selected for analysis consisted of two midge genera (Micropsectra and Tanytarsus) that could not be distinguished
from one another by the taxonomist due to their similar morphology. For the AEMP benthic invertebrate analysis, these taxa are
referred to as Micropsectra/Tanytarsus.
 = taxon included in the list of dominant taxa or major taxonomic groups; - = taxon not included in the list of dominant taxa or major
taxonomic groups.

10.3.3.2

Variation in Physical Habitat

Field water quality measured in Lake D2/D3 at the lake bottom indicated that pH was slightly acidic to
neutral (Table 10.3-17). Conductivity was lowest during the pre-dyke year (2015) and highest in 2018.
Dissolved oxygen levels were high during open-water. Anoxic or low DO conditions were commonly
encountered during ice-cover and occurred during both the pre- and post-dyke periods. However, the
incidence of anoxic or low DO conditions was higher during post-dyke years. In Basin D3, DO levels at middepth varied among stations and years, but were lowest during 2015 and 2016. In Basin D2, DO levels at
mid-depth were similar between 2015 and 2016, but dropped to very low levels during ice-cover in 2017
and 2018 (Appendix 10A).
Water depth in Lake D2/D3 has been altered relative to baseline conditions by the construction of Dyke F
(Appendix 10A). On average, water depth increased by 1.9 m between the 2015 and 2018. Overall, the
percentage of fines and TOC content of sediments were similar in Lake D2/D3 between the pre- and postdyke periods (Appendix 10A). During the first year of monitoring following construction of the dyke, sediment
grab samples were mainly composed of decomposing organic matter and terrestrial vegetation. However,
during the last two years of monitoring, sediment grabs contained mostly decomposing organic matter and
silt, indicating that there has been some progression of decomposition of terrestrial vegetation on the lake
bottom.
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Table 10.3-17 Summary of Habitat Data for Benthic Invertebrate Stations Sampled in Lake D2/D3,
2015 to 2018

Water depth (m)
Secchi depth (m)
Field water quality –
lake bottom (openwater)
Sediment quality

Variable
Water temperature (ºC)
Dissolved oxygen (mg/L)
Specific conductivity (µS/cm)
pH
Fines (silt +slay) (%)
Total organic carbon (%)

Construction
2015
2016
0.7 – 2.6
2.5 – 3.3
0.5 – 1.8
9.5 – 9.9
8.1 – 8.7
10.0 – 10.8
9.0 – 9.7
11.0 – 22.4
18.7 – 27.4
6.7 – 7.3
5.8 – 6.4
20 – 99
20 – 99
8 – 38
8 – 38

Operation
2017
2018
3.2 – 4.0
3.3 – 4.1
1.0 – 1.2
0.4 – 0.7
11.0 – 12.0
3.1 – 5.6
8.1 – 9.4
10.9 – 11.5
19.0 – 20.0
21.5 – 22.8
6.1 – 6.5
5.5 – 6.8
35 – 99
24 – 100
6 – 37
10 – 38

µS/cm = microSiemens per centimetre; - = no data available.

10.3.3.3

Benthic Invertebrate Community Variables

Across all years and stations in Lake D2/D3, the total density of invertebrates ranged from 116 to
56,276 org/m2 (Table 10.3-18). Density was on average greater in Basin D3 than in Basin D2. Richness
values ranged from 2 to 26 taxa per station, diversity from 0.20 to 0.80, and evenness from 0.13 to 1.00.
Dominant taxa in Lake D2/D3 varied slightly among years; however, Nematoda was the most abundant
taxon (range = 0 to 9,101 org/m2), followed by Microtendipes (range = 0 to 19,391 org/m2), based on relative
density across all stations and years (Table 10.3-18). Other common taxa included the Pisidiidae and the
Chironomid midge genera Corynocera, Micropsectra/Tanytarsus and Polypedilum.
Table 10.3-18 Summary of Total Invertebrate Density, Taxonomic Richness, Community Index
Values and Densities of Dominant Taxa in Lake D2/D3, 2015 to 2018
Variable
Total density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Nematoda density (org/m2)
Pisidiidae density (org/m2)
Microtendipes density (org/m2)
Polypedilum density (org/m2)
Corynocera density (org/m2)
Micropsectra/Tanytarsus density (org/m2)

Construction
2015
2016
1,543 – 8,601
116 – 56,276
9 – 20
2 – 26
0.64 – 0.80
0.45 – 0.79
0.19 – 0.56
0.17 – 1.00
0 – 4,232
0 – 22,029
43 – 565
0 – 739
0 – 19,391
7 – 877
0 – 877
0 – 4,848
0 – 623
0 – 8,573

Operation
2017
2018
1,044 – 43,538
6,983 – 18,764
3- 17
10 – 15
0.20 – 0.76
0.21 – 0.70
0.21 – 0.44
0.13 – 0.25
0 – 19,420
0 – 8,333
928 – 2,725
86 – 1,552
0 – 15,710
29 – 5,575
0 – 2,087
0 – 144
29 – 2,029
86 – 920

org/m2 = number of organisms per square metre; - = taxon did not meet criteria for inclusion in the list of dominant taxa retained in
the analysis.
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Benthic Invertebrate Community Variables in Lake D2/D3, 2015 to 2018
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Statistical and Graphical Analysis

Effects from Mine-related changes in hydrology, water and sediment quality on the Lake D2/D3 benthic
community following construction of Dyke F in 2016 were evaluated using statistical comparisons to
pre-dyke data (2015). Detailed statistical methods used during each year of the AEMP are provided in the
annual reports.
When interpreting the results of the analysis, a response pattern indicating an overall increase or decrease
in a benthic invertebrate variable between the pre- and post-dyke periods may indicate a potential Minerelated effect resulting from an increase in water level and other corresponding changes. It is acknowledged
that other community responses are also possible. These potential responses were explored qualitatively.
A notable finding from the AEMP is that the benthic invertebrate communities represented in the two basins
in Lake D2/D3 have demonstrated substantially different response patterns to the construction of Dyke F.
Differences in response patterns between the two basins were evaluated graphically.
Table 10.3-19 Results of Paired t-tests (2016) and Repeated Measures Analysis of Variance (2017
and 2018) Comparing Benthic Invertebrate Community Summary Variables in Lake
D2/D3 between Pre-dyke (2015) and Post-dyke (2016, 2017, 2018) Sampling Periods

Variable
Total density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Nematoda density (org/m2)
Pisidiidae density (org/m2)
Microtendipes density (org/m2)
Polypedilum density (org/m2)
Corynocera density (org/m2)
Micropsectra/Tanytarsus density
(org/m2)

Construction
Operation
2015 vs. 2016
2015 vs. 2017
2015 vs. 2018
P-value Magnitude (%) P-value Magnitude (%) P-value Magnitude (%)
0.074
0.072

527 (↑)
12 (↑)
11 (↓)
19 (↑)
269 (↑)
3,649 (↑)
427 (↑)
1,456 (↑)

0.021
0.062

155 (↑)
25 (↓)
16 (↓)
1 (↓)
33 (↓)
506 (↑)
365 (↑)
13 (↓)
622 (↑)

-

215 (↑)
5 (↓)
35 (↓)
114 (↓)
82 (↑)
50 (↑)
570 (↑)
31 (↓)
136 (↑)

Notes: Bolded values indicate significant results. Tests were considered significant at P<0.1. Data transformations used in the
statistical analysis are provided in the AEMP annual reports.
P = probability of Type 1 error; org/m2 = number of organisms per square metre; - = non-significant result, or taxon did not meet
criteria for inclusion in the list of dominant taxa; ↓ = decrease from 2015; ↑ = increase from 2015.

For the analysis conducted in 2016, the results indicate that total invertebrate density and the density of
two common taxa (Microtendipes and Micropsectra/Tanytarsus) increased significantly between the 2015
pre-dyke year and the AEMP sampling in 2016. For the analysis conducted in 2017 (Table 10.3-19), the
results indicate that the densities of Pisidiidae and Micropsectra/Tanytarsus increased significantly between
the 2015 pre-dyke year and the AEMP sampling in 2017. None of the benthic invertebrate variables tested
in 2018 had significant differences between the AEMP sampling in 2018 and the 2015 pre-dyke year
(Table 10.3-19).
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The response pattern in invertebrate density differed between the two basins in Lake D2/D3. The significant
increases detected in total density and the densities of Microtendipes and Micropsectra/Tanytarsus relative
to the pre-dyke year were largely driven by density increases in the Basin D3 community, based on a visual
assessment, whereas density in Basin D2 either remained within a similar range or had a lower overall
magnitude of change compared with Basin D3. The difference in responses between the two basins was
most obvious during the first two years of monitoring following the construction of Dyke F, whereas in 2018,
several variables shifted to be more similar between the two basins.
In all years there were no significant differences in invertebrate richness, evenness or diversity between
the pre- and post-dyke periods. However, when the two basins were examined independently, both diversity
and evenness had a clear difference in response between the two basins. Diversity and evenness index
values were lower overall in Basin D2 during the post-dyke period compared to the pre-dyke period, but
generally remained stable over time in Basin D3 (Figure 10.3-8). The lower diversity and evenness values
in Basin D2 were driven by an increase in density of the low DO tolerant genus, Chironomus, which
contributed 85% to 89% of total density in 2018, and a corresponding decrease in the density of other taxa
in the lake.

10.3.3.5

Community Composition

The benthic invertebrate community in Lake D2/D3 consisted primarily of Chironomidae, Nematoda,
Pisidiidae and ostracods (Ostracoda; Figure 10.3-10). Differences in community composition were evident
between the two basins. The benthic invertebrate community in Basin D3 was relatively equally dominated
by Chironomidae and Nematoda, whereas Basin D2 was dominated by Chironomidae, with the Pisidiidae
contributing a substantial proportion of the total density for certain stations and years.
Some differences in community composition were evident between the pre- and post-dyke periods. When
considering the lake as a whole, the average change in Chironomidae density from year-to-year was
relatively small (26%) and within the range of natural variability in the study area among years. Within the
Chironomidae, there was a shift in genera over time, most notably in Basin D2. The genus Chironomus
was absent from Basin D2 in 2015 and 2016 but was a major component of chironomid density and total
density in 2017, and then became the single most dominant taxon in 2018, accounting for nearly 90% of
total density at both stations in Basin D2.
The relative density of Pisidiidae fluctuated over time; however, on average, the change in relative density
from year-to-year was small (15%). When the two basins in Lake D2/D3 were examined separately, there
were no notable trends in the relative density of Pisidiidae over time in Basin D3; however, in Basin D2,
relative density of Pisidiidae increased between 2015 and 2017, but then decreased substantially in 2018,
accounting for only 1% to 2% of total density for the basin in that year.
Ostracods were absent from samples in Basin D3 in all years and in Basin D2 following construction of the
dyke but represented a substantial proportion of the community at Stations L4 and L5 in 2015. It is unclear
why ostracods were absent from samples from Basin D2 from 2016 to 2018. In contrast, the community in
Basin D3 has been relatively consistent over time. There were no notable trends in the relative densities of
Nematoda or oligochaeta between the pre- and post-dyke periods, either for the lake as a whole or within
the individual basins.
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Figure 10.3-10 Benthic Invertebrate Community Composition in Lake D2/D3, 2015 to 2018
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Streams Downstream of Area 8

Evaluation of the 2015 AEMP data provided no clear indication that dewatering activities in 2015 resulted
in an ecologically meaningful disturbance to stream benthic communities. Changes to stream discharge in
the K L and M streams in 2015 were lower than predicted because of lower than expected dewatering
discharges and local dry conditions. As a result, water flows were similar to baseline during most of the
open-water season.
Statistical comparisons between the 2013 baseline year and 2015 indicated that all analyzed variables were
similar to baseline, with the exception of an increase in density of the chironomid, Synorthocladius. The
densities of Synorthocladius and the chironomid Cricotopus/Orthocladius also exceeded the upper bound
of the normal range. It is unlikely that the increases in these taxa represented a meaningful change in
community structure, because flow conditions in 2015 were generally within baseline values. Community
composition shifted toward slightly greater dominance by Chironomidae; however, this increase (22%) was
within the expected range of year-to-year variability in community structure. Overall, the results of the
analysis in 2015 were consistent with the EIS prediction that the density and species composition of stream
benthic communities would not change as a result of the dewatering activities.
Analysis of the benthos data from 2016 to 2018 detected some differences that were consistent with an
effect from reduced flows in streams downstream of Area 8. From 2016 to 2018, flow conditions in the
streams were reduced due to the development of Dyke A, combined with local dry conditions. In 2017 and
2018 instream flow mitigation was implemented as a requirement of the Downstream Flow Mitigation Plan
(DFMP), to reduce effects on streamflow. Overall, the magnitude of the flow-related effect was lower in
2017 and 2018 compared with 2016; however, flow conditions were below baseline ranges during all three
years.
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The results of the benthic invertebrate analysis in 2016 and 2017 identified statistically significant increases
in EPT density (2016) and the densities of Nematoda (2016), Micropsectra/Tanytarsus (2016),
Synorthocladius (2017), and Thienemannimyia complex (2016) between 2013 and one or both of 2016 and
2017 12. Total density (2016) and the densities of Nematoda (2016), Micropsectra/Tanytarsus (2016),
Cricotopus/Orthocladius (2016 and 2017), Synorthocladius (2016 and 2017) and Thienemannimyia
complex (2016) exceeded the upper bound of the normal range in at least one year.
Most of the significant differences and normal range exceedances occurred between the baseline year and
2016, when water flows and levels were below the 100-year dry condition during much of the open-water
season. There were fewer responses, overall, in 2017, when flows were reduced, but not to the extent
observed in 2016. Only one variable (Synorthocladius density) had a significant difference in 2017
compared to 2013. However, the density of this taxon also increased by a similar amount in 2015 relative
to 2013, when flow conditions were generally comparable. Natural, year-to-year variability in the benthic
invertebrate community may also be an influential factor.
The response in invertebrate density in 2016 and to a lesser extent, 2017, may have been affected by an
increase in food availability in streams downstream of Area 8. Responses of food resources, such as algae
and organic matter to changes in flow can strongly influence benthic invertebrate responses (Hart and
Finelli 1999; Smakhtin 2001). High flows generally result in the removal of periphyton due to scouring,
whereas at low current velocities, periphyton biomass can accumulate (Biggs et al. 2005; Dewson et al.
2007). Thus, an increase in periphyton biomass could have influenced invertebrate densities, particularly
for scraper and grazer taxa that consume algae and associated material.
Although some variables demonstrated responses that were potentially consistent with an effect from
reduced streamflow, others did not. There were no differences in diversity and evenness in either 2016 and
2017, indicating that stream benthic communities remained diverse, despite the changes in flows in these
streams. In addition, the density of the environmentally sensitive EPT taxa was not adversely affected by
reduced water flow in either year. Finally, examination of the community composition data provided no clear
indication of effects, despite the substantial reduction in stream flows.
The EIS predicted that reduced flows in the K, L and M streams would decrease available habitat area
within the streams and result in a reduction in benthic invertebrate biomass. The sampling design for the
AEMP does not allow for assessment of this prediction, because effects are evaluated based the responses
of the communities at the five sampled stations. The EIS also predicted that primary productivity in the
streams would increase because of phosphorus release from Mine activity. However, most of the density
increases occurred in 2016, prior to initiation of operational discharge to Lake N11. Therefore, a nutrient
enrichment response was not expected in 2016.
Overall, there was no clear indication of an effect from the dewatering activities in 2015 on benthic
invertebrates in streams downstream of Area 8. There was an overall increase in invertebrate density in
2016 relative to baseline conditions, which may potentially have been linked to substantially reduced flow
conditions in the K, L and M streams during 2016. However, relatively few responses were detected by the
analysis in 2017, despite ongoing reduced flow conditions in the K, L and M streams, which were less
pronounced than in 2016.

12

Due to a field sampling error, the 2018 data were not included in the statistical comparisons.
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Variable Selection

Benthic invertebrate community summary variables used in the data analysis for streams downstream of
Area 8 included total invertebrate density, taxonomic richness, diversity, and evenness. The density EPT
was included in the analysis of stream data to allow assessment of trends in the responses of
environmentally sensitive invertebrate groups. A description of the methods used to select dominant taxa
and major taxonomic groups is provided in Section 10.3.1.1. Variable selection for the streams was
conducted separately from the lakes and considered all available data for the streams, including data from
the baseline year (2013) and the four AEMP survey years (2015 to 2018) (Table 10.3-20).
Table 10.3-20 Summary of Dominant Taxa and Major Taxonomic Groups Selected for Inclusion in
the Analysis for Streams Downstream of Area 8, 2015 to 2018
Construction
2015
2016

Variable

Operation
2017
2018

Dominant taxa

Hydra
Nematoda
Micropsectra/Tanytarsus(a)
Cricotopus/Orthocladius(a)
Synorthocladius
Thienemannimyia complex




























Major taxonomic
groups

Hydrozoa
Microturbellaria
Nematoda
Oligochaeta
Hydracarina
Chironomidae
Other Diptera






-






-
















a) Dominant taxa selected for analysis consisted of two midge genera (Micropsectra and Tanytarsus; or Cricotopus and
Orthocladius) that could not be distinguished from one another by the taxonomist due to their similar morphology. For the AEMP
benthic invertebrate analysis, these taxa are referred to as Micropsectra/Tanytarsus and Cricotopus/Orthocladius.
 = taxon included in the list of dominant taxa or major taxonomic groups; - = taxon not included in the list of dominant taxa or major
taxonomic groups.

10.3.4.2

Variation in Physical Habitat

Field water quality measurements in streams downstream of Area 8 indicated that pH was slightly acidic to
neutral and that the water was generally well oxygenated (Table 10.3-21). Conductivity was low and
remained within a similar range from 2015 to 2017 and increased in 2018, reflecting the diversion of
downstream flow mitigation flows from Lake N11. Variation in other field water quality measurements was
low both among years and stations. Current velocity and water depth were higher in 2015, prior to the
construction of Dyke A, and lower in 2016 and 2017 following the construction of the dyke. Instream
vegetation was generally absent and riparian vegetarian was sparse. Stream bottom substrates consisted
primarily of cobble and boulder, with limited areas of bedrock, gravel and fine substrates (silt, sand and
clay).
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Table 10.3-21 Summary of Habitat Data for Benthic Invertebrate Stations Sampled in Streams
Downstream of Area 8, 2015 to 2018
Construction
2015
2016

Variable
Bankfull width (m)
Wetted width (m)
Mean water depth (m)
Mean current velocity (m)
Water temperature (ºC)
Dissolved oxygen (mg/L)
Field water
quality
Specific conductivity (µS/cm)
pH
Bedrock
Boulder
Substrate (%)
Cobble
Gravel
Sand/silt/clay

4.2 – 15.0
4.0 – 12.0
0.24 – 0.42
0.10 – 0.24
11.0 – 12.6
8.7 – 10.0
15.6 – 17.0
7.1 – 7.1
0 – 10
5 – 15
45 – 80
10 – 20
0 – 30

4.2 – 25.0
2.0 – 9.0
0.13 – 0.26
0.01 – 0.13
5.3 – 10.0
9.0 – 11.1
12.0 – 16.1
6.2 – 7.0
0–0
0 – 60
30 – 90
0 – 50
0 – 10

Operation
2017
2018(a)
4.5 – 25
4.0 – 10.0
0.15 – 0.27
0.07 – 0.31
7.3 – 9.1
10.9 – 11.7
16.0 – 17.0
6.6 – 6.9
0 – 20
10 – 30
30 – 50
15 – 20
0 – 30

4.8 – 16.0
4.5 – 10.0
0.16 – 0.26
0.13 – 0.26
5.7 – 6.2
12.0 – 12.0
26.0 – 26.0
6.7 – 6.9
5–5
20 – 20
35 – 60
15 – 20
0 – 20

a) 2018 results were based on two observations. Streams L3, M2 and M4 were not sampled due to a communication error with the
field crew. Section 8.2.1 in De Beers (2019c) provides an explanation of the source of the error.
µS/cm = microSiemens per centimetre.

10.3.4.3

Benthic Invertebrate Community Variables

Across all years and stations in the K, L and M streams, the total density of invertebrates ranged from
897 to 45,359 org/m2 (Table 10.3-22), the combined density of EPT ranged from 11 to 445 org/m2, richness
ranged from 30 to 51 taxa per station, diversity ranged from 0.53 to 0.93, and evenness values ranged from
0.02 to 0.31. Dominant taxa in the streams were generally consistent among years.
Micropsectra/Tanytarsus was the most abundant taxon (130 to 24,393 org/m2), followed by Hydra (0 to
15,376 org/m2). Other common taxa included the Nematoda and the chironomid midge genera
Micropsectra/Tanytarsus, Cricotopus/Orthocladius, Synorthocladius and Thienemannimyia complex.
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Table 10.3-22 Summary of Total Invertebrate Density, Taxonomic Richness, Community Index
Values and Densities of Dominant Taxa in Streams Downstream of Area 8, 2015 to
2018
Variable
(org/m2)

Total density
EPT density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Hydra density (org/m2)
Nematoda density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Cricotopus/Orthocladius density (org/m2)
Synorthocladius density (org/m2)
Thienemannimyia complex density (org/m2)

Construction
2015
2016
1,943 – 27,173
37 – 358
30 – 42
0.65 – 0.92
0.08 – 0.31
0 – 15,376
101 – 411
199 – 2,961
50 – 2,032
313 – 1,206

4,100 – 45,359
61 – 445
36 – 46
0.53 – 0.90
0.05 – 0.24
0 – 1,221
860 – 1,916
273 – 24,393
218 – 1,113
103 – 4,376
315 – 2,713

2017

Operation

897 – 6,137
11 – 331
30 – 51
0.84 – 0.93
0.02 – 0.31
0 - 736
9 – 282
51 – 13,379
315 – 1,465
171 – 1,042
163 – 834

2018(a)

13,657 – 13,840
194 – 345
46 – 46
0.71 – 0.81
0.10 – 0.17
5,132 – 6,878
1,074 – 1,152
130 – 160
187 – 770
22.6 – 884
89 – 492

a) 2018 results were based on two observations. Streams L3, M2 and M4 were not sampled due to a communication error with the
field crew. Section 8.2.1 in De Beers (2019c) provides an explanation of the source of the error.
org/m2 = number of organisms per square metre; EPT = Ephemeroptera, Plecoptera, and Trichoptera; - = taxon did not meet criteria
for inclusion in the list of dominant taxa retained in the analysis.

10.3.4.4

Comparison to Normal Range

Normal ranges for streams downstream of Area 8 were derived from the pooled baseline data for all streams
in 2013. It was not possible to make a comparison to normal ranges for the 2018 survey, because the full
complement of streams was not sampled due to the considerations noted in De Beers (2019c). However,
mean values for the two streams that were sampled were compared to normal ranges for reference
purposes (Table 10.3-23).
Over the period of 2015 to 2017, six variables exceeded the upper bound of the normal range and included
total density (2015), and the densities of Nematoda (2016), Micropsectra/Tanytarsus (2016),
Cricotopus/Orthocladius (2015, 2016, 2017), Synorthocladius (2015, 2016, 2017) and Thienemannimyia
complex (2016). None of the benthic invertebrate variables assessed had stream-wide mean values that
were less than the lower bound of the normal range. Variables that are not listed in Table 10.3-23 had mean
values that were within their respective normal ranges.
Several variables measured at the two streams sampled in 2018 (Streams K5 and L2) had values that were
greater than the upper bound of the normal range (Table 10.3-23). Total density, and the densities of Hydra
and Nematoda exceeded the upper bound of the normal range in both K5 and L2, whereas the densities of
EPT, Cricotopus/Orthocladius and Synorthocladius exceeded the upper bound of the normal range in
Stream K5 only.
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Figure 10.3-11 Benthic Invertebrate Community Variables in Streams Downstream of Area 8, 2013
to 2018
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Figure 10.3-12 Densities of Dominant Benthic Invertebrates in Streams Downstream of Area 8,
2013 to 2018
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Table 10.3-23 List of Benthic Invertebrate Community Summary Variables that Exceeded the
Normal Range for Streams Downstream of Area 8, 2015 to 2018
Year
2015

Construction
2016

2017

Variable

Normal Range

Stream-wide
Mean

Cricotopus/Orthocladius (org/m2)
Synorthocladius (org/m2)
Total density (org/m2)
Nematoda density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Cricotopus/Orthocladius density (org/m2)
Synorthocladius density (org/m2)
Thienemannimyia complex density (org/m2)
Cricotopus/Orthocladius density (org/m2)
Synorthocladius density (org/m2)

11 – 543
5.4 – 47
1,210 – 6,636
68 – 540
27.1 – 253
11 – 543
5.4 – 47.8
24.5 – 630
11 – 543
5.4 – 47.8

887
602
12,041
1,276
2,629
901
1,157
1,202
575
413

Variable

Normal Range

Stream K5

Stream L2

1,210 – 6,636
10 – 245
5 – 3,650
68 – 540
11 – 543
5.4 – 47.8

13,840
345
6,878
1,074
770
884

13,657
5,132
1,152
-

(org/m2)

Operation
2018

Total density
EPT density (org/m2)
Hydra density (org/m2)
Nematoda density (org/m2)
Cricotopus/Orthocladius density (org/m2)
Synorthocladius density (org/m2)

Note: Grey shading indicates an exceedance of the upper bound of the normal range.
org/m2 = number of organisms per square metre; EPT = Ephemeroptera, Plecoptera, and Trichoptera; - = no data available as mean
value did not exceed the normal range.

10.3.4.5

Statistical Analysis

Effects from Mine-related changes in hydrology and water quality on stream benthic invertebrate
communities were evaluated using statistical comparisons of AEMP survey data (2016 to 2017) to baseline
data (2013). Due to a field sampling error in 2018 (De Beers 2019c), the 2018 data were omitted from the
statistical analysis.
When interpreting the results of the analysis, the following considerations were made with respect to flow
conditions and corresponding effects on stream benthic invertebrate communities:
•

A single year of baseline data, 2013, was included in the analysis. Flow conditions at the Area 8 outlet
(Stream K5) in 2013 were similar to the median baseline condition throughout the open-water season.

•

Flow conditions at the Area 8 outlet in 2015 were similar to the median baseline condition during the
majority of the open-water season (De Beers 2016c). Therefore, the benthos data collected in 2015
were considered representative of baseline conditions.

•

Flow conditions at the Area 8 outlet in 2016 were below the average baseline 100-year dry condition
throughout most of the open-water season (De Beers 2017a). The benthos data collected in 2016 were,
therefore, considered representative of a low flow year.

•

Flow conditions at the at the Area 8 outlet in 2017 were below the average baseline 10-year dry
condition during June, July and August of 2017, and below the average baseline 100-year dry condition
during September and October of 2017. The benthos data collected in 2017 were, therefore, considered
representative of a low flow year.
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With exception of the 2015 sampling event, flow conditions in the streams were below the average baseline
conditions. Invertebrate responses to reductions in water flow are varied and can depend on a range of
factors including the magnitude and timing of the flow alteration, habitat diversity, sedimentation, availability
of food resources, and characteristics of the pre-disturbance community (Dewson et al. 2007). Therefore,
no specific response pattern was expected from the reduced water flows downstream of Area 8. Statistical
differences in community variables were evaluated in relation to the flow conditions present in each year
and other influential factors such as water temperature and habitat-related information gathered during the
field surveys from 2013 to 2018.
Table 10.3-24 Results of Paired t-tests (2015) and Repeated Measures Analysis of Variance (2016
and 2017) Comparing Benthic Invertebrate Community Summary Variables in
Streams Downstream of Area 8 between Baseline (2013) and AEMP (2015 to 2017)
Sampling Periods
Construction
2013 vs. 2015

Operation

2013 vs. 2016

2013 vs. 2017

P-value

Magnitude
(%)

P-value

Magnitude
(%)

P-value

Magnitude
(%)

-

64 (↑)

-

n/a(a)

-

15 (↓)

-

120 (↑)

0.020

265 (↑)

-

33 (↓)

Richness (taxa/station)

-

11 (↑)

Diversity

-

0 (↑)

Evenness

-

Variable
Total density (org/m2)
EPT density

(org/m2)

Hydra density

(org/m2)

-

n/a

(a)

-

4 (↓)

-

n/a (a)

-

23 (↑)

2 (↑)

-

n/a (a)

-

30 (↑)

-

70 (↓)

-

n/a

-

21 (↓)

(a)

-

2 (↓)

0.002

230 (↑)

-

64 (↓)

Micropsectra/Tanytarsus density
(org/m2)

-

-

<0.001

3,077 (↑)

-

89 (↑)

Cricotopus/Orthocladius density
(org/m2)

-

220 (↑)

-

n/a (a)

-

11 (↑)

Synorthocladius density (org/m2)

0.002

1,435 (↑)

-

n/a (a)

<0.001

1,288 (↑)

-

87 (↑)

0.023

267 (↑)

-

4 (↓)

Nemtoda density

(org/m2)

Thienemannimyia complex density
(org/m2)

Notes: Bolded values indicate significant results. Tests were considered significant at P<0.1. Data transformations used in the
statisitcal analysis are provided in the the AEMP annual reports.
a) Magnitude difference was not calculated for non-significant results in 2016.
AEMP = Aquatic Effects Monitoring Program; P = probability of Type 1 error; org/m2 = number of organisms per square metre; - =
non-significant result or taxon did not meet criteria for inclusion in the list of dominant taxa; ↓ = decrease from 2013; ↑ = increase
from 2013; n/a = not applicable.

For the paired t-tests conducted in 2015 (Table 10.3-24), the results indicate that density of Synorthocladius
increased significantly between the 2013 baseline year and the 2015 AEMP survey; however, none of the
other variables tested were significantly different between 2013 and 2015. The RM ANOVA conducted in
2016 (Table 10.3-24) detected significant increases in the densities of EPT, Nematoda,
Micropsectra/Tanytarsus, and Thienemannimyia complex relative to the 2013 baseline year. The results in
2017 (Table 10.3-24) were similar to the analysis in 2015, where the only significant result was an increase
in the density of Synorthocladius relative to the 2013 baseline year.
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Community Composition

Stream benthic invertebrate communities consisted primarily of Chironomidae, hydrozoans (Hydrozoa),
Nematoda, Oligochaeta, other true fly larvae (Diptera), Hydracarina, and flatworms (Microturbellaria)
(Figure 10.3-13). The Chironomidae were the dominant taxon in each stream except for Stream K5 in 2013,
and 2018, which was dominated by flatworms and Hydrozoa, respectively, and Stream L2 in 2013, 2015,
and 2018, which was dominated by Hydrozoa.
Community composition indicated greater dominance by the Chironomidae from 2015 to 2017 compared
to the baseline survey in 2013; however, Chironomidae relative density was generally similar between 2015,
when conditions were within baseline ranges, and 2016 and 2017, when flows were substantially reduced.
In addition, community composition at the two stations sampled in 2018 indicated reduced dominance by
Chironomidae compared to previous AEMP surveys. These results suggest that the increase in the
percentage of Chironomidae between 2013 and 2017 was within the expected range of year-to-year
variation in the benthic invertebrate community.
Figure 10.3-13 Benthic Invertebrate Community Composition in Streams Downstream of Area 8,
2015 to 2018
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Comparison to Action Levels

The Action Levels for benthic invertebrates in streams were developed to assess effects due to increased
scouring resulting from elevated water flows downstream of Area 8. Water flows in streams downstream of
Area 8 were predicted to increase during the construction phase as a result of discharge of dewatering
water pumped from upstream areas of Kennady Lake to Area 8. Dewatering activities occurred during the
open-water season in 2015 and the Action Levels for benthic invertebrates in streams were assessed as a
component of the 2015 AEMP.
The Low Action Level for the Toxicological Impairment Hypothesis for benthic invertebrates is based on
two trigger statements:
1) Average value for total density, richness, diversity, or densities of dominant taxa lower than normal
range, indicating scouring;
OR

2) Change in community composition indicating an adverse flow-related effect.
If one or both of these trigger statements are true, the Low Action Level is triggered.
None of the variables in 2015 triggered the Low Action Level based on the physical habitat alteration
hypothesis. In addition, the Low Action Level was not triggered in 2015 based on a change in community
composition.
Since the Action Levels for streams do not address the potential effects of low flow conditions, the Action
Level screening was not completed from 2016 to 2018. The dewatering discharge to Area 8 had ceased by
the end of 2015. From 2016 to 2018, the streams experienced a reduction in flows resulting from the
development of Dyke A.

10.4
10.4.1

Sampling Design Re-evaluation
Periphyton in Streams

Environment and Climate Change Canada (ECCC) commented in its review of the 2016 AEMP Annual
Report that future studies on the impacts of the development of Dyke A on downstream flows in the K, L
and M streams should include an assessment of periphyton abundance. In its response, De Beers
acknowledged that periphyton data from streams may be useful to assist in the interpretation of effects
resulting from changes in downstream flows and committed to considering this addition to the sampling
design as a part of the Aquatic Effects re-evaluation process.
Upon reconsidering this recommendation, De Beers does not agree with the recommendation to include
periphyton abundance within the AEMP for the following reasons:
•

Flow conditions in the K, L and M streams in future years will be managed in accordance with the DFMP
and will depend upon local climatic conditions and planned Mine water management activities for the
specific year. Implementation of instream flow mitigation will reduce impacts from the development of
Dyke A on downstream flows.

•

Collection of periphyton data will not be used to inform the DFMP because the magnitude of effects
from altered flow regime in the streams is expected to be reduced compared to previous monitoring
years (e.g., 2016 and 2017), with appropriate implementation of instream flow mitigation. Therefore,
the potential for changes in streamflow to affect periphyton biomass in the streams is anticipated to be
correspondingly reduced due to the maintenance of a more natural flow regime in the K, L and M
streams going forward.
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Data Analysis Re-evaluation
Selection of Dominant Taxa and Major Groups

De Beers recommends the following updates be applied for the benthic invertebrate component:
•

Dominant taxa and major groups identified in 2018 for the core lakes, Lake D2/D3 and for streams
downstream of Area 8, should be carried forward as the taxa evaluated in the AEMP annual reports
(Table 10.5-1).

•

Taxa lists should be updated as part of the re-evaluation process, rather than annually.

Use of a common list of dominant taxa and major groups for the AEMP will standardize the list of variables
considered in the annual data analyses and will improve comparability of the results from year-to-year.
Using a standard taxa list will avoid the need to re-calculate normal ranges in each year, if new taxa are
identified annually. Using a standard taxa list is consistent with the approach taken by other diamond mining
AEMPs, including the Diavik Diamond Mine (Golder 2017).
Table 10.5-1
Study Area

Recommended List of Dominant Taxa and Major Taxonomic Groups
Dominant Taxa

Core Lakes

Nematoda
Pisidiidae
Corynocera
Micropsectra/Tanytarsus
Pagastiella

Lake D2/D3

Nematoda
Pisidiidae
Microtendipes
Corynocera
Micropsectra/Tanytarsus

Streams

Hydra
Nematoda
Micropsectra/Tanytarsus
Cricotopus/Orthocladius
Synorthocladius
Thienemannimyia complex

10.5.2

Major Taxonomic Groups
Nematoda
Oligochaeta
Pisidiidae
Hydracarina
Copepoda – Harpacticoida
Chironomidae
Nematoda
Oligochaeta
Pisidiidae
Ostracoda
Chironomidae
Hydrozoa
Microturbellaria
Nematoda
Oligochaeta
Hydracarina
Chironomidae
Other Diptera

Habitat Variability Assessment

As a part of the review process for the 2017 AEMP Response Plan, Government of Northwest Territories
Environment and Natural Resources (GNWT-ENR) expressed concern that variability observed in habitat
variables at AEMP benthic invertebrate community stations in the core and reference lakes could interfere
with the interpretation of results for the benthic invertebrate component. ENR recommended that De Beers
provide a discussion on how habitat variability will be accounted for in future interpretation of AEMP results.
In response, De Beers committed to providing further details and discussion on this matter as a component
of the Aquatic Effects re-evaluation. The Mackenzie Valley Land and Water Board (MVLWB) subsequently
directed De Beers to “provide a discussion on how habitat variability will be accounted for in future
interpretation of AEMP results and whether assessment endpoints other than Pisidiidae may be impacted,
as agreed to in their response to GNWT-ENR comment-6.”
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Current Approach to Evaluating the Effects from Habitat
Variation

The current data analysis approach for the benthic invertebrate component includes consideration of the
influence of physical habitat variation on the outcomes of data analyses. Relationships between benthic
variables and physical variables are investigated in the AEMP annual reports to identify factors that may
influence the interpretation of results. The results from 2015 to 2018 indicate that three variables have the
potential to act as confounding factors in the data analysis: water depth, sediment particle size and
sediment TOC. These variables have been problematic for the AEMP because of the degree of variation
observed in these variables among lakes and over time. Bottom sediments in the core lakes typically consist
of silt and clay and have moderate to high TOC, whereas sediments in the reference lakes are sandier and
have low to moderate TOC. Correlation analysis indicated that variation in TOC and percent fine sediment
explained a portion of the variation in benthic community structure, whereas water depth generally had a
lesser influence.
When evaluating the results of the AEMP data analyses, there are two possible outcomes that are of interest
where confounding effects from habitat variation are a concern. First, it is possible to detect a change that
appears to be Mine-related, but the apparent “Mine-related” change may be due to variation in habitat
characteristics. A second outcome is that the results indicate a lack of response, when in fact there is a
Mine-related effect that has been obscured by variation in habitat.
To reduce the incidence of the first outcome, habitat variables of concern were examined to evaluate
whether they were potentially influencing the results of the analysis. For a relatively simple analysis, such
as comparing lake-wide mean values to the normal range, the investigation involves comparing patterns in
benthic invertebrate results with those in habitat results through correlation analysis. In cases where habitat
variables follow the same overall pattern of response as benthic invertebrate variables, it is likely that the
habitat variable explains at least a portion of the response. In these cases, if the changes can also be linked
to the Mine, the conservative approach has been to cautiously consider the response as also being
potentially Mine-related.
This type of examination has been challenging with the BACI analysis due to the number of lakes and years
considered. To date, habitat variables have not been included as covariates in the BACI; however, the
potential for inclusion of covariates in future data analyses is considered further below. The BACI results
are reviewed to determine whether any of the variables with significant responses were also correlated with
habitat variables. In cases where correlations exist, there is reasonable potential that the responses may
be linked to variation in habitat.
In the second outcome, the risk is that an effect is not detected because Mine-related changes in the
community are obscured by variation in habitat. However, if a Mine-related effect were to be obscured, it is
expected that the magnitude or severity of the effect would be relatively low, as indicated by a lack of
change in a variable outside of reference values for the AEMP. Based on experience, Mine-related changes
that are of sufficient magnitude will be detected by statistical analyses despite moderate differences in
habitat among stations. In addition, given the low magnitude of effects detected to date in other components
that provide information on exposure, it is unlikely that the AEMP has failed to detect an important change
in the benthic community that was attributable to the Mine. The data analyses and Action Levels used to
identify Mine-related effects for the benthic invertebrate component are conservative and to date, have
effectively captured minor changes that may be due to the Mine.
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Options Analysis

It is acknowledged that the observed associations between habitat variables and benthic variables have
the potential to influence the interpretation of results. In addition, the issue has complicated the benthic
analysis by resulting in significant statistical tests, which subsequently triggered Action Levels, despite
evidence suggesting that the responses were habitat related, and otherwise not clearly linked to the Mine.
Habitat variation is a common issue in benthic invertebrate studies because habitat often cannot be fully
standardized among sampling areas. Therefore, interpretation of monitoring data frequently incorporates a
qualitative evaluation of the effects of habitat variation, or, where possible, quantitative consideration of
habitat variables in the statistical analysis.
Two options were considered to address the issue of habitat variation and evaluate the most appropriate
course of action. These options involve either attempting to relocate the sampling locations to achieve
better similarity in habitat among stations or changing the data analysis approach to better deal with habitat
variation. These two options are discussed in more detail below.
Option 1: Attempt to re-locate the AEMP sampling stations in East Lake and Lake 3 to less sandy areas, to
improve comparability of habitat with the core lakes.
Option 1 is considered unfavourable because 1) attempts to re-locate stations in the reference lakes have
been unsuccessful in the past (De Beers 2016c and 2018c), and 2) re-locating stations would disrupt the
existing data record for the AEMP.
Option 2. Continue to adhere to the current sampling and statistical design for the AEMP, including the
adjustments proposed in this report, which would be implemented in the updated AEMP Design Plan. In
future reports, include a more detailed evaluation of the potential influence of habitat variation on observed
trends.
While it is acknowledged that the observed habitat variation could influence the effects assessment for
benthic invertebrates, it is not a unique problem for the AEMP, nor is it a problem that necessarily
undermines the sensitivity of the AEMP to detect effects on benthic invertebrate communities, particularly
if additional measures can be added to deal with the effects from habitat variation. This interpretation is
based on the following considerations:
•

The issue raised by GNWT-ENR is not unique to the AEMP. All field based, environmental monitoring
programs that include a benthic invertebrate sampling component may be affected to some degree by
habitat variation, which can confound the analysis of effects. While habitat differences can be minimized
though targeted selection of stations, site-specific conditions cannot be directly managed or controlled
in field-based studies.

•

The AEMP results presented to date indicate that habitat characteristics explain only a portion of the
variation in benthic variables. This means that a portion of the variation in benthic invertebrate
community variables is explained by factors unrelated to these two habitat parameters, including the
potential for Mine-related effects. Use of correlation analysis will continue to assess the influence of
habitat variables on the outcomes of data analyses such as the normal range comparisons.

•

The BACI design used for the AEMP does not require replicate stations to have identical habitat
characteristics. Rather, the analysis is meant to account for environmental variability and temporal
trends found in both the control and treatment areas and, thus, increase the ability to differentiate
treatment effects from natural variability (Roni 2005).
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To improve the sensitivity of the BACI analysis to detect Mine-related effects, De Beers is proposing to
modify the BACI model for benthic invertebrates to include habitat variables as covariates in the BACI,
as appropriate. This approach is summarized in Section 10.5.5. It is anticipated that inclusion of habitat
variables as covariates in the BACI model will help to address concerns that variability in habitat
parameters at AEMP stations in the core and reference lakes could interfere with the interpretation of
results for the benthic invertebrate component.

De Beers recommends the following update be applied for the benthic invertebrate component:
•

Option 2 should be advanced as it allows the benthic invertebrate component to maintain the currently
established sampling design and statistical approach used for the AEMP, while incorporating
refinements to the statistical analysis that will improve the sensitivity of the BACI analysis to deal with
the influence of variation in physical habitat.

10.5.3

Mesh Size Comparison Study

As a component of the Aquatic Effects re-evaluation for benthic invertebrates, a mesh size comparison
study was completed to evaluate whether additional baseline data collected using a different mesh size
(500 µm) than that used for the AEMP (250 µm), can be included in the baseline dataset by calculating
conversion factors between the two mesh sizes. Up until this point, these additional baseline data have
been excluded from the AEMP because the mesh sizes used during field sampling were not comparable
to the AEMP dataset. As a result, a single year of baseline data has been used to represent the expected
range of natural variability. As a result, the analyses completed for the AEMP may be oversensitive in
detecting effects on the benthic community. Calculating conversion factors between the two mesh sizes
would allow for additional data to be included in the normal range, providing for a more robust estimate of
baseline variability, and the ability to distinguish between natural variability and Mine-related changes.

10.5.3.1

Background

Baseline data for benthic invertebrates were collected from lakes and streams in the Gahcho Kue Mine
area over a number of years from 1996 to 2011 Golder (2014a). The benthic invertebrate community
samples collected during the baseline period were predominately sieved using a 500 µm mesh, rather than
a 250 µm mesh, which is currently used for the AEMP. Use of a 500 µm mesh sieve is consistent with the
minimum sampling requirements for benthic invertebrates recommended by the federal Environmental
Effects Monitoring (EEM) Program (Environment Canada 2012).
Following the submission of the EIS for the Mine, an aquatic resource study was completed in 2011 to
supplement the aquatic baseline dataset (Golder 2013b). A mesh size comparison study was included as
component of the 2011 Aquatic Resources Study (Golder 2013b) to evaluate whether the use of a 250 µm
sieve would improve sensitivity of the sample collection methods in characterizing the benthic community.
The outcome of the study was that a 250 µm sieve should be used in future surveys to obtain a more
representative sample of the community. Therefore, all subsequent benthic invertebrate sampling was
completed using a 250 µm mesh sieve.
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Approach

Data obtained from the 2011 mesh size study were used to calculate conversion factors between the
500 and 250 µm mesh fractions. Samples collected during the 2011 baseline survey in Area 8 were sieved
through both a 500 μm and 250 μm mesh screen in the laboratory. Organisms retained by these two sieves
were identified and enumerated separately, and the results were reported as 500 and 250 μm mesh size
fractions. Animals retained in the 500 µm fraction were subsequently added to the 250 µm counts, as the
latter fraction is intended to represent the entire sample.
Ratios between the 500 and 250 μm mesh fractions were calculated for total density, richness, and
dominant taxa and major groups that are proposed to be used going forward for the AEMP (Section 10.5.1).
Ratios were not developed for indices such as diversity and evenness, as their abstract nature prevents
direct extrapolation. Ratios were calculated as an average, based data for all 2011 stations. The standard
deviation and coefficient of variation were calculated for the ratio for each variable to assess their reliability;
ratios with a high standard deviation or coefficient of variation were not used as conversion factors.
A review of the available baseline data collected using a 500 µm mesh sieve was undertaken to determine
which data could be added to the AEMP baseline dataset after applying the conversion factors generated
by the mesh size comparison. Lake N11, Lake D2/D3, East Lake and Lake 3 were eliminated from this
review, because additional baseline data are not available for these waterbodies for inclusion in the AEMP.
Therefore, the review focused on additional data available for Area 8 and the streams downstream of
Area 8. Suitable stations were matched with AEMP stations based on distance to the closest AEMP station.
Conversion factors were determined based on the 2011 mesh size comparison, and were applied to benthic
invertebrate community variables calculated from the 500 μm mesh size samples selected to be added to
the AEMP baseline dataset.

10.5.3.3

Results

10.5.3.3.1 Area 8
The review of available baseline data for Area 8 included survey results for 1996, 2001, 2004, 2007 and
2011 (Golder 2014a). The 2011 data were collected using a 250 μm mesh and are already included in the
AEMP baseline dataset. The earliest data (1996 and 2001) were excluded because the samples were
collected much earlier during the open-water season (July) than the AEMP samples, which are collected in
early September. July represents a period of emergence of many aquatic insects, and abundances and
richness are expected to be lower than during September, when most immature insects that developed
from eggs deposited after emergence are large enough to be captured in the sieved samples. Therefore,
these samples were not considered comparable with the AEMP data as they likely under-represented
invertebrate density and richness, compared to the September samples.
The 2004 and 2007 data were collected at the same time of year and using the same type of sampler
(15 x 15 x 15 cm Ekman grab) as the AEMP samples. Two stations sampled in 2007 were excluded
because the stations were located in shallow littoral areas outside of the AEMP target depth range of
4-10 m. Water depths and habitat characteristics at one station sampled in 2004 (K5-C) and three stations
sampled in 2007 (K5-1, K5-2 and K5-3) were generally comparable to those of the AEMP stations. These
four stations were considered appropriate to include in the AEMP baseline dataset and were paired with
AEMP stations based on proximity to the AEMP stations (Table 10.5-2). Paired stations were within
approximately 300 m of each other in all cases.
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Universal Transverse Mercator Coordinates for 2004 and 2007 Baseline Stations in
Area 8 and Distance to Closest AEMP Station

Station
K5-C
K5-1
K5-2
K5-3

Easting
591869
591838
592183
593086

Northing
7035613
7035784
7036095
7036926

Closest
AEMP Station
Area 8 D1
Area 8 D1
Area 8 D2
Area 8 D4

Easting
591962
591962
592337
593084

Northing
7035714
7035714
7036097
7036833

Distance to
Closest AEMP
Station (m)
137
142
154
93

AEMP = Aquatic Effects Monitoring Program.

Habitat information for the selected (2004 and 2007) and existing (2011) baseline stations is presented in
Table 10.5-3. Field water quality variables were generally similar among stations and years. Overall,
sediment TOC was higher at the 2011 stations compared to the stations sampled in 2004 and 2007. In
addition, percent fines was higher overall in 2004 and 2007 compared to in 2011 but this was likely due to
differences in the analytical method used to determine sediment particle size distribution among years.
The final ratios generated from the 2011 samples from Area 8 are summarized in Table 10.5-4. Variance
of these ratios was relatively low overall, indicating that the resulting conversions between 500 and 250 µm
mesh samples can be considered reliable. The exception was Nematoda density (Table 10.5-4), which had
a variance estimate that was too high to reliably apply the ratio as a conversion factor between 500 and
250 µm mesh size samples. The variance of the ratio calculated for Micropsectra/Tanytarsus was also
higher than ideal; however, it was considered useable, with the caveat that the results should be interpreted
with caution. Harpacticoida were not retained in any of the 500 µm mesh samples; therefore, a ratio could
be calculated for this taxon.
The ratios presented in Table 10.5-4 were applied to the 500 µm mesh size data from 2007 and 2004 to
estimate variables for the historical data that are comparable to the 250 µm mesh size data (Table 10.5-5).
Overall, the corrected historical results are similar to the 2011 baseline data. Total density and richness
were higher in 2011 compared to the corrected values, but comparison to AEMP data suggests that these
lower values are not unusual. Taxa-specific densities varied somewhat among years, likely as a result of
natural year-to-year variation in community structure. For example, the now-dominant taxa Corynocera and
Pagastiella appeared to be nearly absent from Area 8 in 2004 and 2007, having been replaced by increased
densities of Micropsectra/Tanytarsus, compared to the more recent sampling.

10.5.3.3.2 Streams Downstream of Area 8
Available baseline data for streams downstream of Area 8 were collected in 2005, 2007 and 2013 (Golder
2014a). The 2013 data were collected using a 250 μm mesh and are already included in the AEMP baseline
dataset. The data from 2005 were collected in July and were excluded based on the same considerations
noted in Section 10.5.3.4.1 for the 1996 and 2001 data for Area 8.
The 2007 data were collected at the same time of year and using the same type of sampler (30 x 30 cm
Surber sampler) as the AEMP samples. The sampling targeted the same five stations as are currently
sampled for the AEMP (Table 10.5-6). The available habitat information for the 2007 survey indicates that
bottom substrate conditions were generally comparable to those encountered at the stations sampled
during the 2013 baseline survey (Table 10.5-7). Overall, the communities represented in 2007 were
comparable those sampled in 2013. These five stations were considered appropriate to include in the AEMP
baseline dataset for streams downstream of Area 8.
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Habitat Data for Baseline Stations in Area 8, 2004, 2007 and 2011
Field Water Quality

Baseline
Water Depth Water Temperature
Dissolved
Year
Station
(m)
(°C)
Oxygen (mg/L)
Recommended Baseline Stations
2004
K5-C
4.1 – 4.3
6.5
11.1
2007
K5-1
6
9.2
10
2007
K5-2
6
9.1
9.3
2007
K5-3
4
8.8
8.6
Existing Baseline Stations
2011
D1
6.3
13
9.6
2011
D2
5.9
13.5
9.5
2011
D3
6.1
12.2
9.7
2011
D4
5.5
12.5
9.7
2011
D5
5.2
13.5
9.1
2011
S1
4
12.9
9.4

Sediment Quality

Specific
Conductivity
(µS/cm)

Sand (%)

Silt (%)

Clay (%)

Fines
(silt +clay) (%)

Total Organic
Carbon (%)

7
-

31
14
8

42
40
38

27
46
54

69
86
92

3.3
4.1
4.5

14
14
14
14
14
14

81
77
74
81
71
76

17
20
24
19
21
22

3
2
2
0
8
2

20
22
26
19
29
24

15
16
18
16
17
9

μS/cm = microSiemens per centimetre; - = no data available.

Table 10.5-4

Average Ratios Comparing 500 µm and 250 µm Mesh Sizes for Total Density, Richness, and Densities of Common Taxa
and Major Groups in Area 8, 2011
Dominant Taxa

Community Composition

Value Total density Richness Nematoda Pisidiidae Corynocera Pagastiella Micropsectra / Tanytarsus Nematoda Pisidiidae Oligochaeta Hydracarina Chironomidae
Mean ratio
1.87
1.13
22.97
1.01
1.93
1.92
6.75
22.97
1.01
3.28
3.53
1.71
SD
0.28
0.05
23.01
0.04
0.55
0.57
4.97
23.01
0.04
2.18
1.18
0.314
CV (%)
15.04
4.53
96.46
3.76
28.76
29.45
73.59
96.46
3.76
66.65
33.47
18.35
Note: Grey shading indicate an unreliable conversion factor.
SD = standard deviation; CV = coefficient of variation; µm = micrometre.

Table 10.5-5

Baseline
Year Station

2004
2007
2007
2007

K5-C
K5-1
K5-2
K5-3

Corrected Total Density, Richness, Densities of Dominant Taxa and Relative Densities of Major Groups, Calculated by
Applying 500:250 µm Mesh Size Ratios to 500 µm Data from Area 8, 2004 and 2007
AEMP
Station

Area 8 -L1
Area 8 -L1
Area 8 -L2
Area 8 -L4

Dominant Taxa (org/m2)
Community Composition (%)
Total
Total
density
richness
Micropsectra
2
(org/m ) (taxa/station) Nematoda Pisidiidae Corynocera Pagastiella / Tanytarsus Nematoda Pisidiidae Oligochaeta Hydracarina Chironomidae

4,377
3,013
903
1,472

25
20
15
15

nc
nc
nc
nc

262
308
60
53

0
0
0
0

150
0
0
0

3,139
1,250
100
3,600

nc
nc
nc
nc

5.98
10.23
6.66
3.57

AEMP = Aquatic Effects Monitoring Program; org/m2 = number of organisms per square metre; nc = not calculated; µm = micrometre.
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12.89
2.69
1.65

2.74
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Universal Transverse Mercator Coordinates for 2007 Baseline Stations in Streams Downstream of Area 8
Year
2007
2007
2007
2007
2007

Table 10.5-7

10-52

Station
K5
L3
L2
M4
M2

Easting
593194
593182
593888
596268
596641

Northing
7038412
7038504
7038999
7041777
7045216

Habitat Data for Baseline Stations in Streams Downstream of Area 8, 2007 and 2013

Field Water Quality
Water
Water
Dissolved
Specific
Baseline Depth Temperature
Oxygen
Conductivity
Year
Station
(m)
(°C)
(mg/L)
(µS/cm)
Recommended Baseline Stations
2007
K5
0.16
6
2007
L3
0.15
6
2007
L2
0.18
8
2007
M4
0.15
8
2007
M2
0.15
8
Existing Baseline Stations
2013
K5
0.26
21.7
8.8
16.7
2013
L3
0.18
20.8
8.6
17.3
2013
L2
0.22
20.5
8.9
17.8
2013
M4
0.16
20.9
9.0
16.3
2013
M2
0.25
20.3
8.6
16.8

Sediment Quality
Large
Small
Boulder Cobble Cobble
(%)
(%)
(%)

Embeddedness
(%)

Bedrock
(%)

-

-

20
10
20
20
60

20
10
40
40
30

0
0
5
10
30

0
0
10
0
0

0
0
0
0
2

11
35
22
25
24

μS/cm = microSiemens per centimetre; - = no data available.

De Beers Canada Inc.

Large
Gravel
(%)

Small
Gravel
(%)

Sand/Silt/Clay
(%)

30
40
25
40
5

15
40
5
0
5

11
6
13
13
8.5

4
0
3
5
1

45
35
37
34
46

29
24
25
23
19

10
0
0
0
0

5
0
0
0
0
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The mesh size ratios calculated based on the data from Area 8 in 2011 are based on the rate of retention
of organisms in the Area 8 community. Values for total density and total richness in streams were
extrapolated using the Area 8 ratios above. However, due to differences in community structure between
Area 8 and the streams, densities of dominant taxa and major taxa were not calculated for stream taxa that
were not present in Area 8, or present at relatively low densities compared to the streams.
Total density and richness were estimated at the 250 µm mesh using the ratios applied to Area 8 stations
shown in Table 10.5-8. Overall, the corrected stream data are similar to the baseline data from 2013;
however, density and richness were slightly lower in the corrected 2007 data compared to 2013.
Table 10.5-8
Year
2007
2007
2007
2007
2007

Corrected Total Density and Richness Calculated by Applying 500:250 µm Mesh
Size Ratios to 500 µm Data from Streams Downstream of Area 8, 2007
Station
K5
L3
L2
M4
M2

Total density (org/m2)
2,045
1,379
1,541
1,433
2,283

Total richness (taxa/station)
33
32
27
24
26

org/m2 = number of organisms per square metre; µm = micrometre.

10.5.3.4

Summary

Ratios of 250:500 µm mesh samples were derived using data from the mesh size study conducted in Area
8 in 2011 for total density, total richness, and the densities of most dominant and major taxa. Using these
ratios, it was possible to extrapolate density and richness values for samples from 2004 and 2007 that were
collected using a 500 µm mesh sieve. The ratios for Area 8 were also applied to 500 µm mesh data collected
in 2007 from streams downstream of Area 8. This added the 2007 data for total density and total richness
to the existing 2013 baseline dataset.
De Beers recommends the following update be applied for the benthic invertebrate component:
The corrected baseline data generated by applying 500:250 µm mesh size ratios to 500 µm data from Area
8 in 2004 and 2007 and from the K, L and M streams in 2007, should be added to the dataset used to
represent baseline conditions for the benthic invertebrate component in the normal range and as the Before
treatment group in the BACI analysis.

10.5.4

2015 and 2016 Data as Before Years

A recommendation from the AEMP annual reports was that the 2015 and 2016 data from the core lakes be
included as Before or “pre-impact” years to improve the robustness of the normal range estimates and the
BACI statistical analysis (De Beers 2016c, 2017a, 2018c, and 2019c). Following the MVLWB review,
De Beers committed, as part of the Aquatic Effects Re-evaluation Report, to evaluate whether the 2015
and 2016 data from the core lakes could be incorporated into the normal range calculation (Appendix 1A,
Table 1A-4; response to ECCC-15 and ENR-23) and as Before years in the BACI statistical analysis
(Appendix 1A, table 1A-4; in response to ECCC-39, ENR-23 and ENR-24). This recommendation applied
to the core lakes only and not to Lake D2/D3 or to streams downstream of Area 8.
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Effects on receiving environments do not necessarily begin at the start of construction or operations, which
provides an opportunity to accumulate additional data to characterize background variation, to arrive at
realistic normal ranges and increase the number of Before years included in the BACI analysis. The ability
to use data collected during construction in this manner should be based on evidence for the
presence/absence of Mine-related effects in the receiving environments. Section 7.4.1 and Appendix 7B
(Water Quality) provides an analysis of the suitability of adding the 2015 and/or 2016 data to the normal
range and to the Before dataset in the BACI analysis. Two lines of evidence were considered in this analysis
and included the potential for Mine activity to affect the aquatic ecosystem in Area 8 and Lake N11 in 2015
or 2016, and the presence/absence of Mine-related effects based on AEMP monitoring results during these
years.
De Beers recommends the following update be applied for the benthic invertebrate component:
•

The construction years’ data (2015, 2016) should be included as Before or “pre-impact” data in the
normal range and the BACI analysis going forward. The 2015 data would be included as Before or “preimpact” data for Area 8, and both the 2015 and 2016 data would be included as Before or “pre-impact”
data for Lake N11.

10.5.5

Before-After Control-Impact Statistical Design

As a part of the Aquatic Effects re-evaluation, and following ENR comments from the review of the 2016
AEMP Annual Report, an independent review of the statistical methods for the BACI analysis completed in
support of the AEMP annual reports was sought (details provided in Section 7.4.2 and Appendix 7B; Water
Quality).
De Beers recommends the following updates be applied for the benthic invertebrate component:
•

Application of the revised method for the BACI analysis.

•

Incorporating habitat variables as potential covariates in the BACI model, as appropriate, because they
are an important predictors of community structure in the study area. The covariates selected for
inclusion in the BACI will be identified based on initial examination of scatter plots between benthic
community variables and physical variables. Water depth, sediment particle size, and sediment TOC
content are likely candidates for inclusion as covariates in the BACI analysis.

10.5.6

Normal Range Calculation Method

Section 7.4.4 and Appendix 7B (Water Quality) provides a revised method for calculating normal ranges to
be used in the AEMP data analyses. Two different approaches to calculating the normal range are
described and include “baseline normal ranges” and “regional normal ranges”. Baseline normal ranges
would specifically apply to Area 8 and Lake N11 and are calculated using data from the baseline period for
the specific waterbody. The regional normal ranges would be applied to both core lakes and are calculated
using both baseline data from the core lakes and all available data for the reference lakes, including recent
data.
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De Beers recommends the following update be applied for the benthic invertebrate component:
•

Use of the regional normal range as the method to be used going forward for the benthic invertebrate
community analysis in the core lakes (Table 10.5-9). Regional normal ranges may be recalculated
during future Aquatic Effects re-evaluations to incorporate relevant data from the reference lakes, and
account for long-term environmental processes such as climate change.

•

Use of the baseline normal range as the method to be used going forward for the benthic invertebrate
community analysis in the streams. Regional data for benthic invertebrates in streams are unavailable.

These recommendations are based on the following considerations and review of potential options for
defining the normal range for the component:
•

A summary of the data used in the calculation of baseline and regional normal ranges for benthic
invertebrates is provided in Appendix 10A. As De Beers is proposing to include the 2015 data in the
normal range for Area 8, and the 2015 and 2016 data in the normal range for Lake N11, two scenarios
are presented, one that includes these data, and one that does not. Additional baseline data for Area
8 and the streams recommended to be included in the normal range as a result of the mesh size study
have also been included. The calculated baseline and regional normal ranges are summarized in
Appendix 10A. Normal ranges used in previous AEMP annual reports are shown in Table 10.5-9 for
comparative purposes. Normal ranges generated based on the methods described in Section 7.4.4 and
Appendix 7B (Water Quality) were compared graphically to evaluate and select the appropriate method
to be applied. Box plots showing a comparison of the baseline and regional normal ranges for benthic
variables are provided in Figures 10.5-1 and 10.5-2.

•

Adding the 2015 and/or 2016 data generally did not cause normal ranges to become wider. Rather,
adding these data often resulted in narrower normal ranges due to the influence of a larger sample
size. A larger sample size increases the likelihood that extreme values will be excluded from the normal
range. This also meant that the baseline normal ranges were more affected by the presence of extreme
values than regional normal ranges, which were based on a substantially larger sample size (n = 15
and n = 16 for baseline normal ranges for Lake N11 and Area 8, respectively, that include the 2015
and/or 2016 data; and n = 54 for the regional normal range).

•

The regional normal range is considered as the preferred method for calculating the normal range for
benthic variables in the core lakes, because regional normal ranges are based on a substantially larger
sample size, and as a result, are better at dealing with the influence of extreme values. This results in
a more conservative estimate of the normal range. The regional normal range also incorporates six
years of data compared to three years for the baseline normal range (with inclusion of the 2015 and/or
2016 data), and therefore, provides a more comprehensive estimate of year-to-year variability.

•

The main disadvantage of adopting regional normal ranges is that population shifts of taxa that are
naturally prone to extreme density shifts, which are unrelated to the Mine, may exceed the upper or
lower bounds of the normal range, resulting in a false exceedance. This will be taken into consideration
in the results interpretation for the benthic invertebrate component. However, this outcome was
considered as more conservative than failing to detect a Mine-related change due to a lack of sensitivity
of the normal range to detect Mine-related effects.
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Current and Revised Normal Ranges for Benthic Invertebrate Community Variables
in the Core Lakes

Variable
Total density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Nematoda density (org/m2)
Pisidiidae density (org/m2)
Corynocera density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Pagastiella density (org/m2)
Total density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Nematoda density (org/m2)
Pisidiidae density (org/m2)
Corynocera density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Pagastiella density (org/m2)

Variable
Total density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Area 8 and
Nematoda density (org/m2)
Lake N11
Pisidiidae density (org/m2)
Corynocera density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Pagastiella density (org/m2)

Current
Normal Range
Baseline
Method
Lower Bound
Upper Bound
PI
1,597
15,429
PI
24
35
PI
0.8
0.92
PI
0.15
0.41
PI
93
1,036
PI(a)
120
2,467
PI(a)
24
13,901
PI(a)
15
589
PI
33
800
%tile
12,070
40,512
PI
19
37
PI
0.56
0.93
PI
0.04
0.31
%tile
3,660
11,164
PI
238
2,245
PI(a)
316
67,307
PI(a)
28
3,932
PI(a)
23
1,237
Revised
Regional Normal Range
Baseline + 2015/2016
Method
Lower Bound
Upper Bound
PI(b)
1,590
25,868
PI
17
32
PI(b)
0.76
0.91
PI
0.16
0.47
%tile
47
8,283
%tile
49
1,764
%tile
0
5,368
%tile
25
1,747
%tile
38
1,598

Note: Bolded text indicates the recommended normal ranges to be advanced for the benthic invertebrate component.
a) Normal range calculated using log transformed data.
b) Normal range calculated using Box Cox transformed data.
org/m2 = number of organisms per square metre; PI = prediction interval; %tile = percentile.
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Table 10.5-10 Current and Revised Normal Ranges for Benthic Invertebrate Community Variables
in Streams Downstream of Area 8

Variable
Total density (org/m2)
EPT density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Hydra density (org/m2)
Nematoda density (org/m2)
Micropsectra/Tanytarsus density (org/m2)
Cricotopus/Orthocladius density (org/m2)
Synorthocladius density (org/m2)
Thienemannimyia complex density (org/m2)

Current
Normal Range
Lower
Upper
Method
Bound Bound
PI(a)
PI(a)
PI
PI
PI
PI(a)
PI(a)
PI(a)
PI
%tile
PI

1,210
10
27
0.69
0.06
5
68
27
11
5
25

6,636
245
42
0.98
0.37
3,650
540
253
543
48
630

Revised
Baseline Normal Range
Lower Upper
Method
Bound Bound
PI(b)
%tile
PI
PI
PI
%tile
PI
PI(b)
PI(b)
%tile
PI(b)

Bolded text indicates the recommended normal ranges to be advanced for the benthic invertebrate component.
a) Normal range calculated using log transformed data.
b) Normal range calculated using Box Cox transformed data.
org/m2 = number of organisms per square metre; PI = prediction interval; %tile = percentile.
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1,327
13
24
0.67
0.04
32
42
34
8
0
96

5,125
101
37
1
0.39
3,146
566
530
591
69
800
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Baseline and Regional Normal Ranges for Benthic Invertebrate Community
Variables in the Core Lakes
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Total Density (org/m2)

December 2019
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Normal Range
n
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Baseline Lake N11
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Notes: Dashed lines indicate normal range upper and lower bounds; solid circles indicate values excluded from the normal range;
baseline and regional normal ranges include 2015 (Area 8, Lake N11, Regional) and 2016 (Lake N11, Regional) data.
org/m2 = number of organisms per square metre; n = sample size.
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Baseline and Regional Normal Ranges for Densities of Dominant Benthic
Invertebrates in the Core Lakes
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Notes: Dashed lines indicate normal range upper and lower bounds; solid circles indicate values excluded from the normal range;
baseline and regional normal ranges include 2015 (Area 8, Lake N11, Regional) and 2016 (Lake N11, Regional) data.
org/m2 = number of organisms per square metre; n = sample size.
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Action Level Updates

The AEMP Response Framework developed by De Beers (2016a) and summarized in Section 3 provides
a systematic approach to responding to the results of the AEMP using Low, Moderate, and High Action
Levels. In the currently approved AEMP Response Framework, there are two main groups of Action Levels
defined for benthic invertebrates. These include Action Levels for the Core Lakes, which address the AEMP
Nutrient Enrichment and Toxicological Impairment Impact Hypotheses, and Action Levels for streams
downstream of Area 8, which address the AEMP Physical Habitat Alteration Hypothesis.
As described in Section 3, Action Levels are intended to represent increasing levels of change towards the
Significance Thresholds defined for the AEMP, which lead to appropriate actions to mitigate potential
effects, thereby preventing reaching the Significance Thresholds. The Significance Threshold associated
is defined as ecological function is not maintained and is considered to be met if one or more of the following
conditions occur:
•

inadequate food for fish; or

•

fish unable to survive, grow, or reproduce; or

•

sustained absence of a fish species.

The condition that is specifically relevant to the benthic invertebrate Action Levels is inadequate food for
fish. Therefore, Action Levels for benthic invertebrates have been developed to address conditions that
would result in an insufficient food supply for local fish populations.
As a part of the Aquatic Effects re-evaluation, Low Action Levels for benthic invertebrates were reviewed
and a number of revisions and additions are proposed. These updates are in response to recommendations
and commitments made in the annual reports and AEMP response plans. Further, since the original
Response Framework was developed, the MVLWB and GNWT have developed new guidelines for AEMPs
in the Northwest Territories (MVLWB and GNWT 2019). The 2019 guidelines were taken into consideration
when proposing updates to the Action Levels.
The Action Level updates proposed for benthic invertebrates in this section are as follows:
•

revisions to existing Low Action Levels, and development of Moderate and High Action Levels for the
Core Lakes;

•

development of Low, Moderate and High Action Levels for Lake D2/D3; and

•

revisions to existing Low Action Levels, and development of Moderate and High Action Levels for
streams downstream of Area 8.

The updates to the Action Levels are discussed in the sections that follow and are organized according to
the three study areas considered for benthic invertebrates: Core Lakes; Lake D2/D3; and Streams
downstream of Area 8.
Moderate and High Action Levels have been defined for benthic invertebrates. However, at this stage of
the AEMP, the criteria associated with these effect categories are considered conceptual. Consistent with
MVLWB and GNWT (2019), it is anticipated that the Moderate and High Action Levels would be reassessed as additional information becomes available, or as new trends emerge as a result of ongoing
monitoring of benthic communities.
De Beers Canada Inc.
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Core Lakes

The re-evaluation process for the benthic invertebrate Action Levels in the core lakes consisted of revising
the Low Action Level conditions and developing Moderate and High Action Levels.

10.6.1.1

Low Action Level

MVLWB and GNWT (2019) states that the Low Action Level should be triggered in cases where “effects
are measurable but are well below the significance threshold”. A review of the benthic invertebrate Action
Level triggers over the period of 2015 to 2018, indicates that Low Action Levels were triggered 15 times,
and in 8 of 9 variables considered in the analysis, based on the revised results for Area 8. Overall, the high
incidence of Action Level triggers was inconsistent with the conclusions of the analysis, which do not clearly
indicate that nutrient enrichment or toxicological impairment effects have occurred on benthic invertebrates.
This outcome does not align with the intended effect level for the Low Action Level. Triggers of the Low
Action Level were likely caused by natural variability in benthic communities and by variation in habitat
characteristics. To address the issues with the oversensitivity of the Low Action Level conditions, the AEMP
annual reports recommended that the conditions for the Low Action Level be redefined so that there must
be both a statistically significant change in a variable, and an exceedance of the normal range.
De Beers is proposing to remove the requirement to assess diversity when evaluating Low Action Level
triggers. Index values such as diversity are non-directional (i.e., the same change may occur under a
toxicological effect and nutrient enrichment), and an increase or decrease in diversity does not necessarily
imply an adverse change. The possibility that Mine-related changes in hydrology and water and sediment
quality could cause a reduction in the number of taxa represented, will continue to be addressed through
inclusion of taxonomic richness in the Action Levels.
The nutrient enrichment Low Action Level for benthos has been adjusted to include a condition that the
response must occur during at least two consecutive surveys of monitoring before the Low Action Level
can be triggered. This condition is consistent with the current Low Action Level for the plankton component.
Confirmation of Low Action Level triggers over two consecutive sampling programs is recommended to
provide confirmation that the pattern is a true nutrient enrichment effect, rather than reflective of year-toyear variation. This condition was not applied to the toxicological impairment Action Level because it was
assumed that toxicological effects require immediate attention.
The above-mentioned recommendations are reflected in the revised Low Action Level criteria for benthic
invertebrates in the core lakes (Table 10.6-1), and apply to both the nutrient enrichment and toxicological
impairment Action Levels. Consistent with the MVLWB and GNWT (2019), the revised Low Action Levels
are intended to detect conditions that indicate a shift in the benthic invertebrate community towards the
Significance Threshold that is of relatively low concern but may require further review of potential causes
and follow-up actions.
Consistent with the currently approved Low Action Level, the updated Low Action Level includes
consideration of each benthic invertebrate variable evaluated by the AEMP, with exception of index values.
This allows the Low Action Level to detect relatively subtle responses in benthic community structure, that
could indicate a change in the community that could lead to a change in ecological function. However,
triggering the Low Action Level does not imply that adverse effects to ecological function and fish are likely
to occur; rather, the responses suggest that there are low level changes occurring in the community that
should continue to be monitored to confirm that the conditions do not worsen over time.
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Updated Action Levels for Benthic Invertebrates in the Core Lakes

Action Level
Low
Effects are
measurable but
well below the
Significance
Threshold –
trigger meant as a
warning and
requirement for
further evaluation

Toxicological Impairment

Nutrient Enrichment
•

Lake-wide average value for total density,
richness, or the densities of dominant taxa
less than the regional normal range
AND
A significant decreasing BACI effect detected
in total density, richness, or the densities of
dominant taxa

Lake-wide average value for total density less
than the regional normal range OR trending
toward the lower bound of the regional normal
Moderate
range over three surveys
Effects are
AND
measurable and Lake-wide average values for densities of two
are trending
key prey items (e.g., dominant taxa or major
towards the
groups) less than the regional normal range or
Significance
trending toward the lower bound of the
Threshold, but still regional normal range over three surveys
well below it
AND
Moderate Action Level in one or more water
quality, sediment quality, or plankton
variable(s)

Lake-wide average value for total density,
richness, or the densities of dominant taxa
greater than the regional normal range in two •
consecutive surveys
AND
•
A significant increasing BACI effect detected in
total density, richness, or the densities of
dominant taxa in two consecutive surveys
•

Lake-wide average value for total density
greater than 10 times the regional mean or
trending toward 10 times the regional mean
over three surveys
AND
Moderate Action Level in one or more water
quality, sediment quality, or plankton
variable(s)

Moderate Action Level met in a previous
High
survey or Low Action Level met in two
Measured effects Lake-wide average value for total density 50% consecutive surveys
continue to trend less than the regional normal range or
AND
towards the
Lake-wide average value for total density 50%
trending toward 50% less than the regional
Significance
less than the regional normal range or
normal range over three surveys
trending toward 50% less than the regional
Threshold
normal range over three surveys
BACI = before-after control-impact; EIS = Environmental Impact Statement; AEMP = Aquatic Effects Monitoring Program.

De Beers Canada Inc.

•
•
•
•
•

•
•
•
•
•

Suggested Responses
Report in the AEMP annual report – no formal
AEMP Response Plan needed as per current
AEMP guidance
Continue AEMP annual monitoring to confirm the
noted Low Action Level results
If observed response(s) are outside EIS
predictions, re-evaluate EIS predictions in a
special study to confirm predictions
Address any key uncertainties identified by the
Low Action Level assessment
Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the
noted Moderate Action Level results
Address any key uncertainties identified by the
Moderate Action Level assessment
Assess potential effects on downstream lakes
and streams in a special study
Identify and evaluate potential mitigation options
in response to the Moderate Action Level
assessment. As appropriate, consider
implementing mitigation
Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the
noted High Action Level results
Address any key uncertainties identified by the
High Action Level assessment
Assess potential effects on downstream lakes
and streams in a special study
Identify, evaluate, and implement mitigation
measures to stop or reverse the observed trend
so the Significance Threshold is not reached
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Moderate Action Level

The Moderate Action Levels proposed for benthic invertebrates in the core lakes are defined in
Table 10.6-1. The Moderate Action Levels align with the 2019 guidelines, in that the Action Levels are
triggered when measured effects are trending towards the significance threshold, but still well below it
(MVLWB and GNWT 2019).
For toxicological impairment (Table 10.6-1), the Moderate Action Level signifies that there has been a
meaningful reduction in availability of benthic invertebrate prey as a food source for fish that represents a
moderate level of concern that the Significance Threshold could be reached. The benthic invertebrate effect
indicators considered are invertebrate density and the density of key benthic prey items for fish. Changes
in community composition that do not have a direct link to a change in prey availability were not considered
at the Moderate Action Level because functionally, these changes may not have a direct linkage to fish
food availability.
For nutrient enrichment (Table 10.6-1), the Moderate Action Level indicates that there has been a
meaningful increase in invertebrate density in response to nutrient loading that represents a moderate level
of concern that the Significance Threshold could be reached. Studies evaluating effects of nutrient
enrichment on benthic communities indicate that a typical response is an overall increase in density at low
to moderate nutrient loading, which is often followed by a density decline at high nutrient loading, often to
levels below those measured at the onset of enrichment (Rosenberg and Resh 1993; Roni 2005). The
magnitude and timing of the response depends on factors such as the rate of fertilization, life history
characteristics of benthic taxa, and the influence of bottom-up and top-down factors that regulate secondary
producers. The effect indicator considered for evaluating the Moderate Action Level for nutrient enrichment
is total density. An increase in invertebrate density may not directly adversely affect fish; however, a
response in density of a sufficient magnitude could signify a change in the community that, if left unmitigated, could lead to an overall decline in ecosystem function that could adversely affect fish production
(e.g., an eventual decline in invertebrate food for fish).
The magnitude of change defined for the Moderate Action Level for nutrient enrichment is a ten fold increase
in invertebrate density relative to baseline. This threshold was selected based on a review of studies in the
primary literature evaluating the magnitude of benthic invertebrate responses to nutrient enrichment.
Several studies reported responses in the range of an order or magnitude or greater increase in density or
biomass of invertebrates in response to experimental fertilization (Hershey 1992; Clarke et., al 1997;
Johnston et., al 1999). In addition, a similar magnitude response was detected in the total density of
invertebrates in Snap Lake in 2015 by the De Beers Snap Lake Mine AEMP (De Beers 2016d) and was
considered an effect that, although large in terms of absolute magnitude, did not represent a concern to
ecosystem functioning. In the Mine area, invertebrate densities in Lake 410 were similar to, or greater than,
the moderate Action Level threshold (10 x the regional reference mean) at a subset of stations sampled
during the 2011 baseline survey (Golder 2013b). A comparison of the productivity of lakes in the Mine site
area, indicated that Lake 410 was the most productive waterbody (based on measured surrogates of
productivity) sampled during the environmental baseline, and therefore, may provide a coarse
approximation of invertebrate density in a more productive environment. Overall, the results of these studies
indicate that setting the magnitude level at a ten fold increase in density is a reasonable starting point for
the AEMP and is appropriate within a regional context.
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For toxicological impairment and nutrient enrichment, the Action Level conditions allow for effects to either
occur abruptly, within a single year (i.e., once the Low Action Level has been triggered), or as a gradual
increasing trend toward the defined thresholds over at least three surveys. In addition, both the toxicological
impairment and nutrient enrichment Moderate Action Levels include the requirement that a Moderate effect
category must also be triggered in one or more relevant variables measured by the water quality, sediment
quality, or plankton components. This provision ensures that high natural or stochastic variability in the
benthic community does not trigger an Action Level in the absence of a link to the Mine. Furthermore, if a
Moderate Action Level caused by a Mine-related source were triggered for benthic invertebrates, a
corresponding magnitude response would be expected to occur in at least one other effect indicator
measured by the AEMP.

10.6.1.3

High Action Level

The High Action Levels proposed for benthic invertebrates in the core lakes are defined in Table 10.6-1.
The High Action Levels align with the 2019 guidelines, in that the Action Levels are triggered by measured
effects that continue to trend toward the significance threshold. The High Action Level criteria are same for
the Nutrient Enrichment and Toxicological Impairment Hypotheses (Table 10.6-1). In both cases, reaching
the High Action Level signifies that there has been a marked reduction in availability of benthic invertebrate
prey as a food source for fish that represents a high level of concern that the Significance Threshold could
be reached. Similar to the Moderate Action Levels, the effect indicator considered at the High Action Level
is invertebrate density. A marked decrease in invertebrate density could occur due to either toxicological
impairment or as a result of nutrient loading from Mine activity. In the case of nutrient enrichment, the intent
is to capture the decline in density that often occurs following an initial increase in benthic invertebrate
density.

10.6.2

Lake D2/D3

Action Levels were developed for Lake D2/D3 to address both the Toxicological Impairment and Nutrient
Enrichment Hypotheses (Table 10.6-2). However, other community responses may occur in Lake D2/D3
as a result of the various stressors and environmental changes that may be acting as a result of the
construction of Dyke F (e.g., rising water levels). The Low, Moderate and High Action Level categories
generally follow the concepts and rationale provided for Action Levels for the core lakes. The main
differences are that normal ranges are not defined for Lake D2/D3 and the statistical approach applied to
environmental data from Lake D2/D3 consists of a univariate comparison of pre- and post-dyke sampling
events rather than a BACI analysis. In the absence of normal ranges for Lake D2/D3, magnitude of effect
at each Action Level was defined in terms of effect size, rather than exceedance of the normal range. The
reader is encouraged to review the Action Level descriptions and narrative provided for the core lakes;
concepts applied to the Action Levels for Lake D2/D3 that were identical to the core lakes are not repeated
here.
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Action Levels for Benthic Invertebrates in Lake D2/D3

Action Level
Low
Effects are
measurable but well
below the
Significance
Threshold – trigger
meant as a warning
and requirement for
further evaluation

Toxicological Impairment

Nutrient Enrichment
•

Significant decrease in total density, richness
or the densities of dominant taxa relative to
pre-dyke conditions, with the lake-wide
average value 50% less than the pre-dyke
mean

Significant increase in total density, richness
or the densities of dominant taxa relative to
pre-dyke conditions, with magnitude ≥CES
between the pre-dyke mean (mean ± 2SD)
and lake-wide average value

•
•
•

Lake-wide average values for total density
50% less than the pre-dyke mean or trending
toward 50% less than the pre-dyke mean over
Moderate
three surveys
Effects are
AND
measurable and are Lake-wide average values for for densities of
trending towards the two key prey items 50% less than the preSignificance
dyke mean or trending toward 50% less than
Threshold, but still the pre-dyke mean over three surveys
well below it
AND
Moderate Action Level in one or more water
quality, sediment quality, or plankton
variable(s)

•
Lake-wide average value for total density
greater than 10 times the pre-dyke mean or
trending toward 10 times the pre-dyke mean
over three surveys
AND
Moderate Action Level in one or more water
quality, sediment quality, or plankton
variable(s)

•
•
•

•
High
Measured effects
continue to trend
towards the
Significance
Threshold

Moderate Action Level met in a previous
•
survey or Low Action Level met in two
Lake-wide average value for total density 75% consecutive surveys
AND
less than the pre-dyke mean or trending
•
toward 75% less than the pre-dyke mean over Lake-wide average value for total density 75%
less than the pre-dyke mean or trending
three surveys
toward 75% less than the pre-dyke mean over •
three surveys

Suggested Responses
Report in the AEMP annual report – no
formal AEMP Response Plan needed as
per current AEMP guidance
Continue AEMP annual monitoring to
confirm the noted Low Action Level results
If observed response(s) are outside EIS
predictions, re-evaluate EIS predictions in
a special study to confirm predictions
Address any key uncertainties identified by
the Low Action Level assessment
Prepare and submit an AEMP Response
Plan
Continue AEMP annual monitoring to
confirm the noted Moderate Action Level
results
Address any key uncertainties identified by
the Moderate Action Level assessment
Identify and evaluate potential mitigation
options in response to the Moderate
Action Level assessment. As appropriate,
consider implementing mitigation
Prepare and submit an AEMP Response
Plan
Continue AEMP annual monitoring to
confirm the noted High Action Level
results
Address any key uncertainties identified by
the High Action Level assessment
Identify, evaluate, and implement
mitigation measures to stop or reverse the
observed trend so the Significance
Threshold is not reached

CES = critical effect size; SD = standard deviation; EIS = Environmental Impact Statement; AEMP = Aquatic Effects Monitoring Program.
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Low Action Level

For the nutrient enrichment low Action Level, the effect size (i.e., for an increase in density) was based on
guidance from the federal EEM Program, which defines a critical effect size (CES) for benthic invertebrates
as an increase or decrease of two standard deviations from the reference dataset (mean ± 2SD)
(Environment Canada 2012). The EEM CES of mean ± 2SD was not used for the toxicological impairment
Low Action Level, because high variance in invertebrate density at AEMP stations in Lake D2/D3 during
the pre-dyke year combined with low invertebrate density overall, meant that the Action Level would not be
triggered unless benthic invertebrates were absent from the lake. Therefore, a more conservative effect
size of greater than or equal to a 50% decrease in density compared the pre-dyke mean was used for the
Low Action Level condition for toxicological impairment.

10.6.2.2

Moderate Action Level

An effect size of greater than or equal to a 50% decrease in density compared the pre-dyke mean was used
for the Moderate Action Level for toxicological impairment, combined with reductions in densities of key
prey items for fish and a consistent response by at least one other AEMP monitoring component. The
Moderate Action Level for nutrient enrichment was defined in terms of a ten-fold increase in total
invertebrate density relative to the pre-dyke mean, combined with a consistent response by at least one
other AEMP monitoring component.

10.6.2.3

High Action Level

Similar to the core lakes, the High Action Level conditions for Lake D2/D3 are same for Nutrient Enrichment
and Toxicological Impairment Hypotheses. In both cases, the effect size defined for the High Action Level
was a greater than or equal to 75% decrease in density compared the pre-dyke mean.

10.6.3

Streams Downstream of Area 8

The re-evaluation process for the benthic invertebrate Action Levels in streams downstream of Area 8
consisted of revising the Low Action Level criteria and developing Moderate and High Action Levels.
The Action Levels for streams downstream of Area 8 were originally intended to address the AEMP impact
hypothesis of Physical Habitat Alteration, which is focused on evaluating effects from modifications to water
levels and flows outside the controlled area. However, other factors such as Mine-related changes in water
and sediment quality, also have the potential to affect benthic invertebrate communities in streams
downstream of Area 8, particularly now that the Mine has entered the operation phase, and the streams
are receiving water diverted from Lake N11 as instream flow mitigation on an annual basis. Therefore, the
potential for multiple stressors to affect benthic invertebrate communities in streams downstream of Area 8
was considered when developing the revised Low Action Level, and the moderate and high Action Level
conditions for benthic invertebrates in the streams.

10.6.3.1

Low Action Level

A recommendation for the benthic invertebrate component from the AEMP annual reports was that the Low
Action Level for streams downstream of Area 8 should be modified to reflect the transition of the Mine from
construction to operation. The Action Levels for benthic invertebrates in streams were originally developed
to assess effects due to increased scouring resulting from elevated water flows downstream of Area 8,
which were predicted to occur as a result of discharge of dewatering water pumped from upstream areas
of Kennady Lake to Area 8. As the dewatering activities were completed by the end of 2015, the existing
Action Levels were not considered relevant to the conditions encountered in subsequent years.
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The EIS predicted that Mine operation would reduce flows in the K, L and M streams as a result of the
development of Dyke A (De Beers 2010, 2011, 2012). From 2016 to 2018, flows in these streams were
reduced due to isolation of Area 8 from the upstream Kennady Lake watershed by Dyke A. In 2017, the
DFMP was implemented to reduce effects on streamflow in the K, L and M streams; however, alteration of
flow regime in these streams is anticipated to continue throughout the operation phase.
As the Action Levels were specifically designed to address effects from scouring, the AEMP recommended
that the Action Level criteria be revised to address potential effects from altered flow regime, due to the
development of Dyke A. Flow conditions in the K, L and M streams in future years will continue to be
managed in accordance with the DFMP and will depend upon local climatic conditions and Mine water
management for the specific year. However, the most likely outcome in any given year will be a reduction
in flow in the K, L and M streams.
The revised Low Action Level criteria incorporate the results of comparisons of annual data to baseline
normal ranges estimated for streams, and the results of statistical comparisons of benthic invertebrate
variables between the baseline year and the annual AEMP surveys. Invertebrate responses to reductions
in streamflow may vary substantially depending on a range of environmental factors, as discussed in
Section 10.3.4.3; therefore, no specific response pattern was expected from the reduced water flows
downstream of Area 8. Therefore, the Low Action Level may be triggered by both an increase or decrease
in invertebrate density or richness.

10.6.3.2

Moderate Action Level

At this stage of monitoring for the AEMP, it is unclear how the benthic invertebrate community might respond
to ongoing flow regulation in the K, L and M streams, and to date, the AEMP has not detected any clear
trends in that are linked to Mine-related changes in hydrology, and water and sediment quality. As
discussed previously, there is no one specific response pattern that is expected from altered flow conditions
and from other Mine-related changes that may influence the benthic invertebrate communities in these
streams. Therefore, the Moderate Action Level was set to correspond to triggering the Low Action Level in
three consecutive surveys. This will allow additional time to identify and assess the potential responses of
stream benthic invertebrate communities to the various stressors that may influence the aquatic ecosystem
downstream of Area 8, while still allowing for a Moderate Action Level to be triggered based on emerging
trends detected over at least three successive surveys at the Low Action Level. Should any clear trends
emerge, the Moderate Action Level would be re-assessed, if appropriate, to better target specific effect
pathway(s) that may contribute to the changes observed in stream benthic communities.
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High Action Level

Similar to the core lakes, the High Action Level signifies that there has been a marked reduction in
availability of benthic invertebrate prey for fish that may result in a reduced food supply for fish.
Table 10.6-3

Updated Action Levels for Benthic Invertebrates in Streams Downstream of Area 8

Action Level
Low
Effects are
measurable but well
below the
Significance
Threshold – trigger
meant as a warning
and requirement for
further evaluation

Streams Downstream of Area 8
Stream-wide average value for total density,
richness or the densities of dominant taxa
greater than or less than the baseline normal
range
AND
Significant increase or decrease in total
density, richness or the densities of dominant
taxa relative to the baseline mean, with
magnitude ≥CES (mean ± 2SD) between the
baseline mean and stream-wide average
value

Suggested Responses
•
•
•
•
•

Moderate
Effects are
measurable and are
Low Action Level triggered in three
trending towards the
consecutive surveys(a)
Significance
Threshold, but still
well below it

•
•
•

•
High
Measured effects
continue to trend
towards the
Significance
Threshold

•
Stream-wide average value for total density
50% less the background normal range or
•
trending toward 50% less than the background
normal range over three surveys
•

Report in the AEMP annual report – no
formal AEMP Response Plan needed as per
current AEMP guidance
Continue AEMP annual monitoring to
confirm the noted Low Action Level results
If observed response(s) are outside EIS
predictions, re-evaluate EIS predictions in a
special study to confirm predictions
Address any key uncertainties identified by
the Low Action Level assessment
Prepare and submit an AEMP Response
Plan
Continue AEMP annual monitoring to
confirm the noted Moderate Action Level
results
Address any key uncertainties identified by
the Moderate Action Level assessment
Identify and evaluate potential mitigation
options in response to the Moderate Action
Level assessment. As appropriate, consider
implementing mitigation
Prepare and submit an AEMP Response
Plan
Continue AEMP annual monitoring to
confirm the noted High Action Level results
Address any key uncertainties identified by
the High Action Level assessment
Identify, evaluate, and implement mitigation
measures to stop or reverse the observed
trend so the Significance Threshold is not
reached

a) Low Action Level trigger must occur in the effect indicator over a period of at least three surveys.
CES = critical effect size; SD = standard deviation; EIS = Environmental Impact Statement; AEMP = Aquatic Effects Monitoring
Program.
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Conclusions and Recommendations

Analysis of the benthos data in the core lakes provided limited evidence of effects on benthic communities
in Area 8 and Lake N11:
•

In Area 8, benthic invertebrate responses were inconsistent over time and among variables, and the
results of the analysis did not clearly support either impact hypothesis defined for the AEMP: Nutrient
Enrichment and Toxicological Impairment.

•

In Lake N11, the overall pattern of response was a decline in invertebrate density, richness and
diversity, indicating a potential toxicological impairment effect. However, as was the case for Area 8,
the responses in most variables were not consistent over time.

•

A number of benthic invertebrate variables triggered a Low Action Level in the Response Framework;
however, he results appear to indicate that habitat variation is an influential factor contributing to the
variation observed in benthic invertebrate variables among lakes and years. Natural year-to-year
variation in the benthic invertebrate community may also contribute to the differences observed among
lakes and years.

The analysis for Lake D2/D3 detected some differences in benthic invertebrate variables that were
consistent with an effect from the development of Dyke F:
•

Initial post-construction monitoring in Lake D2/D3 (2016 and 2017) identified increases in total
invertebrate density, and densities of a number of common taxa that appeared to be influenced by
nutrient enrichment of the Lake D2/D3 environment following construction of Dyke F.

•

The results in 2018 indicated that density was lower than in previous post-construction years, and more
closely resembled pre-dyke values, despite a continued increase in water levels and productivity
metrics in Lake D2/D3. Anoxic or low under-ice DO conditions may have limited the productivity of the
benthic community during more recent monitoring events compared to previous post-construction
years.

Analysis of the benthic invertebrate data in the K, L and M streams provided no clear indication that
dewatering activities in 2015 resulted in a disturbance to the benthic invertebrate community; however,
there was some limited evidence of effects during 2016 and 2017 when water flows in the K, L and M
streams were reduced due to the development of Dyke A:
•

There was a lack of observable responses in benthic variables and negligible effects on streamflow as
a result of the dewatering in 2015.

•

Response patterns of increasing total density and densities of a number of common taxa were detected
in 2016 and 2017 relative to the baseline year, with most of the responses occurring in 2016, when the
greatest reduction in flows occurred. These responses may have been caused by an increase in
periphyton biomass (i.e., food for invertebrates) in the streams, which is an expected result of reduced
flows in streams.

The results of the 2015 to 2018 Aquatic Effects re-evaluation process for benthic invertebrates identified a
number of improvements that are recommended to be implemented over the period of 2020 to 2022,
including updates or refinements to the field sampling methods, data analysis approach, and Action Levels
for benthic invertebrates.
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The recommendations for changes to the AEMP Design Plan are as follows:
•

Corrected baseline data generated by applying 500:250 µm mesh size ratios to 500 µm data from Area
8 in 2004 and 2007 and from the K, L and M streams in 2007, should be added to the dataset used to
represent baseline conditions for the benthic invertebrate component in the normal range and as the
Before treatment group in the BACI analysis.

•

The normal ranges defined in Section 10.5.6 for benthic variables should be used going forward in the
AEMP annual reports. Specifically, the regional normal ranges defined in Table 10.5-9 should be
adopted for the core lakes and the baseline normal ranges defined in Table 10.5-10 should be adopted
for the streams.

•

The revised statistical methods defined in Section 7.4.2 and Appendix 7B for the BACI analysis and
the additional adjustments described in Section 10.5.5 regarding inclusion of habitat variables as
covariates in the BACI model for benthic invertebrates, should be implemented. It is anticipated that
inclusion of habitat variables as covariates in the BACI model will help address concerns that variability
in habitat among lakes and years could interfere with the interpretation of results for the benthic
invertebrate component.

•

Based on the information presented in Section 7.4.1 and Appendix 7B, the 2015 data should be
included as Before or “pre-impact” data for Area 8, and the 2015 and 2016 data be included as Before
or “pre-impact” data for Lake N11.

•

The dominant taxa and major groups identified for the core lakes, Lake D2/D3 and for streams
downstream of Area 8, based on the selection process completed for the 2018 AEMP (i.e., the lists
defined in Table 10.5-1), should be carried forward as the taxa evaluated in the AEMP annual reports
from 2020 to 2022. It is recommended that the taxa lists be updated as part of the re-evaluation process,
to provide continuity in the variables analyzed.

•

The updates and refinements to Action Levels for benthic invertebrates for the core lakes, Lake D2/D3
and streams downstream of Area 8, as outlined in Section 10.6, should be incorporated in the AEMP
Response Framework.
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11 FISH HABITAT AND COMMUNITY
11.1

Introduction

The purpose of the fish habitat and community component of the Aquatic Effects Monitoring Program
(AEMP) is to evaluate potential effects of the Mine on fish populations and provide information on potential
effects on traditional uses of fish.
As described in the currently approved AEMP Design Plan (De Beers 2016a), fish habitat and the
associated fish communities in the core lakes (i.e., Lake N11, Area 8, Lake 410, and Kirk Lake) and Lake
D2/D3, are monitored through the physical and biological monitoring of the hydrology (Section 5), water
and sediment quality (Section 7 and 8, respectively), and lower trophic (Section 10) components, which
form the basis for fish habitat). If the results of these monitoring components indicated a potential
unforeseen effect that would affect fish habitat or the associated fish community, then additional fish habitat
monitoring would be implemented in these waterbodies as part of the AEMP Response Framework. If no
potential unforeseen effects occur in these lakes, then no fish habitat and community monitoring is required.
This also applies to the streams downstream of these lakes.
Dewatering of Kennady Lake, resulting in the isolation of the upper Kennady Lake watershed (i.e., Area 8),
reduced the flows downstream of Area 8 during construction as well as operation. Reduction in flows
downstream of Area 8 had the potential to prevent Arctic Grayling spawning migration due to natural
barriers that persist in the streams downstream of Area 8 at low flows, and the potential to reduce the
available habitat area for spawning and rearing through reductions in wetted area (Golder 2012). As a
result, the Downstream Flow Mitigation Plan (DFMP; Golder 2012) was developed to mitigate the loss of
flows to the streams downstream of Area 8, and to provide augmented flows from Lake N11 into Area 8,
thus maintaining minimum flows required for Arctic Grayling migration and fish passage during the spring
migration period (i.e., late May to end June, immediately after ice-out), as well as provide minimum flows
for the remainder of the open-water season to the end of August (Golder 2012).
The fish habitat and community component of the AEMP therefore is focused on monitoring the streams
downstream of Area 8 as far downstream as Stream M4, beyond which the effects were considered to be
low enough to not require sampling (De Beers 2016a).
In 2018, following the approved 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat
and Community – Version 2 (De Beers 2018b), the geographic extent of the downstream flow monitoring
program and AEMP fish habitat and community component was extended to include all lakes and streams
between Area 8 and Stream M1, and the outlet of Lake 410. This was done to confirm the 2017 fish
community findings and to determine if, and where, Arctic Grayling are currently present between the Mine
and Lake 410, as well as to document the distribution of other fish species within the downstream habitats
(De Beers 2018b).
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Summary of Mine-related Effects
Action Level Triggers

Action Levels were developed to represent stages of effects that can be recognized using monitoring data,
which indicate meaningful changes relative to baseline conditions, and require actions to further investigate,
slow down, or reverse trends (De Beers 2016a).
The Low Action Levels for fish habitat and community consider changes to flows and water levels outside
the predictions of the Environmental Impact Statement (EIS) that have the potential to negatively affect fish
habitat or community (e.g., natural barriers to fish movement that occur with low flows, increased or
decreased velocities that affect rearing or spawning activities, scour and erosion and associated sediment
entrainment and deposition that may affect abundance or richness of benthic invertebrates, or loss of
habitat areas; De Beers 2016a). These were specific to physical habitat alteration during construction,
which in turn may affect aquatic biological communities.
The Water Licence (MV2005L2-0015) compliance values for stream flow (i.e., discharge measured in cubic
metres per second [m3/s]; De Beers 2016b), which were the limits first proposed in the EIS (De Beers 2010),
were conservatively low, and as such, no adverse effects were expected on fish and fish habitat (De Beers
2016a). No Moderate or High Action Levels were necessary for this parameter, as dewatering pumping
would avoid reaching the Water Licence compliance limits (De Beers 2016a).
De Beers developed the DFMP to augment flows downstream of Area 8 during operations and refilling to
avoid potential harmful population level effects on the fish community between Area 8 and Lake 410 (Golder
2012). Low Action Levels during the operation and refilling of Kennady Lake consider effectiveness of the
DFMP in relation to habitat remaining suitable during operations to support spawning, rearing, and feeding
life stages of Arctic Grayling in the streams and lakes between Kennady Lake and Lake 410 (De Beers
2016a). The Low Action Level for fish habitat and community under the DFMP was not expected to be
triggered during operation, because implementation of flow mitigation would result in downstream flows
being sustained at approximately the discharge target of 0.4 m3/s or above during the period of Arctic
Grayling migration, which in turn would allow for suitable physical conditions for passage and rearing
(De Beers 2016a). The Low Action Level assumed that provided these conditions are met, fish would
continue to use the downstream habitats for spawning and rearing (De Beers 2016a). This assumption was
based on a stable fish population being present in the remaining portion of Area 8 and the downstream
KLM watersheds, after the Phase I (2014) and II (2015) Kennady Lake Fish-Out (Lue T’e Halye; De Beers
2010).
In 2018, following the approved 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat
and Community - Version 2 (De Beers 2018b), the Moderate Action Level for flow mitigation was set. As
directed by the Mackenzie Valley Land and Water Board (MVLWB or the Board), the Moderate Action Level
is associated with the sustained absence of Arctic Grayling downstream of Kennady Lake, the absence of
Arctic Grayling in Area 8 and the downstream KLM watersheds, observed within a subsequent monitoring
year following a year when Arctic Grayling are absent from these areas (i.e., confirmed absence within a
two years of monitoring; De Beers 2018b).
As summary of the Action Levels and those that were triggered during the first four years of the AEMP are
presented in Table 11.2-1. Action Level triggers that require further discussion are presented in the
subsections below.
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Summary of the AEMP Action Level Assessments for Fish Habitat and Community,
2015 to 2018

Fish Habitat and
Community Action Level

Construction
2015

Operations

2016

Low Action Level – Physical Habitat Alteration(a)
Absence of Arctic Grayling
in spring spawning survey
Not
Not
AND in a summer follow-up triggered triggered
(b)
survey

2017

2018

n/a

n/a

Low Action Level – Flow Mitigation
For the years when flow
mitigation is provided,
downstream flows are <0.4
m3/s during the period of
Arctic Grayling migration(c)

Arctic Grayling adults are
not moving to spawning
areas within the normal
spring period (as per
baseline information)

Arctic Grayling fry are not
present in the system
and/or not distributed
similar to baseline

n/a

n/a

n/a

n/a

n/a (this Action Level trigger does
not account for the “Dry”
hydrologic years’ flow target of
0.1 m3/s as per the DFMP and
therefore is not applicable in years
defined as such)(d)

n/a (this Action Level trigger does not
account for the “Dry” hydrologic years’ flow
target of 0.1 m3/s as per the DFMP and
therefore is not applicable in years defined
as such)(d)

n/a

OR
Triggered. No adult Arctic
Grayling were documented at
either fish fence location (Stream
K5 and L1a), nor were any
observed during visual
observation surveys from Stream
K5 to Stream M4 during the 2017
spring field program
OR

Triggered. No adult Arctic Grayling were
documented at either fish fence location
(Stream K5 and L1a), nor were any observed
during visual observation surveys from
Stream K5 to Stream M4 during the 2018
spring field program

n/a

Triggered. Visual observations
and supplemental backpack
electrofishing between Stream K5
and Stream M4 documented only
one unconfirmed Arctic Grayling
YOY(e). No other Arctic Grayling
(including YOY) were found
throughout the downstream K, L,
and M streams and the lake
inlets/outlets.

Triggered. Visual observations between Area
8 and Lake 410 in early summer, late
summer, and fall 2018 indicated no presence
of Arctic Grayling. Extending the geographic
extent of the study area and the inclusion of
additional sampling methods, as per the
approved AEMP Response Plan (De Beers
2018b), did not document any Arctic Grayling
between Area 8 and Lake 410.

Moderate Action Level – Flow Mitigation
Triggered. Visual observations between Area
8 and Lake 410 in early summer, late
summer, and fall 2018 indicated no presence
of Arctic Grayling. Extending the geographic
Arctic Grayling are absent
extent of the study area and the inclusion of
in a subsequent monitoring
n/a
n/a
n/a
additional sampling methods, as per the
year(f)
approved AEMP Response Plan (De Beers
2018b), did not document any Arctic Grayling
between Area 8 and Lake 410.
a) The Low Action Level for Physical Habitat Alteration only applied to the construction phase, while in operations, Action Levels for
Flow Mitigation apply.
b) Not triggered by confirming the presence of spawning adult Arctic Grayling and Arctic Grayling fry in streams downstream of
Area 8 during an AEMP monitoring year, during construction years only.
c) Not triggered by sustaining downstream flows at Stream K5, at approximately the discharge target of 0.4 m3/s or above, during
the period of Arctic Grayling migration (late May to end June), as per the DFMP (Golder 2012).
d) As discussed in the 2017 AEMP Annual Report (De Beers 2018c), the Low Action Level criterion as defined in the currently
approved AEMP Design Plan (De Beers 2016a) does not fully incorporate the various operational flow targets, based on hydrologic
year-types as defined in the DFMP (Golder 2012).
e) The unconfirmed presence of a single YOY Arctic Grayling in the fall of 2017, was considered as inconclusive evidence for the
presence of Arctic Grayling.
f) Approved Action Level under the 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and Community –
Version 2 (De Beers 2018b).
AEMP = Aquatic Effects Monitoring Program; DFMP = Downstream Flow Mitigation Plan; YOY = young-of-the-year; n/a = not
applicable.

De Beers Canada Inc.

Gahcho Kué Mine
11-4
2015 to 2018 Aquatic Effects Re-evaluation Report
Fish Habitat and Community

11.2.2

December 2019
Section 11

Flow Mitigation Targets (2017 and 2018)

Based on the wording from Section 8.4.4 of the AEMP Design Plan (De Beers 2016a): “Downstream flows
being sustained at approximately the discharge target (0.4 m3/s) or above during the period of Arctic
Grayling migration, as per the flow mitigation plan (Golder 2012)”, the first Low Action Level criterion in
Table 8.4-4 of the AEMP Design Plan does not fully incorporate the various operational flow targets, based
on hydrologic year-type, as defined in the DFMP (Golder 2012).
In addition, as part of the Operational Water Management Plan (Version 5.1, De Beers 2019e) for the Mine,
the pumping targets considered three pumping regimes: Dry, Average, and Wet. The stipulation for
achieving pumping 3 out of 4 years remained unchanged from the DFMP (Golder 2012). On average over
the life of the Mine (operations and closure), the Dry pumping regime would be expected 25% of the time,
the Average pumping regime would be expected 50% of the time and the Wet pumping regime would be
expected 25% of the time. As outlined in the Operational Water Management Plan (De Beers 2019e),
downstream flow mitigation will be initiated following winter when persistent flow is measured at the outlet
of Stream K5 (as per continuous water level and flow data from SNP-19) and consistent with the flow rates
stipulated in the Fisheries Authorization. This may result in pumping starting earlier or later than June 1 on
any given year based on site conditions. However, a criterion for managing successive dry years, should
they occur, was not incorporated into the operational plan. The final operational flow targets defined in the
Operational Water Management Plan are shown in Table 11.2-2.
Table 11.2-2
Year Type

Operational Pumping Plan as per the Water Licence
Area 8 Outflow Pumping Augmentation Targets
June

July

August

Wet

0.30 - 0.40 m3/s

Ramp down over a 7-day period to
0.20 m3/s

Ramp down over a 7-day period to
0.10 m3/s

Average

0.30 m3/s

Ramp down over a 7-day period to
0.10 m3/s

As required to maintain a minimum
flow of 0.10 m3/s

Dry

0.10 m3/s

As required to maintain a minimum
flow of 0.10 m3/s

As required to maintain a minimum
flow of 0.10 m3/s

During dry years, the only flow augmentation proposed was that a minimal peak flow was to be provided
during June (and not specifically designed to provide fish passage), and an outflow of 0.1 m3/s was to be
maintained at the outlet of Area 8 in July and August to maintain habitat in the streams and connection to
downstream lakes (Table 11.2-2). The rationale for this was that during dry years, available water for
pumping would be limited as the source watersheds would also be experiencing drier than normal
conditions (Golder 2012).
Operational flow mitigation pumping regimes were prescribed for the various hydrological classification of
years (Golder 2014a). Once the hydrological classification is established, and the pumping regime
determined for the year, flow mitigation proceeds, following the rules of that year-type regardless of actual
flow conditions that may result that year (Golder 2012, 2014a).
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Both 2017 and 2018 were classified as a “Dry” hydrologic year, and as per the DFMP (Golder 2012), the
Area 8 outflow augmentation targets for the spring pumping regime were to maintain downstream flow at
0.1 m3/s throughout the month of June (Golder 2012). Maintaining downstream flows at 0.1 m3/s would be
less than 0.4 m3/s, and thus in “Dry” years the Low Action Level would automatically be triggered. A
minimum flow of 0.4 m3/s only applies to “Wet” and “Average” years, as per Operational Water Management
Plan (Version 5.1, De Beers 2019e). Since this Low Action Level criterion does not account for a “Dry” year
with flow mitigation, the Action Level was not applicable in 2017 and 2018.
No flow augmentation was planned for the construction phase of the Project and pumping from Kennady
Lake to Area 8 did not occur in 2016 (Year 2 of construction), as dewatering was completed earlier than
initially scheduled.
The 2017 downstream flow monitoring results indicated that flow mitigation successfully met the “Dry” flow
augmentation requirements of maintaining a minimum of 0.1 m3/s at the Area 8 outlet, from June through
August 2017, with the exception of a few days in mid-July and mid-August 2017 (De Beers 2018c). Flow
dropped very slightly below the 0.1 m3/s target, between July 16 and 22, 2017, and between August 13 and
19, 2017 (Appendix 9A of De Beers 2018c). Although not part of the “Dry” pumping requirements, De Beers
tested the capacity of the pumping infrastructure to achieve a pumping target of 0.3 m3/s. The voluntary
flow mitigation pumping target to maintain a pumping rate of 0.3 m3/s during the spring freshet was partially
achieved (De Beers 2018c).
In 2018, the “Dry” pumping regime was followed as per the DFMP (Golder 2012). The goal was to maintain
pumping at 0.1 m3/s or as required, to maintain a minimum flow of 0.1 m3/s at Stream K5, from ice-out until
end of August 2017 (Golder 2012). The flow monitoring results indicated that once initiated, the flow
mitigation successfully met the “Dry” flow augmentation requirements of maintaining a minimum of 0.1 m3/s
at Stream K5 from June through August 2018 (De Beers 2019c). However, due to ice conditions, there was
a delay to the onset of pumping (pumping commenced in mid-June 2018) to support downstream flow
mitigation in 2018.
No flow augmentation occurred in 2016 and although the “Dry” pumping regime was satisfied in 2017 and
2018, flow conditions that would allow for Arctic Grayling passage between Area 8 and Lake 410 were only
achieved for short periods during the three consecutive years.

11.2.3

Arctic Grayling: Adult Spring Movements (2017 and 2018)

Previous monitoring results indicated that the timing of the fish fence programs in 2017 and 2018 would
have been associated with a high likelihood of observing fish movement downstream into spawning
habitats, or upstream, returning to Area 8 (De Beers 2018c, 2019c). Stream conditions during observations
(e.g., water levels and water clarity) were suitable for detecting adult Arctic Grayling during these surveys.
The lack of adult Arctic Grayling observations suggested that Arctic Grayling adults were either not present
in the system, or did not move to spawning areas within the normal spring period in 2017 and 2018, and
were not present in the downstream K, L, and M streams during the spring field programs (De Beers 2018c,
2019c). The results also indicated that adult Northern Pike were present and were observed moving through
the downstream streams during the 2017 and 2018 spring field programs (De Beers 2018c, 2019c). The
availability of suitable physical habitat and access to habitats for spawning were not likely causes of the
observed decline and subsequent absence of adult Arctic Grayling.
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The 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and Community – Version 2
(De Beers 2018b) indicated that it was likely that the sequence of multiple events since 2014, some Minerelated and some natural, all contributed to the result of no confirmed documentation of adult Arctic Grayling
in 2017 and 2018. The timing of each stressor was likely such that one perturbation potentially influenced
and exacerbated the other. The likely causes were summarized as possibly being as a result of a
combination of the following (De Beers 2018b):
•

A large proportion of the Arctic Grayling population was removed from Kennady Lake during the
isolation of Area 8 and the Fish-Out (Lue T’e Halye), despite attempts to prevent Arctic Grayling from
accessing the isolated portion of Kennady Lake prior to the Fish-Out.

•

Naturally occurring high water temperatures were recorded in the summer of 2014, which may have
caused additional mortalities (beyond what was harvested during the Fish-Out) to the remaining
population of Arctic Grayling in Area 8 and the downstream watershed.

•

In 2016, high water temperatures, likely caused by a combination of high air temperatures in the region,
a “dry” hydrologic year and low flow conditions downstream of Area 8, may have caused additional
mortalities to the already reduced population, particularly Arctic Grayling young-of-the-year (YOY). In
addition, the low flow conditions recorded for most of the open-water season in 2016 would have
restricted any movement to suitable refuge or overwintering habitats, thus further impacting the
remaining population.

11.2.4

Arctic Grayling: Young-of-the-year Presence and
Distribution (2017 and 2018)

Arctic Grayling YOY were not present in the KLM streams, downstream of Area 8 in the summer of 2017
(other than one unconfirmed observation) and again in 2018 (no observations were recorded, despite
modifications to the methods and geographic extent from the 2017 AEMP Response Plan), and were not
distributed within the downstream K, L, and M streams, similar to previous years and baseline years
(De Beers 2018c, 2019c). The lack of Arctic Grayling YOY during the summer of 2017 and 2018 was also
an indication that successful Arctic Grayling spawning did not occur in 2017 or 2018.
Suitable physical habitat and access to suitable slower-velocity habitats, rearing depths and velocities, as
well as refugia habitat for younger fish (including YOY Arctic Grayling) were present in each stream, in both
years, and were therefore not likely causes of the observed absence of Arctic Grayling YOY. The
unconfirmed presence of a single YOY Arctic Grayling in the fall of 2017, is inconclusive regarding
confirmed successful spawning in 2017 (De Beers 2018c). Multiple other fish species were observed or
caught during the 2017 and 2018 field programs, including Northern Pike, Burbot, Slimy Sculpin, Ninespine
Stickleback and Lake Chub. These fish represented all life stages and were found in all of the downstream
K, L, and M streams, which suggests that habitat conditions were suitable to support the fish community in
Area 8 and downstream (De Beers 2018c, 2019c).
As stated above, the 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and
Community – Version 2 (De Beers 2018b) indicated that it was likely that the sequence of multiple events,
some Mine-related and some reflecting background environmental variation, since 2014, all contributed to
the result of no confirmed documentation of Arctic Grayling YOY in 2017 and 2018.
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Comparison to EIS Predictions
Changes in Fish Habitat

The EIS predicted that changes to hydrology, water quality or lower trophic communities would be within
the normal range of variability, and therefore no changes to fish habitat or the fish community, would occur
in or downstream of Lake N11 during construction or operations. The EIS also predicted that, without
mitigation, there would be an increase in the timing, frequency and duration of barriers (De Beers 2010).
This would prevent or reduce spring spawning migrations of Arctic Grayling, which would likely have a
negative impact on Arctic Grayling populations between Area 8 and Lake 410 (De Beers 2010). Although
the fish community of Kennady Lake was assumed to be altered, it was predicted that a remnant population
of Arctic Grayling and Northern Pike could be sustained in Area 8 and in the downstream habitats to Lake
410 with the implementation of the DFMP.
Based on hydrology, water quality, and lower trophic biota assessments, no adverse changes in fish habitat
downstream of Lake N11 were identified between 2015 and 2018 (De Beers 2016c, 2017a, 2018c, 2019c).
AEMP monitoring results were consistent with EIS predictions for construction (2015 and 2016) and
operations (2017 and 2018), as the EIS predicted that during operational discharge from the water
management pond (WMP) to Lake N11, which would increase nutrient concentrations in Lake N11, and
that the biomass of phytoplankton, zooplankton, and benthic invertebrates would increase over time,
resulting in an increased food base for fish (De Beers 2016a,c, 2017a, 2018c, 2019c).
Based on hydrology, water quality, and lower trophic biota assessments, no changes that would affect fish
habitat suitability or availability downstream of Area 8 were identified between 2015 and 2018 (De Beers
2016c, 2017a, 2018c, 2019c). With the implementation of downstream flow mitigation in 2017 and 2018,
observed flows provided suitable fish habitat conditions to support the downstream fish community, similar
to those observed during baseline and previous monitoring programs. Key conclusions related to fish
habitats downstream of Area 8 are as follows:
•

Access to spawning habitats for Arctic Grayling was available during the typical spawning period during
each monitoring year (i.e., 2015 to 2018).

•

Suitable Arctic Grayling spawning depths and velocities were present in all streams in the spring of
each monitoring year (i.e., 2015 to 2018; De Beers 2016c, 2017a, 2018c, 2019c).

•

During the spring and summer field programs of each monitoring year (i.e., 2015 to 2018), suitable
slower-velocity habitats, rearing depths and velocities, as well as refugia habitat for younger fish
(including YOY Arctic Grayling) were present in each stream (De Beers 2016c, 2017a, 2018c, 2019c).

•

The formation of barriers to fish passage was shown to be consistent during each monitoring year
(i.e., 2015 to 2018) with previous observations made at similar discharges (De Beers 2016c, 2017a,
2018c, 2019c). Fish passage in all streams would have been partially restricted in the summer and fall
between 2015 and 2018, with some variability in the onset of barrier formation and length of barrier
presence:
•

In 2015, dewatering of Kennady Lake resulted in the barriers forming later in the fall (De Beers
2016c), while in 2016, no dewatering and no downstream flow mitigation resulted in formation of
barriers in the early summer, which extended through to fall (De Beers 2017a).

•

In 2017 and 2018, augmented flows as a result of downstream flow mitigation resulted in formation
of barriers in the late summer and fall (De Beers 2018c, 2019c).
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These conditions were representative of what would have been expected under natural low flow conditions
downstream of Area 8, where barriers to fish movement occur naturally in the late summer, as described
in the EIS (De Beers 2010) and the DFMP (Golder 2012).

11.2.5.2

Changes in Fish Community

Downstream of Lake N11, no evidence suggesting changes to fish habitat conditions that would affect fish
population during construction (2015 and 2016) and operations (2017 and 2018) was identified (De Beers
2016c, 2017a, 2018c, 2019c), which is consistent with EIS predictions.
Based on the results of the 2015 to 2018 fish community monitoring downstream of Area 8, the downstream
fish populations that remained after the Phase I (2014) and II (2015) Fish-Out (Lue T’e Halye) of Kennady
Lake, were not adversely affected by changes in flow during the two years of construction (i.e., 2015 and
2016; De Beers 2016c, 2017a), although a decline in Arctic Grayling numbers was detected between 2015
and 2016 by the University of Waterloo’s (U of W’s) research studies in the study area (Baker and Swanson
2016; Baker 2017, pers. comm.; Baker et al. 2017; De Beers 2018b).
In the first two years of operation in 2017 and 2018, Arctic Grayling numbers declined downstream of Area
8 (De Beers 2018c, 2019c), with only one unconfirmed observation of an Arctic Grayling YOY in 2017 and
no observed Arctic Grayling in 2018. This was not consistent with EIS predictions that an Arctic Grayling
population would be sustained in and downstream of Area 8.
Key conclusions regarding the fish community downstream of Area 8 are as follows:
•

Conditions allowed adult Arctic Grayling to access spawning habitats in the K, L and M streams in
spring of 2015 and 2016, and suitable spawning conditions were documented (De Beers 2016c,
2017a).

•

No adult Arctic Grayling were documented in the spring of 2017 and 2018, despite adequate flow
available for fish passage and suitable spawning habitats being present in the streams (De Beers
2018c, 2019c). Arctic Grayling adults did not move to spawning areas within the normal spring period
in 2017 and 2018, and were not present in the downstream K, L, and M streams during the spring field
programs. Adult Northern Pike were present and were documented moving through the downstream
study area during the spring 2017 and 2018 field programs, further indicating that fish passage and the
availability of suitable physical habitat and access to habitats for spawning were not likely causes of
the observed decline and subsequent absence of adult Arctic Grayling (De Beers 2018c, 2019c).

•

Suitable Arctic Grayling spawning and rearing depths were present in all monitored streams between
June and early July in all years (2015 to 2018), despite dewatering flow increases in 2015, a dry year
in 2016 and two years of augmented flow following the “Dry” pumping regime provided by downstream
flow mitigation in 2017 and 2018 (De Beers 2016c, 2017a, 2018c, 2019c). Successful spawning for
Arctic Grayling was only documented in 2015 and 2016; spawning for other fish in the downstream
population was noted for all monitoring years.

•

During the spring and summer field programs between 2015 and 2018, suitable slower velocitypathways, rearing depths and velocities, as well as refugia habitat for younger fish (including YOY Arctic
Grayling), were always present, particularly along the margins of each stream or in slower sections of
channels (De Beers 2016c, 2017a, 2018c, 2019c). Despite these habitats being present, YOY Arctic
Grayling were not documented in 2017 and 2018 (De Beers 2018c, 2019c).
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No fish were stranded or trapped between barriers in the downstream streams during the fall field
programs between 2015 and 2018, suggesting that fish were likely able to move out of the streams,
prior to the barrier formation (De Beers 2016c, 2017a, 2018c, 2019c).

While there has been a noted change to the fish community in Area 8 and downstream with the absence
of Arctic Grayling, there is no clear evidence that the change observed is due to inadequate flow mitigation
between 2015 and 2018, as fish habitat monitoring indicated that conditions remained within background
conditions.
Following the 2016 AEMP Annual Report, the Board recommended that De Beers compare the number of
fish moving upstream into Area 8 to baseline years (De Beers 2017a). The EIS predicted that a reduction
in population size in Area 8 and in the streams downstream to Lake 410 was expected, as a result of the
Phase I (2014) and II (2015) Fish-Out (Lue T’e Halye) of Kennady Lake (De Beers 2010). In addition, the
EIS also predicted that the increased frequency of fish barrier occurrences, as a result of the reduced area
of Kennady Lake (i.e., Area 8 being isolated from the rest of the lake and catchment) and subsequent
reduction of flows into Area 8, would also reduce downstream fish populations (De Beers 2010) and would
require downstream flow mitigation to sustain the remnant fish populations. A large percentage of the Arctic
Grayling, Northern Pike and other fish species’ populations that may have historically moved through
Stream K5 to Area 8, were harvested from Kennady Lake during the fish-out. As a result, the remaining fish
populations would have been smaller compared to baseline conditions. The ability of these populations to
stabilize was noted as an uncertainty during the EIS (De Beers 2010).
The numbers of individuals all of fish species documented in Stream K5 since baseline, beginning in 1996,
is presented in Figure 11.2-1. The data shown represent various seasons, various age and size classes,
as well as various methods, including angling, visual observations, electrofishing and fish fences; therefore,
the level of effort is not comparable and the data should only be view as total number of fish documented
in each year (De Beers 2010, 2016c, 2017a, 2018c, 2019c; Golder 2014a,d, 2015). The data in
Figure 11.2-1 indicate that the majority of fish caught in Stream K5 during baseline and operations were
Arctic Grayling and Northern Pike. De Beers views the Area 8 and Stream K5 Arctic Grayling and Northern
Pike populations as the same populations, as they have the ability to move through the stream between
Lake L3 and Area 8 for almost all of the open-water season, including 2016, which had the lowest flow
record during the AEMP monitoring years (De Beers 2016c, 2017a, 2018c, 2019c).
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Total Number of Fish Documented in Stream K5, 1996 to 2018
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ARGR = Arctic Grayling; BURB = Burbot; LKCH = Lake Chub; LKTR = Lake Trout; LNSC = Longnose Sucker; NRPK = Northern
Pike; RNWH = Round Whitefish; SLSC = Slimy Sculpin.

A focused comparison of the number of individuals of Arctic Grayling and Northern Pike documented in
Stream K5 since baseline, beginning in 1996, is presented in Figure 11.2-2. As with Figure 11.2-1, in
addition to the various seasons sampled and methods used, the data represent all age groups (i.e., adults,
juveniles and YOY). Therefore the data do not provide quantitative population estimates that are directly
comparable from year-to-year, but rather should be viewed as a qualitative index of the number of Arctic
Grayling that might be present based on capture numbers in each year of sampling (De Beers 2010, 2016c,
2017a, 2018c, 2019c; Golder 2014a,d, 2015). The data indicate a sharp decline in Arctic Grayling numbers
between 2014 and 2015, coinciding with the isolation of Area 8 from Kennady Lake, and the Phase I (2014)
and II (2015) Fish-Out (Lue T’e Halye). Only 14 Arctic Grayling were documented in Stream K5 in 2015 and
only 12 in 2016, compared with the 40 to 80 normally documented through the year in this stream, pre2015. In 2005 and 2007, only electrofishing was conducted (Golder 2014d), which is a less effective capture
method for Arctic Grayling; therefore, the numbers for these two years should be viewed within the context
of varied capture methods.
It is unknown whether a viable population of Arctic Grayling remained after the Fish-Out. Based on
population estimates generated for the EIS, it is also uncertain what additional influence the absence of
Arctic Grayling had on the remaining fish community (i.e., predator-prey and competition-relationships and
among-species interactions) that would also influence the viability of the Arctic Grayling population.
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Total Number of Arctic Grayling and Northern Pike Documented in Stream K5, 1996
to 2018
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Movement of Northern Pike through Stream K5 is likely as part of foraging behaviour, rather than seasonal
spawning movements; therefore variability in numbers in Stream K5 may not represent changes in
population numbers within Area 8, but rather changes or annual variability in movement patterns. The data
indicate a marked increase from 2015 to 2016, as well as a subsequent gradual decline in Northern Pike
numbers in Stream K5 between 2013 and 2015, coinciding with the isolation of Area 8 from Kennady Lake,
and the Phase I (2014) and II (2015) Fish-Out (Lue T’e Halye). A large proportion of the population of
Northern Pike within Kennady Lake was harvested and removed as part of the Phase I (2014) and II (2015)
Fish-Out (Lue T’e Halye). The increase in the number of Northern Pike detected in 2016 may be a result of
increased foraging behaviour of fish from Area 8 or the downstream streams and lakes in search of their
main prey, Arctic Grayling, the numbers of which had decreased dramatically from 2014 to 2015 (Figure
11.2-2). The catch rate of Northern Pike in 2018 was similar to catch rates encountered during baseline
surveys in 2004 and 2013.

11.3

Sampling Design Re-evaluation

Sampling design changes were made during the first four years of the AEMP (2015 to 2018), to adapt the
monitoring design to the results and constraints encountered during each monitoring year. A large portion
of these changes were the result of approved response actions to the absence of Arctic Grayling
downstream of Area 8, and consisted of adapting sampling methods, expanding the timing of monitoring to
include fall as well as spring and summer, and increasing the geographic extent of the study area (De Beers
2018b). The re-evaluation of the sampling design is presented in terms of changes to the study area, the
fish habitat sampling design and changes to the fish community sampling design.
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Study Area

The geographic extent of the study area for the fish habitat and community monitoring component was
increased in 2018 to include: Area 8; Streams M3 to M1 and Lakes M3 to M1; the outlet of Lake 410 into
the P system; and Streams P8 to P6 (De Beers 2018b). It is recommended this study area expansion is
retained in the updated AEMP Design Plan, until such time that Arctic Grayling return to the K, L and M
system (De Beers 2019a).

11.3.2

Fish Habitat Sampling Design

No changes to the fish habitat sampling design are recommended as the AEMP monitoring results from
2015 to 2018 show that habitat availability and suitability have remained within baseline conditions and EIS
predictions. No barriers to fish passage are present when the outflow from Area 8 is at or above 0.36 m3/s,
and a minimum summer flow of 0.1 m3/s provides suitable habitat conditions for rearing (Golder 2014d,
2015).
During the construction phase (i.e., 2015 and 2016), no changes were made to the fish habitat sampling
design. Following the 2016 AEMP Annual Report, the Board recommended that De Beers quantify habitat
suitability (i.e., fish barriers and flow) and compare these to baseline conditions (De Beers 2017a).
De Beers noted in its response to the flow component of the Board recommendation, that in the EIS,
changes in flow downstream of Area 8 (due to alterations of the Kennady Lake watershed) would occur and
were predicted to differ from baseline conditions (De Beers 2010, 2016a). The Operational Water
Management Plan (Version 5.1, De Beers 2019e) incorporated mitigation for these predicted changes
through the DFMP (Golder 2012). The AEMP fish habitat and community component was therefore
designed to consider changes to flows and water levels that occur outside the predictions of the EIS only,
and not relative to baseline conditions (De Beers 2016a). Flow changes, relative to baseline conditions are
covered under the hydrology component of the AEMP. As a result, no changes were made to the fish habitat
sampling design based on the flow component of the Board’s recommendation.
De Beers noted in its response to the fish barrier component of the Board recommendation, that natural
barriers to fish movement between Kennady Lake and Lake 410 are known and persist downstream of
Kennady Lake under naturally occurring low flow conditions (De Beers 2017a). The DFMP was developed
and incorporated into the Operational Water Management Plan with the intent to augment flows
downstream of Area 8 during Mine operations and closure (when Kennady Lake will be refilled). During
these phases, the majority of Kennady Lake (i.e., Areas 1 through 7) and its headwaters are isolated from
the downstream KLM watersheds to avoid potential harmful population level effects on the fish community
between Area 8 and Lake 410 (Golder 2012; De Beers 2019e). In the DFMP, it was expected that under
natural conditions, Arctic Grayling are likely able to migrate and spawn in most years (Golder 2012). Without
mitigation, the reduction in flows predicted during the operations and closure (refilling) phases of the Mine,
as described in the 2012 EIS Supplement (De Beers 2012), have the potential to frequently prevent Arctic
Grayling spawning migrations due to these natural barriers that persist at low flows, and to reduce the
available habitat area for spawning and rearing through reductions in wetted area. The EIS also indicated
that under baseline conditions, barriers to fish migration would be present about 20% of the time in June,
or in other words, would result in a barrier to migration in approximately one out of five years (De Beers
2010). Fish barrier changes, relative to baseline conditions were therefore expected to occur and would not
be comparable to baseline conditions. As a result, no changes were made to the fish habitat sampling
design based on the fish barrier component of the Board’s recommendation.
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During the first two years of operation (i.e., 2017 and 2018), changes were made to the fish habitat sampling
design in response to the absence of Arctic Grayling downstream of Area 8. These changes included an
extension of the geographic extent of the study area, which was approved under the 2017 Aquatic Effects
Monitoring Program Response Plan – Fish Habitat and Community - Version 2 (De Beers 2018b). In
addition, as part of the response actions from the approved 2017 Aquatic Effects Monitoring Program
Response Plan – Fish Habitat and Community – Version 2 (De Beers 2018b), a flow augmentation
assessment was conducted by De Beers to fully assess the effectiveness of flow mitigation in 2017 and
2018, and to determine if adjustments or improvements were required (De Beers 2019f).
In summary (from De Beers 2019f), the AEMP monitoring results from 2015 to 2018 have confirmed that
no barriers to fish passage are present when the outflow from Area 8 is at or above 0.36 m3/s and that a
minimum summer flow of 0.1 m3/s provides suitable habitat conditions for rearing (Golder 2014d, 2015).
While timing may be different each year, passage of large-bodied adult fish is prevented by exposed boulder
gardens in Streams L3, L1b, L1c, L1a, and M4 in late summer and fall in most years (De Beers 2010). In
low flow conditions, access is also limited to short windows in the spring. Stream L1a also has an
impassable bedrock slope over which a thin sheet of water flows during low flow conditions in summer
(De Beers 2010). In addition, when access is only possible for a short window (i.e., 1 or 2 weeks in duration),
adult and juvenile fish may become trapped in these reaches and are unlikely to be able to return to larger
lakes to overwinter due to barriers that form under low summer/fall flows.
Since 2014, observations of these barriers under various flows have been documented during the AEMP
monitoring, and the combined results are presented in De Beers (2019f) and summarized in Table 11.3-1.
Two types of fish passage barriers have been identified within the K, L, and M streams, depending on flow
conditions (Golder 2012, 2014d, 2015; De Beers 2016c, 2017a, 2018c, 2019c):
•

Restrictive barriers, which prevent the free passage of large-bodied fish between habitats (particularly
upstream), while allowing free passage (i.e., both upstream and downstream) of small-bodied species
or life stages between habitats.

•

Full barriers, which prevent both upstream and downstream fish passage to all life stages and include
dry channel sections.

Table 11.3-1

Stream Discharges at Barriers to Fish Passage Present in of Area 8
Discharge (m3/s)

Fish Passage Variable

Stream
K5

Stream
L3

Stream
L2

Stream
L1c

Stream
L1b

Stream
L1a

Stream
M4

Stream
M3

Stream
M2

Stream
M1

No Passage Restrictions

>0.01

>0.36

>0.13

>0.14

>0.14

>0.36

>0.36

>0.16

-

-

Restricted Passage (Adult
Fish)

<0.01

<0.36

<0.13

<0.14

<0.14

<0.36

<0.36

<0.16

-

-

-

<0.14

-

<0.06

<0.01

<0.06

<0.08

-

-

-

Full Barrier (Adults,
Juveniles, YOYs)

YOY = young-of-the-year; - = no barriers identified.

The minimum flow required for unrestricted fish passage at Streams L3, L1a and M4 is 0.36 m3/s,
(Table 11.3-1; De Beers 2019f). As a result, the pumping rates intended to achieve a target flow of 0.4 m3/s
in Stream K5 for “Average” and “Wet” hydraulic years, as per the Operational Water Management Plan
(Version 5.1, De Beers 2019e), is appropriate to achieve the objective of unrestricted movement of fish
within the KLM system. Recommended changes to the flow mitigation are discussed in Section 11.5.1;
however, no changes to the fish habitat sampling design were made.
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Fish Community Sampling Design
Fish Fence Operation

According to the currently approved AEMP Design Plan (Version 5, De Beers 2016a), fish fences were to
be installed during operations in suitable stream locations in early spring, just after ice out, and to remain
in place for approximately three to four weeks. Stream K5 and L1a were identified to be the most suitable
stream locations for these fences (Golder 2015). Modifications to the duration of the fish fence operations
were made in 2017 and 2018, based on the duration of observed annual spawning runs, which averaged
roughly two weeks following ice-out conditions at the outlet of Area 8 (De Beers 2018c, 2019c). It is
recommended that this modification to the fish fence set-up be retained for the updated AEMP Design Plan.
Spring spawning migration and movement surveys should be scheduled within the same time frame
annually (i.e., immediately after ice-out in Stream K5). The timing of ice-out at Stream K5 is typically at the
beginning of June; however, it may occur sooner or later depending on annual variability in weather
conditions. Since 2015, AEMP monitoring has documented ice-out as early as May 25 and as late as
June 6. The spring spawning migration and movement surveys include the installation of fish fences at two
stream locations downstream of Area 8 (i.e., Streams K5 and L1a), fish tagging and movement tracking, as
well as visual observations of fish and fish movements in the lakes and streams between Area 8 and Lake
410. The fish fences will be installed in early spring, just after ice out, and remain in place for a minimum of
14 days, which coincides with the annual spring fish migration period. The exact timing of fence installation
depends on weather as well as the persistence of anchor and shelf-ice conditions at each of the two
locations, which dictates when fish fences can safely be installed and not damaged by floating ice coming
from upstream (De Beers 2018d, 2019c).
In order to track the timing and direction of individual fish movements, fish caught in the fish fences or by
angling will be scanned for previously inserted tags (i.e., uniquely coded passive integrated transponder
(PIT) or radio-frequency identification (RFID) tags). If no tag is found, then the fish will be tagged with a
new tag, according to the protocols outlined in the Biomark Fish Tagging Methods (Biomark 2010).

11.3.3.2

Visual Observations

The currently approved AEMP Design Plan included snorkelling surveys and visual assessments. However,
snorkelling surveys as a means of conducting visual surveys are considered to be a less effective method
than shoreline surveys to document fish under most conditions. Visual surveys should be retained as a
primary survey method; however, it is recommended that the specification of “snorkelling surveys” should
be replaced with “visual observation surveys” in the AEMP study design, with the specific method
(i.e., shoreline, snorkelling or underwater video surveys) selected based on site conditions at the time of
the survey.
Visual observations of fish presence in each stream and lake will be documented during the spring, summer
and fall field programs via streambank and lake shoreline walks. Snorkelling surveys should be considered
under higher flow conditions only. For most flow conditions encountered, shoreline observations are
expected to be a more effective fish detection method. In the summer, visual observations will include
shoreline observations by boat in Area 8, Lake M4 and Lake M3. In addition, underwater video surveys will
be conducted in these three lakes in order to determine the presence of Arctic Grayling in deeper water
where shoreline and boat observations are limited. The fish species, number of individuals observed, and
approximate size grouping will be recorded during visual observations. It is recommended that these
changes are to be retained.
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Stream snorkel surveys were included in the AEMP Design Plan (De Beers 2016a). Attempted snorkel
surveys in 2015 indicated that even during dewatering of Kennady Lake, areas with adequate depths within
the streams were not suitable for snorkelling (De Beers 2016c). Areas around the inlets and outlets of the
small, inter-connected lakes between Area 8 and Lake M3, as well as a few pools, were the only areas that
could be snorkelled. It was noted that visual observations from shore were efficient at documenting adult,
juvenile and YOY Arctic Grayling in all of the streams (De Beers 2016c). Supplemental fish catch results
from backpack electrofishing conducted by the U of W in 2015, were used to support the results that visual
observations from shore were an effective sampling method (De Beers 2016c).
Stream and lake snorkel surveys were conducted in 2018 as part of the additional methods targeted by the
approved 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and Community –
Version 2 (De Beers 2018b). The surveys indicated that in “Dry” hydrologic years, stream snorkelling
suitability was limited to a few pools in the streams and the shorelines of the inter-connected lakes
(De Beers 2019c). In addition, visual observations from the banks and shorelines conducted concurrently
with the snorkel surveys were considered to be as effective as snorkelling (i.e., fish observed via snorkelling
were also detected independently by the shore observer). As a result, snorkelling surveys should be
retained as a sampling method, as under higher flow conditions, this may be most effective visual
observation method. However, for most flow conditions, shoreline observations are adequate.
As part of the response actions approved in the 2017 Aquatic Effects Monitoring Program Response Plan
– Fish Habitat and Community – Version 2 (De Beers 2018b), underwater video observations and visual
observations by boat in the lakes between Area 8 and Lake 410 were included in 2018 and provided
additional ability as well as video and photographic evidence of fish within these lakes (De Beers 2019c).
As a result, underwater video surveys have been added to the visual sampling design methods.

11.3.3.3

Angling

As part of the response actions approved in the 2017 Aquatic Effects Monitoring Program Response Plan
– Fish Habitat and Community – Version 2 (De Beers 2018b), angling in the lakes between Area 8 and
Lake 410 was included in 2018 and provided supplemental fish catch information (De Beers 2019c). It is
recommended that angling is retained as a sampling method in the updated AEMP Design Plan.
Shoreline angling will be conducted during each field program, as time allows, specifically targeting Arctic
Grayling adults in Area 8, Lake M4 and Lake M3. Angling effort, photographs, fish length and weight will be
recorded. All Arctic Grayling, Northern Pike or Lake Trout caught will be scanned for any tags that may
have been implanted from previous programs. If no tag is found, then the fish will be tagged with a new tag,
according to the protocols outlined in the Biomark Fish Tagging Methods (Biomark 2010).

11.3.3.4

Backpack Electrofishing

As part of the response actions approved in the 2017 Aquatic Effects Monitoring Program Response Plan
– Fish Habitat and Community – Version 2 (De Beers 2018b), backpack electrofishing in the streams
between Area 8 and Lake 410 were included in 2018, to confirm the presence of Arctic Grayling (De Beers
2019c). It is recommended that backpack electrofishing be retained as a sampling method in the updated
AEMP Design Plan.
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Backpack electrofishing (single and multi-pass efforts) will be conducted in the streams between Area 8
and Lake 410 (inlet at Stream M1 and outlet to Stream P8) during the summer field program:
•

Single-pass backpack electrofishing will be conducted in all KLM streams to document the presence
and abundance of all fish species. This will include the inlets and outlets of each lake associated with
each stream.

•

Multi-pass electrofishing, specifically targeting Slimy Sculpin habitat, will be conducted in three streams
in the L system (Streams L2, L1a, L1b), three streams in the M system (Streams M4, M3, M2) and
three streams downstream of the Lake 410 outlet (Stream P8, P7, P6) to document density of Slimy
Sculpin. Study sites will be selected from each stream that have similar habitat characteristics to reduce
the influence of habitat variability on catch results. A section of channel approximately 10 – 15 m in
length will be isolated with block nets and will be electrofished a minimum of three times or until
depletion in the catch results is evident.

During construction (i.e., 2015 and 2016) and in the first year of operations, backpack electrofishing data
collected by the U of W’s separate research studies in the study area were used to supplement fish
community information in the AEMP (De Beers 2016c, 2017a, 2018b). As this method was no longer being
used by the U of W, its inclusion as an additional sampling method within the AEMP sampling design was
considered to be important to the determination of Arctic Grayling presence and distribution within the
extended study area, as well as other fish species within streams.

11.4

Data Analysis Re-evaluation

Detailed statistical analysis of multi-pass electrofishing data is recommended in future AEMPs to assess
trends in density and distribution of Slimy Sculpin. This information will also be used in evaluating the High
Action Level criteria (Section 11.5.3).

11.5
11.5.1

Action Level Updates
Low Action Level

As a result of the proposed change to the DFMP, the Low Action Level related to the objective of achieving
flows at or above 0.4 m3/s annually during the spawning migration period is appropriate and should be
applied during operations in the updated AEMP Design Plan.
As discussed in Section 11.2.1, the first Low Action Level criterion defined in Table 8.4-4 of the AEMP
Design Plan (De Beers 2016a), defined as “For the years where flow mitigation is provided, downstream
flows are <0.4 m3/s during the period of Arctic Grayling migration” does not fully incorporate the various
operational flow targets, based on hydrologic year-type as defined in the DFMP (Golder 2012).
Both 2017 and 2018 were predicted to have a hydrologic-year-type classification of “Dry” and the Area 8
outflow augmentation targets for the spring pumping regime were to maintain downstream flow at 0.1 m3/s
throughout the month of June (De Beers 2018c). Downstream flows at 0.1 m3/s are below the target of
0.4 m3/s, and thus in “Dry” years, the Low Action Level would automatically be triggered.
Under the current Operational Water Management Plan (Version 5.1, De Beers 2019e) a minimum flow of
0.4 m3/s at Stream K5 only applies to “Average” and “Wet” years. Since this Low Action Level criterion does
not account for a “Dry” year with flow mitigation, the Action Level trigger was not applicable in 2017 and
2018. However, the results of the flow augmentation assessment (De Beers 2019f) concluded that providing
flows at or above 0.4 m3/s associated with the timing of spring migration would allow for free access to
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habitats throughout the KLM watersheds, to allow for recolonization by Arctic Grayling. As a result of this
conclusion, recommendations to modify the DFMP are presented in Section 11.5.1.4 to provide flows
annually that would allow for fish passage.
As per the approved 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and
Community – Version 2 (De Beers 2018b), the remaining two Low Action Level criteria remain unchanged.
Future monitoring of the AEMP will confirm that these remain relevant, and keep the focus of the fish habitat
and community monitoring on Arctic Grayling distribution, should they begin to recolonize the KLM
watersheds.

11.5.2

Moderate Action Level

The Moderate Action Level for flow mitigation was set in 2018 and remains unchanged in 2019.
As defined in the approved 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and
Community – Version 2 (De Beers 2018b), the Moderate Action Level criterion is “Arctic grayling are absent
during the subsequent monitoring year”. The Moderate Action Level is associated with a prolonged absence
of a fish species downstream of Kennady Lake and remains valid as monitoring focusses on the
recolonization of the KLM system by Arctic Grayling.

11.5.3

High Action Level

The High Action Level is associated with a prolonged absence of Arctic Grayling downstream of Kennady
Lake and includes the monitoring of two additional fish species that may be affected by this prolonged
absence, as monitoring focusses on the recolonization of the KLM system by Arctic Grayling.
Based on the rationale presented for the High Action Level above, the following criteria were presented to
and discussed with the Board (De Beers 2019a):
Sustained absence of Arctic Grayling adults moving into spawning areas within the normal spring
period;
or
Sustained absence of Arctic Grayling YOY from the KLM watersheds for a period of four
consecutive years;
AND
Northern Pike are not detected for two consecutive years at Area 8 and Stream K5;
or
Slimy Sculpin YOY are absent during two consecutive years within the KLM watersheds and
relative to reference locations;
or
Slimy Sculpin density shows a statistically significant decreasing temporal trend across a four-year
period within the KLM watershed and relative to reference locations.
With the Moderate Action Level being associated with the sustained absence of a fish species downstream
of Kennady Lake (De Beers 2018b), the High Action Level needs to be triggered prior to exceeding the
threshold of ecological significance. However, with the continued absence of Arctic Grayling from the KLM
watersheds already confirmed for 2017 and 2018, additional triggers related to the decline of this species
would not provide any additional insight on potential project effects to fish habitat.
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The sustained absence of Arctic Grayling from the KLM watersheds still needs further confirmation. To this
end and based on the comments and recommendations made by the Department of Fisheries and Oceans
(DFO) and Environment and Natural Resources (ENR) on the 2018 Aquatic Effects Monitoring Program
Response Plan – Fish Habitat and Community – Version 3 (De Beers 2019a), the High Action Level criteria
for Arctic Grayling needs to link back to the Low and Moderate Action Levels. The timing of sustained
absence (vs. short-term absence) needs to be adequately evaluated. In addition, the criteria need to provide
a linkage to closure predictions, for natural recolonization. The High Action Level trigger(s) should therefore
be focussed on the sustained absence of Arctic Grayling from the study area, as well as consider other
potential triggers for the downstream fish community based on other species currently present in the KLM
system.
Recolonization of the KLM system may be gradual and may not occur throughout the system
simultaneously. Detection of Arctic Grayling will be a positive outcome, although presence may not be
distributed throughout the system relative to baseline conditions at the outset. Therefore, the High Action
Level for Arctic Grayling is focussed on a sustained duration of non-detection rather than spatial distribution;
the Low Action Level would continue to focus the monitoring on the distribution of Arctic Grayling relative
to baseline.
Consideration was made to use Northern Pike or Slimy Sculpin, the two species most consistently observed
in the KLM watersheds. Northern Pike are not a true stream-dependent species and in the case of the
watersheds downstream of Area 8, this species is an opportunistic predator that follows food, rather than
being restricted to a specific habitat area. Spawning and feeding habitats for Northern Pike are available in
lake habitats of the KLM watersheds. Limited baseline data exist on Northern Pike population numbers
within the habitat downstream of Kennady Lake, and a large proportion of the population of Northern Pike
within Kennady Lake was harvested and removed as part of the Fish-Out, which would not allow for a
reliable comparison of fish population numbers during operations back to baseline conditions.
However, Northern Pike were identified as a Valued Component (VC) in the Environmental Assessment
(De Beers 2011) and have been consistently detected in Stream K5 during baseline and operations phase
sampling events. De Beers has included a High Action Level criterion for Northern Pike that is focussed on
specific locations (i.e., Area 8 and Stream K5), and where Northern Pike have been historically and
consistently present from baseline through to current monitoring years. A localized response trigger for
Northern Pike would be an early warning that can be used to detect changes that might occur farther
downstream in the KLM system. The spring fish fence program at Stream K5 has been the most reliable
sampling program for detecting Northern Pike within the KLM watersheds since 1996. De Beers views Area
8 and Stream K5 Northern Pike individuals as belonging to the same population, so finding them in one or
the other location is appropriate.
De Beers presented an argument that Slimy Sculpin, which is a stream-dependent species and is
commonly found during electrofishing surveys conducted in 2018, would also be suitable to include when
defining the High Action Level. While Slimy Sculpin was not identified as a VC in the EIS, its preference for
stream habitat over lake habitat makes it a suitable choice for assessing the effectiveness of flow
augmentation on stream habitat conditions. Since this species is more stream dependent, it would be
susceptible to changes in stream habitat conditions. Slimy Sculpin continue to be found in all stream
habitats in the KLM watersheds, rely on suitable flow conditions for food production and spawning, and are
expected to be a good indicator of ecosystem function in response to the DFMP in the absence of Arctic
Grayling.
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A limiting factor in establishing Slimy Sculpin as an indicator is the lack of site-specific baseline data on
Slimy Sculpin densities and distribution, because this species was not the focus of prior sampling efforts.
Although comparison to a reference site is possible, baseline conditions and potential differences between
KLM streams baseline and reference stream conditions would be unknown. Slimy Sculpin densities may
fluctuate around a normal range of variability but should be relatively stable over time, if conditions are
suitable. Previous sampling efforts have identified the presence of Slimy Sculpin throughout the KLM
streams; however, sampling was not conducted such that an estimate of density, either from baseline or
from recent surveys, can be made, which would serve as a suitable comparison to future monitoring results.
In considering feedback from ENR (MVLWB 2019), changes to Slimy Sculpin density over time and
evidence of successful Slimy Sculpin recruitment were built into the revised High Action Level.

11.5.4

Summary of Updated Action Levels

A summary of the updated Action Levels for fish habitat and community in the aquatic environment
downstream of Area 8 is presented in Table 11.51. In addition, the Low Action Level for benthic
invertebrates in streams, as presented in Section 10.6.3.1, is also applicable to the Action Level
assessment for fish habitat and community. That is, if the Low Action Level for benthic invertebrates is
exceeded, then further investigation of that trigger based on its relevance to fish community will be done,
and recommendations made, as appropriate, to revise the Moderate and High Action Levels.
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Updated Action Levels for Streams Downstream of Area 8
Action Level

Streams Downstream of Area 8
During operations, for the years where flow mitigation is provided, downstream flows are
<0.4 m3/s during the period of Arctic Grayling migration(a)

Low
Effects are measurable but well below the
Significance Threshold – trigger meant as a
warning and requirement for further evaluation

OR
Arctic Grayling adults are not moving to spawning areas within the normal spring period (as per baseline information)
OR
Arctic Grayling fry are not present in the system and/or not distributed similar to baseline

Moderate
Effects are measurable and are trending towards
the Significance Threshold, but still well below it

Arctic Grayling are absent during the subsequent monitoring year(b)

Suggested Responses

• Report in the AEMP annual report – no formal AEMP Response Plan needed as per current
AEMP guidance
• Continue AEMP annual monitoring to confirm the noted Low Action Level results
• If observed response(s) are outside EIS predictions, re-evaluate EIS predictions in a special
study to confirm predictions
• Address any key uncertainties identified by the Low Action Level assessment

•
•
•
•

Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the noted Moderate Action Level results
Address any key uncertainties identified by the Moderate Action Level assessment
Identify and evaluate potential mitigation options in response to the Moderate Action Level
assessment. As appropriate, consider implementing mitigation

•
•
•
•

Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the noted High Action Level results
Address any key uncertainties identified by the High Action Level assessment
Identify, evaluate, and implement mitigation measures to stop or reverse the observed trend
so the Significance Threshold is not reached

Sustained absence of Arctic Grayling adults moving into spawning areas within the normal spring period
or
Sustained absence of Arctic Grayling YOY from the KLM watersheds for a period of four consecutive years
High
Measured effects continue to trend towards the
Significance Threshold

AND
Northern Pike are not detected for two consecutive years at Area 8 and Stream K5
or
Slimy Sculpin YOY are absent during two consecutive years within the KLM watersheds and relative to reference
locations
or
Slimy Sculpin density shows a statistically significant decreasing temporal trend across a four-year period within the
KLM watersheds and relative to reference locations

a) Not triggered by sustaining downstream flow in Stream K5 at 0.4 m3/s or above during the period of Arctic Grayling migration, which may occur between late May and the end of June depending on annual ice-out conditions.
b) Approved Action Level criteria under the 2017 Aquatic Effects Monitoring Program Response Plan - Fish Habitat and Community – Version 2 (De Beers 2018b).
AEMP = Aquatic Effects Monitoring Program; YOY = young-of-the-year.
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Commitments from the 2017 and 2018 Response Plans

Outstanding commitments from the 2017 (De Beers 2018b) and 2018 (De Beers 2019a) AEMP Response
Plans, including additional Action Level and monitoring recommendations, are presented below in
Table 11.6-1.
Table 11.6-1

Fish Habitat and Community Commitments

Reference Document

2018 AEMP
Response Plan for
Fish Habitat and
Community

Directive
No.

Directive

2015 to 2018
Aquatic Effects Reevaluation Report
Section No.

1

Item to be included in the Re-evaluation Report:
Flow augmentation results and study including Downstream Flow
Mitigation Plan methodology and monitoring to ensure flows are
adequate for all species of fishes. (Review Comment ID = DFO-1)

11.5.1 (Fish Habitat
and Community)

2

Item to be included in the Re-evaluation Report:
An assessment of potential losses to Arctic Grayling productivity
that has occurred in the downstream reaches of Kennady Lake
including losses to be expected should Grayling not return in 2019
and beyond. (Review Comment ID = DFO-1)

11.5.2 (Fish Habitat
and Community)

3

Item to be included in the Re-evaluation Report:
Mitigation/Contingency response actions should Arctic Grayling
not return during operations. Given their relevance to significance
thresholds and EIS predictions and commitments, these works
should be clearly identified and highlighted within this report along
with timelines and milestones for reporting and implementation
(e.g., pilot tests/studies). (Review Comment ID = DFO-1 and
GNWT-ENR-1)

11.5.3 (Fish Habitat
and Community)

4

Item to be included in the Re-evaluation Report:
Assess the return of Grayling post-closure and address ENR’s
recommendation including:
a) details on the ability of any remnant downstream populations to
repopulate Kennady Lake;
b) flow restrictions that may be present post-closure; and
c) in addition, how the successful recolonization of this species
may be impacted due to the length of their absence from the
system between Area 8 and Lake 410 (e.g., the likelihood of
populations to re-inhabit spawning areas after prolonged
absences).
(Review Comment ID = GNWT-ENR-2)

11.5.4 (Fish Habitat
and Community)

5

Item to be included in the Re-evaluation Report:
Provide mitigation measures for physical reintroduction of Arctic
Grayling and address ENR’s recommendation to provide longterm studies to better understand options of re-introducing Arctic
Grayling into Kennady Lake post-closure. (Review Comment ID =
GNWT-ENR-3)

11.5.5 (Fish Habitat
and Community)

6

Item to be included in the Re-evaluation Report:
An updated graph of Summary of Flows (2015-2018) at the Area 8
Outlet and associated flow augmentation assessment. (Review
Comment ID = GNWT-ENR-4 and Board staff comments #5 and
#6)

11.5.1 (Fish Habitat
and Community)

7

Item to be included in the Re-evaluation Report:
An assessment of how observed flows at the Area 8 compare to
any other hydrological information in the area. (Review Comment
ID = GNWT-ENR-5)

11.5.1 (Fish Habitat
and Community)

AEMP = Aquatic Effects Monitoring Program; DFO = Department of Fisheries and Oceans; EIS = Environmental Impact Statement;
GNWT-ENR = Government of Northwest Territories Environment and Natural Resources.
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Flow Augmentation Assessment

In summary, two key objectives of the flow augmentation assessment (De Beers 2019f) were to:
1)

review the current DFMP, and the 2015 to 2018 monitoring results, to determine if the flow
augmentation targets are sufficient to achieve the objectives of the plan; and

2)

to identify if modifications to the plan are required and evaluate if the existing pumping infrastructure
can adequately deliver the flow targets identified in the plan.

The assessment included the following components:
•

Evaluation of the DFMP pumping activities to determine if improvements or changes to the pumping
system are required to achieve the downstream flow conditions necessary to support (and potentially
to re-establish) the Arctic Grayling population downstream of Area 8. This included an evaluation of
whether the current flow mitigation pumping is of sufficient volume, or provided at the right time, to
support Arctic Grayling spawning, or if flow mitigation is required at a higher volume, duration or
frequency.

•

Evaluation of the existing flow monitoring methods to determine if improvements to data capture and
analysis are required to allow for real-time assessment and operational adjustments to pumping targets.

•

Determination of the flow mitigation pumping flows required for the free passage of Arctic Grayling
between Area 8 and Lake 410, as well as the potential need for additional early or late season pumping
to maintain lake elevations in Area 8, in advance of the following year’s pumping activities. This included
investigating and identifying measures that could be implemented to promote the return of Arctic
Grayling during operations.

11.6.1.1

Evaluation of the Downstream Flow Mitigation Plan Pumping
Activities

The results of the hydrology monitoring data at Stream K5 indicated that sustaining a flow of 0.4 m3/s for
the entire month of June has only occurred during the first year of construction (2015), during dewatering
of Kennady Lake, as shown in Figure 11.6-1.
The flow target of 0.4 m3/s is associated with the Low Action Level trigger defined in Table 8.4-4 of the
AEMP Design Plan (De Beers 2016a), and as discussed in Section 11.2.1, does not fully incorporate the
various operational flow targets, based on hydrologic year-type, as defined in the Water Licence
(MV2005L2-0015), the DFMP and the Operational Water Management Plan (Golder 2012, De Beers
2016b, 2018c). Flow mitigation pumping was initiated in 2017 (Year 1 of operations); however, both 2017
and 2018 were classified as “Dry” hydrologic years (De Beers 2018b, 2019c). Therefore, augmentation
targets for the spring pumping regime were to maintain downstream flow at 0.1 m3/s throughout the month
of June (De Beers 2016b, 2018c). While the target of 0.1 m3/s was reached, De Beers also pumped at a
rate greater than 0.1 m3/s periodically during 2017 and 2018, to test the capability of their infrastructure to
meet the higher flow target of 0.4 m3/s when needed.
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Summary of Flows at the Area 8 Outlet, 2015 to 2018

Q = discharge.

Based on the results of the ongoing barrier assessments, a flow target of 0.4 m3/s remains appropriate to
allow for free movement of fish throughout the downstream system, between Area 8 and Lake 410. The
flow augmentation assessment then focused on the ability of the existing pumping infrastructure at the Mine
to maintain the target flows of 0.4 m3/s for the duration identified in the Operational Water Management
Plan and the Fisheries Act Authorization (#03-HCAA-CA6-00057.1). Early timing of pumping in spring
appeared to be key to augmenting the magnitude of the freshet peak and helping to sustain the receding
hydrograph through the spring fish migration period. This should occur once the shoreline in Area 8 is icefree and surface water is flowing at Stream K5 (even if anchor ice remains). The timing for ice-free
conditions is variable, and would need to be assessed and adjusted annually. As shown by the variability
of ice-free conditions documented during the spring AEMP fish habitat and community field programs
between 2015 and 2018 (De Beers 2016a, 2017a, 2018c, 2019c), the starting flow augmentation may be
required any time between late May through until early June depending on annual weather conditions.
Although sustained pumping into the fall may also result in improved storage volumes heading into the
winter, this approach is not recommended because the operational application would be difficult to
implement and the success of this approach at improving conditions the following spring may be
unpredictable and would not add value to the DFMP.

De Beers Canada Inc.

Gahcho Kué Mine
11-24
2015 to 2018 Aquatic Effects Re-evaluation Report
Fish Habitat and Community

December 2019
Section 11

The influence of evaporative losses on measurement endpoints at Stream K5 appears to be higher later in
the summer. Evaporative losses during August mean that it may be necessary to increase pumping rates
above 0.10 m3/s to maintain flow above 0.10 m3/s. Although not always required, it is recommended that
the August pumping target be adjusted upwards to 0.12 m3/s to simplify the operational pumping and
provide greater assurance that the flow augmentation target at Stream K5 is achieved annually.
A review of the current pumping targets, indicated that:
•

The existing operational pumping scheme during a “Wet” season remains adequate to provide
extended fish access, achieving flows greater than 0.40 m3/s into early July.

•

The existing operational pumping scheme during above-average conditions (i.e., “Average-Wet”)
should meet the DFMP objectives by providing fish access, achieving flows greater than 0.40 m3/s that
extends to the end of June.

•

The existing operational pumping scheme during below-average conditions (i.e., “Average-Dry”) may
not always meet the DFMP, as flows greater than 0.40 m3/s are truncated and may not always extend
to the end of June.

•

The existing operational pumping scheme during “Dry” seasons will generally not result in extended
periods of flow greater than 0.40 m3/s.

11.6.1.2

Evaluation of the Existing Flow Monitoring Methods

A review of the existing flow monitoring methods required to support the AEMP are provided Section 5
(Hydrology).

11.6.1.3

Flow Mitigation Pumping Required for the Free Passage of
Arctic Grayling between Area 8 and Lake 410

Given the fact that Arctic Grayling numbers have declined in the KLM watersheds since 2015 and
individuals were absent in 2017 and 2018, mitigation to allow for the free passage of Artic Grayling between
Area 8 and Lake 410 is now required to allow for recolonization from downstream populations.
As discussed in Section 11.3.2.2, while timing may be different each year, passage of large-bodied adult
fish is prevented by exposed boulder gardens in Streams L3, L1b, L1c, L1a, and M4 in late summer and
fall in most years. Without appropriate flow mitigation, access is also limited to short windows in the spring,
which may prevent widespread movement of fish throughout the KLM watersheds. In addition, when access
is only possible for a short window (i.e., 1 or 2 weeks in duration), adult and juvenile fish may become
trapped in these reaches and are unlikely to be able to return to larger lakes to overwinter due to barriers
that form under low summer/fall flows.
An evaluation of the flows at which fish barriers form in the various streams between Area 8 and Lake 410,
indicated that free passage begins at a minimum target flow of 0.36 m3/s in Stream K5, and therefore
achieving a flow of 0.4 m3/s remains valid as a flow target for mitigation to ensure fish passage is possible.
To allow sufficient time for fish movements between Area 8 and Lake 410 to promote recolonization,
pumping would need to maintain these conditions for a minimum of 4 weeks (i.e., 28 days as per the DFMP),
starting at initiation of ice-out at the outlet of Area 8. While the DFMP, Operational Water Management Plan
and Fisheries Act reference flow augmentation for the month of June, the timing should be flexible and
based on the timing of ice-free conditions, rather than specifying a calendar date. Extending periods when
natural fish passage is possible during wet years, would likely also serve to promote widespread fish
re-distribution between Area 8 and Lake 410, allowing for additional re-colonization of Arctic Grayling in the
KLM watersheds.
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Recommended Changes to the Downstream Flow Mitigation
Plan

To enhance flow and facilitate recolonization of Arctic Grayling from Lake 410, changes to the DFMP are
recommended to allow for enhanced fish passage between Area 8 and Lake 410. These include the
following:
•

Removing the “Dry” Pumping Regime from the operational pumping mitigation to allow for annual
access to habitats.

•

Simplifying the pumping rules to “Above-average” and “Below-average” pumping targets based on the
predicted hydrologic conditions for the year.

•

Commencing flow mitigation pumping at the start of ice-out rather than targeting June 1.

•

Increasing spring pumping rates to 0.35 m3/s for all years, as necessary, to achieve the minimum target
flow of 0.40 m3/s at Stream K5, and maintaining pumping until at least the end of June (or for 28
consecutive days if pumping started before or after the beginning of June).

•

Increase August pumping rates to at least 0.12 m3/s to counteract increased evapotranspiration and to
maintain a flow of 0.1 m3/s at Stream K5.

11.6.2

Arctic Grayling Productivity

Productive capacity has been be defined as “the maximum natural capability of habitats to produce healthy
fish, safe for human consumption, or to support or produce aquatic organisms upon which fish depend”
(DFO 1986). Productive capacity is a characteristic of the habitat to support all cohabiting species that
reside in a particular habitat (Randall 2003). The capacity for Kennady Lake to support a fish community
has changed during operations, with only Area 8 remaining to support a fish community. This pathway was
assessed in the EIS, and the fish population remaining in Area 8 was predicted to change. While the
downstream habitats remain similar to baseline conditions and are able to support a fish community, as is
evident in the AEMP monitoring results for benthic invertebrates and the fish community monitoring of
habitat conditions, fish production in the downstream habitats is linked to the capacity of Area 8 to sustain
a fish population.
Productivity of a species is the contribution of that species to the overall productive capacity of the system.
The biological productivity of a species is a factor that considers growth, survival, reproduction, recruitment
and migration of a population (DFO 2014a). Potential stressors to fish productivity and generic responses
are understood and can include changes to habitat area or quality, changes in access, direct or indirect
mortality and changes in temperature, (DFO 2014b), all of which were potential stressors identified for the
Arctic Grayling population of Kennady Lake.
The baseline fish population of Kennady Lake was estimated to be about 19,000 fish; of which, only 181
were predicted to be adult Arctic Grayling, representing less than 1% of the population (De Beers 2010).
During the Fish-Out, 127 Arctic Grayling were harvested and removed from the population; this represented
about 0.7% of the total catch of the Fish-Out (De Beers 2015d) but resulted in the removal of upwards of
70% of the Adult Arctic Grayling population of Kennady Lake. The Arctic Grayling removed during the
Fish-Out were primarily sub-adult and adult fish, with a maximum age of 5 years and an average age of
4.2 years (De Beers 2015d). Although variable by region, Arctic grayling will mature at 3 to 6 years and will
generally live to for about 10 to 12 years, typically spawning annually after maturation (Stewart et al. 2007).
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The Fish-Out removed largely 3- to 5-year-old fish, which may have represented the primary spawning
population for subsequent years.
The primary spawning habitat for the Arctic Grayling population of Kennady Lake was located downstream
of Area 8 (De Beers 2010). This may be a factor in the recruitment dynamics of the system, as YOY fish
may not be able to migrate upstream to overwintering habitats due to their poorer swimming capabilities
and the formation of barriers in the summer that have been documented in the KLM watersheds. This may
be an indication that the Kennady Lake Arctic Grayling population may rely on frequent immigration of
juvenile and adult fish from downstream to sustain the population. This may be a reasonable assumption
given the small size of the population observed under baseline conditions.
Based on the Fish-Out results, annual productivity of the Kennady Lake Arctic Grayling population was
estimated to be 4.32 kg/y with a production to biomass ratio of 0.114 (De Beers 2015d). With the absence
of Arctic Grayling in the KLM system in 2017 and 2018, the contribution of Arctic Grayling to fish production
within the KLM system has likely been reduced to zero within these watersheds over the short term, as
demonstrated by the lack of Arctic Grayling adults and YOYs in both years. As has been previously
discussed, the observed response of the Arctic Grayling population has likely been influenced by direct
mortality from the Fish-Out and increased predation on the remaining population following the Fish-Out,
reduction in habitat area in Kennady Lake, and episodic periods of high temperature before and during
construction. Access to habitats and quality of habitat was determined to be adequate during the 2017 and
2018 monitoring years.
While the contribution of Arctic Grayling to the productivity of the fish community in Area 8 and downstream
has changed, the potential for the habitat to support Arctic Grayling remains. The future and ongoing
contribution of Arctic Grayling to the overall fish production of the KLM watersheds will now rely on the
immigration of adult fish into the system to recolonize suitable habitats. Spawning within the KLM system
may largely support recruitment to downstream habitats, as upstream migration may be limited or not
possible for YOY, and a stabile population within Area 8 would rely on ongoing immigration into the system
through providing flows that allow for annual access to all habitats throughout the KLM system.
No evidence of effects to the Arctic Grayling populations in the N system (as indicated by the hydrology,
water quality, and lower trophic biota assessments), or the downstream P system (Arctic Grayling were
documented downstream of L410 in 2018) have been observed, and it is reasonable to assume that the
effects to Arctic Grayling production are limited to the KLM watersheds downstream of Area 8.

11.6.3

Mitigation and Contingency Response Actions during
Operations

Recolonization of Arctic Grayling from downstream habitats will likely be contingent on both the provision
of adequate flows through pumping mitigation in combination with a naturally wetter cycle. Provided
adequate flow conditions occur, recolonization of Arctic Grayling within the KLM system is possible, but
may be gradual and may not occur simultaneously throughout the system. Identifying a sustained period of
absence for the High Action Level was based on the higher probably that suitable hydrologic conditions
would occur in one of the year within the longer time period. Detection of Arctic Grayling will be a positive
outcome, although presence may not be distributed throughout the system the same as during baseline
from the start of recolonization. If the distribution of Arctic Grayling remains different from baseline, then
the Low Action Level would remain triggered and Arctic Grayling would remain a focus of future response
plans.
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De Beers is confident the recommended changes to the DFMP, as indicated in the flow augmentation
assessment, and the eventuality that wetter hydrologic conditions will occur periodically during operations,
will provide the conditions required for Arctic Grayling recolonization within the KLM watersheds. Given the
relevance of Arctic Grayling to ecological Significance Thresholds, EIS predictions and commitments,
should Arctic Grayling not return during operations, additional mitigation may be required.
De Beers recommends that if no evidence of Arctic Grayling return is documented in 2019 and 2020,
contingency measures be investigated 13. As the suitability of physical habitat conditions does not appear to
be a limiting factor, the primary mitigation to investigate will be potential relocation of adult, juvenile and
YOY Arctic Grayling from suitable locations downstream of Lake 410, to Area 8 and Stream K5, which
historically had the highest number of Arctic Grayling numbers in baseline years, as well as the most
suitable spawning habitats for Arctic Grayling. The two years following this (i.e., 2021 and 2022), would
then focus on the success of any relocations and implementation of additional mitigation contingencies, if
required.

11.6.4

Arctic Grayling Return during Post-closure

The EIS predicted that during post-closure, flows will return to near baseline conditions throughout the KLM
watersheds, with Kennady Lake refilled and reconnected. Although the B, D, and E watersheds will be rediverted to Kennady Lake at closure, the A watershed diversion will be permanent; as a result, the EIS
predicted that there will be a 7% reduction in the input from the upper Kennady Lake watershed. Predicted
changes in depth compared to baseline are less than 10 cm for all lakes downstream of Area 8. Lake L3
was predicted to show the largest change of 9 cm in June, attenuating through the summer to just a 1 cm
decrease compared to baseline by October.
Predicted changes in other lakes are lower. For Lake 410, the maximum predicted decrease is 2 cm. As
the decreases in water levels in the lakes downstream of Kennady Lake during post-closure are predicted
to be small compared to baseline (i.e., less than 10 cm), and water levels are expected to increase
compared to operations, negligible effects on the fish habitat and community downstream of Area 8 are
expected (De Beers 2010).
Provided that Arctic Grayling return to the KLM watersheds during operations, Arctic Grayling should be
able to access the refilled Kennady Lake, once water quality meets the desired levels and the lake is
reconnected to the downstream systems. It is anticipated that a slow recolonization of the lake and
re-establishment of historical fish migrations and spawning by Arctic Grayling will occur (De Beers 2012).
Should Arctic Grayling not return to the KLM watersheds during operations, the recolonization of Kennady
Lake may take longer, as Arctic Grayling would need to first re-establish populations with the KLM
watersheds; however, connectivity of habitats and suitable passage conditions are expected to occur more
frequently and be sustained longer relative to conditions during operations. As a result, the potential for
natural recolonization is believed to be higher than during operations. In addition, the availability of Kennady
Lake will provide a large increase in available overwintering and foraging habitat for the KLM system, which
can support a larger fish population compared to operations.

13

One adult Arctic Grayling was captured during the summer electrofishing survey in Stream L1a in 2019.
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Mitigation/Contingency Response Actions during Postclosure

As discussed for the return of Arctic Grayling to the KLM watersheds during operations, should Arctic
Grayling not return during post-closure, additional mitigation may be required.
De Beers recommends that if no evidence of Arctic Grayling return is documented during operations,
contingency measures for closure and post-closure be investigated, which will include an investigation of
potential relocation of adult, juvenile and YOY Arctic Grayling from suitable locations downstream of Lake
410 to Kennady Lake at closure.

11.7

Conclusions and Recommendations

The results of the 2015 and 2018 AEMP fish habitat and community monitoring have indicated that EIS
predictions were accurate for all components monitored.
Fish habitat has remained similar to baseline conditions in both the N watershed downstream of Lake N11
and in the KLM watersheds downstream of Area 8. Fish habitats have also remained within the predicted
conditions established in the EIS, with little to no evidence of deterioration or loss.
As a result of no changes to fish habitats, the fish community within the N system has also likely remained
similar to baseline conditions and within the predicted conditions established in the EIS. However, the fish
community downstream of Area 8 in the KLM watersheds have changed from baseline and is not consistent
with the predictions made in the EIS. Monitoring has indicated that the likely causes of this have been a
combination of a sequence of multiple events, some Mine-related and some related to natural
environmental variation, since 2014. These events have all contributed to the absence of Arctic Grayling
from the KLM watersheds in 2017 and 2018. The timing of each stressor was likely such that one
perturbation potentially influenced and exacerbated the other. Both Low and Moderate Action Levels were
triggered as a result.
AEMP Response Plans were submitted following the 2017 and 2018 AEMP years, with response actions
implemented in 2018 and 2019. The initial responses were investigatory, focusing on gathering additional
data via a wider search for Arctic Grayling presence. The results of the 2018 monitoring indicated that Arctic
Grayling were not present in the KLM system upstream of Lake 410, despite an extended geographic study
area and additional methods to try and capture or find fish, but were documented downstream of Lake 410.
All other expected species were present and distributed throughout the KLM watersheds.
Until such time as Arctic Grayling are documented in the K, L and M systems, and re-colonization is evident,
it is recommended that the extended geographic study area and additional fish community methods are
retained as part of the sampling design. In addition, snorkelling surveys as a means of conducting visual
surveys are considered to be a less effective method than shoreline surveys to document fish under most
conditions; however, visual surveys should be retained as a primary survey method. It is recommended
that the specification of “snorkelling surveys” should be replaced with “visual observation surveys” in the
AEMP study design, with the specific method (i.e., shoreline, snorkelling or underwater video surveys)
selected based on site conditions at the time of the survey. As an example, in years with higher flows
(i.e., “Wet” years), where suitable depths are available for snorkelling, or if conditions are not suited to
shoreline observations, then snorkelling would be the preferred method of visual observation.
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The flow augmentation assessment, indicated that the current DFMP may not provide adequate flows
during “Dry” years, and that given the fact that “Dry” hydrologic years have occurred three times since 2014,
modifications are required to fully provide fish passage and avoid further effects to the fish communities. In
addition, mitigation to allow for recolonization of Arctic Grayling in the KLM watersheds from Lake 410
require a new set of pumping scenarios.
In order to enhance flow in the KLM watersheds and facilitate recolonization of Arctic Grayling from Lake
410, changes to the DFMP, as outlined in the flow augmentation assessment, are recommended to allow
for enhanced fish passage between Area 8 and Lake 410. These include the following:
•

Removing the “Dry” Pumping Regime from the operational pumping mitigation to allow for annual
access to habitats.

•

Simplifying the pumping rules to “Above-average” and “Below-average” pumping targets based on the
predicted hydrologic conditions for the year.

•

Commencing flow mitigation pumping at the start of ice-out rather than targeting June 1.

•

Increasing spring pumping rates to 0.35 m3/s for all years, as necessary, to achieve the minimum target
flow of 0.40 m3/s at Stream K5, and maintaining pumping until at least the end of June (or for 28
consecutive days if pumping started before or after the beginning of June).

•

Increase August pumping rates to at least 0.12 m3/s to counteract increased evapotranspiration and to
maintain a flow of 0.1 m3/s at Stream K5.
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12 FISH HEALTH
12.1

Introduction

The fish health component of the Aquatic Effects Monitoring Program (AEMP) evaluates potential effects
of the Gahcho Kué Mine (Mine) on indicators of fish health (i.e., energy storage, energy use, and survival)
in two of the core lakes, Lake N11 and Area 8, due to changes in water or sediment quality. The fish health
component of the AEMP consists of a population survey (i.e., all fish lethally and non-lethally processed)
and a lethal survey, using Ninespine Stickleback as a sentinel species. The re-evaluation of fish health data
presented herein is focused on the results of the 2018 annual AEMP, because the fish health component
only occurs every three years (De Beers 2019c).

12.2

Summary of Mine-related Effects

As of 2018, negligible effects on fish health were observed in the Kennady Lake watershed (i.e., Area 8) or
the downstream watershed (i.e., Lake N11) as a result of Mine operations. While statistical differences were
observed for fish health endpoints (i.e., relative to the reference lakes and baseline dataset), relative body
weight, relative gonad weight and relative liver weight (i.e., effect indicators considered in the Action Level
assessment) did not show consistent responses relative to the reference lakes or the baseline dataset
(Table 12.2-1). Magnitudes of difference occasionally exceeded critical effect sizes (CESs), but all effect
indicators fell within regional normal ranges. These results suggest that statistical differences observed
during the 2018 AEMP likely reflect spatial and temporal variability in these endpoints, rather than a
Mine-related response, which is consistent with observations from the fish health component of the 2016
AEMP (De Beers 2017a). The 2018 fish health results were consistent with Environmental Impact
Statement (EIS) predictions of negligible effects on fish health in the core lakes (De Beers 2010).
Table 12.2-1
Lake

Sex
Female

Area 8
Male

Female
Lake
N11
Male

2018 Fish Health Low Action Level Comparisons
Parameter

CES(a)

Relative body weight

10%

Relative liver weight
Relative gonad weight

Comparison to Comparison to
Reference
Baseline

Within Regional
Normal Range?

Low Action
Level Trigger

Yes

No

-

-

25%

-

↓↓ (-37)

Yes

No

25%

↓ (-17)

↓ (-19)

Yes

No

Relative body weight

10%

-

-

Yes

No

Relative liver weight

25%

-

-

Yes

No

Relative gonad weight

25%

-

-

Yes

No

Relative body weight

10%

-

-

Yes

No

Relative liver weight

25%

-

↑↑ (41)

Yes

No

Relative gonad weight

25%

-

-

Yes

No

Relative body weight

10%

-

-

Yes

No

Relative liver weight

25%

-

↑ (21)

Yes

No

Relative gonad weight

25%

↓↓ (-32)

-

Yes

No

Note: Magnitude of difference in percent is indicated in parentheses.
a) As defined under the Metal and Diamond Mining Effluent Regulations (Government of Canada 2018).
CES = critical effect size; - = no significant difference; ↓ = significantly less than reference; ↓↓ = significantly less than reference and
magnitude of difference greater than the CES; ↑ = significantly greater than reference; ↑↑ = significantly greater than reference and
magnitude of difference greater than the CES.
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Area 8

Negligible effects on fish health were observed in Area 8 in 2018. Ninespine Stickleback collected during
the Area 8 population survey were generally larger than those collected from the reference lakes and
smaller than individuals collected during the baseline survey, subsequently resulting in statistical
differences in length-frequency distributions, total length, and total weight. For lethally sampled fish, in
addition to differences in size and length-frequency distribution, statistical differences were observed in
reproduction and energy storage endpoints for female fish. The magnitudes of differences were less than
CES, except for female relative liver weight compared to baseline, and all parameters were within regional
normal ranges. No Low Action Levels were triggered for the fish health component of Area 8 in 2018
(Table 12.2-1).

12.2.1.1

Comparison to Baseline

In the population survey, Ninespine Stickleback captured from Area 8 in 2018 were smaller than individuals
captured during the baseline survey, with a maximum percent difference in length-frequency distribution of
22%. Ninespine Stickleback in 2018 were 3% shorter, 14% lighter and had 15% smaller relative body weight
compared to baseline; the latter magnitude of difference was greater than the CES of 10% (Table 12.2-2).
The proportion of young-of-the-year (YOY) was similar to baseline.
In the lethal survey, the length-frequency distribution of fish captured from Area 8 was significantly different
between 2018 and baseline for female and male Ninespine Stickleback, with maximum percent differences
of 35% and 51%, respectively (Table 12.2-2). Although significant differences were observed in age of
female and male fish, the magnitude of difference between 2018 and baseline data was 0%. Male fish
sampled from Area 8 in 2018 were 10% shorter than individuals processed during baseline sampling.
Female and male fish carcass weight was 13% and 29% less than baseline, respectively, while male fish
size-at-age at two and three years was 13% and 25% less, respectively. Relative gonad weight for female
fish sampled in 2018 was 19% less than baseline, while relative fecundity was 31% less than baseline.
Relative liver weight for female fish was 37% less than baseline with a magnitude of difference greater than
the CES. All endpoints were similar to baseline for juvenile fish. Pathology and parasitism endpoints were
similar in fish from Area 8 in 2018 relative to baseline.
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Endpoint
Population Survey
Female
Length-frequency 22%(a) dissimilar
35%(a) dissimilar from
distribution
from baseline
baseline
0%(b) dissimilar from
Age
Not applicable
baseline
3% less than
Total length
Similar to baseline
baseline
14% less than
13% less than
Carcass weight
baseline
baseline
Length-at-age
Not applicable
Similar to baseline

Survival

Growth
(energy use)

Weight-at-age
Proportion of
YOY
Relative gonad
weight
Relative
fecundity

Reproduction
(energy use)

Condition
(energy storage)

Parasites

Section 12

Summary of Statistically Significant Differences in Fish Health Endpoints for
Ninespine Stickleback Collected from Area 8 Relative to Baseline

Indicator

Pathology

December 2019

Relative body
weight
Relative liver
weight
External
Internal
External
Internal

Not applicable

Similar to baseline

Similar to baseline

Not applicable

Not applicable
Not applicable

19% less than
baseline
31% less than
baseline

15% less than
baseline. Magnitude Similar to baseline
greater than CES
37% less than
baseline.
Not applicable
Magnitude greater
than CES
Similar to baseline
Not applicable
Similar to baseline
Similar to baseline
Not applicable
Similar to baseline

Lethal Survey
Male
51% (a) dissimilar
from baseline
0%(b) dissimilar from
baseline
10% less than
baseline
29% less than
baseline
Similar to baseline
Age 2+ = 13% less
than baseline;
Age 3+ = 25% less
than baseline

Juvenile
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable

Similar to baseline

Not applicable

Similar to baseline

Not applicable

Not applicable

Not applicable

Similar to baseline

Not applicable

Similar to baseline

Not applicable

a) Magnitude based on maximum percent difference in cumulative frequency distributions.
b) Statistically significant difference with a magnitude of zero.
YOY = young-of-the-year; CES = critical effect size; 2+ = two to less than three years; 3+ = three to less than four years.

12.2.1.2

Comparison to Reference Lakes

In the population survey, the length-frequency distribution of Ninespine Stickleback was significantly
different from the reference lakes, with a maximum percent difference of 71% (Table 12.2-3). Fish from
Area 8 were 45% larger and weighed 168% more than fish collected from the reference lakes. The
proportion of YOY was significantly less than the reference lakes (-10%).
In the lethal Ninespine Stickleback survey, the length-frequency distribution was significantly different from
the reference lakes for females and males, with maximum percent differences of 47% and 42%, respectively
(Table 12.2-3). Two-year old female and male fish were 11% and 13% longer compared to the reference
lakes, respectively. Two-year old female and male fish also had a significantly different weight-at-age
compared to the reference lakes such that female fish were 42% heavier and male fish were 29% heavier
compared to the reference lakes. Male fish aged three years weighed 15% less than fish from the reference
lakes. Relative fecundity and relative gonad weight for female fish was 34% greater and 17% less than fish
collected from the reference lakes, respectively. All endpoints were similar to the reference lakes for juvenile
fish, with the exception of length frequency distribution. Pathology and parasitism endpoints were similar to
the reference lakes.
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Endpoint

Population Survey

Growth
(energy use)

Reproduction
(energy use)

Weight-at-age

Similar to reference
lakes

Age 2+ = 42%(b)
greater than
reference lakes

Proportion of YOY

Smaller proportion of
YOY (-10%)

Not applicable

42%(a) dissimilar from
reference lakes
Similar to reference
lakes
Similar to reference
lakes
Similar to reference
lakes
Age 2+ = 13%
greater than
reference lakes
Age 2+ = 29%
greater than
reference lakes
Age 3+ = 15% less
than reference lakes
Not applicable

17% less than
Similar to reference
reference lakes
lakes
34% greater than
Relative fecundity Not applicable
Not applicable
reference lakes
Relative body
Similar to reference
Similar to reference Similar to reference
weight
lakes
lakes
lakes
Relative liver
Similar to reference Similar to reference
Not applicable
weight
lakes
lakes
External
Similar to reference lakes
Internal
Not applicable
Similar to reference lakes
External
Similar to reference lakes
Internal
Not applicable
Similar to reference lakes
Relative gonad
weight

Condition
(energy storage)

Lethal Survey
Male

Female

Length-frequency 71%(a) dissimilar from 47%(a) dissimilar
distribution
reference lakes
from reference lakes
Similar to reference
Age
Not applicable
lakes
45% greater than
Similar to reference
Total length
reference lakes
lakes
168% greater than
Similar to reference
Carcass weight
reference lakes
lakes
Age 2+ = 11%
Similar to reference
Length-at-age
greater than
lakes
reference lakes

Survival

Parasites

Section 12

Summary of Statistically Significant Differences in Fish Health Endpoints for
Ninespine Stickleback Collected from Area 8 Relative to the Reference Lakes

Indicator

Pathology

December 2019

Not applicable

Juvenile
Not applicable
Similar to reference
lakes
Similar to reference
lakes
Similar to reference
lakes
Not applicable

Not applicable

Not applicable
Not applicable
Not applicable
Similar to reference
lakes
Similar to reference
lakes

a) Magnitude based on maximum percent difference in cumulative frequency distributions.
b) Percent magnitude excluding outliers.
YOY = young-of-the-year; 2+ = two to less than three years; 3+ = three to less than four years.

12.2.1.3

Comparison to Normal Range

Fish health assessment data for Ninespine Stickleback collected at Area 8 in 2018 fell within the regional
normal range for all population and lethal endpoints.

12.2.1.4

Action Level Triggers

No Low Action Levels were triggered for Area 8 fish health endpoints in 2018.
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Lake N11

Negligible effects in fish health were observed at Lake N11 in 2018. Ninespine Stickleback collected during
the Lake N11 population survey in 2018 were generally smaller than those collected during the baseline
survey, resulting in statistical differences in length-frequency distributions, total length, and total weight.
Population endpoints were similar between Lake N11 and the reference lakes in 2018. For lethally sampled
fish, in addition to statistical differences observed consistent with the population survey
(i.e., length-frequency distributions, length, and weight), statistical differences were also observed in
reproduction and energy storage endpoints. The magnitudes of differences were below CES, except for
female relative liver weight. Lethal endpoints were generally similar between Lake N11 and the reference
lakes, except for male gonad weight, which was significantly different with a magnitude that exceeded the
CES. All fish health parameters were within regional normal ranges. No Low Action Levels were triggered
for the fish health component of Lake N11 in 2018 (Table 12.2-1).

12.2.2.1

Comparison to Baseline

In the population survey, the length-frequency distribution for Ninespine Stickleback collected from Lake
N11 in 2018 was significantly different than baseline, with a maximum difference of 63% (Table 12.2-4).
Fish collected in 2018 were 28% shorter and weighed 57% less than baseline. The relative proportion of
YOY was 6% greater and relative body weight was 4% greater than baseline.
In the lethal survey, length-frequency distributions were significantly different between 2018 and baseline
for female and male Ninespine Stickleback, with maximum percent differences of 54% and 44%,
respectively. Although a significant difference was observed in the age of female fish, the magnitude of
difference between the 2018 and baseline data was 0% (Table 12.2-4). Female and male fish sampled in
2018 were 12% and 10% shorter than baseline, respectively. Female, male and juvenile carcass weights
were 32%, 28% and 18% less than baseline, respectively. Two-year old male fish were 7% shorter
compared to fish sampled during baseline. Weight-at-age was significantly different for female fish aged
two years and male fish aged one and two years, which weighed 18%, 18% and 14% less, respectively.
Relative fecundity for Lake N11 was 61% less than fish sampled during the baseline survey. Relative liver
weights for female and male fish were 41% and 21% greater than baseline, respectively; the magnitude of
difference for females was greater than the CES. A greater prevalence of liver discolouration was observed
in fish collected in 2018 relative to the baseline survey. Parasitism endpoints were similar to baseline.
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Endpoint

Survival

63%(a) dissimilar
from baseline

Age

Not applicable

Reproduction
(energy use)

Condition
(energy storage)

Female

Lethal Survey
Male

Juvenile

28% less than
baseline
57% less than
baseline

54%(a) dissimilar from
baseline
0%(b) dissimilar from
baseline
12% less than
baseline
32% less than
baseline

Length-at-age

Not applicable

Similar to baseline

Weight-at-age

Not applicable

Age 2+ = 18% less
than baseline

Proportion of YOY

Greater proportion
Not applicable
of YOY (6%)

Not applicable

Not applicable

Relative gonad
weight

Not applicable

Similar to baseline

Similar to baseline

Not applicable

Relative fecundity

Not applicable

61% less than
baseline

Similar to baseline

Not applicable

Relative body
weight

4% greater than
baseline

Similar to baseline

Similar to baseline

Similar to baseline

Carcass weight
Growth
(energy use)

Population
Survey

Length-frequency
distribution

Total length

Parasites

Section 12

Summary of Statistically Significant Differences in Fish Health Endpoints for
Ninespine Stickleback Collected from Lake N11 Relative to Baseline

Indicator

Pathology

December 2019

Relative liver
weight
External
Internal
External
Internal

44%(a) dissimilar from
Similar to baseline
baseline
Similar to baseline
10% less than
baseline
28% less than
baseline
Age 2+ = 7% less than
baseline
Age 1+ = 18%(c) less
than baseline
Age 2+ = 14%) less
than baseline

41% greater than
21% greater than
Similar to baseline baseline. Magnitude
baseline
greater than CES
Similar to baseline
Not applicable
Greater prevalence of liver discolouration
Similar to baseline
Not applicable
Similar to baseline

Similar to baseline
Similar to baseline
18% less than
baseline
Similar to baseline

Similar to baseline

Similar to baseline

a) Magnitude based on maximum percent difference in cumulative frequency distributions.
b) Significant difference from baseline and zero magnitude of difference.
c) Percent magnitude excluding outliers.
YOY = young-of-the-year; CES = critical effect size; 1+ = one to less than three years; 2+ = two to less than three years.

12.2.2.2

Comparison to Reference Lakes

In the population survey, the relative body weight of Ninespine Stickleback collected from Lake N11 in 2018
was 6% lower than the reference lakes (Table 12.2-5). No other statistical differences were observed.
In the lethal survey, juvenile fish were 4% shorter and female and juvenile Ninespine Stickleback weighed
10% and 14% less than fish sampled from the reference lakes, respectively (Table 12.2-5). Relative gonad
weight for male fish lethally sampled from Lake N11 was 32% less than the reference lakes; the magnitude
of difference was greater than the CES. Relative liver weight for juvenile fish was 18% less than the
reference lakes. No other statistical differences were observed for lethal endpoints. Internal examination of
pathology revealed a greater prevalence of liver discolouration in fish collected from Lake N11 during
population and lethal surveys compared to the reference lakes. Parasitism endpoints were similar to
reference lakes.
De Beers Canada Inc.
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Endpoint

Survival

Similar to
reference lakes

Age

Not applicable

Carcass weight

Growth
(energy use)

Reproduction
(energy use)

Condition
(energy storage)

Population
Survey

Length-frequency
distribution

Total length

Parasites

Section 12

Summary of Statistically Significant Differences in Fish Health Endpoints for
Ninespine Stickleback Collected from Lake N11 Relative to the Reference Lakes

Indicator

Pathology

December 2019

Similar to
reference lakes
Similar to
reference lakes

Female

Lethal Survey
Male

Juvenile

Similar to reference
lakes
Similar to reference
lakes
Similar to reference
lakes
10% less than
reference lakes
Similar to reference
lakes
Similar to reference
lakes

Similar to reference
lakes
Similar to reference
lakes
Similar to reference
lakes
Similar to reference
lakes
Similar to reference
lakes
Similar to reference
lakes

Similar to reference
lakes
Similar to reference
lakes
4% less than
reference lakes
14% less than
reference lakes
Similar to reference
lakes
Similar to reference
lakes

Length-at-age

Not applicable

Weight-at-age

Not applicable

Proportion of YOY

Similar to
reference lakes

Not applicable

Not applicable

Not applicable

Relative gonad
weight

Not applicable

Similar to reference
lakes

32% less than
reference lakes
Magnitude greater
than CES

Not applicable

Relative fecundity

Not applicable

Relative body
weight
Relative liver
weight
External
Internal
External
Internal

Similar to reference
Not applicable
lakes
6% less than
Similar to reference
Similar to reference
reference lakes
lakes
lakes
Similar to
Similar to reference
Similar to reference
reference lakes
lakes
lakes
Similar to reference lakes
Not applicable
Greater prevalence of liver discolouration
Similar to reference lakes
Not applicable
Similar to reference lakes

Not applicable
Similar to reference
lakes
18% less than
reference lakes

YOY = young-of-the-year; CES = critical effect size.

12.2.2.3

Comparison to Normal Range

Fish health assessment data for Ninespine Stickleback collected at Lake N11 in 2018 fell within the regional
normal range for all population and lethal endpoints.

12.2.2.4

Action Level Triggers

No Low Action Levels were triggered for Lake N11 fish health endpoints in 2018.

12.3
12.3.1

Sampling Design Re-evaluation
Target Sample Sizes

A recommendation of the 2016 AEMP Annual Report was to review target sample sizes for the fish health
lethal survey of 20 female, 20 male and 20 juveniles to determine if they were sufficient to detect differences
in fish health endpoints with adequate statistical power (De Beers 2017a). Using baseline data collected
from the core lakes in 2015, and data collected from the core and reference lakes in 2018, a post-hoc power
analysis was conducted (for endpoints used in the Action Level assessment) to estimate the target sample
sizes required from each lake to detect CES outlined in the Metal and Diamond Mining Effluent Regulations
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(MDMER; Government of Canada 2018) with a power (i.e., 1-beta [β]) of 0.9. The results of the power
analysis are provided in Table 12.3-1.
Based on these results, an increase in the target sample size for lethally sampled Ninespine Stickleback is
recommended. In future programs, 30 adult female and 30 adult male fish from each sampling area should
be targeted; juvenile sample sizes are proposed to remain unchanged at 20. While these sample sizes are
not expected to achieve a statistical power of 0.9 for all fish health endpoint comparisons, they are
anticipated to increase the statistical power of those endpoints used in the Action Level assessment, while
also managing the number of fish lethally sampled and thus minimizing, as best possible, the subsequent
harvesting pressure on Ninespine Stickleback populations in the AEMP lakes.
Table 12.3-1

Sex
Female
Male

Achieved Statistical Power for the 2018 Fish Health Survey and Sample Size
Requirements to Detect Critical Effect Sizes with a Power of 0.9 in Future Fish
Health Surveys

Parameter
Relative body weight
Relative liver weight
Relative gonad weight
Relative body weight
Relative liver weight
Relative gonad weight

CES(a)
10%
25%
25%
10%
25%
25%

Area 8
Comparison
Comparison
to Baseline
to Reference
Power
n
Power
n
0.801
32
0.831
29
0.400
50
0.716
40
0.935
20
0.962
17
0.670
42
0.930
23
0.619
48
0.946
21
0.641
44
0.702
44

Lake N11
Comparison
Comparison
to Baseline
to Reference
Power
n
Power
n
0.838
28
0.608
58
0.590
53
0.560
66
0.998
10
0.966
18
0.822
31
0.811
27
0.625
46
0.649
41
0.411
50
0.456
70

Notes: Power indicates the achieved statistical power to detect a defined CES during the 2018 AEMP. Sample size indicates the
number of samples required from each site to achieve a statistical power (i.e., 1 - β) of 0.9. Alpha (α) and beta (β) were set at 0.1 for
all calculations.
a) As defined in the Metal and Diamond Mining Effluent Regulations (Government of Canada 2018).
CES = critical effect size; n = sample size.

12.3.2

Field Measurements

The removal of turbidity as a field water quality measurement for the fish health program is recommended.
Turbidity is typically monitored as a proxy for total suspended solids, and total suspended solids are
currently measured from the AEMP lakes as a part of the water quality component. While increases in total
suspended solids have the potential to impact fish populations, particularly during early life history stages,
effects are not acute and current measurements of total suspended solids under the water quality
component are sufficient for interpreting potential effects on fish health in this context.

12.4
12.4.1

Data Analysis Re-evaluation
2015 and 2016 Data as Before Years

In the 2015 AEMP Annual Report, De Beers recommended that data collected from the core lakes during
the 2015 fish health program be considered baseline data for future comparisons during the AEMP
(De Beers 2016c). As the fish health data collected from the core lakes in 2015 are the only pre-operational
data available for the sentinel species, these data are essential for statistical comparisons and identifying
changes during future cycles of the AEMP. Following the Mackenzie Valley Land and Water Board
(MVLWB) review, De Beers committed to evaluate whether the 2015 data collected from the core lakes
during the construction phase of the Mine was affected by dewatering activities, and whether these data
could be incorporated into the normal range calculation (response to ECCC-15) as Before years in statistical
analyses (Appendix 1A, Table A1-4, in response to ECCC-39).
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Based on an evaluation of the 2015 dataset (Appendix 7B), the effects of dewatering during the construction
phase of the Mine were determined to be minimal in both Area 8 and Lake N11. Therefore, a pragmatic
approach is recommended for managing these data to increase the ability of the AEMP to accurately detect
operational effects on fish health, by using data collected from the core lakes during the 2015 fish health
program and referring to these data as “pre-impact”. These pre-impact data were determined to be suitable
to be included in normal range calculations and future statistical analyses as Before data and included in
baseline comparisons.

12.4.2

Normal Range Calculation Method

Use of the revised normal range calculation method presented in Appendix 7B is recommended for regional
normal ranges used in the fish health component of future AEMP annual reports. The revised method
produces narrower ranges for the fish health endpoints than those implemented in the 2018 AEMP and are
anticipated to have greater sensitivity to changes in fish health endpoints in the core lakes. Data used to
calculate these ranges included baseline (i.e., pre-impact) data from Area 8 and Lake N11, as well as data
collected from the reference lakes in 2015, 2016 and 2018. The upper and lower bounds implemented for
the 2018 AEMP and the revised regional normal ranges as a result of the new calculation method are
presented in Table 12.4-1.
Table 12.4-1

Survey

Upper and Lower Bounds for the Regional Normal Ranges used for the Fish Health
Component of the 2018 AEMP and Revised Values Based on Updated Calculation
Methods
Sex or
Stage

Female

Lethal

Male

Juvenile

Endpoint

Method

Age (y)
Total Length (mm)
Total Weight (g)
Carcass Weight (g)
Condition
Liver Weight (g)
Liversomatic Index
Gonad Weight (g)
Gonadosomatic Index
Fecundity
Egg Weight (mg)
Relative Body Weight (g)
Relative Liver Weight (g)
Relative Gonad Weight (g)
Age (y)
Total Length (mm)
Total Weight (g)
Carcass Weight (g)
Condition
Liver Weight (g)
Liversomatic Index
Gonad Weight (g)
Gonadosomatic Index
Relative Body Weight (g)
Relative Liver Weight (g)
Relative Gonad Weight (g)
Age (y)
Total Length (mm)
Total Weight (g)
Carcass Weight (g)
Condition
Liver Weight (g)
Liversomatic Index

%tile
%tile
%tile
%tile
PI
%tile
PI(a)
%tile
PI
PI
%tile
PI
PI(a)
%tile
%tile
%tile
%tile
%tile
PI
PI(a)
PI(a)
PI(a)
PI(a)
PI
PI(a)
PI(a)
%tile
PI
PI
PI
PI
PI(a)
PI

2018 AEMP NR
Lower
Upper
1.0
3.0
32.8
60.9
0.181
1.112
0.139
0.870
0.33
0.47
0.004
0.054
1.79
10.7
0.001
0.020
0.87
2.91
142
1565
0.004
0.032
0.255
0.355
0.006
0.030
0.003
0.009
1.0
3.0
33.1
54.3
0.191
0.963
0.151
0.753
0.38
0.51
0.003
0.053
1.45
7.78
0.001
0.015
0.50
2.86
0.271
0.365
0.005
0.023
0.002
0.008
1.0
2.0
26.9
37.0
0.097
0.271
0.069
0.216
0.34
0.51
0.001
0.010
0.47
6.01

De Beers Canada Inc.

Revised NR
Lower
Upper
1.0
3.0
33.8
55.9
0.206
1.011
0.168
0.738
0.35
0.45
0.005
0.043
2.25
8.36
0.002
0.016
1.14
2.64
336
1371
0.005
0.028
0.269
0.342
0.008
0.024
0.004
0.008
1.0
3.0
34.3
52.3
0.227
0.861
0.175
0.673
0.39
0.49
0.004
0.034
1.89
6.41
0.002
0.011
0.67
2.38
0.284
0.353
0.006
0.019
0.002
0.007
1.0
2.0
28.3
35.6
0.121
0.247
0.0888
0.196
0.364
0.49
0.002
0.008
1.22
5.26
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Upper and Lower Bounds for the Regional Normal Ranges used for the Fish Health
Component of the 2018 AEMP and Revised Values Based on Updated Calculation
Methods
Sex or
Stage

Adult
Population
Juvenile

Endpoint

Method

Age (y)
Total Length (mm)
Total Weight (g)
Condition
Age (y)
Total Length (mm)
Total Weight (g)
Condition

%tile
%tile
%tile
PI(a)
%tile
%tile
%tile
PI(a)

2018 AEMP NR
Lower
Upper
1.0
3.0
33.8
56.9
0.207
1.033
0.42
0.71
0.0
1.9
20.2
35.3
0.052
0.240
0.44
0.82

Revised NR
Lower
Upper
2.0
3.0
35.72
53.1
0.252
0.839
0.445
0.659
0.0
1.0
21.84
33.45
0.065
0.218
0.468
0.74

a) Normal range calculated using Box Cox transformed data.
AEMP = Aquatic Effects Monitoring Program; NR = normal range; PI = prediction interval; %tile = percentile.

12.4.3

Update Fish Health Normal Ranges

To accurately detect operational effects on fish health endpoints, regional normal ranges were developed
using baseline data (i.e., pre-impact) collected from the core lakes (i.e., Area 8, Lake N11) in 2015 and the
reference lakes (i.e., East Lake and Lake 3) in 2015, 2016 and 2018. Data collected from Area 8 and
Lake N11 in 2018 were compared to regional normal ranges for each endpoint to assess whether fish health
data fell within the range of natural variability for the region (De Beers 2019c). A large degree of interannual
variability was observed in fish health endpoints among the AEMP lakes, likely driven by variation in
regional environmental conditions (De Beers 2019c). Examples of spatial and temporal variability in fish
health endpoints are provided in the 2016 AEMP Annual Report, where several statistically significant
differences were observed among years and lakes prior to operational discharge (De Beers 2017a). In the
2016 and 2018 AEMP annual reports (De Beers 2017a, 2019c), De Beers recommended updating normal
ranges during each cycle of the fish health program (i.e., every three years) to include additional reference
lake data to account for temporal variability in normal range comparisons (De Beers 2019c). De Beers
recommends continuing to update regional normal ranges with additional data from the reference lakes
during future fish health programs.
In the AEMP annual reports, regional normal ranges are calculated and presented for fish health endpoints
to provide regional context for data collected from the core lakes (i.e., Area 8 and Lake N11), and evaluate
potential impacts of Mine activities on fish health. An Information Request (IR) from the Government of the
Northwest Territories (GNWT-ENR-40) and the associated MVLWB Directive recommended that De Beers
review and comment upon the proposed normal range methodology used for age, length, and weight data
in the context of their biological significance (Appendix 1A). For example, given the biology of Ninespine
Stickleback (i.e., ages range from one to three years) and proposed normal ranges (i.e., ages range
between 1 and 3 years), the ENR reviewer deemed it unlikely that endpoints such as age could fall outside
normal range as a result of a project-related impact. Similar reasoning was provided for Ninespine
Stickleback length and weight data. De Beers agrees with the assessment related to age and proposes age
be excluded from future normal range calculations; however, De Beers recommends that length and weight
be retained. While the biological relevance of regional normal ranges for length and weight may be limited,
the normal ranges do provide a useful regional context for the data (e.g., how does the size of fish collected
from Area 8 compare relative to other populations in the region?).
With respect to the role of regional normal ranges in the Action Level assessment, only size-adjusted
endpoints with CES, as defined under the MDMER (Government of Canada 2018), are evaluated in the
Low Action Level assessment (De Beers 2019c). Specifically, relative liver weight, relative gonad weight,
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and relative body weight (De Beers 2016a) are considered in the Action Level assessment. These
endpoints were selected due to their biological significance and functional role in interpreting biological
response patterns in fish health (Environment Canada 2012). Regional normal ranges for additional
endpoints are calculated to provide supporting information for interpreting potential effects, similar to the
role of supporting endpoints under the Environmental Effects Monitoring program (Environment Canada
2012). This information is intended to clarify the role of normal ranges in the Action Level assessment with
respect to GNWT-ENR-40. Additional details related to the original IR comment, recommendation, and
proponent response are provided in Appendix 1A (Table 1A-4).

12.4.4

Text Clarifications

Upon a review of the AEMP Design Plan (De Beers 2016a), a series of changes are proposed to clarify text
and better align terminology and methods with the MDMER (Government of Canada 2018). Proposed
changes and rationale are provided in Table 12.4-2.
Table 12.4-2
Section in
Current AEMP
Design Plan
9.7.3.2

9.7.3.2

9.7.3.3

Proposed Changes to Text in Fish Health Component of the AEMP Design Plan
Proposed Change
Remove "because of possible differences in organ
weight among sampling areas".
Add sentence in the data analysis section to clarify
the role of somatic indices (i.e., condition factor,
gonadosomatic index and liversomatic index), used
to characterize a fish population, and effect
indicators (i.e., relative body weight, relative gonad
weight and relative liver weight), used to
statistically compare energy use and storage
among fish populations.
Include a caveat that reproductive endpoints will
not be compared for juvenile fish sampled during
the lethal survey.

9.7.3.3

Remove length-frequency analysis from the lethal
survey. Length-frequency analysis will be retained
for the population survey.

9.7.3.3

Update "Analyses will also be conducted
separately based on the presence or absence of
parasites" to "Analyses will be conducted with
consideration of parasite status."

9.7.3.3

9.7.3.3

Discontinue use of carcass weight in statistical
analyses and instead use body weight.
Update Table 9.7-2 for consistency:
a) remove length-frequency distribution
b) change carcass weight and adjusted body
weight to body weight
c) change GSI to relative gonad weight
d) change K to relative body weight
e) change LSI to relative liver weight

Rationale for Change
Erroneous text
This would alleviate potential confusion between the use of
somatic indices and effect indicators. Indices will be used to
characterize fish populations. Statistical relationships will be
examined based on comparisons of relative body, liver and
gonad weights.
Reproductive endpoints are not suitable for comparison
among immature fish.
Comparisons of length-frequency distributions are more
informative with larger sample sizes. As Ninespine
Stickleback length-frequency distributions are already
compared for the population survey, comparisons for the
lethal survey are redundant and potentially misleading with
smaller sample sizes.
Parasites such as tapeworms have the potential to affect
energy storage and utilization. If the prevalence of parasites
is low, excluding these fish from lethal analyses may reduce
the influence of this potentially confounding factor, with
minimal impact on achieved sample sizes. If the rate of
parasitism is high in all study areas, including these fish in
statistical analyses may be necessary to meet sample size
requirements and achieve appropriate statistical power (and,
therefore, analyzing small numbers of parasite-free fish
separately would not provide additional useful information).
Changes proposed to align with updated requirements under
the MDMER.
Changes proposed to align with updated requirements and
terminology under the MDMER, and to more accurately
reflect the statistical approach.

AEMP = Aquatic Effects Monitoring Program; GSI = gonadosomatic index; K = condition; LSI = liversomatic index; MDMER = Metal
and Diamond Mining Effluent Regulations.
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Action Level Updates

In accordance with the updated AEMP guideline from the MVLWB and GNWT (2019), Moderate and High
Action Levels were developed for the core lakes (i.e., Area 8 and Lake N11). As a part of this process, the
Low Action Levels were revised to align with the new content and guidance. Updated Action Levels for the
fish health component are provided in Table 12.5-1. Each of the Action Levels include two elements: a
biological trigger and a catchability trigger. The biological element considers relative body weight, relative
liver weight and relative gonad weight. These effect indicators were selected as they react predictably to
ecological stressors such as toxicity and nutrient enrichment (Environment Canada 2012), making them
suitable for interpreting effects under the two respective AEMP impact hypotheses. They also account for
variation in fish size, making them less susceptible to fluctuations in population structure and gear sampling
biases. The catchability element considers whether target sample sizes are achieved (i.e., obtaining at least
75% of total lethal sample size targets), and thereby considers substantial changes in fish abundance.
Action Level triggers were designed to apply to each of the impact hypotheses. In the event an Action Level
was triggered, part of the response would be to determine which impact hypothesis may have contributed
to the effects observed.
In the 2018 AEMP Annual Report, differences in catchability of Ninespine Stickleback were observed in
Area 8 and East Lake (De Beers 2019c). Several factors may have contributed to the lower catchability
during the 2018 survey, including local environmental conditions, poor recruitment, changes in predator
abundance, as well as possible impacts of harvesting pressure during the baseline sampling. It is unknown
whether one or more of these factors are the cause of the reduced catchability in 2018. As a result,
catchability has been added to the Action Level assessment. Therefore, if catchability remains a challenge
in future programs and is confirmed in at least two consecutive monitoring programs (i.e., 2018 and 2021),
a response plan would be implemented to more thoroughly investigate the cause and to implement
mitigations. A slight shift in sample timing to a few weeks earlier than in previous surveys (i.e., to early/midAugust instead of late August to mid-September) may be considered for future programs to target Ninespine
Stickleback before they migrate to deeper water in the fall. This modification to the Action Levels provides
a pathway to investigate potential issues with catchability for the fish health component when triggered and
addresses GNWT-ENR-39 and the associated MVLWB Directive (Appendix 1A).
Conceptually, the Action Level assessment begins with routine monitoring of biological effects on survival,
growth and reproduction in small-bodied fish (i.e., small-bodied fish are monitored as a surrogate for
large-bodied fish because the program is dependent on lethal sampling, and small-bodied fish are less
sensitive to harvesting pressure). If effects are detected and confirmed in small bodied-fish, it has been
assumed in the development of the Moderate and High Action Levels that direct monitoring of large-bodied
fish would be initiated.

12.5.1

Low Action Levels

A Low Action Level for the biological element could be triggered if a statistically significant difference was
observed in small-bodied fish health effect indicators relative to both the reference lakes and baseline, and
if the magnitudes of difference exceeded the respective CES as defined under the MDMER (Government
of Canada 2018). This trigger is equivalent to a biologically significant effect in the fish population as defined
under the MDMER. Due to the stochastic nature of fish populations, this effect would need to be confirmed
during subsequent monitoring prior to investigation of cause or response planning, consistent with the
approach outlined in the MDMER.
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This Low Action Level definition differs from the existing definition because effect indicators will no longer
be compared to regional normal ranges as part of a Low Action Level assessment. This modification
improves the conceptual alignment of the fish component with the other AEMP components and increases
the sensitivity of the Low Action Levels. The addition of a catchability element to the Low Action Level
definition reflects an adjustment to capture population level changes; in the event the sentinel species are
not captured in adequate numbers (i.e., unable to obtain at least 75% of total lethal samples size targets),
a Low Action Level would be triggered.

12.5.2

Moderate Action Levels

The proposed Moderate Action Levels include both biological and catchability elements, similar to the Low
Action Levels. Under the biological element, a Moderate Action Level would be triggered if a Low Action
Level trigger occurred for one or more effect indicators in two consecutive fish surveys (whether during the
regular monitoring schedule or in combination with a special study), and the average value of the endpoints
were outside the regional normal range. In addition, the effect on the fish population needs to be supported
by consistent effects in one or more other AEMP components. This definition was intended to accurately
identify impacts on the fish population that were of sufficient magnitude to be biologically significant and
unlikely to be the result of natural variation. The addition of the catchability element was intended to provide
a Moderate Action Level trigger in the event the small-bodied sentinel species were not captured in
sufficient numbers from the core lakes in two consecutive fish surveys (i.e., unable to obtain at least 75%
of total lethal samples size targets following attempts in two separate programs).
In the event that a Moderate Action Level is triggered, whether due to biological effects in the small-bodied
fish population, or the inability to collect a suitable number of fish for lethal analysis in two consecutive fish
surveys, it is anticipated a large-bodied fish sampling program would be proposed. This program would
evaluate potential effects in the large-bodied fish population and provide monitoring data for a second
sentinel species. The results of the large-bodied fish program would be used to directly evaluate the health
of the large-bodied fish population and subsequently inform the High Action Level assessment.

12.5.3

High Action Levels

The proposed High Action Levels also include biological and catchability elements, similar to the Low and
Moderate Action Level definitions. A High Action Level would be triggered if a Moderate Action Level was
confirmed for multiple effect indicators in two consecutive fish surveys (whether during the regular
monitoring schedule or in combination with a special study), statistically significant differences in effect
indicators for large-bodied fish relative to reference lakes exceeding the CES were reported, and the
average value for the respective fish health endpoints were outside the regional normal range.
This High Action Level definition is intended to identify impacts on a large-bodied fish population that are
of sufficient magnitude to be biologically significant and unlikely to result from natural variation. The High
Action Level is of sufficient sensitivity that it would be triggered by biological effects prior to approaching
the associated Significance Threshold (i.e., ecological function is not maintained [i.e., fish unable to survive,
grow, or reproduce]).
Regional normal ranges used in the High Action Level comparison would be developed from historical data
collected for the target sentinel species from Kennady Lake and the surrounding area prior to mine
construction, as well as data collected from the reference lakes during the sampling program. A High Action
Level under the catchability element would be triggered if small- or large-bodied sentinel species were not
observed or captured in one or both core lakes during two consecutive fish surveys.
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Updated Action Levels for the Fish Health in the Core Lakes

Action Level

Low (a)
Effects are measureable but
well below the Significance
Threshold – trigger meant as a
warning and requirement for
further evaluation

Updated Criteria

A statistically significant difference in fish health endpoints(b) relative to
reference lakes and relative to baseline
and
A magnitude in both reference and baseline comparisons that exceeds the
CES(c)
OR
Sentinel species are not captured in adequate numbers(d) in the core lakes

Moderate
Effects are measureable and
are trending towards the
Significance Threshold, but still
well below it

Confirmed(e) Low Action Level for one or more effect indicators
and
Average value for fish health
endpoint(s) is/are outside of regional normal range
and
Effect on the fish population is supported by consistent effects in one or more
other AEMP components

Suggested Responses
•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•

OR

Report in the AEMP annual report – no formal AEMP Response Plan needed as per current AEMP guidance
Continue AEMP annual monitoring to confirm the noted Low Action Level results
If observed response(s) are outside EIS predictions, re-evaluate EIS predictions in a special study to confirm predictions
Address any key uncertainties identified by the Low Action Level assessment
Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the noted Moderate Action Level results
Address any key uncertainties identified by the Moderate Action Level assessment
Identify and evaluate potential mitigation options in response to the Moderate Action Level assessment. As appropriate, initiate a large-bodied fish
health study and consider implementing mitigation
Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the noted High Action Level results
Address any key uncertainties identified by the High Action Level assessment
Identify, evaluate, and implement mitigation measures to stop or reverse the observed trend so the Significance Threshold is not reached

Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the noted Moderate Action Level results
Address any key uncertainties identified by the Moderate Action Level assessment
Identify and evaluate potential mitigation options in response to the Moderate Action Level assessment. As appropriate, initiate a large-bodied fish
health study and consider implementing mitigation

Sentinel species are not captured in adequate numbers(d) in two consecutive
fish health lethal surveys

High
Measured effects continue to
trend towards the Significance
Threshold

Confirmed(d) Moderate Action Level trigger for multiple (i.e., two or more) effect
indicators in small-bodied fish
and
Statistically significant difference in fish health endpoints relative to reference
lakes in large-bodied fish(f) exceeding CES(c)
• Prepare and submit an AEMP Response Plan
and
• Continue AEMP annual monitoring to confirm the noted High Action Level results
Average value for fish health endpoint(s) is/are outside of regional normal
• Address any key uncertainties identified by the High Action Level assessment
range
• Identify, evaluate, and implement mitigation measures to stop or reverse the observed trend so the Significance Threshold is not reached
OR
Small- or large-bodied sentinel species are not observed or captured in one or
both core lakes for two consecutive small- or large-bodied fish surveys

a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible levels of environmental change.
b) Effect indicators considered under the Action Level assessment include relative body weight, relative liver weight, and relative gonad weight.
c) Critical effect sizes are differences of 10% for relative body weight, 25% for relative liver weight and 25% for relative gonad weight.
d) Adequate numbers are defined as 75% of the total lethal samples size target.
e) Confirmed indicates that the Action Level trigger has been observed in at least two consecutive monitoring programs, whether during the regular monitoring schedule, or confirmed through a special study.
f) It is assumed a large-bodied fish health study would be initiated once a Moderate Action Level is reached for small-bodied fish.
AEMP = Aquatic Effects Monitoring Program; CES = critical effect size; EIS = Environmental Impact Statement.
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Conclusions and Recommendations

In 2018, negligible effects were observed in fish health endpoints for both Area 8 and Lake N11. While
several statistical differences were observed in supporting endpoints, responses were not consistent
relative to the reference lakes and baseline dataset, and the magnitudes of difference did not consistently
exceed CES. Fish health endpoints also fell within the bounds of the regional normal range.
The following recommendations for changes to the AEMP Design Plan are proposed:
•

Increase target sample sizes for adult fish from 20 males and 20 females per lake to 30 males and
30 females; this recommendation is based on the results of a post-hoc power analysis presented
herein.

•

Remove turbidity monitoring from the fish health component because turbidity is used as a proxy
measurement for total suspended solids, which is already monitored under the water quality
component.

•

Consider fish health data collected from the core lakes in 2015 to be pre-impact data for fish health and
subsequently include this data in regional normal ranges and as Before data in statistical comparisons.

•

Update the normal range calculation method for fish health in alignment with recommendations
presented in the water quality component (Appendix 7B).

•

Include ongoing reference lake data in the regional normal range calculations for fish health endpoints
during each monitoring cycle to better account for spatial and temporal variability.

•

Remove age from future comparisons of normal range.

•

Update text and analytical methods in the updated AEMP Design Plan to improve clarity and alignment
of terminology and methods with MDMER (Government of Canada 2018).

In addition, De Beers recommends adoption of the Low, Moderate and High Action Level definitions
proposed in Section 12.5.
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13 FISH TISSUE CHEMISTRY
13.1

Introduction

The fish tissue chemistry component of the Gahcho Kué Mine (Mine) Aquatic Effects Monitoring Program
(AEMP) evaluates potential effects of the Mine on fish tissue metals 14 concentrations in two of the core
lakes, Lake N11 and Area 8, due to changes in water or sediment quality. Fish tissue chemistry in smallbodied fish is used as an early warning indicator of potential effects on tissue quality in large bodied fish
(e.g., Lake Trout, Northern Pike, Arctic Grayling), and considered during the interpretation of the results
from the fish health program. The re-evaluation of fish tissue data presented herein is focused on the results
of the 2018 annual AEMP, because the fish tissue component only occurs every three years (De Beers
2019c). The first fish tissue program in Lake D2/D3 was scheduled in 2019; therefore, the tissue chemistry
results from Northern Pike (i.e., mercury) will be considered in the next re-evaluation.

13.2

Summary of Mine-related Effects

As of 2018, negligible effects on fish tissue chemistry were observed in the Kennady Lake watershed
(i.e., Area 8) or the downstream watershed (i.e., Lake N11) as a result of Mine operations. Statistically
significant differences were observed in concentrations of several metals in fish tissues sampled from
Area 8 and Lake N11 relative to baseline and reference lakes datasets; however, all fish tissue chemistry
parameters fell within regional normal ranges (Sections 13.2.1 and 13.2.2). These results suggest that
statistical differences observed during the 2018 AEMP reflect regional and temporal variability among lakes
and years rather than a Mine-related response, similar to observations made in the fish tissue chemistry
component of the 2016 AEMP (De Beers 2017a). The EIS predicted negligible effects to aquatic health due
to changes in concentrations of substances (e.g., metals) in fish tissue as a result of the Mine (De Beers
2010). There is no indication that metals concentrations in fish tissue have exceeded these predictions at
this time; all metals remain within normal range and no detrimental effects to fish health have been
documented (Section 12).

13.2.1

Area 8

Negligible effects on fish tissue chemistry were observed at Area 8 in 2018. Statistically significant
differences were observed for thallium and titanium, which were significantly greater than baseline and the
reference lakes, and had magnitude of differences greater than 100%; however, mean/median values fell
within regional normal ranges. The water quality component observed a significant press effect for thallium,
which has been increasing in concentration over time during the open-water period and is potentially
attributable to the Mine (Section 7.2.1.5; De Beers 2019c). With respect to titanium, more than 50% of the
data used in statistical comparisons were below detection limits (DLs). When the proportion of values below
DL is large (i.e., ≥50%), accurate measures of distribution and variation are not possible. Therefore, a
statistical difference may not represent a true difference and this result should be interpreted with caution.
Similar differences were not observed for titanium in the water quality component.

14

The term “metals” includes metalloids (e.g., arsenic) and non-metals (e.g., selenium).
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The EIS predicted negligible effects on aquatic health due to changes in concentrations of substances
(e.g., metals) in fish tissues as a result of the Mine. All parameters were within regional normal ranges,
consistent with EIS predictions, and no Low Action Levels were triggered for the fish tissue chemistry
component of Area 8 in 2018. All mercury concentrations in fish tissue sampled from Area 8 in 2018 were
below the Canadian Food Inspection Agency (CFIA) guideline for fish products (0.5 mg/kg; CFIA 2014).
Differences in fish tissue chemistry parameters for Area 8 relative to baseline data collected in 2015 and
reference lakes data collected in 2018 are summarized in Table 13.2-1.
Table 13.2-1

Parameter
Moisture
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Cesium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Phosphorus
Potassium
Rubidium
Selenium
Silver
Sodium
Strontium
Tellurium
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc
Zirconium

Direction of Change and Magnitude of Difference for Metals Concentrations in
Ninespine Stickleback Sampled from Area 8 (2018) Relative to Baseline (2015) and
Reference Lakes (2018)

Direction of Change and
Direction of Change and
Magnitude of Difference Relative to Magnitude of Difference Relative to
Baseline(a)
Reference Lakes(a)
↑ (270%)
↑ (380%)
↑ (38%)
↑ (58%)
↑ (0%)
↑ (50%)
↑ (0%)(f)
↓ (-42%)(c)
↑ (19%)
↑ (44%)
↓ (-22%)
↑ (438%)
↑ (191%)
↑ (82%, 156%)(b)
↑ (109%)
↑ (150%)
↑ (25%)(d)
↑ (0%)(f)
↑ (46%)
↑ (48%)
↑ (94%)(c)
↑ (65%)
↓ (-24%)(e)
↑ (119%)
↑ (44%)(e)
↑ (782%)
↑ (25%)
↑ (45%)
↑ (13%)
↑ (78%)
↑ (19%)
↓ (-23%)(e)
↓ (-64%)(c,d)
↑ (98%)
↑ (49%)
↑ (38%)
↑ (0%)(f)
↑ (163%)
↑ (134%)
↓ (-51%, -52%)(b)
↑ (160%)
↑ (160%)(d)
↓ (-67%)
↑ (0%)(f)
↓ (-19%)
↑ (0%)(f)
-

a) Magnitude of difference indicated in parentheses.
b) Percent magnitude with and without outliers, respectively.
c) Compared to Lake 3.
d) More than 50% of data were below the detection limit.
e) Compared to East Lake.
f) Although the Kruskal-Wallis test was significant, no differences were observed in sample medians
↑ = increase; ↓ = decrease; - = no change.
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Lake N11

Negligible effects on fish tissue chemistry were observed at Lake N11 in 2018. Chromium, nickel, and
zirconium were significantly greater than baseline and the reference lakes, and had magnitudes of
difference greater than 100%; however, mean/median values fell within regional normal ranges. The water
quality component observed a significant press effect for nickel, which has been increasing in concentration
over time during the under-ice period and is potentially attributable to the Mine (Section 7.2.2.5; De Beers
2019c). Similar differences were not observed in the water quality component for chromium or zirconium.
With respect to zirconium, more than 50% of the data used in statistical comparisons were below DL. When
the proportion of values below DL is large (i.e., ≥50%), accurate measures of distribution and variation are
not possible. Therefore, a statistical difference may not represent a true difference and this result should
be interpreted with caution.
The EIS predicted negligible effects on aquatic health due to changes in concentrations of substances
(e.g., metals) in fish tissues due to the Mine. All parameters were within normal ranges, consistent with EIS
predictions, and no Low Action Levels were triggered for the fish tissue chemistry component of Lake N11
in 2018. All mercury concentrations in fish tissue sampled from Lake N11 in 2018 were below the CFIA
guideline for all fish products (0.5 parts per million [ppm]; CFIA 2014). Differences in fish tissue chemistry
parameters for Lake N11 relative to baseline data collected in 2015 and reference lakes data collected in
2018 are summarized in Table 13.2-2.
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Parameter
Moisture
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Cesium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Mercury

Direction of Change and
Direction of Change and
Magnitude of Difference Relative to Magnitude of Difference Relative to
Baseline(a)
Reference Lakes(a)
↑ (183%)
↑ (245%)

↑ (100%)

↑ (33%, 28%)(b)
↑ (50%)
↑ (100%)
↑ (50%)
-

↑ (55%)
↑ (81%)

↑ (1,489%)
↑ (290%)
↑ (283%)
↑ (191%)
↑ (110%)(d)
↑ (50%)
↑ (66%)
↑ (25%)
↑ (58%)

Rubidium
Selenium

Nickel
Phosphorus
Potassium

Silver
Sodium
Strontium
Tellurium
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc
Zirconium

Section 13

Direction of Change and Magnitude of Difference for Metals Concentrations in
Ninespine Stickleback Sampled from Lake N11 (2018) Relative to Baseline (2015)
and Reference Lakes (2018)

↑ (123%)
↑ (1,633%)
↑ (50%)
↑ (36%)
↑ (34%)

Molybdenum

December 2019

↑ (35%)

Within Normal Range?
Yes
Yes
Yes
Yes

-

Yes

-

Yes

-

Yes

-

Yes

↑ (37%)(c)
-

↑ (26%)
↑ (565%)

Yes
Yes
Yes
Yes

-

Yes

-

Yes

↑ (42%)
↑ (46%)(d)
-

↑ (15%)
↓ (-19%)
↑ (21%)(e)
↓ (-37%)(c)
↑ (42%)(c)
↑ (781%)(c)
-

↑ (21%)

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

-

Yes

-

-

Yes

↑ (100%)
↑ (86%)
↑ (84%)
↑ (50%)

↓ (-43%)(e)
↑ (20%)
↑ (43%)

Yes

↑ (84%, 160%)(f)

Yes

-

↑ (57%)

-

↑ (100%)
↑ (135%)
↑ (100%)

-

↑ (100%)(d)

a) Percent magnitude of difference indicated in parentheses.
b) Percent magnitude with and without outliers, respectively.
c) Compared to East Lake.
d) More than 50% of data were below the detection limit.
e) Compared to Lake 3.
f) Comparisons to individual lakes are presented as East Lake / Lake 3.
↑ = increase; ↓ = decrease; - = no change.
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Comparison to Baseline

Of the 36 metals concentrations examined, 30 were significantly greater in Lake N11 relative to baseline,
and 15 had magnitudes of difference greater than 100% (i.e., aluminum, antimony, arsenic, bismuth,
chromium, cobalt, copper, iron, lead, molybdenum, nickel, silver, titanium, vanadium, and zirconium;
Table 13.2-2). However, all metals concentrations fell within normal ranges. Year-to-year variability in tissue
metal concentrations among Ninespine Stickleback populations may account for the noted differences.

13.2.2.2

Comparison to Reference Lakes

Sixteen of the 36 metals examined had greater concentrations in Lake N11 relative to the reference lakes;
four metals had magnitudes of difference greater than 100% (i.e., chromium, nickel, tin, and zirconium;
Table 13.2-2). Spatial variability in tissue metal concentrations among Ninespine Stickleback populations
may account for the noted differences.

13.2.2.3

Comparison to Normal Range

Tissue chemistry data for Ninespine Stickleback sampled at Lake N11 in 2018 fell within normal ranges for
all metals.

13.2.2.4

Action Level Triggers

Although statistically significant differences were observed in the concentrations of several metals relative
to the reference lakes and baseline, mean or median concentrations were within normal range. Therefore,
no Low Action Levels were triggered for Lake N11 fish tissue chemistry in 2018.

13.3
13.3.1

Sampling Design Re-evaluation
Critical Effect Size

Numerous statistically significant differences were observed in fish tissue parameters during the 2016 and
2018 AEMP surveys. Most of these differences were small in magnitude, and often fell within the margin of
error of the analytical technique (e.g., 40%), suggesting these differences were stochastic in nature. To
differentiate stochastic differences from those of potential biological importance, De Beers recommends a
critical effect size (CES) for fish tissue parameters be developed and implemented for future use in the
AEMP.
Based on guidance provided for water quality parameters in the Environmental Effects Monitoring Technical
Guidance Document (Section 5.7.5; Environment Canada 2012), a CES of a factor of 2 compared to the
reference lakes and baseline is suggested (i.e., a magnitude of difference of 100%). This effect size is
intended to ensure that differences in concentrations between the core and reference lakes are real and
less likely to be attributed to low concentrations of target contaminants, analytical variability, and spatial
and temporal variation. The CES would also be integrated into the weight of evidence (WOE; Section 15)
and Action Level assessments (Section 13.5) for fish tissue parameters.
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A post-hoc power analysis was conducted to evaluate the statistical power and required sample sizes to
detect a CES of 100% at each of the core lakes, compared to baseline and reference lake data, to determine
whether target sample sizes (i.e., 10 per lake) were sufficient to detect the CES (Table 13.3-1). Based on
the results of the power analysis, statistical power varied among parameters and comparisons, with current
sample sizes sufficient to detect a difference of 100% for the majority of parameters. Notable exceptions
included chromium and nickel, which exhibited a high degree of variability in 2018 compared to other
parameters. This variation was believed to be the result of contamination originating from a stainless steel
scalpel used during processing, which may have contributed nickel and chromium to a subset of samples
after repeated cleaning with soap and 10% nitric acid between each fish.
Table 13.3-1

Parameter
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Cesium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Phosphorus
Potassium
Rubidium
Selenium
Silver
Sodium
Strontium
Tellurium
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc
Zirconium

Statistical Power and Sample Sizes Required to Detect a Magnitude of Difference
of 100% for Fish Tissue Parameters
Area 8
Lake N11
Comparison to Baseline Comparison to Reference Comparison to Baseline Comparison to Reference
Power
Sample Size
Power
Sample Size
Power
Sample Size
Power
Sample Size
nc
nc
1.000
4
0.608
23
1.000
5
nc
nc
0.984
7
nc
nc
0.953
8
1.000
3
0.999
5
0.954
8
1.000
4
1.000
3
1.000
3
1.000
5
1.000
3
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
1.000
4
1.000
3
1.000
4
1.000
3
1.000
3
1.000
2
1.000
4
1.000
2
1.000
4
1.000
3
0.978
7
1.000
3
0.595
24
0.725
15
0.116
661
0.233
77
0.851
12
1.000
4
0.256
76
0.856
11
0.570
23
0.804
13
0.265
80
0.885
10
0.999
4
1.000
3
0.332
56
0.848
12
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
1.000
4
1.000
2
1.000
5
1.000
2
1.000
3
1.000
3
1.000
4
1.000
3
1.000
3
1.000
4
0.999
5
1.000
4
0.976
7
1.000
4
0.763
14
0.737
15
0.345
43
0.600
21
0.103
4,605
0.507
27
1.000
3
1.000
2
1.000
4
1.000
2
1.000
4
1.000
2
1.000
5
1.000
2
0.998
5
1.000
2
1.000
4
1.000
2
1.000
3
1.000
2
1
3
1.000
2
nc
nc
nc
nc
nc
nc
nc
nc
0.999
5
1.000
2
0.993
6
1.000
2
1.000
4
1.000
3
0.986
6
1.000
3
nc
nc
nc
nc
nc
nc
nc
nc
0.761
15
0.810
13
0.997
5
0.991
6
1.000
4
0.838
12
0.476
33
0.285
60
nc
nc
nc
nc
nc
nc
nc
nc
1.000
4
0.999
5
0.819
14
0.998
5
nc
nc
nc
nc
nc
nc
nc
nc
1.000
3
1.000
2
1.000
3
1.000
2
nc
nc
nc
nc
nc
nc
nc
nc

Note: More than 50% of the data were below the detection limit; therefore, the data were unsuitable for power analysis.
nc = not calculated.
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Best Achievable Detection Limit

Two different analytical procedures are often used for processing fish tissue samples, depending on the
volume of tissue available for analysis. Routine analysis is generally used when sample volumes exceed
2 grams of tissue and provides the lowest DLs. Microwave digestion is used when sample volumes range
from 0.5 to 2 grams of tissue and achieve similar, but at times slightly greater DLs than routine analysis.
Comparisons of current (i.e., 2019) DLs using routine analysis and microwave digestion from ALS are
provided in Table 13.3-2.
A recommendation of the 2015 AEMP Annual Report (De Beers 2016c) was to change the DLs that were
originally based on routine analysis to microwave digestion due to the small sample volumes achievable
for Ninespine Stickleback (i.e., less than 2 grams). The DLs outlined in the AEMP Design Plan (De Beers
2016a) were developed prior to Ninespine Stickleback being identified as the sentinel species for the AEMP
(Table 13.3-2). Based on a review of the 2015 AEMP Annual Report (De Beers 2016c), the Environment
and Natural Resources (ENR) review panel (GNWT-ENR-28) recommended that De Beers clarify whether
microwave digestion analysis is being recommended for all fish species or Ninespine Stickleback alone
(Appendix 1A, Table 1A-4).
De Beers will endeavour to obtain the best achievable DLs offered by the analytical laboratory for fish tissue
samples submitted for analysis (Table 13.3-3). Ninespine Stickleback will be submitted for microwave
digestion due to their small sample volume, while other fish species (e.g., Northern Pike) will be submitted
for the appropriate analysis based on sample volume, with routine analysis preferred when sample volume
exceeds 2 grams (e.g., as a part of a special study or response plan). As DLs are determined by the
analytical laboratory and may vary from year to year for individual parameters due to changes in laboratory
procedures, equipment upgrades, calibrations, or other factors, precise DLs may vary from those provided
in Table 13.3-2. However, De Beers will continue to use the best achievable DLs provided by the analytical
laboratory based on the appropriate analytical procedure. Details related to the ENR Information Request
(IR) comment, recommendation, and responses are provided in Appendix 1A.
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Parameters and Associated Detection Limits for Ninespine Stickleback Tissue
Samples Processed Using Routine and Microwave Digestion Analyses, 2019

Parameter(a)
Moisture
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Cesium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Phosphorus
Potassium
Rubidium
Selenium
Silver
Sodium
Strontium
Tellurium
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc
Zirconium

AEMP Design Plan DL Based
on Routine Analysis(b)
0.1
0.40
0.0020
0.0040
0.010
0.0020
0.0020
0.20
0.0020
0.5 to 1.5
0.0010
0.010
0.0040
0.010
0.20
0.0040
0.02
1.0 to 3.0
0.004
0.0010
0.0040
0.010
5.0 to 15
20 to 60
0.010
0.020
0.001
20 to 60
0.01
0.004
0.0004
0.004
0.01
0.0004
0.004
0.1
0.04

2019 ALS DL Based on
Routine Analysis(c)
0.5
0.40
0.0020
0.0040
0.010
0.0020
0.0020
0.20
0.0010
4.0
0.0010
0.010
0.0040
0.020
0.60
0.0040
0.10
0.40
0.010
0.0010
0.0040
0.040
2.0
4.0
0.010
0.010
0.0010
4.0
0.010
0.0040
0.00040
0.020
0.050
0.00040
0.020
0.10
0.040

2019 ALS DL Based on
Microwave Digestion
Analysis(d)
2.0
1.0
0.0020
0.0060
0.010
0.0020
0.0020
0.20
0.0020
4.0
0.0010
0.040
0.0040
0.040
1.0
0.0100
0.10
0.40
0.010
0.0010
0.0080
0.040
2.0
4.0
0.010
0.020
0.0010
4.0
0.020
0.0040
0.00040
0.020
0.10
0.00040
0.020
0.20
0.040

Note: All concentrations are provided in milligrams per kilogram wet weight (mg/kg ww).
a) Moisture content and total metals are reported as % and mg/kg ww, respectively.
b) Routine analysis DL as defined in the AEMP Design Plan (De Beers 2016a).
c) 2019 routine analysis DLs provided by ALS.
d) 2019 microwave digestion DLs provided by ALS.
AEMP = Aquatic Effects Monitoring Program; DL = detection limit; ALS = ALS Canada Ltd.

Table 13.3-3

Proposed Change and Rationale for Change Related to Best Achievable Detection
Limit

Proposed Change
The “best achievable detection limit” will be employed
for the fish tissue analysis and will be determined by
sample volume.

Rationale for Change
The DLs outlined in the AEMP Design Plan
(De Beers 2016a) are not achievable for
Ninespine Stickleback.

AEMP = Aquatic Effects Monitoring Program; DL = detection limit.

De Beers Canada Inc.

Section in
Current AEMP
Design Plan
9.8.3

Gahcho Kué Mine
13-9
2015 to 2018 Aquatic Effects Re-evaluation Report
Fish Tissue Chemistry

13.3.3

December 2019
Section 13

Text Clarifications

Upon reviewing the currently approved AEMP Design Plan (De Beers 2016a), it was noted that target
sample sizes of Ninespine Stickleback at each of the AEMP lakes and Northern Pike (Esox lucius) at
Lake D2/D3 were not clearly stated in Section 9.8.2. Therefore, an additional statement related to target
sample sizes will be added to the revised AEMP Design Plan to improve clarity of text (Table 13.3-4).
Table 13.3-4

Proposed Change and Rationale for Change Related to Text Clarifications

Proposed Change
Addition of the following statement: The target sample
size will be 10 Ninespine Stickleback carcass samples
for each of the AEMP sample lakes and 10 Northern
Pike tissue plugs for Lake D2/D3 mercury monitoring.

Rationale for Change
Improve clarity of text.

Section in current
AEMP Design Plan
9.8.2

AEMP = Aquatic Effects Monitoring Program.

13.4
13.4.1

Data Analysis Re-evaluation
2015 and 2016 Data as Before Years

In the 2015 AEMP Annual Report, De Beers recommended that data collected from the core lakes during
the 2015 fish tissue program be considered baseline data for future comparisons during the AEMP
(De Beers 2016c). As the fish tissue data collected from the core lakes in 2015 are the only pre-operational
data available for the sentinel species, these data are essential for statistical comparisons and identifying
changes during future cycles of the AEMP. Following the Mackenzie Valley Land and Water Board
(MVLWB) review, De Beers committed to evaluate whether the 2015 data collected from the core lakes
during the construction phase of the Mine was effected by dewatering activities and whether these data
could be incorporated into the normal range calculation (response to ECCC-15) and as Before years in
statistical analyses (in response to ECCC-39) in this Aquatic Effects Re-evaluation Report (Appendix 1A,
Table A1-4).
Based on an evaluation of the 2015 dataset (Section 7.4.1), the effects of dewatering during the
construction phase of the Mine were determined to be minimal in both Area 8 and Lake N11. Therefore, a
pragmatic approach is recommended for using these data to increase the ability of the AEMP to accurately
detect operational effects on fish tissue chemistry by using data collected from the core lakes during the
2015 fish tissue program and referring to these data as “pre-impact”. These pre-impact data were
determined to be suitable to be included in normal range calculations and future statistical analyses as
Before data and included in baseline comparisons.

13.4.2

Normal Range Calculation Method

Use of the revised normal range calculation method presented in Section 7.4.4 is recommended for the fish
tissue component in future AEMP annual reports. The revised method produces narrower ranges for fish
tissue parameters than those implemented in the 2018 AEMP and are, therefore, anticipated to have
greater sensitivity to changes in the core lakes. Data used to calculate the normal ranges included baseline
(i.e., pre-impact) data from Area 8 and Lake N11, as well as data collected from the reference lakes in
2015, 2016 and 2018. The upper and lower bounds implemented for the 2018 AEMP and the revised
regional normal ranges are presented in Table 13.4-1. In addition, De Beers recommends updating regional
normal ranges during each cycle of the fish tissue program (i.e., every three years) to include new reference
lake data to account for temporal variability in normal range comparisons (Section 12.4.3).

De Beers Canada Inc.

Gahcho Kué Mine
13-10
2015 to 2018 Aquatic Effects Re-evaluation Report
Fish Tissue Chemistry
Table 13.4-1

Parameter
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Cesium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Phosphorus
Potassium
Rubidium
Selenium
Silver
Sodium
Strontium
Tellurium
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc
Zirconium

December 2019
Section 13

Upper and Lower Bounds for the Regional Normal Ranges used for the Fish
Tissue Component of the 2018 AEMP and Revised Values Based on Updated
Calculation Methods

%tile
%tile
PI(a)
PI
nc
%tile
%tile
%tile
PI
PI(a)
%tile

Method

PI(a)
%tile
PI(a)
%tile
%tile
PI
PI
PI(a)
PI(a)
PI(a)
PI
%tile
PI(a)
PI(a)
%tile
PI
PI
nc
PI(a)
PI(a)
%tile
PI(a)
%tile
PI
%tile

2018 AEMP NR
Lower
Upper
<1.0
3.2
<0.0020
0.0062
0.016
0.097
0.68
7.09
nc
nc
<0.0020
0.0022
<0.20
0.51
<0.0020
0.0361
4,081
22,531
0.008
0.109
<0.040
0.593
<0.004
0.037
0.173
2.325
5.0
44.2
<0.010
0.038
<0.10
0.10
154
912
2.45
18.7
0.010
0.012
<0.008
0.060
0.044
19.7
2,845
15,984
933
5,213
2.40
25.2
0.098
0.424
<0.0010
0.0024
330
1,923
6.40
33.4
nc
nc
0.0007
0.0074
<0.020
0.243
<0.10
0.21
<0.0004
0.0031
<0.020
0.075
20.9
80.1
<0.04
0.05

Lower
<1.0
<0.0020
0.023
1.54
nc
<0.0020
<0.20
0.0021
6,564
0.013
<0.040
0.004
0.264
7.5
<0.010
<0.10
256
4.63
0.014
0.009
0.083
4,613
1,340
4.07
0.155
<0.0010
544
10.0
nc
0.0011
0.027
<0.10
0.0005
<0.020
28.9
<0.04

Revised NR

Upper
2.4
0.0047
0.082
6.23
nc
0.0010
0.42
0.0169
20,049
0.083
0.334
0.028
1.373
35.7
0.031
0.10
810
16.5
0.089
0.049
6.70
14,216
4,734
20.8
0.387
0.0016
1,708
29.8
nc
0.0059
0.172
0.17
0.0025
0.067
72.1
0.04

a) Normal range calculated using Box Cox transformed data.
NR = normal range; PI = prediction interval; nc = not calculated as all data was below the detection limit.

13.4.3

Calculating Summary Statistics with Non-Detect Data

In analytical chemistry, the DL is the lowest concentration of a parameter that can be accurately quantified.
Values below the DL (i.e., non-detect) are only partially known, occurring between the DL and zero. As the
proportion of non-detect values increase within a dataset, various methods can be used to calculate
descriptive statistics with consideration of this source of uncertainty (USEPA 2000). When the frequency of
non-detects is large (i.e., ≥50%), it may not be appropriate to calculate descriptive statistics as most of the
values in the dataset are only partially known and accurate measures of distribution and variation are not
possible. Under these circumstances, descriptive statistics such as mean, median, standard deviation and
standard error may be misleading and inaccurate and should not be presented (USEPA 2000).
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Section 9.8.4 of the AEMP Design Plan (De Beers 2016a) incorrectly stated that “If all results for one
parameter are below the DL, no mean will be calculated, and the result will be reported as non-detect.” This
text mistakenly implied that descriptive statistics would be calculated when the proportion of non-detects
ranged between 50 to 99%. The ENR review panel (GNWT-ENR-31) recommended that De Beers
1) update the previously quoted text to “If more than 50% of the values for one parameter are below the
DL, the mean will not be calculated and the result will be reported as “non-detect”, and 2) provide their
preferred option for reporting on datasets when more than 50% of the values are below the DL, other than
reporting the entire dataset as “non-detect”. A revised approach to calculating descriptive statistics with
non-detect values is provided in Section 7.4.3. In future reports, De Beers will not report median and mean
values when more than 50% of the sample observations for any given parameter are below the reporting
limit (Table 13.4-2), and will consider presenting percentiles larger than the proportion of data below the DL
instead (e.g., 75th or 95th percentiles). Additional details related to the original IR comment,
recommendation, and responses are provided in Appendix 1A ( Table 1A-4).
Table 13.4-2

Proposed Change and Rationale for Change Related to Calculating Summary
Statistics with “Non-Detect” Data
Proposed Change

Rationale for Change
The original text mistakenly implied that
Update data analysis plan-related text from “If all results descriptive statistics would be calculated when
for one parameter are below the DL, no mean will be
the proportion of non-detects ranged between
calculated, and the result will be reported as “not
50 to 99%. It may not be appropriate to
detected.” to “If more than 50% of the values for one
calculate descriptive statistics under these
parameter are below the analytical reporting limit, the
circumstances as most of the values in the
mean and median will not be calculated, and the result dataset are only partially known and accurate
will be reported as “non-detect.”
measures of distribution and variation are not
possible.

Section in current
AEMP Design Plan

9.8.4

AEMP = Aquatic Effects Monitoring Program; DL = detection limit.

13.4.4

Duplicate Samples

Section 9.8.5 of the AEMP Design Plan (De Beers 2016a) states that “Duplicate tissue samples from smallbodied fish will be collected in selected sampling areas and submitted as available with sufficient sample
sizes. Inter-laboratory comparisons will be done with small-bodied fish with a subset of samples submitted
to two laboratories to compare analytical results.” However, due to the small sample volumes of Ninespine
Stickleback, this is often impractical as there is insufficient material for analyzing duplicate samples. In the
event it becomes necessary to validate laboratory results, a special study will be considered with additional
fish captured to form composite samples and processed for this purpose. It is recommended that the text
in the revised AEMP Design Plan be updated accordingly (Table 13.4-3).
Table 13.4-3

Proposed Change and Rationale for Change Related to Duplicate Samples
Proposed Change

Rationale for Change

Update text from “Duplicate tissue samples from smallbodied fish will be collected in selected sampling areas
and submitted as available with sufficient sample sizes.
Inter-laboratory comparisons will be done with smallbodied fish with a subset of samples submitted to two
laboratories to compare analytical results.” to “Duplicate
samples may be submitted for inter-laboratory
comparisons, if needed as part of a special study.”

Only a small volume of tissue can be collected
from Ninespine Stickleback, which is
insufficient for samples to be submitted to
separate laboratories. If needed in support of a
special study, additional fish may be captured
in excess of target sample sizes to form a
composite sample and processed to support
inter-laboratory comparisons.

AEMP = Aquatic Effects Monitoring Program.

De Beers Canada Inc.

Section in current
AEMP Design Plan

9.8.5

Gahcho Kué Mine
13-12
2015 to 2018 Aquatic Effects Re-evaluation Report
Fish Tissue Chemistry

13.5

December 2019
Section 13

Action Level Updates

In accordance with new AEMP guidelines from the territorial water boards (MVLWB and GNWT 2019),
Moderate and High Action Levels were developed for the core lakes (i.e., Area 8 and Lake N11). As a part
of this process, the Low Action Levels were revised to align with this new content and guidance. Updated
Action Levels for the fish health component are provided in Table 13.5-1. Action Level triggers were
designed to apply to each of the impact hypotheses. In the event an Action Level was triggered, part of the
response would be to determine which impact hypothesis may have contributed to the effects observed.

13.5.1

Low Action Levels

The Low Action Level for the fish tissue chemistry component would be triggered if a statistically significant
difference was observed in a parameter relative to both the reference lakes and baseline, and if the
magnitudes of difference exceeded the CES (i.e., 100%) in a direction indicative of an effect (i.e., an
increase in the concentration of a parameter). This Low Action Level differs from the existing definition
because parameters will no longer be compared to regional normal ranges as part of a Low Action Level
assessment. This modification improves the conceptual alignment of the fish tissue component with the
other AEMP components and increases the sensitivity of the Low Action Levels.

13.5.2

Moderate Action Levels

The Moderate Action Level for the fish tissue chemistry component would be triggered if a Low Action Level
was confirmed in two or more consecutive monitoring programs and the average value for the parameter
(i.e., mean or median) was outside the regional normal range in a direction that was indicative of an effect
(i.e., an increase in the concentration of a parameter). The effect must also be supported by consistent
effects in one or more AEMP components (e.g., water or sediment quality). In the event a Moderate Action
Level was triggered, a site-specific benchmark would be developed for the affected parameter(s) for the
High Action Level assessment.

13.5.3

High Action Levels

A High Action Level for the fish tissue chemistry component would be triggered if a Moderate Action Level
was confirmed in two or more consecutive monitoring programs, the effect exceeded the site-specific
benchmark, and was supported by a corresponding toxicological response pattern in fish health.
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Updated Action Levels for the Fish Tissue Component

Action Level
Low (a)
Effects are measureable but well
below the Significance Threshold –
trigger meant as a warning and
requirement for further evaluation

Updated

Suggested Responses

A statistically significant difference in fish tissue endpoints relative to reference lakes and relative to baseline

AND
A magnitude in both reference and baseline comparisons that exceeds the CES(b)
AND
A direction of change that would be indicative of an effect

• Report in the AEMP annual report – no formal AEMP Response Plan needed as per current AEMP guidance
• Continue AEMP annual monitoring to confirm the noted Low Action Level results
• If observed response(s) are outside EIS predictions, re-evaluate EIS predictions in a special study to confirm
predictions
• Address any key uncertainties identified by the Low Action Level assessment

Moderate
Effects are measureable and are
trending towards the Significance
Threshold, but still well below it

Confirmed(c) Low Action Level for one or more fish tissue parameters
• Prepare and submit an AEMP Response Plan
AND
Average value for fish tissue parameter(s) is/are outside of regional normal range and in the direction that is • Continue AEMP annual monitoring to confirm the noted Moderate Action Level results
• Address any key uncertainties identified by the Moderate Action Level assessment
indicative of an effect
• Identify and evaluate potential mitigation options in response to the Moderate Action Level assessment. As
AND
appropriate, develop site-specific benchmarks and consider implementing mitigation
Effect on the fish tissue chemistry is supported by consistent effects in one or more other AEMP components

High
Measured effects continue to trend
towards the Significance Threshold

Confirmed(c) Moderate Action Level trigger for one or more fish tissue parameters
AND
Effects exceed site specific benchmarks(d)
AND
Effect on fish tissue chemistry is supported by a toxicological impairment response pattern in fish health

•
•
•
•

Prepare and submit an AEMP Response Plan
Continue AEMP annual monitoring to confirm the noted High Action Level results
Address any key uncertainties identified by the High Action Level assessment
Identify, evaluate, and implement mitigation measures to stop or reverse the observed trend so the Significance
Threshold is not reached

a) Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible levels of environmental change.
b) The critical effect size is a difference of 100% for fish tissue chemistry parameters.
c) Confirmed indicates that the Action Level trigger has been observed in at least two consecutive monitoring programs, whether during the regular monitoring schedule, or confirmed through a special study.
d) It is assumed site specific benchmarks would be developed for fish tissue parameters triggering a Moderate Action Level.
AEMP = Aquatic Effects Monitoring Program; EIS = Environmental Impact Statement; CES = critical effect size.
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Conclusions and Recommendations

In 2018, negligible effects were observed in fish tissue parameters for both Area 8 and Lake N11. While
several statistical differences were observed, parameters consistently fell within the bounds of the regional
normal range.
The recommendations for changes to the AEMP Design Plan are as follows:
•

A CES based on a magnitude of difference of 100% be adopted for fish tissue parameters in order to
distinguish ecologically meaningful differences from stochastic noise in the fish tissue component. This
CES would then be incorporated into WOE and Action Level assessments.

•

The AEMP Design Plan be updated to reflect that the best achievable DL available from the analytical
laboratory will be used, based on either routine analysis or microwave digestion, as appropriate based
on sample volume.

•

The AEMP Design Plan be updated to clarify that the target sample size for the fish tissue components
is ten Ninespine Stickleback carcass samples for each of the AEMP sample lakes and ten Northern
Pike tissue plugs for Lake D2/D3 mercury monitoring.

•

Consider fish tissue data collected from the core lakes in 2015 to be pre-impact data for fish tissue, and
subsequently include these data in regional normal ranges and as Before data in statistical
comparisons.

•

Update the normal range calculation method for fish tissue in alignment with recommendations
presented in the water quality component (Appendix 7B).

•

Update methods in the AEMP Design Plan for calculating descriptive statistics for fish tissue parameters
to specify that means and medians will only be calculated if more than 50% of the data are above DL.

•

The AEMP Design Plan be updated to indicate that duplicate samples will not be collected or submitted
for laboratory analysis during routine monitoring for the AEMP, as this is impractical using carcass
samples from Ninespine Stickleback due to small sample volumes. However, additional samples may
be collected to form composite samples for analysis by two independent laboratories as a part of a
special study or response plan if the validity of the analytical results requires verification.

In addition, De Beers recommends adoption of the updated Low, Moderate and High Action Level
definitions proposed in Section 13.5.
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14 SPECIAL STUDIES
Plume delineation studies were the only special studies completed for the Aquatic Effects Monitoring
Program (AEMP) for the Gahcho Kué Mine (Mine) in the last four years (i.e., 2015 to 2018).

14.1

Plume Delineation

A submerged diffuser was installed in Lake N11 in late September 2016 to effectively disperse operational
discharge of water from the water management pond (WMP) to Lake N11. The location and structural
design of this diffuser in Lake N11 is presented in an as-built report submitted to the Mackenzie Valley Land
and Water Board (MVLWB) in 2016 (De Beers 2016e). The operational diffuser, approximately 39 m in
length, was set along the end of a 393 m long horizontal pipeline (742 mm diameter). The horizontal pipeline
of the diffuser was installed along the lake bottom, with lock blocks positioned every 10 m and concrete
ballast anchors every 5 m to secure it to the lakebed (Appendix 13A in De Beers 2018c). The diffuser has
12 vertical ports that are 102 mm in diameter and 589 mm tall, positioned at 3.4 m intervals along the
horizontal pipeline. Water from the WMP is discharged from 8 of the 12 diffuser ports closest to the
shoreline; the last 4 ports at the end of the diffuser are currently closed.
A plume delineation study i s a Water Licence requirement (Schedule 6, Part I, Item 3 in Water Licence
MV2005L2-0015; MVLWB 2016, 2018a) to confirm assumptions regarding the effectiveness of the diffuser.
These studies were conducted in January 2017, October 2017, and September 2018 during under-ice or
open-water operational discharges from the WMP to Lake N11.
This section summarizes the results of the plume delineation studies. Field collection and data analysis
methods for the studies, along with detailed discussion of the results, are provided in Section 13 of the 2017
and 2018 AEMP annual reports (De Beers 2018c, 2019c). Briefly, characterization of the plume was
completed by delineating the plume, in both vertical and horizontal directions, and estimating the dilution
factor of the WMP discharge at 200 metres (m) from the diffuser, which is the designated as the mixing
zone boundary. The dilution factor, which provides a result of the mixing characteristics of the discharge,
was calculated and compared to the predictions made in the 2014 and 2018 effluent quality criteria reports
(De Beers 2014a, 2018g). A higher dilution factor typically indicates a more effective dispersion of the
discharge in the lake water.

14.1.1

Spatial Delineation of the Plume

Key points from the plume delineation are provided below:
•

Field-measured specific conductivity was used to assess the spatial extent of the plume. Operational
discharges from the WMP had higher total dissolved solids (TDS) concentrations compared to
background TDS concentrations in Lake N11 (De Beers 2018c, 2019c). Given that there is a strong
correlation between specific conductivity and TDS (e.g., Figure 5A-3, Appendix 5A in De Beers 2018c),
field-measured specific conductivity was used as a surrogate parameter. Specific conductivity can be
measured in real time at multiple locations and depths in the lake, whereas TDS data are limited to the
location of the samples collected, which represent fewer water column depths.

•

Horizontal and vertical patterns of specific conductivity were illustrated using contour plots. Horizontal
patterns in specific conductivity were mapped by estimating areas with similar specific conductivity
using an inverse distance weighted method called the iterative finite difference interpolation technique.
Vertical patterns were shown in both the contour plots (i.e., one figure for each of near-surface,
mid-depth, and near-bottom field specific conductivity) and in water column profiles.
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•

Specific conductivity at the three SNP diffuser stations (i.e., SNP-01A, SNP-01B, and SNP-01C; 200 m
from the diffuser) was relatively consistent among stations and throughout the water column.
Measurements ranged from 31 to 37 microSiemens per centimetre (μS/cm) in January 2017, 43 to
54 μS/cm in October 2017, and 69 to 85 μS/cm in September 2018 (De Beers 2018c, 2019c).

•

During all three studies, specific conductivity was highest near the diffuser and decreased with
increasing distance from the diffuser (De Beers 2018c, 2019c). At stations closer to the diffuser in the
South Basin (i.e., N11-D1 to N11-D5; distance of approximately 400 to 1,800 m from the diffuser),
specific conductivity ranged from 19 to 60 µS/cm in January 2017, 34 to 47 µS/cm in October 2017,
and 53 to 79 µS/cm in September 2017 and the upper ranges (i.e., 60, 47 and 79 µS/cm) were higher
than values reported for baseline under-ice (i.e., maximum = 28 µS/cm) and open-water (i.e., maximum
= 12 µS/cm) conditions (Golder 2014b). Thus, discharge had a measurable influence on South Basin
water quality.

•

Specific conductivity at stations farther from the diffuser in the North Basin (i.e., N11-D6 to N11-10;
distance of more than 2,400 m from the diffuser) were generally lower than those in the South Basin
(i.e., 16 to 31 µS/cm in January 2017, 17 to 22 µS/cm in October 2017, and 34 to 38 µS/cm in
September 2018) and similar to baseline, indicating that discharge had a lesser influence on North
Basin water quality.

•

Vertical water column profiles of specific conductivity at each station in Lake N11 under ice-cover
conditions in January 2017 showed a specific vertical distribution pattern in the southern and northern
basins (De Beers 2018c). Higher specific conductivity values were measured near the top of the water
column and at the bottom of the water column, with a layer of lower specific conductivity at mid-depth.
The higher specific conductivity measurements at the surface, relative to the mid-depth measurements,
were attributed to the influence of salt rejection from ice formation (Pieters and Lawrence 2009). Higher
specific conductivity values near the bottom of the water column at most stations, particularly in the
South Basin, were attributed to the influence of the WMP discharge, due to its higher density compared
to the lake water, which caused the discharge to sink to the bottom of the lake.

•

The contour plots for the January 2017 study also illustrated the horizontal and vertical patterns in
specific conductivity (Maps 13.2-1 to 13.2-3 in De Beers 2018c). The discharge plume varied spatially
within Lake N11 and with depth through the water column. The discharge had a stronger influence in
the South Basin and at stations closest to the diffuser. The higher density of the discharge (i.e., higher
TDS concentrations) relative to the receiving environment resulted in a stronger influence in the deeper
portion of the water column. In particular, the highest specific conductivity was measured at the deeper
stations N11-D3 and N11-D5, which are located in depths greater than 4 m, indicating that the
discharge was preferentially settling to the bottom in the deeper regions of the lake in the South Basin.

•

Under open-water conditions in October 2017 and September 2018, the discharge plume also varied
spatially within Lake N11, as indicated by decreasing conductivity with distance from the diffuser
(De Beers 2018c, 2019c). The proportion of discharge water in lake water was greater at stations in the
South Basin, and at those closer to the diffuser. However, specific conductivity values were similar
through the water column, indicating that the water column was generally well mixed vertically
throughout the lake.
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Dilution Factors

Key points from the dilution factor evaluation are summarized below:
•

The dilution factors at a 200 m distance from the diffuser in Lake N11 were estimated using the average
TDS concentrations in the WMP discharge, at the three diffuser stations (i.e., SNP01-A, SNP01-B, and
SNP01-C), and in the receiving environment.

•

Lower dilution of the discharge in Lake N11 was reported in January and October 2017 compared to
September 2018. Dilution factors calculated in January and October 2017 and September 2018 were
7, 30 and 37, respectively (Table 14.1-1), meaning that 7, 30 and 37 volumes of lake water were mixed
with one volume of WMP discharge (De Beers 2018c, 2019c).

•

In the 2014 Effluent Quality Criteria Report, the minimum modelled dilution factor (or diffuser efficiency)
was predicted to be 40 with a mixing zone of 200 m (De Beers 2014a). Therefore, the dilution factors
measured in the 2017 studies (i.e., 7 in January and 30 in October) were lower than predicted. The
lower dilution factor in January was attributed to winter conditions, when ice cover, shallow depths, and
limited currents would be expected to reduce the dispersion of the discharged water. The lower dilution
factor in October during open-water conditions was attributed to discharge occurring in the fall months,
when the potential for dispersion would be reduced due to limited currents relative to spring and
summer months. The 2014 predictions were also developed for operational discharge conditions to
Lake N11 during June to August, which is outside of the actual discharge periods of January and
October.

•

The diffuser efficiency was re-assessed in the 2018 Effluent Quality Criteria Report, as part of the 2018
Water Licence amendment application (De Beers 2018g). The revised minimum modelled dilution
factor was 37 with a mixing zone of 200 m. The measured dilution factor in September 2018 was
therefore consistent with predictions.

Table 14.1-1

Dilution Factors for the Permanent Diffuser Based on January and October 2017,
and September 2018 Results for Total Dissolved Solids
TDS (mg/L)

Year

Month

Average
Discharge
Rate
(m3/d)

2017

January

34,360

2017

October

34,689

2018

September

20,079

Discharge
Range
(m3/d)
Min 20,522
Max 38,886
Min 25,933
Max 37,604
Min

0

Max 47,031

Background
Lake (Average
of Near-field
Stations)(a)

Average at
Any Depth
at Diffuser
Stations

Maximum
at Any
Depth at
Diffuser
Stations

Treated
Effluent
(FlowWeighted
Average)

Dilution Factor
Using Average
Concentrations
at Diffuser
Stations

15

nc

18

34

7

20

nc

24

145

30

29

35

40

250

37

a) Stations included in the calculation were selected based on spatial gradient. Stations farther from the diffuser (i.e., N11-D6 to
N11-D10) were not used to calculate average background concentrations, because TDS concentrations at these stations were not
within 10% of the average TDS concentrations from stations closer to the diffuser (i.e., N11-D1 to N11-D5).
m3/d = cubic metres per day; Min = Minimum; Max = maximum; mg/L = milligrams per litre; TDS = total dissolved solids; nc = not
calculated.
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Overall Summary and Conclusions

The spatial extent and characteristics of the discharge plume under ice-cover and open-water conditions,
based on the plume delineation studies done in January 2017, October 2017, and September 2018, are
summarized below:
•

Specific conductivity, used to indicate the presence of WMP discharge in Lake N11, was higher at
stations closer to the diffuser and values decreased with increasing distance from the diffuser.

•

The discharge had a stronger influence on water quality at stations closer to the diffuser in the South
Basin, and a minor influence in North Basin.

•

Under ice-cover conditions, the presence of a plume with higher specific conductivity in the deeper
regions near the diffuser suggested that operational discharge was not fully mixed in the water column.
The highest specific conductivity values were measured at the bottom of the lake at the deepest stations
closer to the diffuser, likely due to the higher density of the discharge compared to lake water.

•

During open-water conditions, the water column was fully mixed at each station throughout the lake,
and vertical and horizontal patterns of specific conductivity were similar between the October 2017 and
September 2018 studies.

•

Specific conductivity was higher at the stations closer to the diffuser and in the South Basin in
September 2018 compared to October 2017.

•

The dilution factors calculated at the mixing zone boundary of 200 m from the diffuser in January and
October 2017 and September 2018 were 7, 30, and 37, respectively. The dilution factors measured in
January and October 2017 were lower than the minimum dilution factor predicted for open-water
conditions (i.e., 37), while the dilution factor in September 2018 was consistent with revised predictions.
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15 WEIGHT OF EVIDENCE
15.1

Introduction

The purpose of the weight of evidence (WOE) component of the AEMP is to integrate the changes and
patterns identified by individual components to inform conclusions regarding the type(s) of impacts that may
be occurring in the aquatic ecosystem.
Individual monitoring components that have been assessed in the receiving environment are: water quality
(nutrients and chemical contaminants); sediment quality; small-bodied fish tissue chemistry; plankton
community; benthic invertebrate community; small-bodied fish health; and, fish habitat and community. The
information provided by the endpoints can be categorized into two endpoint groups representing distinct
types of evidence:
•

Exposure: Measures of the potential exposure of receptors to Mine-related chemicals and nutrients,
including surface water, sediment, and fish tissue chemistry. In the nutrient enrichment integration, this
category also includes indicators of food supply for mid- and upper trophic levels (e.g., plankton
biomass and benthic invertebrate density are considered when assessing nutrient enrichment effects
on the fish community).

•

Field Biological Responses: Observationally-based measures of potential ecological changes in the
aquatic ecosystem downstream of Kennady Lake, including measures of plankton biomass and
community structure, benthic invertebrate biomass and community structure, fish health, and fish
community composition.

For each waterbody, the WOE integration examines linkages between the exposure and biological endpoint
groups relevant to each biological community in the context of the three impact hypotheses: toxicological
impairment; nutrient enrichment; and physical habitat alteration.

15.2
15.2.1
15.2.1.1

Summary of Mine-related Effects
Area 8
Exposure Endpoints

Toxicant Stressors
Between 2015 and 2018, there were increases in toxicant stressors, but the increases would not likely have
caused a toxicological effect.
Water quality: Between 2015 and 2018, there were observed increases in several water quality parameters
of toxicological concern, but concentrations were below Aquatic Effects Monitoring Program (AEMP)
benchmarks and therefore below levels considered to have toxic effects. Manganese exhibited mean or
median concentrations above the normal range in 2016 and 2018 and there is no AEMP benchmark;
however, the maximum concentration was below the British Columbia Ministry of Environment and Climate
Change Strategy (BC ENV) Water Quality Guideline (BC ENV 2019).
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Sediment quality: Waterbody mean concentrations of arsenic, chromium, and copper have exceeded their
respective Canadian Council of Ministers of the Environment (CCME) interim sediment quality guideline
(ISQG) in at least one year between 2015 and 2018; however, those metals exceeded AEMP benchmarks
in the reference lakes and during baseline conditions, indicating that they are naturally elevated. Lead was
elevated in 2015 compared to the normal range and there was a significant before-after control-impact
(BACI) effect; however, the waterbody mean lead concentration was below the CCME ISQG and therefore
below levels considered to have potential toxic effects. Lead was not elevated in the dewatering discharge
from the Gahcho Kué Mine (Mine) and the elevated concentrations may have been related to the observed
higher silt content in the 2015 sediment samples compared to those collected in 2011 and 2013. Lead
concentrations were not elevated between 2016 and 2018.
Fish tissue chemistry: In 2018, 24 parameters (i.e., aluminum, antimony, arsenic, bismuth, calcium,
cesium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, molybdenum, nickel,
phosphorus, potassium, rubidium, selenium, sodium, strontium, thallium, and titanium) had fish tissue
concentrations that were significantly greater in 2018 relative to baseline. Of those 24 parameters,
18 parameters were not significantly different compared to reference lakes, suggesting that the observed
increases are not Mine-related. Six parameters (i.e., arsenic, lead, potassium, strontium, thallium, and
titanium) exhibited fish tissue concentrations that were significantly greater in 2018 relative to both baseline
and reference lakes.

Nutrient Stressors
Between 2015 and 2018, there were no changes to measured nutrient stressors that would be expected to
cause an enrichment effect.
Water quality: There were no observed increases in aqueous nutrient concentrations between 2015 and
2018.
Sediment quality: There was no evidence of increased nutrient concentrations (total phosphorus, total
nitrogen, total organic carbon) between 2015 and 2018.
Productivity (food supply): The observed increase in chlorophyll a concentrations between 2015 and
2018 and increase in phytoplankton biomass in 2018 were indications that water column food supply
(i.e., primary productivity) may have increased. There was no increase in zooplankton biomass or total
benthic invertebrate density observed between 2015 and 2018, suggesting that food supply for invertivore
fish had not increased.

Physical Habitat Stressors
There were no observed increases in physical habitat stressors (i.e., water level, total suspended solids
[TSS]) between 2015 and 2018 and water temperatures have generally been similar among the AEMP
lakes each year.
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Field Biological Response Endpoints

Plankton Community
Between 2015 and 2017, there were minor changes in plankton community that were within the range that
might be expected from normal among-year variability. In 2018, chlorophyll a and phytoplankton biomass
data indicated potential nutrient enrichment effect; a similar effect was not observed for zooplankton.
Phytoplankton: In each monitoring year between 2015 and 2018, mean chlorophyll a concentrations were
above the normal range in at least one month during the open-water growing season and there was a
significant BACI effect compared to both reference lakes. However, there has not been an observed change
in trophic status. In 2017 and 2018, a minor shift in relative phytoplankton community composition by
biomass was observed. In June/July and August 2018, there was a significant BACI effect for total
phytoplankton biomass compared to both reference lakes, indicating an increase in biomass in Area 8.
Zooplankton: Minor to moderate shifts in relative zooplankton community composition by biomass have
been observed between 2015 and 2018 relative to baseline (i.e., 2014). The observed shift in 2016 is
unlikely related to nutrient enrichment, because concentrations of nutrients did not increase in Area 8
between baseline and 2016. Other possible Mine-related effects, such as the disconnection of Area 8 from
the rest of Kennady Lake, may have contributed to the shift in zooplankton community composition
observed in 2016. Between 2015 and 2018, total zooplankton biomass was generally similar to baseline
conditions.

Benthic Invertebrate Community
Between 2015 and 2018, there was limited evidence of effects on the benthic invertebrate community in
Area 8. Total density (2015) and the densities of Nematoda (2015 to 2018) and Micropsectra/Tanytarsus
(2017) exceeded the upper bound of the normal range, whereas richness, diversity and Corynocera density
(each in 2018) were below the lower bound of the normal range. Richness and diversity in 2018 also
exhibited significant decreasing BACI effects relative to each of the reference lakes; however, the
installation of the downstream flow mitigation diffuser may have contributed to those observed decreases
(Section 10.3). Results of benthic invertebrate community analysis indicated that habitat variation is an
influential factor contributing to the variation observed in benthic invertebrate variables among lakes and
years. Natural year-to-year variation in the benthic invertebrate community may also contribute to the
differences observed among lakes and years.

Fish Health
In 2018, there were minor changes in fish health endpoints observed that were within the range that might
be expected from normal among-year variability.
Growth: There were no significant differences in length for female or juvenile Ninespine Stickleback
(Pungitius pungitius) sampled from Area 8 compared to the reference lakes or baseline. Adult males were
significantly shorter than individuals processed during baseline sampling, but the 10% difference in length
was less than the critical effect size (CES) of 25%. Moreover, there was no significant difference in adult
male length between Area 8 and reference lakes suggesting that the observed decrease compared to
baseline was a regional change and not Mine-related.
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Reproduction: There was no significant difference between relative gonad weights of male Ninespine
Stickleback sampled from Area 8 in 2018 compared to the reference lakes or compared to baseline.
Relative gonad weight of females was significantly lower in Area 8 compared to reference lakes and
baseline, but in both cases the percent difference was less than the CES of 25%. The observed decrease
in relative gonad weight of females compared to reference lakes and baseline could be consistent with a
Toxicological Impairment Hypothesis.
Condition: Relative body weights were not significantly different for female, male, or juvenile Ninespine
Stickleback sampled from Area 8 in 2018 compared to those sampled in reference lakes or during baseline.
There were no significant differences in relative liver weight for male Ninespine Stickleback sampled from
Area 8 compared to the reference lakes or compared to baseline. Relative liver weight of females from
Area 8 was significantly lower than female weights from baseline, and the 37% magnitude difference
exceeded the CES of 25%. However, there was no significant difference in adult female relative liver weight
in Area 8 compared to the reference lakes suggesting that the observed decrease compared to baseline
was a regional change and not Mine-related. Relative liver weights of juvenile fish from Area 8 were not
compared to the reference lakes or baseline data due to insufficient sample sizes.

15.2.1.3

Qualitative Integration

Plankton Community
Observed changes to water quality in Area 8 between 2015 and 2018 would not be expected to cause a
toxicological effect to plankton, and there were no observed changes to nutrient concentrations or physical
habitat stressors in Area 8 between 2015 and 2018. Generally, none of the three hypotheses regarding the
nature of possible effects in Area 8 was strongly supported over the four AEMP monitoring years
(Table 15.2-1). Although there were no increases in nutrients between 2015 and 2018, there was weak
evidence for nutrient enrichment to the plankton community in 2018 based on the observed biological
responses.
Table 15.2-1

Weight of Evidence Ranks for Plankton Community in Area 8, 2015 to 2018

Monitoring Year

Toxicological
Impairment

Nutrient Enrichment

Physical Habitat

2015
2016
2017
2018

0
0
0
0

0
0
0
1

0
0
0
0

Benthic Invertebrate Community
Observed changes to water quality in Area 8 between 2015 and 2018 would not be expected to cause a
toxicological effect to the benthic invertebrate community, and there were no observed changes to nutrient
concentrations or physical habitat stressors in Area 8 between 2015 and 2018. Overall, the integrated
exposure and biological response information does not indicate that Mine-related effects to benthos have
occurred (Table 15.2-2).
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Weight of Evidence Ranks for Benthic Invertebrate Community in Area 8, 2015 to
2018

Monitoring Year

Toxicological
Impairment

Nutrient Enrichment

Physical Habitat

2015
2016
2017
2018

0
0
0
0

0
0
0
0

0
0
0
0

Fish Health
Observed changes to water quality in Area 8 between 2015 and 2018 would not be expected to cause an
effect to fish health. Several metal concentrations in fish tissue were greater in 2018 relative to both baseline
conditions and reference lakes, and these coincided with an observed decrease in relative gonad weight of
females compared to reference lakes and baseline, but overall, there was weak evidence for toxicological
impairment to the fish community in 2018 (Table 15.2-3). There were no observed changes to nutrient
concentrations or physical habitat stressors in Area 8 between 2015 and 2018 and therefore no evidence
for the associated impact hypotheses.
Table 15.2-3

Weight of Evidence Ranks for Fish Health in Area 8, 2018

Monitoring Year

Toxicological
Impairment

Nutrient Enrichment

Physical Habitat

2018

1

0

0

15.2.2
15.2.2.1

Lake N11
Exposure Endpoints

Toxicant Stressors
Between 2015 and 2018, there were increases in toxicant stressors, but the increases would not likely have
caused a toxicological effect.
Water quality: In 2015 and 2016, there were no observed increases in water quality parameters of
toxicological concern. In 2017 and 2018, several water quality parameters exhibited increased
concentrations, but concentrations remained below AEMP benchmarks and therefore below levels
considered to have toxic effects.
Sediment quality: Between 2015 and 2018, waterbody mean concentrations of chromium and copper were
above CCME ISQGs but were within the normal range and there was no significant BACI effect, indicating
that concentrations are naturally elevated and do not indicate a Mine-related effect. In 2016, molybdenum
exhibited a significant BACI effect compared to reference lakes and a mean concentration greater than
normal range. There is no AEMP sediment benchmark for molybdenum; however, the maximum
concentrations were below the low effect levels derived by Thompson et al. (2005) that represent
concentrations below which adverse effects to sediment-dwelling organisms are not expected. In 2018,
mercury exhibited a significant BACI effect compared to both reference lakes and had a mean concentration
that exceeded normal range.
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Fish tissue chemistry: In 2018, concentrations of 30 parameters (i.e., aluminum, antimony, arsenic,
barium, beryllium, bismuth, boron, calcium, cesium, chromium, cobalt, copper, iron, lead, lithium,
magnesium, manganese, mercury, molybdenum, nickel, phosphorus, potassium, rubidium, silver, sodium,
strontium, tellurium titanium, vanadium, and zirconium) in tissue concentrations were significantly greater
in 2018 relative to baseline. Of those 30 parameters, 20 were not significantly different compared to
reference lakes, suggesting that the observed increases are not Mine-related. Ten parameters (i.e., arsenic,
cesium, chromium, iron, lead, magnesium, potassium, sodium, strontium, and zirconium) exhibited fish
tissue concentrations that were significantly greater in 2018 relative to both baseline and reference lakes.

Nutrient Stressors
Between 2015 and 2018, there was an observed increase in nitrate, which could have resulted in an
enrichment effect.
Water quality: There were no observed increases in aqueous nutrient concentrations in 2015 and 2016.
Nitrate exhibited a significant BACI effect relative to both reference lakes, and whole lake mean or median
concentrations were greater than the normal range in 2017 and 2018. There was no significant BACI effect
in phosphorus concentrations relative to both reference lakes. Given that phosphorus has been identified
as a limiting nutrient in Lake N11 the increases in nitrate are unlikely to cause a measurable enrichment
effect on plankton.
Sediment quality: There was no evidence of increased nutrient concentrations (total phosphorus, total
nitrogen, total organic carbon) in sediments between 2015 and 2018.
Productivity (food supply): Between 2016 and 2018 there were observed increases in chlorophyll a
concentrations, and in 2017 and 2018 phytoplankton biomass exhibited increases, indicating that water
column food supply may have increased. There was no increase in zooplankton biomass or total benthic
invertebrate density observed between 2015 and 2018, suggesting that food supply for invertivore fish had
not increased.

Physical Habitat Stressors
There were no observed increases in physical habitat stressors (i.e., water level, TSS) between 2015 and
2018 and water temperatures have generally been similar among the AEMP lakes each year.

15.2.2.2

Field Biological Response Endpoints

Plankton Community
Between 2015 and 2018, there were minor changes in the plankton community that were within the range
that might be expected from normal among-year variability. In 2018, chlorophyll a and phytoplankton
biomass data indicated potential nutrient enrichment effect; a similar effect was not observed for
zooplankton.
Phytoplankton: In 2015 there was no observed response in phytoplankton endpoints. ln each monitoring
year between 2016 and 2018, mean chlorophyll a concentrations were above the normal range in at least
one month during the open-water season and there was a significant BACI effect compared to both
reference lakes. However, there has not been an observed change in trophic status. Total phytoplankton
biomass has varied between 2016 and 2018, and in all three years there was a significant BACI effect
compared to both reference lakes. In 2016, total biomass was below the normal range, and in 2017 and
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2018 total biomass was above the normal range. In 2017, a moderate or greater shift in relative
phytoplankton community composition by biomass was observed. In 2018, there was a minor shift in relative
community composition by biomass.
Zooplankton: There was no observed response in zooplankton endpoints in 2015 or 2016. A minor shift in
relative zooplankton community composition by biomass was observed in 2017 and 2018 relative to
baseline (i.e., 2014).

Benthic Invertebrate Community
Between 2015 and 2018, there were negligible responses observed in benthic invertebrate community
measurement endpoints in Lake N11.

Fish Health
In 2018, there were minor changes in fish health endpoints observed that were within the range that might
be expected from normal among-year variability.
Growth: Adult female and male Ninespine Stickleback sampled from Lake N11 did not differ significantly
in length from fish collected from the reference lakes, but lengths of females and males were significantly
shorter than individuals sampled during baseline (12% and 10%, respectively). The lack of a significant
difference in adult length in Lake N11 compared to the reference lakes suggests that the observed decrease
compared to baseline was a regional change and not Mine-related. Juvenile fish were significantly shorter
(4%) than juveniles collected from the reference lakes but there was no significant difference in juvenile
length between individuals sampled in 2018 and during baseline. The lack of a significant difference in
juvenile fish length in Lake N11 compared to baseline suggests that the observed difference between
Lake N11 and reference lakes is not Mine-related and likely representative of regional variability.
Reproduction: There was no statistical difference between relative gonad weights of female Ninespine
Stickleback sampled from Lake N11 in 2018 compared to the reference lakes or compared to baseline.
Relative gonad weight of male Ninespine Stickleback sampled from Lake N11 was 32% less than fish
collected from the reference lakes, and the difference was statistically significant. There was no statistical
difference in adult male relative gonad weight between 2018 and baseline. The lack of a significant
difference in male relative gonad weight in 2018 compared to baseline suggests that the observed
difference between Lake N11 and reference lakes is not Mine-related and likely representative of regional
variability.
Condition: Relative body weights were not significantly different for female, male, or juvenile Ninespine
Stickleback sampled from Lake N11 in 2018 compared to those sampled in reference lakes or during
baseline.
Relative liver weight of female and male Ninespine Stickleback sampled from Lake N11 in 2018 was not
significantly different from fish sampled from the reference lakes, but they were significantly greater than
individuals sampled during baseline. The lack of significant differences in relative liver weight of adults
sampled from Lake N11 in 2018 compared to the reference lakes suggests that the observed difference in
adult relative liver weight in 2018 compared to baseline was a regional change and not Mine-related.
Relative liver weight of juveniles sampled from Lake N11 in 2018 was significantly less than juvenile weights
from reference lakes (18% difference), but there was no significant difference between juveniles sampled
in 2018 compared to those sampled during baseline. The lack of a significant difference in relative liver
weight of juveniles sampled from Lake N11 in 2018 compared to baseline suggests that the observed
difference between Lake N11 and reference lakes is not Mine-related and likely representative of regional
variability.
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Qualitative Integration

Plankton Community
Observed changes to water quality in Lake N11 between 2015 and 2018 would not be expected to cause
a toxicological effect to plankton. Increases in nutrients (i.e., nitrate) were observed in 2017 and 2018, and
there were biological responses in the phytoplankton community that could support the Nutrient Enrichment
Hypothesis. There were no observed changes to physical habitat stressors between 2015 and 2018.
Generally, none of the three hypotheses regarding the nature of possible effects in Lake N11 was supported
over all four AEMP monitoring years (Table 15.2-4). There was weak evidence for nutrient enrichment to
the plankton community in 2017 and 2018 in the observed biological responses.
Table 15.2-4

Weight of Evidence Ranks for Plankton Community in Lake N11, 2015 to 2018

Monitoring Year

Toxicological
Impairment

Nutrient Enrichment

Physical Habitat

2015
2016
2017
2018

0
0
0
0

0
0
1
1

0
0
0
0

Benthic Invertebrate Community
Observed changes to water quality in Lake N11 between 2015 and 2018 would not be expected to cause
a toxicological effect to the benthic invertebrate community. Increases in nutrients (i.e., nitrate) were
observed in 2017 and 2018. There were no observed changes to physical habitat stressors between 2015
and 2018. Overall, the integrated exposure and biological response information does not indicate that Minerelated effects to benthos have occurred in Lake N11 (Table 15.2-5).
Table 15.2-5

Weight of Evidence Ranks for Benthic Invertebrate Community in Lake N11,
2015–2018

Monitoring Year

Toxicological
Impairment

Nutrient Enrichment

Physical Habitat

2015
2016
2017

0
0
0

0
0
0

0
0
0

2018

0

0

0

Fish Health
Observed changes to water quality in Lake N11 between 2015 and 2018 would not be expected to cause
a toxicological effect to fish health. However, several metal concentrations in fish tissue were greater in
2018 relative to both baseline conditions and reference lakes. Increases in nutrients (i.e., nitrate) were
observed in 2017 and 2018. There were no observed changes to physical habitat stressors between 2015
and 2018. There were no to negligible responses observed for the fish health measurement endpoints.
Overall, the integrated exposure and biological response information does not indicate that Mine-related
effects to fish health have occurred in Lake N11 (Table 15.2-6).
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Weight of Evidence Ranks for Fish Health in Lake N11, 2018

Monitoring Year

Toxicological
Impairment

Nutrient Enrichment

Physical Habitat

2018

0

0

0

15.2.3
15.2.3.1

Lake D2/D3
Exposure Endpoints

Toxicant Stressors
Between 2016 and 2018, there were observed increases in toxicant stressors likely caused by the increases
in water levels and associated flooding of tundra as a result of Dyke F construction.
Water quality: Between 2016 and 2018, there were observed increases of several water quality parameters
of toxicological concern, but concentrations of most were below the Canadian water quality guideline for
protection of aquatic life (CWQG-PAL), and therefore below levels considered to have toxic effects. Some
parameters exceeded CWQG-PAL, and some others do not have federal guidelines. Field pH, aluminum,
and iron exceeded CWQG-PAL in all three monitoring years (i.e., 2016–2018) and copper and zinc
exceeded CWQG-PAL in 2018. CWQGs are conservatively-derived generic national guidelines that do not
directly consider site-specific factors. The actual site-specific toxicity and environmental impact exhibited
by a parameter of concern varies depending on the aquatic community composition and environmental
characteristics of the site, which can result in the national CWQG-PAL being potentially over- or underprotective at a given site.
Sediment quality: Between 2016 and 2018, concentrations of monitored sediment parameters were
generally similar to pre-dyke concentrations, indicating no increase in sediment concentrations as a result
of the Mine. In 2017, boron exhibited a significant before-after (BA) effect but this was not observed in any
other monitoring years.

Nutrient Stressors
Between 2016 and 2018, there were observed increases in nutrient stressors likely caused by the increases
in water levels and associated flooding of tundra as a result of Dyke F construction.
Water quality: Between 2016 and 2018, there were observed increases of several nutrients. There was an
observed increase in total phosphorus (TP) concentrations in all three monitoring years, an increase in
ammonia in 2017 and 2018, and an increase in nitrate in 2018. In 2018, the lake-wide mean or median
open-water TP concentration reflected eutrophic conditions, whereas under baseline conditions TP
concentrations observed in the original Lakes D2 and D3 were reported in meso-eutrophic range.
Sediment quality: Between 2016 and 2018, there was no evidence of increased nutrient concentrations
(i.e., total phosphorus, total nitrogen, total organic carbon) sediments as a result of the Mine.
Productivity (food supply): Between 2016 and 2018, there was an observed increase in chlorophyll a
concentrations, indicating that water column food supply may have increased; however, there was no
observed increase in phytoplankton biomass in any monitoring year, and in all three years, biomass was
lower than measured in 2015.
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Physical Habitat Stressors
Construction of Dyke F downstream of Basins D2 and D3 was completed by May 2016 and as a result
water levels were raised and Basins D2 and D3 were joined to form a single waterbody (Lake D2/D3).
Water level continued to rise in Lake D2/D3 in 2017 and 2018. Apart from the raised water level, there were
no other changes in physical habitat stressors (i.e., TSS, water temperature) in Lake D2/D3 between 2016
and 2018.

15.2.3.2

Field Biological Response Endpoints

Plankton Community
Between 2016 and 2018, there were minor to moderate changes in plankton community.
Phytoplankton: In 2016 and 2018, mean chlorophyll a concentrations in at least one month were
significantly greater than the concentrations observed in 2015. In 2017, mean chlorophyll a concentrations
in August were significantly less than concentrations in 2015. The trophic status of Lake D2/D3 changed
from oligotrophic to mesotrophic from 2015 to 2017 and from mesotrophic to eutrophic in 2018. Between
2016 and 2018, total phytoplankton biomass was significantly lower compared to 2015. A shift in relative
phytoplankton community composition by biomass was observed in each monitoring year, with a minor shift
in 2016 and moderate to greater shift in 2017 and 2018.
Zooplankton: Total zooplankton abundance was significantly lower in the three monitoring years (i.e., 2016
to 2018) compared to 2015, whereas total biomass was significantly greater. In 2017, a moderate or greater
shift in relative zooplankton community composition by biomass was observed, and in 2018 there was a
minor shift in relative community composition by biomass.

Benthic Invertebrate Community
In 2016, the density of the chironimid midges Microtendipes and Micropsectra/Tanytarsus were statistically
greater compared to 2015. Consistent with the observed increase in the dominant chironomid taxa, mean
total invertebrate density was also statistically higher in 2016 compared to 2015. In 2017, densities of the
chironomid midges Micropsectra/Tanytarsus and the fingernail clams Pisidiidae were statistically greater
compared to 2015. In 2018, there were no statistical differences in the densities of dominant taxa compared
to 2015; however, a minor shift in the community was observed in Basin D2 compared to previous years,
with a decline in the relative density of the formerly-dominant Pisidiidae and an increase in the relative
density of Chironomus. Comparison to supporting information suggests that the change in community
structure was driven mainly by low oxygen levels during winter, which could be due to decay of vegetation
in flooded areas of the tundra.

15.2.3.3

Qualitative Integration

Consistent with Environmental Impact Statement (EIS) predictions (De Beers 2010, 2011, 2012), water
quality has changed in Lake D2/D3 between 2016 and 2018, and was likely caused by the increases in
water levels and associated flooding of tundra as a result of Dyke F construction. Increases in nutrients
were observed between 2016 and 2018 and some of the biological responses could be consistent with the
Nutrient Enrichment Hypothesis.
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Plankton Community
Minor changes in the plankton community were observed in all three monitoring years, resulting in weak
evidence of toxicological impairment of the plankton community between 2016 and 2018 (Table 15.2-7).
There was weak (2016 and 2017) to moderate (2018) evidence of nutrient enrichment of the plankton
community during the three monitoring years. Integration of the endpoint groups for plankton community
exposure and field biological responses indicates that the increase in water level itself could not explain the
observed responses in plankton community and therefore there was no to negligible evidence for the
Physical Habitat Alteration Hypothesis.
Table 15.2-7

Weight of Evidence Ranks for Plankton Community in Lake D2/D3, 2016 to 2018

Monitoring Year

Toxicological
Impairment

Nutrient Enrichment

Physical Habitat

2016
2017
2018

1
1
1

1
1
2

0
0
0

Benthic Invertebrate Community
Increases in densities of several major taxa were observed in the benthic invertebrate community between
2016 and 2018, which is consistent with nutrient enrichment but not toxicological impairment. Community
changes were observed in Basin D2, indicating a shift to low dissolved oxygen (DO) tolerant organisms.
There was weak evidence for nutrient enrichment to the benthic invertebrate community in 2016 and 2017
due to the observed biological responses, which were within the range that might be expected from normal
among-year variability (Table 15.2-8). The increase in water level itself could not explain the observed
responses in benthic invertebrate community between 2016 and 2018, but increased inputs of organic
material from flooding of tundra resulting in reduced winter DO concentration is a likely cause of observed
community changes in Basin D2 in 2018.
Table 15.2-8

Weight of Evidence Ranks for Benthic Invertebrate Community in Lake D2/D3,
2016 to 2018

Monitoring Year

Toxicological
Impairment

Nutrient Enrichment

Physical Habitat

2016
2017
2018

0
0
0

1
1
0

0
0
0

15.2.4
15.2.4.1

Downstream Streams
Exposure Endpoints

Toxicant Stressors
Based on a qualitative assessment, water quality in Stream K5 and Stream L2 between 2015 and 2018
was similar to that observed during baseline, including occasional exceedances of pH and aluminum
CWQG-PAL.
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Nutrient Stressors
Based on a qualitative assessment, water quality in Stream K5 and Stream L2 between 2015 and 2018
was similar to that observed during baseline, with no increases in nutrients observed.

Physical Habitat Stressors
Between 2015 and 2018, discharge at downstream streams during open-water conditions did not exceed
the baseline 10-year daily peak values. During ice-cover conditions, the piezometric water surface elevation
did not exceed the 10-year flood level. Channel erosion was not observed in the downstream outlets during
open-water conditions between 2015 and 2018. Aufeis was observed at Area 8 outlet (Stream K5) in 2015,
but it was not considered sufficient to cause erosion at the outlet. No aufeis was observed during winter
discharge monitoring between 2016 and 2018.

15.2.4.2

Field Biological Response Endpoints

Benthic Invertebrate Community
Between 2015 and 2017, densities of several dominant taxa (generally chironomid midges) exhibited
statistically greater mean densities compared to baseline conditions in 2013. No other responses were
observed in the benthic invertebrate community in downstream streams. Due to an error in field sampling,
benthic invertebrate data were only collected from two of five stream stations in 2018, and as a result
streams data were excluded from statistical analysis and weight of evidence in 2018.

Fish Habitat and Community
The EIS predicted potential effects to fish habitat and community in streams downstream of Area 8 (i.e., K,
L, and M streams) as a result of dewatering activities during the two years of construction (i.e., 2015 and
2016). The EIS predicted negligible changes to fish habitat or the fish community in streams downstream
of Lake N11 based on hydrology, water quality, and lower trophic levels. Therefore, the fish habitat and
community component was only assessed in streams downstream of Area 8, and only considered the
degree of support for the Physical Habitat Alteration Hypothesis. Toxicological or nutrient enrichment effects
to fish would be expected to be first observed in the core lakes, via responses in fish tissue chemistry and/or
fish health measurement endpoints.
Dewatering discharge to Area 8 was predicted to occur in both years of construction in the EIS (De Beers
2010, 2012), but dewatering discharge to Area 8 was completed in 2015. Fish habitat and community in
the downstream watersheds during 2015 and 2016 monitoring remained similar to those observed during
pre-construction (baseline) and previous monitoring programs, although in 2016 lower flows were observed.
During both construction years, suitable habitat was observed for fish passage, spawning, and rearing of
Arctic Grayling (Thymallus arcticus), as well as refugia habitat for young-of-the-year (YOY) Arctic Grayling.
The presence of adult and YOY Artic Grayling in downstream streams confirmed that spawning did occur
in 2015 and 2016.
Downstream flow mitigation was implemented in 2017, with water being pumped from Lake N11 to Area 8.
Based on the 2017 and 2018 results of hydrology, water quality, and lower trophic levels, changes in fish
habitat downstream of Area 8 were not identified. Fish habitat remained similar to those observed during
baseline and previous monitoring programs, consistent with the EIS predictions. However, Arctic Grayling
adults and YOY were not present in the streams downstream of Area 8 during the field programs, which
triggered a Low Action Level. The 2017 AEMP Response Plan for fish habitat and community (De Beers
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2018b) indicated that it was likely that a sequence of events since 2014, some Mine-related and some
environmental, contributed to the lack of confirmed observations of Arctic Grayling in 2017 and again in
2018. The likely causes were summarized as:
•

The isolation of Area 8 and Fish-Out (Lue T’e Halye) removed a large proportion of the Arctic Grayling
population from Kennady Lake in 2014 and 2015.

•

In 2014, naturally occurring high water temperatures were recorded, which may have caused additional
mortalities to the population in Area 8 and the immediate downstream watershed.

•

In 2016, high water temperatures, potentially caused by a combination of high air temperatures, dry
conditions, and low flow conditions, may have caused additional mortalities to the population. Also, low
flow conditions for most of the open-water season may have restricted movement to suitable
overwintering habitats.

15.2.4.3

Qualitative Integration

Benthic Invertebrate Community
Conditions in downstream streams between 2015 and 2017 provided negligible indication that Mine-related
toxicity or enrichment occurred to the benthic invertebrate community (Table 15.2-9). There were few
changes in exposure endpoints, and observed biological responses were within the range of variability that
might be expected from normal among-year variability. There was no support for Mine-related effects to the
benthic invertebrate community as a result of increased stream discharge.
Table 15.2-9

Weight of Evidence Ranks for Benthic Invertebrate Community in Downstream
Streams, 2015 to 2018

Monitoring Year

Toxicological
Impairment

Nutrient Enrichment

Physical Habitat

2015
2016
2017
2018

0
0
0
0

0
0
0
0

0
0
0
0

Fish Habitat and Community
Although the lack of observed Arctic Grayling downstream of Area 8 in 2017 and 2018 was likely due to a
sequence of multiple events, some Mine-related and some environmental, downstream flow monitoring
programs in 2017 and 2018 indicated that flow augmentation generally maintained outflow from Area 8
during dry summer conditions, and as a result, fish habitat downstream of Area 8 remained similar to that
observed during baseline and previous monitoring programs. The availability of suitable physical habitat
and access to habitats for spawning were not likely causes of the observed decline and subsequent
absence of adult Arctic Grayling. Multiple other fish species representing all life stages were present in the
downstream K, L and M streams in 2017 and 2018.
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Data Analysis Re-evaluation
Qualitative vs. Semi-quantitative Approach

Following the MVLWB review of the 2016 AEMP Annual Report (De Beers 2017c), De Beers committed to
evaluate the WOE approach during the first three years of monitoring in the first Aquatic Effects reevaluation and to provide recommendations regarding the methods to be employed for future WOE
analyses in the AEMP (see response to MVLWB-3; Appendix 1A, Table 1A-4). As described in the AEMP
Design Plan (De Beers 2016a), the current WOE approach is qualitative and incorporates a high degree of
professional judgement, which is common to WOE assessments. The AEMP Design Plan stated that a
semi-quantitative approach may be applied in the future, as information generated by the AEMP is gathered
and assessed. The current WOE approach successfully contributes to the interpretation of annual AEMP
results and underlying cause(s) of biological responses to stressors, and communicates the results clearly
and concisely. It is therefore considered suitable for future AEMPs. However, the WOE approach could
continue to be evaluated during subsequent Aquatic Effects re-evaluations to determine whether a semiquantitative approach may be warranted in the future.

15.3.2

Review of the WOE Ratings by Component

The AEMP Design Plan (De Beers 2016a) provided ratings for the endpoint groups and individual endpoints
that would be included in the WOE assessment for each component (Table 11.4-1 of De Beers 2016a);
however, it was acknowledged that the ratings were preliminary and the expectation was that they would
be refined as appropriate during each AEMP. Refinement of ratings has occurred during each AEMP and
the refined ratings were presented in past AEMP annual reports, with the latest ratings presented in the
2018 AEMP Annual Report (De Beers 2019b). The Aquatic Effects re-evaluation offers an opportunity to
evaluate and present updated WOE ratings for each components in the revised AEMP Design Plan. The
recommended updates to the WOE ratings presented in the 2018 AEMP Annual Report are presented in
Tables 15.3-1 to 15.3-7. Similar to the first four years of the AEMP cycle, these ratings will be applied, and
where necessary refined, until the next Aquatic Effects Re-evaluation Report.
The main change recommended is the removal of the Evaluation of Temporal Trends evaluation criterion.
While an assessment of temporal trends is important to answer questions relevant to an individual
component (e.g., are concentrations of water quality parameters increasing over time?), the assessment of
temporal trends for a component metric is not necessary to achieve the objective of the WOE, which is to
integrate the changes identified in individual components for the current AEMP monitoring year to inform
conclusions regarding the type(s) of impacts that may be occurring in the aquatic ecosystem. Temporal
trends are not directly relevant to the WOE assessment, which focuses on a “snapshot” of current conditions
in the receiving environment to inform on the types of effects that may be occurring in the aquatic
ecosystem.
Other changes to component WOE ratings include the following:
•

Minor changes to the ratings for the Statistical Comparisons and Normal Range evaluation criterion to
incorporate “baseline” and “regional” normal ranges, which have been updated as part of this Aquatic
Effects re-evaluation. These changes apply to all components except for hydrology.

•

For water and sediment quality, added a Rating 3 for both the Statistical Comparisons and Normal
Range and Comparisons to Benchmarks evaluation criteria.
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Hydrology Response Ratings for the Weight of Evidence Assessment

Season

WOE Rating 1
↑/↓

WOE Rating 2
↑↑/↓↓

WOE
Rating 3
↑↑↑/↓↓↓

Discharge and associated water level
between baseline 10-year daily peak
and baseline 25-year daily peak

Discharge and associated water level
above baseline 25-year daily peak

Channel Integrity

Erosion observed on stream bank less
than 3 m in length and 0.5 m in height
(per 100 m of channel)

Erosion observed exceeding 3 m in
length and 0.5 m in height (per 100 m of TBD
channel)

Upstream Lake
Water Level

Piezometric water surface elevation
exceeding 10-year flood level, but
remaining below 100-year flood level

Piezometric water surface elevation
exceeding 100-year flood level

Stream Discharge
and Water Level
Open-water

Ice-cover
Channel Aufeis

TBD

TBD

Aufeis considered sufficient to present a Aufeis observed above bankfull at lake
risk of erosion above bankfull stages of outlet and freshet flow observed outside TBD
of channel boundaries
outlet during freshet

TBD = to be determined; WOE = weight of evidence.

De Beers Canada Inc.

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Weight of Evidence
Table 15.3-2
Waterbody

Core Lakes
(Area 8 and Lake
N11)

15-16

December 2019
Section 15

Water Quality Response Ratings for the Weight of Evidence Assessment
Evaluation Criteria for
Measurement Endpoint Results

WOE Rating 1
↑/↓

Statistical Comparisons and
Normal Range

Statistically significant BACI effect that
is indicative of increasing
concentrations(a)
AND
Core lake mean/median(b) greater than
baseline normal range

Comparison to Benchmarks
(where they exist)

Note: response relative to normal range
and relative to reference lakes must be
in the same direction
Core lake mean/median(b) greater than
AEMP benchmark

Statistical Comparisons with Predyke

Rating 1
AND
Core lake mean/median(b) greater than
the regional normal range

Core lake mean/median(b) greater than
Effect Thresholds

Statistically significant effect compared
to pre-dyke indicative of increasing
concentrations(a)

Rating 1
AND
Mean/median(b) value twice or less predyke mean/median value

Mean/median(b) value greater than
AEMP benchmark

Rating 1
AND
Water Quality component determines a
potential for effects to aquatic life (i.e.,
concentrations exceed toxicity
thresholds)

Lake D2/D3
Comparison to Benchmarks
(where they exist)

WOE Rating 2
↑↑/↓↓

WOE Rating 3
↑↑↑/↓↓↓
Statistically significant BACI effect that
is indicative of increasing
concentrations(a)
AND
Core lake mean/median(b) greater than
regional normal range
AND
Core lake mean/median(b) greater than
Effect Thresholds

Statistically significant effect compared
to pre-dyke that is indicative of
increasing concentrations(a)
AND
Mean/median(b) value greater than twice
or more pre-dyke mean/median value
AND
Triggering of a Low Action Level for
biological components (i.e., indication of
potential effects to aquatic life)

a) For dissolved oxygen, lower concentrations are of concern, so the reverse is true; for pH, both high and low values are of concern.
b) Whole lake means/medians are calculated using the geometric mean when a log-transformation is applied to the core lake dataset or using the median when a rank transformation
is applied. The arithmetic mean is calculated when the core lake dataset is normally distributed, and no transformation is used.
WOE = weight of evidence; AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; CWQG-PAL = Canadian water quality guideline for the protection of
aquatic life; SSWQO = site-specific water quality objective.
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Sediment Quality Response Ratings for the Weight of Evidence Assessment
Evaluation Criteria for
Measurement Endpoint Results

Statistical Comparisons and Normal
Range

WOE Rating 1
↑/↓
Statistically significant BACI effect
that is indicative of increasing
concentrations
AND
Core lake mean/median(a) greater
than baseline normal range
Note: response relative to normal
range and relative to reference lakes
must be in the same direction

Core Lakes
(Area 8 and Lake
N11)

WOE Rating 2
↑↑/↓↓

Rating 1
AND
Core lake mean/median(a) greater
than regional normal range

Comparison to Benchmarks
(where they exist)

Core lake mean/median(a) greater
than CCME ISQG
AND
Core lake mean/median(a) greater
than baseline normal range

Statistical Comparisons with Pre-dyke

Rating 1
Statistically significant effect
AND
compared to pre-dyke that is
Mean/median(a) value twice or less
indicative of increasing concentrations
than pre-dyke mean/median value

Comparison to Benchmarks
(where they exist)

Mean/median(a) greater than CCME
ISQG
Mean/median(a) greater than CCME
AND
PEL
Core lake mean greater than pre-dyke
mean/median

Lake D2/D3

Core lake mean/median(a) greater
than CCME PEL

WOE Rating 3
↑↑↑/↓↓↓

Statistically significant BACI effect
that is indicative of increasing
concentrations
AND
Core lake mean/median(a) greater
than regional normal range
AND
Core lake mean/median(a) greater
than CCME PEL

Statistically significant effect
compared to pre-dyke that is
indicative of increasing concentrations
AND
Mean/median(a) value more than twice
pre-dyke mean/median
AND
Mean/median(a) greater than PEL

a) Whole lake means/medians are calculated using the geometric mean when a log-transformation is applied to the core lake dataset or using the median when a rank transformation
is applied. The arithmetic mean is calculated when the core lake dataset is normally distributed, and no transformation is used.
WOE = weight of evidence; BACI = before-after control-impact; CCME = Canadian Council of Ministers of the Environment; ISQG = interim sediment quality guideline; PEL = probable
effect level.
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Fish Tissue Chemistry Response Ratings for the Weight of Evidence Assessment
Evaluation Criteria for
Measurement Endpoint Results

Core Lake Compared to Reference
Lakes and Baseline

WOE Rating 1
↑/↓

WOE Rating 2
↑↑/↓↓

Statistically significant greater
mean/median(a) concentration relative
to reference
AND
Statistically significant greater
mean/median(a) concentration relative
to baseline

Statistically significant greater
mean/median(a) concentration relative
to reference and above CES(b)
AND
Statistically significant greater
mean/median(a) concentration relative
to baseline and above CES(b)

WOE Rating 3
↑↑↑/↓↓↓

Core lake mean/median(a)
concentration greater than regional
normal range

a) The arithmetic mean is used when the dataset is normally distributed. If the dataset is not normally distributed, but normality can be achieved using a log 10 transformation, the
geometric mean is used. If normality cannot be achieved, the median is used.
b) CES is defined as a 100% magnitude of difference and is intended to ensure that differences between core and reference lake concentrations are real differences, and not just
differences that may be attributed to such factors as low concentrations of target contaminants, analytical variability, small minimal sample sizes, and seasonal variability (Environment
Canada 2012).
CES = critical effect size; WOE = weight of evidence.
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Plankton Community Response Ratings for the Weight of Evidence Assessment
Evaluation Criteria for
Measurement Endpoint
Results

Statistical Comparisons and
Normal Range

Evaluation of Community
Structure

Statistical Comparisons

WOE Rating 1
↑/↓
Statistically significant BACI effect for total
abundance and biomass
AND
Core lake mean/median(a) outside the
regional normal range

WOE Rating 2
↑↑/↓↓
For total abundance and biomass – Core
lake mean/median(a) outside regional normal
range but within 25% higher or lower than
the regional normal range in at least two of
three monthly sampling events

Note: response relative to normal range
and relative to reference lakes must be in
the same direction

For chlorophyll a concentration – A change
in trophic status that supports the Rating 1
observation

Minor shift in community structure, as
indicated by visual assessment of
community composition plots

Moderate or greater shift in community
structure, as indicated by visual assessment
of community composition plots

Statistically significant effect compared to
pre-dyke

Lake D2/D3

Evaluation of Community
Structure

Minor shift in community structure, as
indicated by visual assessment of
community composition plots

WOE Rating 3
↑↑↑/↓↓↓

Rating 2 in both evaluation criteria for
the same variable

For total abundance and biomass – Rating 1
AND
Mean/median(a) value outside pre-dyke mean
plus or minus two standard deviations
For chlorophyll a concentration – Rating 1
AND
A change in trophic status

Rating 2 in both evaluation criteria for
the same variable

Moderate or greater shift in community
structure, as indicated by visual assessment
of community composition plots

a) Whole lake means/medians are calculated using the geometric mean when a log-transformation is applied to the core lake dataset, or using the median when a rank transformation
is applied. The arithmetic mean is calculated when the core lake dataset is normally distributed, and no transformation is used.
WOE = weight of evidence; BACI = before-after control-impact.
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Benthic Invertebrate Community Response Ratings for the Weight of Evidence Assessment
Evaluation Criteria for Measurement Endpoint
Results

Waterbody

Statistical Comparisons and Normal Range

WOE Rating 1(a)
↑/↓
Statistically significant BACI effect for total density, richness, or the
densities of dominant taxa
AND
Core lake mean/median(b) outside the regional normal range
Note: response relative to normal range and relative to reference lakes
must be in the same direction

Core Lakes
(Area 8 and Lake N11)

WOE Rating 2
↑↑/↓↓
Rating 1
AND
For any benthic invertebrate endpoint, core lake mean/median(a) are outside
regional normal range but within 25% higher or lower than the regional normal
range

Evaluation of Community Structure

Minor shift in community structure, as indicated by visual assessment of
community composition plots

Moderate or greater shift in community structure, as indicated by visual
assessment of community composition plots

Statistical Comparisons

Statistically significant pre-dyke vs post-dyke effect

Rating 1
AND
Mean/median(b) value outside the pre-dyke mean plus or minus two standard
deviations

Lake D2/D3

WOE Rating 3
↑↑↑/↓↓↓

Rating 2 in both evaluation criteria for the same variable

Rating 2 in both evaluation criteria for the same variable
Evaluation of Community Structure

Minor shift in community structure, as indicated by visual assessment of
community composition plots

Moderate or greater shift in community structure, as indicated by visual
assessment of community composition plots

Statistical Comparisons and Normal Range

Statistically significant effect
AND
Mean/median(b) value outside the normal range

Rating 1
AND
Mean/median(b) value outside the baseline mean plus or minus two standard
deviations

Evaluation of Community Structure

Minor shift in community structure, as indicated by visual assessment of
community composition plots

Moderate or greater shift in community structure, as indicated by visual
assessment of community composition plots

Downstream Streams

Rating 2 in both evaluation criteria for the same variable

a) There is no normal range for Lake D2/D3, and therefore data are compared statistically against the pre-dyke mean concentrations from Lakes D2 and D3.
b) Whole lake means/medians are calculated using the geometric mean when a log-transformation is applied to the core lake dataset or using the median when a rank transformation is applied. The arithmetic mean is calculated when the core lake dataset is normally distributed, and no transformation is
used.
WOE = weight of evidence; BACI = before-after control-impact.

Table 15.3-7
Waterbody

Core Lakes
(Area 8 and Lake
N11)

Fish Health Response Ratings for the Weight of Evidence Assessment
Evaluation Criteria for Measurement Endpoint
Results

Core Lake Compared to Reference Lakes and
Baseline

WOE Rating 1
↑/↓

Statistical difference from reference
AND
Statistical difference from baseline

WOE Rating 2
↑↑/↓↓

Statistical difference from reference and beyond CES(a)
AND
Statistical difference from baseline and beyond CES(a)

WOE Rating 3
↑↑↑/↓↓↓

Mean/median(b) outside regional normal range

a) CES is defined as a magnitude of difference of 10% for relative body weight, and 25% for length, relative gonad weight, and relative liver weight.
b) The arithmetic mean is used when the dataset is normally distributed. If the dataset is not normally distributed, but normality can be achieved using a log10 transformation, the geometric mean is used. If normality cannot be achieved, the median is used.
CES = critical effect size; WOE = weight of evidence.
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Conclusions and Recommendations

Based on the results of the WOE integration for each assessed waterbody, the impact hypotheses were
generally not supported in the two core lakes (Area 8 and Lake N11) between 2015 and 2018, apart from
the weak evidence for toxicological impairment to fish health in Area 8 in 2018 and nutrient enrichment to
the plankton community in both Area 8 (2018) and Lake N11 (2017 and 2018).
There was weak evidence for toxicological impairment and weak to moderate evidence for nutrient
enrichment to the plankton community in Lake D2/D3 in all three monitoring years (i.e., 2016 to 2018).
There was no evidence for toxicological impairment to the benthic invertebrate community but weak
evidence for nutrient enrichment in two of the three monitoring years. Changes in water quality in
Lake D2/D3 were likely due to the continued increases in water levels caused by the construction of Dyke F,
which can result in inputs of constituents from shoreline erosion, and from inundated soils and vegetation.
These changes were consistent with the EIS projections (De Beers 2010, 2011, 2012). After 2018, once
Lake D2/D3 has reached its full supply level, and further into Mine Operations, water quality in the lake is
expected to stabilize. There is negligible evidence for physical habitat alteration effects to the plankton or
benthic invertebrate communities in Lake D2/D3, although the increase in water levels may be the cause
of low dissolved oxygen (DO) observed during winter.
There is no evidence of toxicological impairment or nutrient enrichment in downstream streams. The
evidence for physical habitat alteration in downstream streams was likewise negligible to benthic
invertebrate and fish communities, with availability of suitable physical habitat and access to habitats for
spawning observed during the four years of fish population and community assessment. Apart from Arctic
Grayling, multiple fish species representing all life stages were present in the downstream K, L and M
streams in 2017 and 2018. The lack of observed Arctic Grayling downstream of Area 8 in 2017 was likely
due, in part, to Mine-related activities. The 2018 AEMP Response Plan for fish habitat and community
(De Beers 2019a) outlined De Beers’ response to the Low Action Level triggers originally observed in 2017
and again in 2018. An interim 2017 Response Action Summary (De Beers 2018h), presenting the results
of the response actions, as described in the 2017 AEMP Response Plan for fish habitat and community
(De Beers 2018b), and partly undertaken in 2018, was submitted to the Board on October 18, 2018. The
final results and outstanding items from the 2017 AEMP Response Plan for fish habitat and community are
presented in Section 11.
The recommendations for changes to the AEMP Design Plan are as follows:
•

Continue to employ the current qualitative WOE approach to evaluate and integrate lines of evidence
from each component, as discussed in Section 15.3.1.

•

Edit the WOE ratings for each component, as described in Section 15.3.2.

De Beers Canada Inc.

Gahcho Kué Mine
16-1
2015 to 2018 Aquatic Effects Re-evaluation Report
Summary of Observed Effects

December 2019
Section 16

16 SUMMARY OF OBSERVED EFFECTS AND
COMPARISONS TO ENVIRONMENTAL IMPACT
STATEMENT PREDICTIONS
This section of the Aquatic Effects re-evaluation provides a high-level summary of effects documented by
the Aquatic Effects Monitoring Program (AEMP) and a comparison to Environmental Impact Statement
(EIS) predictions. A summary is presented for each waterbody, based on individual AEMP component
results and weight of evidence (WOE) evaluation results. The overall ecological significance of the results
is presented, along with lessons learned from the re-evaluation.

16.1

Area 8

During the construction phase, a controlled area was established in Areas 1 to 7 of Kennady Lake through
the isolation of these basins by the construction of diversion dykes in the upper headwater watersheds and
a water-retaining dyke at the narrows separating Area 7 and Area 8. These dykes isolated the controlled
area from Area 8, which is the downstream lake basin and lake outlet. As part of the dewatering activities,
5,968,293 m3 of lake water from Area 7 was transferred to Area 8 in 2014 and 2015 (i.e., December 20,
2014 to January 2, 2015, and May 19 to September 7, 2015). No dewatering discharge from Kennady Lake
to Area 8 occurred in 2016. For downstream flow mitigation, water was pumped from Lake N11 to Area 8
in 2017 and 2018.

EIS Predictions
The predicted Mine-related changes in Area 8 during dewatering consisted of increased flow-through in
Area 8 and increased flow at the lake outlet, with negligible changes in water and sediment quality. No
effects on lower trophic organisms (plankton and benthic invertebrates) or fish health were expected.
After the cessation of the dewatering discharge, the predicted Mine-related hydrological changes in Area 8
are decreased flow-through and decreased flow at the lake outlet. The construction of Dyke A resulted in a
reduction of the drainage area reporting to Area 8, thereby increasing the residence time and the rate of
evaporation relative to baseline. Consequently, slight increases in concentrations of nutrients, major ions,
and metals were predicted relative to background conditions. The increase in nutrients was expected to
increase the productivity of plankton and benthic invertebrate communities, without notable changes in
community composition. Negligible effects on aquatic health were predicted due to the increases in major
ions or metals.
The EIS predicted a decrease in the abundance of Arctic Grayling and the absence of Lake Trout and
Round Whitefish in Area 8 due to the fish-out of Kennady Lake. These predictions were confirmed in a
special study conducted as part of the 2017 Aquatic Effects Monitoring Program Response Plan for Fish
Habitat and Community – Version 2 (De Beers 2018b). Further discussion of Mine-related effects to fish
habitat and community in the downstream environment between Area 8 and Lake 410 are provided
Section 16.2.
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AEMP Observed Results
The effects of dewatering on Area 8 were consistent with EIS predictions. Water level in Area 8 and flow at
the lake outlet were not elevated beyond natural conditions as a result of the transfer of water from Area 7,
and lake volume changes were negligible. The water transferred during dewatering from Area 7 to Area 8
was the same water that would have naturally flowed from Area 7 to Area 8 in the absence of Dyke A.
Measured water quality in the dewatering discharge was consistent with historical water quality in Area 8.
Water quality data collected as part of the AEMP indicated that the year-to-year changes in water chemistry
in Area 8 in 2015 and 2016 were not indicative of Mine-related effects and results were similar to baseline.
No discernible effects on sediment quality were observed. Plankton community results did not provide a
clear indication of Mine-related effects in 2015 but a shift in zooplankton community composition was
observed in 2016. This shift may have been attributable to the disconnection of Area 8 from the rest of
Kennady Lake, which reduced watershed area and increased residence time, or to natural variability in
zooplankton community composition that was related to extremely dry conditions (i.e., 2016 was drier than
normal as observed in the reference lakes). Similarly, benthic invertebrate community results did not
suggest Mine-related effects in 2015 and 2016, and results were generally similar to baseline. The
responses observed in the benthic invertebrate community in 2015 and 2016 appeared to be related to
habitat variation or potential among-year variability. Based on the results of the WOE integration for Area 8
during the construction phase (2015 and 2016), none of the three impact hypotheses regarding the nature
of possible effects in Area 8 (i.e., Toxicological Impairment, Nutrient Enrichment, or Physical Habitat
Alteration) was supported.
Dewatering to Area 8 was completed in 2015. No operational discharge from the water management pond
(WMP) to Area 8 occurred in 2017 or 2018. Starting in 2017, water was pumped annually from Lake N11
to Area 8 for downstream flow mitigation.
During operations, the results of monitoring in Area 8 were consistent with EIS predictions. Water quality
was consistent with projected concentrations presented in the EIS, and more recently with the revised
predictions generated from a water quality model update as part of the 2018 Water Licence Amendment
application (De Beers 2018d), which incorporated the transfer of water from Lake N11 to Area 8 as part of
flow mitigation. The phytoplankton, zooplankton, and benthic invertebrate communities were healthy, with
no indication of toxicological impairment. In 2018, changes in the phytoplankton community suggested that
Mine-related nutrient enrichment may be occurring, but do not signal impairment of biological communities.
The WOE integration concluded that there was weak evidence for nutrient enrichment of the plankton
community. Based on the fish health analysis, negligible effects were observed in small-bodied fish health
endpoints and tissue chemistry, in that although significant differences were observed and those differences
occasionally exceeded critical effect sizes, all values remained within regional normal ranges. However,
results of the WOE integration indicated weak evidence for toxicological impairment of fish health. Overall,
in light of the lack of divergence of fish health variables from regional normal ranges, these findings are
consistent with the EIS prediction of negligible effects on aquatic health.
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Lakes and Streams Downstream of Area 8

During the construction and early operations phases, the key Mine-related activities that affected the
aquatic environment downstream of Area 8 were the Fish-Out of Kennady Lake, the construction of dykes
that isolated Area 8 from the Kennady Lake watershed, the dewatering of Kennady Lake to Area 8, and
flow mitigation from Lake N11. The Downstream Flow Mitigation Plan (DFMP) was implemented in 2017
and 2018 to mitigate the loss of flows to the streams downstream of Area 8 by pumping water from
Lake N11 into Area 8. The augmented flow downstream of Area 8 would provide the minimum flows
required for Arctic Grayling migration and fish passage during the spring migration period (i.e., late May to
end June, immediately after ice-out), as well as provide minimum flows for the remainder of the open-water
season to the end of August (Golder 2012).
In addition to the above mine-related activities, monitoring results indicate that the period of 2015 to 2018
was characterized by drier than normal hydrological conditions. The annual water yield observed in 2015
was approximately equivalent to the simulated median value from the EIS. The years 2016, 2017, and 2018
were all drier than normal, and each year was progressively drier than the previous year. These drier
hydrological conditions were applicable across the study area and were unrelated to mine activities.

EIS Predictions
The fish population in Kennady Lake had to be removed prior dewatering to create the controlled area. The
EIS predicted a reduction in population size in Area 8 and in streams downstream to Lake 410, as a result
of the fish-out.
The EIS predicted that dewatering activities would increase flow in the Area 8 outlet stream (i.e., Stream
K5) and the L and M streams. All downstream lakes (i.e., L and M lakes, Lake 410, and Kirk Lake) would
also have increased flow-through and flow at their outlets, and the L and M lakes had the potential for slight
increases in water levels. Negligible changes in water and sediment quality were expected in the lakes and
streams downstream of Area 8, and therefore, negligible effects on aquatic health were predicted.
Increased flows and water levels due to dewatering activities could lead to increased scouring or loss of
habitat for benthic invertebrate communities or fish. Because augmented flows were to be managed to
remain within the range of naturally occurring conditions in streams downstream of Area 8, no effects on
fish habitat or fish community were predicted related to the increased flows and water levels.
After the cessation of dewatering, flows and water levels downstream of Area 8 were predicted to be
reduced due to the isolation of Area 8 from the Kennady Lake watershed. The EIS predicted that reduced
flows in the K, L and M streams would decrease available habitat area (due to reduced wetted width) and
result in an overall reduction in benthic invertebrate biomass. The sampling design for the AEMP does not
allow for assessment of this prediction, because effects are evaluated based the responses of the
communities at the five sampled stations, rather than quantifying the potential change in invertebrate
production for the streams overall. With reduced flow, there was also the potential for an increase in the
frequency of natural barriers preventing spring spawning migrations of Arctic Grayling. The EIS predicted
a decrease in the abundance of Arctic Grayling, and, to a lesser extent, Northern Pike, in the KLM
watersheds during operations. As a result of the reduced flow, downstream flow mitigation would be
required to sustain the remnant fish populations.
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AEMP Observed Results
The Phase I (2014) and II (2015) Fish-Out (Lue T’e Halye) of Kennady Lake removed the fish population
from this lake. A large percentage of the Arctic Grayling, Northern Pike and other fish species’ populations
that may have historically moved through Stream K5 to Area 8 were harvested from Kennady Lake during
the Fish-Out. As expected, Arctic Grayling numbers declined between 2014 and 2015, coinciding with the
isolation of Area 8 from Kennady Lake, and the Fish-Out. Arctic Grayling were observed in the downstream
study area in 2015 and 2016.
In late 2014 and 2015, water was pumped from Area 7 of Kennady Lake to Area 8 to create the controlled
area.
The 2015 AEMP monitoring confirmed that EIS predictions were accurate with respect to the effect of
dewatering activities on fish habitat and community in the KLM watersheds downstream of Area 8. Density
and species composition of stream benthic invertebrate communities did not change. Fish habitat was
similar to baseline conditions and no changes in hydrology, water quality, or lower trophic biota were
identified that would affect fish habitat suitability or availability. In 2015, young-of-year (YOY) Arctic Grayling
were present in the streams, indicating successful spawning and recruitment. The WOE integration
concluded that there was no indication of Mine-related toxicity or enrichment to ecosystem components
and there was no support for Mine-related effects on the benthic invertebrate community as a result of
increased stream discharge. Overall, the increased stream discharge did not cause any discernible effects
on fish habitat and the fish community.
The reduced flow caused by isolation of Area 8 from the Kennady Lake watershed and the local dry
conditions in 2016 resulted in substantially reduced flows in the K, L and M streams. In 2016 and 2017,
there was an increase in density of common benthic invertebrate taxa relative to baseline conditions. This
increase in density could have resulted from an increase in food availability in streams downstream of
Area 8 (e.g., increase in periphyton biomass or increased primary production due to warmer water
temperatures early in the season). The magnitude of the flow-related effect on density of common benthic
invertebrate taxa was lower in 2017 and 2018 compared to 2016, possibly because of the flow
augmentation; however, flow conditions were below baseline ranges during all three years.
In 2017 and 2018, Arctic Grayling numbers declined downstream of Area 8, with only one unconfirmed
observation of an Arctic Grayling YOY in 2017 and no observed Arctic Grayling in 2018. This was not
consistent with EIS predictions that an Arctic Grayling population would be sustained in and downstream
of Area 8. The WOE integration found no evidence of toxicological impairment or nutrient enrichment in
downstream streams. The evidence for physical habitat alteration in downstream streams was also
negligible to benthic invertebrate and fish communities, with availability of suitable physical habitat and
access to habitats for spawning observed during the four years of fish population and community
assessment. Apart from Arctic Grayling, multiple fish species representing all life stages were present in
the downstream K, L and M streams in 2017 and 2018.
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The lack of observed Arctic Grayling downstream of Area 8 in 2017 and 2018 was likely due to a
combination of events that have occurred since 2014, some Mine-related and some natural. The timing of
each stressor was likely such that one perturbation potentially influenced and exacerbated the other. The
likely causes may have been a combination of the following (De Beers 2018b):
•

A large proportion of the Arctic Grayling population was removed from Kennady Lake during the
isolation of Area 8 and the Fish-Out, despite attempts to prevent Arctic Grayling from accessing the
isolated portion of Kennady Lake prior to the Fish-Out. It is unknown whether a viable population of
Arctic Grayling remained after the Fish-Out.

•

Naturally occurring high water temperatures were recorded in the summer of 2014, which may have
caused additional mortalities (beyond what was harvested during the Fish-Out) to the remaining
population of Arctic Grayling in Area 8 and the downstream watersheds.

•

In 2016, high water temperatures, likely caused by a combination of high air temperatures in the region,
a “dry” hydrologic year and low flow conditions downstream of Area 8, may have caused additional
mortalities to the already reduced population, particularly Arctic Grayling YOY. In addition, the low flow
conditions recorded for most of the open-water season in 2016 would have restricted movements to
refugia or overwintering habitats, thus further impacting the remaining population.

16.3

Lake N11 and Downstream (Lake N1)

During the construction phase, the northern portion of Kennady Lake, namely Area 3 and 5, was partially
dewatered and discharged to Lake N11 in 2015 and 2016 to become the WMP. The total volume of water
moved was 16,106,412 m3, during two periods: 1) February 1 to October 5, 2015; and 2) March 20 to
May 31, 2016.
A permanent diffuser was installed in Lake N11 in September 2016 to support operational discharge of
water from the WMP to Lake N11. Water was periodically pumped from the WMP through the diffuser to
Lake N11 when water quality in the WMP met the discharge criteria. There were three events of operational
discharge from the WMP to Lake N11: 1) October 29, 2016 to January 17, 2017; 2) September 4 to
November 13, 2017; and 3) September 3 to October 3, 2018.

EIS Predictions
The predicted Mine-related changes in Lake N11 during dewatering were related to increases in water level
and lake area compared to baseline conditions. During dewatering, discharges to Lake N11 were expected
to be limited, to ensure that the two-year (median) flood conditions (i.e., maximum daily flow rate) at the
downstream lake, Lake N1, and its outlet channel were held similar to baseline to protect fish habitat. As a
result, the increases in water levels during dewatering were predicted to have little effect on fish habitat or
benthic invertebrate communities in the lakes downstream of Lake N11.
The EIS predicted Mine-related changes in Lake N11 during operational discharge from the WMP. These
changes included increased flow-through in Lake N11, increased flow at the lake outlet, a slight increase
in water level, and increased concentrations of nutrients, total dissolved solids (TDS), and metals. For
example, a short-term increase in nitrate concentrations in Lake N11 was predicted in the EIS due to
discharge from the WMP. Increases in nutrient concentrations and corresponding increases in productivity
of plankton, benthic invertebrate and fish communities, without notable changes in community composition,
were also predicted, but trophic status was not expected to change. The EIS predicted negligible effects on
aquatic health in Lake N11 as a result of increased concentrations of metals and ions, and negligible effects
on the fish community due to physical habitat alteration.
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AEMP Observed Results
The effects of dewatering on Lake N11 were consistent with EIS predictions. Water level in Lake N11 was
not elevated beyond natural conditions as a result of pumping from Area 3, and lake volume changes were
negligible. The total flows (pumped and natural) at the outlets of Lake N11 did not exceed the two-year
(median) maximum daily flow rate for the outlets, and the limit for the annual quantity of water allowed to
be withdrawn for the first year of dewatering was also not exceeded. As predicted in the EIS, Mine effects
due to dewatering or water diversions (i.e., increased discharges) to Lake N11 were temporary in nature.
Water quality results indicated that the year-to-year changes in water chemistry in Lake N11 in 2015 and
2016 were not indicative of Mine-related effects. No discernible effects on sediment quality were observed
and plankton and benthic invertebrate community results did not provide a clear indication of Mine-related
effects. Downstream of Lake N11, there was no evidence suggesting changes to fish habitat conditions that
would affect fish populations during construction (2015 and 2016), which is consistent with EIS predictions.
Operational discharge from the WMP to Lake N11 commenced in October 2016. Operational discharge
was not continuous and occurred in three periods between October 2016 and October 2018. Flows
observed at the outlet of Lake N11 in 2017 and 2018 were below baseline conditions, although slightly
higher than the naturally dry reference conditions in 2016 and 2017.
Observed changes in Lake N11 water quality as a result of operational discharge included statistically
significant increases in TDS, conductivity, nitrate, some major ions, and metals. These changes are
consistent with EIS predictions and updated water quality modelling for the 2018 Water Licence
Amendment. Increased concentrations of major ions such as chloride are associated with saline
groundwater inputs to the pits, and increased nitrate concentrations are associated site runoff that comes
into contact with explosives residue. There were no exceedances of EIS or 2018 Water Licence
Amendment predictions in Lake N11 during the first four years of AEMP monitoring. Although a number of
parameter concentrations have increased above normal ranges, lake-wide mean/median concentrations
have remained below AEMP benchmarks (De Beers 2019c).
Lake N11 remains a clear-water, oligotrophic lake, with low depth-integrated nutrient and chlorophyll a
concentrations. Lower than projected concentrations of nitrogen and phosphorus were observed in 2017
and 2018. Phytoplankton and zooplankton communities in Lake N11 remain healthy, with changes in the
plankton communities consistent with the predictions of a negligible to low nutrient enrichment effect in
Lake N11. No Mine-related effects on sediment quality have been observed. Benthic invertebrate variables
showed a decreasing response pattern in Lake N11 relative to reference values, demonstrating a direction
of effect consistent with the Toxicological Impairment Hypothesis. However, the responses were
inconsistent over time and appeared to indicate that habitat variation is an influential factor contributing to
the observed biological variation among lakes and years.
The observed negligible effects in fish health and fish tissue chemistry were consistent with the EIS
predictions and no adverse changes in fish habitat were identified in Lake N11 or downstream. In 2017,
aerial and ground reconnaissance between the Lake N11 outlet and Lake N1 outlet showed no evidence
of unnatural erosion and no bank slump block failures.
Based on the results of the WOE integration for Lake N11, there was no support for any of the three impact
hypothesis (i.e., Toxicological Impairment, Nutrient Enrichment, or Physical Habitat Alteration) during the
construction phase (2015 and 2016), and limited support for the Nutrient Enrichment Hypothesis based on
the plankton community response in 2018 during the operations phase (2017 and 2018).
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Lake 410

Lake 410 is downstream of both Lake N11 and Area 8. The primary pathways to potential Mine-related
effects are the operational discharge to Lake N11 and the altered hydrological regime in Area 8 due to its
isolation from Kennady Lake and the upstream watershed.
The EIS predicted that there would be a slight increase in flow-through and flow at the outlet of Lake 410,
negligible changes to water and sediment quality and negligible effects on aquatic health. The EIS also
predicted that there would be no effects on channel or bank stability at the Lake 410 outlet.
Water yields in 2015 and 2016 were elevated relative to baseline and reference conditions, as a result of
dewatering of the Mine controlled area. Water yields were slightly higher than reference conditions in 2017
and 2018 due to operational pumping, but lower than baseline conditions, which is due to these years being
drier than normal. Aerial reconnaissance confirmed there was no evidence of unnatural erosion or bank
slump block failures. Water quality in Lake 410 remained within EIS predictions.
Monitoring by other components was not completed as part of the 2015 to 2018 AEMPs because changes
were expected to be negligible.

16.5

Kirk Lake

Kirk Lake is downstream of Lake 410 and is the furthest downstream lake in the study area.
The EIS predicted that there would be increased flow-through and flow at the outlet of Kirk Lake during
construction as a result of dewatering to Area 8 and Lake N11. However, no effects on the channel or bank
stability at the Kirk Lake outlet were predicted. These effects would not persist during operations. During
construction and operations, negligible changes in water and sediment quality were predicted, and
therefore, no effects to aquatic health were expected. Similarly, no effects to fish habitat or fish community
were predicted.
Water yields in Kirk Lake in 2015 and 2016 were elevated relative to baseline and reference conditions,
reflecting the increase in water yield from dewatering of the Mine controlled area. In 2017 and 2018, water
yields were slightly higher than reference conditions due to operational pumping, although still lower than
baseline conditions, which is due to these years being drier than normal. Aerial reconnaissance confirmed
there was no evidence of unnatural erosion or bank slump block failures.
Monitoring by other components was not completed as part of the 2015 to 2018 AEMPs because changes
were expected to be negligible.

16.6

Raised Lakes

Water levels have increased in the following raised lakes as a result of dyke construction to divert flows
away from Kennady Lake:
•

Lake A1: The headwater A watershed was impounded by Dyke A1 and several associated minor berms
around Lake A1. Water was pumped to Area 8 to maintain water level.

•

Lake E1: The headwater E watershed was impounded by Dyke G and flow diverted to the N watershed
(i.e., overflow into Lake N14).

•

Lake D2/D3: The headwater D watershed was impounded by Dyke F and flow diverted to the N
watershed (i.e., overflow into Lake N14). With impoundment, Lakes D2 and D3 were combined into one
lake prior to reaching full supply level.
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EIS Predictions
The impoundment of Lakes A1, E1, D2, and D3 was expected to raise water levels by varying amounts
depending on the lake and the mitigation measures applied.
Of the raised lakes, Lake D2/D3 was selected as a representative lake for monitoring of most AEMP
components, because it experienced the greatest change in water level (estimated at 2.8 m) and surface
area (i.e., an approximate increase of 52 ha, which is approximately double the existing combined surface
area of lakes D2 and D3). Therefore, Lake D2/D3 was expected to have the largest changes in water and
sediment quality, and potential subsequent effects on aquatic life.
The EIS predicted that the flooding of tundra soils and vegetation had the potential for minor changes in
water and sediment quality, particularly nutrients and mercury. An increase in nutrient concentrations and
corresponding increase in lower trophic organism abundance and biomass was also predicted but with
negligible effects on the fish community and aquatic health. Mercury concentrations in fish tissue were
expected to increase temporarily during the water quality stabilization period, but this was not expected to
impair the health of the fish. An increase in the available habitat area for aquatic organisms and biomass
of plankton and benthic invertebrates was predicted, following a period of adjustment; however, it was
predicted that there would be reduced benthic invertebrate biomass in the deeper areas of the raised lakes,
with no overall adverse effect on productivity. It was expected that changes would occur during the flooding
period, and then communities would stabilize.

AEMP Observed Results
Construction of Dyke A1 was expected to potentially increase water levels by up to 0.5 m in Lake A1
(De Beers 2012); however, annual pumping from Lake A1 to Lake J1 and Area 8 in 2016 and 2018 has
maintained water levels below this threshold. Pumping in 2015 and 2017 was not required.
Construction of Dyke G downstream of Lake E1 was completed in 2016, with the first overflow from Lake
E1 to Lake N14 occurring in June 2017. In 2018, Lake E1 again overflowed to Lake N14 during the spring
freshet. The flow path from Lake E1 to Lake N14 was observed to be underneath floating mats of organic
material and terrestrial vegetation, which resulted in the actual spill elevation of Lake E1 being governed
not by the ground surface, but by a sub-surface sill. A lined channel was constructed along the flow path in
September 2018 to mitigate surface erosion.
Construction of Dyke F was also completed in 2016. Water levels in Lake D2 began to rise in 2016, and
Lakes D2 and D3 were hydrologically joined to form a single waterbody (referred to as Lake D2/D3).
However, the full supply level for this raised lake was not reached until spring 2019 (i.e., water did not
overflow to Lake N14 during the 2015 to 2018 AEMP period).
Post-dyke monitoring found that water levels in Lake D2/D3 were above EIS projections in 2016 and 2017,
despite drier than normal conditions; however, in 2018, water levels were below EIS projections. As
predicted, concentrations of major ions, nutrients, and metals increased above pre-dyke levels. While some
of these changes were not minor, they may not necessarily translate into adverse effects on aquatic biota,
in part due to the influence of exposure and toxicity modifying factors on bioavailability of metals. Minor
changes in sediment metal concentrations were also observed. As predicted, the trophic status of Lake
D2/D3 shifted over time from oligotrophic/mesotrophic in 2015 to mesotrophic/eutrophic in 2016 and 2017,
and to eutrophic in 2018 (based on chlorophyll a). This shift in trophic status has also resulted in changes
in phytoplankton biomass and zooplankton community composition. These changes are consistent with
EIS predictions of increased nutrient concentrations in response to rising water levels. The overall results
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of the benthic invertebrate analysis in Lake D2/D3 partly support the EIS predictions of an overall increase
in biomass of benthic invertebrates due to an increase in lake bottom habitat and productivity. However,
other environmental factors such as increased incidence of anoxic or low dissolved oxygen (DO) conditions
in Lake D2/D3 may also be influencing the benthic community. The WOE integration found weak evidence
for toxicological impairment, weak to moderate evidence for nutrient enrichment, and negligible evidence
for physical habitat alteration effects on the plankton or benthic invertebrate communities in Lake D2/D3,
although the increase in water levels may be resulting in low DO concentration observed during winter.
Northern Pike and Lake Trout have been observed in Lake D2/D3 (De Beers 2012); however, the first fish
tissue program in Lake D2/D3 was scheduled in 2019; therefore, the tissue chemistry results from Northern
Pike (i.e., mercury) will be considered in the next re-evaluation.
Lake D2/D3 water quality has been in transition since the amalgamation of Lakes D2 and D3 in 2016. The
raised lake reached its full supply level in June 2019, when lake water from the deeper Basin D3 overflowed
to Lake N14. Lake water quality is expected to continue to change as the lake continues to mature and
develop, consistent with EIS predictions, until the eventual stabilization of water quality. Changes in water
and sediment quality and biological communities will continue to be assessed through annual monitoring.

16.7

Lake N14 and Lake N17

The EIS predicted that there would be increased flow-through in Lakes N14 and N17 as a result of diverted
flows from the D and E watersheds, increased flow at the outlets, particularly in Lake N14, with increased
lake habitat area for fish, and potentially minor changes in water and sediment quality. There were no
predictions related to lower trophic communities and negligible effects were predicted for fish health, fish
tissue metal concentrations and fish communities.
Lakes N14 and N17 were monitored by the hydrology component to provide an indication of baseline
(normal) conditions before receiving diverted flows, and to monitor flows once the raised lakes
(i.e., Lake D2/D3 and Lake E1) flow into Lake N14, which then flows into Lake 17. Monitoring by other
components was not completed as part of the 2015 to 2018 AEMPs because changes were expected to
be negligible or minor.
Lake E1 was observed to overflow to Lake N14 for a period in June 2017. Lake D2/D3 did not overflow into
Lake N14 during the 2015 to 2018 AEMP period. In 2017 and 2018, the annual water yields in Lake N14
and Lake N17 accounted for inflows from the E watershed, but were below median baseline projections
and similar to conditions observed in the reference lakes.

16.8

Ecological Significance of Observed Effects

The main Mine activities that could have potentially affected the aquatic receiving environment during
construction and early operations include:
•

the Fish-Out of Kennady Lake;

•

dewatering of the controlled area of Kennady Lake during construction;

•

isolation of Area 8 from the Kennady Lake watershed;

•

alteration of flows and water levels due to the construction of dykes and diversions;

•

downstream flow mitigation; and

•

operational discharge from the WMP.
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The Fish-Out of Kennady Lake resulted in a predicted decline in Arctic Grayling numbers between 2014
and 2015, coinciding with the isolation of Area 8 from Kennady Lake. Arctic Grayling were not observed
downstream of Area 8 in 2017 and 2018 (i.e., a Moderate Action Level trigger), likely due to a combination
of events that have occurred since 2014, some Mine-related and some natural. The ecological implication
of the absence of Arctic Grayling is that the sustained absence may then result in effects to other fish
species through changes in community structure and food web interactions. However, as confirmed through
the expanded geographic extent of sampling, Arctic Grayling remain in the larger Kirk Lake watershed and
were detected at the outlet of Lake 410. Proposed changes to the downstream flow mitigation will also
promote the recolonization of Arctic Grayling in the KLM watershed. If no evidence of Arctic Grayling return
is documented in the next two AEMP years, then additional contingency measures, such as physical
relocation of adult, juvenile and YOY Arctic Grayling from suitable locations downstream of Lake 410, to
Area 8 and Stream K5, will be considered.
Dewatering of the controlled area of Kennady Lake (i.e., Areas 3, 5, and 7) had no measurable effect on
the receiving environments of Area 8 and Lake N11. Water levels in Area 8 and Lake N11 were not elevated
beyond natural conditions and lake volume changes were negligible. For Area 8, water transferred during
dewatering from Area 7 to Area 8 was the same water that would have naturally flowed in the absence of
Dyke A. Water from Area 3 and Area 5 was transferred into Lake N11 from Kennady Lake, which is in a
separate watershed. Monitoring data for both Area 8 and Lake N11 showed that quality of the dewatering
discharge was consistent with historical water quality in Area 8 and Lake N11, and no discernible effects
on sediment quality or aquatic health were observed. There was also no evidence suggesting changes to
fish habitat conditions. The ecological significance of the shift in zooplankton community composition
observed in Area 8 in 2016 is low because other monitoring components did not show a response and the
shift likely captured the natural variability that would be expected in extremely dry conditions (i.e., similar
to, or below, 100-year dry conditions).
The isolation of Area 8 from the Kennady Lake watershed was expected to reduce flow-through and outflow,
thereby increasing the residence time and the rate of evaporation relative to recharge. Consequently, slight
increases in concentrations of nutrients, major ions, and metals were observed relative to background
conditions. Increases in concentrations of major ions and metals are not expected to have any ecological
significance, because the concentrations were below toxicity-based benchmarks such that negligible effects
to aquatic health are expected. The ecological significance of the observed increase in nutrients is expected
to be an increase in productivity of plankton, benthic invertebrate and fish communities, without notable
changes in community composition.
The reduced flow caused by the isolation of Area 8 from the Kennady Lake watershed and the local dry
conditions in 2016, resulted in substantially reduced flows in the K, L and M streams which would have
resulted in ecological implications for Arctic Graying migration and fish passage. To alleviate this, the DFMP
was implemented in 2017 and 2018 by providing augmented flows from Lake N11 into Area 8. The
augmented flow provided the minimum flows required for Arctic Grayling migration and fish passage during
the spring migration period. The evidence for physical habitat alteration in downstream streams was
negligible for benthic invertebrate and fish communities, with availability of suitable physical habitat and
access to habitats for spawning observed during the four years of fish population and community
assessment. Apart from Arctic Grayling, multiple fish species representing all life stages were present in
the downstream K, L and M streams in 2017 and 2018.
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Dykes F and G diverted site water away from the controlled area, causing the raising of water levels in
lakes D2, D3 and E1. Increasing water levels of these lakes have caused flooding of the tundra, increased
lake surface area and hydrologically joined lakes (e.g., Lake D2/D3). Lake D2/D3 water quality has been in
a transition phase since the amalgamation of Lakes D2 and D3 in 2016. The lake water quality is expected
to continue to change as the lake continues to mature and develop, consistent with EIS projections for this
lake, until the eventual stabilization of water quality which is anticipated to occur further into the Mine
operations. The ecological implications of these continued changes in water quality are that there will
continue to be increases in productivity and changes in the biological communities as water levels and the
lake area stabilizes. If the enrichment persists, the observed slight increases in primary productivity may
provide more food for zooplankton, benthic invertebrates and ultimately for fish, possibly to a greater extent
than the other lakes. If the enrichment persists, the observed increases in primary productivity may provide
more food for zooplankton, benthic invertebrates and ultimately for fish, possibly to a greater extent than in
the core lakes.
Effects related to operational discharge to Lake N11 were observed in 2018, with several water quality
parameters significantly different from baseline and reference conditions (i.e., TDS, conductivity, nitrate,
some major ions, and metals). However, lake-wide median/mean concentrations were below toxicity-based
benchmarks, and therefore no ecological implications are expected. Nutrient enrichment was observed, in
that nutrient concentrations, particularly nitrogen, was elevated as was expected due to nitrogen in the
operational discharge, and increases in phytoplankton biomass were detected. However, nutrient
concentrations remained within the oligotrophic range for Area 8 and Lake N11, which was expected in the
EIS. The ecological implications of the observed increase in nutrients on phytoplankton biomass in
Lake N11 are considered to be minor, because productivity indicators remain representative of oligotrophic
conditions, and no major phytoplankton community shifts were observed. If the enrichment persists, the
observed slight increases in primary productivity may provide more food for zooplankton, benthic
invertebrates and ultimately for fish.
Overall, AEMP monitoring results during 2015 to 2018 were consistent with the residual effects
classification in the EIS. The impact classification for the first time period was based primarily on the
dewatering and subsequent loss of the aquatic ecosystem in Kennady Lake during mining operations. A
moderate magnitude effect was predicted regarding the suitability of water within the Kennady Lake
watershed to support a viable and self-sustaining aquatic ecosystem. This is primarily due to the loss of
most of Kennady Lake due to the construction of the controlled area. However, magnitude of effects was
rated as negligible to minor for downstream lakes including L and M Lakes, Lake N11, and Lake 410. Given
the results of the past four years of AEMP monitoring during the construction and early operation phases,
the water in Area 8, Lake N11, downstream of these core lakes, and the raised lakes is able to support a
viable and self-sustaining aquatic ecosystem.
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Lessons Learned

This Aquatic Effects Re-evaluation Report provides an opportunity to review AEMP monitoring data from
2015 to 2018 to determine key “lessons learned” during the first four years of monitoring, and apply those
learnings to the updated AEMP Design Plan. Overall, the 2015 to 2018 AEMP results indicate that the
AEMP design performed as expected and was effective at meeting the objectives of the AEMP as stated
in Section 7.1 of the currently approved AEMP Design Plan (De Beers 2016a). The re-evaluation identified
several recommended minor changes to the sampling design or data analysis methods to improve or
streamline the AEMP; these recommendations are described in each component section, as well as
summarized in Section 18. The following are some major lessons learned through the re-evaluation of the
2015 to 2018 AEMP data:
•

The baseline data set for water and sediment quality, plankton, benthic invertebrates, and fish health
and fish tissue chemistry in the core lakes was limited in terms of matching the AEMP sampling
locations, number of stations wining a lake, and analytical detection limits. This resulted in some
exceedances of the normal range during the initial years of monitoring under the AEMP, and significant
before-after control-impact (BACI) results that were not linked to Mine-related effects. Data from the
2015 and 2016 AEMP, could be used to augment the baseline dataset.

•

The normal ranges used in the 2015 to 2018 AEMP annual reports were useful in identifying
environmental change during the initial monitoring cycles of the AEMP; however, limitations were
identified in the application and underlying assumptions of the method. A revised method was
developed and is expected to improve both the precision and reproducibility of the normal ranges.
Regional normal ranges were also developed in addition to revised lake-specific normal ranges, and
both normal ranges will be incorporated into the Action Level assessment.

•

The results of the BACI analysis used from 2015 to 2018 were complicated to present and interpret.
The re-evaluation confirmed that the BACI method is still appropriate for the AEMP, but that the
statistical approach and presentation of results may be modified to make the interpretation easier to
understand. A revised analytical method has been proposed (Appendix 7B), which is similar to the
previous method, but improves consistency with visual data interpretation and provides the opportunity
to streamline both the BACI analysis and the interpretation of results.

•

Revisions in sampling locations are justified for some AEMP components and waterbodies to improve
the efficiency of the AEMP. For Hydrology, Lake J1 is no longer affected by mine-related activities
(diversion from Lake A1) and therefore can be removed from the sampling design. For water quality,
the level of effort to monitor downstream lakes L2 and M4 for water quality was unnecessary given their
small size and location relative to the Mine. Also, there was limited alignment between the water quality
and benthic invertebrate sampling stations in the streams; this can be remedied by aligning stream
stations between the two components.

•

The analytical suite and sample collection procedures for nutrient analysis by the water quality and
plankton components resulted in a duplication in effort for sampling, laboratory analysis, and data
interpretation. This inefficiency can be eliminated by reducing the phosphorus analytical suite, removing
duplication of sampling effort, and focussing the assessment of nutrient enrichment in the plankton
component.
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•

Sediment core sampling at the operational SNP stations in Lake N11 at the boundary of the mixing
zone for the permanent diffuser has been unsuccessful, despite multiple attempts and effort expended
to identify and sample suitable substrates. It is proposed that 1-cm grab sampling replace the 1-cm
core sampling. Also, the timing of the sampling in September proved difficult due to unsafe sampling
conditions on the lake (i.e., onset of ice, strong winds); therefore, timing of SNP sediment sampling is
recommended to change to August.

•

The Low Action Levels were sometimes too sensitive, and were unnecessarily triggered. Changes are
recommended for Low Action Levels related to the Toxicological Impairment impact hypothesis, so that
an effect that triggers the Low Action Level represents a detectable change that is large enough to be
outside typical background variability and is approaching (but is still well below) a level that has the
potential for toxic effects. For sediment quality, the revised Low Action Level will incorporate results of
the water quality within-lake spatial trend assessment and SNP sediment quality data collected at the
edge of the mixing zone. Changes to the biological endpoints are also recommended to streamline and
focus the Low Action Level assessment.
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17 UPDATED EFFECT PREDICTIONS
Predicted environmental effects of the Gahcho Kué Mine (Mine) and proposed mitigation were presented
in the 2010 Environmental Impact Statement (EIS; De Beers 2010), the 2011 EIS Update (De Beers 2011),
the 2012 EIS Supplement (De Beers 2012) submitted to the Mackenzie Valley Environmental Impact
Review Board (MVEIRB). In addition, revised predictions generated from a water quality model update were
submitted to the Mackenzie Valley Land and Water Board (MVLWB) as part of the 2018 Water Licence
Amendment application (De Beers 2018d).
This section of the Aquatic Effects Re-evaluation Report provides updated predictions of Mine-related
effects on the aquatic environment from the time of writing to the end of Project life (i.e., 2019 to closure)
based on Aquatic Effects Monitoring Program (AEMP) results to date and any other relevant operational
monitoring data. For each monitoring component, the proposed changes (if any) to the effect predictions
are provided for each waterbody/watercourse. These effect predictions are typically qualitative, with the
exception of quantitative water quality predictions for Area 8 and Lake N11 from the 2018 Water Licence
Amendment.

17.1

Hydrology

Slight changes to the effect predictions for hydrology during the operations phase are summarized in
Table 17.1-1 and mainly apply to Area 8, and lakes and streams downstream of Area 8, Lake N11, and
Lake J1.
Outflow from Area 8 and downstream flows will be more regulated than they have been previously with the
proposed changes to the downstream flow mitigation, which will result in pumping more water into Area 8
just after ice-off and maintaining higher flow rates and water levels downstream of Area 8 into July.
However, it is unlikely that pumping will increase open-water flows above flood levels because the
augmentation targets are well below the flood flows for Area 8, and are within natural seasonal variation.
The channel at the outlet of Area 8 is naturally adapted to convey the flows targeted in the Downstream
Flow Mitigation Plan (DFMP). As well, if natural climatic conditions result in flood flows, pumping will not be
required and will be curtailed at that time.
Effect predictions for Lake N11 were updated to consider the differing effects of operational discharge
(increased annual yield), pumping to Area 8 to support downstream flow mitigation (decreased annual
yield), and diverted flows from the D and E watersheds (slight increases in flows).
For the other waterbodies/watercourses and for future mine phases (i.e., closure and post-closure), the
effect predictions remain unchanged, but additional details are provided in Table 17.1-1 to clarify predicted
effects during operations. For example, the hydrology assessment considers changes from baseline
conditions as well as reference conditions. Baseline conditions represent conditions (over a range of
climatic variability) prior to the development of the mine whereas reference conditions account for changes
in climate due to natural variability and represent what is “natural” in that specific year.
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Summary of Predicted Mine-related Changes to the Aquatic Environment for Hydrology

Phase

Operations(c)

Waterbody/Watercourse

Updated Effect Predictions(b)

Area 8

Isolated from rest of Kennady Lake; reduced flow-through and
outflow (flow mitigation plan will be implemented)

Water levels in Area 8 are expected to be higher than reference conditions due to downstream flow mitigation pumping from Lake N11
and potential pumping of water from Lake A1.
Water levels in Area 8 are expected to be lower than baseline conditions due to the construction of the Mine controlled area.

Area 8 outlet stream (Stream K5) and L and M streams

Reduced flow-through; reduced flow at outlet (flow mitigation
plan will be implemented)

Water levels in Area 8 and associated outflow will be augmented by downstream flow mitigation pumping from Lake N11. As a result,
annual water yield will be higher than reference conditions.

Lake N11

Annual water yield in Lake N11 will remain elevated relative to reference conditions for the duration of operational discharge.
Increased flow-through; increased flow at outlet; slight increase Once operational pumping ceases, the annual water yield in Lake N11 is expected to be below reference conditions, as a result of
in water level
downstream flow mitigation pumping to Area 8.
Decreases to Lake N11 flows will be partly offset by increased flows due to contributions from the D and E watersheds.

Other N lakes (i.e., Lake N14 and Lake N17)

Increased flow-through; increased flow at outlet, particularly in
Lake N14

No change in effect predictions; additional clarification of original effect predictions is provided below:
The magnitude of flows in Lake N14 and Lake N17 will be elevated relative to baseline conditions due to the diversion of the D and E
watersheds into Lake N14.
The annual water yield in Lake N14 and Lake N17 should be similar to reference conditions once the added watershed area from the D
and E watershed is considered.

L and M Lakes

Reduced flow-through; increased flow at outlet; minor increase
in water level

Water levels in the L and M lakes will be a similar direction but of diminished magnitude of the changes expected upstream at Area 8.

Lake 410

Slight decrease in flow(d)

No change in effect predictions; additional clarification of original effect predictions is provided below:
Flows at the outlet of Lake 410 are expected to be similar to reference conditions but lower than baseline conditions due to the creation of
the Mine controlled area and resulting loss of watershed area due to closed-circuiting.

Negligible change

No change in effect predictions; additional clarification of original effect predictions is provided below:
Flows at the outlet of Kirk Lake are expected to be similar to reference conditions but lower than baseline conditions, due to the creation
of the Mine controlled area and resulting loss of watershed area due to closed-circuiting. By Kirk Lake, the decrease in flows due to losses
of upstream watershed area are not expected to be detectable.

Raised lakes - Lakes D2, D3, E1, A1

Increased water level

No change in effect predictions; additional clarification of original effect predictions is provided below:
Lake D2/D3 will overflow into Lake N14 beginning in 2019 and continue to flow into Lake N14 seasonally thereafter.
Lake E1 will continue to flow seasonally into Lake N14.
Water will be transferred from Lake A1 directly to Area 8 intermittently, as needed to manage water levels in Lake A1.

Lake J1

Increased flow-through due to diversion from Lake A1 (Area 1)

Diversion from Lake A1 no longer occurs and therefore no Mine-related changes in Lake J1 are predicted.

Kennady Lake Areas 2 to 7

Partly dewatered, Areas 3 and 5 function as WMP

No change in effect predictions

Area 8

Isolated from rest of Kennady Lake; reduced flow-through and
outflow (flow mitigation plan will be implemented)

No change in effect predictions

Area 8 outlet stream (Stream K5) and L and M streams

Reduced flow-through; reduced flow at outlet (flow mitigation
plan will be implemented)

No change in effect predictions

Lake N11

Water used to fill Areas 2 to 7; reduced flow-through and flow
at outlet

No change in effect predictions

Other N lakes

No change

No change in effect predictions

L and M lakes

Reduced flow-through; reduced flow at outlet; minor decrease
in water level (flow mitigation plan will be implemented)

No change in effect predictions

Lake 410

Slight decrease in flow

No change in effect predictions

Kirk Lake

Negligible change

No change in effect predictions

Lakes D2, D3, E1, A1

Dykes removed, water level restored

No change in effect predictions

Lake J1

Water level restored

Diversion from Lake A1 no longer occurs and therefore no Mine-related changes in Lake J1 are predicted.

Kennady Lake Areas 2 to 7

Re-filled

No change in effect predictions

Kirk Lake

Closure
(refilling - 12 to 20 years)

Current Effect Predictions (a)
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Summary of Predicted Mine-related Changes to the Aquatic Environment for Hydrology

Phase

Closure
(post-closure - 24+ years)

Waterbody/Watercourse

Current Effect Predictions (a)

Updated Effect Predictions(b)

Area 8 outlet stream (Stream K5) and L and M streams

Similar to baseline

No change in effect predictions

Lake N11

Similar to baseline

No change in effect predictions

Other N lakes

Similar to baseline

No change in effect predictions

L and M lakes

Similar to baseline

No change in effect predictions

Lake 410

Similar to baseline

No change in effect predictions

Kirk Lake

Similar to baseline

No change in effect predictions

Lakes D2, D3, E1, A1

Similar to baseline

No change in effect predictions

Lake J1

Similar to baseline

No change in effect predictions

Kennady Lake (Areas 2-8)

Re-filled; similar to baseline, but altered lake morphometry

No change in effect predictions

a) Source: Table 5.4-1 in De Beers (2016a).
b) Applicable to 2020 AEMP, as the proposed changes to downstream flow mitigation are expected to start in 2020.
c) Operations phase started in October 2016 and is expected to extend until 2028 (i.e., total of 12 years, with 2016 considered Year 1).
d) Table 5.4-1 in De Beers (2016a) incorrectly stated “slight increase in flow” during operations for Lake 410. The correct effect prediction as per the EIS was “slight decrease in flow”.
AEMP = Aquatic Effects Monitoring Program; WMP = water management pond.
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Water and Sediment Quality

A high level summary of the changes to the chemical components (water and sediment quality) of the
aquatic ecosystem were provided in the currently approved AEMP Design Plan (Table 5.4-1, De Beers
2016a). The majority of these effect predictions have not changed, with the exception of those for Lake J1
(Table 17.2-1). Lake J1 will no longer receive diversions from Lake A1 and therefore is not expected to be
affected by the Mine.
Qualitative effect predictions for the raised lake D2/D3 have been refined in consideration of further review
of water quality data collected between 2016 and 2018 (Section 7, Water Quality). The refinements
represent an update to the Lake D2/D3 predictions based on our current understanding of the predicted
changes in the developing lake, and are not a change from the original predictions.
The effect predictions for water and sediment quality during closure and post-closure phases have not
changed.
Water quality in the Area 8 and Lake N11 receiving environments was modelled for the EIS (De Beers
2011, 2012) and subsequently in the 2014 model update (Golder 2014e). These water quality predictions
were updated as part of the 2018 Water Licence Amendment application and are presented in Table 17.2-2
for quantitative comparisons in future AEMP annual reports.
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Summary of Predicted Mine-related Changes to the Aquatic Environment for Water and Sediment Quality
Updated Effect Predictions(b)

Phase

Waterbody/ Watercourse

Current Effect Predictions (a)

Water Quality

Not applicable; part of the controlled area within the Mine site

Not applicable; part of the controlled area within the Mine site

Not applicable; part of the controlled area within the Mine site

Area 8

Slight increases in concentrations of nutrients, TDS, and metals

No change in effect predictions

No change in effect predictions

Lakes/streams downstream of Area 8

Slight increases in concentrations of nutrients, TDS, and metals

No change in effect predictions

No change in effect predictions

Lake N11

Increased concentrations of nutrients, TDS, and metals for limited
period (early operations)

No change in effect predictions

No change in effect predictions

Other N lakes (i.e., Lake N14 and Lake
N17)

Potential for minor change in water and sediment quality

No change in effect predictions

No change in effect predictions

Lake 410

Negligible change

No change in effect predictions

No change in effect predictions

Kirk Lake

Negligible change

No change in effect predictions

No change in effect predictions

Lakes D2, D3

Potential for minor change in water and sediment quality (e.g., nutrients,
mercury)

Water quality changes, including increased concentrations of some
nutrients and metals, are expected to continue as the amalgamated lake
D2/D3 continues to mature and develop. While some of these water quality
changes are not minor, they may not necessarily translate into adverse
effects on aquatic biota, in part due to the influence of exposure and
toxicity modifying factors on bioavailabity for metal uptake by biota. Water
quality will likely remain in a transitional phase for another few years
before eventual stabilization and a gradual return over time to conditions
similar to baseline. Thus, predicted water quality changes are still
expected to be temporary.

No change in effect predictions

Lakes E1, A1

Potential for minor change in water and sediment quality (e.g., nutrients,
mercury)

No change in effect predictions

No change in effect predictions

Lake J1

Potential for minor change in water and sediment quality

Diversion from Lake A1 no longer occurs and therefore no Mine-related
changes in Lake J1 are predicted.

Diversion from Lake A1 no longer occurs and therefore no Mine-related
changes in Lake J1 are predicted.

Kennady Lake Areas 2 to 7

Not applicable; part of the controlled area within the Mine site

No change in effect predictions

No change in effect predictions

Area 8

Slight increases in concentrations of nutrients, TDS, and metals

No change in effect predictions

No change in effect predictions

Lakes/streams downstream of Area 8

Slight increases in concentrations of nutrients, TDS, and metals

No change in effect predictions

No change in effect predictions

Lake N11

Negligible change

No change in effect predictions

No change in effect predictions

Other N lakes

Negligible change

No change in effect predictions

No change in effect predictions

Lake 410

Negligible change

No change in effect predictions

No change in effect predictions

Kirk Lake

Negligible change

No change in effect predictions

No change in effect predictions

Lakes D2, D3, E1, A1

Similar to baseline

No change in effect predictions

No change in effect predictions

Operations(c)

Closure
(refilling - 12 to 20 years)

Closure
(post-closure - 24+ years)

Sediment Quality

Kennady Lake Areas 2 to 7

Lake J1

Similar to baseline

No change in effect predictions

No change in effect predictions

Kennady Lake (Areas 2-8)

Increased concentrations of nutrients, TDS, and metals

No change in effect predictions

No change in effect predictions

Lakes/streams downstream of Area 8

Increased concentrations of nutrients, TDS and metals

No change in effect predictions

No change in effect predictions

Lake N11

Similar to baseline

No change in effect predictions

No change in effect predictions

Other N lakes

Similar to baseline

No change in effect predictions

No change in effect predictions

Lake 410

Slightly increased concentrations of nutrients and some metals

No change in effect predictions

No change in effect predictions

Kirk Lake

Negligible change

No change in effect predictions

No change in effect predictions

Lakes D2, D3, E1, A1

Similar to baseline

No change in effect predictions

No change in effect predictions

Lake J1

Similar to baseline

No change in effect predictions

No change in effect predictions

a) Source: Table 5.4-1 in De Beers (2016a).
b) To be applied to 2020 AEMP onwards.
c) Operations phase started October 2016 and is expected to extend until 2028 (i.e., a total of 12 years).
AEMP = Aquatic Effects Monitoring Program; TDS = total dissolved solids.
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Updated Maximum Projected Water Quality Parameter Concentrations in Area 8
and Lake N11 during Operational Discharge

Parameter
Conventional Parameters
Total dissolved solids, calculated(c)
Major Ions
Calcium
Chloride
Fluoride
Magnesium
Potassium
Sodium
Sulphate
Nutrients and Biological Indicators
Nitrate
Total ammonia
Total phosphorus
Total Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Strontium
Thallium
Uranium
Vanadium
Zinc

Units

Area 8(a)

Lake N11(b)

mg/L

37

253

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

4.2
4.6
0.081
1.9
1.9
2.8
8.6

38
98
0.16
7.7
3.6
24
15

mg-N/L
mg-N/L
mg-P/L

0.38
0.1
0.012

7.4
0.8
0.013

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

0.075
0.00041
0.0004
0.028
0.00014
0.12
0.000054
0.00092
0.0011
0.0021
0.18
0.00023
0.04
0.0000092
0.0032
0.0054
0.000088
0.000047
0.032
0.000044
0.0014
0.0024
0.0077

0.058
0.00092
0.0013
0.05
0.00012
0.23
0.000032
0.00098
0.00088
0.0018
0.23
0.00028
0.031
0.000011
0.0024
0.0027
0.00012
0.000034
0.45
0.0001
0.0011
0.0017
0.0085

Source: Environmental Screening Assessment (De Beers 2018d).
a) Maximum projected water quality parameter concentrations during operational discharge from Area 7 to Area 8. Note that water
from Area 7 will only be discharged to Area 8 if it meets effluent quality criteria.
b) Maximum projected water quality parameter concentrations during operational discharge to Lake N11. These projections include
discharges under open-water conditions and to Year 4 of operations.
c) TDS values were calculated using the Standard Methods formula (APHA 2012).
mg-N/L = milligrams nitrogen per litre; mg-P/L = milligrams phosphorus per litre; TDS = total dissolved solids.
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Lower Trophic Organisms (Plankton and Benthic
Invertebrates)

The effect predictions for plankton and benthic invertebrates have not changed (Table 17.3-1). Clarification
of EIS predictions for lower trophic communities are provided below. The recent 2018 Water Licence
Amendment did not affect the EIS predictions for plankton or benthic invertebrates.
The EIS evaluated effects on plankton and benthic invertebrate communities in terms of potential resulting
impacts on two assessment endpoints: the suitability of water quality to support a viable aquatic ecosystem
and the abundance and persistence of desired population(s) of key fish species (Lake Trout, Arctic Grayling
and Northern Pike). Therefore, the residual effects classification focused on characterizing impacts to
aquatic ecosystems and fish, rather than directly on lower trophic communities. However, plankton and
benthic invertebrate communities were considered as measurement endpoints in the effects analysis for
fish and water quality Valued Components (VCs). The detailed definitions used to rate the magnitude of
projected residual impacts to these assessment endpoints are provided in the EIS (Table 8.14-2, De Beers
2011). In brief, a negligible effect was defined as having no measurable change to the overall health of the
aquatic ecosystem or the abundance of fish VCs relative to existing conditions. A low effect was defined as
a measurable change to the aquatic community that may occur but with no expected no notable changes
in community structure or overall health of the system and no measurable change to the abundance of fish
VCs but with population statistics (such as age-class structure) that may differ from existing conditions
(Table 8.14-2, De Beers 2011).
The EIS predicted that the concentrations of several constituents in water would increase in core lakes
during the operational period, but that concentrations would remain below water quality guidelines. Given
these predicted changes in water quality, negligible to low effects on plankton and benthic invertebrate
communities were predicted in core lakes. This effect prediction has not changed.
The EIS predicted that nutrient concentrations (i.e., nitrogen and phosphorus) would increase during the
operational phase of the Mine both in Area 8 and Lake N11. This was not expected to change the trophic
status of the lakes, but was predicted to increase productivity of plankton and benthic invertebrate
communities over time, without notable changes in community composition. Overall, the magnitude of this
change was expected to be greater in Lake N11 than in Area 8. These effect predictions have not changed.
The predicted higher maximum total phosphorus concentrations in Lake N11 and Area 8, which were
identified by the 2018 water quality modelling update completed for the 2018 Water Licence Amendment
(Section 17.2), may further influence the productivity of plankton and benthic invertebrate communities in
the core lakes; however, the changes are expected to remain within the EIS predictions.
Changes in water levels and lake areas in the raised lakes (Lakes D2, D3, E1, A1) were predicted to
increase available habitat area for benthic invertebrates, once new lake areas are fully colonized. This was
predicted to result in an overall increase in total biomass of benthic invertebrates in the lake after a period
of adjustment to the new water levels. Increased lake levels may also result in reduced benthic invertebrate
biomass in deeper areas of the lake, as the benthic fauna becomes more typical of deep-water areas, which
are usually characterized by lower invertebrate density and richness. Overall, a negligible to low effect on
benthic invertebrate communities was predicted in the raised lakes, with the effect level more pronounced
in Lake D2/D3. Lake D2/D3 was expected to have the largest change in depth and surface area of the
raised lakes. Therefore, any changes to aquatic components were expected to be more pronounced in this
lake. The results from the last four years of AEMP monitoring in Lake D2/D3, particularly those in 2018,
suggest that the benthic invertebrate community remains in flux following initial construction of Dyke F in
2016. It is expected that it will take several years before the community begins to stabilize. Therefore, the
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original effect prediction is still appropriate and remains unchanged. The results of the Aquatic Effects reevaluation for benthic invertebrates suggest that other environmental factors such as increased incidence
of anoxia or low dissolved oxygen conditions in Lake D2/D3 may also be influencing the benthic community.
However, additional monitoring is needed to continue to assess and characterize the changes occurring in
the Lake D2/D3 environment.
The EIS predicted that minor changes in water quality in the raised lakes will occur during the early stages
of the Mine operational phase, as a result of the rising water levels and the corresponding increased surface
area (e.g., flooding and inundation of vegetation and soils). The changes are anticipated to be temporary
(i.e., during flooding and initial stabilization) due to the release of nutrients, metals, and other substances
from flooded sediments and vegetation. A minor change is a measurable increase in a water quality
parameter that is outside the range of baseline values but is still within water quality guidelines. Minor
changes in water quality are expected to result in negligible to low effects on aquatic health. Nutrient
enrichment is expected to increase phytoplankton and zooplankton abundance and biomass, and result in
changes to phytoplankton and zooplankton community composition. Therefore, this effect prediction has
not changed.
Mine operations were predicted to reduce flow in the L and M watersheds, and thus reduce available habitat
for benthic invertebrates within the streams. The largest changes were predicted to occur in streams K5
and L3, with diminishing effects farther downstream. Overall, projected decreases in mean current velocity
were expected to be small, and not enough to impact benthic invertebrate communities, although biomass
was predicted to decrease. Primary productivity in the streams was also expected to increase because of
phosphorus release from Mine activity. This again was expected to have the greatest effect closer to the
outlet from Area 8. This effect prediction has not changed.
The effect predictions for plankton and benthic invertebrate communities during closure and post-closure
phases have also not changed from the EIS. During the refilling of Kennady Lake (closure), slight increases
in concentrations of nutrients, total dissolved solids (TDS), and metals are expected in Area 8 and
downstream lakes and streams, with negligible water quality changes in Lake N11, Lake 410, and Kirk
Lake. Therefore, the effect predictions of negligible to low effects on lower trophic communities remain
unchanged.
Although the trophic status of Kennady Lake and downstream lakes was predicted to remain with in the
oligotrophic range during future, steady-state conditions, nutrient concentrations in Kennady Lake were
predicted to increase within the oligotrophic range, with corresponding changes in productivity of lower
trophic communities. Increased productivity is expected at all lower trophic levels, reflected in increases in
biomass of phytoplankton, zooplankton, and benthic invertebrates. In addition, some shifts in relative
abundances of different plankton and invertebrate groups will likely occur, as communities adjust to the
greater nutrient and food supply. This effect prediction for the post-closure period has not changed.
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Summary of Predicted Mine-related Changes during Operations to the Aquatic
Environment for Plankton and Benthic Invertebrate Communities

Waterbody/ Watercourse

Updated Effect
Predictions(a)

EIS Predictions

Kennady Lake Areas 2 to 7

Not applicable; part of the controlled area within the
Mine site

No change in effect
predictions

Area 8

No change in trophic status of Area 8
Slight increase in nutrient concentrations and
corresponding increase in productvity of plankton
and benthic communities, without notable changes
in community composition
Negligible effects on aquatic health, including
benthic invertebrates and plankton due to changes
in major ions and metal concentrations in Area 8

No change in effect
predictions

Area 8 outlet stream (Stream
K5) and L and M streams

Reduction in available habitat for benthic
invertebrates within the streams
Minor reduction in current velocity, but not enough
to impact benthic invertebrate communities
Overall decrease in benthic invertebrate biomass
within the streams
Largest changes predicted to occur in streams K5
and L3, with diminishing effects downstream

No change in effect
predictions

L and M lakes

Effects in L and M watersheds similar to those
described for upstream waterbodies; any changes
are expected to be reduced with distance
downstream

No change in effect
predictions

Lake N11

No change in trophic status of Lake N11
Increase in nutrient concentrations and
corresponding increase in productvity of plankton
and benthic communities, without notable changes
in community composition
Negligible effects on aquatic health, including
benthic invertebrates and plankton, due to changes
major ion and metal concentrations in Lake N11

No change in effect
predictions

Operations(b)

Other N lakes (i.e., Lake N14
No predictions related to lower trophic communities
and Lake N17)

n/a

Lake 410

Effects in Lake 410 similar to those described for
Kennady Lake

No change in effect
predictions

Kirk Lake

No predictions related to lower trophic communities

n/a

Raised lakes - Lakes D2,
D3, E1, A1

Increase in available habitat area and biomass of
plankton and invertebrates following a period of
adjustment to rising water levels
Reduced benthic invertebrate biomass in deeper
areas
No adverse effects on production of plankton and
benthic communities
Negligible effects on aquatic health due to changes
in water quality
Increase in nutrient concentrations and
corresponding increase in lower trophic organism
abundance and biomass

No change in effect
predictions

a) Applicable to 2020 AEMP, as the proposed changes to the downstream flow mitigation are expected to start in 2020.
b) Operations phase started October 2016 and is expected to extend until 2028 (i.e., total of 12 years).
AEMP = Aquatic Effects Monitoring Program; EIS = Environmental Impact Statement; n/a = not applicable.
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Fish Habitat and Community

Changes to effect predictions for fish habitat and community during the operations phase are summarized
in Table 17.4-1. The EIS assumed the Arctic Grayling population in Area 8 and downstream lakes and
streams would be sustained during operations after the fish-out of Kennady Lake. However, AEMP
monitoring has confirmed the lack of a sustainable population. Therefore, AEMP response plans include
efforts to promote the recolonization of the study area by Arctic Grayling by providing and maintaining
habitat in the downstream environment through maintenance of a minimum flow regime. The updated effect
prediction is that Arctic Grayling will return during operations, provided that the changes to the DFMP, as
recommended in the flow augmentation assessment, are implemented. While the contribution of Arctic
Grayling to the productivity of the fish community in Area 8 and downstream has changed, the potential for
the habitat to support Arctic Grayling remains. Therefore, the effect prediction related to fish habitat has not
changed.
During closure, Kennady Lake will be refilled and brought back to pre-development water levels. To reduce
the closure period, water will be pumped from Lake N11 to Kennady Lake annually during the open-water
period. The refilling time is estimated to be approximately 12 years with augmented flow from Lake N11,
and 20 years with only natural runoff inflows. During the closure phase, reduced flows downstream of
Kennady Lake are the primary stressor to fish habitat and community, and downstream flow mitigation will
be required. This effect prediction has not changed.
The EIS predicted that during post-closure, flows will return to near baseline conditions throughout the KLM
watersheds, with Kennady Lake refilled and reconnected. The decreases in water levels in the lakes
downstream of Kennady Lake during post-closure are predicted to be small compared to baseline (i.e., less
than 10 cm), and water levels are expected to increase compared to operations, resulting in an increase in
available overwintering and foraging habitat in the KLM system, which is expected to support a larger fish
population compared to operations. Provided that Arctic Grayling return to the KLM watersheds during
operations, Arctic Grayling should be able to access the refilled Kennady Lake, once water quality meets
the desired levels and the lake is reconnected to the downstream systems. Therefore, negligible effects on
the fish habitat and community downstream of Area 8 are expected during post-closure. This effect
prediction has not changed.
Although the trophic status of Kennady Lake and downstream lakes is expected to remain oligotrophic, a
slightly increased phosphorus concentration over the long-term will result in increased overall biological
productivity compared to pre-development conditions. The increased nutrients will increase biomass of
lower trophic communities, which may also increase the growth and production of fish. However, there may
be small changes to under-ice dissolved oxygen concentrations in Kennady Lake and downstream lakes
at post-closure compared to pre-development conditions. Overall, it is expected that the water within
Kennady Lake and downstream watersheds will support a viable and self-sustaining aquatic ecosystem.
This effect prediction has not changed.
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Summary of Predicted Mine-related Changes during Operations to the Aquatic Environment for Fish Habitat and Community

Phase

Waterbody/ Watercourse

EIS Predictions

Updated Effect Predictions(a)

Kennady Lake Areas 2 to 7

Loss of fish habitat because part of the controlled area is within the Mine site; fish community removed through
fish-out program and fish access barred

Fish Habitat:
No change in effect predictions
Fish Community:
No change in effect predictions

Area 8

Fish Habitat:
Slight increase predicted in productivity of plankton and benthic invertebrate communities
Decreased lake habitat area
Fish Community:
Decrease in the abundance of Arctic Grayling predicted due to physical habitat alteration (i.e., decrease in flows).
Lake Trout and Round Whitefish may not continue to persist in Area 8 throughout the operational period
Negligible effects on the fish community predicted due to toxicological impairment or nutrient enrichment

Fish Habitat:
No change in effect predictions
Fish Community:
Recolonization by Arctic Grayling during operations with the provision of updated DFMP as per the flow
augmentation assessment and the occurrence of natural “Wet” hydrological flow conditions
No change in effect predictions for toxicological impairment or nutrient enrichment

Lakes/streams downstream of Area 8

Fish Habitat:
No predicted change in productivity of benthic invertebrate communities
Increase in the frequency of fish barriers preventing spring spawning migrations of Arctic grayling
Fish Community:
Reduction in Arctic Grayling and, to a lesser extent, Northern Pike populations between Area 8 and Lake 410
Negligible effects on the fish community predicted due to toxicological impairment or nutrient enrichment

Fish Habitat:
No change in effect predictions
Fish Community:
Recolonization by Arctic Grayling in the K, L and M streams during operations with the provision of
updated DFMP as per the flow augmentation assessment and occurrence of natural “Wet” hydrological
flow conditions
No change in effect predictions for toxicological impairment or nutrient enrichment

Lake N11

Fish Habitat:
Increased productivity predicted at all trophic levels
Fish Community:
Increased growth and production predicted in the large-bodied fish species due to nutrient enrichment
Negligible effects on the fish community predicted due to toxicological impairment or physical habitat alteration

Fish Habitat:
No change in effect predictions
Fish Community:
No change in effect predictions

Other N lakes (i.e., Lake N14 and Lake N17)

Fish Habitat:
Increased lake habitat area
Fish Community:
Negligible effects on the fish community

Fish Habitat:
No change in effect predictions
Fish Community:
No change in effect predictions

Lake 410

Negligible predicted effects to fish habitat or fish community

No change in effect predictions

Kirk Lake

Negligible predicted effects to fish habitat or fish community

No change in effect predictions

Raised lakes - Lakes D2, D3, E1, A1

Fish Habitat:
Increased lake habitat area
Fish Community:
Negligible effects on the fish community

Fish Habitat:
No change in effect predictions
Fish Community:
No change in effect predictions

Operations(b)

a) Applicable to 2020 AEMP, as the proposed changes to the downstream flow mitigation are expected to start in 2020.
b) Operations phase started October 2016 and is expected to extend until 2028 (i.e., total of 12 years).
AEMP = Aquatic Effects Monitoring Program; EIS = Environmental Impact Statement.
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Fish Health and Fish Tissue Chemistry

The EIS assessed the potential for modelled water quality in Kennady Lake after refilling, and in Lake N11
and Lake 410 during construction, operations, and closure, to cause chronic toxicity to aquatic life through
direct waterborne exposure and indirectly through body burdens in fish. Modelled concentrations were
below toxicity thresholds, supporting the prediction of negligible effects on aquatic health. Since the updated
maximum projected concentrations of water quality parameters in Area 8 and Lake N11 during operations
are expected to remain below site specific water quality objectives, which were developed to be protective
of aquatic life, changes to water quality are still predicted to have negligible toxicological effects on aquatic
health in Area 8, Lake N11, and downstream waterbodies (e.g., Lake 410 and Kirk Lake). The fish health
and fish tissue chemistry components in the AEMP assess these effect predictions, by monitoring changes
in fish survival (i.e., age), energy use (i.e., growth and reproduction), energy storage (i.e., condition), and
metal tissue concentrations in sentinel fish species.
The EIS predicted an increase in nutrient concentrations in Area 8 and Lake N11 during operations, which
are expected to increase productivity at all trophic levels. Increased biomass of phytoplankton, zooplankton,
and benthic invertebrates can increase the food base for fish, and potentially result in increased growth and
production in the fish community. This may manifest as increased energy storage and utilization by fish.
However, the trophic status of the lakes is expected to remain the same, and no adverse effects on fish
health are expected. This effect prediction has not changed.
The EIS predicted minor changes in water and sediment quality in the raised lakes, which can include
increased mercury concentrations. As described in Information Request responses during the
Environmental Impact Review (EIR) process, although the possibility for increased mercury methylation
exists from raising the diversion [raised] lakes, it is not expected to increase concentrations in fish tissue
enough to impair the health of the fish or any wildlife that may eat these fish (De Beers 2014b). This effect
prediction has not changed.
The effect predictions for closure and post-closure have not changed. Increased productivity in Kennady
Lake and downstream watersheds due to increased phosphorus inputs will increase overall biological
productivity compared to pre-development conditions. However, a viable and self-sustaining aquatic
ecosystem will be maintained. Therefore, these effect predictions have not changed.
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Summary of Predicted Mine-related Changes during Operations to the Aquatic
Environment for Fish Health and Fish Tissue Chemistry
Waterbody/Watercourse

EIS Predictions

Updated Effect Predictions(a)

Kennady Lake Areas 2 to 7

Not applicable; part of the
controlled area within the Mine site

No change in effect predictions

Area 8

Negligible effects to aquatic health
as measured by changes to fish
health endpoints and fish tissue
metal concentrations

No change in effect predictions

Lakes/streams downstream
of Area 8

Negligible effects to aquatic health
as measured by changes to fish
health endpoints and fish tissue
metal concentrations

No change in effect predictions

Lake N11

Negligible effects to aquatic health
as measured by changes to fish
health endpoints and fish tissue
metal concentrations

No change in effect predictions

Other N lakes (i.e., Lake N14
and Lake N17)

Negligible effects to aquatic health
as measured by changes to fish
health endpoints and fish tissue
metal concentrations

No change in effect predictions

Lake 410

Negligible effects to aquatic health
as measured by changes to fish
health endpoints and fish tissue
concentrations

No change in effect predictions

Kirk Lake

Negligible effects to aquatic health
as measured by changes to fish
health endpoints and fish tissue
metal concentrations

No change in effect predictions

Raised lakes - Lakes D2, D3,
E1, A1

Negligible effects to aquatic health
as measured by changes to fish
health endpoints and fish tissue
metal concentrations
Mercury concentrations in fish
tissue are expected to increase
temporarily during the water quality
stabilization period, but is not
expected to impair the health of the
fish.

No change in effect predictions

(b)

a) Applicable to 2020 AEMP, as the proposed changes to the downstream flow mitigation is expected to start in 2020.
b) Operations phase started October 2016 and is expected to last until 2028 (i.e., total of 12 years, with 2016 considered Year -1).
AEMP = Aquatic Effects Monitoring Program; EIS = Environmental Impact Statement.
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18 RECOMMENDATIONS FOR CHANGES TO THE AEMP
DESIGN PLAN
This section of the Aquatic Effects Re-evaluation Report summarizes the recommendations made to update
the Aquatic Effects Monitoring Program (AEMP) Design Plan for the Gahcho Kué Mine (Mine). Specific
recommendations made in the concluding sections of each AEMP component were compiled and organized
in this section for easy review. These updates will be applied to the next version of the AEMP Design Plan.

18.1

Document Structure, Format, and General Content

The organization of the updated AEMP Design Plan will be revised to fit the template provided in Appendix 1
of Guidelines for Aquatic Effects Monitoring Programs (MVLWB and GNWT 2019). It is expected that most
of the text from the currently approved AEMP Design Plan will not change, but will be re-organized to fit the
updated document structure as required by MVLWB and GNWT (2019).

18.2

Overall Study Design

Monitoring components, sampling locations and frequency and the overall conceptual model will remain
similar to that approved in the current AEMP Design Plan (De Beers 2016a), with minor component-specific
updates. Monitoring will continue in core lakes (i.e., Area 8, Lake N11, Lake 410 [for water quality]),
reference lakes (i.e., East Lake and Lake 3), raised lakes (i.e., Lake D2/D3), and downstream lakes and
streams. Reasonably foreseeable projects downstream of the Mine (i.e., along the drainage pathway from
Area 8 to Lake 410) will be considered in future updates to the overall sampling design, if appropriate.
Currently, there are no reasonably foreseeable projects that will affect aquatic effects monitoring; however,
De Beers Canada Inc. (De Beers) is committed to working with other operators to understand the potential
for effects on the aquatic environment downstream of the Mine.
De Beers has committed to provide full rationale for changes to, or a reduction in, monitoring frequency in
this Aquatic Effects Re-evaluation Report. However, changes to monitoring frequency are not being
recommended at this time.
A summary of changes to the overall AEMP study design (i.e., changes affecting more than a single
monitoring component) and brief rationale for the changes are provided in Table 18.2-1. This table also
provides references to the appropriate component sections for the full rationales. The overall study design
will remain consistent with that presented in the currently approved AEMP Design Plan (De Beers 2016a)
with the following exceptions:
•

For water quality, sediment quality, phytoplankton and benthic invertebrate community data, the 2015
and 2016 data for Lake N11 and 2015 data for Area 8 and Lake 410 will be included in the “pre-impact”
dataset.

•

For fish health and fish tissue data, 2015 data will be included in the “pre-impact” dataset.

•

Revised before-after control-impact (BACI) statistical methods will be implemented.

•

A revised approach for managing non-detect values will be implemented for chemistry variables.

•

Revised component-specific normal ranges (baseline and regional) will be used going forward in the
AEMP annual reports.

•

Stream sampling stations downstream of Area 8 will be aligned among components.
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Recommended Changes to the Overall AEMP Study Design

Recommendation

Brief Rationale

Full Rationale

For Lake N11, use 2015 and 2016 water
quality, sediment quality, phytoplankton
community and benthic invertebrate
community data as “pre-impact” data.

The effects of dewatering during the construction
phase of the Mine were determined to be minimal
in both Area 8 (2015) and Lake N11 (2015 and
For Area 8 and Lake 410, use only 2015 data 2016). However, there was indication of a change
in zooplankton community composition in Area 8
as the “pre-impact” dataset.
in 2016; therefore, 2016 data for Area 8 are not
For the fish health and fish tissue chemistry recommended for use as pre-impact data.
data, use 2015 data as the “pre-impact”
dataset.
The revised method shows consistency with the
previous method and provides an opportunity to
streamline both the BACI analysis and the
interpretation of results. The revised approach is
Use the revised statistical methods for the
also less likely to result in a statistically significant
BACI analysis.
finding when at least one of the reference lakes
has temporal trends similar to those of the core
lakes.
The data management approach should be
Revise the current approach for managing
informed by the degree of censoring in the
non-detect values.
dataset.
Limitations were identified in the application and
underlying assumptions of the current method
when incorporating 𝑚𝑚 (i.e., sample size of the
exposure mean) into the calculation of prediction
intervals. A revised method was developed that
Use the revised normal ranges in the AEMP does not consider 𝑚𝑚 and was expected to
improve the utility of normal ranges in monitoring
annual reports. Specifically, the revised
baseline and regional normal ranges should environmental change.
be adopted for the core lakes.
Regional normal ranges were calculated and will
be recalculated during future Aquatic Effects reevaluations to incorporate relevant data from the
reference lakes, and to account for long-term
environmental processes such as climate change.
Optimize sampling effort for the program by
aligning water quality stream sampling stations
Align stream sampling stations among
with benthic invertebrate stream sampling stations
components.
downstream of Area 8.
AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact.
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AEMP Response Framework

The AEMP Response Framework developed by De Beers (2016a) and summarized in Section 3 links
monitoring results to management actions with the purpose of maintaining aquatic assessment endpoints
within acceptable ranges. The Response Framework provides a systematic approach to responding to the
results of the AEMP and informs that management actions and adaptive management are used to prevent
a Significance Threshold from ever being reached. The Significance Threshold is defined as the “no-go
condition” for the Mine. Significance Thresholds were selected to protect the key valued aquatic
components and their traditional uses within the vicinity of, and downstream of, the Mine site. The selection
of Significance Thresholds was based on the commitment by De Beers that traditional water uses in
Lake N11 (outside of the mixing zone) and in all waters downstream of Kennady Lake would not be affected
by Mine-related activities throughout construction, operation, and reclamation. Traditional water uses
include drinking the water and harvesting and consuming fish. Three Significance Thresholds were selected
for the Mine:
•

water is not drinkable (i.e., risk to human health and/or wildlife);

•

fish are not safe for consumption (i.e., risk to human health and/or wildlife); and

•

ecological function is not maintained (i.e., inadequate food for fish; fish unable to survive, grow, or
reproduce; and/or sustained absence of a fish species).

In the currently approved AEMP Response Framework, three impact hypothesis were addressed:
•

Nutrient Enrichment Hypothesis

•

Toxicological Impairment Hypothesis

•

Physical Habitat Alteration Hypothesis

The Significance Thresholds, valued aquatic components, measurement endpoints and impact hypotheses
described in the currently approved AEMP Design Plan (De Beers 2016a) and in Section 3 have not
changed.
Proposed changes to the Response Framework are associated with Action Levels. Action Levels are
intended to represent increasing levels of change towards the Significance Thresholds defined for the
AEMP, which lead to appropriate actions to mitigate potential effects, thereby preventing reaching the
Significance Thresholds.
As a part of the Aquatic Effects re-evaluation, Low Action Levels for each of the components were reviewed
and a number of revisions and additions were proposed. The updates to the Low Action Levels are in
response to recommendations and commitments made in the AEMP annual reports and AEMP response
plans. Further, since the original Response Framework was developed, the MVLWB and GNWT developed
new guidelines for AEMPs in the Northwest Territories (NT; MVLWB and GNWT 2019). These 2019
guidelines were taken into consideration when proposing updates to the Low Action Levels.
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In addition, Moderate and High Action Levels were defined for each of the components in accordance with
the MVLWB and GNWT guidance document (MVLWB and GNWT 2019). However, at this stage of the
AEMP, the criteria associated with these effect categories are considered conceptual. Consistent with
guidance by MVLWB and GNWT (2019), it is anticipated that the Moderate and High Action Levels will be
re-assessed as additional information becomes available, or as new trends emerge as a result of ongoing
monitoring.
A summary of the changes to Action Levels for the AEMP and brief rationale for the changes are provided
in Table 18.3-1. The table also provides references to the appropriate component sections for the full
rationale. In general, the Action Level updates include:
•

the removal of Action Levels for water quantity;

•

updates to the Low Action Level for all components;

•

newly developed Moderate and High Action Levels for the core lakes for all components; and

•

newly developed Action Levels for Lake D2/D3 for all components.
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Recommendation
Remove Action Levels for water quantity

Replace the “OR” logical operator with an “AND” in
the Low Action Level criteria

Water Quality (Core Lakes)

Remove the Low Action Level related to measured
toxicity at end-of-pipe
Remove Action Levels related to nutrient
enrichment from the Water Quality component and
discuss as part of the Plankton component

Water Quality

Remove aesthetic objectives from the Action Levels

Sediment Quality

Revise the Low Action Level to incorporate results
of the water quality within-lake spatial trend
assessment and the edge-of-mixing zone SNP
sediment quality data

Plankton (Core Lakes)
Benthic Invertebrates (Core Lakes and
Streams)

Replace the “OR” logical operator with an “AND” in
the Low Action Level criteria

Water Quality (Core Lakes)
Sediment Quality (Core Lakes)
Plankton (Core Lakes)
Benthic Invertebrates (Core Lakes and
Streams)
Fish Tissue (Core Lakes)
Fish Health (Core Lakes)
Water Quality (Lake D2/D3)
Sediment Quality (Lake D2/D3)
Plankton (Lake D2/D3)
Benthic Invertebrates (Lake D2/D3)

Plankton

December 2019

Recommended Changes to the AEMP Response Framework and Action Levels

AEMP Component

Plankton

18-5

Brief Rationale
The Action Levels from 2015 to 2018 were related to the alteration of physical habitat, including water levels and flows. Flood flows and
aufeis development may occur in the future, but those events will be the result of natural factors rather than Mine-related activities. The
Action Levels adopted in the years 2015 to 2018 for water quantity no longer apply to the AEMP monitoring.
Water quality in the core lakes are predicted to change; lake-wide concentrations are expected to be within AEMP benchmarks.
The current criteria will trigger the Low Action Level if a change in water quality was found (i.e., significant BACI effect and greater than
normal range) but the lake-wide average concentration does not approach an AEMP benchmark. This is not consistent with the intended
definition of a Low Action Level, as per the updated AEMP guidance (MVLWB and GNWT 2019): effects are measurable but well below the
significance threshold. By requiring all three criteria to be true for a trigger, an effect that triggers the Low Action Level represents a
detectable change that is large enough to be outside typical background variability and is approaching (but is still well below) a level that
has the potential for toxic effects.
Sublethal toxicity testing in end-of-pipe effluent is conducted as part of the SNP, and instances of sublethal toxic effects are dealt with as
part of Water Licence compliance.
The results of sublethal toxicity testing will continue to be used as supporting information in the AEMP.
Changes in open-water nutrient concentrations in Area 8, Lake N11 and Lake D2/D3 will be assessed in the plankton component. As part
of that assessment, a new TN AEMP benchmark is proposed, and will be used along with the TP AEMP benchmark to assess Low,
Moderate, and High Action Levels related to nutrient enrichment.
The plankton component will evaluate nutrient concentrations (i.e., TN and TP), while the water quality component will focus on
toxicologically relevant nitrogen parameters (i.e., ammonia, nitrate, nitrite).
The aesthetic objectives included in the current Low Action Level are mainly based on taste, water discolouration or staining, and the
potential for corrosion or scaling in the distribution system; none of which are relevant to the Significance Threshold of Water is not
drinkable (i.e., risk to human health and/or wildlife). The Action Levels should focus on health-based Maximum Acceptable Concentrations
that were set by Health Canada (2019) to protect the health of the most vulnerable members of society, such as children and the elderly.
The revised Low Action Level will reference changes in water quality that provide evidence of decreasing concentrations with distance from
the diffuser, as well as evidence of increased concentrations of sediment quality parameters at SNP stations. The SNP stations are located
closer to the diffuser (i.e., at the mixing zone boundary) compared to the AEMP stations (i.e., outside mixing zone). Consideration of
multiple media would better establish whether the observed sediment quality changes might be Mine-related.
Based on the current Low Action Level criteria, it is possible to have a significant BACI effect and still be within the normal range.
Conversely, because of the narrow normal range, which was based on limited baseline data for plankton and benthic invertebrates, a Low
Action Level could also be triggered by a normal range exceedance without having a significant BACI effect. Triggering based on the
current Low Action Level criteria is unlikely to be indicative of a real effect, largely because the “OR” operator in the Action Level criteria
makes the Low Action Level overly sensitive. By requiring both criteria to be true for a trigger, an effect that triggers the Low Action Level
represents a detectable change that is large enough to be outside typical background variability.

Section # for Full Rationale
Section 5.5

Section 7.5.1.1.1

Section 7.5.1.1.1

Section 7.5
Section 9.6.1

Section 7.5.1.2

Section 8.5.1.1

Section 9.5.4.1
Section 9.6.1.1
Section 10.6.1.1
Section 10.6.3.1

Section 7.5.1.1
Section 8.5.1
Moderate and High Action Levels were developed for the core lakes to align with the new guidelines for AEMPs in the NT (MVLWB and
Section 9.5.4
GNWT 2019). Consistent with the updated guidance document, the Moderate and High Action Levels are triggered in cases where effects
Section 9.6.1
Adopt Moderate and High Action Levels created for
are measurable and trending towards the significance threshold but still below it (MVLWB and GNWT 2019). The Action Levels escalate in
the core lakes and streams
Section 10.6.1
degree (severity) and spatial extent. Exceeding the Moderate and High Action Levels will trigger implementation of mitigation to stop or
Section 10.6.3
slow (Moderate) or reverse (High) trends.
Section 12.5
Section 13.5
Section 7.5.2
Some Mine-related effects have been observed for Lake D2/D3, which are consistent with EIS expectations. Further changes are likely as Section 8.5.2
Adopt new Low, Moderate and High Action Levels Lake D2/D3 continues to develop over time; therefore, Low, Moderate and High Action Levels for Lake D2/D3 were developed, consistent
Section 9.5.5
with the new guidelines for AEMPs in the NT (MVLWB and GNWT 2019), to monitor and adapt to be protective of downstream
created for Lake D2/D3
Section 9.6.2
environments. These newly developed Action Levels also include suggested responses if an Action Level is exceeded.
Section 10.6.2
Include chlorophyll a as a variable in the Action
Chlorophyll a has been a reliable indicator of the biological response to nutrient enrichment at other mine sites and appears to be a useful
Level assessment for the Nutrient Enrichment
surrogate for phytoplankton biomass in the core and reference lakes. In addition, chlorophyll a concentration can be compared to generally Section 9.5.1
Hypothesis
accepted trophic status criteria, which are not available for other biological variables.
Remove phytoplankton and zooplankton community
The inherent variability in community composition led to uncertainty in the interpretation of ecologically relevant changes and overly
composition from the Low Action Level, but
sensitive triggers of the Low Action Level in the 2015 to 2018 AEMP annual reports. Therefore, rather than include community composition Section 9.5.3
incorporate it into the Moderate and High Action
changes in the Low Action Level, it is recommended that community compositional changes be included at the Moderate Action Level.
Levels
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Recommended Changes to the AEMP Response Framework and Action Levels

AEMP Component

Recommendation

Brief Rationale
Section # for Full Rationale
Index values such as diversity are non-directional (i.e., the same change may occur under a toxicological effect and nutrient enrichment),
and an increase or decrease in diversity does not necessarily imply an adverse change. The possibility that Mine-related changes in
Remove Simpson’s diversity index from the Low
Benthic Invertebrates
Section 10.6.1
hydrology and water and sediment quality could cause a reduction in the number of taxa represented, will continue to be addressed
Action Level
through inclusion of taxonomic richness in the Action Levels.
Confirmation of Low Action Level triggers over two consecutive sampling programs is recommended to provide verification that the
observed pattern is a true nutrient enrichment effect, rather than reflective of year-to-year variation. This condition was not applied to the
Plankton (Core Lakes)
Section 9.5.4
Include a temporal element to the Low Action Level
toxicological impairment Action Levels, because it was assumed that toxicological effects require immediate attention. For the plankton
criteria for nutrient enrichment
Benthic Invertebrates (Core Lakes)
Section 10.6.1
component, the number of years that a persistent change be observed should be reduced from three years to two years, to be consistent
with other components (i.e., water quality and benthic invertebrates).
The Low Action Level criteria related to flow rate during operations were related to the DFMP, which was designed to augment flows
Revise the Low Action Level criteria for downstream downstream of Area 8 based on hydrological year-type. Given the outcomes of the 2017 and 2018 response plans, and based on the
Fish Habitat and Community
Section 11.4
results of the flow augmentation assessment, flow rates at or above 0.4 m3/s associated with the timing of spring migration are required to
flows to apply to operations
allow for free access to habitats throughout the KLM watersheds and to allow for recolonization by Arctic Grayling.
Adopt Moderate and High Action Levels for the
Moderate and High Action Levels were developed for the KLM watersheds as per the 2017 and 2018 Response Plans for Fish Habitat and
Fish Habitat and Community
Section 11.4
KLM watersheds
Community.
The addition of a catchability element to the Low Action Level reflects an adjustment to capture population level changes; in the event the
sentinel species are not captured in adequate numbers (i.e., unable to obtain at least 75% of total lethal samples size targets), a Low
Fish Health
Include catchability in the Low Action Levels
Section 12.5
Action Level would be triggered.
Remove criteria requiring the average value for a
Section 12.5
Fish Health
Action Level triggers should be designed to apply to each of the impact hypotheses. In the event an Action Level is triggered, part of the
fish health endpoint to be in a direction indicative of
response would be to determine which impact hypothesis may have contributed to the effects observed.
Section 13.5
Fish Tissue
a toxicological or nutrient enrichment effect
Effect indicators will no longer be compared to regional normal ranges in the Low Action Level to improve the conceptual alignment of the
Fish Tissue
Remove regional normal range comparisons from fish health and fish tissue component with the other AEMP components and to increase the sensitivity of the Low Action Level. Instead, a Section 12.5
magnitude of difference that exceeds the critical effect size will be used as a criterion for a Low Action Level exceedance. Comparison to
the Low Action Level
Fish Health
Section 13.5
regional normal ranges will be used in the Moderate Action Level.
Fish Tissue
Include comparison to critical effect size in the Low Including a comparison to the critical effect size in the Low Action Level will align the Action Level assessment with MDMER definition of a Section 12.5
Action Level
biologically significant effect in the fish population (Government of Canada 2018).
Fish Health
Section 13.5
AEMP = Aquatic Effects Monitoring Program; DFMP = Downstream Flow Mitigation Plan; EIS = Environmental Impact Statement; MDMER = Metal and Diamond Mining Effluent Regulations; SNP = Surveillance Network Program; TN = total nitrogen; TP = total phosphorus; mg-N/L = milligrams of nitrogen

per litre; NT = Northwest Territories.
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AEMP Component Details

Recommendations are provided in this section for each monitoring component based on the review of
AEMP data collected to date. These recommendations focus on technical aspects of monitoring and
efficiency, and incorporate lessons learned during the Aquatic Effects re-evaluation period.
In general, the recommended changes are minor and include component-specific changes in sampling
design, data analysis, laboratory analysis, interpretation and quality assurance and quality control. A
summary of these changes and brief rationale for the changes are provided in Table 18.4-1. The table also
provides references to the appropriate component sections for the full rationale.
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Component Specific Recommended Changes to the AEMP Design Plan

AEMP Component
Hydrology

Water Quality

Item

Remove Lake J1 from the hydrology sampling program
Add Lake E1 to the hydrology sampling program

Sampling Design

Remove Lake M1 from the hydrology sampling program

Analytical Suite

Analyze DOC in water collected from the AEMP lakes and streams

Analytical Suite

Analyze dissolved metals in all samples collected from Lake D2/D3

Analytical Suite

Revise list of nutrient parameters

Sampling Design

Reduce in the number of sampling stations in Lakes L2 and M4

The AEMP objectives for downstream water quality will be met with one station from Lake M4 plus the inlet and outlet of Lake L2.

Adopt preliminary AEMP benchmarks for Lake D2/D3 presented in
Table 7.4-10
Discontinue the 1-cm core samples in favour of 1-cm grab samples for
the SNP sampling at the edge-of-mixing zone
Include percent fines or TOC as covariates in the BACI model for
sediment quality, or normalize the sediment quality data before BACI
analysis
Reduce plankton QC samples from 20% (15 QC samples per year) to
10% (8 QC samples per year)
Light meter measurements should be removed from the AEMP

To support the AEMP Response Framework for Lake D2/D3, preliminary AEMP benchmarks are proposed for raised Lake D2/D3
for comparison to lake-wide mean/median values.
Core sampling has not been successful due to prevailing substrate type at the mixing zone boundary for the operational diffuser in
Lake N11. However, grab sampling is possible and will provide early warning data for potential changes in sediment chemistry.
It is anticipated that inclusion of particle size or TOC as covariates in the BACI model, or normalizing the data prior to analysis, will
help to address concerns that modifying factors at AEMP stations in the core and reference lakes could interfere with the
interpretation of results for the sediment quality component.
Based on the variability observed between duplicate samples in 2014 and 2015, the within-station variation is relatively low for the
plankton variables, suggesting that the number of field QC samples could be reduced without reducing the ability to detect effects.
Secchi depth measurements provide the information needed to estimate euphotic zone depth for phytoplankton sampling.
Although nutrient sampling will be completed as part of the water quality component, data analysis and interpretation relevant to
the Nutrient Enrichment Hypothesis will be completed in the plankton component including normal range comparison, statistical
analysis and Action Level assessments.
The range in each trophic classification is wide for TN and the oligotrophic and mesotrophic classifications overlap considerably;
therefore, it is suggested that the eutrophic status mean be used as the TN benchmark.
The edibility assessment is a coarse-level assessment, with a high degree of year-to-year variability in the dataset, which reduces
the sensitivity of the assessment; the edibility assessment does not provide further information compared to that provided by other
monitoring endpoints and analyses.

Sampling Design
Data Analysis
Quality Assurance/
Quality Control
Field Measurements

Plankton

Brief Rationale

Sampling Design
Sampling Design

Data Analysis

Sediment Quality

Recommendation

Data Analysis

Assess changes in nutrient concentrations relative to the Nutrient
Enrichment Hypothesis in the plankton component

Data Analysis

Adopt TN benchmark of 1.875 mg-N/L

Data Analysis

Remove the edibility assessment

Data Analysis

Reduce the scope of the annual AEMP plankton reports to evaluate
seasonal and spatial patterns visually and Action Level triggers, with
temporal trends (including MDS, Carlson’s Trophic State Index
Comparisons) assessed in the re-evaluation reports

Data Analysis

Benthic Invertebrates
Data Analysis

Data Analysis

Diversion from Lake A1 no longer occurs; therefore, no Mine-related changes in Lake J1 are expected.
Lake E1 is a raised lake that has been monitored as part of erosion monitoring beginning in 2017.
Lake M1 was monitored in 2015 but was removed from the program beginning in 2016 and replaced by Lake M4 and Lake M2 for
2016 to 2018.
This parameter is needed to support the interpretation of potential toxicity of metals to aquatic organisms.
Dissolved metals will be analyzed to facilitate interpretation of observed total guideline exceedances with respect to metal
bioavailability in the raised lake.
Moving forward, duplication of sampling will be reduced, so that one set of nutrient samples are collected at a location. The
objectives of the AEMP are currently being met through interpretation of a subset of the phosphorus parameters currently
analyzed and reported by this program. The list of nutrient parameters will be streamlined to focus on TOC, DOC, ammonia,
nitrate, nitrite, TN, orthophosphate, TP, TDP, and soluble reactive silica. All nutrients will be sampled by the water quality
components, and reported in that section of the AEMP Annual Report, but the water quality component will focus on the
assessment of toxicologically relevant parameters (i.e., ammonia, nitrate, nitrite), and the plankton component will assess nutrient
enrichment effects.

Full Rationale
Section 5.3.1
Section 5.3.2
Section 5.3.3
Section 7.3.1
Section 7.3.1

Section 7.3.1

Section 7.3.2
Section 7.4.6.3
Section 8.3.1
Section 8.4.2
Section 9.3.1
Section 9.3.2
Section 9.6
Section 9.4.5
Section 9.4.4

The scope of the plankton component in the AEMP annual reports should be reduced to focus on the evaluation of spatial and
seasonal trends. The reduced scope will still allow for an evaluation of Action Level triggers annually and will remain sensitive Section 9.3.3
enough to detect changes in the plankton community, while reducing annual effort.

Ratios of 250:500 µm mesh samples were derived using data from the mesh size study conducted in Area 8 in 2011. Ratios were
calculated for total density, total richness, and the densities of dominant and major taxa. Using these ratios it was possible to
Add the corrected baseline data generated by applying 500:250 µm
extrapolate density and richness values for samples from 2004 and 2007 that were collected using a 500 µm mesh sieve, and in so
mesh size ratios to 500 µm data from Area 8 in 2004 and 2007 and from
doing, expand the available baseline dataset for Area 8. The ratios for Area 8 were also applied to 500 µm mesh data collected in
the KLM streams in 2007 to the baseline dataset
2007 from streams downstream of Area 8. This added the 2007 data for total density and total richness to the existing 2013 baseline
dataset.
To improve the sensitivity of the BACI analysis to detect Mine-related effects, the BACI model for benthic invertebrates will be
modified to include habitat variables as covariates in the BACI, as appropriate. It is anticipated that inclusion of habitat variables as
Include habitat variables as covariates in the BACI model
covariates in the BACI model will help to address concerns that variability in habitat parameters at AEMP stations in the core and
reference lakes could interfere with the interpretation of results for the benthic invertebrate component.
The lists of dominant taxa and major groups identified for the core lakes, Lake D2/D3 and for streams downstream of Area 8
Use a standardized list of dominant taxa and major groups for the data
should be updated every three years, as part of the re-evaluation process, rather than annually, to provide continuity in the
analysis
variables analyzed.
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Component Specific Recommended Changes to the AEMP Design Plan

AEMP Component

Fish Habitat and
Community

18-9

Item

Recommendation

Brief Rationale
As part of the response actions approved in the in the 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and
Community – Version 2 (De Beers 2018b), the timing of monitoring was expanded to include fall as well as spring and summer.
As part of the response actions approved in the 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and
Community – Version 2 (De Beers 2018b), the geographic extent of the study area for the fish habitat and community monitoring
component was increased in 2018 to include: Area 8; Streams M3 to M1 and Lakes M3 to M1; the outlet of Lake 410 into the P
system; and Streams P8 to P6.
Modifications to the duration of the fish fence operations were made in 2017 and 2018, based on the duration of observed annual
spawning runs, which averaged roughly two weeks following ice-out conditions at the outlet of Area 8 (De Beers 2018c, 2019c).
As part of the response actions approved in the 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and
Community – Version 2 (De Beers 2018b), underwater video observations and visual observations by boat in the lakes between
Area 8 and Lake 410 were included in 2018 and provided additional ability as well as video and photographic evidence of fish within
these lakes (De Beers 2019c).
As part of the response actions approved in the 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and
Community – Version 2 (De Beers 2018b), angling in the lakes between Area 8 and Lake 410 was included in 2018 and provided
supplemental fish catch information (De Beers 2019c).
As part of the response actions approved in the 2017 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and
Community – Version 2 (De Beers 2018b), backpack electrofishing in the streams between Area 8 and Lake 410 were included in
2018, to confirm the presence of Arctic Grayling (De Beers 2019c). Inclusion this sampling method is important to the determination
of Arctic Grayling presence and distribution within the extended study area, as well as other fish species within streams.
As part of the response actions in the 2018 Aquatic Effects Monitoring Program Response Plan – Fish Habitat and Community –
Version 3 (De Beers 2019g), detailed statistical analysis of multi-pass electrofishing data is needed to assess trends in density and
distribution of Slimy Sculpin. This information will also be used in evaluating the High Action Level criteria.

Full Rationale

Sampling Methods

Update sampling frequency to spring, summer, and fall

Sampling Methods

Update the geographic extent of the study area

Sampling Methods

Modify duration of fish fence operation

Sampling Methods

Add underwater video surveys to the visual sampling design methods

Sampling Methods

Add angling to the AEMP sampling methods

Sampling Methods

Add backpack electrofishing to the AEMP sampling methods

Data Analysis

Add density estimates for Slimy Sculpin populations in the L, M and P
streams

Flow Mitigation Criteria

Remove the “Dry” Pumping Regime from the operational pumping
mitigation to allow for annual access to habitats
Simplify the pumping rules to “Above-average” and “Below-average”
pumping targets based on the predicted hydrologic conditions for the
year
Commence flow mitigation pumping at the start of ice-out rather than
Changes to the DFMP are recommended to enhance flow, facilitate recolonization of Arctic Grayling from Lake 410, and enhance
targeting June 1
Section 11.5
Increase spring pumping rates to 0.35 m3/s for all years, as necessary, fish passage between Area 8 and Lake 410.
to achieve the minimum target flow of 0.40 m3/s at Stream K5 and
maintain pumping until at least the end of June (or for 28 consecutive
days if pumping started before or after the beginning of June)
Increase August pumping rates to at least 0.12 m3/s to counteract
increased evapotranspiration and to maintain a flow of 0.1 m3/s at
Stream K5
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Item
Sampling Design

Recommendation
Increase target sample sizes for adult fish from 20 males and 20
females per lake to 30 males and 30 females

Sampling Design

Update text to identify Ninespine Stickleback as the sentinel species

Field Measurements

Remove turbidity monitoring from the fish health component

Data Analysis

Remove age from future comparisons of normal range

Data Analysis
Data Analysis
Analytical Methods
Fish Tissue
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Component Specific Recommended Changes to the AEMP Design Plan

AEMP Component

Fish Health

18-10

Sampling Design
Data Analysis
Sampling Design

Brief Rationale
This recommendation is based on the results of a post-hoc power analysis.

Full Rationale
Section 12.3.1

Ninespine Stickleback was identified as the sentinel species after the 2015 and 2016 AEMPs confirmed its presence and relatively
Section 12.1
higher abundance in all four study lakes.
Turbidity is used as a proxy measurement for total suspended solids, which is already monitored under the water quality
Section 12.3.2
component.
Given the biology of Ninespine Stickleback (i.e., ages range from one to three years) and proposed normal ranges (i.e., ages
range between 1 and 3 years), it was deemed unlikely that endpoints such as age could fall outside the normal range as a result Section 12.4.3
of a Mine-related impact; therefore, it was proposed that age be excluded from future normal range calculations.

Update text and analytical methods in the design plan to improve clarity
and alignment of terminology and methods with MDMER (Government These changes are proposed to align with updated requirements and terminology under the MDMER.
of Canada 2018)
A CES based on a magnitude of difference of 100% should be adopted for fish tissue parameters to distinguish ecologically
Adopt a CES based on a magnitude of difference of 100% for fish tissue meaningful differences from stochastic noise in the fish tissue component. This CES would then be incorporated into the weight of
evidence and Action Level assessments.
Update design plan to state that the best achievable DL available from
The AEMP Design Plan will be updated to state that the best achievable DL available from the analytical laboratory will be used.
the analytical laboratory will be used for metal analysis in fish tissue
Clarify in the design plan that the target sample size for the fish tissue
components is ten Ninespine Stickleback carcass samples for each of An additional statement related to target sample sizes should be added to the updated AEMP Design Plan to improve clarity of
the AEMP sample lakes and ten Northern Pike tissue plugs for Lake
text.
D2/D3 mercury monitoring
Update methods in the AEMP Design Plan for calculating descriptive
The methods for calculating descriptive statistics for fish tissue parameters will be updated to specify that means and medians will
statistics for fish tissue parameters
only be calculated if more than 50% of the data are above detection limit.
Update design plan to indicate that duplicate samples will not be
Duplicate samples will not be collected or submitted for laboratory analysis during routine monitoring for the AEMP, as this is
collected or submitted for laboratory analysis during routine monitoring
impractical using carcass samples from Ninespine Stickleback due to small sample volumes.
for the AEMP

Section 12.4.4
Section 13.3.1
Section 13.3.2
Section 13.3.3
Section 13.4.3
Section 13.4.4

AEMP = Aquatic Effects Monitoring Program; BACI = before-after control-impact; CES = critical effect size; DFMP = Downstream Flow Mitigation Plan; DL = detection limit; DOC = dissolved organic carbon; MDMER = Metal and Diamond Mining Effluent Regulations; MDS = multidimensional scaling; SNP
= Surveillance Network Program; TN = total nitrogen; TOC = total organic carbon; TP = total phosphorus; TDP = total dissolved phosphorus; QC = quality control.
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20 ABBREVIATIONS AND ACRONYMS, UNIT OF MEASURE
AND GLOSSARY
20.1

Abbreviations and Acronyms

Abbrev
AEMP
AICc
ALS
ANOSIM
ANOVA
AO
APHA
ARGR
AVS-SEM
BA
BACI
BC ENV
BTEX
BURB
CaCO3
CCME
CDWQG
CES
CFIA
Chl a
CI
CL
Cu2+
CuCO3
CuOH+
CWQG-PAL
De Beers
DFMP
DFO
DL
DO
DOC
dw
E. coli
e.g.
ECCC
EEM
EIS
ENR
EPT
EQC
et al.
ETMF
FH
FT

Definition
Aquatic Effects Monitoring Program
Akaike’s Information Criterion, corrected
ALS Canada Ltd.
analysis of similarity
analysis of variance
aesthetic objective
American Public Health Association
Arctic Grayling
acid-volatile sulfide/simultaneously extracted metals
before-after
before-after control-impact
British Columbia Ministry of Environment and Climate Change Strategy
benzene, toluene, ethylbenzene, and xylenes
Burbot
calcium carbonate
Canadian Council of Ministers of the Environment
Canadian Drinking Water Quality Guidelines
critical effect size
Canadian Food Inspection Agency
chlorophyll a
control-impact
confidence limit
free ionic copper
copper carbonate
copper hydroxide
Canadian water quality guideline for the protection of aquatic life
De Beers Canada Inc.
Downstream Flow Mitigation Plan
Department of Fisheries and Oceans
detection limit
dissolved oxygen
dissolved organic carbon
dry weight
Escherichia coli
for example
Environment and Climate Change Canada
Environmental Effects Monitoring
Environmental Impact Statement
Environment and Natural Resources
Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies)
effluent quality criteria
and more than one additional author
exposure and toxicity modifying factor
fish health
fish tissue
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Abbrev
GIS
GNWT
GNWT-ENR
Golder
i.e.
ID
IC25
IR
ISQG
KLSA
K-S
K-W
LBF
LC50
LKCH
LKTR
LNSC
log10
logPI
LSA
LSM
m
MAC
mAICc
max.
MDMER
MDS
MGC
min.
Mine
mMDS
MVEIRB
MVLWB (the Board)
N
n
n/a
nc
nMDS
NNST
No.
NR
NRPK
ns
NSMA
NT
P
PEL

December 2019
Section 20

Definition
Geographic Information System
Government of Northwest Territories
Government of Northwest Territories Environment and Natural Resources
Golder Associates Ltd.
that is
identification
inhibition concentration affecting 25% of tested organisms
Information Request
interim sediment quality guideline
Kennady Lake Study Area
Kolmogorov-Smirnov
Kruskal-Wallis
large-bodied fish
the concentration of sample estimated to be lethal to 50% of the test organisms.
Lake Chub
Lake Trout
Longnose Sucker
logarithm base 10
95% prediction intervals were defined calculated using log transformed data and then
upper and lower by back transforming boundaries were back-transformed to the original
data scale.
Local Study Area
least squares mean
number of observations in the dataset
maximum acceptable concentration
marginal Akaike’s Information Criterion, corrected
maximum
Metal and Diamond Mining Effluent Regulations
multidimensional scaling
maximum grab concentration
minimum
Gahcho Kué Mine
metric multidimensional scaling
Mackenzie Valley Environmental Impact Review Board
Mackenzie Valley Land and Water Board
nitrogen
sample size
not applicable
data not available
not calculated
non-metric multidimensional scaling
Ninespine Stickleback
number
normal range
Northern Pike
not significant
North Slave Métis Alliance
Northwest Territories
probability
probable effect level

De Beers Canada Inc.

Gahcho Kué Mine
20-3
2015 to 2018 Aquatic Effects Re-evaluation Report
Abbreviations and Acronyms, Unit of Measure, and Glossary

PI
PK
PKC
P-value
PVC
Q
QA
QA/QC
QC
r2
RM
RNWH
RPD
SBF
SD
SDD
SLSC
SNP
sp.
SPC
spp.
SQG
SSD
SSWQO
TBD
TDS
TKN
TN
TOC
TP
TSS
U of W
USEPA
VC
WLWB
WMP
WOE
WQ
WQG
WRF
WSC
WSE
ww
YOY

Abbrev

Definition
prediction interval
processed kimberlite
Processed Kimberlite Containment
probability value
polyvinyl chloride
discharge
quality assurance
quality assurance and quality control
quality control
coefficient of determination
repeated measures
Round Whitefish
relative percent difference
small-bodied fish
standard deviation
Species Sensitivity Distribution
Slimy Sculpin
Surveillance Network Program
species
specific conductivity
multiple species
sediment quality guideline
Species Sensitivity Distribution
site-specific water quality objective
to be determined
total dissolved solids
total Kjeldahl nitrogen
total nitrogen
total organic carbon
total phosphorus
total suspended solids
University of Waterloo
United States Environmental Protection Agency
Valued Component
Wek´èezhìi Land and Water Board
water management pond
weight of evidence
water quality
water quality guideline
weather forecast model
Water Survey of Canada
water surface elevation
wet weight
young-of-the-year
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20.2

Units of Measure
Unit

%
%tile
<
>
±
≤
≥
↑
↑/↓
↑↑/↓↓
↑↑↑/↓↓↓
↓
°C
α
µg/L
µm
µS/cm
cells/L
cells/mL
cm
cm/s
cm/yr
g
h
ha
kg
kg/d
kg/y
km
km/h
km2
kPa
L
m
m/s
m2
m3
m3/d
m3/s
masl
mg/kg
mg/L
mg/m2
mg/100 cm2/30 d
mg-N/L
mg-P/L
mL
mm
mm/d
Mm3
mm3/m3
nm
NTU

Definition
percent
percentile
less than
greater than
plus or minus
less than or equal to
greater than or equal to
increase
Rating 1 (up arrow indicates increase, down arrow indicates decrease)
Rating 2 (up arrows indicate increase, down arrows indicate decrease)
Rating 3 (up arrows indicate increase, down arrows indicate decrease)
decrease
degree Celsius
the significance level, the probability of making a Type 1 error
micrograms per litre
micrometre
microSiemens per centimetre
number of cells per litre
number of cells per millilitre
centimetre
centimetres per second
centimetres per year
gram
hour
hectare
kilogram
kilograms per day
kilograms per year
kilometre
kilometres per hour
square kilometre
kilopascals
litre
metre
metres per second
square metre
cubic metre
cubic metres per day
cubic metres per second
metres above sea level
milligrams per kilogram
milligrams per litre
milligrams per square metre
milligrams per hundred square centimetres per thirty days
milligrams of nitrogen per litre
milligrams of phosphorus per litre
millilitre
millimetre
millimetres per day
million cubic metres
cubic millimetres per cubic metre
nanometre
nephelometric turbidity unit

De Beers Canada Inc.

December 2019
Section 20

Gahcho Kué Mine
20-5
2015 to 2018 Aquatic Effects Re-evaluation Report
Abbreviations and Acronyms, Unit of Measure, and Glossary
Unit

org/L
org/m2
org/sample
ppm
W/m2
y

20.3

organisms per litre
organisms per square metre
organisms per sample
parts per million
watts per square metre
year

Section 20

Definition

Glossary
Term

a posteriori
a priori
Action Level
acute

adaptive management

alkalinity

anthropogenic
attenuation coefficient (Kd)
aufeis
autotroph
average or mean
background
bacteria
bankfull
barometric pressure
baseline
bathymetry
benchmark
benthic invertebrates
biomass

December 2019

Definition
Derived by reasoning based on observations. A posteriori weighting is established during and after
data have been collected.
Derived by reasoning in advance from theoretical deduction. A priori weighting criteria are
established before data have been collected.
Quantitative benchmarks associated with changes to measure endpoints for specific components
relative to baseline (as identified in the Environmental Impact Statement), which if exceeded trigger
management actions.
A stimulus severe enough to rapidly induce an effect; in aquatic toxicity tests, an effect observed in
96 hours or less is typically considered acute. When referring to aquatic toxicology or human health,
an acute effect is not always measured in terms of lethality.
The exact definition of adaptive management varies among monitoring programs, but typically adheres
to having four themes as follows (WLWB 2010):
• learning to reduce management uncertainties;
• using what is learned to change policy and practice;
• focusing on improving management; and
• doing the above in a formal, structured and systematic way.
A measure of water’s capacity to neutralize an acid. It indicates the presence of carbonates,
bicarbonates and hydroxides, and less significantly, borates, silicates, phosphates, and organic
substances. Alkalinity is expressed as an equivalent of calcium carbonate. Its composition is affected
by pH, mineral composition, temperature, and ionic strength. However, alkalinity is normally
interpreted as a function of carbonates, bicarbonates, and hydroxides. The sum of these three
components is called total alkalinity.
Originating from human activity.
The fraction of light that is absorbed per metre of water depth in the water column. It is related to
reflection, refraction, or scattering, and absorption by water, dissolved compounds, and suspended
particles.
A sheet-like mass of layered ice formed by upwelling of surface water behind ice dams or by
groundwater discharge.
An organism that produces complex organic compounds (such as carbohydrates, fats, and proteins)
from simple inorganic molecules using energy from light (by photosynthesis) or inorganic chemical
reactions (chemosynthesis). They are the primary producers in the food web, i.e., algae in water.
The sum of all values divided by the number of values.
An area not influenced by chemicals released from the site under evaluation.
Microscopic organisms lacking a nucleus; found in the water column, on submerged surfaces, and in
the sediments of a lake.
The water level, or stage, at which a stream, river or lake is at the top of its banks and any further rise
would result in water moving into the flood plain.
Another term for “atmospheric pressure”, which is the pressure exerted by weight of the atmosphere.
A surveyed or predicted condition that serves as a reference point to which later surveys are
coordinated or correlated.
Measurement of the depth of a waterbody.
Of water and sediment quality, a standard or point of reference against which measured
concentrations may be compared or assessed.
Invertebrate organisms living at, in, or in association with the bottom (benthic) substrate of lakes,
ponds, and streams (e.g., insects, worms, snails and crustaceans). Benthic invertebrates are a food
source for fish.
The weight or mass of an organism or group of organisms in sample.
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Canadian Water Quality
Guideline (CWQG) for the
Protection of Aquatic Life
chlorophyll a (chl a)
chronic
coefficient of determination
(r2)
community composition
conductivity
core lake
covariate
density
detection limit (DL)
dewatering
diffuser
diffuser ports
diffuser station
discharge
dissolved oxygen (DO)
duplicate sample
dustfall
dyke
ecological
ecosystem
effective water depth
effluent
Ekman grab
euphotic
eutrophication
evaporation
evapotranspiration
exposure lake
field blank
field duplicate
field specific conductivity
fish
fish condition
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Definition
Guidelines established by the Canadian Council of Ministers of the Environment and used to assess
the potential effects of the concentration of different water quality parameters upon aquatic life (i.e.,
fish, aquatic plants [macrophytes], and benthic invertebrates). Exceedance of a guideline does not
mean that adverse effects will occur with certainty, only that they may occur and that this possibility
needs to be investigated further.
The primary photosynthetic pigment contained in algae (primary producers).
The development of adverse effects after extended exposure to a given substance. In chronic toxicity
tests, the measurement of a chronic effect can be reduced growth, reduced reproduction or other
non-lethal effects, in addition to lethality. Chronic should be considered a relative term depending on
the life span of the organism.
The coefficient of determination, a statistical measure of how well a regression line approximates the
real data points.
The species present and their relative proportions in an assemblage of organisms.
A measure of the capacity of water to conduct an electrical current. It is the reciprocal of resistance.
This measurement provides an estimate of the total concentration of dissolved ions in the water.
A lake that may be affected by the Mine, including Area 8 of Kennady Lake, Lake N11, and for some
components, Lake 410 and Kirk Lake. See also exposure lake.
In statistics, a covariate is a variable that is possibly predictive of the outcome under study.
Weight (mass) per unit of volume used as a measure of the compactness of a substance.
The lowest concentration at which individual measurement results for a specific analyte are
statistically different from a blank (that may be zero) with a specified confidence level for a given
method and representative matrix.
Removal of water; e.g., removal of groundwater from surficial aquifers or deposits using wells or
drainage ditch systems; removal of water from lakes to allow mining.
A device used to disperse effluent in a waterbody.
Holes at the end of a diffuser where effluent is discharged.
Monitoring station located less than 200 metres from the diffuser.
The volume of water that passes through a given channel cross section per unit time.
Measurement of the concentration of dissolved (gaseous) oxygen in the water, usually expressed in
milligrams per litre (mg/L).
A second sample collected at the same time and from the same location, repeating the same
collection procedure as the original sample. Such a sample is used to detect variability at a station
and to verify the field-sampling method.
Fine particles in the atmosphere deposited on a surface (i.e., the ground).
A natural or artificial slope or wall that regulates water level.
Relating to or concerned with the relation of living organisms to one another and to their physical
surroundings.
An integrated and stable association of living and non-living resources functioning within a defined
physical location. A community of organisms and its environment functioning together as a unit. For
the purposes of assessment, the ecosystem must be defined according to a particular unit and scale.
The water depth under the ice layer.
Stream of water discharging from a source.
Cube-shaped mechanical device with a spring-loaded opening that is lowered to the bottom of a
waterbody and triggered to close to collect a sample of the bottom substrate.
The upper surface layer of a waterbody where sufficient light penetrates to allow photosynthesis to
occur.
The over-fertilization of a body of water, which generally results in increased plant growth and decay.
This ultimately leads to an increase in algae over aquatic plants (macrophytes), resulting in a
decrease in water quality. Causes of eutrophication can be anthropogenic or natural.
The transition of water or other liquids to the gas phase. In this context, evaporation is the transition
of water at the surface of a lake to the gas phase.
The combination of loss of water from the land surface by evaporation from the soil and vegetation
surface and by transpiration through plant leaves.
A lake potentially impacted by an external disturbance.
A sample of de-ionized water provided by the laboratory that is used to detect sample contamination
during the collection, shipping, and analyses of samples.
A second sample collected at the same time and from the same location, repeating the same
collection procedure as the original sample. Such a sample is used to detect variability at a station
and to verify the field-sampling method.
A field measurement made using a conductivity meter, indicating how well water conducts electricity,
standardized to a temperature of 25°C.
Fish as defined in the Fisheries Act, includes parts of fish, shellfish, crustaceans, marine animals,
and any parts of shellfish, crustaceans or marine animals, and the eggs, sperm, spawn, larvae, spat,
juvenile, and adult stages of fish, shellfish, crustaceans, and marine animals.
The relative plumpness of a fish; various indices are used to quantify fish body condition.
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flagellates
freshet
geodetic
global positioning system
(GPS)
groundwater
habitat
homogeneity
homogeneity of variances
hydrological control point
hydrology
hydrometric station
hypothesis
ice-cover season
ice-off
ice-out
interaction term
interim sediment quality
guideline (ISQG)
laboratory split
major ions
management plan
mean
measurement endpoint
median
mesotrophic
meteorological
microcystin
mitigation
mixing zone
monitoring components
multidimensional scaling
Ni Hadi Xa
normal range (NR)
normality
nutrient enrichment
nutrients
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Definition
A group of microscopic organisms that have a whip-like organelle called a flagella; sizes ranging from
2 to 20 micrometres and include autotrophic and heterotrophic forms. They are found within the
plankton and heterotrophic forms consume pico-cyanobacteria and heterotrophic bacteria.
A spring thaw or a sudden rise in the water level of a stream, resulting from snow and ice melt.
A coordinate system that defines an elevation of zero as equal to mean sea level.
A system of satellites, computers, and receivers that is able to determine the latitude and longitude of
a receiver on Earth by calculating the time difference for signals from different satellites to reach the
receiver.
That part of the subsurface water that occurs beneath the water table, in soils and geologic
formations that are fully saturated.
The physical location or type of environment in which an organism or biological population lives or
occurs.
The quality of being similar or comparable in kind or nature.
In statistics, this term refers to homoscedasticity.
The point of lowest elevation along the cross section in a channel that governs water levels in an
upstream waterbody. The elevation of the hydrological control point is equivalent to zero-flow
elevation.
The science of water movement and distribution, including the hydrologic cycle and interactions with
the physical and biological environment.
A location most commonly on a watercourse used to monitor discharge and water level.
A supposition or proposed explanation made on the basis of limited evidence as a starting point for
further investigation.
The period of time during the year when waterbodies are covered with ice.
Refers to the date when ice on a lake breaks up and areas of open-water are visible
The disappearance of ice from the surface of a body of water (such as a lake) as a result of thawing,
at the start of spring.
In statistics, an interaction is a term in a statistical model in which the effect of two or more variables
is not simply additive.
Concentration of a chemical in sediment below which adverse effects are rare or not expected to
occur in the majority of sediment-dwelling organisms.
A water sample that is submitted to the laboratory is split into two samples by the analytical
laboratory, each tested separately. These samples are used to assess the reproducibility of the
laboratory results (i.e., laboratory method and analyses).
TDS (calculated), calcium, chloride, fluoride, magnesium, potassium, reactive silica (as SiO2),
sodium, sulphate, total alkalinity (as CaCO3), and nitrate
Describes management actions, objectives, roles and responsibilities, monitoring, and guidelines for
specific Mine components. Examples include the Surface Water and Effluent Management Plan,
Wildlife and Wildlife Habitat Protection Plan, and various waste management plans.
The sum of all values divided by the number of values.
Quantifiable (i.e., measurable) expressions of the aquatic environment and may include measures of
exposure as well as measures of biological responses.
The value located in the middle of a series of values, when the values are ranked from smallest to
largest.
Trophic state classification for lakes characterized by a moderate concentration of nutrients and
moderate productivity.
Relating to the study of atmospheric processes including weather.
A class of naturally occurring hepato-toxins (able to cause serious damage to the liver) produced by
cyanobacteria; microcystin-LR is the most common and potentially toxic form.
A measure to control, reduce, eliminate, or avoid an adverse environmental impact.
The region in which the initial dilution of a discharge occurs.
A term used to broadly describe the aspect of the environment and population that may be impacted
and monitored.
A means of visualizing the level of similarity of individual cases in a dataset. It refers to a set of
related ordination techniques (metric or non-metric) used in information visualization contained in a
distance matrix.
Ni Hadi Xa is a collaborative monitoring program for the Gahcho Kue Mine involving impacted First
Nations, Métis organizations and the mining project proponent, De Beers.
An estimate of natural variability.
The property of the distribution of a data set in terms of whether it is well-modelled by a normal
distribution.
Effect on aquatic organisms caused by increased concentrations of nutrients.
Elements or compounds present in the environment such as nitrogen or phosphorus, which are
necessary for the growth and development of plants and animals. Macronutrients provide the bulk
energy for an organism's metabolic system to function, while micronutrients provide the necessary
cofactors for metabolism.
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oligo-mesotrophic
oligotrophic
open-water rating curve
(OWRC)

December 2019
Section 20

Definition
Trophic state classification for lakes characterized by a low to moderate concentration of nutrients
and low to moderate productivity.
Trophic state classification for lakes characterized by low concentration of nutrients and low
productivity.
A common term for a stage-discharge rating curve.

The period of time during the year when waterbodies are free of ice (generally June or July to
October).
A data point outside of the statistical distribution defined by the mean and standard deviation, and
outlier
that has a studentized residual value greater than or equal to an absolute value of 3.5.
overwintering habitats
Areas used by fish during winter to escape freezing and unsuitable conditions.
pelagic
Open-water area within a lake.
The degree of acidity (or alkalinity) of a solution. The pH scale is generally presented from 1 (most
pH
acidic) to 14 (most alkaline), where 7 is considered neutral. A difference of one pH unit represents a
ten-fold change in hydrogen ion concentration.
photosynthetically active
The specific band of solar radiation (400 to 700 nanometers) used by plants and algae for
radiation (PAR)
photosynthesis.
physical habitat alteration
Effects to aquatic organisms due to Mine-related alterations to physical habitat (aquatic habitat).
phytoplankton
The algal component of the plankton community, ranging in size from 2 to 20 micrometres in size.
Small, often microscopic, plants (phytoplankton) and animals (zooplankton) that live suspended in the
plankton
water column of non-flowing waterbodies such as lakes. They are an important food source for fish.
plume
The form effluent takes in water following discharge.
precipitation
Rain or snow that falls to the ground.
An estimate of an interval in which future observations will fall, with a certain probability, given what
prediction interval (PI)
has already been observed.
An instrument that records pressure, whether atmospheric or atmospheric plus water, and can be
pressure transducer
used to derive the depth of submergence in water when atmospheric pressure is known.
primary productivity
The rate of primary production through the process of photosynthesis.
Concentration of a chemical in sediment above which adverse effects on an aquatic organism are
probable effect levels (PEL)
likely but not certain to occur.
profundal
Relating to, being, or living in the deep, aphotic (i.e., little or no sunlight) regions of a pond or lake.
P-value
Statistical value used to determine the significance of a relationship or difference, e.g., P <0.05.
qualitative
Relating to, measuring, or measured by the quality of something.
Management and technical practices designed so that the data generated are of consistently high
quality assurance (QA)
quality. They include training of staff, standardization and review by field and office personnel of
procedures used in the collection, transport, and analyses of samples.
Internal techniques used to measure and assess data quality, including samples that are used to
quality control (QC)
detect and reduce systematic and random errors that may occur during field sampling and laboratory
procedures.
quantitative
Relating to, measuring, or measured by the quantity of something.
The coefficient of determination, a statistical measure of how well a regression line approximates the
r2
real data points.
reference lake
A lake selected for sampling because of its relatively undisturbed conditions.
relative abundance
The proportional representation of a species in terms of abundance in a sample or a community.
relative biomass
The proportional representation of a species in terms of biomass in a sample or a community.
relative density
The proportional representation of a species in terms of abundance in a sample or a community.
The amount of water vapour present in the air expressed as a percentage of the amount of water that
relative humidity
could be present at a given temperature if the air was fully saturated.
A systematic structure to responding when results of monitoring of specific components indicate that
Response Framework
an Action Level has been reached.
The portion of water from rain and snow that flows over land to streams, ponds or other surface
runoff
waterbodies; it is the portion of water from precipitation that does not infiltrate into the ground, or
evaporate.
A measure of water clarity, measured by lowering a 20 cm diameter disk (Secchi disk) with
alternating black and white coloured quadrants. The shallowest depth at which the disk is no longer
Secchi depth
visible is the Secchi depth. Deeper Secchi depth readings indicate clear water, while lower readings
indicate turbid water.
Solid material that is transported by, suspended in, or deposited from water. It originates mostly from
sediment
disintegrated rocks; it also includes chemical and biochemical precipitates and decomposed organic
material.
Used to measure diversity. In ecology, it is often used to quantify the biodiversity of a habitat. It takes
Simpson’s diversity index
into account the number of species present, as well as the relative abundance of each species. The
(SDI)
Simpson index represents the probability that two randomly selected individuals in the habitat will not
belong to the same species.
solar radiation
Sum of the light and energy that is emitted from the sun.
open-water season
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spawning
specific conductivity
spring freshet
stage
stage-discharge rating curve
standard deviation (SD)
standard error (SE)
stochastic

stressors
sublimation
supplemental
surface water
taxon
telemetry
total dissolved solids (TDS)
total Kjeldahl nitrogen (TKN)
total organic carbon

total organic carbon (TOC)

total suspended solids
(TSS)
toxicity
toxicological impairment
Traditional Knowledge (TK)
travel blank
trophic
trophic level

trophic state
t-test
turbidity
undercatch
under-ice
Universal Transverse
Mercator (UTM)
vertical mixing
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The building of nests (redds) and the release eggs and sperm into these nets.
A measure of how well water conducts electricity, standardized to 25°C.
A spring thaw event resulting from melting snow and ice.
The elevation of the water surface of a waterbody relative to an arbitrary datum. A stage of zero is
sometimes equivalent to the elevation of the hydrological control point (the elevation of zero flow).
A relation between stage and discharge used to convert continuous measurements of stage to a
discharge hydrograph.
A measure of the variability or spread of the measurements about the mean. It is calculated as the
positive square root of the variance.
The standard deviation of the errors associated with a series of measurements. It is calculated as the
standard deviation divided by the square root of the sample size.
Having a random probability distribution or pattern that may be analyzed statistically but may not be
predicted precisely.
Physical, chemical, or biological perturbations to a system that are either (a) foreign to that system or
(b) natural to the system but applied at an excessive [or deficient] level. Stressors cause significant
changes in the ecological components, patterns, and processes in natural systems. Examples
include water withdrawal, pesticide use, timber harvesting, traffic emissions, stream acidification,
trampling, poaching, land-use change, and water pollution.
The transition of snow or other substances directly from the solid to gas phase.
Additional information used to complement the existing data.
Water that occurs on the surface of the land such as lakes, streams, and ponds.
A group of organisms at the same level of the standard biological classification system; the plural of
taxon is taxa.
Measurement data collected by automated instrumentation at remote locations and transmitted to
receiving equipment for monitoring.
The total concentration of all dissolved solids found in a water sample.
The sum of total (particulate and filterable) organic nitrogen, ammonia, and ammonium.
Composed of both dissolved and particulate forms; often calculated as the difference between total
carbon and total inorganic carbon. Total organic carbon has a direct relationship with both
biochemical and chemical oxygen demands, and varies with the composition of organic matter
present in the water. Organic matter in sediment, aquatic vegetation, and aquatic organisms are
major sources of organic carbon.
Composed of both dissolved and particulate forms; often calculated as the difference between total
carbon and total inorganic carbon. Total organic carbon has a direct relationship with both
biochemical and chemical oxygen demands, and varies with the composition of organic matter
present in the water. Organic matter in sediment, aquatic vegetation, and aquatic organisms are
major sources of organic carbon.
The amount of suspended particles in a water sample. These particles are larger than 2 micrometres
in size, and can be removed by filtration; substances smaller than 2 micrometres are considered
dissolved solids.
The inherent potential or capacity of a material to cause adverse effects to a living organism.
Toxicity to aquatic organisms due to Mine-related releases of substances of toxicological concern.
Knowledge and understanding of traditional resource and land use, harvesting, and special places.
A water sample prepared by the laboratory and shipped to the field sampling location and
subsequently returned to the laboratory unopened. These samples are used to detect sample
contamination during transport and laboratory analysis.
Pertaining to part of a food chain, for example, the primary producers (i.e., algae) are a trophic level
just as tertiary consumers (i.e., fish) are another trophic level.
A functional classification of organisms in an ecosystem according to feeding relationships, from
primary producers through herbivores (primary consumers) and carnivores (secondary and tertiary
consumers).
System of classifying lakes based on primary productivity. Lakes are classified based on nutrient
concentrations (typically phosphorus), or indicators of algal biomass (chlorophyll a). Lakes can be
classified as oligotrophic (nutrient poor), mesotrophic (moderately productive), or eutrophic (very
productive and fertile).
Statistical test used to compare means of two groups of samples.
An indirect measure of suspended particles, such as silt, clay, organic matter, plankton, and
microscopic organisms, in water.
The ratio of snowfall measured in a gauge to true or reference snowfall.
The period of year when the lakes are partially or completely covered with ice.
A conformal projection that uses a 2-dimensional Cartesian coordinate system to give locations on
the surface of the Earth.
The mixing of different substances through the water column to yield homogeneous concentrations of
different parameters throughout a lake.
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vertical profile
water yield
waterbody
watershed
weight of evidence (WOE)
winsorize
young-of-the-year (YOY)
zooplankton
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Definition
An in-situ measurement consisting of taking readings of physical parameters or samples at certain
depth increments in the water column of a lake.
The mean annual runoff from an unregulated watershed, often expressed as a depth of water. Water
yield is calculated by dividing mean annual runoff volume by the area of the watershed.
Any location where water flows or is present, whether or not the flow or presence of water is
continuous seasonal, intermittent, or occurs only during a flood; e.g., a lake, pond, river, or stream.
The entire catchment area of runoff containing a single outlet.
A process used in ecological risk assessments and environmental monitoring by which multiple
measurement endpoints (often referred to in this context as “lines of evidence”) are related to an
assessment endpoint for a particular receptor.
To transform statistics by limiting extreme values (i.e., smallest and largest values in the dataset) to
reduce the effects of outliers
Newly hatched fish in their first year of development.
Small, often microscopic, animals that live suspended in the water column of non-flowing waterbodies
such as lakes. They mainly feed on primary producers (phytoplankton).
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with Water
Licence Requirements
Requirement

2015 to 2018 Aquatic Effects
Re-evaluation Report Section No.

5.2 (Hydrology)
7.2 (Water Quality)
8.2 (Sediment Quality)
9.2 (Plankton)
a) a review and summary of AEMP data collected to date including a
description of overall trends in the data and other key findings of the monitoring 10.2 (Benthic Invertebrates)
program;
11.2 (Fish Habitat and Community)
12.2 (Fish Health)
13.2 (Fish Tissue Chemistry)
15.2 (Weight of Evidence)
b) an analysis that integrates the results of individual monitoring components
(e.g., water quality, sediment, fish health, etc.) to date and describes the
overall ecological significance of the results;

16 (Summary of Observed Effects
and Comparisons to EIS
Predictions)

c) a comparison of measured Project-related aquatic effects to predictions
made during the Report of Environmental Impact Review 0607-001 and an
evaluation of any differences and lessons learned;

16 (Summary of Observed Effects
and Comparisons to EIS
Predictions)

d) updated predictions of Project-related aquatic effects or impacts from the
time of writing to the end of Project life based on AEMP results to date and any 17 (Updated Effect Predictions)
other relevant operational monitoring data;
e) a plain language summary of the major results of the above analyses and a
Plain Language Summary
plain language interpretation of the significance of those results;

f) recommendations, with rationale, for changes to Action Levels;

5.5 (Hydrology)
7.5 (Water Quality)
8.5 (Sediment Quality)
9.5 and 9.6 (Plankton)
10.6 (Benthic Invertebrates)
11.5 (Fish Habitat and Community)
12.5 (Fish Health)
13.5 (Fish Tissue Chemistry)

g) recommendations, with rationale, for changes to any aspect of the AEMP
Design Plan; and

18 (Recommendations for Changes
to the AEMP Design Plan)

h) any other information required to meet the objectives listed in Part I, Item 1
of this Licence or as requested by the Board

n/a

Source: Water Licence MV2005L2-0015 Schedule 6, Part I, Item 2.
EIS = Environmental Impact Statement; MVLWB = Mackenzie Valley Land and Water Board; No. = number; AEMP = Aquatic
Effects Monitoring Program; n/a = not applicable.
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with MVLWB Directives that are Specific to the Re-evaluation

Reference Document

Directive No.

10.5.1 (Benthic Invertebrates)

2

The Board also directs De Beers to propose a Medium Action Level for toxicological impairment and nutrient enrichment during the AEMP re-evaluation and AEMP re-design process in
2019, even if the Low Action Level is changed/revised.

7.5.1 (Water Quality)
8.5.1 (Sediment Quality)
9.5.4 and 9.6.1 (Plankton)
10.6.1 (Benthic Invertebrates)
12.5 (Fish Health)
13.5 (Fish Tissue Chemistry)

1

Item to be included in the Re-evaluation Report:
Flow augmentation results and study including Downstream Flow Mitigation Plan methodology and monitoring to ensure flows are adequate for all species of fishes. (Review Comment ID
= DFO-1)

11.6.1 (Fish Habitat and
Community)

2

Item to be included in the Re-evaluation Report:
11.6.2 (Fish Habitat and
An assessment of potential losses to Arctic Grayling productivity that has occurred in the downstream reaches of Kennady Lake including losses to be expected should Grayling not return Community)
in 2019 and beyond. (Review Comment ID = DFO-1)

3

Item to be included in the Re-evaluation Report:
Mitigation/Contingency response actions should Arctic Grayling not return during operations. Given their relevance to significance thresholds and EIR predictions and commitments, these 11.6.3 (Fish Habitat and
Community)
works should be clearly identified and highlighted within this report along with timelines and milestones for reporting and implementation (e.g. pilot tests/studies). (Review Comment ID =
DFO-1 and GNWT-ENR-1)

4

Item to be included in the Re-evaluation Report:
Assess the return of Grayling post-closure and address ENR’s recommendation including:
a) details on the ability of any remnant downstream populations to repopulate Kennady Lake;
b) flow restrictions that may be present post-closure; and
c) in addition, how the successful recolonization of this species may be impacted due to the length of their absence from the system between Area 8 and Lake 410 (e.g. the
likelihood of populations to re-inhabit spawning areas after prolonged absences).
(Review Comment ID = GNWT-ENR-2)

11.6.4 (Fish Habitat and
Community)

5

Item to be included in the Re-evaluation Report:
Provide mitigation measures for physical reintroduction of Arctic Grayling and address ENR’s recommendation to provide long-term studies to better understand options of re-introducing
Arctic Grayling into Kennady Lake postclosure. (Review Comment ID = GNWT-ENR-3)

11.6.5 (Fish Habitat and
Community)

6

Item to be included in the Re-evaluation Report:
An updated graph of Summary of Flows (2015-2018) at the Area 8 Outlet and associated flow augmentation assessment. (Review Comment ID = GNWT-ENR-4 and Board staff
comments #5 and #6)

11.6.1 (Fish Habitat and
Community)

7

Item to be included in the Re-evaluation Report:
An assessment of how observed flows at the Area 8 compare to any other hydrological information in the area. (Review Comment ID = GNWT-ENR-5)

11.6.1 (Fish Habitat and
Community)

2018 AEMP Response Plan
for Fish Habitat and
Community

2018 AEMP Response Plan
for Fish Habitat and
Community
(continued)

2015 to 2018 Aquatic Effects Reevaluation Report Section No.

The Board directs De Beers Canada Inc., during the AEMP re-evaluation in 2019, to provide a discussion on how habitat variability will be accounted for in future interpretation of AEMP
results and whether assessment endpoints other than Pisidiidae may be impacted, as agreed to in their response to GNWT-ENR comment-6.

1
2017 AEMP Response Plan
for Water Quality, Plankton,
and Benthic Invertebrates

Directive

De Beers Canada Inc.

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Concordance Tables
Table 1A-2

1A-3

December 2019
Appendix 1A

Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with MVLWB Directives that are Specific to the Re-evaluation

Reference Document

Directive No.
a)

2018 AEMP Annual Report

Directive

2015 to 2018 Aquatic Effects Reevaluation Report Section No.

De Beers should provide mitigation measure if poor weather conditions were to impede the field crew’s abiility to conduct sampling. (Review Comment ID = GNWT-ENR-1)

8.3.2 (Sediment Quality)

b)

In the Hydrology sections, ensure the relationship between L1, L1a (downstream), and L1b (upstream) is clarified and included on the Hydrological Site Maps. (Review Comment ID =
GNWT-ENR-5)

No site maps are provided in the
report; this Directive will be applied
to the updated AEMP Design Plan

c)

De Beers should consider re-modelling the future effects of Mine activities on water quantity using recent weather data. De Beers should provide supporting evidence that re-simulation
including more recent weather data would in fact results in small changes to EIS results. (Review Comment ID = GNWT-ENR-7)

5.4 (Hydrology)

d)

Conduct further analysis on the metal exceedance of aluminum, iron, copper, and zinc. Clarify which metals exceeded guidelines under baseline condition, and to what extent the current
7.4.6.2 (Water Quality)
concentrations have increased above these baseline levels, and provide an assessment of the magnitude of the mine's influence on water quality. (Review Comment ID = GNWT-ENR-13)

e)

De Beers should compare the water quality monitoring data with baseline conditions, and conduct Season Kendall test using data from 2010-2018 for Lake D2/D3 as per the approved
AEMP Design Plan. (Review Comment ID = GNWT-ENR-15-17)

7.4.6.1 (Water Quality)

f)

Follow the recommendations as noted in De Beers’ response to ENR 24:
1. The sampling method used to collect shallow (i.e., top 1-cm) sediment should be reviewed in the Aquatic Effects Re-evaluation Report;
2. Normal ranges for the whole-lake mean concentrations for each sediment quality parameter in the core lakes should be reviewed in the Aquatic Effects Re-evaluation Report to allow
inclusion of additional monitoring data collected during the construction phase monitoring (2015 and 2016 data). As part of the re-evaluation, these data will be assessed to determine if
they can be used to supplement the baseline dataset (i.e., they are shown to not indicate any Mine-related effect on sediment quality).
(Review Comment ID = GNWT-ENR-26)

1. Section 8.3.1 (Sediment Quality)
2. Appendix 7B, Section 8.4.1 and
8.4.4 (Sediment Quality)

g)

Include the proposed mitigation measures to prevent future sampling error identified in section 8.2.1 of the 2018 AEMP Annual Report.
1) A master list of coordinates will be developed for each aquatic monitoring component for the four field programs conducted for the AEMP (i.e., ice-cover [April] and open-water [July,
August and September]) and will be used going forward to update the work instructions provided to the field crews. This will eliminate the potential for copy/paste errors during
development of work instructions provided to field crews.
2) A 100% QA check of coordinate lists will occur during review of work instructions documents and during each pre-field program meeting conducted between the project management
team, the component leads, and the field crew.
(Review Comment ID = GNWT-ENR-35)

This Directive will be applied to the
updated AEMP Design Plan

h)

Consider the including investigation of the factors that is contributing to low catchability of Ninespine Stickleback in Area 8 and East Lake, and provide mitigations of altering sampling
efforts to meet AEMP requirements. (Review Comment ID = GNWT-ENR-39)

Section 12.5 (Fish Health)

i)

Review and comment upon the proposed normal range methodology used for fish age, length, and weight data in the context of biological significance. De Beers should discuss whether
the low action level for fish health parameter need to be revised. (Review Comment ID = GNWT-ENR-40)

Section 12.4.3 (Fish Health)

DFO = Department of Fisheries and Oceans; MVLWB = Mackenzie Valley Land and Water Board; No. = number; AEMP = Aquatic Effects Monitoring Program; ID = identification; GNWT-ENR = Government of Northwest Territories Environment and Natural Resources.
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Recommendations from Past Reports and Response Plans

Topic

Recommendation

Reference
Document
2016 AEMP
Annual Report

Action Levels

The open-water Action Level for Lake J1 should be changed to 421.912 masl.

Data Analysis

Given that no Mine-related effects from dewatering were seen in the 2015 water quality data, the 2015 data should be incorporated into the baseline dataset and used to update the normal
range and BACI analysis (as part of the baseline dataset) for future AEMP cycles. This will improve the normal range to represent the range of natural variability for the water quality
2015 AEMP
parameters. If the results of monitoring during the construction phase (i.e., construction Year -1) continue to suggest no Mine-related effects on water quality, then data collected in 2016 could Annual Report
be considered for use to supplement the normal ranges accordingly. It is anticipated that the normal ranges will be finalized prior to the commencement of operational discharge.

Data Analysis

Normal ranges for water quality parameters should be re-calculated using the 2015 and 2016 data for Lake N11, 2015 for Area 8, and 2015 data for the streams. Inclusion of these data in
reference data sets used to calculate the normal range would provide a more robust estimate of natural variability in water quality parameters in the core lakes and would address issues with
the sensitivity of the normal range to detect Mine-related changes. Analysis of the 2015 and 2016 AEMP data in core and reference lakes (with the exception of Area 8 in 2016), and the 2015
AEMP data in streams, provided no consistent evidence of Mine-related effects on water quality, suggesting that these data could be included in the baseline data set during future AEMP
cycles.

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.
5.3.1 and 5.5
(Hydrology)
Appendix 7B
7.4.1 (Water Quality)

2016 AEMP
Annual Report

Appendix 7B
7.4.1 (Water Quality)

The 2015 AEMP water quality data should be included in the before-impact treatment group in the BACI model run on Area 8 during future AEMP cycles. For Lake N11, the 2015 and 2016
AEMP data should be included in the before-impact treatment group in the BACI model. The 2016 AEMP data for Area 8 should be excluded from the normal range or before-impact treatment
group, because 2016 results suggest possible Mine-related effects resulting from the disconnection of Area 8 from the rest of Kennady Lake and the resulting reduced watershed area or flows.
Water Quality

Action Levels

Modify the Low Action Levels for toxicological impairment and nutrient enrichment to reduce the occurrence of false positive triggers, while maintaining an early warning of potential change.
Replacing the “OR” with “AND” in the water quality Action Level statements will require that multiple trigger statements must be true before a Low Action Level is triggered. In particular, the
Low Action Level should consider reaching a 75% of the benchmark as a necessary criterion to be triggered, to prevent “false positives”. This modification to the Low Action Level will focus
investigation of changes to water quality that will have relevance to aquatic effects instead of on natural variability in water quality.

2015 AEMP
Annual Report

7.5.1 (Water Quality)

Water Quality

Re-evaluation

The Aquatic Effects Re-evaluation Report will confirm whether 2018 data from the other downstream lakes and the reference lakes would be suitable for inclusion in a dataset to revise normal 2018 AEMP
ranges.
Annual Report

7.4.5 (Water Quality)

Water Quality

Re-evaluation

Further evaluation of exposure and toxicity modifying factors on the potential effects to aquatic life as a result of the observed guideline exceedances in Lake D2/D3 will be undertaken as part
of the Aquatic Effects Re-evaluation Report.

2018 AEMP
Annual Report

7.4.6.2 (Water Quality)

Water Quality

Re-evaluation

Trends in pH during the three years of operation at the Mine will be explored further in the Aquatic Effects Re-evaluation Report.

2018 AEMP
Annual Report

7.4.7 (Water Quality)

Water Quality

Re-evaluation

Three years of operations data will be evaluated further in the Aquatic Effects Re-evaluation Report, including exceedances of applicable water quality guidelines at individual stations, as part
of further examination of temporal trends in the operations AEMP dataset.

2018 AEMP
Annual Report

7.4.8 (Water Quality)

Data Analysis

No Mine-related effects from dewatering were evident in the 2015 water and sediment quality data; thus, the 2015 data should be included to refine the normal range and BACI analysis (as
part of the baseline dataset) for future AEMP cycles. In particular, lower DLs were achieved for some metals during the 2015 AEMP surveys (i.e., antimony, beryllium, mercury, silver); use of
these data would improve the normal ranges estimated for these sediment metals using previous baseline data. Incorporating the 2015 data into the baseline dataset will improve the normal
range representation for the sediment quality parameters and account for the range of natural variability.

2015 AEMP
Annual Report

8.4.1 and 8.4.4
(Sediment Quality)

Normal ranges for sediment quality parameters should be re-calculated using the 2015 and 2016 data for Lake N11 and 2015 for Area 8. In particular, lower DLs were achieved for some
antimony, beryllium, mercury, and silver analyses during the 2015 and 2016 AEMP surveys; use of these data would improve the normal ranges estimated for these sediment metals using
previous baseline data. Inclusion of these data in reference data sets used to calculate the normal range would provide a more robust estimate of natural variability in sediment quality
parameters in the core lakes and would address issues with the sensitivity of the normal range to detect Mine-related changes. Analysis of the 2015 and 2016 AEMP data in core and
reference lakes (with the exception of Area 8 in 2016) provided no consistent evidence of Mine-related effects on sediment quality, suggesting that these data could be included in the baseline
2016 AEMP
data set during future AEMP cycles.
Annual Report

8.4.1 and 8.4.4
(Sediment Quality)

Sediment Quality

Sediment Quality

Data Analysis

As discussed above for the normal range, the 2015 AEMP sediment quality data should be included in the before-impact treatment group in the BACI model run on Area 8 during future AEMP
cycles. For Lake N11, the 2015 and 2016 AEMP data should be included in the before-impact treatment group in the BACI model. The 2016 AEMP data for Area 8 should be excluded from the
normal range or before-impact treatment group, because 2016 results suggest possible Mine-related effects resulting from the disconnection of Area 8 from the rest of Kennady Lake and the
resulting reduced watershed area or flows.
Sediment Quality

Re-evaluation

Given the difficulties in collecting core samples in the core lakes, the sampling method used to collect shallow (i.e., top 1-cm) sediment will be reviewed in the Aquatic Effects Re-evaluation
Report.

2018 AEMP
Annual Report

8.3.1 (Sediment
Quality)

Sediment Quality

Re-evaluation

Given that most of the baseline data used to establish the normal range were non-detect concentrations, it is recommended that the normal range for mercury in Area 8 and Lake N11 be recalculated during the Aquatic Effects Re-evaluation Report using the more recent data.

2018 AEMP
Annual Report

8.4.4 (Sediment
Quality)
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Recommendations from Past Reports and Response Plans

Topic

Recommendation

Reference
Document

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

Sediment Quality

Re-evaluation

Normal ranges for the whole-lake mean concentrations for each sediment quality parameter in the core lakes should be reviewed in the Aquatic Effects Re-evaluation Report to allow inclusion
2018 AEMP
of additional monitoring data collected during the construction phase monitoring (2015 and 2016 data). As part of the re-evaluation, these data will be assessed to determine if they can be
Annual Report
used to supplement the baseline dataset (i.e., they are shown to not indicate any Mine-related effect on sediment quality).

8.4.1 and 8.4.4
(Sediment Quality)

Plankton

Sampling
Design

Reduce the number of field QC (i.e., duplicate) samples collected for chlorophyll a, phytoplankton and zooplankton to 10% of the total samples collected during each sampling program.
Currently, one duplicate sample is collected from each lake during each sampling program. However, 2015 duplicate results indicate that the within-station variation is relatively low for these
variables. Therefore, the number of field QC samples can be reduced without reducing the ability to detect effects on chlorophyll a and plankton communities.

2015 AEMP
Annual Report

9.3.1 (Plankton)

Plankton

Sampling
Design

Remove the collection of light attenuation profile measurements, because the instrumentation has been shown to malfunction easily and the light intensity data are not particularly useful to
interpreting the plankton results.

2017 AEMP
Annual Report

9.3.2 (Plankton)

Plankton

Data Analysis

Given that no Mine-related effects from dewatering were seen in the 2015 water quality data, include the 2015 data in the normal range (i.e., as baseline data) and BACI analysis (i.e., as
before-impact data) as part of the baseline dataset for future AEMP cycles. This will improve the ability of the normal range to estimate the range of natural variability for the plankton
endpoints, and will also improve the ability of the BACI analysis to detect significant changes of relevant magnitude in the plankton community.

2015 AEMP
Annual Report

9.4.1 and 9.4.3
(Plankton)

Normal ranges for plankton variables should be re-calculated using the 2015 and 2016 data for Lake N11 and 2015 for Area 8. Inclusion of these data in reference data sets used to calculate
the normal range would provide a more robust estimate of natural variability in plankton community descriptors in the core lakes and would address issues with the sensitivity of the normal
range to detect Mine-related changes. Analysis of the 2015 and 2016 AEMP data in core and reference lakes (with the exception of Area 8 in 2016) provided no consistent evidence of effects
on the plankton community, or of exposure of the plankton to Mine-related inputs, suggesting that these data could be included in the baseline data set during future AEMP cycles.

2016 AEMP
Annual Report
2017 AEMP
Annual Report
The 2015 AEMP plankton data should be included in the before-impact treatment group in the BACI model run on Area 8 during future AEMP cycles. For Lake N11, the 2015 and 2016 AEMP 2018 AEMP
data should be included in the before-impact treatment group in the BACI model. The 2016 AEMP data for Area 8 should be excluded from the normal range or before-impact treatment group, Annual Report
because 2016 results suggest possible Mine-related effects resulting from the disconnection of Area 8 from the rest of Kennady Lake and the resulting reduced watershed area or flows.

9.4.1 and 9.4.3
(Plankton)

Plankton

Data Analysis

Plankton

Action Levels

All individual Action Level criteria should be met before the Low Action Level is triggered (i.e., change the “OR” to “AND” in the definition of the Low Action Level). This modification to the Low
Action Levels for the plankton component will address the sensitivity of the BACI analysis while still allowing for an early warning of potential change.

2015 AEMP
Annual Report

9.5.4 (Plankton)

Action Levels

2016 AEMP
Add chlorophyll a to the Action Level assessment for plankton because it is a proven useful and complementary indicator of phytoplankton biomass, and is subject to lower spatial and temporal Annual Report
variation than phytoplankton biomass.
2017 AEMP
Annual Report

9.5.1 (Plankton)

Plankton

Action Levels

Remove zooplankton abundance, because it is redundant to consider both zooplankton abundance and biomass in the Action Level assessment, and biomass is the more relevant ecological
measure.

2016 AEMP
Annual Report
2017 AEMP
Annual Report

9.5.2 (Plankton)

Plankton

Action Levels

Remove phytoplankton and zooplankton community composition (by biomass), because (1) this criterion is non-directional with respect to effect type, and (2) the probability of false triggers is
high due to the inherently high background variability in plankton community composition.

2017 AEMP
Annual Report

9.5.3 (Plankton)

Plankton

Benthic
Invertebrates

Data Analysis

Normal ranges for benthic invertebrate variables should be re-calculated in 2016 using both the 2011 baseline data and 2015 AEMP data for core and reference lakes, and the 2013 baseline
data and 2015 AEMP data for streams. Inclusion of the 2015 AEMP data in reference data sets used to calculate the normal range would provide a more robust estimate of natural variability in
benthic invertebrate community descriptors in the core lakes and would address issues with the sensitivity of the normal range to detect Mine-related changes. Analysis of the 2015 AEMP data
2015 AEMP
provided no consistent evidence of effects on the benthic invertebrate community, or of exposure of the benthic community to Mine-related inputs or hydrologic changes, indicating that the
Annual Report
2015 data could be included in the baseline dataset during future AEMP cycles.
The 2015 AEMP benthic invertebrate data should be included in the before-impact treatment group in the BACI model during future AEMP cycles.
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Recommendations from Past Reports and Response Plans

Topic

Recommendation

Reference
Document

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

Benthic
Invertebrates

Data Analysis

Normal ranges for benthic invertebrate variables should be re-calculated using the 2011, 2015, and 2016 data for Lake N11, 2011 and 2015 for Area 8, and 2013 and 2015 data for the
streams. Inclusion of these data in reference data sets used to calculate the normal range would provide a more robust estimate of natural variability in benthic invertebrate community
descriptors in the core lakes and would address issues with the sensitivity of the normal range to detect Mine-related changes. Analysis of the 2015 and 2016 AEMP data in core and reference 2016 AEMP
lakes (with the exception of Area 8 in 2016), and the 2015 AEMP data in streams, provided no consistent evidence of effects on the benthic invertebrate community, or of exposure of the
Annual Report
benthic community to Mine-related inputs or hydrological changes, suggesting that these data could be included in the baseline data set during future AEMP cycles.
2017 AEMP
Annual Report
The 2015 AEMP benthic invertebrate data should be included in the before-impact treatment group in the BACI model run on Area 8 during future AEMP cycles. For Lake N11, the 2015 and
2018 AEMP
2016 AEMP data should be included in the before-impact treatment group in the BACI model. The 2016 AEMP data for Area 8 should be excluded from the normal range or before-impact
Annual Report
treatment group, because 2016 results suggest possible Mine-related effects resulting from the disconnection of Area 8 from the rest of Kennady Lake and the resulting reduced watershed
area or flows.

Benthic
Invertebrates

Data Analysis

Normal ranges may be refined as a part of the Aquatic Effects Re-evaluation Report to allow inclusion of additional monitoring data after Mine construction has begun, provided that the results 2018 AEMP
of initial monitoring do not suggest an effect of the Mine on the benthic invertebrate community.
Annual Report

10.5.6 (Benthic
Invertebrates)

Benthic
Invertebrates

Action Levels

The criteria used for assigning a Low Action Level for toxicological impairment and nutrient enrichment hypotheses should be revised so that the sensitivity of the Action Level framework is
appropriate for detecting mine-related effects. Under the current response framework, a Low Action Level is triggered if (1) the lake-wide average of a benthic invertebrate variable exceeds the 2015 AEMP
normal range or (2) if there is a significant BACI effect between the core and reference lakes compared to baseline. The recommended revision is to require that both criteria be met for
Annual Report
triggering a Low Action Level.

10.6.1 (Benthic
Invertebrates)

Action Levels

The triggers for Low Action Level effects for core lakes should be redefined to require both a statistically significant change in the variable, and an exceedance of the normal range. Given the
sensitivity of the BACI analyses, and the limited baseline data used in the normal range calculations, the current Low Action Level is triggered by natural variability of the benthic community,
and more restrictive criteria will help to reduce the risk of false triggers. Revisions to Action Levels will be addressed as part of the Aquatic Effects Re-evaluation Report and AEMP Design Plan
update, which are scheduled to be submitted in 2019.

2017 AEMP
Annual Report
2018 AEMP
Annual Report

10.6.1 (Benthic
Invertebrates)

Action Levels

2017 AEMP
Action Levels for streams should be re-evaluated to incorporate the EIS prediction that water flows and levels in streams downstream of Area 8 would be reduced during the operational phase Annual Report
of the Mine. Specific recommendations for revisions to the Action Levels will be made as part of the Aquatic Effects Re-evaluation Report and AEMP Design Plan update.
2018 AEMP
Annual Report

10.6.3 (Benthic
Invertebrates)

Hydrology, Benthic
Invertebrates, Fish
Re-evaluation
Habitat and
Community

As the EIS predicted that flow conditions in streams downstream of Area 8 would be reduced relative to baseline conditions in most years during operations, recommendations will be made as 2018 AEMP
part of the Aquatic Effects Re-evaluation Report to modify the Action Levels to incorporate low flow conditions as well as the potential for scouring.
Annual Report

5.5 (Hydrology)
10.6.3 (Benthic
Invertebrates)
11.5 (Fish Habitat and
Community)

Fish Habitat and
Community

Action Levels

As 2017 and 2018 were predicted to have a hydrologic classification of “Dry”, the Area 8 outflow augmentation target for the spring pumping regime was to maintain downstream flow at 0.1
m3/s throughout the month of June. Maintaining downstream flows at 0.1 m3/s would be less than the 0.4 m3/s Low Action Level criterion, and thus in “Dry” years the Low Action Level criterion
would be triggered, as the current Low Action Level only applies to “Dry Average, Wet-Average, and Wet” years. Therefore, the first Low Action Level criterion for years when flow mitigation is
implemented should be adjusted to incorporate the “Dry” year scenario, so that maintaining downstream flows greater than 0.1 m3/s during the period of Arctic Grayling migration does not
trigger an Action Level.

2017 AEMP
Annual Report
2018 AEMP
Annual Report

11.5 (Fish Habitat and
Community)

Fish Habitat and
Community

Re-evaluation

Recommendations will be made as part of the AEMP Re-evaluation Report to modify the Action Levels to adjust the criterion to account for a the “Dry” year scenario, where maintaining
downstream flows greater than 0.1 m3/s during the entire open-water season is the specified flow target.

2018 AEMP
Annual Report

11.5 (Fish Habitat and
Community)

2017 AEMP
Annual Report
2018 AEMP
Annual Report

11.5 (Fish Habitat and
Community)

2018 AEMP
Annual Report

11.6 (Fish Habitat and
Community)

Benthic
Invertebrates

Benthic
Invertebrates

The recommendations based on the 2017 and 2018 AEMP results will be compiled along with all recommendations generated during the first three years of the AEMP, and further evaluated
during the preparation of the Aquatic Effects Re-evaluation Report.

Fish Habitat and
Community

Re-evaluation

Fish Habitat and
Community

Re-evaluation

The 2018 AEMP Response Plan for fish habitat and community outlined De Beers’ response to the Low Action Level triggers originally observed in 2017 and again 2018, which triggered the
Moderate Action Level trigger in 2018. Outstanding response action items from the 2017 AEMP Response Plan for fish habitat and community, will be completed in 2019 and presented in the
Aquatic Effects Re-evaluation Report.

Fish Health

Sampling
Design

Based on sample size requirements derived from data collected during the 2015 and 2016 fish health surveys, target sample sizes could be re-evaluated to determine whether the sensitivity of 2016 AEMP
endpoints related to energy storage (i.e., relative liver weight) and utilization (i.e., relative gonad weight) needs to be increased.
Annual Report

Additional Action Level and monitoring recommendations, as outlined in the 2017 and 2018 AEMP Response Plans for fish habitat and community, will be incorporated during the preparation
of the Aquatic Effects Re-evaluation Report.
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Recommendations from Past Reports and Response Plans

Topic

Recommendation

Reference
Document

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

2018 AEMP
Annual Report

12.4.2 and 12.4.3 (Fish
Health)

It is recommended that (fish health) normal ranges are updated during each cycle of the fish health program to include additional reference lake data from East Lake and Lake 3 (i.e., current
year’s data) to more accurately account for spatial and temporal variability when making normal range comparisons.
Fish Health

Data Analysis

Fish Tissue
Chemistry

Sampling
Design

Detection Limits – Detection limits presented in the AEMP Design Plan (De Beers 2016) are based on those provided by ALS for tissue chemistry using routine analysis, which requires a
minimum sample volume of 5 g. Because of the small size of Ninespine Stickleback (i.e., less than 2 g), low volume analysis is required. Detection limits differ between routine and low volume 2015 AEMP
analysis. As a consequence, the DLs based on routine analysis outlined in the AEMP Design Plan (De Beers 2016) do not reflect achievable DLs, and we recommend updating the DLs
Annual Report
outlined in Table 9.8-1 of the AEMP Design Plan (De Beers 2016) to those presented in Table 11.2-2.

13.3.2 (Fish Tissue
Chemistry)

Fish Tissue
Chemistry

Data Analysis

Normal Range: Results of the 2018 fish tissue assessment suggest a large degree of year to year variability in Ninespine Stickleback populations. We recommend updating normal ranges
during each cycle of the fish tissue chemistry program with new (i.e., current) reference data from East Lake and Lake 3. This approach will continue to account for some of the regional
variability in fish tissue chemistry in the normal range calculations.

2018 AEMP
Annual Report

13.4.2 (Fish Tissue
Chemistry)

Fish Tissue
Chemistry

Data Analysis

Calculation of Mean Concentrations – Section 9.8.4 of the AEMP Design Plan (De Beers 2016) states that “If all results for one parameter are below the DL, no mean will be calculated, and
the result will be reported as non-detect”. This statement is incorrect as written and we recommend updating to “If more than 50% of the values for one parameter are below the DL, the mean
will not be calculated, and the result will be reported as non-detect”.

2015 AEMP
Annual Report

13.4.3 (Fish Tissue
Chemistry)

Water Quality,
Sediment Quality,
Data Analysis
Plankton, Benthic
Invertebrates

Water Quality,
Sediment Quality,
Data Analysis
Plankton, Benthic
Invertebrates

Water Quality,
Sediment Quality,
Data Analysis
Plankton, Benthic
Invertebrates

Water Quality,
Sediment Quality,
Action Levels
Plankton, Benthic
Invertebrates

Normal Range: Results of the 2018 fish health assessment suggest a large degree of year-to-year variability in Ninespine Stickleback population structure is present within this system. It is
recommended that normal ranges are updated during each cycle of the fish health program to include additional reference lake data from East Lake and Lake 3 (i.e., current year’s data) to
more accurately account for this source of variability when making normal range comparisons.

Given that no Mine-related effects from dewatering were seen in the 2015 water quality data, the 2015 data for water and sediment quality, plankton, and benthic invertebrates are considered
suitable to incorporate into the respective component baseline datasets and be used to update the normal ranges for future AEMP cycles. The normal ranges calculated for the 2015 AEMP are
considered provisional because, pending on the results of the 2015 AEMP, the 2015 data could be considered representative of baseline conditions, and therefore used in the calculation of
2015 AEMP
normal ranges in the 2016 AEMP. The results of the 2015 AEMP support this suggestion. Updating normal ranges with the 2015 AEMP data will improve the accuracy of the normal range to
Annual Report
represent the range of natural variability for the water and sediment quality parameters, and plankton and benthic invertebrate variables. If the results of monitoring during the dewatering
phase continue to suggest no Mine-related effects on water quality, then the normal ranges could be updated accordingly. It is anticipated that the normal ranges will be finalized prior to the
commencement of operational discharge.

Appendix 7B

The approach for the BACI statistical design will be re-evaluated and improved if possible, to reduce oversensitivity of the BACI analysis.

2017 AEMP
Response Plan
for Water
Quality,
Plankton, and
Benthic
Invertebrates

Appendix 7B

Re-calculate normal ranges (a key factor in the evaluation of Action Level exceedances) for relevant AEMP components (i.e., water quality, sediment quality, plankton, and benthic
invertebrates) to include 2015 (and potentially 2016) data, or otherwise adjust normal ranges to appropriately account for year-to-year variability.

2015 AEMP
Annual Report
2016 AEMP
Annual Report
2017 AEMP
Annual Report

7.4.4 (Water Quality)
8.4.4 (Sediment
Quality)
9.3.7 (Plankton)
10.5.6 (Benthic
Invertebrates)

2015 AEMP
Annual Report

7.5.1 (Water Quality)
8.5.1 (Sediment
Quality)
9.4.4 and 9.5.1
(Plankton)
10.6.1 (Benthic
Invertebrates)

Revise Low Action Level definitions for plankton and benthic invertebrates by replacing the “OR” logical operators with “AND” between the Action Level criteria. A single criterion by itself (i.e.,
either normal range exceedance, or significant BACI effect) should not be sufficient to trigger a Low Action Level.

De Beers Canada Inc.

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Concordance Tables
Table 1A-3

Component

1A-8

December 2019
Appendix 1A

Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Recommendations from Past Reports and Response Plans

Topic

Water Quality,
Sediment Quality,
Action Levels
Plankton, Benthic
Invertebrates

Water Quality,
Plankton, Benthic Action Levels
Invertebrates

Recommendation

Reference
Document

2016 AEMP
The Action Level criteria used for assigning a Low Action Level for toxicological impairment and nutrient enrichment hypotheses should be revised so that the sensitivity of the AEMP Response Annual Report
Framework is appropriate for detecting Mine-related effects.
2017 AEMP
Annual Report

The Action Level criteria used for assigning a Low Action Level for toxicological impairment should be revised so that the sensitivity of the AEMP Response Framework is appropriate for
responding to Mine-related effects or appropriate magnitude. This recommended revision involves changing the Low Action Level definitions to replace the “or” logical operator with “and”,
thereby requiring all three criteria be met before a Low Action Level is triggered.

AEMP = Aquatic Effects Monitoring Program; ALS = ALS Canada Ltd.; DL = detection limit; masl = metres above sea level; BACI = before-after control-impact; QC = quality control; m3/s = cubic metres per second.

De Beers Canada Inc.

2017 AEMP
Response Plan
for Water
Quality,
Plankton, and
Benthic
Invertebrates

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.
7.5.1 (Water Quality)
8.5.1 (Sediment
Quality)
9.4.4 and 9.5.1
(Plankton)
10.6.1 (Benthic
Invertebrates)
7.5.1 (Water Quality)
9.4.4 and 9.5.1
(Plankton)
10.6.1 (Benthic
Invertebrates)
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Concordance Tables
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Commitments from Responses to Information Requests on Past Reports and Response Plans

Reference Document

2015 AEMP Annual Report

2015 AEMP Annual Report

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

ENR-8

Comment: DeBeers provides a description of its methods and assumptions used to assess the 2015 AEMP data and results. ENR has reviewed the section and has a
variety of concerns regarding the statistics used and the methods used to interpret the monitoring data. For example, the average whole lake mean will be compared to a
prediction interval. This means that the average (season to specific) concentration in a lake must be greater than the 95% prediction interval or lower than the 5th prediction
interval. If both the baseline and post to baseline data sets are normally distributed and their variance does not change from the pre to post baseline periods, then some of
the post to baseline observations could be more than (approximately) 4 standard deviations from the baseline mean. This could represent a significant departure from the
mean which could be the result from the mine. As such, the proposed data interpretation method is insensitive to pick up early warning changes in water quality from the
operation. The decision criterion should be changed to individual observations exceeding some upper limit of the natural range of variability with an associated decision rule
regarding the number of allowed exceedances on an annual basis. The decision rule should be based on the proposed upper and lower bounds and the statistical likelihood
of seeing results in any year above or below them. Additionally, DeBeers is proposing to use the Shapiro Wilk test instead of the Kolmogorov to Smirnov test to test for
normality. ENR is concerned that the sample size used to estimate normality is so small that there is only an ability to detect significant departures from normality. Given the
very small sample size little reliance can be placed on the assumption of normality when the Shapiro Wilk test fails to reject this assumption. The small sample size also
Re-evaluate the methods
precludes defensible estimation of the parameters (e.g. prediction intervals). Therefore, at this point in time prediction intervals should not be used.
used to calculate normal
Recommendation: 1) ENR recommends that the proposed data interpretation method not be used by DeBeers (i.e., prediction intervals) because they are too insensitive, ranges
as proposed, to pick up early warning changes to water quality as a result of the mine.
De Beers Response: The prediction interval is the method described in the AEMP Design Plan to estimate normal ranges for the AEMP; this method is consistent with
methods used by other AEMPs for northern diamond mines. The monitored lakes are small and well to mixed, where variation among individual stations is small. The intent
of using lake to wide means is to not trigger an Action Level by single unusual observations. To detect early to warning changes, the data analysis already takes into account
spatial trends within lakes, as well as temporal trends through time series plots. Experience from the first monitoring year under the AEMP indicates more than a sufficient
level of sensitivity in the current data analysis method. At this time, no changes are warranted to the data analysis method. The methods used for the AEMP will be reevaluated as part of the Aquatic Effects Re-evaluation Report and recommendations will be made for consideration by the MVLWB for the next AEMP cycle.
Board Response: Acceptable response; Board notes that the method currently employed by De Beers with respect to comparisons of water quality data to normal ranges is
described in section 9.2.4.4 (pages 9-23 to 9-24) of the currently approved AEMP Design Plan. Potential issues with the data interpretation methods as pointed out by ENR
should be considered during the AEMP Re-evaluation and considered in the next AEMP Design Plan.

Appendix 7B

ENR-20

Original Comment: BACI analysis for some of the 'core lakes' were affected by a lower detection limit for various parameters which included mercury. Regarding lake
D2/D3, the lower detection limits resulted in more accurate data for antimony, beryllium and silver; however, mercury was not observed even with a lowered detection limit.
ENR notes that mercury monitoring is especially important in Lake D2/D3 as water levels will be raised putting it, and downstream lakes, at higher risk of mercury increases
and biomagnification.
Recommendation: 1) ENR requests that DeBeers comment on the monitoring program for mercury in Lake D2/D3 and the implications for the use of lower detection limits.
This discussion should relate to both sediment and water column concentrations.
Revise normal ranges
De Beers Response: Although lower detection limits for mercury may complicate comparisons to baseline data and the normal ranges estimated based on those data (e.g.,
WQ, SedQ), they also result in greater sensitivity of the monitoring program. Data will also be collected in the reference lakes with the new lower detection limit, which can
be used to re-evaluate normal ranges if the baseline data detection limits become a problem in evaluating potential effects. This applies to both water and sediment quality
data.
Board Response: Acceptable response.

7.4.4 (Water Quality)
8.4.4 (Sediment
Quality)
9.4.3 (Plankton)
10.5.6 (Benthic
Invertebrates)
12.4.2 and 12.4.3 (Fish
Health
13.4.2 (Fish Tissue
Chemistry)
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Commitments from Responses to Information Requests on Past Reports and Response Plans

Reference Document

2015 AEMP Annual Report

Information
Request #

ENR-23 and
ENR-24

Comment, Recommendation, and Response
Original ENR-23 Comment: In Section 7.6, DeBeers makes the following recommendations: "Given that no Mine-related effects from dewatering were seen in the 2015
water quality data, include the 2015 data in the normal range (i.e., as baseline data) and BACI analysis (i.e., as "before-impact" data) as part of the baseline dataset for
future AEMP cycles. This will improve the ability of the normal range to estimate the range of natural variability for the plankton endpoints, and will also improve the ability of
the BACI analysis to detect significant changes of relevant magnitude in the plankton community." Section 7.2.3.8.1 notes that "some baseline data (data collected in 2007,
2011, and 2013) could not be included in the analysis because the BACI analysis requires the impact and control lakes to be sampled in the same year. The BACI
comparisons for Area 8 and Lake N11 were therefore only conducted using a single year of baseline data (2014) for each of the reference lakes (Table 7.2-5)." As a result,
comparable baseline is limited and the ability to use 2015 data as an additional year of baseline will be beneficial is conducting adequate analysis. However, between
December 20, 2014 and October 5,2015, 18,632,910 m3 of water from Kennady Lake was discharged to Area 8 and Lake N11. Constituents such as zooplankton and
phytoplankton came along with this discharge from Kennady Lake. As such, there could be significant change in the biomass or community structure from such a large influx
of water. ENR acknowledges that connection exists between many of these waterbodies; however, natural variability between plankton communities could occur and be of a
scale that could misrepresent conditions prior to anthropogenic disturbance (dewatering) in LakeN11 and Area 8.
Recommendation: 1) ENR is concerned over the use of monitoring data from lakes affected by dewatering as baseline data. ENR request further analysis of pre-dewatering
and dewatering data from Lake N11 and Area 8 in order to make an informed decision about the baseline period.
De Beers Response: Detailed analysis, including multivariate analysis (Section 7.4.7.6 and 7.4.8.6) and BACI (Sections 7.4.7.8 and 7.4.8.8), was already conducted for the
2015 Annual Report. Results of these analyses concluded that the 2015 phytoplankton and zooplankton data were comparable to baseline. For example, NMDS results
(which include data from 2007 to2015) indicated that the phytoplankton and zooplankton community data do not exhibit separation of groups of stations indicative of a
divergence of community structure in 2015 from baseline years, with the exception of the September zooplankton community results from Area 8 which highlight seasonal
variation during the open-water period. Water quality results also indicate that the year-to-year changes in water chemistry in core lakes were not indicative of mine-related
effects. Therefore, based on the 2015 AEMP results, the 2015 data are suitable for inclusion as baseline in next year's AEMP.
Board Response: Board notes that ENR has brought up a point not explicitly considered in the AEMP: that in our consideration of including 2015 plankton data into the
calculation of the normal range for the potentially impacted lakes, we need to consider the addition of plankton from Kennady Lake as well as any Mine-related changes to
water quality. See discussion in attached Staff Report.
ENR-24 Comment: None
Recommendation: 2) ENR recommends, in order to support the proposed expansion of the plankton baseline record, comparisons of baseline data collected in Kennady
Lake and Area 8 and Lake N11 occur. This information should be used to assess predevelopment plankton biomass and community in order to determine similarities or
differences between the waterbodies.
De Beers Response: The requested comparisons of baseline plankton data collected from Area 8 and Lake N11 have already been made in previous baseline reports,
including the 2011 Aquatic Resources Study (Golder 2013) and the Synthesis of Baseline Information for the Aquatic Environment (2014),and these data were compared to
the 2015 database in the 2015 Annual AEMP Report (as comparisons to normal ranges and via multivariate analysis). The recommendation regarding adding the 2015 data
set to the baseline data set was made based on those comparisons, as well as the results of the water quality component, which indicate that the year-to-year changes in
water chemistry in core lakes were not indicative of mine-related effects.
Golder Associates Ltd. (Golder). 2013. 2011 Aquatic Resources Study. Report No. 11-1365-0012/DCN-131. Submitted to De Beers Canada Inc. March 2013.
Golder. 2014. Synthesis of Baseline Information for the Aquatic Environment. Report No. 12-1365-0018/DCN-190. Submitted to De Beers Canada Inc. February March
2014.
Golder. 2015. 2014 2014 Plankton Supplemental Baseline Report. Report No. 13-1365-0007/DCN-309. Submitted to De Beers Canada Inc. April 2015.
Board Response: As discussed in the attached Staff Report, the addition of any of the 2015 monitoring data to the calculation of the normal range for plankton requires
additional discussion outside of this process to approve the 2015 AEMP Annual Report. As part of that discussion, De Beers should provide the referenced documents for
review by ENR. Board have found two relevant studies on the registry and links are provided: 2014 Plankton Supplemental Baseline Report. Report No. 13-1365-0007/DCN309. Submitted to De Beers Canada Inc. April 2015; 2013 Plankton Supplemental Baseline Monitoring Report, Report 12-1365-0018/DCN-203, submitted to De Beers
Canada April 2015.

De Beers Canada Inc.

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

Evaluate data collected
from the core lakes during
the construction phase in
2015 and 2016 for use in
normal range calculations
and as “before years” in
Appendix 7B
the BACI statistical
analysis
9.4.1 (Plankton)
Board staff also suggested
considering the input of
plankton from dewatering
discharge from Kennady
Lake into Lake N11

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Concordance Tables
Table 1A-4

1A-11

December 2019
Appendix 1A

Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Commitments from Responses to Information Requests on Past Reports and Response Plans

Reference Document

2015 AEMP Annual Report

2015 AEMP Annual Report

2015 AEMP Annual Report

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

ENR-28

Original Comment: In Section 11.6, De Beers requests to change detection limits to low volume analysis because of the small size of NNSP. Is this being recommended for
all samples or just NNSP? As investigations are ongoing regarding the appropriateness of NNSP as a sentinel species, discussions related to appropriate detection limits
should not be finalized until after those decisions have been made.
Recommendation: 1) ENR recommends that DeBeers clarify if low volume analysis is being recommended for all fish species, or just NNSP.
De Beers Response: The best achievable detection limit will be employed for the fish tissue analysis, and will be determined by sample volumes. For example, if sample
volumes are insufficient to support routine analytical methods and routine detection limits, then low volume analytical methods and low volume detection limits will be
reported. If sample volumes are greater in the future and sufficient to support routine analytical methods, then routine analyses will be implemented and routine detection
limits will be reported.
Board Response: Board notes that De Beers has committed to using the “best achievable detection limit” for the fish tissue analysis going forward. The change in detection
limits was one of De Beers recommendations for changes to the AEMP Design Plan and this is further discussed in the attached Staff Report.
(Note: in the Staff Report, the Board staff stated that this report recommendation “(does) not seem to be inconsistent with the approved AEMP Design Plan, therefore, De
Beers does not require approval to proceed.”)

Specify that De Beers is
committed to target
detection limits for fish
tissue chemistry that are
the “best achievable
detection limits”.

13.3.2 (Fish Tissue
Chemistry)

ENR-31

Original Comment: DeBeers notes that: In Section 9.8.4 of the AEMP Design Plan (DeBeers 2016) it states that "If all results for one parameter are below the DL, no mean
will be calculated, and the result will be reported as non-detect". This statement is incorrect as written and we recommend updating to "If more than 50% of the values for
one parameter are below the DL, the mean will not be calculated, and the result will be reported as non- detect". ENR agrees that if all results are below the detection limit,
no mean should be calculated. In fact, such a mean would only be the mean of detection limits. It should be reported as non-detect as noted by DeBeers. However, if < 50%
of observations are less than the DL then a median could and should be reported. ENR notes that there are many options for dealing with censored datasets.
Recommendation: 1) ENR recommends that DeBeers provide their preferred option for reporting on data sets when more than 50% of the values are below the detection
limit, other than reporting the entire data set as “non-detect”.
De Beers Response: Due to limitations of chemical analysis procedures particularly when analyzing waters or sediments for parameters that occur in very low
concentrations, these parameters cannot be accurately measured. In these circumstances, parameter concentrations are reported as below the detection limit (DL), or more
accurately, the reporting limit. Within the AEMP, when more than 50% of the sample results for any given parameter are below the analytical reporting limit, median and
mean values will not be reported (this is stated in the footnotes in a number of the summary water quality tables in Section 5.4, as well as the sediment quality and fish tissue
chemistry sections; 2015 AEMP Annual Report). In the statistical analysis of these data, these parameter results are censored and typically substituted with a constant
value, such as half the DL. It is understood that other alternatives exist for censored data (e.g., the DL divided by the square root of 2, the square root of 2 divided by 2, or
zero); however, this approach is deemed reasonable for the data assessment in this AEMP. Be Beers will continue to evaluate data analysis approaches in future monitoring
years.
Board Response: With respect to the reporting of fish tissue chemistry data that contains less than DL values, ENR is correct that De Beers is using a different statistical
method in the 2015 AEMP Annual Report than what it said it would do in the approved AEMP Design Plan. As noted by ENR, Section 9.8.4 of the AEMP Design Plan clearly
states that only in the case that all values are below the DL will the data be described as “non-detect” with no mean or median calculated. But in Section 11.2.3.1 of the 2015
AEMP Annual Report, De Beers has changed this to say that if more than 50% of measured concentrations are below the DL, then it will be considered non-detect with no
mean or median reported. In future AEMP Annual Reports, De Beers should follow the practice specified in the approved AEMP Design Plan, or as discussed in the
attached Staff Report, De Beers may pursue the change through provisions in Part I, item 3 of its Water Licence.

Revise the method for
dealing with non-detect
data when calculating
means.

13.4.3 (Fish Tissue
Chemistry)

MVLWB-4

Original Comment: For chlorophyll a, plankton, and benthic invertebrates, there were various measurements that were deemed to be outside of the normal range. In each
case, the report stated that "2015 values that were outside of the normal range should be interpreted with caution". The reason given was simply that there was not a lot of
baseline data available with which to capture the natural variability that should be reflected in an accurate normal range calculation.
Recommendation: How many years of "baseline" data are required to provide a reasonable estimate of the normal range for chlorophyll a, for plankton, and for benthic
invertebrate measurements such that we no longer have to interpret results "with caution"? In De Beers' opinion, will this issue be resolved prior to the beginning of
discharge from the Water Management Pond?
De Beers Response: Benthic invertebrate and plankton communities tend to be naturally variable, requiring a number of years of baseline data collected using a similar
sampling design, and from years representing varying climatic/hydrological conditions. Caution is required when interpreting any lower trophic dataset, because atypical
years in terms of climate and hydrology can result in unusual data, even when several years of baseline data are available. De Beers is planning to add the 2015 data to the
normal ranges and potentially the 2016 data, following an evaluation of potential mine-related effects in 2016. This is expected to provide a sufficient number of years to
estimate realistic normal ranges and a baseline data set representative of natural variability. The adequacy of the baseline dataset will also be evaluated as part of the
AEMP re-evaluation, after three years of data have been collected under the AEMP.
Board Response: Acceptable response; however, see additional discussion in the attached Staff Report regarding the incorporation of 2015 data into normal range
calculations.

Revise normal ranges with
consideration of the
adequacy of the baseline
data and use of the 2015
and 2016 data.

De Beers Canada Inc.

9.4.1 and 9.4.3
(Plankton)
10.5.6 (Benthic
Invertebrates)

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Concordance Tables
Table 1A-4

1A-12

December 2019
Appendix 1A

Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Commitments from Responses to Information Requests on Past Reports and Response Plans

Reference Document

2015 AEMP Annual Report

2015 AEMP Annual Report

2015 AEMP Annual Report

2016 AEMP Annual Report

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

MVLWB-5

Original Comment: One of the conclusions in this section is that: "the composition of phytoplankton communities in the reference lakes (East Lake and Lake 3) are more
similar to each other than they are to the communities in the core lakes and raised lakes."
Recommendation: Can De Beers explain the implications of this observation for the analysis of phytoplankton effects in future years? For example, if phytoplankton
communities between core lakes and reference lakes are dissimilar in what is being considered a "baseline data" year (i.e., in a year when we don't expect to see an effect),
Evaluated the
will this type of analysis be useful in future for detecting mine-related effects to phytoplankton?
effectiveness of plankton
De Beers Response: The AEMP design does not assume identical baseline communities in reference lakes and core lakes. Rather, further divergence of communities
monitoring.
among lakes relative to baseline conditions would be considered to indicate a potential mine effect, taking into consideration the considerable natural biological variation
among lakes in the area surrounding the mine. The effectiveness of plankton monitoring will be evaluated as part of the AEMP re-evaluation, after three years of data have
been collected under the AEMP.
Board Response: Acceptable response.

9.3.3 (Plankton)

MVLWB-9

Original Comment: In this section, there is a discussion of how BACI effects were detected for several plankton endpoints despite the fact that the very small changes in
water chemistry make it unlikely that there would be a mine-related effect to plankton in 2015. De Beers concludes that the BACI analysis is more sensitive than expected in
the AEMP Design Plan or that the full range of baseline data has not been documented. There is a recommendation to change the Action Levels based on the sensitivity of
the BACI analysis (i.e., to change the "or" statements to "and" statements) and to update the normal range calculations using the 2015 data. Similar statements were made
regarding the nutrient enrichment Action Levels for plankton in Section 7.4.9.2.
Recommendation: If De Beers wishes to proceed with changing the Action Level for plankton (see comments below under Section 15.5), a more thorough discussion is
Revise the Low Action
necessary about why the BACI analysis is so much more sensitive than was originally envisioned. If it is only because there is not enough baseline data to adequately
Levels for plankton
capture the full normal range of natural variability, then perhaps the problem is best solved by adding more years of "baseline data" to the normal range calculations as
suggested. It could be that if the normal range was more robust, then the BACI analysis would become useful and a change in the Action Level would not be necessary.
De Beers Response: In the next AEMP, the 2015 data will be incorporated in the normal range and BACI analysis as baseline data. This may improve the robustness of
these effect measures, and a change to the Action Level statements may not be necessary. Changes to the Action Levels or other components of the AEMP Design Plan will
be recommended in the Aquatic Effects Re-evaluation report.
Board Response: See discussion in attached Staff Report regarding recommendations for changes to the AEMP Design Plan.

9.5.4 (Plankton)

MVLWB-13

Original Comment: With respect to the recommendation to change the Action Levels for the toxicological impairment of benthics and plankton to require both a change from
the normal range AND a measured BACI effect, De Beers states that "The BACI analysis does not take into account the magnitude of the change, and experience gained
using the 2015 data show that it is highly sensitive to small divergences in temporal trends."
Recommendation: It is not clear at this stage whether the BACI analysis would be improved if the normal ranges calculated for plankton and benthics was recalculated after
Revise the Low Action
incorporation of additional baseline data (e.g., by adding the 2015 data to the baseline data set). Changes to the Action Levels may be premature and more discussion is
Levels for benthic
clearly required.
invertebrates
De Beers Response: In the next AEMP, the 2015 data will be incorporated in the normal range and BACI analysis as baseline data. This may improve the robustness of
these effect measures, and a change to the Action Level statements may not be necessary. Changes to the Action Levels or other components of the AEMP Design Plan will
be recommended in the Aquatic Effects Re-evaluation report.
Board Response: Noted. See discussion in Staff Report on recommended changes to the AEMP Design Plan.

10.6.1 (Benthic
Invertebrates)

ECCC-15

Original Comment: The report recommends that 2015 and 2016 water quality data, collected during the dewatering and construction phase, be considered as baseline data
and be included in calculation of normal ranges. Mine construction activities could have the potential to influence water quality in core lakes.
Recommendation: ECCC recommends that the Proponent not consider data from the construction phase as baseline or pre- impact data.
De Beers Response: De Beers disagrees with this recommendation and suggests a pragmatic approach to deciding on this issue, using available monitoring data and
operational activities at the Mine. Effects on the receiving environment do not necessarily begin at the start of operations, which provides an opportunity to accumulate
additional data to characterize background variation, to arrive at realistic normal ranges for use in evaluating Action Level triggers. De Beers considers the Aquatic Effects
Re-evaluation process (due July 2019) as a mechanism to evaluate the component data collected during the first three years of the AEMP to determine the validity of using
any data collected during the construction phase to further characterize background variation.
Board Response: Acceptable response. Recommendations made by De Beers from the AEMP Annual Report will be discussed in the review process for the AEMP Reevaluation Report (due July 2019). Concerns on the recommendations can be brought forth at that time.

De Beers Canada Inc.

Evaluate data collected
from the core lakes during
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2016 AEMP Annual Report

2016 AEMP Annual Report
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2015 to 2018 Aquatic
Effects Re-evaluation
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ECCC-18

Original Comment: The report recommends that 2015 and 2016 sediment quality data, collected during the dewatering and construction phase, be considered as baseline
data and be included in calculation of normal ranges.
Recommendation: ECCC recommends that the Proponent not consider sediment data from the construction phase as baseline data.
De Beers Response: Please refer to the response to ECCC Recommendation #15. To clarify, De Beers does not advocate considering data collected during the
construction phase to be baseline data, but rather as additional data that are potentially useful to characterize background variability in sediment quality, if it can be shown
that there was no pathway to an effect on sediment quality. De Beers considers the AEMP Re-evaluation process (due July 2019) as a mechanism to evaluate the sediment
quality data collected during the first three years of the AEMP to determine the validity of using this data to further characterize background variation.
Board Response: Acceptable response. Recommendations made by De Beers from the AEMP Annual Report will be discussed in the review process for the AEMP Reevaluation Report (due July 2019). Concerns on the recommendations can be brought forth at that time.

ECCC-23

Original Comment: Significant increases in benthic invertebrate density were reported in streams in 2016, compared to baseline conditions (2013). The report notes that
lower water flows in 2016 may have led to greater growth of periphyton, a food source for benthic invertebrates. Selection of sampling stations under low flow conditions may
have also influenced the results as the field crew were limited to low to moderate flow areas, rather than erosional habitats.
Recommendation: For future studies on the impacts of dyking Area 8 on downstream flows, ECCC recommends that the Proponent include an assessment of periphyton
abundance. ECCC recommends that suitable reference streams be selected to assess variability associated with natural flow regimes and to compare future artificial flows
under proposed flow mitigation measures.
De Beers Response: It is acknowledged that periphyton data from streams may be useful to assist in the interpretation of effects resulting from changes in downstream
Consider periphyton
flows. DeBeers will consider adding periphyton sampling as a future requirement in streams downstream of Area 8 as part of the upcoming AEMP re- evaluation report,
sampling in streams
which is scheduled to be submitted to the MVLWB in July 2019. The assessment of effects from Mine-related changes in hydrology on stream benthic invertebrate
communities employs a before-after design, as discussed in the AEMP Design Plan. Sites are sampled before and after flow effects have taken place, thus avoiding
problems caused by natural spatial variation among streams in benthic invertebrate communities. As the AEMP design plan has been approved by the MVLWB, no
additional reference streams are contemplated at this time.
Board Response: Acceptable response. Recommendations (with supporting rationale) related to components of the AEMP Design Plan can be brought forth during the
review of the Aquatic Effects Re-evaluation Report, which is due to the Board, for approval, July 31, 2019. At that time, reviewers may propose evidence to be considered for
updates to the AEMP Design Plan.

10.4.1 (Benthic
Invertebrates)

ECCC-25

Original Comment: Despite apparent impacts of mine construction on nutrient status and benthic community in Lake D2/D3 and on benthic communities in the streams
downstream of Area 8, there did not appear to be Action Levels associated with these responses.
Recommendation: ECCC recommends that the Proponent consider developing Action Levels for benthic effects from flooding in D2/D3 and decreased flow in streams
downstream of Area 8.
De Beers Response: As it is expected that it will take up to 3 years before the maximum predicted effect on water level from diversion of the D watershed by Dyke F is
realized in Lake D2/D3 (i.e., overflow of Lake D2/D3 into Lake N14 in the N watershed). The system is currently in a state of flux and will remain so until water levels
stabilize. It is anticipated that after water levels stabilize, it will take a number of years for biological communities to adapt to the new physical conditions. Evaluation of the
Lake D2/D3 benthic invertebrate data against Action Levels is, thus, proposed to begin once the full hydrologic effect of diversion of the D watershed is realized and lake
biological characteristics begin to stabilize. The AEMP Re-evaluation report will provide a recommendation regarding the development of Action Levels for benthic
invertebrates in Lake D2/D3. The AEMP Response Framework would be updated as part of the next AEMP redesign to include Action Levels for benthic invertebrates in
Lake D2/D3. As discussed in Section 8.6.2 of the report, the Action Levels for benthic invertebrates in streams were developed to assess effects from increased water flows,
primarily via increased scouring, on the benthic invertebrate community downstream of Area 8. No modification to the Action Levels for benthic invertebrates in streams is
proposed, as the Downstream Flow Mitigation Plan will be implemented in 2017, which is proposed to augment flows downstream of Area 8 during operations and refilling to
avoid potential harmful effects to fish and fish habitat, which includes benthic invertebrates.
Development of Low Action Levels for decreased flows is not contemplated, as downstream flows will be supplemented by the downstream flow mitigation plan at least
every three out of four years, and dependent on climate conditions.
Board Response: Acceptable response.

10.6.2 (Benthic
Invertebrates)

De Beers Canada Inc.

Evaluate data collected
from the core lakes during
the construction phase in
2015 and 2016 for use in
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and as “before years” in
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ECCC-28

Original Comment: Action levels were not triggered because the presence of spawning grayling was confirmed in the spring of 2016. However, it seems likely that the low
flows caused by the dyking of Area 8 could have impacted the number of grayling that successfully spawned, or the number of YOY.
Recommendation: ECCC recommends that the Proponent consider modifying the Action Levels for impacts to fish habitat to account for year-to-year differences in
reproductive success.
De Beers Response: De Beers notes that the AEMP Design Plan including the Action Levels has been approved by the MVLWB and ECCC participated in this process.
Re-evaluate Action Levels, 11.5 (Fish Habitat and
Any potential for changes to Action Levels will be considered during the AEMP Re-Evaluation process. The Action Levels for Fish Habitat and Community consider
Community)
confirmation that the physical conditions required for passage and rearing are present, and that fish are continuing to use the downstream habitats, is sufficient to confirm the as appropriate
persistence of the population. Natural year-to-year variability in fish movements, flow conditions and populations can make data interpretation challenging over short time
periods.
Board Response: Appropriate response. Recommendations (with supporting rationale) related to components of the AEMP Design Plan can be brought forth during the
review of the Aquatic Effects Re-evaluation Report, which is due to the Board, for approval, July 31, 2019. At that time, reviewers may propose evidence to be considered for
updates to the AEMP Design Plan.

ECCC-39

Original Comment: For each of the study components (water and sediment quality, plankton, benthic invertebrates, fish health and chemistry), the Proponent has
recommended that data collected from core lakes during the construction phase in 2015 and 2016 should be considered as baseline or pre-impact data for the purpose of
normal range calculations and BACI analyses.
Recommendation: ECCC recommends that the Proponent use only pre-construction data to calculate normal ranges and determine baseline conditions.
De Beers Response: Please refer to the response to ECCC Recommendation #15.
Response to ECCC-15: De Beers disagrees with this recommendation and suggests a pragmatic approach to deciding on this issue, using available monitoring data and
operational activities at the Mine. Effects on the receiving environment do not necessarily begin at the start of operations, which provides an opportunity to accumulate
additional data to characterize background variation, to arrive at realistic normal ranges for use in evaluating Action Level triggers. De Beers considers the Aquatic Effects
Re-evaluation process (due July 2019) as a mechanism to evaluate the component data collected during the first three years of the AEMP to determine the validity of using
any data collected during the construction phase to further characterize background variation.
Board Response: Acceptable response. Recommendations made by De Beers from the AEMP Annual Report will be discussed in the review process for the AEMP Reevaluation Report (due July 2019). Concerns on the recommendations can be brought forth at that time.

Evaluate data collected
from the core lakes during
the construction phase in
2015 and 2016 for use in
Appendix 7B
normal range calculations
and as “before years” in
the BACI statistical
analysis

ECCC-39

Original Comment: For each of the study components (water and sediment quality, plankton, benthic invertebrates, fish health and chemistry), the Proponent has
recommended that data collected from core lakes during the construction phase in 2015 and 2016 should be considered as baseline or pre-impact data for the purpose of
normal range calculations and BACI analyses.
Recommendation: ECCC recommends that the Proponent use only pre-construction data to calculate normal ranges and determine baseline conditions.
De Beers Response: Please refer to the response to ECCC Recommendation #15.
Response to ECCC-15: De Beers disagrees with this recommendation and suggests a pragmatic approach to deciding on this issue, using available monitoring data and
operational activities at the Mine. Effects on the receiving environment do not necessarily begin at the start of operations, which provides an opportunity to accumulate
additional data to characterize background variation, to arrive at realistic normal ranges for use in evaluating Action Level triggers. De Beers considers the Aquatic Effects
Re-evaluation process (due July 2019) as a mechanism to evaluate the component data collected during the first three years of the AEMP to determine the validity of using
any data collected during the construction phase to further characterize background variation.
Board Response: Acceptable response. Recommendations made by De Beers from the AEMP Annual Report will be discussed in the review process for the AEMP Reevaluation Report (due July 2019). Concerns on the recommendations can be brought forth at that time.

Provide the rationale for
the use of 2015 and 2016
fish health and fish tissue
chemistry data as
supplemental baseline
data
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ENR-12

Original Comment: De Beers has requested that the Low Action Level criteria for water quality, sediment quality, plankton, and benthic invertebrates should be revised by
replacing the "OR" logical operators with "AND" between the Action Level criteria. This would require both (toxicological impairment) or all three (nutrient enrichment) criteria
be met before a Low Action Level is triggered. By doing this, the effect being detected is no longer considered by ENR to be Low Level or Early Warning of change.
Toxicological impairment on its own would be considered at the very least Low Level or Early Warning of change. Further, ENR and its technical reviewer notes that the
sensitivity of the before-after-control- impact (BACI) analyses is a driver of changes to Action Levels proposed by De Beers however it is not possible to understand how
sensitive the analyses are without substantially more information and unencumbered electronic data.
Recommendation: 1) ENR recommends strongly that the Low Action Levels remain unchanged in the document, i.e. that ‘and’ not be included as a logic operator and the
‘or’ remain.
Re-evaluate Low Action
De Beers Response: De Beers disagrees with this recommendation based on experience gained during data evaluation for the AEMP annual report. However, no change Level criteria
to the Response Framework is proposed at this time. Rather, recommendations regarding the AEMP study design and Response Framework, as presented in the AEMP
Reports to date, will be accumulated over the first three years of monitoring and considered together in the AEMP Re- evaluation Report. This re-evaluation will provide
updated recommendations for the AEMP Design Plan update, with full supporting information gained from the three years of monitoring.
Board Response: Recommendations made by De Beers from the AEMP Annual Report will be discussed in the review process for the AEMP Re- evaluation Report (due
July 2019). Concerns on the recommendations can be brought forth at that time.
Note that Board staff support ENR’s recommendation for a logical “or” and not “and”. This would be consistent with the Response Framework for Diavik, in which either
nutrient enrichment or toxicological impairment are Action Level triggers.

ENR-13

Original Comment: None
Recommendation: 2) ENR recommends that De Beers also include degrees of freedom and mean square error estimates for all model terms so that an initial assessment
of data support is possible. The analyses should also include predicted marginal model cell means and associated standard errors so that the magnitude and precision of the
change may be assessed.
De Beers Response: De Beers acknowledges ENR's recommendation to include degrees of freedom and mean square error estimates for all model terms. This inclusion of
degrees of freedom may be incorporated in the future AEMP Annual Reports following the first AEMP Re-evaluation cycle. Inclusion of predicted marginal model cell means
and associated standard errors will also be considered in the AEMP Re-evaluation.
Board Response: Acceptable response

ENR-14

Original Comment: De Beers preamble states that "The evaluation of the 2016 data suggest that the set of variables used in evaluating the Low Action Level for plankton
should be changed by including chlorophyll a and dropping zooplankton abundance, which is redundant." Section 1.6 notes that the intent is to "remove zooplankton
abundance, because it is redundant to consider both zooplankton abundance and biomass in the Action Level assessment". However, De Beers has not provided any
evidence of such redundancy. ENR notes that aquatic specialists and scientists were involved in drafting these Action Levels during the development of the AEMP.
Recommendation: 1) ENR recommends that evidence of the redundancy to date should be provided. This should be accompanied by a discussion regarding the expected
correlation between these metrics over time and where, in association with diamond mining in the Arctic, such a correlation has been consistently demonstrated for a period
of 5 or more years to support such a change. Reference to studies and literature should also be provided.
De Beers Response: Incorporating chlorophyll a in the Action Levels for plankton will improve the ability of the AEMP to detect Mine-related changes on the core and raised
lakes. Chlorophyll a is an important monitoring variable and is part of the Action Levels for other diamond mind AEMPs including Diavik (Golder 2014). The recommendation
to remove zooplankton abundance from the Action Levels was suggested on the basis that zooplankton biomass, which is already included in the Action Levels, is the
standard indicator of the availability/supply of zooplankton as food for fish. This recommendation will be further reviewed as part of the AEMP Re-evaluation process, and if
validated during the AEMP Re-evaluation process, reference to literature and relevant studies will be presented as justification for the proposed change.
Reference: Golder. 2014. Diavik Diamond Mines Inc. - Aquatic Effects Monitoring Program - Study Design Version 3.5. Prepared for Diavik Diamond Mines (2012) Inc.
Yellowknife, NT, Canada. May 2014.
Board Response: Appropriate response. Recommendations made by De Beers from the AEMP Annual Report will be discussed in the review process for the AEMP Reevaluation Report (due July 2019). Concerns on the recommendations can be brought forth at that time.

ENR-15

Original Comment: None
Recommendation: 2) ENR recommends that the Board not make a change to the AEMP until such time as these documents and supporting rationale is provided and
adequately reviewed by interested parties.
De Beers Response: Agreed. The ENR recommendation is consistent with the process applied to update AEMP design plans. However, De Beers considers it useful to
provide recommendations arising during each year of monitoring, for consideration during the AEMP Re-evaluation process.
Board Response: Recommendations made by De Beers from the AEMP Annual Report will be discussed in the review process for the AEMP Re-evaluation Report (due
July 2019). Concerns on the recommendations can be brought forth at that time.

De Beers Canada Inc.

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

7.5.1 (Water Quality)
8.5.1 (Sediment
Quality)
9.5.4 and 9.6.1
(Plankton)
10.6.1 (Benthic
Invertebrates)

Review the approach for
the BACI statistical design
in the Aquatic Effects Reevaluation Report, in terms Appendix 7B
of how the model is run,
and how it uses the
available data

Provide rationale for
adding chlorophyll a to the
Action Level Assessment

9.5.1 (Plankton)

Provide rationale for
9.5.2 (Plankton)
removing zooplankton
abundance from the Action
Level Assessment

n/a

n/a
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ENR-16

Original Comment: ENR's technical consultant has identified an issue with the BACI interaction term in Equation 5.2-3.
Specifically, the BACI interaction term in Equation 5.2-3 will be incorrectly estimated when the design is unbalanced. The issue is explained in technical terms by the
following. Hypotheses tested by monitoring programs when designs are "unbalanced" occur when there are unequal numbers of replicates in the classifications cells, or
simply "cells" created by structural model variables such as: "before or after"; "reference or exposure"; "time (when treated as a stratifying variable)"; etc.. These are not
necessarily the hypotheses the analyst believes are being tested. This is due to the differential weighting of cells. There are however, methods for testing hypothesis of
interest. These method focus on the specific hypotheses of interest and focus on them. Another consequence of unbalanced designs is the effects detected may not be
those expected by the data analyst. As a rule of thumb, predicted cell means (as opposed to those estimated from the raw data using naive estimators) and standard errors
are those used in hypothesis tests. The predicted cell means will differ from those naively estimated from the raw data to some degree depending upon the degree of
imbalance. The BACI interaction term uses the predicted classification cell means when testing the hypothesis of no interaction between the before-after and control-impact
classification variables.
However, the numerator of the percent change reported by De Beers uses the naive estimator using the raw data.
Assuming that the correct test of significance was conducted (note the reviewer was not able to discern this as insufficient details are available in the AEMP), the use of the
BACI interaction term estimated using Equation 5.2-3 will not affect the test of significance, but will, to an unknown degree, deviate from the BACI interaction term used in
the hypothesis test.
Recommendation: ENR recommends that De Beers correct this section of the AEMP report, and in future, the design report, to use predicted marginal means in this
calculation.
De Beers Response: De Beers stands by the current approach for calculating the magnitude of effect, which is based on the approved Design Plan. The current method
aims to complement the BACI analysis, so as to convey information about the relative change and direction of potential effects in the case of a significant BACI interaction.
The explanations provided by ENR are valid; however as discussed, ENR's recommendations related to the overall BACI model are considered within the overall BACI
analysis model (outlined in Equation 5.2-2) described in the AEMP Report. The interaction term provided in Equation 5.2-3 is distinct from ENR's recommendation because it
is an additional calculation that supplements the BACI analysis. Since these calculations are different for normal, log-normal, and non-normal data, plotting the resulting
means also helps with visualizing results. De Beers will consider such a change or clarification in approach through the AEMP Re- evaluation process.
Board Response: Board staff agree with ENR’s recommendation. However, as the current approach for calculating the magnitude of effect is based on the approved AEMP
Design Plan, Board staff encourage ECCC to bring forth this recommendation during the review of the Aquatic Effects Re- evaluation Report, which is due to the Board, for
approval, July 31, 2019.

Review the approach for
the BACI statistical design
in the Aquatic Effects Reevaluation Report, in terms Appendix 7B
of how the model is run,
and how it uses the
available data

ENR-19

Original Comment: None.
Recommendation: 2) ENR recommends that the Board not make a change to the AEMP until such time as these documents and supporting rationale is provided and
adequately reviewed by interested parties.
De Beers Response: Agreed. The ENR recommendation is consistent with the process applied to update AEMP design plans. However, De Beers considers it useful to
provide recommendations arising during each year of monitoring, for consideration during the AEMP Re-evaluation process.
Board Response: Recommendations made by De Beers from the AEMP Annual Report will be discussed in the review process for the AEMP Re- evaluation Report (due
July 2019). Concerns on the recommendations can be brought forth at that time.

n/a

ENR-21

Original Comment: De Beers proposes that BACI must have samples collected from exposure and reference groups at the same time. ENR would agree that this would be
best practice; however, if the samples have not been taken at the same time, for example for the water quality component, interpretation of the data could still occur
statistically. This interpretation would need to be done carefully and with an experience statistician that works regularly with environmental data. Underwood (1991)
presented a BACI analysis where samples are collected at different times at the control and reference sites. This was done by carefully considering temporal confounding
factors. The potential to apply such a BACI model to other measurement endpoints should be considered.
Recommendation: 1) ENR recommends that De Beers conduct sampling at exposure and reference areas at the same time.
De Beers Response: As outlined in AEMP 2016 Annual Report and the AEMP Design Plan (De Beers 2016), De Beers will conduct sampling at core (i.e., exposure) and
reference lakes at the same time for all AEMP components. Please see response to ECCC Recommendation #29 for additional information regarding the circumstances
around fish health and fish tissue chemistry sample timing in 2015 and 2016. De Beers acknowledges ENRs recommendation to apply a BACI model as described in
Underwood (1991), if samples are collected at different times at the exposure and reference sites. The use of a BACI model will be considered in the AEMP Re-evaluation.
References:
De Beers. 2016. Aquatic Effects Monitoring Program Design Plan. Version 5. Gahcho Kué Mine. Submitted to Mackenzie Valley Land and Water Board, Yellowknife, NWT.
January 2016.
Underwood, A.J. 1991. Beyond BACI: Experimental designs for detecting human environmental impacts on temporal variations in natural populations. Aust. J. Mar.
Freshwater Res. 42:569-87.
Board Response: Appropriate response.

Review the approach for
the BACI statistical design
in the Aquatic Effects Reevaluation Report, in terms Appendix 7B
of how the model is run,
and how it uses the
available data

De Beers Canada Inc.
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ENR-23

Original Comment: In a June 30, 2016 Staff Report related to the Gahcho Kue 2015 AEMP Annual Report, it was recommended that "the Board run a short process,
outside of the approval of the 2015 AEMP Annual Report, to work with the reviewers and the proponent to settle the question of whether it is appropriate to include the 2015
AEMP data into the calculation of the normal ranges for water quality, sediment, plankton and benthics for use in future AEMP Annual Reports". ENR notes that the inclusion
of post-baseline data in a baseline dataset contravenes the definition of baseline data. As baseline data are used to estimate normal ranges that are critical to mine
management, assessment of effects and confirmation of environmental assessment predictions.
The fundamental question of adding post-baseline data to a baseline dataset should be resolved through the process mentioned by Board Staff as soon as possible,
particularly given the assertions that Low Action Levels for benthic macroinvertebrates are being triggered but dismissed. For example an argument is presented that: "the
normal ranges in Table 4 and Figures 1a and 1b likely do not adequately characterize natural variability in core lakes and are unrealistically narrow" (De Beers, 2016b).
Recommendation: 1) ENR recommends that a discussion about the baseline data and the 2015 data take place and that it precede the AEMP re-evaluation so that
subsequent analyses, interpretations and reviews will not need to address this question.
De Beers Response: De Beers stands by the quoted statement and suggests that although ENR's definition of "baseline" is correct, the fundamental question is related to
accumulating additional data to characterize background conditions (and hence normal ranges), rather than strictly baseline data. The timeline through project concept to
approval and AEMP development rarely allows full characterization of background variability for use in an AEMP analysis, especially given that it is not possible to select
AEMP stations during baseline work, before the development of an AEMP design. Therefore, opportunities to collect additional data to characterize background variability
during the tenure of the AEMP should be explored, and useful data added to the baseline data set to allow estimation of reasonable normal ranges. Regarding the process
to make a decision on the use 2015 data along with baseline data, De Beers suggests that a decision could be made based on the data summaries and recommendations to
be prepared as part of the AEMP re-evaluation process.
Board Response: Recommendations (with supporting rationale) related to components of the AEMP Design Plan can be brought forth during the review of the Aquatic
Effects Re-evaluation Report, which is due to the Board, for approval, July 31, 2019. At that time, reviewers may propose evidence to be considered for updates to the
AEMP Design Plan. Prior to or during the Re- evaluation Report submission process, a technical workshop may be held to discuss this concern and address this
recommendation.

Evaluate data collected
from the core lakes during
the construction phase in
2015 and 2016 for use in
Appendix 7B
normal range calculations
and as “before years” in
the BACI statistical
analysis

ENR-24

Original Comment: The observed phytoplankton quality assurance level of effort is duplicate samples collected twice over the 15 samples (5 locations x 3 events) for each
lake with the exception of East Lake where only one quality assurance sample was collected (Table 7.2-1). This level of effort is inconsistent with the AEMP design report
which states: "At the fifth sampling station in each lake, two phytoplankton samples will be collected and analyzed separately for QC (quality control) purposes" De Beers
(Gahcho Kué Mine Aquatic Effects Monitoring Program Design Plan Version 5, Section 9.4.2.4).
Recommendation: 1) ENR recommends that De Beers conduct AEMP sampling following the approved AEMP design plan as required under its Water Licence. ENR notes
that this recommendation may also apply to other measurement endpoints. De Beers should confirm that the AEMP design plan quality assurance requirements are being
met or, will be met in future monitoring, for all measurement endpoints.
De Beers Response: De Beers would like to acknowledge ENR's careful attention to detail and for picking up on the discrepancy. During each of the monthly field programs
in 2016 (i.e., July, August, and September), three duplicate chlorophyll a, phytoplankton, and zooplankton samples were also collected, representing 10% of samples. The
duplicate samples were collected, filtered (where necessary), and analyzed separately to provide a measure of the combined amount of variation resulting from small scale
spatial variation at the station, field sampling, and laboratory analysis. Upon review of the sampling procedures in 2016, De Beers acknowledges that QA/QC plankton
sampling plan followed during the 2016 AEMP diverges from the AEMP Design Plan. The decision to reduce the number of duplicate samples collected was made based on
an evaluation of the results from the 2014 and 2015 baseline programs, which showed a redundancy in sampling effort because the within-station variability was minimal and
the original level of duplication was unnecessary and did not add any additional value to the AEMP. De Beers acknowledges that such changes to the sampling procedures
should be left for the AEMP Re-evaluation.
Board Response: Appropriate response.

Justify reducing the
number of quality control
samples for the plankton
component

9.3.1 (Plankton)

MVLWB-1

Original Comment: In the recommendations, De Beers stated that the evaluation of the 2016 data suggest that the set of variables used in evaluating the Low Action Level
for plankton should be changed by: (1) including chlorophyll a; and, (2) dropping zooplankton abundance because it is redundant with biomass in the Action Level
assessment.
Recommendation: Please provide further explanation as to why zooplankton abundance is redundant in the context of the Action Level assessment.
De Beers Response: The recommendation to remove zooplankton abundance from the Action Levels was suggested on the basis that zooplankton biomass, which is
already included in the Action Levels, is the standard indicator of the availability/supply of zooplankton as food for fish. This recommendation will be further reviewed as part
of the AEMP Re-evaluation process, and if validated during the AEMP Re- evaluation process, reference to literature and relevant studies will be presented as justification
for the proposed change.
Board response: Acceptable response.

Justify removing
zooplankton abundance
from the Action Level
assessment

9.5.2 (Plankton)
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Commitments from Responses to Information Requests on Past Reports and Response Plans

Reference Document

2016 AEMP Annual Report

2017 AEMP Annual Report

2017 AEMP Annual Report

2017 AEMP Annual Report

2018 AEMP Annual Report

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

MVLWB-3

Original Comment: This Section explains that the WOE Rankings are not intended to indicate the ecological significance of observed effects, which is an important
distinction between the WOE assessment and the AEMP Response Framework described in the AEMP Design Plan. This Section goes on to say that the WOE approach is
preliminary at this stage, and will likely be refined as information is generated by the AEMP. The WOE approach for the AEMP will initially be qualitative and incorporate a
high degree of professional judgement, and that a semi-quantitative approach may be applied in the future, as information generated by the AEMP is gathered and
assessed.
Recommendation: If possible, please outline at what general stages of mine life, or what operational triggers would need to occur for De Beers to consider moving to a
semi-quantitative approach for the WOE Rankings from the current qualitative and interpretive approach?
De Beers Response: The application of a semi- quantitative approach in the future is not dependent on the stage of the Mine life or operational triggers. As more
information generated by the AEMP is gathered and assessed it may be determined that a scoring system (i.e., numerical scores for the weight assigned to each
measurement endpoint, the magnitude of response, and the coherence of responses among multiple measurement endpoints) is needed to create a more formal WOE.
Customizing the study design to suit site-specific circumstances, rather than application of "boiler-plate" assessments is the preferred approach, and in order to do this, sitespecific data are required. However, provided the rationales for the evaluation and integration of lines of evidence apply professional best judgement and are clearly
presented, it may also be determined that the qualitative WOE approach is sufficiently transparent for reviewers. The WOE approach during the first three years of
monitoring will be evaluated during the first AEMP Re-evaluation, and recommendations will be provided regarding methods to be employed for future WOE analyses in the
AEMP.
Board response: Acceptable response.

Re-evaluate the WOE
approach during the first
three years of monitoring
and recommend methods
to be employed for future
WOE analyses in the
AEMP

15.3.1 (Weight of
Evidence)

ECCC-1

Original Comment: Environment and Climate Change Canada has reviewed the AEMP Annual Report and has no comments at this time. Outstanding comments from
previous reviews are expected to be addressed in the 2019 re-evaluation.
Recommendation: N/A
De Beers Response: Acknowledged. De Beers will address outstanding comments from previous reviews in the AEMP Re-evaluation Report, which is due to the Board in
2019.
Board Response: Noted.

Address outstanding
comments from previous
reviews

n/a

ENR-1

Original Comment: Throughout the report, DeBeers expresses the opinion that data collected during 2015 and 2016 could be used to augment the “Baseline” dataset. ENR
include post-construction data in the baseline dataset when suggested in previous annual reports. ENR’s concerns remain, and this issue requires additional discussion and
evaluation. The Board has previously indicated that this issue is more appropriately included within the scope of the AEMP Design re-evaluation currently scheduled for
summer 2019. ENR will defer to the Board regarding how to best address this issue, but concerns on this topic identified in previous reviews remain.
Recommendation: 1) ENR notes that the appropriateness of using post-construction data as part of the baseline dataset remains unresolved.
De Beers Response: Acknowledged. De Beers will address the appropriateness of incorporating 2015 and 2016 data to augment the baseline dataset in the AEMP Reevaluation Report.
Board Response: Board staff acknowledge this unresolved topic that will be addressed during the AEMP Re evaluation report process in 2019.

Evaluate data collected
from the core lakes during
the construction phase in
2015 and 2016 for use in
Appendix 7B
normal range calculations
and as “before years” in
the BACI statistical
analysis

ENR-10

Original Comment: Plankton edibility assessment was not conducted because “major changes in water quality and plankton communities in the core lakes and raised lakes
were not observed in 2017”. The level of change that would be required before an edibility assessment is required does not appear to be established.
Recommendation: 1) ENR recommends that De Beers propose a level of change that would trigger a plankton edibility assessment.
De Beers Response: De Beers suggests that Low Action Level triggers for nutrient enrichment in plankton AND water quality components (open-water) would be needed
before an edibility assessment is recommended in a response plan.
Board Response: De Beers has addressed ENR’s question. This could also be discussed further during the AEMP Re-evaluation process in 2019.

Evaluate if an edibility
assessment would be a
useful addition to the
AEMP Design Plan, and if 9.4.4 (Plankton)
so, what would trigger
doing an edibility
assessment

ENR-5

Original Comment: The AEMP Design Plan states water levels will be continuously monitored during open-water at Lake L1 during construction and operations. However,
Lake 1 is not included in the list of lakes samples in 2018. There is a lake referred to in the 2018 Annual Report as “Lake 1a”, which is absent from the Hydrology Site map in
the 2018 Annual Report.
Recommendation: 1) ENR recommends that De Beers clarify if Lake 1a is the same as Lake 1. If Lake 1a has replaced Lake 1, then provide a rationale for the replacement
and update the AEMP Hydrology Stations map.
De Beers Response: The Lake L1 outlet is also designated as the Lake L1a outlet. Lake L1 consists of two basins L1a (downstream) and L1b (upstream) that combine at
elevated water levels and separate at lower water levels. For consistency in future AEMP annual reports, the label “Lake L1” will be changed to “L1a” on Map 4.1-1 (this will
also be noted in the AEMP Re-evaluation Report and subsequent AEMP Design Plan Update).
Board Response: For future Annual Reporting, AEMP Re-evaluation Report, and AEMP Design Plan update, De Beers shall ensure the relationship between L1, L1a
(downstream), and L1b (upstream) is clarified and included on the Hydrological Site Maps.

Note that Lake L1 consists
of two basins L1a
5.2.3.3 (Hydrology)
(downstream) and L1b
(upstream)
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Commitments from Responses to Information Requests on Past Reports and Response Plans

Reference Document

2018 AEMP Annual Report

Information
Request #

ENR-40

2017 AEMP Response Plan
for Water Quality, Plankton, ENR-2
and Benthic Invertebrates

Comment, Recommendation, and Response

Commitment

Original Comment: The AEMP Design Plan defined Low Action Levels for fish health parameters in response to each impact hypothesis. Low Action Levels are triggered if
there is statistically significant difference in fish health endpoint relative to reference lakes and relative to baseline, that exceeds the critical effect sizes; AND average value
for fish health endpoint outside of the normal range and in the direction that is indicative of a toxicological effect, nutrient enrichment effect, or limited food availability related
to physical habitat alteration.
Table 10.3-14 shows normal ranges calculated for lethal fish health endpoints. In particular, the normal range for fish age was 1 – 3 years of age. Populations of Ninespine
Sticklebacks in Lake Superior shows that males reached sexual maturity in their second summer (age 1) and seldom lived longer than age 3 (age 2; McPhail 2007).
Approximately, 40% of the females matured in their second summer (age 2) and the rest in the third summer (age 3). Fewer age classes are present in more northerly
populations (McPhail 2007). Other references (Richardson et al. 2001) state that most Ninespine Sticklebacks mature in their first year and have a life expectancy of about
three and a half years. While, individuals from this species have been found to reach five years of age, this has not been documented for this area (Roberge et al. 2002).
Given the biology of the species (age range between 1-3) and the proposed normal ranges (age range between 1-3), it is highly unlikely that a Low Action Level would be
triggered even with a significant project-related impact. Even with a complete recruitment failure and loss of age-1 and age-2 fish, the mean age of the remaining Ninespine
Stickleback population could still fall within the “normal range” and not trigger a Low Action response. From a biological perspective, a complete loss of two age classes
could be considered an effect on the population that warrants further investigation. The biological significance/effectiveness of the Low Action Levels should be reviewed in
the context of the species life history.
A similar argument as above could be made for Ninespine Stickleback length and weight data and warrants further investigation. The proposed length normal range lies
Consider the relevance of
between 32.8 - 60.9 mm. It is uncertain if Ninespine Sticklebacks actually grow much larger that 60.9 mm.
the normal ranges for fish
References:
health endpoints
McPhail, J.D. 2007. The freshwater fishes of British Columbia. Univ. Alberta Press, Edmonton, Alberta.
Richardson, E. S., J. D. Reist, and C. K. Minns. 2001. Life history characteristics of freshwater fishes occurring in the Northwest Territories and Nunavut, with major
emphasis on lake habitat requirements. Canadian Manuscript Report of Fisheries and Aquatic Sciences 2569. Fisheries and Oceans Canada, Winnipeg, Manitoba.
Roberge, M., J. M. B. Hume, C. K. Minns, and T. Slaney. 2002. Life history characteristics of freshwater fishes occurring in British Columbia and the Yukon, with major
emphasis on stream habitat characteristics. Canadian Manuscript Report of Fisheries and Aquatic Sciences 2611. Fisheries and Oceans Canada, Cultus Lake, British
Columbia.
Recommendation: 1) ENR recommends that De Beers review and comment upon the proposed normal range methodology used for fish age, length, and weight data in the
context of biological significance. This should be discussed in further detail during the upcoming AEMP Re-Evaluation.
De Beers Response: Normal ranges are calculated and presented for fish health endpoints to provide context for data collected from the core lakes; however, not all fish
health endpoints are considered in the Response Framework. While the biological relevance for some of the fish health endpoints may be limited as pointed out by the
reviewer, only size-adjusted endpoints with critical effect sizes (as defined under the MDMER [Government of Canada 2018]) are assessed as Action Levels (Section 10.5 of
the 2018 AEMP Annual Report). The relevance of these endpoints in normal range calculations will be considered during the AEMP Re-evaluation.
Reference: Government of Canada. 2018. Metal and Diamond Mining Effluent Regulations. Minister of Justice, SOR/2002-222.
Board Response: TBD
Original Comment: In various instances, De Beers has noted that although Action Levels are triggered in relation to natural range or the reference lakes, increases were
predicted in the Environmental Impact Statement (EIS)and are not a concern. ENR concurs that increases were predicted during the EIS and agrees that this should be a
consideration during discussions on potential Action Level amendments in future design revisions. In the interim, it would be useful for De Beers to update applicable tables
within the AEMP Response Plan to include an additional column for "EIS Predictions" to provide reviewers amore complete understanding of how current levels compare to
EIS predictions.
Recommendation: In any cases where De Beers concludes that increases in parameters are of low consequence given that increases were predicted in the EIS, ENR
recommends that summary tables be updated to include an additional column which outlines EIS prediction values (or ranges) for that parameter.
De Beers Response: Updated summary tables containing the EIS predictions, particularly with respect to water quality constituents, will be developed as part of the AEMP
Re-evaluation and Re-design.
Board Response: Board staff agree with ENR that where De Beers concludes that increases in parameters are of low consequence given that increases were predicted in
the EIS, this evidence from the EIS should be included in the Response Plan as support for those conclusions. In the next iteration of the AEMP Response Plan, please
update the necessary summary tables to include an additional column which outlines EIS prediction values (or ranges) for that parameter.

De Beers Canada Inc.

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

12.4.3 (Fish Health)

Provide updated summary 17 (Updated Effect
tables of EIS predictions
Predictions)
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Concordance of the 2015 to 2018 Aquatic Effects Re-evaluation Report with De Beers Commitments from Responses to Information Requests on Past Reports and Response Plans

Reference Document

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

2017 AEMP Response Plan
for Water Quality, Plankton, ENR-3
and Benthic Invertebrates

Original Comment: In multiple locations, DeBeers notes that normal ranges maybe re-defined based on data collected from each core lake during construction and early
operation phases. This is specified further in Section 5 which references using "the 2015 (and potentially 2016) water and sediment quality, plankton and benthic
invertebrate data". ENR notes that as construction and operations had already commenced prior to collection of this data, there may be issues with this proposal. ENR also
notes that similar comments were provided by this department on June13, 2016 in response to the 2015 AEMP Annual Report when De Beers had proposed a similar
strategy related to normal ranges for plankton.
Recommendation: ENR is concerned over the use of monitoring data from lakes affected by construction and operations. It is ENR’s understanding that additional
discussion on this topic will occur during the 2019 re-design and has no further comments at this time.
De Beers Response: De Beers agrees that detailed presentation and discussion of this topic should be deferred until the AEMP Re-evaluation and Re-design.
Board Response: Board staff take note of ENR’s recommendation and that De Beers’ is in agreement.

2017 AEMP Response Plan
for Water Quality, Plankton, ENR-4
and Benthic Invertebrates

Original Comment: De Beers has outlined several areas where they believe the AEMP design could be amended to provide a more robust framework such as: Updating
normal range; Re-evaluating the data analysis methods; and Adjusting the Action Level criteria. De Beers believes that the 2015 to 2018 Re-Evaluation Report and AEMP
Design Update Plan will provide an opportunity to discuss these areas. ENR notes these are significant requests and concurs that the upcoming re-valuation and design
update would be an appropriate venue for this discussion.
Recommendation: ENR supports De Beers’ proposal to raise AEMP design items during the upcoming re-evaluation and design update and will comment further on those
recommendations at that time.
De Beers Response: De Beers agrees that detailed presentation and discussion of this topic should be deferred until the AEMP Re- evaluation and Re-design.
Board Response: Board staff take note of ENR’s recommendation and that De Beers’ is in agreement.

Re-evaluate Low Action
Level criteria

7.5.1 (Water Quality)
8.5.1 (Sediment
Quality)
9.5.4 and 9.6.1
(Plankton)
10.6.1 (Benthic
Invertebrates)

2017 AEMP Response Plan
for Water Quality, Plankton, ENR-5
and Benthic Invertebrates

Original Comment: De Beers has outlined concerns with the use of nitrate increases as an indicator of nutrient enrichment noting that ""phosphorus (i.e., the limiting
nutrient) is a more relevant parameter to determine the potential for nutrient enrichment in Lake N11, and in 2017 no significant effects were detected on phosphorus
concentrations." Additionally, it is indicated that De Beers may wish to amend the Action Level in this regard during the AEMP Re-design. ENR would like to discuss this
matter further but await the formal request during the AEMP Re-Design.
Recommendation: ENR will provide further recommendations regarding amendments to nutrient enrichment during the next AEMP Re-Design.
De Beers Response: De Beers agrees that detailed presentation and discussion of this topic should be deferred until the AEMP Re- evaluation and Re-design.
Board Response: Board staff take note of ENR’s recommendation and that De Beers’ is in agreement.

Evaluate nitrate as an
indicator of nutrient
enrichment

9.4.5 (Plankton)

2017 AEMP Response Plan
for Water Quality, Plankton, ENR-6
and Benthic Invertebrates

Original Comment: Regarding density of Pisidiidae, De Beers notes that this may a result of habitat variability in sampling locations. ENR is concerned that habitat
variability may be a factor at multiple stations for multiple parameters, as has been seen on other programs, and it is unclear how De Beers proposes to account for this in
AEMP results.
Recommendation: ENR requests that De Beers provide a discussion on how habitat variability will be accounted for in future interpretation of AEMP results and whether
assessment endpoints other than Pisidiidae may be impacted.
De Beers Response: Detailed discussion and recommendations related to this topic would also be more appropriate to defer until the AEMP Re-evaluation, when analyses
incorporating the entire dataset will be performed, including habitat relationships. At that time, options regarding dealing with habitat variation will be evaluated and
presented.
Board Response: Acceptable response. Board staff agree that this discussion can be deferred until the AEMP re-evaluation and re-design in 2019.

Provide more detailed
discussion and
recommendations related
to how habitat variability
will be accounted for in
future AEMP

10.5.2 (Benthic
Invertebrates)
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Reference Document

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

2017 AEMP Response Plan
for Water Quality, Plankton, ENR-7
and Benthic Invertebrates

Original Comment: The Response Plan notes that Medium and High Action Levels are not proposed at this time.
Specifically the rationale is that the "current Low Action Levels are believed to be inappropriately scaled and appear to result in false positive triggers. The Low Action Levels
need to be re-evaluated during the Aquatic Effects Re-evaluation prior to establishing Moderate and High Action Levels for the nutrient enrichment hypothesis." ENR notes
that currently the Low Action Levels that exist are valid and until such time the Board determines they are "inappropriate", they must be acknowledged. As such, given their
exceedance, Medium Action Levels should be set.
Recommendation: GNWT recommends that at a minimum, a Medium Action Level should be defined and implemented in time for the 2018 Annual Report submission at
which time the need for a High Action Level can be determined based upon an additional year’s data.
Develop Moderate Action
De Beers Response: Based on the results of the 2017 AEMP, and interpretations provided in the 2017 AEMP Annual Report and AEMP Response Plan, De Beers
Levels
recommends not developing Medium Action Levels at this time, especially given the concerns related to a number of likely false positive Low Action Level triggers discussed
in the Response Plan.
Developing Medium Action Levels for the various AEMP components is a moderate- scale undertaking requiring extensive review and interaction among regulators,
stakeholders and the proponent, and is likely to be an extended process, which is not warranted by the AEMP results available to date. Furthermore, if the AEMP Reevaluation process results in updated Low Action Levels, any newly developed Medium Action Levels would likely become outdated.
Board Response: Acceptable response. Board staff recommend De Beers propose a Medium Action Level during the AEMP re-evaluation and AEMP re-design process,
even if the Low Action Level is changed/revised.

2017 AEMP Response Plan
– Fish Habitat and
NSMA-1
Community – Version 1

Original Comment: One of the Low Action Level criteria outlined in the AEMP, and one of the triggers for this AEMP response plan, is "Arctic Grayling fry are not present
in the system and/or not distributed similar to baseline." It appears as though there is some ambiguity as to how this criteria is to be interpreted. De Beers appears to be
primarily following the first half of this criteria: "Arctic Grayling fry being present in the system", which led to triggering of the Low Action Level following July- September 2017
field monitoring (which resulted in no confirmed observations of Arctic Grayling young-of-year (YOY). However, the AEMP response plan states, in S.4.1.4., that "analysis of
data collected in 2016 by Baker et al. (2017) indicated a continuance of the pattern of lower occupancy in streams in the affected KLM stream system, with higher occupancy
observed in both control watersheds surveyed in 2016. Occupancy by YOY Arctic Grayling in the KLM system averaged 33+/- 13%, similar to the range of occupancy
observed in 2015, and significantly lower than occupancy levels observed prior to the dewatering of Kennady Lake [emphasis added]." If significant changes to range of
occupancy of Arctic Grayling Fry in the KML stream system have been noted since 2015, this suggests to us that the second half of the trigger criteria, "Arctic Grayling
fry...not distributed similar to baseline" should have been triggered in 2015 or 2016 rather than 2017.
Recommendation: NSMA recommends that De Beers revise the Low Action Level criteria so that "Arctic Grayling Fry are not present in the system" and "Arctic Grayling fry
Re-evaluate Action Levels, 11.5 (Fish Habitat and
are not distributed similar to baseline" are two separate criteria, rather than a single criteria containing an ambiguous "and/or" qualifier. We also recommend that De Beers
as appropriate
Community)
provide an explanation of how distribution "similar to baseline" or not will be quantified in a clearly defined and ecologically relevant manner.
De Beers Response: The Action Level was approved under the AEMP Design Plan Version 5. The criteria specifically refers to the absence of ARGR fry in the system, or
that the spatial distribution (i.e. presence in stream sections) is not similar to baseline. This is therefore considered to be an appropriate Low Action Level trigger.
Board Response: The Board notes that one of the potential additional response actions is “revise low action level, if warranted and scientifically defensible”, as indicated in
Table 8.5-1 of the approved AEMP Design Plan (Version 5). Therefore, the approved AEMP has no bearing on revising the Action Level the AEMP response plan. Unless
De Beers can provide a valid explanation as to why the Low Action Level of “not distributed similar to baseline” was not triggered in 2015 or 2016 based on monitoring data
in the Aquatic Effects Re- evaluation Report (July 31, 2019), De Beers could be required to revise the Low Action Level as suggested by NMSA in the revised AEMP Design
Plan required to be submitted September 30, 2019 as per Licence MV2005L2-0015 Part I, condition 4.
De Beers should address this comment in the forthcoming Aquatic Effects Re- evaluation Report and AEMP Design Plan, due in 2019, in accordance with Licence
MV2005L2- 0015 Part I, condition 4 and 5.

De Beers Canada Inc.
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Reference Document

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

2017 AEMP Response Plan
– Fish Habitat and
NSMA-2
Community – Version 1

Original Comment: S4.3 of the AEMP Response Plan states that due to high temperatures in 2016, daily maximum water temperatures were often "above the median
tolerance range for YOY Arctic Grayling and at times in excess of the upper lethal limits for both juvenile and YOY fish." Due to the below baseline flow conditions due to
lack of flow augmentation, barriers to fish passage formed early and persisted for much of the open-water period, likely preventing escape into cooler waters and recruitment
into population. Lack of flow augmentation may also have contributed to higher water temperatures (De Beers stated that sustained flow augmentation in 2015 may have
contributed to lower water temperatures in that year). De Beers states that "this effect was considered temporary due to the implementation of the DFMP in 2017." Although
the low flow levels and barriers to cooler waters are temporary, potential widespread mortality of YOY due to barriers preventing escape from potentially lethal temperatures
does impact successful recruitment to the population, which is acknowledged by De Beers in S2 of the AEMP Response Plan to be relevant to maintaining ecological
Re-evaluate Action Levels, 11.5 (Fish Habitat and
function downstream of Kennady Lake.
as appropriate
Community)
Recommendation: NSMA recommends that the Board direct De Beers to include a Low Action Level criteria relating to sustained water temperatures above lethal limits for
Arctic Grayling YOY, with a defined Response Action of emergency flow augmentation.
De Beers Response: The Downstream Flow Mitigation Plan is designed to provide adequate flows required to maintain passage and habitats for ARGR YOY. With the
mitigation flows in place, temperature limits outside of natural conditions are not expected to occur. Therefore, not further Action Level changes are required. Pending results
from the 2018 monitoring, inclusion of other Action Level criteria will be evaluated as part of the AEMP Re- Evaluation Report in 2019.
Board Response: Noted.

2017 AEMP Response Plan
– Fish Habitat and
ENR-1
Community – Version 1

Original Comment: As noted by De Beers, the Environmental Impact Statement (EIS) includes a significance threshold that "ecological function is not maintained."
Furthermore, the EIS indicated that Arctic grayling were a valued fish species. Within AEMP Response Plan (the Plan), page 2-3, it is noted that: "The ecological implication
of the Low Action lLvel trigger Arctic Grayling adults not moving to spawning areas within the normal spring period, is that the persistence of an Arctic Grayling population
downstream of Area 8 could be impaired if fish are unable to access spawning habitat, or if the timing of spawning is altered.
Changes to spawning success may result in adult Arctic Grayling being unable to reproduce, resulting in the sustained absence of Arctic Grayling (De Beers 2015a). The
sustained absence of Arctic Grayling may then result in effects to other fish species through changes in the community structure and food web interactions. This outcome
could move the Area 8 and downstream watershed towards the significance threshold (i.e., that ecological function downstream of Kennady Lake is not maintained)."
Further, page 2- 4 notes that: "The ecological implication of the Low Action Level trigger Arctic Grayling fry not being present in the system and/or not being distributed
similar to baseline is that the persistence of an Arctic Grayling population downstream of Area 8 could be impaired if successful recruitment to the population does not occur.
Changes to recruitment success may result in Arctic Grayling fry being unable to survive or grow, and thus the sustained absence of Arctic Grayling (De Beers 2015a). The
sustained absence of Arctic Grayling may then result in effects to other fish species through changes in the community structure and food web interactions. This outcome
could move the Area 8 and downstream watershed towards the significance threshold (i.e., that ecological function downstream of Kennady Lake is not maintained)." ENR
notes that the overall conclusion of the Plan is that the Arctic grayling population has fallen below its critical mass and as such may likely disappear from the areas
downstream of Area 8. As such, should future monitoring results confirm the sustained absence of Arctic grayling from Area 8 and other areas, it is the GNWT's position that Consider additional
conditions within Area 8 are moving towards exceeding the significance threshold. In the event that the absence of Arctic grayling coupled with additional although low-level studies, as appropriate
impacts to other fish species would mean that the ecological function is not maintained.
Recommendation: 1) ENR recommends that De Beers confirm that the potential loss of a valued fish species (i.e. Arctic grayling) in the downstream aquatic environment
by: conducting a special effects study to determine if Arctic grayling exist but were not detected during the study or if they exist in further downstream reaches of Area 8;
assessing if low water and the diversion from Lake N11 is of sufficient volume or at the right time to support spawning of Arctic grayling; and, determining if diversions from
Lake N11 would be required on a more frequent basis other than the existing frequency which was to ensure Arctic grayling spawning.
De Beers Response: The focus in 2018 will be to continue with the existing monitoring program to confirm if the absence of ARGR persists. Depending on the results of the
2018 monitoring program, additional studies may be considered as part of the Response Actions and included as part of the AEMP Re-Evaluation in 2019. De Beers is
evaluating the pumping infrastructure and ability to meet the Downstream Flow Mitigation Plan targets. Supplemental water sources will continue to be evaluated to support
the Downstream Flow Mitigation Plan. Once initiated, pumping was continuous in 2017 and was monitored. The same strategy will be applied in 2018.
Board Response: The Board notes De Beers is expanding the monitoring area downstream to Lake 140, and to conduct additional studies pending 2018 monitoring results.
De Beers could be required to provide additional information to reflect ENR’s recommendation - “assessing if low water and the diversion from Lake N11 is of sufficient
volume or at the right time to support spawning of Arctic grayling; and, determining if diversions from Lake N11 would be required on a more frequent basis other than the
existing frequency which was to ensure Arctic grayling spawning”, as one of the further mitigation actions in section 5.1.5.

De Beers Canada Inc.

11.3 (Fish Habitat and
Community)

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Concordance Tables
Table 1A-4

1A-23

December 2019
Appendix 1A
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Reference Document

Information
Request #

Comment, Recommendation, and Response

Commitment

2018 AEMP Response Plan
– for Water Quality,
ECCC-2
Plankton, and Benthic
Invertebrates

Original Comment: DeBeers states that the core lake normal ranges may be revisited to include Construction and Early Operations phases of the mine. This may not be
appropriate; if the ranges expand as a result, there is no way to definitively state that it is not due to construction or operational inputs to Lake N11 or Area 8, which would
then not be true normal ranges. ECCC concurs with the concern that basing normal ranges on a single year of data does not provide a robust estimate of natural variability,
and that alternatives should be explored.
Recommendation: ECCC recommends that De Beers (the Proponent) provide a rationale or justification for the proposed idea of revisiting the normal range using postbaseline data for the core lakes.
De Beers Response: The approved AEMP Design Plan stated that data collected during the construction phase that demonstrated no effect may be included in the data set
used to calculate Normal Range (e.g., Section 9.2.4.4 in De Beers 2016). The rationale is that effects on the receiving environment do not necessarily begin at the start of
operations, which provides an opportunity to accumulate additional data prior to operations to characterize background variation, and to arrive at realistic normal ranges for
use in evaluating Action Level triggers. The Aquatic Effects Re-evaluation report (due December 2019) will provide additional evaluation of the validity of using 2015 and
2016 AEMP data to update Normal Ranges. Reference: De Beers Canada. 2016. Gahcho Kué Mine Aquatic Effects Monitoring Program Design Plan Version 5. Submitted
to Mackenzie Valley Land and Water Board. Yellowknife, NT, Canada. January 2016. 235 pp + Appendices.
Board Response: Noted. Board staff note De Beers’ commitment to provide further rationale for using post-baseline AEMP data (including 2015 and 2016) to update normal
ranges for core lakes to address reviewer comment ECCC-2. However, the inclusion of the 2015 and 2016 monitoring can implications for the AEMP Reevaluation Report
and AEMP Design Plan.
Board staff recommend De Beers engage with reviewers to address whether post-baseline data (2015 and 2016 monitoring data) can be included in the normal range and
De Beer’s method for evaluating the validity of including 2015 and 2016 monitoring data prior to submitting the Aquatic Effects Re-evaluation Report and AEMP Design Plan
due on December 13, 2019. De Beers could host an AEMP Workshop to discuss the AEMP re-evaluation results with reviewers prior to those submissions.

2018 AEMP Response Plan
– for Water Quality,
ECCC-3
Plankton, and Benthic
Invertebrates

Original Comment: DeBeers notes that the sensitivity of the Low Action Level results in triggering when the changes are of very low magnitude, and proposes changing the
Low Action Levels to have all three conditions outlined in Table 2.1-1 met before triggering a response. Specifically, it would mean the Low Action Level is triggered for water
quality if the lake-wide average of a parameter exceeds the normal range or EIS prediction, and there is a significant before after control impact (BACI) effect and the lakewide average concentration exceeds 75% of the Aquatic Effects Monitoring Plan (AEMP) benchmark. Given that the normal ranges are very low, and that the BACI analysis
will accordingly show significant effects for concentrations outside these ranges, the Low Action Level will effectively be tied to the condition that the lake-wide average
concentration exceeds 75% of the AEMP benchmark. As the Environmental Impact Statement (EIS) predictions are considerably lower (up to 3 orders of magnitude) than
the AEMP benchmarks for all of the parameters except nitrate, the EIS predictions will effectively become irrelevant for the purposes of triggering a Low Action Level
response. While ECCC does not disagree that the current triggering is very sensitive and may be resulting in false positives, further discussion of changes to the approach
may be warranted if there is an expectation that the EIS predictions should be factored in.
Recommendation: ECCC recommends further discussion of changes to the Toxicological Impairment Low Action Level triggers.
De Beers Response: The Toxicological Impairment Low Action Level is intended to provide an early warning of potential changes in an AEMP component that may signal
potential toxicological impairment. Concentrations of water quality parameters below the AEMP benchmark are unlikely to be toxicologically relevant, as the benchmarks are
based on water quality guidelines and objectives, which were derived with a conservative protection goal (e.g., Canadian water quality guidelines are “meant to protect all
forms of aquatic life and all aspects of the aquatic life cycles” including sensitive life stages [CCME 2007]). Exceeding 75% of the AEMP benchmark is unlikely to result in
Re-evaluate Low Action
toxicity to biological organisms in the receiving environment, but provides an early warning of concentrations potentially approaching an effects threshold. For example, the Level criteria
lowest chronic toxicity datapoint used to generate the species sensitivity distribution for strontium was an IC20 for Ceriodaphnia dubia reproduction of 11,160 µg/L
(McPherson et al. 2014). This concentration is higher than the strontium AEMP benchmark of 10,700 µg/L, and much higher than 75% of the AEMP benchmark (i.e., 8,025
µg/L). In addition to the 75% of AEMP benchmark criterion, including criteria for a Low Action Level to trigger when (1) there are significant BACI effects relative to the
reference lakes and (2) lake-wide mean concentration is greater than the normal range, supports the trigger being relevant to changes in the core lakes that are outside of
background variability and are Mine-related. Further discussion and rationale for proposed changes to the Low Action Levels will be provided in the Aquatic Effects Reevaluation report, due December 2019. References: Canadian Council of Ministers of the Environment (CCME). 2007. A protocol for the derivation of water quality
guidelines for the protection of aquatic life 2007. In: Canadian Environmental Quality Guidelines, 1999, Canadian Council of Ministers of the Environment, 1999, Winnipeg,
MB, Canada. McPherson CA, Lawrence GS, Elphick JR, Chapman PM. 2014. Development of a strontium chronic effects benchmark for aquatic life in freshwater.
Environmental Toxicology and Chemistry. 33(11): 2472-2478.
Board Response: Adequate response.
Board staff note De Beers’ commitment to provide further discussion on the proposed changes to Low Action Level for Toxicological Impairment in the Re-evaluation Report.
De Beers should provide a concordance table in the Re-evaluation Report to identify the section the discussion is located.
Board staff note that the Board’s AEMP Guidelines (2019) note that it is important to set moderate and high action levels early on before significant threshold is reached.
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Reference Document

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

2018 AEMP Response Plan
– for Water Quality,
ECCC-6
Plankton, and Benthic
Invertebrates

Original Comment: The Proponent proposes revisiting the Low Action Level trigger for nitrate, stating that it is only appropriate for evaluating toxicity effects, and suggesting
potentially limiting the Action Level evaluation to phosphorus. Total phosphorus is the main parameter involved in eutrophication effects; however, the ratio of nitrogen to
phosphorus also plays a role. Inputs of nitrogen along with phosphorus influence the magnitude of nutrient enrichment effects.
Recommendation: ECCC recommends retaining nitrate as an evaluated nutrient parameter as, along with phosphorus, it influences the magnitude of nutrient enrichment
effects. ECCC recommends that the Proponent further discuss the addition of phosphorus as a co-evaluated Action Level parameter with nitrate.
De Beers Response: We agree with ENR-13 that the nitrate AEMP benchmark is not appropriate for assessing the nutrient enrichment impact hypothesis. To evaluate the Evaluate nitrate as an
potential for nutrient enrichment, all forms of nitrogen should be considered and the benchmark used should be relevant to nutrient enrichment rather than toxicity.
indicator of nutrient
Therefore, the Aquatic Effects Re-evaluation Report will evaluate the need for both a total phosphorus (TP) and total nitrogen (TN) benchmark to assess nutrient enrichment enrichment
in the core lakes based on nutrient limitation and the peer-reviewed literature, and will recommend an appropriate nitrogen benchmark for nutrient enrichment as an
alternative to the nitrate benchmark.
Board Response: Noted. Board staff note the De Beers will provide a discussion for using phosphorus as a benchmark in addition to nitrate to assess nutrient enrichment
and propose Low Action Level for Nutrient Enrichment will be included in the Re-evaluation Report and AEMP Design.
Plan.

9.4.5 (Plankton)

2018 AEMP Response Plan
– for Water Quality,
ENR-3
Plankton, and Benthic
Invertebrates

Original Comment: Section 2.1.3 notes: “The Low Action Level triggers in 2018 are attributed in part to the application of conservative Action Level criteria. Under the
current AEMP Response Framework, the Low Action Level is triggered for water quality if the lake-wide average of a parameter exceeds the normal range and either there is
a significant BACI effect or lake-wide average concentration exceeds 75% of the AEMP benchmark. The Action Level criteria used for the Low Action Level for toxicological
impairment should be revised so that the sensitivity of the AEMP Response Framework is appropriate for responding to Mine-related effects or appropriate magnitude. This
recommended revision involves changing the Low Action Level definitions to replace the ‘or’ logical operator with ’and’, thereby requiring all three criteria be met before the
Low Action Level is triggered.” The majority of the AEMP benchmarks are significantly higher than baseline concentrations and predicted EIS concentrations. Proposing that
a Low Action Level be triggered when concentrations reach 75% of the AEMP benchmark may not be protective of the aquatic environment due to the magnitude of change
relative to background condition. That level of change may be more appropriate for a medium or high action level trigger provided that De Beers can demonstrate that
appropriate adaptive management actions can be put in place to ensure AEMP benchmarks are not exceeded. For example, the EIS prediction for strontium concentrations
in Lake N11 is 450 µg/L, but the AEMP benchmark is 10,700 µg/L. It would be concerning if strontium concentrations were to increases 18 times the EIS prediction at 75% of
the AEMP benchmark (8,025 µg/L). If concentrations were above 75% of the AEMP benchmarks it would indicate concentrations are at risk of exceeding guidelines that are Justify use of 75% of the
protective of aquatic life. It is logical to have the Low Action Level be triggered well in advance of those conditions developing to allow for sufficient time to investigate and
AEMP benchmark in the
mitigate the causes before any guidelines are exceeded.
Low Action Level criteria
Recommendation: 1) Proposing the Low Action Level for water quality to only be triggered when concentrations reach 75% of the AEMP benchmarks may not be protective
of the aquatic environment. ENR recommends that further justification for this to be presented in the Aquatic Effects Re-evaluation report. Until a new Low Action Level is
approved, actions should be proposed based on the current criteria.
De Beers Response: Please see response to ECCC-3. We agree that the Low Action Level should not only be triggered when lake-wide mean concentration of a water
quality parameter exceeds 75% of the AEMP benchmark. Other criteria are necessary to make sure that the Low Action Level trigger is reasonable. Further discussion and
justification of revisions to the Low Action Levels will be provided in the Aquatic Effects Re-evaluation Report. The Low Action Levels as per the currently approved AEMP
Design Plan (De Beers 2016) will be followed until the revised AEMP Design Plan is approved. No new actions are proposed in response to this recommendation other than
those already provided in the Response Plan.
Board Response: Board staff note De Beers’ commitment to include the proposed Low Action Level for Toxicological Impairment discussion in the forthcoming AEMP Reevaluation Report and AEMP Design Plan. This item should be included in a concordance table to identify which section of the Report the discussion is held.
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Reference Document

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

2018 AEMP Response Plan
– for Water Quality,
ENR-5
Plankton, and Benthic
Invertebrates

Original Comment: Section 2.1.5 notes that : “In addition to the above, as per the recently finalized Guidelines for Aquatic Effects Monitoring Programs (MVLWB and
GNWT 2019), Moderate and High Action Levels will be developed as part of the updated AEMP Design Plan.” The approved AEMP Design Plan requires moderate action
levels to be presented in a response plan when a Low Action Level is triggered. ENR notes that a moderate action level for water quality, plankton and benthic invertebrate
communities has not been included.
Recommendation: 1) In accordance with the Water Licence (Schedule 6, Section 4) and currently approved AEMP Design Plan, ENR recommends that a moderate action
level is to be determined if the low action level is reached. Revisions to action levels can be proposed in the Aquatic Effects Re-evaluation Report.
De Beers Response: Following the review of the 2017 AEMP Response Plan for Water Quality, Plankton, and Benthic Invertebrates (De Beers 2018a,b), MVLWB directed
De Beers to propose a Medium Action Level for toxicological impairment and nutrient enrichment during the AEMP re-evaluation and AEMP re-design process in 2019.
Therefore, Moderate and High Action Levels will be presented with appropriate rationale in the Aquatic Effects Re-evaluation Report for use in the updated AEMP Design
Plan. References: De Beers Canada. 2018a. 2017 Aquatic Effects Monitoring Program Response Plan – Water Quality, Plankton and Benthic Invertebrates. Submitted to
the Mackenzie Valley Land and Water Board, Yellowknife, NT, Canada. June 2018. De Beers Canada. 2018b. 2017 Aquatic Effects Monitoring Program Response Plan Water Quality, Plankton and Benthic Invertebrates – Version 2. Submitted to the Mackenzie Valley Land and Water Board, Yellowknife, NT, Canada. October 2018.
Board Response: Board staff note that De Beers will provide the medium and high action level in the AEMP Re-evaluation Report and AEMP Design Plan as per the
Board’s directive.

Develop Moderate Action
Levels

2018 AEMP Response Plan
– for Water Quality,
ENR-6
Plankton, and Benthic
Invertebrates

Original Comment: Regarding water quality, Section 2.1.5 notes: “the main response action is intended to address oversensitivity of the currently approved Action Levels in
response to Mine-related effects. Data handling and analysis methods used for the AEMP that may have contributed to the unrealistically high sensitivity of the Low Action
Level criteria will also be examined as part of the Aquatic Effects Re-evaluation, and changes to the Action Levels will be proposed as appropriate. Consideration will be
given to specific recommendations for changes to Action Levels and data analysis methods provided in Section 4 of this technical memorandum.” Regarding plankton,
Section 2.2.5 notes: “Therefore, the main response action is to address the unrealistically high sensitivity of the currently approved Action Levels.” Regarding benthic
invertebrate communities, Section 2.3.5 notes that: “The results of the benthic invertebrate community data analysis do not provide an indication that the Low Action Level
triggers identified in 2018 represent a Mine-related effect in Lake N11 or Area 8, nor do they conclusively show that the change that triggered the Action Level was outside of
natural variability. Therefore, the main response action is to address the unrealistically high sensitivity of the currently approved Action Levels” ENR notes that a revision of
the Low Action Level has yet to be approved.
Recommendation: 1) Currently, the Low Action Level is valid until the proposed revisions are approved. As such, ENR recommends that actions should be proposed to
respond to the triggered Low Actions Levels. Re-assessing the action levels should be discussed in the Aquatic Effects Re- evaluation report.
De Beers Response: The proposed response actions are presented in Sections 2.1.5, 2.2.5, and 2.3.5. As stated, the main response action is to address the unrealistically
high sensitivity of the currently approved Action Levels. The Aquatic Effects Re-evaluation Report will present proposed changes to the Low Action Levels and proposed new
Moderate and High Action Levels, with appropriate rationale.
Board Response: Board staff note De Beers will be providing further discussion on the proposed action level in the forthcoming AEMP Re-evaluation Report and AEMP
Design Plan.
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Reference Document

Information
Request #

Comment, Recommendation, and Response

Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

2018 AEMP Response Plan
– for Water Quality,
ENR-13
Plankton, and Benthic
Invertebrates

Original Comment: Section 3.1.3 notes that: “Although water quality in Lake N11 satisfied the Low Action Level conditions for nutrient enrichment for ice-cover season
concentrations of nitrate, analysis of other lines of evidence provided no consistent indication of a nutrient enrichment effect in Lake N11.This interpretation is based on the
following lines of evidence: The Low Action Level triggers in 2018 in part resulted from applying highly conservative Action Level criteria. Under the current AEMP Response
Framework, the Low Action Level is triggered for water quality if the lake-wide average of a parameter exceeds the normal range, and either there is a significant BACI effect
or the lake-wide average concentration exceeds 75% of the AEMP benchmark. The recommended revision involves changing the Low Action Level definitions to replace the
“or” logical operator with “and”, thereby requiring all three criteria be met before the Low Action Level is triggered.” The current approved Low Action Level trigger does not
appear to be highly conservative for nitrate concentrations. Nitrate concentrations are both outside of the normal range, and the BACI results provide evidence that these
changes are due to mine operations. The only remaining criterion is the 75% of the AEMP benchmark, which the nitrate concentration in 2018 was 69%. However, the
AEMP benchmark is intended to evaluate toxic effects due to exposure to nitrate rather than a level to avoid changes in either phytoplankton community including increases
in primary production. Considering this, it appears that nutrient enrichment has occurred. Section 3.2.3 states: “Phytoplankton biomass in Lake N11 and Area 8 satisfied the
Low Action Level conditions for nutrient enrichment. Similarly, chlorophyll a concentrations were consistent with a nutrient enrichment response by the plankton community
in both Area 8 and Lake N11. These changes suggest that Mine-related changes may be occurring in both core lakes” Section 3.4 concludes that based on the Nutrient
Enrichment Hypothesis for water quality, concentrations of nitrate in Lake N11 triggered the Low Action Level during the ice-cover season. These changes may be attributed
to the operational discharges from the Water Management Pond to Lake N11.
Recommendation: 1) ENR recommends that De Beers ensure the report is consistent throughout in suggesting whether or not nutrient enrichment is occurring due to minerelated activities. Section 3.1.3 should be updated to include the evidence of discharge from the Water Management Pond contributing to the increase in nitrate
concentrations. In addition, it must be noted that the AEMP benchmark for nitrate is intended to protect against toxic effects due to nitrate exposure not to protect against
changes in phytoplankton community including increases in primary production. As such, it may not be an appropriate criterion for the nutrient enrichment impact hypothesis.
De Beers Response: Discharge from the Water Management Pond during operations is a source of nitrate to Lake N11, and an increase in nitrate concentrations in Lake
N11 was predicted in the Environmental Impact Statement (EIS). Therefore, we agree that nutrient enrichment (through an increase in nitrogen species) was observed in
Lake N11 in 2018. However, the discharge is regulated by effluent quality criteria (EQC) to make sure that, although nitrate loading is occurring to Lake N11, the receiving
environment is protected. Nitrate concentrations in 2017 at Station SNP-02 (end-of-pipe to Lake N11) met the EQC (the last discharge prior to the 2018 AEMP under-ice
sampling event occurred September 4 to November 13, 2017). As discussed in Section 5.4.2.2.1 of the 2018 AEMP Annual Report, nitrate concentrations were higher during
under-ice conditions than during open-water conditions because the September to October discharge had not completely dispersed from the southern basin by the time of
the April AEMP sampling event; this lack of dispersion is likely due to the persisting ice cover and low flow through the lake. The results suggest that a proportion of effluent,
indicated by nitrate concentrations, remained in the southern basin during under-ice conditions but dispersed by the June sampling event with the onset of thaw and openwater conditions. We agree that the nitrate AEMP benchmark is not appropriate for assessing the nutrient enrichment impact hypothesis. The Aquatic Effects Re-evaluation
report will evaluate the need for both a total phosphorus (TP) and total nitrogen (TN) benchmark to assess nutrient enrichment in the core lakes based on nutrient limitation
and the peer-reviewed literature, and recommend an appropriate nitrogen benchmark for nutrient enrichment, as an alternative to the nitrate benchmark.
Board Response: In the next iteration of the AEMP Response Plan, De Beers should update section 3.1.3 to include the evidence of discharge from the Water Management
Pond contributing to the increase of nitrate concentration. The AEMP Response Plan should also reflect that nitrate AEMP benchmark is not appropriate for assessing the
nutrient enrichment impact hypothesis. Board staff note that De Beers will discuss the appropriate benchmark for nutrient enrichment in the Aquatic Effects Re-evaluation
Report due December 13, 2019.

Propose an appropriate
nitrogen benchmark for
nutrient enrichment as an
alternative for nitrate

9.4.5 (Plankton)

2018 AEMP Response Plan
– for Water Quality,
ENR-14
Plankton, and Benthic
Invertebrates

Original Comment: None
Recommendation: 2) ENR recommends that revisions to the Low Action Levels should include a more appropriate early-warning trigger for absolute concentrations of
nitrate and phosphorus to avoid adverse changes in primary production (i.e., eutrophication).
De Beers Response: We agree that the Low Action Levels should include a more appropriate early-warning trigger for TP and TN, and will propose a TN benchmark for
assessing the nutrient enrichment impact hypothesis in the Aquatic Effects Re-evaluation Report.
Board Response: Board staff note that De Beers will propose action levels for nutrient enrichment in the Aquatic Effects Re-evaluation Report due December 13, 2019.
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Commitment

2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

2018 AEMP Response Plan
– for Water Quality,
MVLWB-1
Plankton, and Benthic
Invertebrates

Original Comment: De Beers is recommending to revise the Low Action Levels for Water Quality, Plankton and Benthic Invertebrates to require multiple triggers to be true
before triggering a Low Action Level. De Beers indicate that habitat factors may be contributing to the observed results for these components. Board staff is uncertain if there
is sufficient evidence shown associated with potential habitat factors in the AEMP Response Plan and the 2018 AEMP Annual Report to conclusively determine if habitat
alone is the causal factor. Board staff understand that some components (e.g., plankton and benthic invertebrates) collect data that are inherently noisy and may require a
longer temporal data set to effectively assess temporal trends. Given the early stages of the Mine, the somewhat limited data for certain components (i.e., baseline and
monitoring data), and the known issue with flow mitigation and associated Moderate Action Level triggered for Fish, has De Beers considered collecting additional data prior
to provide evidence that Low Action Levels are not revised prematurely?
Recommendation: Elaborate if the revising the low action level at this time is warranted and scientifically denfensible as per Table 8.5-1 of the approved AEMP Design
Plan.
Re-evaluate Low Action
De Beers Response: The intent of the Low Action Level is to provide an early warning for potential changes that may indicate a trend toward the Significance Threshold.
Level criteria
Based on the last four years of following a consistent sampling design, the Low Action Levels for Toxicological Impairment and Nutrient Enrichment as presented in the
currently approved AEMP Design Plan appear overly sensitive and not appropriate for detecting Mine-related effects of appropriate magnitude as per the intent of the Low
Action Level. Triggers of individual criteria are either insufficient to indicate a change that is different from a regional trend (e.g., normal range exceedance without a
significant BACI effect) or may indicate a change of potentially negligible magnitude (e.g., significant BACI effect but values remaining well within the normal range). Given
this concern and four years of experience evaluating AEMP results, revising the Low Action Levels for these two impact hypotheses is warranted and scientifically
defensible. The observed effects related to flow mitigation are occurring downstream of Area 8 and are assessed under a different impact hypothesis: Physical Habitat
Alteration. As part of the Aquatic Effects Re-evaluation report, Low Action Levels for Toxicological Impairment and Nutrient Enrichment will be re-evaluated and changes
proposed, with appropriate rationale.
Board Response: Board staff note De Beers will be providing further discussion on the proposed action level in the forthcoming AEMP Re-evaluation Report and AEMP
Design Plan.

2018 AEMP Response Plan
– for Water Quality,
MVLWB-2
Plankton, and Benthic
Invertebrates

Original Comment: Given these components are all monitored annually, it is possible to assess temporal trends on an on-going basis outside of a formal AEMP reevaluation. Has De Beers considered a temporal aspect as part of a confirmatory approach to the Low Action Level (e.g., two or three consecutive years)?
Recommendation: Elaborate on whether De Beers have considered a confirmatory approach to the Low Action Level.
De Beers Response: The Before-After Control-Impact (BACI) statistical design used for the water quality, sediment quality, plankton, and benthic invertebrate community
components incorporate data collected over time, and a significant BACI effect is one of the criteria used in the Low Action Level assessment. In addition, temporal trends
are examined qualitatively during each monitoring cycle. Confirmation of effect is currently included as a response action in the Response Framework, and is considered as
part of the Low Action Level for components where it makes sense to do so (e.g., nutrient enrichment effect on Plankton). As part of the Aquatic Effects Re-evaluation report,
changes to the Low Action Level will be proposed and justified, and Moderate and High Action Levels developed. The Aquatic Effects Re-evaluation report will discuss how
changes of increasing magnitude and spatial extent will be identified through the three tiers of Action Levels.
Board Response: Noted.

7.5.1 (Water Quality)
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2018 AEMP Response Plan
ENR-1
–Sediment Quality

Original Comment: One of the lines of evidence De Beers attributes to there being no consistent indication of a toxicological impairment effect in Lake N11 is the
application of conservative Action Level criteria. De Beers further states: The Action Level criteria used for the Low Action Level for toxicological impairment should be
revised so that the sensitivity of AEMP Response Framework is appropriate for responding to changes in sediment that are reasonably related to Mine activities (such as
effluent discharge) or of appropriate magnitude. Revisions to the Low Action Level will be recommended as part of the upcoming Aquatic Effects Re-evaluation Report and
updates to the AEMP Design Plan. De Beers further states: The main response action is intended to address oversensitivity of the currently approved Action Levels in
response to Mine-related effects. ENR agrees that revisions to the Low Action Level are appropriately recommended as part of the AEMP Reevaluation. However, the
current Low Action Level is valid until proposed revisions are approved. The responses should therefore be in accordance with the approved action level.
Recommendation: 1) ENR recommends that actions should be proposed to respond to the currently approved Low Actions Levels that were triggered. Re-assessing the
action levels should be discussed in the Aquatic Effects Re-evaluation report.
De Beers Response: The proposed response actions are presented in Section 6 and include continuing to monitor sediment chemistry at the AEMP stations, to evaluate
relationships in within-lake spatial trends between water and sediment quality, and to use the weight of evidence assessment to determine the strength of linkage between
exposure, toxicity, and field biological responses. In addition, the 2019 SNP data will be examined for elevated zinc concentrations, and the Aquatic Effects Re-evaluation
Report will evaluate overall patterns in Mine-related effects on sediment quality from 2015 to 2018. Given the multiple lines of evidence provided in the response plan, the
main response action is to address the the oversensitivity of the currently approved Action Levels. The Aquatic Effects Re-evaluation Report will present proposed changes
to the Low Action Levels and the proposed new Moderate and High Action Levels, with appropriate rationale.
Board Response: Response is adequate and Board staff acknowledge that revised Action Levels will be proposed in the AEMP Re-evaluation Report, which is due December
13, 2019. However, Board staff remind De Beers that adherence to the currently approved AEMP Design Plan must be continued until confirmation of Board approval for any
revisions is issued. Notification and reporting must be done in accordance with the 2019 MVLWB Guidelines for Aquatic Effects Monitoring Programs.
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2015 to 2018 Aquatic
Effects Re-evaluation
Report Section No.

2018 AEMP Response Plan
ENR-2
–Sediment Quality

Original Comment: In response to triggering the Low Action Level, De Beers proposes to update the Action Level criteria for the Low Action Level. ENR notes in
accordance with the Water Licence (Schedule 6, Section 4) values for subsequent Action Levels are required as part of the Response Plan.
Recommendation: 1) In accordance with the Water Licence (Schedule 6, Section 4) and currently approved AEMP Design Plan, ENR recommends that a moderate action
level is to be determined if the low action level is reached. Revisions to action levels can be proposed in the Aquatic Effects Re-evaluation Report.
De Beers Response: Along with proposed revisions to the Low Action Level, new Moderate and High Action Levels will be proposed in the Aquatic Effects Re-evaluation
Report, with supporting rationale.
Board Response: Response is adequate. Please see Board response to ENR Comment ID#1.

Re-evaluate Low Action
Level criteria and develop 8.5.1 (Sediment
Moderate and High Action Quality)
Levels

2018 AEMP Response Plan
MVLWB-2
–Sediment Quality

Original Comment: In section 7 of the response plan, De Beers has recommended including 2015 and possibly 2016 data. Does De Beers have evidence that 2015 and/or
2016 data can be considered background data eventhough construction and initial dewatering has already commenced?
Recommendation: Please provide available evidence that 2015 and/or 2016 can still be considered background data and be used to adjust normal ranges.
De Beers Response: Evidence that 2015 and/or 2016 data can be used to characterize background varation will be provided in the Aquatic Effects Re-evaluation Report.
Board Response: Noted

Evaluate data collected
from the core lakes during
the construction phase in Appendix 7B
2015 and 2016 for use in
normal range calculations 8.4.1 (Sediment
Quality)
and as “before years” in
the BACI statistical
analysis

2018 AEMP Response Plan
MVLWB-3
–Sediment Quality

Original Comment: In section 4 of the response plan, De Beers has suggested that the low action level for toxicological impairment should be revised so it is less sensitive.
Board staff note that the low action level is meant to be an early warning system. De Beers' rationale is that 'Given that AEMP benchmark exceedances were observed in
individual samples prior to mine development, it is reasonable that such exceedances could occur during Mine construction and operation, without a mine related cause.'
Which of these individual samples were exceeding AEMP benchment prior to mine development? Were these samples included in the normal range?
Recommendation: Board staff recommend De Beers providing further rationale for supporting the revision of an action level because its sensitivity 'unrealistically high'.
De Beers Response: Exceedances of guidelines for several metals in sediments collected from the core and reference lakes prior to mine development indicate that lake
sediments in the study area have naturally elevated concentrations of these metals. Furthermore, there is no evidence that operational discharge increased zinc
concentrations in water of Lake N11, or that there was a release of suspended sediments and metals in quantities that could result in measurable deposition to the bottom
sediments. Sediment deposition rates are known to be low in the lakes of the study area (e.g., 0.02 cm/y in Kennady Lake; Crann et al. 2015) and a measurable change in a
1 cm layer over one year (i.e., between 2017 and 2018) is unlikely. Further justification for revising the sediment Low Action Level will be provided in the Aquatic Effects Reevaluation Report.
Figure 4-1 shows results of individual samples collected from the core and reference lakes prior to mine development that had zinc concentrations above normal range. The
normal range was calculated using only baseline data from Lake N11. As per commitments made by De Beers to information requests on past reports, the calculation
method for normal ranges, and the datasets used to calculate those normal ranges, will be evaluated and revised as appropriate; the results of this re-evaluation will be
provided in the Aquatic Effects Re-evaluation Report.
Board Response: Board staff note that Figure 4-1 in the Sediment Response Plan shows a number of exceedances of the CCME ISQG and the normal range upper bound
in East Lake, but only one exceedance (in 2013) in Lake 3. In addition, no exceedances in sediments from Lake N11 occurred until 2018. Board staff acknowledge that De
Beers has committed to providing further information related to the sediment monitoring results and associated Action Level Response Framework as part of the AEMP Reevaluation Report and AEMP Design Plan update, both of which are to be submitted by December 13, 2019. Please see response to ENR Comment ID#1 re: adherence to
the currently approved AEMP Design Plan.

1. Re-evaluate Low Action
Level criteria
2. Re-evaluate the
calculation method for
normal ranges
3. Evaluate data collected
from the core lakes during
the construction phase in
2015 and 2016 for use in
normal range calculations
and as “before years” in
the BACI statistical
analysis

1. Section 8.5.1
(Sediment Quality)
2. Appendix 7B
3. Appendix 7B and
Section 8.4.1
(Sediment Quality)

AEMP = Aquatic Effects Monitoring Program; ARGR = Arctic Grayling; BACI = before-after control-impact; DL = detection limit; EIS = Environmental Impact Statement; ECCC = Environment and Climate Change Canada; GNWT = Government of Northwest Territories; MVLWB = Mackenzie Valley Land
and Water Board; nMDS = non-metric multidimensional scaling; n/a = not applicable; NSMA = North Slave Métis Alliance; MDMER = Metal and Diamond Mining Effluent Regulations; WOE = weight of evidence; YOY = young-of-the-year.
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Area 8 Field Measured Dissolved Oxygen during Mine Construction and Operations, 2015 to 2018
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Area 8 Field Measured Temperature during Mine Construction and Operations, 2015 to 2018
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Area 8 Field Measured Specific Conductivity during Mine Construction and Operations, 2015 to 2018
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Area 8 Field Measured pH during Mine Construction and Operations, 2015 to 2018
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Lake N11 Field Measured Dissolved Oxygen during Mine Construction and Operations, 2015 to 2018
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Lake N11 Field Measured Temperature during Mine Construction and Operations, 2015 to 2018
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Appendix 7A

Lake N11 Field Measured Specific Conductivity during Mine Construction and Operations, 2015 to 2018
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Lake N11 Field Measured pH during Mine Construction and Operations, 2015 to 2108
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Appendix 7A

Lake 410 Field Measured Dissolved Oxygen during Mine Construction and Operations, 2015 to 2018
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Lake 410 Field Measured Temperature during Mine Construction and Operations, 2015 to 2018
2015
4

2

Temperature (°C)
6
8
10
12

14

16

18

Temperature (°C)

20
0

2

4

6

8

10

Temperature (°C)
12

14

4

Temperature (°C)
6
8
10
12

14

16

18

Lake 410

2

0

2

4

6

8

10

12

14

16

18

Lake 410
14

16

18

16

18

20

20

0

0

0

2

4

Temperature (°C)
8
10
12

6

14

16

18

Depth (m)

Lake 410
2

4

6

Temperature (°C)
10
12
14
8

4

6

8

18

0

14

16

18

20

2

4

6

0

8

10

12

14

16

18

20

2

4

4

6

Lake 410

8
20

12

Temperature (°C)
0

Lake 410

8

Temperature (°C)

Temperature (°C)
16

10

Lake 410

20

6

0

2

8

2

8

0

0

Lake 410

6

Temperature (°C)
6
8
10
12

14

6

20

Depth (m)

6

4

Temperature (°C)

12

8

4

2

10

4

2

0

8

2

Temperature (°C)
0

8

6

6

20

4

4

4

8
2

2

2

Lake 410
0

0

0

6

8

Depth (m)

20

4

6

0

18

2

4

0

16

Depth (m)

Depth (m)

2

April

0

2018

Depth (m)

0

2017

2016

Depth (m)

0

July

December 2019

Depth (m)

Figure 7A-10

7A-10

0

4

2

6

8

10

12

14

16

18

20

0

2

0

4

6

8

10

12

14

16

20

18

1

5

0

7

Lake 410
2

4

Temperature (°C)
6
8
10
12

14

16

18

Lake 410

8

20
0

0

4

6

6

8

Depth (m)

4

4

6

0

Depth (m)

3

4

2

2

2

Depth (m)

Depth (m)

August

2

2

4

6

Temperature (°C)
8
10
12
14

6

Lake 410

8

Temperature (°C)
16

18

20

0

0

2

4

6

8

10

12

14

16

18

20

Lake 410

8

0

0

2

4

6

Temperature (°C)
8
10
12
14

16

18

20

1

5

6

8

6

Lake 410

7
8

Lake 410
8

De Beers Canada Inc.

L3
L4

6

6

Lake 410

8

L1
L2

4

4

4

Legend:

Depth (m)

Depth (m)

3

4

2

2

2

Depth (m)

Depth (m)

September

2

Lake 410

L5
L6

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report
Field Profiles

Appendix 7A

Lake 410 Field Measured Specific Conductivity during Mine Construction and Operations, 2015 to 2018
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Lake 410 Field Measured pH during Mine Construction and Operations, 2015 to 2018
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Lake D2/D3 Field Measured Dissolved Oxygen during Mine Construction and Operations, 2015 to 2018
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Lake D2/D3 Field Measured Temperature during Mine Construction and Operations, 2015 to 2018
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Lake D2/D3 Field Measured Specific Conductivity during Mine Construction and Operations, 2015 to 2018
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Lake D2/D3 Field Measured pH during Mine Construction and Operations, 2015 to 2018
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INTRODUCTION

This Appendix addresses past AEMP report recommendations, IR commitments made by De Beers, and
Board Directives, by each technical issue identified for re-evaluation with respect to AEMP data analysis.
These technical issues include:
•

re-evaluation of the water quality data from 2015 and 2016 as “Before” or “pre-impact” (Section 7B.1);

•

re-evaluation of the BACI statistical design (Section 7B.2);

•

re-evaluation of the method used for non-detect values (Section 7B.3); and

•

re-evaluation of the normal range calculation method (Section 7B.4).

These technical issues are addressed in detail for water quality in this appendix but also form the basis for
the approach to be taken for the other AEMP components (i.e., sediment quality, plankton, benthic
invertebrate communities, and/or fish health and fish tissue).

7B.1

2015 and 2016 Data as Before Years

In the 2015, 2016, 2017, and 2018 AEMP annual reports (De Beers 2016a, 2017, 2018, 2019), De Beers
consistently recommended the incorporation of the 2015 and 2016 data as “Before” or “pre-impact” years
in future AEMPs to increase the robustness of the normal range assessment and the BACI statistical
analysis for the water quality, sediment quality, plankton and benthic invertebrate community components.
These recommendations were based on the following rationale:
•

Limited baseline data are available for calculating normal ranges. Inclusion of additional years of data
in the normal range calculation would improve the accuracy of the normal range by incorporating
year-to-year variation to a greater extent, thereby providing a more robust representation of natural
variability. This rationale is of particular importance to the benthic invertebrate component, which is
restricted to a single year of baseline data for comparison to construction and operations AEMP data
in the annual assessments.

•

Exceedances of normal range during the initial years of monitoring under the AEMP were not linked to
Mine-related effects, as discussed in Section 7.2. Incorporation of these early years’ monitoring data
into the normal range calculation would increase the robustness of the normal range going forward and
help address issues identified in AEMP reporting related to over-sensitivity of the normal range to detect
Mine-related changes (i.e., identification of false-positives).

•

There are currently limited baseline data for incorporation into the BACI analysis. Inclusion of additional
“Before” years in the BACI analysis will improve the ability to detect significant changes of relevant
magnitudes in the water quality, sediment quality, plankton, and benthic invertebrate components.

•

For the water quality component, there are differences in reported DLs between baseline and AEMP
monitoring between 2015 and 2018, with substantially higher DLs for some parameters reported in the
historical baseline dataset. This bias towards higher DLs in the baseline dataset limits the ability of the
assessment to accurately evaluate normal range exceedances for a several parameters (i.e., chloride,
fluoride, total dissolved solids, total ammonia, molybdenum, thallium, and vanadium).
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Differences in monitoring design (i.e., sampling methods, number of stations and station locations)
between baseline and AEMP years (construction and operations) limits the comparability of datasets.
Incorporation of the early AEMP years in the baseline will increase comparability between the before
and after years.

Following the MVLWB review, De Beers committed to evaluate whether the 2015 and 2016 core lake data
could be incorporated into the normal range calculation (response to ECCC-15 and ENR-23) and be
considered as before years in the BACI statistical analysis (in response to ECCC-39, ENR-23 and ENR-24)
in the Aquatic Effects Re-evaluation Report (Appendix 1A, Table 1A-4). In addition, De Beers agreed to
consider the input of plankton into Lake N11 from the dewatering of discharge from Kennady Lake through
further assessment of the pre-development (or baseline) plankton community. This second commitment is
addressed in the plankton component of this report (Section 9.4.1).
To evaluate the suitability of adding the 2015 and/or 2016 data to the normal range calculation and to the
BACI before dataset, two lines of evidence are evaluated in the following two sections:
•

Section 7B.1.1: the potential for Mine activity which could affect the aquatic ecosystem in Area 8 and
Lake N11 in 2015 or 2016; and

•

Section 7B.1.2: the presence/absence of Mine-related effects based on AEMP monitoring results during
2015 and 2016.

7B.1.1

Mine Activity during 2015 and 2016

In 2015 and 2016, the Mine was in the construction phase, with dewatering of Kennady Lake being the
main water management activity. Dewatering commenced in December 2014 and Mine operations began
in October 2016, with operational pumping from the WMP to Lake N11 starting on October 29, 2016, after
the AEMP sampling events. The construction of Dyke A at the narrows separating Area 7 and Area 8 was
completed in 2015 and retention and diversion dykes (Dykes A1, F, G, H, I, J, K, and L) were constructed
in 2016 (De Beers 2017). A permanent diffuser was installed in Lake N11 in late September 2016 to support
operational discharge of water from the WMP to Lake N11, with installation completed after the conclusion
of the AEMP field programs. Thus, Area 8 and Lake N11 only received discharges of natural lake waters
before and during the 2015 and 2016 AEMP monitoring periods.
Details of dewatering to Area 8 and Lake N11 are provided below:
•

During the drawdown of Kennady Lake, water was pumped simultaneously from Area 7 to Area 8 in
two phases, and from Area 3 and Area 5 to Lake N11 in two phases (De Beers 2016a, 2017). The
phased Area 7 dewatering occurred in 2014 and 2015, with Phase 1 occurring briefly under-ice
conditions from December 20, 2014 to January 2, 2015, and Phase 2 taking place over a longer time
period during open-water conditions (May 19, 2015 to September 7, 2015). No pumping from Area 7 to
Area 8 took place in 2016. The phased Area 5 dewatering to Lake N11 occurred in 2015 and 2016,
with Phase 1 spanning both ice-cover and open-water conditions from February 1, 2015 to October 5,
2015, and Phase 2 taking place during ice-cover from March 20, 2016 to May 31, 2016.
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•

In total, 5,968,293 m3 of lake water was transferred from Area 7 to Area 8 in 2014 and 2015. A total of
778,745 m3 was pumped at an average daily discharge rate of 0.7 m3/s during the under-ice pumping
period and a total of 5,189,548 m3 was pumped at an average daily discharge rate of 0.54 m3/s during
the open-water pumping period (De Beers 2016a). Water level in Area 8 was not elevated beyond
natural conditions as a result of the transfer of water from Area 7 and lake volume changes were
negligible (De Beers 2016a). The water transferred during dewatering from Area 7 to Area 8 was the
same water that would have naturally flowed from Area 7 to Area 8 in the absence of Dyke A.

•

In total, 16,106,412 m3 of lake water was transferred from Area 3 and Area 5 to Lake N11 in the
combined 2015 and 2016 pumping periods. A total of 12,664,617 m3 was pumped at an average daily
discharge rate of 0.65 m3/s during the first phase and a total of 3,441,795 m3 was pumped at an average
daily discharge rate of 0.55 m3/s during the second phase (De Beers 2016a). Water levels in Lake N11
were not elevated beyond natural conditions as a result of pumping from Area 3 and lake volume
changes were negligible in Lake N11 (De Beers 2016a, 2017).

Overall, a total of 22,074,705 m3 of water was removed from Kennady Lake and pumped into either Area 8
or Lake N11. The water pumped from Kennady Lake to Area 8 and Lake N11 was natural lake water and
these water transfers did not result in changes in water level or lake volume in either core lake.

7B.1.2

2015 and 2016 SNP and AEMP Monitoring Results

Summary of Dewatering Discharge (End-of-Pipe) Quality and Water Quality at the
Edge of the Mixing Zone (SNP)
As part of the Surveillance Network Program (SNP), water quality was monitored during dewatering and
operational discharge in Area 8 and Lake N11 at locations within the receiving environment of water
pumped from Kennady Lake into these waterbodies (i.e., the “end-of-pipe” dewatering discharge and “edge
of mixing zone” stations). Specifically, water quality was monitored at SNP-03 and SNP-04 (Area 8) and in
2015 and at SNP-01 and SNP-02 (Lake N11) in 2016. No discharge to Area 8 occurred in 2016 so water
quality monitoring was not required at SNP-03 and SNP-04 for that year.
In 2015, end-of-pipe water quality was similar to receiving environment water quality in both Lake N11 and
Area 8, as well as baseline water quality for these lakes, with only a few exceptions as outlined below.
•

There were slightly higher major ion concentrations in the discharge compared to the receiving
environment baseline for both core lakes.

•

For Lake N11, metals were analyzed in two discharge samples and one of those samples had a higher
number of metal guideline exceedances compared to baseline water quality. Metal concentrations in
the other discharge samples were below receiving environment guidelines, as were samples taken at
the edge of the mixing zone where the CWQG-PAL apply. Baseline data from Kennady Lake indicated
that some metals in this lake can occasionally exceed guidelines 1 and so it is feasible that discharge

1
In baseline studies, metal exceedances in Lake N11 were occasionally observed (i.e., cadmium, lead, manganese during ice-cover
conditions [Golder 2014b]; aluminum, cadmium, mercury during open-water conditions [Golder 2014a]). In Kennady Lake, several
metals had concentrations that were at above water quality guidelines, including aluminum, copper, and lead (Golder 2014a).

De Beers Canada Inc.

Gahcho Kué Mine

7B-4

December 2019

2015 to 2018 Aquatic Effects Re-evaluation Report
Detailed Information to Support the Data Analysis Re-evaluation

Appendix 7B

water may have slightly higher concentrations of metals compared to Lake N11 in the absence of
Mine-related influence.
•

With respect to nutrients, TP concentrations in Lake N11 were slightly higher in the discharge compared
to baseline conditions in both core lakes (De Beers 2016a).

In 2016, end-of-pipe discharge water quality (from Area 3/5 to Lake N11) was consistent with EIS
predictions (De Beers 2017). During dewatering, discharge water quality was generally consistent with the
Kennady Lake and Lake N11 baseline water quality between 1998 and 2011 (Golder 2014a,b). Discharge
water quality was also similar to Lake N11 receiving environment water quality, with the exception of two
isolated total suspended solids (TSS) measurements that were higher than the Effluent Quality Criteria
(EQC; maximum average concentration of 15 mg/L; maximum grab concentration of 25 mg/L) on March 22
and March 28, 2016.
With the exception of TP, all measured parameters in the mixing zone in Area 8 and Lake N11 were
consistent with the range of water quality reported by baseline studies (Golder 2014a,b). In 2015, median
TP concentrations were higher at the edge of the mixing zone than during baseline conditions in only three
samples, and the remainder of the samples (i.e., six samples) were reported as non-detect at the higher
detection limits in Area 8. In 2016, median TP concentrations (0.005 to 0.015 mg-P/L) were slightly higher
in all study lakes (including reference lakes) compared to baseline conditions (Golder 2014a,b).

Summary of AEMP Receiving Environment Water Quality
Water quality is also monitored in the receiving environments (i.e., AEMP component) for potential changes
in surface water quality in core lakes (Area 8, Lake N11, Lake 410), reference lakes (East Lake and Lake 3),
downstream lakes and streams (Lake L2, Lake M4, Stream K5, Stream L2), and raised lakes (Lake D2/D3).
Data analysis focused on comparing the years’ data to baseline data and comparing year-to-year changes
in water quality between the core lakes and reference lakes.
Within the Area 8 and Lake N11 receiving environments, significant BACI results were observed for a few
parameters in 2015 and 2016; however, these significant results were not linked to the Mine as discussed
below. Most of the parameters with significant BACI results also remained within their normal ranges
(De Beers 2016a, 2017).
•

Significant BACI results were observed in Area 8 during ice-covered conditions for molybdenum (2015
and 2016) and vanadium (2015) and during open-water for cobalt (2016), fluoride (2016), manganese
(2016), molybdenum (2015 and 2016), thallium (2015 and 2016), uranium (2016) and vanadium (2015
and 2016; De Beers 2016a, 2017). The primary factors resulting in significant effects for fluoride,
molybdenum, thallium, and vanadium were the lower analytical DLs in 2015 and 2016 compared to
those achieved in previous years. These parameters were also within the normal range and so the
observed differences were not attributable to the Mine. Although statistical differences were observed
for fluoride, molybdenum, thallium, and vanadium, these differences were attributable to natural
variation and improved analytical detection and did not reflect Mine influence on Area 8 water quality
in 2015 and 2016.
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•

In 2016, cobalt, manganese and uranium had a significant BACI effects and showed increases in Area 8
relative to both reference lakes (East Lake and Lake 3). Lake-wide medians were also above the normal
ranges (De Beers 2016a, 2017). These parameters were below the CWQG-PAL and CDWQG, and
there was no specific Mine-related activity associated with Area 8 in 2016 (i.e., no dewatering discharge
to Area 8). Therefore, it is uncertain whether the effects detected for these parameters can be attributed
to a specific Mine-related change.

•

In Lake N11, significant BACI results were observed during ice-cover conditions for total ammonia
(2016), chloride (2015 and 2016) and molybdenum (2015 and 2016) and during open-water for fluoride
(2015 and 2016), molybdenum (2015 and 2016), and vanadium (2015 and 2016; De Beers 2016,
2017). The primary factor resulting in significant effects for total ammonia, fluoride, molybdenum and
vanadium was the lower analytical DLs in 2015 and 2016 compared to that achieved in previous years.
The significant effect for chloride was caused by a decrease in reference lake concentrations along
with a concurrent but slight increase in concentrations in Lake N11. All measured concentrations in
2015 and 2016 were within the normal range. These parameters were also not identified in the
dewatering discharge as being present at elevated concentrations. Therefore, although statistical
differences were observed, these differences are attributed to natural variation and improved analytical
detection and are not considered to be a result of Mine activity.

The above evaluation indicates that no Mine related effects were observed in the end-of-pipe and mixing
zone data in 2015 and 2016 in Area 8 and Lake N11, except for a brief period of elevated TSS
concentrations in Lake N11 in 2016 and a slightly higher median TP concentrations in both lakes in 2015
and 2016. Receiving environment water quality indicated that the year-to-year changes in water chemistry
in core lakes in 2015 and 2016 were not indicative of Mine-related effects and in general water quality was
similar to baseline(Section 7.2). This evaluation of the 2015 and 2016 AEMP water quality results support
the inclusion of 2015 and 2016 data in normal range calculations and as Before data in the BACI analysis
in future AEMP cycles.

Summary of AEMP Sediment Quality
The 2015 and 2016 sediment quality assessment support the inclusion of 2015 and 2016 data in normal
range calculations and as before data in the BACI analysis in future AEMP cycles. The 2016 sediment
quality results are within the range of baseline and reference conditions (De Beers 2016a, 2017). No
Mine-related effects from dewatering were discernible in the 2015 and 2016 sediment quality data. As also
noted for water quality, lower DLs were achieved for some metals in 2015 and 2016 (i.e., antimony,
beryllium, mercury, silver), which resulted in higher detection frequencies for these metals, and thus allow
better characterization of background concentrations of these sediment parameters.

Summary of AEMP Plankton Community
The results of the analysis of plankton data in the core lakes in 2015 and 2016 provided no clear indication
of Mine-related effects; rather observed changes suggest natural variation (De Beers 2016a, 2017). The
2015 phytoplankton and zooplankton communities in Area 8 and Lake N11 were similar to baseline
conditions, while the 2016 communities were generally similar to baseline, with the exception of
zooplankton community composition in Area 8. Significant BACI effects in plankton community variables
were identified between the core lakes and reference lakes and some of the plankton endpoints were
outside normal ranges. However, no Low Action Levels were triggered for toxicological impairment or
nutrient enrichment in 2015. The Low Action Level for nutrient enrichment was triggered in Area 8 based
on an ecologically relevant change in zooplankton community composition.
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No notable changes in water quality were observed in the core lakes between baseline and 2015 or 2016,
suggesting that the observed changes in the plankton community were not indicative of a Mine-related
effect (with the possible exception of zooplankton community composition in Area 8 in 2016), but rather
resulted from background variation. In the absence of an increase in nutrient concentrations in the receiving
environment, the shift in zooplankton community composition in Area 8 may be attributable to other possible
Mine-related effects, such as the disconnection of Area 8 from the rest of Kennady Lake and the resulting
reduced watershed area and increased residence time.
The multivariate analysis conducted for the 2018 AEMP annual reports indicated that the 2015 and 2016
phytoplankton communities in Lake N11 did not group closely with the 2011 baseline data but were 70%
similar, grouping closely with baseline data collected in 2014. In Area 8, the 2015 and 2016 communities
were 70% similar to one another and to the 2014 baseline data but did not group closely with the 2011
baseline data (De Beers 2019). For the zooplankton community data, the 2015 and 2016 grouped together
with and were 80% similar to the baseline data (2011 and 2014) in Lake N11. In Area, the 2015 community
data grouped closely with the 2007, 2011 and 2014 baseline data, but the 2016 data differed from baseline.
Results of these analyses concluded that the 2015 and 2016 phytoplankton and zooplankton data were
comparable to baseline (De Beers 2016a, 2017). For example, non-metric multidimensional scaling (nMDS)
results (which include data from 2007 to 2018) indicated that the phytoplankton and zooplankton community
data do not exhibit separation of groups or stations indicative of a divergence of community structure in
2015 or 2016 from baseline years, with the exception of the September zooplankton community results
from Area 8 which highlight seasonal variation during the open-water period.
Overall, the plankton community in the core lakes is healthy with no clear indication of Mine-related effects
in Lake N11 in 2015 or 2016 or Area 8 in 2015. In 2016, a shift in zooplankton community composition was
observed that may be attribute to possible Mine-related effects. In the absence of an increase in nutrient
concentrations in the receiving environment, the Mine-related effect could be the result of the disconnection
of Area 8 from the rest of Kennady Lake. Therefore, based on the 2015 and 2016 AEMP results, the
plankton assessment supports the inclusion of the 2015 and 2016 data as supplemental baseline data for
Lake N11 in future AEMP cycles and 2015 data for Area 8, but does not suggest the addition of the 2016
data as supplemental baseline data as a result of possible Mine-related effects.

Summary of AEMP Benthic Invertebrate Community
The results of the analysis of benthic invertebrate data in core lakes in 2015 and 2016 provided no clear
indication that Mine-water discharge was a source of disturbance to the benthic invertebrate community
(De Beers 2016a, 2017). Rather, the observed responses appear to be related to habitat variation or
among-year variability. There was no evidence for a linkage between the observed responses and the
dewatering discharge from Mine activity, or potential changes in water or sediment quality.
There were exceedances of the normal range in 2015 and 2016:
•

In Area 8, lake-wide mean values for total density and richness in 2015 and 2016 exceeded the upper
bound of the normal ranges.

•

In Area 8, densities of four common taxa (Nematoda, Pisidiidae, Microtendipes, and Pagastiella)
exceeded the upper bound of the normal ranges in 2015.

•

In Area 8, densities of three common taxa (Nematoda, Pisidium and Micropsectra/Tanytarsus)
exceeded the upper bound of the normal ranges in 2016.
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In Lake N11, mean total invertebrate density and the density of the most common taxon in the lake
(Nematoda) were below the lower bound of the normal range in 2015.

Although lake-wide mean values for these variables were outside the normal range, these exceedances do
not appear to be Mine-related. Since only a single year of baseline data could be included in normal range,
there is uncertainty related to whether these normal ranges reflect true background conditions in core lakes.
The normal range is intended to provide an estimate of natural variability, and should, therefore consider
year-to-year variability in the benthic invertebrate community. A qualitative review of available baseline data
from 1996 to 2013 suggested that year-to-year variability in invertebrate density was high within individual
lakes. Hence, the normal ranges based on the 2011 data likely do not adequately characterize natural
variability in the core lakes, and the normal ranges for benthic invertebrates are unrealistically narrow and
would benefit from additional years of data.
Significant BACI results were observed for a number of benthic invertebrate community variables in 2015
(total invertebrate density, richness, and the densities of Nematoda, Pisidiidae, Microtendipes, Corynocera
in Area 8 and density of Pagastiella in Lake N11; De Beers 2016a) and 2016 (densities of Pisidium and
Micropsectra/Tanytarsus in Lake N11; De Beers 2017). However, the observed responses appeared to be
related to habitat characteristics and potentially, among-year variability and for 2015 were generally only
consistent with one of the reference lakes (East Lake).
There were minor differences in percent composition between baseline and 2015 and 2016, however these
differences are reflective of differences in community structure or among-year variability. The multivariate
analysis conducted for the 2018 AEMP Annual Report indicated that the 2015 and 2016 benthic invertebrate
communities in Lake N11 were 70% similar to baseline (2011). In Area 8, the 2015 and 2016 communities
were 70% similar to one another but did not group with the 2011 community, although the communities
were still 60% similar (De Beers 2019).
Overall, the benthic invertebrate communities in the core lakes provided no clear indication of Mine-related
effects in 2015 or 2016. Therefore, based on the 2015 and 2016 AEMP results, the benthic invertebrate
assessment supports the inclusion of 2015 and 2016 data as supplemental pre-impact data in future AEMP
cycles.

7B.1.3

Summary and Recommendations

Effects on receiving environments do not necessarily begin at the start of construction or operations, which
provides an opportunity to accumulate additional data to characterize background variation to arrive at
realistic normal ranges and increase the number of Before years included in the BACI analysis. The ability
to use data collected during construction in this manner should be based on evidence for the
presence/absence of Mine-related effects in the receiving environments. The above evaluation of the 2015
and 2016 data showed that:
•

In 2015 and 2016, the Mine was in the construction phase, with dewatering of Kennady Lake being the
main Mine activity relevant to the AEMP (Section 2).

•

The water pumped from Kennady Lake to Area 8 and Lake N11 was natural lake water, and pumping
did not result in overall changes in water level or lake volume. Water levels remained with in natural
variability during to the expedited flow through of water to Area 8; however, they were present for longer
than a typical freshet (Section 5).
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•

The end-of-pipe and edge of mixing zone data showed that dewatering discharges from the controlled
area of Kennady Lake to Area 8 and Lake N11 in 2015 and 2016 had water quality that was generally
consistent with baseline water quality conditions. The few exceptions are discussed above (e.g., TSS,
TP).

•

Water quality data within the receiving environments indicate that the year-to-year changes in water
chemistry in core lakes in 2015 and 2016 were not indicative of Mine-related effects and results were
similar to baseline. (Section 7.2 ).

•

No discernible Mine-related effects were observed in the sediment quality data in the core lakes in 2015
and 2016 (Section 8.2).

•

Plankton community results do not provide a clear indication of Mine-related effects in Lake N11 in
2015 or 2016 or Area 8 in 2015 (Section 9.2). In 2016, a shift in zooplankton community composition
was observed that may be attribute to possible Mine-related effects in Area 8 as a result of the
disconnection from the rest of Kennady Lake, and the resulting reduced watershed area and increased
residence time.

•

Benthic invertebrate community results do not suggest Mine-related effects in 2015 and 2016 and
results are generally similar to baseline (Section 10.2). The responses observed in the benthic
invertebrate community in 2015 and 2016 appear to be related to habitat variation or potential
among-year variability.

Although there was no apparent driver for the observed shift in zooplankton community composition in Area
8 in 2016 (i.e., water quality); it is recommended to err on the side of caution and exclude the 2016 Area 8
data. No pumping from Area 7 to Area 8 took place in 2016, as dewatering activities for this portion of
Kennady Lake were completed in September 2015. The observed effect in the zooplankton community
composition captures the natural variability that would be expect in extremely dry conditions (i.e., similar to,
or below, 100-year dry conditions).
Based on these results, a conservative approach is recommended in the inclusion of construction years’
data (2015, 2016) in normal range calculations and future BACI analyses as Before data. It is recommended
that the 2015 and 2016 data be included as “pre-impact” data for Lake N11; however, for Area 8, only the
2015 data be included as a result of effects observed in the zooplankton community in Area 8 in 2016.
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Before-After Control Impact Statistical Design

As part of the re-evaluation and following Environment and Natural Resources (ENR) comments from the
review of the 2016 AEMP Annual Report (De Beers 2017), an independent review of the statistical method
for the BACI analysis included in the AEMP was sought. This review was undertaken by Dr. Carl Schwarz,
an Accredited Professional Statistician (Dr. Schwarz’s Curriculum Vitae with relevant education,
employment, teaching, and publishing records is provided in Attachment 7B-1). The recommended
approach to the statistical analysis of data collected annually is detailed below. This includes worked
examples to provide a comparison between the previous analytical approach detailed in the currently
approved AEMP Design Plan and recent AEMP annual reporting and the method recommended following
re-evaluation. A standalone memo, with a short, bullet-point version of the recommendations was provided
by Dr. Schwarz (Attachment 7B-1).

7B.2.1

Re-evaluation of the Before-After Control Impact Analysis
and Recommended Approach

The recommended approach to the BACI analysis uses the mixed model framework, which has been used
extensively for BACI analysis (Schwarz 2015). Within this framework, the main questions of interest are
comparing the changes between Before and After periods in the Impact and Control lakes. Both
Before/After and Control/Impact, as well as their interaction, are treated as fixed, categorical effects. In
contrast, individual lakes are represented as random effects; i.e., specific Control lakes are treated not as
individual lakes of interest, but as representatives of a larger population of lakes not affected by the Mine
impact. Similarly, when years are treated as categorical variables, the Year variable is represented as a
random, categorical variable, and the years are interpreted as a random sample of years from Before and
After the impact occurrence.
Within the re-evaluated statistical approach to BACI analysis, two modelling approaches are proposed.
When the temporal trend of the examined variable is linear (within the Before and the After periods) in all
lakes in the model (i.e., the Impact lake of interest and both Control lakes), the variable can be analyzed
using a broken-stick model. The categorical BACI design does not adequately capture monotonic increases
in concentrations over time (Schwarz 2015). In these cases, the broken stick model would provide a more
sensitive measure of BACI effect. To decrease subjectivity around the choice of model (i.e., in which cases
to use the broken stick model), both models will be run for each variable, and Akaike’s Information Criterion
corrected (AICc) for small sample size will be used to select the better-fitting model, where model with the
lowest AICc will be considered as the best supported by the data. It is expected that the broken stick model
will be better-fitting in cases when the response variable displays a linear trend over time, while the
categorical BACI model will be better fitting in other cases.
The differences between the previous BACI framework and the re-evaluated BACI framework are
summarized in Table 7B-1 and are detailed as follows:
Model Type: In the previous BACI analysis, the modelling approach used nested categorical fixed effects,
where Time was nested in Before/After effect. In the recommended approach, a categorical mixed effect
model (analyzing a step-change BACI) would have Time as a random variable, implicitly nested within
Before/After, and Lake as a random variable, implicitly nested in Control/Impact. Note that each model only
contains one Impact lake. While it is possible to include all three Impact lakes in a single model, each core

De Beers Canada Inc.

Gahcho Kué Mine

7B-10

December 2019

2015 to 2018 Aquatic Effects Re-evaluation Report
Detailed Information to Support the Data Analysis Re-evaluation

Appendix 7B

lake is expected to have a different type of impact, and the interpretation of effects is more straightforward
when Impact lakes are analyzed separately.
Within the recommended approach, linear data would be analyzed using a broken-stick mixed effect model.
These models consist of a linear regression that has a change of slope (i.e., is broken) at the start of the
impact. The models are then used to test whether the change in slopes between Before and After periods
differs between the Control and Impact lakes. Here, too, each model would contain only a single Impact
lake.
Control Data Incorporation: In the recommended approach, each model would contain both Control lakes.
This approach reduces the analytical effort by half, since the previous BACI analysis was performed for
every combination of Control and Impact lakes.
Year Effect: In the previous modelling approach, the years were treated as a fixed, categorical effect, which
was nested within Before/After effect. In addition to the overall BACI effect (the significance of the
interaction between Before/After and Control/Impact effects), the models were also used to assess the
significance of the interaction between Control/Impact and Year nested within Before/After. In the
recommended approach, a categorical mixed effect model (analyzing a step-change BACI) would have
Year as a random, categorical variable – both for the effect of Year and the effect of the interaction between
Year and Lake.
Control Lake Effect: In the previous modelling approach, each model only contained one Impact and one
Control lake. Therefore, the effects of individual lakes (nested within Control/Impact) were not required. In
the recommended approach, each model contains two Control lakes, therefore a Lake effect is required to
account for the differences between the lakes. In both the step-change and the linear models, Lake effect
is represented as a random, categorical effect, nested within Control/Impact. The inclusion of both Control
lakes in a single model increases the scope of inference. In the previous analysis, the comparison of one
Impact lake to one Control lake provides only inference about that particular Control lake. In comparison,
the use of both Control lakes (and Lake as a random effect) allows to make inference about the difference
between the Impact lake and Control lakes in general.
Model Structure: The equations of the previous and the two proposed models are provided in Table 7B-1.
Overall BACI Effect Size: In the previous modelling, the overall BACI effect size was estimated as the
percent change in the relative difference between the Control and Impact lakes from the Before time period
to the After time period, expressed relative to the Impact lake mean in the Before period. In the
recommended approach, the same equation is proposed in cases of step-change data, where categorical
mixed effects are used. In comparison, where linear data are analyzed using broken stick models, the
magnitude of the BACI effect is expressed using the difference in slopes between the Control and the
Impact lakes in the After period.
Pulse Effect and Annual Effect Size: In the previous modelling, pulse effect was statistically tested using
the interaction between Control/Impact and Year nested within Before/After. The magnitude of the effect
was then calculated as the percent change in the relative difference between the Control and Impact lakes
from any specific year (year i) to any other specific year (year j), expressed relative to the Impact lake mean
in year i. In the re-evaluated models, pulse effect will not be tested, since Year effects are represented as
random effects, and it is assumed a priori that concentrations will differ between years. While the
significance of an individual Year effect will not be tested in the re-evaluated models, the magnitude of
change between years will be assessed using the same approach as in the previous analysis.
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Non-paired Years: In the previous analysis, models only included data from years where both the Impact
and Control lakes were sampled. That is, years where only one of the lakes was sampled were omitted
from analysis, which resulted in removal of multiple years of available data. In contrast, in the re-evaluated
models, all collected data will be used for analysis, since the proposed models do not require data to have
been collected in all lakes in the same year. This results in a larger Before dataset available for analysis.
Data Transformation: In the previous analysis, two types of transformations were used when analysis of
variance (ANOVA) assumptions of residual normality and homogeneity of variance were not met. Data were
log10-transformed in cases where the transformation resolved problematic residual patterns, or
rank-transformed if the log10-transformation was not sufficient. While rank transformations can be
successfully used for simple ANOVAs, this approach is not recommended for a mixed effect model, such
as the one used in the re-evaluated BACI approach (Attachment 7B-1). In the recommended approach,
severe non-normality is not expected to be common, due to the newly imposed restrictions on use of
non-detect data (Section 7B.2.1).
Residual Normality and Outliers: In the previous analysis, residuals were tested for normality using the
Shapiro-Wilk test and for heteroscedasticity using the Levene test. Where either Shapiro-Wilk or Levene
tests resulted in significant P-values, transformations (or outlier removal) were used. Statistical outliers in
the previous analysis were identified as points that had studentized residuals with an absolute value of
>3.5. In the recommended approach, residual heteroscedasticity will be assessed using plots of
log-transformed standard deviations versus log-transformed means (both calculated for every Year-Lake
combination). In addition, the ratio between the largest and the smallest Year-Lake standard deviations will
be calculated. If the ratio is less than 5:1, the data will be considered adequately homoscedastic (Schwarz
2015). Residual normality will be assessed visually using quantile-quantile plots. However, the normality
assumption is not as crucial as the homoscedasticity assumption, and non-normality in residuals (unless
very severe) is less of a concern. In the recommended approach, outliers will be assessed visually using
caterpillar plots, combined with estimated residual values. Data points with high residual values that appear
to deviate from the overall scatter of residual values will be flagged for removal, and the analysis will be
conducted with and without these data points.
Table 7B-1
Modelling
Aspect
Model type

Analytical Approaches under Previous and Re-evaluated Methods
Previous Analytical Method

Nested categorical fixed effects

Re-evaluated Analytical Method
Step-Change Data
Linear Trend Data
Categorical mixed effects

Broken-stick model (breakpoint specified based
on year of impact)

Each model only included a
Control data single Control lake (i.e., two
Each model includes both East Lake and Lake 3 as Control lakes (i.e., only one
incorporation models per each combination of model per each combination of core lake / variable)
core lake / variable)
Three year-related effects: 1) Continuous fixed
year effect, 2) Continuous fixed effect, expressed
Fixed, categorical effect, nested Random, categorical effect,
as number of years since impact (in the After
Year effect
within Before/After effect
nested within Before/After effect
period), or as zero (in the Before period), and 3)
categorical random effect
Control lake Only the fixed effect of
Random, categorical effect,
Random, categorical effect, nested within
effect
Control/Impact
nested within Control/Impact
Control/Impact
𝑌𝑌 = 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 + 𝐶𝐶𝐶𝐶 + 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 + 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 × 𝐶𝐶𝐶𝐶 +
𝑌𝑌 = 𝐵𝐵𝐵𝐵 + 𝐶𝐶𝐶𝐶 + 𝐵𝐵𝐵𝐵 × 𝐶𝐶𝐶𝐶 +
𝑌𝑌 = 𝐵𝐵𝐵𝐵 + 𝐶𝐶𝐶𝐶 + 𝐵𝐵𝐵𝐵 × 𝐶𝐶𝐶𝐶 + 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 +
Model
𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 × 𝐶𝐶𝐶𝐶 + 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ×
structure
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝐵𝐵𝐵𝐵) + 𝐶𝐶𝐶𝐶 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝐵𝐵𝐵𝐵) (a)
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 (b)
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 (c)
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Modelling
Aspect
BACI effect
size
Annual effect
size
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Analytical Approaches under Previous and Re-evaluated Methods
Previous Analytical Method

Re-evaluated Analytical Method
Step-Change Data
Linear Trend Data

(𝑥𝑥̅𝐵𝐵𝐵𝐵 − 𝑥𝑥̅𝐵𝐵𝐵𝐵 ) − (𝑥𝑥̅𝐴𝐴𝐴𝐴 − 𝑥𝑥̅𝐴𝐴𝐴𝐴 )
(𝑥𝑥̅𝐵𝐵𝐵𝐵 − 𝑥𝑥̅𝐵𝐵𝐵𝐵 ) − (𝑥𝑥̅𝐴𝐴𝐴𝐴 − 𝑥𝑥̅𝐴𝐴𝐴𝐴 )
(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐵𝐵𝐵𝐵 − 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐵𝐵𝐵𝐵 ) − (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐴𝐴𝐴𝐴 − 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐴𝐴𝐴𝐴 )
× 100%
× 100%
× 100%
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐵𝐵𝐵𝐵
𝑥𝑥̅𝐵𝐵𝐵𝐵
𝑥𝑥̅𝐵𝐵𝐵𝐵

Years where
only some
Excluded
lakes were
sampled

�𝑥𝑥̅ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(1)𝐶𝐶 − 𝑥𝑥̅ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(1)𝐼𝐼 � − �𝑥𝑥̅ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(2)𝐶𝐶 − 𝑥𝑥̅ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(2)𝐼𝐼 �
× 100%
𝑥𝑥̅ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(1)𝐼𝐼
Included

Included

a) Y is the response variable; BA is a fixed factor (BA=Before or After); CI is a fixed factor (CI =Control or Impact); BA×CI is the
interaction between factors BA and CI, Time is a fixed factor for time period that is nested in factor BA; and CI×Time(BA) is the
interaction between factors CI and Time.
b) Y is the response variable; BA is a fixed factor (BA=Before or After); CI is a fixed factor (CI =Control or Impact); BA×CI is the
interaction between factors BA and CI, Time is a random categorical factor for time period that is implicitly nested in factor BA; Lake
is a random categorical factor for sampling lake that is implicitly nested in factor CI, and Lake×Time is their interaction.
c) Y is the response variable; Year is a continuous fixed effect of year, CI is a fixed factor (CI =Control or Impact); YearPostImpact is
a continuous derived variable (zero in years before impact, 1 in first year power impact, and so on); Year×CI is the interaction
between factors Year and CI, YearPostImpact×CI is the interaction between factors YearPostImpact and CI, Time is a random
categorical factor for time period; Lake is a random categorical factor for sampling lake that is implicitly nested in factor CI, and
Lake×Time is their interaction.
BACI = before-after control-impact.

7B.2.2

Comparison of Re-evaluated Method with the Previous
Analytical Method

The following worked examples are provided to compare the two methods for selected AEMP variables
where the BACI results did not necessarily align with other data analysis results for water quality. The
example variables selected were chloride from open-water season, nitrate from ice-cover season, and TP
from open-water season. By comparing the two methods, the examples demonstrate the benefit of the
recommended approach in addressing issues identified with the previous analytical method.
Chloride: In the previous analysis of chloride, results were significant for all comparisons except for the
Lake 410 comparison against Lake 3 (Table 7B-2). However, in Lake 410, visual interpretation of collected
data suggested no impact relative to the reference lakes, especially so relative to Lake 3 (Figure 7B-1). In
the re-evaluated analysis, all three models resulted in significant BACI effects, although the P-value in the
Lake 410 model was close to the α = 0.1 threshold of significance, and the relative magnitude of effect was
small and negative (-10%). Overall, the recommended approach identified both Area 8 and Lake N11 as
having a likely significant BACI effect with a large effect size (109% and 89%, respectively), similar to the
previous analytical approach. This result mirrors the visual interpretation of the data (Figure 7B-1).
Nitrate: In the previous analysis of nitrate, results were significant for all comparisons (Table 7B-2).
However, the trends observed in both Area 8 and in Lake 410 were also observed in Lake 3 (but not in East
Lake), indicating that the trends were likely not Mine-related. In comparison, in the re-evaluated analysis,
the BACI effects for both Area 8 and Lake 410 were not significant (P-values of 0.6 and 0.1, respectively).
This result mirrors the visual interpretation of the data (Figure 7B-2) and suggests that the recommended
approach may be less likely to result in a statistically significant finding when at least one of the reference
lakes has temporal trends similar to those of the core lakes.
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Total phosphorus (TP): In the previous analysis of TP, results were significant for only two comparisons
– between Area 8 and East Lake and between Lake N11 and East Lake (Table 7B-2). Both comparisons
had BACI effect sizes larger than 50%. In the interpretation of these results, the lack of significant BACI
effect in comparisons with Lake 3 was used to conclude a lack of an overall Mine-related impact on TP
concentrations. In the re-evaluated analysis, the BACI effects for all three core lakes were not significant
(P-values >0.18). This conclusion mirrors the visual interpretation of the collected data (Figure 7B-3) and
provides a similar conclusion to the previous analysis, while streamlining the analysis and interpretation.
Overall, the recommended approach may be less likely to result in a statistically significant finding when at
least one of the reference lakes has temporal trends similar to those of the core lakes.
In the three worked examples presented above, the recommended approach identified a significant BACI
effect for open-water chloride (especially in Area 8 and Lake N11), as well as for ice-cover nitrate in Lake
N11, but not for the other variables or Impact lakes. This is in contrast to the previous approach, which
identified significant BACI effects for other comparisons (e.g., nitrate in Area 8). The additional significant
findings had opposing trends (e.g., nitrate in both Area 8 and Lake 410 had a positive BACI effect in
comparison with East Lake, but a negative one in comparison with Lake 3). The conclusion in these cases
was that no Mine-related effect was recorded for the variable. Due to the inclusion of both reference lakes,
the recommended approach eliminated this additional interpretation step. The recommended approach also
included non-paired years, which allowed an increase of sample size and a better understanding of
temporal trends.
Overall, while the re-evaluated analytical method showed consistency with the previous method, it also
demonstrated improved consistency with visual data interpretation and provides the opportunity to
streamline both the BACI analysis and the interpretation of results. The recommended approach is also
less likely to result in a statistically significant finding when at least one of the reference lakes has temporal
trends similar to those of the core lakes. Based on the above re-evaluation and worked examples, the
revised method for the BACI analysis is considered appropriate for incorporation in the updated AEMP
Design.
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Comparison of Mixed Models of Chloride, Nitrate, and Total Phosphorus Concentrations between Previous and
Recommended Before-After Control-Impact Analyses

Lake
Overall BACI Effect (Press effect in previous analysis)
Impact
Control
%
P-value
Area 8
East Lake
83
<0.001
Area 8
Lake 3
107
<0.001
Lake N11 East Lake
54
<0.001
Chloride
OW
Lake N11
Lake 3
42
<0.001
Lake 410 East Lake
16
<0.001
Lake 410
Lake 3
1
0.866
Area 8
East Lake
30
0.024
Area 8
Lake 3
-56
0.071
Lake N11 East Lake
59
<0.001
Previous BACI
Nitrate
IC
analysis
Lake N11
Lake 3
1,457
<0.001
Lake 410 East Lake
67
<0.001
Lake 410
Lake 3
-28
0.043
Area 8
East Lake
56
0.008
Area 8
Lake 3
-9
0.933
Lake N11 East Lake
83
0.006
Total
OW
phosphorus
Lake N11
Lake 3
36
0.650
Lake 410 East Lake
-21
0.205
Lake 410
Lake 3
-59
0.114
East Lake
Area 8
109
0.001
Lake 3
East Lake
Chloride
OW
Lake N11
89
0.085
Lake 3
East Lake
Lake 410
-10
0.098
Lake 3
East Lake
22
0.632
Area 8
Lake 3
East Lake
Re-evaluated
Nitrate
IC
Lake N11(a)
-2,954
0.023
BACI analysis
Lake 3
East Lake
Lake 410
201
0.124
Lake 3
East Lake
23
0.296
Area 8
Lake 3
East Lake
Total
OW
Lake N11
30
0.180
phosphorus
Lake 3
East Lake
Lake 410
-19
0.137
Lake 3
Note: Bolded values indicate a significant effect. Tests were considered significant at P<0.1.
a) Analyzed as a broken stick model.
OW = open-water; IC= ice-cover; - = not applicable; BACI = before-after control-impact.
Analysis
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Variable

Season

De Beers Canada Inc.

Percent Change in Relative Difference between
Reference and Core Lakes between 2018 and Each
Before Year (Pulse effect in previous analysis)
2011
2012
2013
69
134
No significant pulse effect
81
56
53
43
4
7
No significant pulse effect
No significant pulse effect
86
111
14,640
116
26
No significant pulse effect
No significant pulse effect
16
No significant pulse effect
No significant pulse effect
No significant pulse effect
-23
232
361
377
989
831
841
32
-16
-11
71
-44
-6
-31
-44
15,028
18,355
18,481
451
18
-23
37
24
22
42
41
41
-15
-15
-15

Gahcho Kué Mine

7B-15

December 2019

2015 to 2018 Aquatic Effects Re-evaluation Report
Detailed Information to Support the Data Analysis Re-evaluation
Figure 7B-1
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Comparison of Previous Analysis (Six Panels on the Left; Rank-Transformed) and Re-evaluated Mixed Models (Three
Panels on the Right; log10-transformed) of Chloride Concentrations under Open-water Conditions

LSM = least square mean; DL = detection limit.
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Figure 7B-2
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Comparison of Previous Analysis (Six Panels on the Left; Rank-transformed for East Lake Models and log10-transformed
for Lake 3 Models) and Re-evaluated Mixed Models (Three Panels on the Right; log10-transformed) of Nitrate
Concentrations under Ice-covered Conditions

LSM = least square mean; DL = detection limit.
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Figure 7B-3
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Comparison of Previous Analysis (Six Panels on the Left; Rank-transformed) and Re-evaluated Mixed Models (Three
Panels on the Right; Raw Data) of Total Phosphorus Concentrations under Open-water Conditions

LSM = least square mean; DL = detection limit.
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Dealing with Non-Detect Data

In analytical chemistry, the detection limit is the lowest concentration of a parameter that can be accurately
quantified. Values below the detection limit are only partially known, occurring between the detection limit
and zero. In the environmental literature, values occurring below the detection limit are referred to as either
non-detect or censored values. Managing datasets with non-detect values can be challenging, with
implications for calculating descriptive statistics and hypothesis testing. Numerous methods have been
developed to manage these limitations, ranging in complexity from relatively simple substitution approaches
to more elaborate methods based on survival analysis and extrapolation (Helsel 2010). The suitability of
various approaches depends on sample sizes and detection frequency (i.e., the percent of values above
the detection limit) and there are currently no general procedures that are applicable in all cases (USEPA
2000).

7B.3.1

Current Approach for Managing Non-Detect Values

Under the AEMP Design Plan (De Beers 2016b), non-detect data were managed using a relatively simple
approach. Values below the detection limit were substituted with values one half of the detection limit. The
resulting dataset was then used for calculating descriptive statistics and hypothesis testing.

7B.3.2

Revised Approach

De Beers proposes revising the current approach for managing non-detect values in the AEMP (De Beers
2019) to better align with guidance from the USEPA (2006). Based on this guidance, the data management
approach is informed by the degree of censoring in the dataset.

7B.3.2.1

Non-Detect Frequency ≤15%

When the frequency of non-detect values is relatively small (i.e., ≤15%), substitution using a small value
(e.g., half of the detection limit) is acceptable (USEPA 2006). The resulting dataset may then be used for
calculating descriptive statistics and hypothesis testing, similar to methods currently used in the AEMP
(De Beers 2019).

7B.3.2.2

Non-Detect Frequency 15% to 50%

When the frequency of non-detect values is moderate (i.e., 15% to 50%), a variety of approaches may be
considered to evaluate non-detect data, including substitution, transformation techniques such as trimming,
winsorizing, Cohen’s method, and Aitchison’s method (USEPA 2000), as well as advanced methods based
on extrapolating the distribution of measured values to the censored region (Helsel 1990, 2012). The
revised dataset may then be used to calculate descriptive statistics and conduct hypothesis testing. There
are no general procedures that are applicable in all cases, and the methods used will need to consider the
sample size, frequency of non-detects, and distribution of data above the detection limit.
In addition to the techniques described above, it may be also be appropriate for simple statistical models
(e.g., single factor ANOVA) to conduct hypothesis testing using non-parametric methods by rank
transforming the data prior to analysis. This approach avoids violating parametric assumptions
(i.e., normality) and using disparate transformation techniques for a variety of parameters. Using
rank-transformed data has the added advantage that not all values within the dataset need to be known,
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only their relative ranking, and therefore data above and below the detection limit can be treated similarly
in the analysis. This method is particularly useful when multiple detection limits are encountered (USEPA
2000).

7B.3.2.3

Non-Detect Frequency ≥50%

When the frequency of non-detect values is large (i.e., ≥50%), it is not appropriate to calculate descriptive
statistics or conduct hypothesis testing using parametric or non-parametric methods, as most of the values
in the dataset are partially unknown and accurate measures of distribution and variation are not possible.
Under these circumstances, descriptive statistics such as mean, median, standard deviation and standard
error may be misleading and inaccurate and should not be presented (USEPA 2000). With respect to
hypothesis testing, options for statistical comparisons are limited and a test of proportions such as the
Chi-squared test, Fisher’s exact test, or a binary logistic regression that can be used to compare the number
of observations above and below the detection limit should be considered.

7B.4

Normal Range Calculation Method

Normal ranges currently provide two functions in the AEMP Design Plan (De Beers 2016b), the baseline
normal range and regional normal range. The baseline normal range is used by the water quality, sediment
quality, plankton and benthic invertebrate components to compare exposure data collected from the core
lakes (e.g., Area 8 and Lake N11) to lake-specific baseline data collected prior to operations to identify
deviations from baseline conditions. Regional normal ranges are currently used in the fish health and fish
tissue components to present data collected from the core lakes (i.e., Area 8 and Lake N11) in the context
of regional variation in measured endpoints.
Normal ranges were developed based on methods used for calculating prediction intervals outlined in
Barrett et al. (2015). Prediction intervals are a method of predictive inference used to estimate a range of
expected future observations based on a reference dataset. This method has been used in a variety of
forecasting applications, including manufacturing and city planning (Whitmore 1986) and has been more
recently applied to environmental monitoring to identify unusual observations suggestive of environmental
effects (Barrett et al. 2015). Prediction intervals differ from percentiles in that percentiles are used to define
a proportion of data in a sample (e.g., 50% of sample data falls below the 50th percentile), whereas
prediction intervals are used to predict a range of expected observations.

7B.4.1

Current Calculation Method

Normal ranges presented in the AEMP Design Plan (De Beers 2016b) were based on methods for
calculating the 95% prediction interval presented in Barrett et al. (2015). When using this approach, 95%
of means calculated from the reference population are expected to fall within the upper and lower bounds
of the prediction interval. When sample data compared to the prediction interval fall outside of this range
(e.g., the core lakes), it suggests the sample data did not originate from the reference population and may
indicate an environmental change. Prediction intervals were calculated using the following formula in
Equation 7B-1:
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1

Original Calculation Method

𝑦𝑦� ± 𝑡𝑡𝑎𝑎/2,𝑛𝑛−1 𝑠𝑠� +
𝑚𝑚

Where:

Appendix 7B
1

𝑛𝑛

[Equation 7B-1]

𝑦𝑦� represents the upper or lower bound

𝑡𝑡𝑎𝑎/2,𝑛𝑛−1 is the (1 − 𝑎𝑎/2) fractal of a 𝑡𝑡-distribution with 𝑛𝑛 − 1 degrees of freedom. For a 95% prediction
interval 𝑎𝑎 = 0.05.

𝑠𝑠 is the standard distribution of the data, 𝑚𝑚 is the sample size of the exposure dataset, and 𝑛𝑛 is the
sample size of the reference dataset.

Normality of the reference data were assessed prior to calculating prediction intervals. If the reference data
were normally distributed the normal ranges were calculated using the 95% prediction interval. If the data
were not normally distributed, the data were log10-transformed and reassessed. If normality could not be
achieved using a log10 transformation, normal range boundaries were estimated using a non-parametric
alternative to prediction intervals. In cases where the non-parametric method was used, 1000 random
sample means were generated from the reference dataset. The 2.5th and 97.5th percentiles were calculated
from a single iteration of the distribution of 1000 means to estimate the normal range of means.

7B.4.2

Limitations with the Current Approach

While the normal range approach presented in Barrett et al. (2015) has been useful in identifying
environmental change during the initial monitoring cycles of the AEMP, limitations were identified in the
application and underlying assumptions of the method when incorporating 𝑚𝑚 into the calculation of
prediction intervals. Consideration of the number of observations in the dataset (𝑚𝑚) is intended to account
for sources of uncertainty when comparing an exposure mean to the prediction interval (Whitmore 1986).
That is, as the sample size of the exposure dataset increases, the sample mean and standard deviation
approximate the exposure population mean and standard deviation, subsequently decreasing uncertainty
and narrowing the upper and lower bounds of the prediction interval. There are three main limitations to
this approach:
1)

Normal ranges define a range of expected values for a given endpoint based on a reference dataset
unaffected by the factor of interest (e.g., exposure to Mine effluent). Conceptually this approach is
similar in application to the reference condition approach (e.g., Bowman and Somers 2005), which
attempts to quantify a normal range of values for a measured endpoint in the context of natural
variation. However, given that the upper and lower bounds of the prediction interval are affected by
the sample size of the dataset (𝑚𝑚), normal ranges are variable in practice, fluctuating based on the
number of samples collected in a given lake or year. Intuitively, this confounds the interpretation of
regional normal ranges and necessitates the upper and lower bounds be re-calculated for each
comparison. Although this outcome is applicable to all AEMP components, including water quality, it
is best illustrated by the use of a fish health example for regional normal ranges (Table 7B-3) because
sample sizes tend to be the most variable in the fish health AEMP component.
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Regional Normal Ranges Calculated for Select Fish Health Endpoints using the
Same Reference Dataset to Illustrate the Variable Effect of the Number of
Observations in the Dataset (m) on the Upper and Lower Bounds
Endpoint

Condition
Liver somatic Index
Gonadosomatic Index

Area 8
𝒎𝒎 = 19
(0.383, 0.416)
(0.345, 5.35)
(1.64, 2.14)

Lake N11
𝒎𝒎 = 23
(0.385, 0.414)
(0.351, 5.26)
(1.66, 2.12)

Note: Values provided in brackets indicate the lower and upper bounds on the normal range.
𝑚𝑚 = number of observations in the dataset.

2)

When 𝑚𝑚 is incorporated into the prediction interval calculation, the reference data used to calculate
normal ranges in the AEMP design plan do not meet the underlying assumption for prediction intervals
that the reference data originate from a single statistical population (Whitmore 1986). With respect to
baseline normal ranges, this is caused by incorporating multiple years of data in the baseline dataset,
while for regional normal ranges this results from incorporating data from multiple years and sampling
areas. The prediction interval calculations do not consider spatial and temporal variation nested within
the reference dataset and all data are weighted equally. As a result, the normal ranges produced are
based on an overall mean that may not be representative of the individual lakes or years incorporated
into the analysis. This confounds the interpretation of effects when data collected from both the core
lakes and individual reference lakes fall outside normal range and increases the probability of potential
type I errors (i.e., detecting a difference when no difference exists); i.e., the analysis is overly sensitive.
An example of this situation is best illustrated by the 2018 fish health dataset as presented in
Figure 7B-4 but is applicable to water quality and the other AEMP components.
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Data Collected from the Core Lakes (i.e., Area 8 and Lake N11) and Reference
Lakes (East lake and Lake 3) that Fall outside Normal Range as a Consequence of
Violating Statistical Assumptions
Adults

Juveniles

A8 = Area 8; N11 = Lake N11; EL = East Lake; L3 = Lake 3.

3)

As the value of 𝑚𝑚 increases, the range between the upper and lower bound of the prediction interval
decrease reducing the utility of prediction intervals in identifying deviations from the reference dataset
when 𝑚𝑚 is large and increasing the probability of type I errors. This effect is illustrated using a
simulated dataset in Figure 7B-5.
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Effect of m on Prediction Interval Width using a Simulated Dataset

m = number of observations in the dataset.

7B.4.3

Revised Calculation Method

Considering the limitations discussed when calculating normal ranges for the AEMP using the approach
outlined in Barrett et al. (2015), a revised method was developed that did not consider the sample size of
the exposure mean (i.e., 𝑚𝑚) and was expected to improve the utility of normal ranges in monitoring
environmental change for the AEMP. Normal ranges would instead be calculated using the following revised
formula in Equation 7B-2:
Revised Calculation Method

𝑦𝑦� ± 𝑡𝑡𝑎𝑎/2,𝑛𝑛−1 𝑆𝑆�1 +

Where:
𝑦𝑦� represents the upper or lower bound

1

𝑛𝑛

[Equation 7B-2]

𝑡𝑡𝑎𝑎/2,𝑛𝑛−1 is the ( 1 − 𝑎𝑎/2 ) fractal of a 𝑡𝑡-distribution with 𝑛𝑛 − 1 degrees of freedom

𝑠𝑠 is the standard distribution of the data, and 𝑛𝑛 is the sample size of the reference dataset.
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This approach was derived from the prediction interval formula for a single observation outlined in Barrett
et al. (2015) and calculates prediction intervals based on the sample size and distribution of the reference
dataset. As the revised normal ranges are no longer based on a predicted mean, they are no longer subject
to the assumption that reference data originate from a single statistical population. To compensate for wider
normal ranges produced using the 95th prediction interval with the revised formula, 𝑎𝑎 was adjusted from
0.05 to 0.15, with revised normal ranges based on the 85th prediction interval (i.e., values from the reference
population are predicted to fall within the prediction interval 85% of the time). This approach resulted in
comparable normal ranges to the previous method when 𝑚𝑚 = 5; without the limitations previously
discussed.
Additional improvements were made to the normal range calculation when data did not meet the
assumption of normality by substituting the log10 transformation with the Box-Cox power transformation.
This modification increased the likelihood that normal ranges could be calculated using parametric
methods. In addition, when nonparametric methods were used, the upper and lower bounds of the normal
range were calculated based on a mean of thirty iterations instead of one, improving both the precision and
reproducibility of the results.
To address concerns presented in ENR-8 (Appendix 1A, Table 1A-4) regarding small samples sizes used
to calculate baseline normal ranges for some components (e.g., sediment quality), additional pre-impact
data collected from the core lakes prior to Mine operations were considered for use in future calculations
(Appendix 1A, Table 1A-4; Section 7B.1). Normality will continue to be assessed using the Shapiro-Wilk
test prior to normal range calculations as it has been shown to have greater statistical power to detect
deviations from normality when compared to similar tests such as the Kolmogorov-Smirnov test, even at
relatively small sample sizes (Mendes and Pala 2003; Keskin 2006; Razali and Wah 2011).

7B.4.4

Development of Regional Normal Ranges

In addition to the baseline normal range currently in use for the water quality, sediment quality, plankton
and benthic invertebrate components, new regional normal ranges will be also developed as a method of
examining environmental conditions in the core lakes within a regional context. The regional normal ranges
represent an escalation in spatial scale from the lake-specific to the regional level; however, corresponding
increases to the breadth of the regional normal range when compared to lake-specific baseline normal
ranges, may not necessarily be evident for all parameters and components. Whether the increase in spatial
scale corresponds with wider regional ranges in comparison to baseline ranges will be parameter- and
component-specific. These new regional normal ranges for all components will be similar to those already
in use for the fish health and fish tissue components, incorporating baseline and pre-impact data from the
core lakes, as well as data collected from reference lakes throughout the AEMP. As a consequence,
regional normal ranges will be recalculated during future re-evaluations of the AEMP design plan to
incorporate relevant data from the reference lakes and account for long-term environmental processes,
such as climate change. Monitoring components that occur every three years (e.g., fish health and fish
tissue), will continue to update regional normal ranges as part of the AEMP annual report during their
respective monitoring years. If it is determined that changing conditions within the reference lakes
necessitate for frequent updates, regional normal ranges may be updated on more frequent basis for some
components (e.g., annually). The regional normal ranges will be incorporated into the Action Level
assessment to identify significant departures in environmental conditions, in consideration of local spatial
and temporal variation.
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Educational Background
2010 PStat

Statistics, American Statistical Association, United States
The P.Stat. designation represents accreditation as a Professional Statistician by the American
Statistical Association. Details about accreditation available at
http://www.amstat.org/accreditation/index.cfm

2004 P.Stat.

Statistics, Statistical Society of Canada, Canada
The P.Stat. designation represents accreditation as a Professional Statistician by the Statistical
Society of Canada. Details about accreditation available at https://ssc.ca/en/accreditation.
Schwarz was awarded P.Stat. 007.

1988 Ph.D.

Statistics, University of Manitoba, Canada
Post-release stratification and migration models in band-recovery and capture-recapture models

1981 M. Math

Statistics, University of Waterloo, Canada

1980 M.Sc.

Computer Science, Simulation and modeling, University of Manitoba, Canada

1978 B.Sc.

Computer Science, University of Manitoba, Canada

____________________________________________________________
Employment History
2019-01 – current

Professor Emeritus, Simon Fraser University

2001-09 - 2018-12

Professor, Department of Statistics and Actuarial Science, Simon Fraser
University

2001-09 - 2004-08

Chair, Department of Statistics and Actuarial Science, Simon Fraser University

1994-01 - 2001-08

Associate Professor, Department of Statistics and Mathematics, Simon Fraser
University

1988-07 - 1993-12

Assistant Professor, Department of Statistics, University of Manitoba

1987-09 - 1988-07

Lecturer, Department of Statistics, University of Manitoba

1984-09 - 1988-07

Consultant, Statistical Advisory Service, University of Manitoba

1984-09 - 1987-08

Sessional Lecturer, Department of Statistics, University of Manitoba

1981-08 - 1984-08

Statistician, Ontario Hydro Research Division, Toronto

1980-04 - 1981-08

Consultant
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Courses Taught in the Past Ten Years
Year

Course

Number

2018

Statistics for Resource Managers;
Statistics for Kinesiology
Statistics for Environmental Sciences (combined)

STAT403/ 650/ 890 SFU

2016

Statistics for Resource Managers;
Statistics for Kinesiology
Statistics for Environmental Sciences (combined)

STAT403/ 650/ 890

2016

Directed Readings in Biology

BISC889

2016

Introduction to Statistical Data Processing using R
Introduction to Statistical Data Processing using SAS

STAT341/ 342

2015

Introduction to Statistical Data Processing using R
Introduction to Statistical Data Processing using SAS

STAT341/ 342

2015

Statistics for Resource Managers;
Statistics for Kinesiology
Statistics for Environmental Sciences (combined)

STAT403/ 650/ 890

2014

Introduction to Statistical Data Processing using R
Introduction to Statistical Data Processing using SAS

STAT341/ 342

2014

Statistics for Resource Managers;
Statistics for Kinesiology
Statistics for Environmental Sciences (combined)

STAT403/ 650/ 890

2013

Statistics Communication

STAT300W

2013

Introduction to Statistical Data Processing using R
Introduction to Statistical Data Processing using SAS

STAT341/ 342

2013

Statistics for Resource Managers;
Statistics for Kinesiology
Statistics for Environmental Sciences (combined)

STAT403/ 650/ 890

2012

Advanced Experimental Design

STAT890

2011

Advanced Experimental Design

STAT890

2010

Statistics for Resource Managers;
Statistics for Kinesiology
Statistics for Environmental Sciences (combined)

STAT403/ 650/ 890
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Short Courses and Workshops in the Past Three Years
Year

Institution

Course

2019

American Ornithological
Society

Nest survival models; Beyond Mayfield,
2019-06-25 -> 2019-06-25 in Anchorage, Alaska (1st offering) as
part of the AOS Annual Meeting.

2019

Parks Canada

An overview of Methods of Experimental Design and Sampling
(Using R) and brief introduction to trend analysis
2019-04-01 -> 2019-04-05 in Ft. Smith, NWT (41th offering).

2019

B.C. Hydro

Regular and logistic regression.
2019-02-20 in B.C. Hydro main office.

2019

Columbia Institute of Applied
Ecology

Intermediate R – 1st Offering.
2019-02-06 -> 2019-02-08 in Revelstoke. B.C.

2018

B.C. Ministry of Forests

An overview of Methods of Experimental Design and Sampling
(Using R)
2018-11-07 -> 2018-11-09 in Prince George, BC (40th offering).

2018

Columbia Institute of Applied
Ecology

Design and Analysis of Occupancy Studies – 4th Offering.
2018-10-22 -> 2018-10-25 in Revelstoke. B.C.

2018

Alberta Environment and
Parks

An overview of Methods of Experimental Design and Sampling
(Using R)
2018-06-24 -> 2018-06-28 in Edmonton, AB (39th offering).

2018

B.C. Hydro

Statistical Misconceptions.
2018-05-23 in B.C. Hydro main office.

2018

Columbia Institute of Applied
Ecology

Trend Analysis and Environment Impact Monitoring 2018-02-07 -> 2018-02-09 in Revelstoke, B.C. (8th offering)

2018

Parks Canada

Design and Analysis of Occupancy Studies - 3rd Offering.
2018-02-13 -> 2018-02-15 in Banff, Alberta

2017

Association of Professional
Biologists

Why statistics is important for Ecology 2017-12-12 Webinar.

2017

Columbia Institute of Applied
Ecology

A second course in R
2017-10-17 -> 2017-10-19 in Revelstoke, B.C. (3rd offering).

2017

Columbia Mountain Institute
of Applied Ecology

A second course in Statistics
2017-10-02 -> 2017-10-25 in Revelstoke, B.C. (1st offering).

2017

Alberta Ministry of
Environment

Monitoring Design and Analysis using the Fish Sustainability Index
2017-05-16 -> 2017-05-17 in Edmonton.

2017

Columbia Mountain Institute
of Applied Ecology

An overview of Methods of Experimental Design and Sampling
(Using R)
2017-05-08 -> 2017-05-11 in Castlegar, B.C. (38th offering).

2017

Environment Canada

Environmental Monitoring Design and Analysis.
Two-day workshop for Environmental Protection Operations
2017-02-27 -> 2017-02-28 in Vancouver

2017

Simon Fraser University
Research Commons

Introduction to Bayesian Methods.
Two-day workshop for Research Commons.
2017-02-24 -> 2017-02-25.
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Completed Works in the Past Five Years
Refereed Publications
Rivers, J.W., Verschuyl, J., Schwarz, C.J., Kroll, A.J., and Betts. M.G. (2019). No evidence of a demographic
response to experimental herbicide treatments by an early successional forest bird. Condor: Ornithological
Applications, 212, 1-13. DOI: 10.1093/condor/duz004
Schwarz, C. J. (2018). Estimating attendance at non-ticketed non-gated events. In JSM 2018 Proceedings,
Alexandria, VA: American Statistical Association. 430-440.
Thorley, J. and Schwarz. C. J. (2018). ssdtools: An R package to fit Species Sensitivity Distributions. Journal of
Open Source Software, 3(31), 1082. https://doi.org/10.21105/joss.01082
Harper, D., Horrocks, J., Barber, J., Bravener, G., Schwarz, C. J. and McLaughlin, R. L. (2018). An evaluation of
statistical methods for estimating abundances of migrating adult sea lamprey. Journal of Great Lakes Research
**,***-***. Error! Hyperlink reference not valid.
Kelly, K., Schwarz, C. J., Gornez, R., and Marsh, K. (2018). Time required to move cash through slot machines.
Journal of Money Laundering Control, 21, 376-384. DOI: 10.1108/JMLC-09-2017-0049
Premarathna, W.A., Schwarz, C.J., and Jones, T. (2018). Partial Stratification in Two-Sample Capture-Recapture
Experiments. Environmetrics 29, e2498. Error! Hyperlink reference not valid.
Cowen, L.L.E, Besbeas, P., Morgan, B.J.T, Schwarz, C. J. (2017). Hidden markov models for extended batch data.
Biometrics 73: 1321–1331. DOI: 10.1111/biom.12701
Tavecchia, G., Miranda, M.-A., Borra, D., Bengoa, M. and Schwarz, C. J. (2017). Modelling the range expansion of
the tiger mosquito in a Mediterranean island accounting for imperfect detection. Frontiers in Zoology, 14, 30-49.
DOI: 10.1186/s12983-017-0217-x
Dempson. J. B., Schwarz, C. J., Bradbury, I. R., Robertson, M. J., Veinott, G., Poole, R. and Colbourne, E. (2015).
Influence of climate and changes in abundance on migration timing of adult Atlantic salmon (Salmo salar) .
Ecology of Freshwater Fish 26, 247-259.
DOI: 10.1111/eff.12271
Putz, S., Condie, K.C., Pisarevsky, S., Davaille, A., Schwarz, C.J., Ganade de Araujo, C.E. (2016). Quantifying the
evolution of the continental and oceanic crust. Earth Sciences Review. in press.
http://dx.doi.org/10.1016/j.earscirev.2016.10.011
Pike, R, G, Redding, T.E, and Schwarz, C.J. (2016). Development and Testing of a Modified Transparent VelocityHead Rod for Stream Discharge Measurements. Canadian Water Resources Journal, 41, 372-384. DOI:
10.1080/07011784.2015.1127776. This article was cited as one of the top 5 entries in the Hydrology corner
(Aquatic Informatics – Blog) for 2016.
Diller, L.V., Hamm, K.A., Early, D.A., Lamphear, D.W., Dugger, K.M., Yackulic, C.B., Schwarz, C.J., Carlson,
P.C., and McDonald, T. L. (2016). Demographic Response of Northern Spotted Owls to Barred Owl Removal in
Coastal Northern California. Journal of Wildlife Management, ***, ***-***. DOI 10.1002/jwmg.1046
Dugger, K. M., Forsman, E. D., Clark, D. A., Davis, R. J., Franklin, A. B., White, G. C., Schwarz, C. J., Burnham,
K. P., Nichols, J., Hines, J. E., Doherty, P., Bailey, L., Yackulic, C., Ackers, S. H., Andrews, S., Augustine, B.,
Biswell, B. L., Blakesley, J., Carlson, P. C., Clement, M., Diller, L. V., Glenn, E. M., Green, A., Gremel, S. A.,
Herter, D. R., Higley, J. M., Horn, R. B., Huyvaert, K., Mccafferty, C., Mcdonald. T., Mcdonnell, K., Olson, G. S.,
Reid, J. A., Rockweit, J., Ruiz, V., Saenz, J., Sovern, S. G., (2016). The effects of habitat climate, and Barred Owls
on long-term demography of Northern Spotted Owls. Condor, 118, 57-116. DOI: 10.1650/CONDOR-15-24.1. This
article won the American Ornithological Society Painton Award.

Updated: 2019-06-01

Page: 4

Carl James Schwarz
Professor Emeritus / Statistics and Actuarial Sciences/ Simon Fraser University
Beliveau. A., Lockhart. R. A., Schwarz, C. J., and Arndt, S. K. (2015). Aerial-Access Creel Surveys with
Incomplete Matching of Aerial and Access Components. Biometrics, 71, 1050-1059. DOI: 10.1111/biom.12335
Rivers, J., Newberry, G., Schwarz, C. J., and Ardia, D. (2016). Success despite the stress: violet-green swallows
increase glucocorticoids and maintain reproductive output following experimental increases in flight costs.
Functional Ecology DOI: 10.1111/1365-2435.12719
Cowen, L. L. E., Besbeas, P. T., Morgan, B. J. T., and Schwarz. C. J. (2014). A comparison of abundance estimates
from extended batch marking and Jolly-Seber type experiments. Ecology and Evolution, 4, 210-218. DOI:
10.1002/ece3.899
Rivers, J.R., Johnson, M., Haig, S.M, Schwarz, C.J., Burnett,J., Brandt,J., George, D., and Grantham, J. (2014). An
analysis of monthly home range size in the critically endangered California Condor (Gymnogyps californianus).
Bird Conservation International 24, 492-504. <a href=http://dx.doi.org/10.1017/S0959270913000592>DOI:
10.1017/S0959270913000592
Contract and Consulting Reports
Schwarz, C. J. (2019). Review of power analysis for an Independent Power Project. Conducted for the BC Ministry
of Environment. 3 pp.
Schwarz, C.J. and A.R. Tillmanns. (2019). Improving statistical methods to derive species sensitivity distributions.
Prov. B.C., Victoria B.C. http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-sciencedata/water-science-series.
Schwarz, C. J. (2019). Assessment of habitat and elevation impacts on Bull Trout abundance. Prepared for the
Ktunaxa Nation Council. 14 pp.
Schwarz. C. J. (2019). Power analysis of Monitoring Plans for Ecological Integrity in the MRG Parks, Prepared for
Parks Canada. 43 pp.
Schwarz. C. J. (2019). Power analysis of Monitoring Plans for Ecological Integrity in the BNP, YNP, and KNP,
Prepared for Parks Canada. 58 pp.
Schwarz, C. J. (2019). Power analysis for prevalence of White Pine Blister Rust. Prepared for Parks Canada. 23 pp.
Schwarz. C. J. (2018). Power analysis for evaluating the effectiveness of intensive OHV reclamation activities to
recover native trout along the East Slopes of Alberta, Canada. Prepared for the Alberta Ministry of Environment.
53pp.
Schwarz, C. J. (2018). Review of “Statistical Analysis of Measured and Forecasted Venting in the Pacific
Northwest”. Conducted for B.C. Ministry of Environment and Climate Change Strategy. 7 pp + annotated report.
Schwarz, C. J. (2018). Impact of changes to survey design on power to detect trends for four amphibian species in
Waterton National Park. Prepared for Zoetica Environmental Consulting. 10 pp.
Schwarz, C. J. (2018). Estimation of density/abundance of moose and caribou
from a line-transect distance sampling survey. Prepared for Zoetica Environmental Consulting. 14 pp.
Schwarz, C. J. (2018). Estimating the population of Small-Mouth Bass in Mille Lacs, MN in 2018. Prepared for the
Minnesota Department of Natural Resources, 2018-03-23, 40 pp.
Schwarz, C. J. (2018). Review of the revised Bottom Ash Management Plan. Prepared for B.C. Ministry of
Environment. 15pp.
Schwarz, C.J. (2018). Review of “Lower Columbia River Aquatic Receiving Environment Monitoring Program
(2015-2016) Teck Trail Operations”. Prepared for the B.C. Ministry of the Environment. 10 pp.
Schwarz, C. J. (2018). Review of the revised Bottom Ash Management Plan. Prepared for B.C. Ministry of
Environment. 15pp.
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Cope, S., C.J. Schwarz, and A. Prince. 2017. Upper Fording River Westslope Cutthroat Trout Population
Monitoring Project: 2017. Report Prepared for Teck Coal Limited3, Sparwood, B.C. Report Prepared by Westslope
Fisheries Ltd., Cranbrook, B.C. 39 p + 1 app.
Schwarz, C. J. (2017). Review of Parks Canada Monitoring Plans for Ecology Integrity. Prepared for Parks Canada.
2017-12-16, 47 pp.
Schwarz, C.J. (2017). Investigating the impact of a small hydroelectric instream power project on fish populations.
Prepared for PGL Environmental Consultants. 17 pp.
Schwarz, C. J. (2017). Review of the Limited Entry Hunting and Hunter Sample Surveys. Completed for B.C.
Ministry of Environment. 69 pp.
Schwarz, C. J. (2017). Monitoring Design and Analysis using the Fish Sustainability Index (FSI). Prepared for the
Alberta Ministry of Environment. 16 pp + Extensive R code.
Schwarz, C.J. and A.R. Tillmanns. 2017. Statistical methods to derive species sensitivity distributions: A
comparison of methods. Water Science Series, WSS2015-01. Prov. B.C., Victoria B.C.
http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-science-data/water-science-series.
Schwarz, C. J. (2017). Summary of analysis of ******* invertebrate study - 2017. Prepared for ******** 2017-0323. 16pp.
Schwarz. C. J. (2017). Review of "Evaluation of alternative enhancement strategies and release locations For
Chinook: Robertson Creek Hatchery, Sarita And Nahmint Rivers (West Coast Vancouver Island) And Philips River
(Mainland Inlets) Prepared for the Pacific Salmon Foundation. 7 pp. 2017-03-23.
Cope, S., C.J. Schwarz, A. Prince and J. Bisset. 2016. Upper Fording River Westslope Cutthroat Trout
(Oncorhynchus clarkii lewisi) Population Assessment and Telemetry Project: Final Report. Report Prepared for
Teck Coal Limited4, Sparwood, B.C. Report Prepared by Westslope Fisheries Ltd., Cranbrook, B.C. 266 p.
McLaughlin, R. L., Harper, D., Horrocks, J., Barber, J., Bravener, G., and Schwarz, C. J. (2016). An evaluation of
statistical methods for estimating abundances of migrating adult sea lamprey. Prepared for the Great Lakes Fishery
Commission. 72 pp.
Schwarz, C. J., M. Porter, and D. Marmorek. 2016 Preliminary Evaluation of Options within the Missouri River
Science and Adaptive Management Plan for Monitoring Bird Populations. Report prepared by ESSA Technologies
Ltd. For US Army Corps of Engineers (USACE). 41 pp.
Schwarz, C. J. (2016). Review of CLBMON 41 Arrow Lake Reservoir Recreational Demand Study.Year 5 Financial
Report. Study Period: 2009-2013. 40 pp. Conducted for B.C. Hydro. 2016--09-1.
Schwarz, C. J. (2016). Estimating attendance at the Powell Street Festival 2014-2016. Prepared for the Powell Street
Festival. 9 pp.
Schwarz, C. J. (2016). A review of the Oil Sands Bird Contact Monitoring Plan. 24 pp. Completed for Owl Moon
Environmental Consulting. 2016-08-25.
Schwarz, C. J. (2016). Review of MPMC Sediment Toxicity Evaluation Proposal. Conducted for B.C. Ministry of
Environment. 5 pp.
Ma, B.O., Tamburello, N., Connors, B., and Schwarz, C. 2016. Commercial Fishery Monitoring and Catch
Reporting Program: Review, Recommendations, and Road Map. Prepared for Fisheries and Oceans Canada by
ESSA Technologies Ltd. 66 pp + Appendices
Ma, B.O., Tamburello, N., Connors, B., and Schwarz, C. J. 2016. Commercial Fishery Monitoring and Catch
Reporting Program: Review, Recommendations, and Road Map. Prepared for Fisheries and Oceans Canada by
ESSA Technologies Ltd. 54 pp + Appendices
Schwarz, C. J. (2016). Evaluating impacts of stream restoration on ***** and *****. Prepared for Naito
Environmental Engineering. 98 pp. 2016-02-28.
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Schwarz, C. J. (2016). Modelling factors related to the presence/absence of Sprague Pipit in Alberta. Prepared for
the Alberta Conservation Authority. 12 pp. 2016-01-18.
Schwarz. C. J. (2016). A review of QSP 12: Data QA/QC. Prepared for Hatfield Consultants. 22 pp. 2016-01-18.
Fischenich, J.C, Buenos, K.E., Bonneau, J.L, Fleming, C.A, Marmorek, D.R, Nelitz, C., Murray, L., Ma, B. O.,
Long, G., and Schwarz, C. J. (2016). Science and Adaptive Management Plan, Missouri River Recovery Program
for Pallid Sturgeon. Developmental Draft Version 4. Prepared for U.S. Army Corp of Engineers. 375 pp.
Schwarz, C. J. (2016). Estimating a growth model for WCT from the Fording River. Prepared for Westslope
Fisheries, 10 pp.
Cope, S., Schwarz, C.J., Prince, A. and Bisset, J. 2016. Upper Fording River Westslope Cutthroat Trout
(Oncorhynchus clarkii lewisi) Population Assessment – Telemetry Project: Final Report. Report Prepared for Teck
Coal Limited, Calgary, AB. Report Prepared by Westslope Fisheries Ltd., Cranbrook, B.C. 268 p. + 1 app.
Schwarz, C. J. (2015). A review of the analysis of sediment toxicity data from the Mt. Holley incident. Prepared for
the B.C. Ministry of Environment, 5pp. 2015-12-19.
Schwarz, C. J. (2015). A review of QSP 12: Data quality assurance/quality control procedures. Produced for
***************** 2015-12-16. 22 pp.
Schwarz, C. J. (2015). Estimating attendance at the Powell Street Festival 2014-2015. Prepared for the Powell Street
Festival. 9 pp.
Schwarz, C. J. (2015). Review of the iRec survey - an internet tool for surveying recreational tidewater anglers.
CSAS Working paper 2014SFF01a and 2014SFF01b. Prepared for the Canadian Science Advisory Secretariat Department of Fisheries and Oceans. Plus a 2 day meeting in Nanaimo, B.C. to discuss the methodology and
reviews. 2015-06-01. 14 pp.
Schwarz, C. J. (2015). Estimating the abundance of WCT (>200 mm) in the Fording River, British Columbia from a
combined capture-recapture and snorkel survey - 2014 Update.
Prepared for Westslope Fisheries. 11 pp. 2015-06-03.
Schwarz, C. J. (2015). A review of a Calcite Deposition Monitoring Plan. Completed for the B.C. Ministry of
Environment 2015-03-24. 7 pp.
Schwarz, C. J. (2015). Analysis of ***** ***** Independent Power Plant Monitoring data - 2015 report. Prepared
for ******. 8 pp.
Schwarz, C. J. (2015). A Review of statistical issues in ******. Prepared for *****. 3 pp. 2015-02-11.
Schwarz, C. J. (2015). Analysis of Stream Temperature Monitoring Data in the Lower Mainland. Prepared for the
B.C. Ministry of Environment.2015-01-06. 30 pp.
Schwarz, C. J. and Parkinson, E. (2015). Estimating entrainment risk at the Aberfeldie facility. Prepared for B.C.
Hydro. 16pp. 2015-01-19.
Schwarz, C. J. (2014). Review of the statistical methods used in setting water quality guidelines for aquatic
ecosystems in Canada, Austraila/New Zealand, OECD, and South Africa. Prepared for the B.C. Ministry of
Environment. 2014-12-10. 10pp.
Schwarz, C. J. (2014). Review of the Cycle 6 Monitoring Plan for the Mackenzie Pulp Mill Corporation. Prepared
for B.C. Ministry of Environment. 2014-12-31. 15pp.
Schwarz, C. J. (2014). Estimating the number of northern pike in Mille Lacs, Minnesota in 2008, 2013 and 2014.
Prepared for the Minnesota Department of Natural Resources. 24pp.
Schwarz, C. J. (2014). Estimating the number of small mouth bass in Mille Lacs, Minnesota in 2008, 2013 and
2014. Prepared for the Minnesota Department of Natural Resources. 16pp.
Schwarz, C. J. (2014). Estimating the number of walleye in Mille Lacs, Minnesota in 2008, 2013 and 2014. Prepared
for the Minnesota Department of Natural Resources. 62pp.
Updated: 2019-06-01

Page: 7

Carl James Schwarz
Professor Emeritus / Statistics and Actuarial Sciences/ Simon Fraser University
Schwarz, C. J. (2014). Update to analysis of sampling on ***** and *****. Prepared for Naito Environmental
Engineering. 20 pp. 2014-08-04.
Schwarz, C. J. (2014). Estimating attendance at the Powell Street Festival 2014. Prepared for the Powell Street
Festival. 5 pp.
Schwarz, C. J. (2014) Comments on A Statistical Evaluation of the Safety Factor and Species Sensitivity
Distribution approach to deriving environment quality guidelines. (Feb 2014. Prepared for the B. C. Ministry of
Environment. 3 pp.
Cope, S., C.J. Schwarz, J. Bisset and A. Prince. (2014). Upper Fording River Westslope Cutthroat trout
(Oncorhynchus clarkii lewisi) population assessment – telemetry project annual report: 2013 (Interim Report 2).
Report Prepared for Teck Coal Limited, Calgary, AB. Report Prepared by Westslope Fisheries Ltd., Cranbrook,
B.C. 108 p. + 2 app.
Schwarz, C. J. (2014). Assessment of Metal Loading Cumulative Effects on Murray River in fish tissues, sediment,
and water from 2009 to 2013. Prepared for the B.C. Ministry of Environment. 40 pp.
Schwarz, C. J. (2014). Review of “Report on water quality data compiled for the Fraser River and Gibraltar Wells”.
Conducted for the B.C. Ministry of Environment. 8 pp.
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StatMathComp Consulting by Schwarz
625 Bentley Road
Port Moody, BC V3H 3A4
cschwarz.stat.sfu.ca@gmail.com
2019-08-28
In July 2019, Golder Associates Ltd. (Golder) requested an independent peer review and consultation for
the Before-After-Control-Impact (BACI) analysis performed for the Gahcho Kué Mine Aquatic Effects
Monitoring Program. The recommendations provided follow generally accepted approaches for BACI
analysis (Schwarz 2015).
Below are the items that were discussed with Golder and were incorporated into the final proposed
analytical approach:
1) Combine both Control lakes into a single model for each Impact lake, instead of constructing
individual models for each Impact-Control lake combination.
2) Include all years of collected data, even if some were unpaired (i.e., data collected only in one
lake during that year can still be used in this model).
3) Utilize a mixed model framework, where Year and Lake are treated as random variables,
implicitly nested in Before/After and Control/Impact, respectively. This is a change from the
previous analysis, where Year was a fixed variable nested within Before/After and there was no
Lake variable, since each model only had a single Control lake.
4) For variables where linear trends are observed, utilize a broken stick modeling framework. In this
approach, it is assumed that the temporal trend before the onset of mining operations differs from
the trend following the onset of operations; i.e., the change in trends occurs at the onset of
operations.
5) Refrain from using rank transformations in the re-evaluated analysis. Rank transformations were
used by Golder in the previous analytical approach when log10-transformations did not result in
meeting regression assumptions of residual normality and homogeneity of variance. This
approach is not recommended in the mixed model framework.
6) Remove the statistical testing for a pulse effect from analysis. Within the mixed-model BACI
analysis, pulse effects cannot be estimated in a straightforward manner, since the Year effect is
expressed as a random variable.
7) In assessing residual normality and identifying outliers in the recommended approach, refrain
from relying strictly on Shapiro-Wilk test (for residual normality), Levene’s test (for residual
homoscedasticity), and studentized residual values (for identifying outliers). Instead, assess
residual heteroscedasticity using plots of log-transformed standard deviations versus logtransformed means (both calculated for every Year-Lake combination), and calculate the ratio
between the largest and the smallest Year-Lake standard deviations. Assess residual normality
visually using quantile-quantile (QQ) plots. Note that the normality assumption is not as crucial as
the homoscedasticity assumption, and non-normality in residuals (unless very severe) is less of a
concern. Identify outliers visually using caterpillar plots, combined with estimated residual values.
In addition to guidance of the statistical approach, I also provided a review of the worked examples and
the proposed methods for the revised BACI analysis.
Sincerely,

Carl James Schwarz, P.Stat (Canada) and PStat (US)
References
Schwarz, C.J. (2015). Analysis of BACI experiments. In Course Notes for Beginning and Intermediate
Statistics. Available at http://www.stat.sfu.ca/~cschwarz/CourseNotes. Retrieved 2019-08-20
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Table 7C-1 Recommended and Alternative Normal Ranges for Water Quality in Area 8 for the Ice-cover Season
Baseline Normal Range
Area 8
Current Baseline Normal Range (De Beers 2019c)
Revised Baseline Normal Range
Variable

Unit

Method

Lower Bound

Upper Bound

Method

Lower
Bound

Upper
Bound

Baseline Normal Range + 2015(d)
Method

Lower
Bound

Upper
Bound

Field Parameters
pH
pH
PI
5.9
6.7
PI
5.7
6.9
PI
5.7
6.9
Specific conductivity
μS/cm
%tile
17
37
%tile
13
33
%tile
13
34
Conventional Parameters
Total dissolved solids (calculated)
mg/L
logPI
0
13
5.4
15
5.6
16
PI(e)
PI(e)
(b)
1.5
%tile
1.6
Total suspended solids
mg/L
%tile
0
2.0
%tile
0(b)
0
Major Ions
Chloride
mg/L
%tile
0
1.6
%tile
0.5
2.0
0.5
2.0
%tile
Fluoride
mg/L
%tile
0
0.05
%tile
0.05
%tile
0.025
0.05
0(b)
0.34
0.89
0.35
0.9
Total potassium
mg/L
logPI
0.39
0.74
PI(e)
PI(e)
Sulphate
mg/L
%tile
0
1.5
%tile
0.5
1.4
%tile
0.5
1.4
Nutrients (Select N-forms)(c)
0.06
%tile
0.056
Nitrate
mg-N/L
%tile
0.0061
0.046
%tile
0(b)
0(b)
(b)
0.003
%tile
0.001
0.003
Nitrite
mg-N/L
%tile
0
0.0021
%tile
0
Total ammonia
mg-N/L
%tile
0.017
0.049
%tile
0.012
0.044
%tile
0.013
0.045
Total Metals, Metalloids, and Non-metals
4.9
20
4.2
20
Aluminum
μg/L
logPI
5.8
15
PI(e)
PI(e)
(b)
0.28
%tile
0.01
0.27
Antimony
μg/L
%tile
0.028
0.35
%tile
0
0.1
0.27
PI
0.1
0.27
Arsenic
μg/L
%tile
0.13
0.23
PI(e)
Barium
μg/L
%tile
2.0
4.6
%tile
2.0
5.5
2.1
5.4
%tile
Beryllium
μg/L
n/a
0
0.01
0
0.01
0
0.002
n/a(a)
n/a(a)
Boron
μg/L
%tile
0
16
%tile
25
25
%tile
0(b)
0(b)
Cadmium
μg/L
%tile
0
0.005
%tile
0.007
0.027
0.0071
0.031
%tile
Chromium
μg/L
%tile
0
0.23
%tile
0.25
0.25
%tile
0(b)
0(b)
Cobalt
μg/L
%tile
0
0.7
%tile
0.022
0.28
%tile
0.019
0.3
Copper
μg/L
%tile
0
3.5
%tile
0.3
3.5
0.3
2.0
%tile
Iron
μg/L
%tile
12
161
5.1
132
5.3
126
PI(e)
PI(e)
Lead
μg/L
%tile
0
0.74
%tile
0.025
0.3
%tile
0.02
0.25
Manganese
μg/L
%tile
1.8
108
0.81
83
0.84
79
PI(e)
PI(e)
0.0051
%tile
0.0035
Mercury
μg/L
%tile
0
0.0027
%tile
0(b)
0(b)
0
0.04
%tile
0.017
0.03
Molybdenum
μg/L
%tile
0
0.04
n/a(a)
0.22
0.57
0.23
0.56
Nickel
μg/L
logPI
0.26
0.47
PI(e)
PI(e)
0.059
%tile
0.06
Selenium
μg/L
%tile
0
0.062
%tile
0(b)
0(b)
0
0.005
0
0.005
Silver
μg/L
n/a
0
0.005
n/a(a)
n/a(a)
7.5
17
7.6
17
Strontium
μg/L
%tile
8.6
23
PI(e)
PI(e)
(b)
0.025
%tile
0.001
0.025
Thallium
μg/L
%tile
0
0.0026
%tile
0
0.0039
0.034
0.0047
0.03
Uranium
μg/L
PI
0.0035
0.025
PI(e)
PI(e)
(a)
0
0.05
PI
0.017
0.028
Vanadium
μg/L
n/a
0
0.05
n/a
Zinc
μg/L
%tile
0.89
4.9
%tile
0.4
6.0
%tile
0.4
5.9
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).
Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05,m = 5, one run. Refer to De Beers (2019c) for additional details
on the calculation method.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.15,m = 1, 30 runs.
Baseline normal range + 2015 = current baseline normal range data set + 2015 data (Area 8) using new calculation method, α = 0.15,m = 1, 30 runs.
a) All values/concentrations in the data set for this water quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was below the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Select N-form nutrients presented, total phosphorus and total nitrogen will be addressed in the plankton component.
d) Recommended normal ranges for water quality chemistry parameters in Area 8 for the ice-cover season.
e) Calculated using Box Cox transformed data.
μS/cm = microSiemens per centimetre; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; μg/L = micrograms per litre; n/a = not applicable; PI
= prediction interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Table 7C-2 Recommended and Alternative Normal Ranges for Water Quality in Area 8 for the Open-water Season
Baseline Normal Range
Area 8
Current Baseline Normal Range (De Beers 2019c)
Revised Baseline Normal Range
Variable

Unit

Field Parameters
pH
pH
Specific conductivity
μS/cm
Conventional Parameters
Total dissolved solids (calculated)
mg/L
Total suspended solids
mg/L
Major Ions
Chloride
mg/L
Fluoride
mg/L
Total potassium
mg/L
Sulphate
mg/L
Nutrients (Select N-forms)(c)
Nitrate
mg-N/L
Nitrite
mg-N/L
Total ammonia
mg-N/L
Total Metals, Metalloids, and Non-metals
Aluminum
μg/L
Antimony
μg/L
Arsenic
μg/L
Barium
μg/L
Beryllium
μg/L
Boron
μg/L
Cadmium
μg/L
Chromium
μg/L
Cobalt
μg/L
Copper
μg/L
Iron
μg/L
Lead
μg/L
Manganese
μg/L
Mercury
μg/L
Molybdenum
μg/L
Nickel
μg/L
Selenium
μg/L
Silver
μg/L
Strontium
μg/L
Thallium
μg/L
Uranium
μg/L
Vanadium
μg/L

Baseline Normal Range + 2015(d)

Method

Lower Bound

Upper Bound

Method

Lower
Bound

Upper
Bound

Method

Lower
Bound

Upper
Bound

%tile
%tile

5.9
11

7.0
14

%tile
%tile

5.3
10

7.1
14

%tile
%tile

5.5
10

7.1
14

%tile
%tile

0
0

10
1.9

%tile
%tile

3.0
0(b)

7.8
2.7

%tile
%tile

3.3
0(b)

11
1.7

%tile
%tile
%tile
%tile

0
0
0
0

0.8
0.043
0.5
0.84

%tile
%tile
%tile
%tile

0(b)
0(b)
0.36
0.5

1.0
0.05
0.48
1.1

%tile
%tile
%tile
%tile

0.41
0.023
0.37
0.5

1.0
0.05
0.48
0.99

%tile
%tile
PI

0.0014
0
0.0053

0.012
0.012
0.017

%tile
%tile
PI

0.001
0(b)
0(b)

0.025
0.025
0.018

%tile
%tile

0.0015
0.001

PI(e)

0(b)

0.023
0.025
0.094

%tile
%tile
%tile
PI
n/a
%tile
%tile
n/a
PI
PI
%tile
logPI
PI
%tile
n/a
%tile
n/a
n/a
%tile
n/a
%tile
n/a

0
0.021
0.11
1.8
0
0
0.0022
0
0.027
0.43
30
0.0072
2.9
0
0
0.22
0
0
6.5
0
0.005
0

21
3.1
0.22
2.1
0.01
17
0.012
0.1
0.04
0.57
59
0.06
4.5
0.00026
0.05
0.52
0.04
0.005
8.3
0.002
0.0085
0.05

PI(e)
PI(e)
%tile
PI

7.1

24
0.51
0.2
2.2
0.01
25
0.011
0.1
0.044
0.6
56
0.12
4.9
0.00036
0.05
0.45
0.04
0.005
8.7
0.002
0.0096
0.05

%tile
%tile
%tile
PI(e)
n/a(a)
%tile
%tile
%tile
%tile
PI
%tile
PI(e)
PI(e)
%tile
PI

7.8
0.0068
0.1
1.7
0

n/a(a)
%tile
%tile
n/a(a)
PI
PI
%tile
PI(e)
PI
%tile
(a)

n/a
PI(e)
n/a(a)
n/a(a)
PI(e)
n/a(a)
PI(e)
n/a(a)

(b)

0
0.099
1.7
0
0(b)
0.0025
0
0.024
0.39
24
0.006
2.4
0(b)
0
0.19
0
0
6.1
0
0.004
0

PI(e)
n/a(a)
n/a(a)
%tile
%tile
(e)

PI
PI(e)

0(b)
0.0025
0(b)
0.025
0.42
24
0(b)
2.4
0(b)
0.015
0.2
0
0
5.9
0(b)
0.0051
0.023

22
0.45
0.2
2.3
0.002
25
0.011
0.061
0.047
0.59
56
0.067
5.4
0.00025
0.026
0.4
0.04
0.005
8.8
0.0013
0.011
0.04

Zinc
μg/L
%tile
0.42
1.6
0.32
1.6
0.24
1.3
PI(e)
PI(e)
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).
Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05, m = 5, one run. Refer to De Beers (2019c) for additional details on
the calculation method.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.15,m = 1, 30 runs.
Baseline normal range + 2015 = current baseline normal range data set + 2015 data (Area 8) using new calculation method, α = 0.15,m = 1, 30 runs.
a) All values/concentrations in the data set for this water quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was below the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Select N-form nutrients presented, total phosphorus and total nitrogen will be addressed in the plankton component.
d) Recommended normal ranges for water quality chemistry parameters in Area 8 for the open-water season.
e) Calculated using Box Cox transformed data.
μS/cm = microSiemens per centimetre; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; μg/L = micrograms per litre; n/a = not applicable; PI =
prediction interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Table 7C-3 Recommended and Alternative Normal Ranges for Water Quality in Lake N11 for the Ice-cover Season
Baseline Normal Range
Lake N11
Current Baseline Normal Range (De Beers 2019c)
Revised Baseline Normal Range
Variable

Unit

Field Parameters
pH
pH
Specific conductivity
μS/cm
Conventional Parameters
Total dissolved solids (calculated)
mg/L
Total suspended solids
mg/L
Major Ions
Chloride
mg/L
Fluoride
mg/L
Total potassium
mg/L
Sulphate
mg/L
Nutrients (Select N-forms)(c)
Nitrate
mg-N/L
Nitrite
mg-N/L
Total ammonia
mg-N/L
Total Metals, Metalloids, and Non-metals
Aluminum
μg/L
Antimony
μg/L
Arsenic
μg/L
Barium
μg/L
Beryllium
μg/L
Boron
μg/L
Cadmium
μg/L
Chromium
μg/L
Cobalt
μg/L
Copper
μg/L
Iron
μg/L
Lead
μg/L
Manganese
μg/L
Mercury
μg/L
Molybdenum
μg/L
Nickel
μg/L
Selenium
μg/L
Silver
μg/L
Strontium
μg/L
Thallium
μg/L
Uranium
μg/L
Vanadium
μg/L

Baseline Normal Range + 2015/2016(d)

Method

Lower Bound

Upper Bound

Method

Lower
Bound

Upper
Bound

Method

Lower
Bound

Upper
Bound

%tile
logPI

6.4
18

7.1
23

%tile
PI(e)

6.3
18

7.8
25

%tile
PI

6.3
17

7.8
25

%tile
n/a

5.0
0

8.2
1.0

%tile
n/a(a)

5.0
0

13
1.0

%tile
n/a(a)

5.0
0

12
1.0

%tile
%tile
PI
%tile

0.5
0.025
0.49
0.5

1.0
0.035
0.74
0.7

%tile
%tile
PI
%tile

0.5
0(b)
0.45
0.5

1.3
0.05
0.78
1.0

PI
%tile
PI(e)
%tile

0.42
0.025
0.51
0.5

1.2
0.036
0.71
1.3

logPI
n/a
%tile

0.005
0
0

0.04
0.003
0.069

PI(e)
n/a(a)
%tile

0.0048
0
0.025

0.072
0.003
0.087

PI(e)
n/a(a)
%tile

0.0063
0
0.021

0.11
0.001
0.079

%tile
%tile
PI
PI
n/a
n/a
%tile
%tile
%tile
PI
logPI
%tile
logPI
%tile
n/a
PI
%tile
n/a
PI
%tile
PI
n/a

6.6
0
0.11
2.7
0
0
0
0
0.017
0.49
9.8
0.015
0.86
0
0
0.22
0
0
9.2
0
0.0053
0

19
0.02
0.16
4.7
0.01
5.0
0.035
0.12
0.19
0.87
59
3.7
29
0.0022
0.05
0.34
0.04
0.005
13
0.002
0.013
0.2

PI(e)
%tile
PI
PI
n/a(a)
n/a(a)
PI(e)
%tile

5.5

20
0.35
0.17
5.0
0.01
5.0
0.067
0.23
0.15
0.93
93
1.5
79
0.0027
0.05
0.36
0.044
0.005
14
0.003
0.014
0.2

PI(e)
PI(e)
PI
PI
n/a(a)
%tile
%tile
%tile

3.6
0.007
0.11
2.9
0
2.5

15
0.021
0.18
4.7
0.002
7.7
0.014
0.23
0.21
0.82
139
0.2
71
0.0025
0.029
0.36
0.044
0.005
13
0.0017
0.013
0.033

PI(e)
PI
PI(e)
PI(e)
PI(e)
%tile
(a)

n/a
PI
%tile

n/a(a)
PI
%tile
PI
n/a(a)

(b)

0
0.096
2.4
0
0
0(b)
0(b)
0.012
0.43
9.7
0.0083
1.0
0.001
0
0.2
0(b)
0
8.7
0(b)
0.0042
0

PI(e)
PI(e)
%tile
PI(e)
PI(e)
%tile
PI
PI
%tile
n/a(a)
PI(e)
%tile
PI
PI(e)

0(b)
0.05
0.012
0.46
16
0.0088
1.5
0(b)
0(b)
0.2
0(b)
0
9.3
0(b)
0.0034
0.013

Zinc
μg/L
%tile
0.61
1.7
0.5
3.4
0.46
2.2
PI(e)
PI(e)
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).
Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05,m = 5, one run. Refer to De Beers (2019c) for additional details on the
calculation method.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.15,m = 1, 30 runs.
Baseline normal range + 2015/2016 = current baseline normal range data set + 2015/2016 data (Lake N11) using new calculation method, α = 0.15,m = 1, 30 runs.
a) All values/concentrations in the data set for this water quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was below the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Select N-form nutrients presented, total phosphorus and total nitrogen will be addressed in the plankton component.
d) Recommended normal ranges for water quality chemistry parameters in Lake N11 for the ice-cover season.
e) Calculated using Box Cox transformed data.
μS/cm = microSiemens per centimetre; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; μg/L = micrograms per litre; n/a = not applicable; PI =
prediction interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Table 7C-4 Recommended and Alternative Normal Ranges for Water Quality in Lake N11 for the Open-water Season
Baseline Normal Range
Lake N11
Current Baseline Normal Range (De Beers 2019c)
Revised Baseline Normal Range
Variable

Unit

Method

Lower Bound

Upper Bound

Method

Lower
Bound

Upper
Bound

Baseline Normal Range + 2015/2016(d)
Method

Lower
Bound

Upper
Bound

Field Parameters
pH
pH
%tile
6.5
6.9
%tile
6.3
7.0
%tile
6.3
7.0
Specific conductivity
μS/cm
%tile
9.8
12
%tile
9.4
12
9.4
13
%tile
Conventional Parameters
Total dissolved solids (calculated)
mg/L
%tile
0
10
0
10
%tile
5.0
10
n/a(a)
(b)
(b)
3.0
%tile
2.3
Total suspended solids
mg/L
%tile
0
2.0
%tile
0
0
Major Ions
Chloride
mg/L
%tile
0
1.0
%tile
0.5
1.2
0.5
1.0
%tile
Fluoride
mg/L
%tile
0
0.05
%tile
0.04
%tile
0.023
0.031
0(b)
Total potassium
mg/L
%tile
0.35
0.39
PI
0.34
0.4
PI
0.34
0.44
Sulphate
mg/L
%tile
0
1.2
%tile
0.5
1.0
0.5
0.77
%tile
Nutrients (Select N-forms)(c)
Nitrate
mg-N/L
%tile
0
0.0034
%tile
0.0015
0.004
%tile
0.0015
0.0037
Nitrite
mg-N/L
%tile
0
0.0056
%tile
0.008
%tile
0.0015
0.008
0(b)
0.067
Total ammonia
mg-N/L
PI
0.0065
0.011
PI
0.0062
0.012
%tile
0(b)
Total Metals, Metalloids, and Non-metals
Aluminum
μg/L
%tile
8.6
21
8.0
14
6.8
17
PI(e)
PI(e)
(b)
(b)
0.089
%tile
0.07
Antimony
μg/L
%tile
0
0.068
%tile
0
0
Arsenic
μg/L
%tile
0
0.19
%tile
0.07
0.14
0.079
0.13
%tile
Barium
μg/L
%tile
2.0
2.5
1.9
2.5
1.8
2.5
PI(e)
PI(e)
0
0.01
0
0.002
Beryllium
μg/L
n/a
0
0.01
n/a(a)
n/a(a)
0
5.0
%tile
5.3
Boron
μg/L
n/a
0
5.0
0(b)
n/a(a)
(a)
0
0.005
Cadmium
μg/L
%tile
0
0.0075
%tile
0.0025
0.0025
n/a
0.3
%tile
0.19
Chromium
μg/L
%tile
0
0.91
%tile
0(b)
0(b)
(e)
0.019
0.049
Cobalt
μg/L
%tile
0.025
0.096
%tile
0.019
0.13
PI
0.41
0.84
%tile
0.42
0.74
Copper
μg/L
%tile
0.45
1.1
PI(e)
(e)
(e)
24
67
22
57
Iron
μg/L
%tile
29
67
PI
PI
(e)
(b)
0.005
0.047
%tile
0.047
Lead
μg/L
logPI
0.0074
0.034
0
PI
2.9
4.4
PI
2.5
5.3
Manganese
μg/L
%tile
3.3
4.1
PI(e)
0.005
%tile
0.0016
Mercury
μg/L
%tile
0
0.0037
%tile
0(b)
0(b)
0.089
%tile
0.012
0.031
Molybdenum
μg/L
%tile
0
0.07
%tile
0(b)
(e)
0.16
0.57
%tile
0.17
0.33
Nickel
μg/L
%tile
0.2
1.5
PI
0.5
%tile
0.087
Selenium
μg/L
%tile
0
0.26
%tile
0(b)
0(b)
0.01
%tile
0.01
Silver
μg/L
%tile
0
0.0075
%tile
0(b)
0(b)
(e)
5.9
6.9
Strontium
μg/L
PI
6.0
6.5
PI
5.9
6.7
PI
0.003
%tile
0.0023
Thallium
μg/L
%tile
0
0.0026
%tile
0(b)
0(b)
Uranium
μg/L
%tile
0.0064
0.013
%tile
0.005
0.01
%tile
0.006
0.011
Vanadium
μg/L
%tile
0
0.46
%tile
0.10
0.5
0.023
0.1
%tile
(e)
(e)
0.35
3.4
0.19
2.0
Zinc
μg/L
logPI
0.47
2.3
PI
PI
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).
Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05, m = 5, one run. Refer to De Beers (2019c) for additional details on the calculation
method.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.05,m = 1, 30 runs.
Baseline normal range + 2015/2016 = current baseline normal range data set + 2015/2016 data (Lake N11) using new calculation method, α = 0.15,m = 1, 30 runs.
a) All values/concentrations in the data set for this water quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was below the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Select N-form nutrients presented, total phosphorus and total nitrogen will be addressed in the plankton component.
d) Recommended normal ranges for water quality chemistry parameters in Lake N11 for the open-water season.
e) Calculated using Box Cox transformed data.
μS/cm = microSiemens per centimetre; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; μg/L = micrograms per litre; n/a = not applicable; PI = prediction
interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Table 7C-5 Recommended and Alternative Normal Ranges for Water Quality in Lake 410 for the Ice-cover Season
Baseline Normal Range
Lake 410
Current Baseline Normal Range (De Beers 2019c)
Revised Baseline Normal Range
Variable
Field Parameters
pH
Specific conductivity
Conventional Parameters
Total dissolved solids (calculated)
Total suspended solids
Major Ions
Chloride
Fluoride
Total potassium
Sulphate

Baseline Normal Range + 2015(d)

Unit

Method

Lower Bound

Upper Bound

Method

Lower
Bound

Upper
Bound

Method

Lower
Bound

Upper
Bound

pH
μS/cm

PI
PI

6.1
19

6.9
30

PI(e)
PI(e)

6.0
17

7.1
31

PI(e)
PI(e)

6.0
17

7.1
31

mg/L
mg/L

%tile
n/a

0
0

12
1.0

PI(e)
n/a(a)

7.3
0

13
1.0

%tile
n/a(a)

11
0

13
1.0

mg/L
mg/L
mg/L
mg/L

PI
%tile
PI
n/a

1.2
0
0.63
0

2.0
0.053
0.9
1.0

PI
%tile
PI
n/a(a)

1.1
0(b)
0.59
0

2.1
0.06
0.93
1.0

PI
PI(e)
PI
PI

0.61
0.024
0.57
0.78

1.9
0.057
0.87
1.3

PI
%tile
%tile

0
0
0

0.034
0.003
0.05

PI(e)
%tile
%tile

0(b)
0(b)
0.025

0.042
0.018
0.085

PI(e)
%tile
%tile

0.0041
0.0015
0.017

0.069
0.018
0.037

%tile
logPI
PI
PI
n/a
n/a
logPI
%tile
%tile
PI
logPI
logPI
%tile
%tile
%tile
PI
%tile
n/a
PI
%tile
PI
n/a

9.9
0
0.14
3.7
0
0
0
0
0.023
0.53
13
0.010
2.5
0
0
0.34
0
0
11
0
0.011
0

25
0.079
0.21
5.2
0.01
5.0
0.037
0.1
0.06
1.4
62
1.4
12
0.06
0.05
0.55
0.04
0.005
15
0.002
0.029
0.2

PI(e)
PI(e)
PI
PI
n/a(a)
n/a(a)
PI(e)
%tile

8.5

35
0.17
0.21
5.4
0.01
5.0
0.081
0.12
0.13
1.5
97
2.4
12
0.06
0.072
0.58
0.044
0.005
16
0.002
0.031
0.2

PI(e)
PI(e)
PI
PI
n/a(a)
%tile
%tile
%tile

5.1
0.0058
0.14
3.8
0

23
0.076
0.2
5.2
0.002
17
0.022
0.075
0.072
1.3
135
1.1
20
0.0008
0.033
0.55
0.044
0.005
15
0.0021
0.025
0.039

Nutrients (Select N-forms)(c)
Nitrate
mg-N/L
Nitrite
mg-N/L
Total ammonia
mg-N/L
Total Metals, Metalloids, and Non-metals
Aluminum
μg/L
Antimony
μg/L
Arsenic
μg/L
Barium
μg/L
Beryllium
μg/L
Boron
μg/L
Cadmium
μg/L
Chromium
μg/L
Cobalt
μg/L
Copper
μg/L
Iron
μg/L
Lead
μg/L
Manganese
μg/L
Mercury
μg/L
Molybdenum
μg/L
Nickel
μg/L
Selenium
μg/L
Silver
μg/L
Strontium
μg/L
Thallium
μg/L
Uranium
μg/L
Vanadium
μg/L

PI(e)
PI
PI(e)
PI(e)
PI(e)
n/a(a)
%tile
PI
%tile
(a)

n/a
PI
%tile
PI
n/a(a)

(b)

0
0.13
3.5
0
0
(b)

0
0(b)
0.02
0.42
12
0(b)
2.0
0
(b)

0
0.31
(b)

0
0
11
0(b)
0.0089
0

PI(e)
PI
PI(e)
PI(e)
PI(e)
%tile
%tile
PI(e)
%tile
(a)

n/a
%tile
PI(e)
%tile
PI

0(b)
0(b)
0(b)
0.021
0.37
15
0(b)
2.2
0(b)
0.014
0.32
0(b)
0
11
0(b)
0.0086
0.024

Zinc
μg/L
logPI
0.5
3.3
0.48
5.4
0.51
3.5
PI(e)
PI(e)
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).
Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05,m = 5, one run. Refer to De Beers (2019c) for additional details on the
calculation method.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.15,m = 1, 30 runs.
Baseline normal range + 2015 = current baseline normal range data set + 2015 data (Lake 410) using new calculation method, α = 0.15,m = 1, 30 runs.
a) All values/concentrations in the data set for this water quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was below the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Select N-form nutrients presented, Total phosphorus and Total nitrogen will be addressed in the plankton component.
d) Recommended normal ranges for water quality chemistry parameters in Lake 410 for the ice-cover season.
e) Calculated using Box Cox transformed data.
μS/cm = microSiemens per centimetre; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; μg/L = micrograms per litre; n/a = not applicable; PI =
prediction interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Table 7C-6 Recommended and Alternative Normal Ranges for Water Quality in Lake 410 for the Open-water Season
Baseline Normal Range
Lake 410
Current Baseline Normal Range (De Beers 2019c)
Revised Baseline Normal Range
Variable
Field Parameters
pH
Specific conductivity
Conventional Parameters
Total dissolved solids (calculated)
Total suspended solids
Major Ions
Chloride
Fluoride
Total potassium
Sulphate

Baseline Normal Range + 2015(d)

Unit

Method

Lower Bound

Upper Bound

Method

Lower
Bound

Upper
Bound

Method

Lower
Bound

Upper
Bound

pH
μS/cm

%tile
%tile

6.3
9.7

7.0
12

%tile
%tile

6.4
9.4

7.1
12

%tile
%tile

6.3
9.4

7.1
12

mg/L
mg/L

%tile
%tile

0
0

10
1.0

n/a(a)
%tile

0

%tile
%tile

5.0

0

10
1.0

10
1.4

mg/L
mg/L
mg/L
mg/L

%tile
%tile
%tile
%tile

0
0
0.3
0

1.1
0.066
0.39
1.0

%tile
%tile
%tile
%tile

0(b)
0(b)
0.25
0(b)

1.4
0.05
0.39
1.2

%tile
%tile
%tile
%tile

0.42
0.023
0.25
0.5

1.3
0.047
0.45
0.7

%tile
%tile
PI

0
0
0.0091

0.0067
0.005
0.012

%tile
%tile
PI

0(b)
0(b)
0.009

0.009
0.007
0.012

%tile
%tile

0(b)
0(b)
0(b)

0.007
0.0071
0.088

%tile
n/a
PI
PI
n/a
n/a
%tile
%tile
PI
%tile
PI
PI
PI
logPI
n/a
%tile
n/a
%tile
%tile
%tile
logPI
n/a

13
0
0.098
2.0
0
0
0
0
0.029
0.56
43
0.0075
3.3
7.1 x 10-5
0
0.25
0
0
5.7
0
0.012
0

23
0.02
0.14
2.2
0.01
5.0
0.0066
0.11
0.051
0.67
54
0.024
5.4
0.00097
0.05
0.36
0.04
0.0051
6.1
0.0022
0.016
0.2

%tile

10
0
0.089
1.9
0
0
0.0025
0(b)
0.024
0.55
41
0(b)
2.8
0(b)
0
0.23
0

18
0.02
0.15
2.2
0.01
5.0
0.01
0.2
0.056
0.7
56
0.028
5.8
0.0016
0.05
0.38
0.04
0.006
6.1
0.003
0.017
0.2

PI(e)
%tile
PI
PI
%tile

9.0

20
0.015
0.15
2.3
0.0023
5.0
0.01
0.14
0.056
0.7
54
0.031
5.3
0.0011
0.021
0.33
0.04
0.006
6.3
0.002
0.016
0.036

Nutrients (Select N-forms)(c)
Nitrate
mg-N/L
Nitrite
mg-N/L
Total ammonia
mg-N/L
Total Metals, Metalloids, and Non-metals
Aluminum
μg/L
Antimony
μg/L
Arsenic
μg/L
Barium
μg/L
Beryllium
μg/L
Boron
μg/L
Cadmium
μg/L
Chromium
μg/L
Cobalt
μg/L
Copper
μg/L
Iron
μg/L
Lead
μg/L
Manganese
μg/L
Mercury
μg/L
Molybdenum
μg/L
Nickel
μg/L
Selenium
μg/L
Silver
μg/L
Strontium
μg/L
Thallium
μg/L
Uranium
μg/L
Vanadium
μg/L

(a)

n/a
PI
PI
n/a(a)
n/a(a)
%tile
%tile
PI
(e)

PI
PI
PI
PI
PI(e)
n/a(a)
PI(e)
n/a(a)
%tile
%tile
%tile

(b)

(b)

0
5.6
0(b)
0.012
0

PI(e)

n/a(a)
%tile
%tile
PI(e)
PI(e)
PI
PI(e)
%tile
PI(e)
PI
%tile
n/a(a)
%tile
%tile
%tile

(b)

0

0(b)
0.096
1.8
0(b)
0
0.0025
0(b)
0.026
0.49
34
0(b)
2.7
6.9 x 10-5
0.011
0.23
0
0(b)
5.4
0(b)
0.0096
0.029

PI(e)
PI(e)
(a)
PI
n/a
Zinc
μg/L
PI
0.42
0.97
PI
0.3
1.1
0.35
1.1
PI(e)
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).
Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05,m = 5, one run. Refer to De Beers (2019c) for additional details on the
calculation method.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.15,m = 1, 30 runs.
Baseline normal range + 2015 = current baseline normal range data set + 2015 data (Lake 410) using new calculation method, α = 0.15,m = 1, 30 runs.
a) All values/concentrations in the data set for this water quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was below the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Select N-form nutrients presented, total phosphorus and total nitrogen will be addressed in the plankton component.
d) Recommended normal ranges for water quality chemistry parameters in Lake 410 for the open-water season.
e) Calculated using Box Cox transformed data.
μS/cm = microSiemens per centimetre; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; μg/L = micrograms per litre; n/a = not applicable; PI =
prediction interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Table 7C-7 Recommended and Alternative Regional Normal Ranges for Water Quality for the Ice-cover Season
Regional Normal Range
Regional
Regional Baseline Normal Range +
Regional Baseline Normal Range
2015/2016(d)
Lower
Upper
Lower
Upper
Variable
Unit
Method
Method
Bound
Bound
Bound
Bound
Field Parameters
pH
pH
%tile
5.7
7.5
5.7
7.5
%tile
Specific conductivity
μS/cm
%tile
16
29
16
29
%tile
Conventional Parameters
Total dissolved solids (calculated)
mg/L
%tile
5.0
13
5.0
14
%tile
Total suspended solids
mg/L
%tile
2.0
%tile
2.0
0(b)
0(b)
Major Ions
Chloride
mg/L
%tile
0.27
1.7
0.28
1.6
%tile
Fluoride
mg/L
%tile
0.024
0.04
0.025
0.038
%tile
Total Potassium
mg/L
%tile
0.43
0.82
0.43
0.8
%tile
Sulphate
mg/L
%tile
0.5
1.9
0.5
1.8
%tile
Nutrients (Select N-forms)(c)
Nitrate
mg-N/L
%tile
0.053
%tile
0.077
0(b)
0(b)
(b)
(b)
0.0025
%tile
0.0025
Nitrite
mg-N/L
%tile
0
0
Total ammonia
mg-N/L
%tile
0.016
0.051
%tile
0.016
0.055
Total Metals, Metalloids, and Non-metals
3.2
16
%tile
3.4
14
Aluminum
μg/L
PI(e)
Antimony
μg/L
%tile
0.0083
0.23
%tile
0.0075
0.2
Arsenic
μg/L
%tile
0.11
0.21
0.11
0.22
%tile
Barium
μg/L
%tile
1.9
4.9
1.9
4.9
%tile
Beryllium
μg/L
0
0.002
0
0.002
n/a(a)
n/a(a)
22
%tile
17
Boron
μg/L
%tile
0(b)
0(b)
(b)
0.031
%tile
0.026
Cadmium
μg/L
%tile
0(b)
0
0.25
%tile
0.25
Chromium
μg/L
%tile
0(b)
0(b)
Cobalt
μg/L
%tile
0.011
0.087
%tile
0.011
0.11
Copper
μg/L
%tile
0.4
1.1
0.41
1.0
%tile
Iron
μg/L
4.3
60
4.5
82
PI(e)
PI(e)
Lead
μg/L
%tile
0.0081
0.56
%tile
0.0075
0.52
Manganese
μg/L
%tile
1.2
38
1.3
49
%tile
Mercury
μg/L
%tile
0.0011
%tile
0.001
0(b)
0(b)
0.03
%tile
0.03
Molybdenum
μg/L
%tile
0(b)
0(b)
(e)
(e)
0.21
0.48
0.22
0.47
Nickel
μg/L
PI
PI
0.05
%tile
0.05
Selenium
μg/L
%tile
0(b)
0(b)
0
0.005
0
0.005
Silver
μg/L
n/a(a)
n/a(a)
7.1
14
7.3
15
Strontium
μg/L
PI(e)
PI(e)
(b)
0.021
%tile
0.015
Thallium
μg/L
%tile
0(b)
0
0.006
0.017
0.0059
0.016
Uranium
μg/L
PI(e)
PI(e)
Vanadium
μg/L
%tile
0.012
0.1
%tile
0.013
0.1
0.33
3.4
0.35
3.2
Zinc
μg/L
PI(e)
PI(e)
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).
Regional baseline normal range = Area 8 baseline data set + Lake N11 baseline data set + Lake 410 baseline data set +
reference lakes data sets run using new calculation method, α = 0.15, m = 1, 30 runs.
Regional baseline normal range + 2015/2016 = regional baseline normal range data set + 2015 data (Area 8, Lake 410,
and Lake N11) + 2016 data (Lake N11 ) using new calculation method, α = 0.15,m = 1, 30 runs.
a) All values/concentrations in the data set for this water quality parameter were non-detect; therefore, the normal range
spanned from zero to the detection limit.
b) The lower bound of the normal range was below the lowest detection limit; therefore, the lower bound of the normal
range was set to zero.
c) Select N-form nutrients presented, Total phosphorus and Total nitrogen will be addressed in the plankton component.
d) Recommended regional normal ranges for water quality chemistry parameters for the ice-cover season.
e) Calculated using Box Cox transformed data.
μS/cm = microSiemens per centimetre; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per
litre; μg/L = micrograms per litre; n/a = not applicable; PI = prediction interval; %tile = percentile.
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Table 7C-8 Recommended and Alternative Regional Normal Ranges for Water Quality for the Open-water Season
Regional Normal Range
Regional

Variable

Regional Baseline Normal Range
Unit

Method

Lower
Bound

Upper
Bound

Regional Baseline Normal Range +
2015/2016(d)
Method

Lower
Bound

Upper
Bound

Field Parameters
pH
pH
%tile
6.3
7.1
%tile
6.3
7.1
Specific conductivity
μS/cm
%tile
9.5
16
9.5
17
%tile
Conventional Parameters
Total dissolved solids (calculated)
mg/L
%tile
5.0
10.0
%tile
5.0
11
Total suspended solids
mg/L
%tile
1.6
%tile
1.5
0(b)
0(b)
Major Ions
Chloride
mg/L
%tile
0.21
1.0
0.21
1.0
%tile
Fluoride
mg/L
%tile
0.044
%tile
0.041
0(b)
0(b)
Total potassium
mg/L
%tile
0.33
0.51
%tile
0.34
0.51
Sulphate
mg/L
%tile
0.5
1.3
0.5
1.3
%tile
Nutrients (Select N-forms)(c)
Nitrate
mg-N/L
%tile
0.0046
%tile
0.0041
0(b)
0(b)
(b)
(b)
0.0051
%tile
0.0051
Nitrite
mg-N/L
%tile
0
0
(b)
(b)
0.03
%tile
0.044
Total ammonia
mg-N/L
%tile
0
0
Total Metals, Metalloids, and Non-metals
Aluminum
μg/L
%tile
4.9
16
5.1
16
%tile
Antimony
μg/L
%tile
0.088
%tile
0.071
0(b)
0(b)
Arsenic
μg/L
%tile
0.094
0.16
0.099
0.16
%tile
Barium
μg/L
1.5
2.7
1.6
2.6
PI(e)
PI(e)
(b)
(a)
0.005
0
0.002
Beryllium
μg/L
%tile
n/a
0
25
%tile
25
Boron
μg/L
%tile
0(b)
0(b)
Cadmium
μg/L
%tile
0.0025
0.0048
%tile
0.0025
0.0048
Chromium
μg/L
%tile
0.12
%tile
0.1
0(b)
0(b)
Cobalt
μg/L
%tile
0.012
0.043
%tile
0.014
0.044
Copper
μg/L
%tile
0.36
0.62
0.37
0.62
%tile
Iron
μg/L
%tile
9.6
50
10.0
51
%tile
Lead
μg/L
%tile
0.048
%tile
0.046
0(b)
0(b)
Manganese
μg/L
%tile
2.2
8.2
%tile
2.3
7.8
Mercury
μg/L
%tile
0.00084
%tile
0.0008
0(b)
0(b)
0.025
%tile
0.025
Molybdenum
μg/L
%tile
0(b)
0(b)
(e)
0.16
0.46
%tile
0.16
0.38
Nickel
μg/L
PI
0.06
%tile
0.045
Selenium
μg/L
%tile
0(b)
0(b)
0.0082
%tile
0.0082
Silver
μg/L
%tile
0(b)
0(b)
Strontium
μg/L
%tile
5.8
7.4
5.7
7.4
%tile
Thallium
μg/L
%tile
0.0024
%tile
0.0022
0(b)
0(b)
Uranium
μg/L
%tile
0.0051
0.013
0.0054
0.012
%tile
Vanadium
μg/L
%tile
0.014
0.1
0.015
0.1
%tile
Zinc
μg/L
0.14
1.9
%tile
0.17
1.6
PI(e)
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).
Regional baseline normal range = Area 8 baseline data set + Lake N11 baseline data set + Lake 410 baseline data set +
reference lakes data sets run using new calculation method, α = 0.15, m = 1, 30 runs.
Regional baseline normal range + 2015/2016 = regional baseline normal range data set + 2015 data (Area 8, Lake 410,
and Lake N11) + 2016 data (Lake N11 ) using new calculation method, α = 0.15,m = 1, 30 runs.
a) All values/concentrations in the data set for this water quality parameter were non-detect; therefore, the normal range
spanned from zero to the detection limit.
b) The lower bound of the normal range was below the lowest detection limit; therefore, the lower bound of the normal
range was set to zero.
c) Select N-form nutrients presented, total phosphorus and total nitrogen will be addressed in the plankton component.
d) Recommended regional normal ranges for water quality chemistry parameters for the open-water season.
e) Calculated using Box Cox transformed data.
μS/cm = microSiemens per centimetre; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per
litre; μg/L = micrograms per litre; n/a = not applicable; PI = prediction interval; %tile = percentile.
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Table 7D-1 Summary of Data Sources used in the Normal Ranges for Water Quality for the Ice-cover Season
Parameter

Area 8

Core Lakes Baseline Normal Range Dataset
Lake N11

Reference Lakes Dataset
Lake 410

Field Parameters
pH
1996 to 2013
2011 to 2013
2011 to 2013
Specific conductivity
1996 to 2013
2011 to 2013
2011 to 2013
Conventional Parameters
Total dissolved solids (calculated)
1996 to 2013
2011 to 2013
2011 to 2013
Total suspended solids
2011 to 2013
2011 to 2013
1998 to 2013(b)
Major Ions
Chloride
1996 to 2013
2011 to 2013
2011 to 2013
Fluoride
1996 to 2013
2011 to 2013
2011 to 2013
Total potassium
2011 to 2013
2011 to 2013
2001 to 2013(c)
Sulphate
1996 to 2013
2011 to 2013
2011 to 2013
Nutrients (Select N-forms)(a)
Nitrate
1996 to 2013
2011 to 2013
2011 to 2013
Nitrite
1996 to 2013
2011 to 2013
2011 to 2013
Total ammonia
1996 to 2013
2011 to 2013
2011 to 2013
Total Metals, Metalloids, and Non-metals
Aluminum
1996 to 2013
2011 to 2013
2011 to 2013
Antimony
1996 to 2013
2011 to 2013
2011 to 2013
Arsenic
1996 to 2013
2011 to 2013
2011 to 2013
Barium
1996 to 2013
2011 to 2013
2011 to 2013
Beryllium
1996 to 2013
2011 to 2013
2011 to 2013
(b)
Boron
2011 to 2013
2011 to 2013
1998 to 2013
(b)
Cadmium
2011 to 2013
2011 to 2013
1998 to 2013
(b)
2011 to 2013
2011 to 2013
Chromium
1998 to 2013
(b)
2011 to 2013
2011 to 2013
Cobalt
1998 to 2013
2011 to 2013
2011 to 2013
Copper
1998 to 2013(b)
Iron
1996 to 2013
2011 to 2013
2011 to 2013
(b)
2011 to 2013
2011 to 2013
Lead
1998 to 2013
Manganese
1996 to 2013
2011 to 2013
2011 to 2013
(c)
(b)
Mercury
2011 to 2013
2013
2011 to 2013
Molybdenum
2011 to 2013
2011 to 2013
1998 to 2013(b)
Nickel
1996 to 2013
2011 to 2013
2011 to 2013
(c)
Selenium
2011 to 2013
2011 to 2013
2001 to 2013
2011 to 2013
2011 to 2013
Silver
2011 to 2013(c)
Strontium
1996 to 2013
2011 to 2013
2011 to 2013
Thallium
2011 to 2013
2011 to 2013
1998 to 2013(b)
(c)
2011 to 2013
2011 to 2013
Uranium
2011 to 2013
Vanadium
1996 to 2013
2011 to 2013
2011 to 2013
Zinc
1996 to 2013
2011 to 2013
2011 to 2013
Note: Current baseline normal range = dataset used in the normal range for the 2018 AEMP Annual Report, α = 0.05, m = 5, one run.

East Lake

Lake 3

2011 to 2018
2011 to 2018

2012 to 2018
2012 to 2018

2011 to 2018
2011 to 2018

2012 to 2018
2012 to 2018

2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018

2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018

2012 to 2018(b)
(d)
2012 to 2018
2011 to 2018

2012 to 2018
2012 to 2018
2012 to 2018

2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
(e)
2011 to 2018

2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
(d)
2015 to 2018

2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
(f)
2011 to 2018

2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018
2012 to 2018

2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018

Revised baseline normal range = current baseline normal range dataset run using new calculation method, α = 0.15, m = 1, 30 runs.
Baseline normal range + 2015/2016 = current baseline normal range dataset + 2015/2016 data (Lake N11) or 2015 data (Area 8 or Lake 410) using new calculation method, α = 0.15, m = 1, 30 runs.
Regional baseline normal range = Area 8 baseline dataset + Lake N11 baseline dataset + Lake 410 baseline dataset + reference lakes datasets run using new calculation method, α = 0.15, m = 1, 30 runs.
Regional baseline normal range + 2015/2016 = regional baseline normal range dataset + 2015 data (Area 8, Lake 410, and Lake N11) + 2016 (Lake N11) using new calculation method, α = 0.05, m = 1, 30
runs.
a) Select N-form nutrients presented; total phosphorus and total nitrogen will be addressed in the plankton component.
b) The baseline dataset included a range of detection limits, such that the difference between the two detection limits was large (e.g., the detection limits were 5.0 and 1.0 mg/L). The older data with the higher
detection limit were excluded from the normal range calculation.
c) A noticeable improvement in detection limits occurred. Restricting the dataset improved the estimation of the normal range.
d) The baseline dataset included a range of detection limits (e.g., 5.0 and 50 µg/L) and the detection frequency was low. The older dataset with the higher detection limit was excluded from the normal range
calculation.
e) The baseline dataset included a range of detection limits, such that the difference between the two detection limits was large (e.g., the detection limits were 5.0 and 50 µg/L). The 2012 and 2013 data with
the higher detection limit were excluded from the normal range calculation.
f) The baseline dataset included a range of detection limits, such that the difference between the two detection limits was large (e.g., the detection limits were 0.002 and 0.0005 µg/L). The 2013 data with the
higher detection limit were excluded from the normal range calculation.
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Table 7D-2 Summary of Data Sources used in the Normal Ranges for Water Quality for the Open-water Season
Parameter

Area 8

Core Lakes Baseline Normal Range Dataset
Lake N11

Reference Lakes Dataset
Lake 410

East Lake

Lake 3
Field Parameters
pH
1998 to 2013
2004 to 2013
2011 to 2018
2012 to 2018
1995 to 2013(b)
2011 to 2018
2012 to 2018
Specific conductivity
1995 to 2013
1998 to 2013
2004 to 2013
Conventional Parameters
2011 to 2018
2012 to 2018
Total dissolved solids (calculated)
1995 to 2013
1998 to 2013
2004 to 2013
Total suspended solids
1998 to 2013
2004 to 2013
2012 to 2018(b)
2011 to 2018
1995 to 2013(b)
Major Ions
2011 to 2018
2012 to 2018
Chloride
1995 to 2013
1998 to 2013
2004 to 2013
2011 to 2018
2012 to 2018
Fluoride
1995 to 2013
1998 to 2013
2004 to 2013
(c)
Total potassium
1998 to 2013
2004 to 2013
2011 to 2018
2012 to 2018
1999 to 2013
2011 to 2018
2012 to 2018
Sulphate
1995 to 2013
1998 to 2013
2004 to 2013
Nutrients (Select N-forms)(a)
(h)
Nitrate
1998 to 2013
2011 to 2018
2012 to 2018
1995 to 2013(b)
2010 to 2013
(h)
Nitrite
1995 to 2013
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013
(c)
Total ammonia
2011 to 2018
2012 to 2018
2013(c)
2013(c)
2013
Total Metals, Metalloids, and Non-metals
2011 to 2018
2012 to 2018
Aluminum
1995 to 2013
1998 to 2013
2004 to 2013
(h)
Antimony
1995 to 2013
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013
(h)
Arsenic
1995 to 2013
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013
(d)
(h)
1998 to 2013
Barium
2011 to 2018
2012 to 2018
2010 to 2013
1996 to 2013
(h)
Beryllium
1995 to 2013
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013
(g)
(h)
Boron
2011 to 2018
2012 to 2018
1996 to 2013(c)
2010 to 2013
2010 to 2013
(c)
(c)
(h)
Cadmium
2011 to 2018
2012 to 2018
2010 to 2013
2010 to 2013
2010 to 2013
(c)
Chromium
2011 to 2018
2012 to 2018
2010 to 2013(c)
2010 to 2013(h)
2010 to 2013
(c)
(h)
1998 to 2013
Cobalt
2011 to 2018
2012 to 2018
2010 to 2013
2010 to 2013
(c)
(h)
1998 to 2013
Copper
2011 to 2018
2012 to 2018
2010 to 2013
2010 to 2013
(h)
Iron
1995 to 2013
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013
(c)
(h)
1998 to 2013
Lead
2012 to 2018(b)
2011 to 2018
2010 to 2013
2005 to 2013
(b)
Manganese
1995 to 2013
2011 to 2018
2012 to 2018
2010 to 2013(h)
2010 to 2013
(c)
(h)
1998 to 2013
Mercury
2011 to 2018
2012 to 2018
2010 to 2013
2010 to 2013
Molybdenum
1995 to 2013
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013(h)
(b,e)
(h)
1998 to 2013
Nickel
2011 to 2018
2012 to 2018
2010 to 2013
1995 to 2013
Selenium
1995 to 2013
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013(h)
(h)
Silver
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013(c)
2010 to 2013
Strontium
1995 to 2013
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013(h)
(c)
(c)
(h)
Thallium
2011 to 2018
2012 to 2018
2010 to 2013
2010 to 2013
2010 to 2013
(h)
Uranium
1998 to 2013
2011 to 2018
2012 to 2018
2010 to 2013(c)
2010 to 2013
(c)
(h)
1998 to 2013
Vanadium
2011 to 2018
2012 to 2018
2010 to 2013
2010 to 2013
(f)
(h)
1998 to 2013
2011 to 2018
2012 to 2018
Zinc
2010 to 2013
2010 to 2013
Note: Current baseline normal range = dataset used in the normal range for the 2018 AEMP Annual Report, α = 0.05, m = 5, one run.
Revised baseline normal range = current baseline normal range dataset run using new calculation method, α = 0.15, m = 1, 30 runs.
Baseline normal range + 2015/2016 = current baseline normal range dataset + 2015/2016 data (Lake N11) or 2015 data (Area 8 or Lake 410) using new calculation method, α = 0.15, m = 1, 30 runs.
Regional baseline normal range = Area 8 baseline dataset + Lake N11 baseline dataset + Lake 410 baseline dataset + reference lakes datasets run using new calculation method, α = 0.15, m = 1, 30 runs.
Regional baseline normal range + 2015/2016 = regional baseline normal range dataset + 2015 data (Area 8, Lake 410, and Lake N11) + 2016 (Lake N11) using new calculation method, α = 0.05, m = 1, 30
runs.
a) Select N-form nutrients presented; total phosphorus and total nitrogen will be addressed in the plankton component.
b) Removed an anomalous value, which was well outside the expected range.
c) The baseline dataset included a range of detection limits (e.g., 100 and 5 µg/L) and the detection frequency was low. The older dataset with the higher detection limit was excluded from the normal range
calculation.
d) The baseline dataset included a range of detection limits, such that the difference between the two detection limits was large (e.g., the detection limits were 10 and 0.02 µg/L). The 1995, 2004, and 2005
data with the higher detection limits were excluded from the normal range calculation.
e) The dataset was not restricted to 2010 to 2013 as reported in the 2018 AEMP Annual Report.
f) The dataset was restricted to 2010 to 2013, not 1995 to 2013 as reported in the 2018 AEMP Annual Report.
g) Only one detected value in the dataset (the 1998 sample had a reported boron concentration of 1 μg/L). All other values from 2010 to 2013 were non-detect.
h) A noticeable shift in detection limits occurred between 2005 and 2010 where several parameters were detected more frequently in 2010 to 2013 than in previous years. Therefore, the dataset was restricted
to 2010 to 2013 for those parameters.
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Lake D2/D3 Time Series Plot for Field pH, 2010 to 2018
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Figure 7E-2

Lake D2/D3 Time Series Plot for Specific Conductivity, 2010 to 2018
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Figure 7E-3

Lake D2/D3 Time Series Plot for Total Dissolved Solids, 2010 to 2018
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Lake D2/D3 Time Series Plot for Chloride, 2010 to 2018
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Figure 7E-5

Lake D2/D3 Time Series Plot for Fluoride, 2010 to 2018
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Figure 7E-6

Lake D2/D3 Time Series Plot for Potassium, 2010 to 2018
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Lake D2/D3 Time Series Plot for Sulphate, 2010 to 2018

1.6




1.4

Sulphate (mg/L)

1.2
1
0.8
0.6
2

0.4
0.2
0

2010

2011

2012

2013

Year

2015

2016

2017

2018

2017

2018

2017

2018

DL = detection limit; mg/L = milligrams per litre.

Figure 7E-8

Lake D2/D3 Time Series Plot for Nitrate, 2010 to 2018
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Figure 7E-9

Lake D2/D3 Time Series Plot for Nitrite, 2010 to 2018
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Lake D2/D3 Time Series Plot for Total Ammonia, 2010 to 2018
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Figure 7E-11

Lake D2/D3 Time Series Plot for Total Phosphorus, 2010 to 2018

0.14




Total Phosphorus (mg-P/L)

0.12
0.1
0.08
0.06
0.04
0.02
0

2010

2011

2012

2013

Year

2015

2016

2017

2018

DL = detection limit; mg-P/L = milligrams per phosphorus per litre.

Figure 7E-12

Lake D2/D3 Time Series Plot for Total Aluminum, 2010 to 2018

350




Total Aluminum (µg/L)

300
250
200
150
100
50
0

2010

2011

2012

2013

Year

2015

DL = detection limit; µg/L = micrograms per litre.

De Beers Canada Inc.

2016

2017

2018

Gahcho Kué Mine
7E-5
2015 to 2018 Aquatic Effects Re-evaluation Report
Lake D2/D3 Time Series Plots
Figure 7E-13

December 2019
Appendix 7E

Lake D2/D3 Time Series Plot for Total Antimony, 2010 to 2018
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Figure 7E-14

Lake D2/D3 Time Series Plot for Total Arsenic, 2010 to 2018
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Figure 7E-15

Lake D2/D3 Time Series Plot for Total Barium, 2010 to 2018
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Lake D2/D3 Time Series Plot for Total Beryllium, 2010 to 2018
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Figure 7E-17

Lake D2/D3 Time Series Plot for Total Boron, 2010 to 2018
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Figure 7E-18

Lake D2/D3 Time Series Plot for Total Cadmium, 2010 to 2018
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Lake D2/D3 Time Series Plot for Total Chromium, 2010 to 2018
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Figure 7E-20

Lake D2/D3 Time Series Plot for Total Cobalt, 2010 to 2018
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Figure 7E-21

Lake D2/D3 Time Series Plot for Total Copper, 2010 to 2018
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Lake D2/D3 Time Series Plot for Total Iron, 2010 to 2018
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Figure 7E-23

Lake D2/D3 Time Series Plot for Total Lead, 2010 to 2018
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Figure 7E-24

Lake D2/D3 Time Series Plot for Total Manganese, 2010 to 2018
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Lake D2/D3 Time Series Plot for Total Mercury, 2010 to 2018
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Figure 7E-26

Lake D2/D3 Time Series Plot for Methyl Mercury, 2010 to 2018
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Figure 7E-27

Lake D2/D3 Time Series Plot for Total Molybdenum, 2010 to 2018
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Lake D2/D3 Time Series Plot for Total Nickel, 2010 to 2018
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Figure 7E-29

Lake D2/D3 Time Series Plot for Total Selenium, 2010 to 2018
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Figure 7E-30

Lake D2/D3 Time Series Plot for Total Silver, 2010 to 2018
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Lake D2/D3 Time Series Plot for Total Strontium, 2010 to 2018
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Figure 7E-32

Lake D2/D3 Time Series Plot for Total Thallium, 2010 to 2018
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Figure 7E-33

Lake D2/D3 Time Series Plot for Total Uranium, 2010 to 2018
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Lake D2/D3 Time Series Plot for Total Vanadium, 2010 to 2018
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Figure 7E-35

Lake D2/D3 Time Series Plot for Total Zinc, 2010 to 2018
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Area 8 Canadian Water Quality Guideline for the Protection of Aquatic Life Exceedances by Station, 2015 to 2018
Ice-cover

Operations

Construction

Area 8 - CWQG-PAL
2015
Exceedance
Station Location

Open-water

April

July

2/5 Dissolved Oxygen (3.8-5.2)

4/5 pH (6.2-6.3)

4/5 Aluminum
(3.4x)

L3, L4

L1, L2, L3, L4

L1, L2, L3, L4

September
1/5 Aluminium
1/4 pH (6.1)
(1.9x)

none
-

L5

L5

1/5 Lead (1.6x)

1/5 Chromium VI (1.1x)

1/5 pH (6.3)

1/5 Aluminum
(1.9x)

L1, L3, L4, L5

L5

L5

L1

L1

2017

2/4 pH (5.9-6.1)

none

none

none

Exceedance
Station Location

2/5 Dissolved
Oxygen (3.0-6.2)

L1, L2

L3, L4

-

-

-

none

none

none

2016
Exceedance
Station Location

2018

4/5 Dissolved
Oxygen (1.8-5.5)

August

1/5 Dissolved Oxygen (3.9)

none
-

Exceedance
L4
Station Location
Notes: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable water quality guideline in brackets. Instances where
concentrations are equal to the guideline are not shown.
CWQG-PAL = Canadian water quality guideline for the protection of aquatic life; - = not applicable.

Table 7F-2

Area 8 Canadian Drinking Water Quality Guidelines Exceedances by Station, 2015 to 2018
Ice-cover

Operations

Construction

Area 8 - CDWQG

Open-water

April

July

2015

none

4/5 pH (6.2-6.3)

Exceedance
Station Location

4/5 Coliforms
(15x)

-

L1, L2, L3, L4

L1, L3, L4, L5

August

September

none

1/4 pH (6.1)

-

L5

2016

2/5 Manganese (2.7x) (AO)

none

1/5 pH (6.3)

none

Exceedance
Station Location

L3, L4

-

L1

-

2017

3/4 pH (5.9-6.9)

5/5 pH (6.6-6.8)

5/5 pH (6.6-6.7)

5/5 pH (6.7-6.9)

Exceedance
Station Location

L1, L2, L3

All Stations

All Stations

All Stations

2018

2/5 Manganese (1.7x)
(AO)

3/5 pH (6.7-7.2)

5/5 pH (6.6-6.9)

5/5 Temperature
(15.7-16.4) (AO)

1/5 pH (6.97)

none

Exceedance
L1, L4, L5
L3, L5
All Stations
L4
All Stations
Station Location
Notes: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable water quality guideline in brackets. Instances where
concentrations are equal to the guideline are not shown.
CDWQG = Canadian Drinking Water Quality Guidelines; AO = aesthetic objective; - = not applicable.

Table 7F-3

Area 8 AEMP Benchmark Exceedances by Station, 2015 to 2018

Operations

Construction

Area 8 – AEMP
Benchmarks

Ice-cover

Open-water

April

July

August

September

2015

none

4/5 pH (6.2-6.3)

3/5 Total Phosphorus (1.2x)

1/5 Total Phosphorus (1.5x)

1/4 pH (6.1)

Exceedance
Station Location

-

L1, L2, L3, L4

L1, L3, L4

L2

L5

2016

1/5 Lead (1.1x)

none

1/5 pH (6.3)

none

Exceedance
Station Location

L5

-

L1

-

2017

2/4 pH (5.9-6.1)

none

none

none

Exceedance
Station Location

L1, L2

-

-

-

2018

none

none

none

none

Exceedance
Station Location
Notes: Benchmark exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable AEMP benchmark in brackets. Instances where
concentrations are equal to the guideline are not shown.
AEMP = Aquatic Effects Monitoring Program; - = not applicable.

Table 7F-4

Lake N11 Canadian Water Quality Guideline for the Protection of Aquatic Life Exceedances by Station, 2015 to 2018
Ice-cover

Operations

Construction

Lake N11 - CWQG-PAL

Open-water

April

August

September

none

none

L3

-

-

4/5 pH
(6.36-6.42)

4/5 Aluminum
(2.6x)

none

1/5 pH (6.46)

1/5 Aluminum
(1.5x)

L1, L2, L3, L4

L1, L2, L3, L4

-

L5

L5

2015

2/6 Dissolved Oxygen (0.7-4.7)

Exceedance
Station Location

1/5 pH
(6.47)

L3, L6B

L3

2016

none

Exceedance
Station Location

-

2017

none

Exceedance
Station Location
2018

July
1/5 Aluminum
(1.7x)

none

1/5 pH (6.49)

1/5 Aluminum
(1.7x)

none

-

L5

L5

-

1/5 Nitrate
(1.0x)

2/5 Nitrite
(2.2x)

5/5 pH
(5.43-6.20)

1/5 pH (6.45)

1/5 Aluminum
(3.2x)

none

none

Exceedance
L1
L1, L2
All Stations
L5
L5
Station Location
Notes: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable water quality guideline in brackets. Instances where
concentrations are equal to the guideline are not shown.
CWQG-PAL = Canadian water quality guideline for the protection of aquatic life; - = not applicable.
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Lake N11 Canadian Drinking Water Quality Guidelines Exceedances by Station, 2015 to 2018
Ice-cover

Operations

Construction

Lake N11 - CDWQG

Open-water

April

July

August

September

2015

none

1/5 pH (6.47)

none

none

Exceedance
Station Location

-

L3

-

-

2016

1/5 Manganese (1.2x) (AO)

4/5 pH (6.36-6.42)

none

none

Exceedance
Station Location

L3

L1, L2, L3, L4

-

-

2017

none

5/5 pH (6.66-6.87)

5/5 pH (6.49-6.86)

none

Exceedance
Station Location

-

All Stations

All Stations

-

2018

5/5 pH (5.43-6.20)

5/5 pH (6.45-6.78)

5/5 Temperature (15.6-16.1)
(AO)

2/5 pH (6.60-6.95)

none

Exceedance
All Stations
All Stations
L1, L5
All Stations
Station Location
Notes: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable water quality guideline in brackets. Instances where
concentrations are equal to the guideline are not shown.
CDWQG = Canadian Drinking Water Quality Guidelines; AO = aesthetic objective; - = not applicable.

Table 7F-6

Lake N11 AEMP Benchmark Exceedances by Station, 2015 to 2018
Ice-cover

Operations

Construction

Lake N11– AEMP
Benchmarks

Open-water

April

July

August

September

2015

none

1/5 pH (6.47)

1/5 Total Phosphorus (1.7x)

none

Exceedance
Station Location

-

L3

L2

-

2016

none

4/5 pH (6.36-6.42)

none

1/5 pH (6.46)

Exceedance
Station Location

-

L1, L2, L3, L4

-

L5

2017

none

none

1/5 pH (6.49)

none

Exceedance
Station Location

-

-

L5

-

none

none

2018

5/5 pH (5.43-6.20)

1/5 Nitrate (1.0x)

1/5 pH (6.45)

1/5 Total Phosphorus (1.9x)

Exceedance
All stations
L1
L5
L2
Station Location
Notes: Benchmark exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable AEMP benchmark in brackets. Instances where
concentrations are equal to the guideline are not shown.
AEMP = Aquatic Effects Monitoring Program; - = not applicable.

Table 7F-7

Lake 410 Canadian Water Quality Guideline for the Protection of Aquatic Life Exceedances by Station, 2015 to 2018
Ice-cover

Operations

Construction

Lake 410 - CWQG-PAL

Open-water

April

July
5/5 Aluminum
(2.2x)

August

September

none

none

2015

2/7 Dissolved Oxygen (0.8-6.2)

Exceedance
Station Location

5/5 pH
(6.10-6.40)

L3, L6B

All Stations

All Stations

2016

2/5 Dissolved Oxygen (0.8-1.4)

1/5 pH (6.38)

Exceedance
Station Location

1/5 Aluminum
(4.0x)

2/5 pH
(6.44-6.45)

2/5 Aluminum
(3.3x)

4/5 pH
(6.20-6.37)

3/5 Aluminum
(2.2x)

L2, L3

L1

L1

L1, L5

L1, L5

L2, L3, L4, L5

L2, L3, L5

-

-

2017

4/4 pH
(5.93-6.04)

4/5 Aluminum
(2.2x)

none

2/5 pH
(6.44-6.49)

2/5 Aluminum
(1.7x)

5/5 pH (6.19-6.48)

Exceedance
Station Location

All Stations

L1, L2, L4, L5

-

L4, L5

L4, L5

All Stations

2018

2/5 pH (5.93-6.08)

5/5 pH (6.02-6.44)

1/5 pH (6.37)

none

Exceedance
L1, L2, L4, L5
All Stations
L3
Station Location
Notes: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable water quality guideline in brackets. Instances where
concentrations are equal to the guideline are not shown.
CWQG-PAL = Canadian water quality guideline for the protection of aquatic life; - = not applicable.

Table 7F-8

Lake 410 Canadian Drinking Water Quality Guidelines Exceedances by Station, 2015 to 2018
Ice-cover

Operations

Construction

Lake 410 - CDWQG

Open-water

April

July

August

September

2015

none

5/5 pH (6.10-6.40)

none

none

Exceedance
Station Location

-

All Stations

-

-

2/5 pH (6.44-6.45)

4/5 pH (6.20-6.37)

2016

none

Exceedance
Station Location

1/5 pH
(6.38)

-

L1

L1, L5

L2, L3, L4, L5

2017

5/5 pH (5.93-6.04)

5/5 pH (6.52-6.66)

5/5 pH (6.44-6.69)

5/5 pH (6.19-6.48)

Exceedance
Station Location

All Stations

All Stations

All Stations

All Stations

2018

5/5 pH (5.93-6.64)

5/5 pH (6.02-6.44)

2/5 pH (6.37-6.79)

5/5 Temperature (16.2-16.4)
(AO)

2/5 pH (6.55-6.94)

Exceedance
All Stations
All Stations
L3, L5
All Stations
L1, L2
Station Location
Notes: Guideline exceedances: number of exceedances per total number of samples collected, and magnitude above the applicable water quality guideline in brackets. Instances where
concentrations are equal to the guideline are not shown.
CDWQG = Canadian Drinking Water Quality Guidelines; AO = aesthetic objective; - = not applicable.
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Table 8A-1

Recommended and Alternative Normal Ranges for Sediment Quality Chemistry Parameters in Area 8 for Whole-lake Mean Concentrations
Baseline Normal Range
Area 8
Current Baseline Normal Range (De Beers 2019c)
Revised Baseline Normal Range
Baseline Normal Range + 2015(c)
Lower
Upper
Lower
Upper
Variable
Method
Lower Bound
Upper Bound
Method
Method
Bound
Bound
Bound
Bound
PI
11
21
Total organic carbon
PI
12
19
PI
11
21
PI
0.85
1.6
Total nitrogen
PI
0.93
1.4
PI
0.81
1.5
PI
414
1,912
Total phosphorus
PI
629
1,781
PI
364
2,047
PI
8,558
18,628
Aluminum
PI
10,165
17,469
PI
8,358
19,275
(a)
(b)
0.15
PI
0
1.0
Antimony
n/a
0
1.0
n/a
0
(d)
(d)
2.8
7.5
Arsenic
%tile
3.4
6.3
2.8
7.8
PI
PI
PI
56
88
Barium
PI
60
84
PI
54
90
(b)
%tile
0.2
0.6
0.6
Beryllium
%tile
0
0.53
%tile
0
(a)
PI
0.16
0.36
0
1.0
Bismuth
n/a
0
1.0
n/a
(b)
PI
9.2
7.8
Boron
PI
0
6.5
PI
0
0(b)
0.27
0.64
Cadmium
logPI
0.31
0.57
0.26
0.66
PI(d)
PI(d)
22
63
Chromium
%tile
27
52
22
63
PI(d)
PI(d)
7.9
20
Cobalt
PI
9.1
18
PI
6.9
20
PI(d)
%tile
43
89
Copper
logPI
44
75
39
86
PI(d)
(d)
13,348
58,492
13,816
63,688
Iron
logPI
16,581
46,497
PI
PI(d)
(d)
3.4
8.0
Lead
logPI
3.8
6.4
3.4
7.5
PI
PI(d)
PI
12
17
Lithium
PI
12
17
PI
11
18
(d)
(d)
153
417
149
443
Manganese
logPI
174
361
PI
PI
(b)
0.086
%tile
Mercury
%tile
0
0.065
%tile
0.089
0(b)
0
PI
1.9
5.3
Molybdenum
PI
2.5
4.8
PI
2.0
5.4
%tile
26
55
Nickel
%tile
28
49
%tile
26
57
(b)
PI
0.46
1.2
1.3
Selenium
PI
0.58
1.1
PI
0
(a)
PI
0.078
0.18
0
1.0
Silver
n/a
0
1.0
n/a
%tile
16
24
Strontium
%tile
15
25
%tile
16
24
%tile
2,300
5,000
Sulphur
%tile
2,540
6,304
%tile
2,300
5,000
(a)
0
0.2
0
0.3
Thallium
n/a
0
0.3
n/a
n/a(a)
0.19
8.6
0
1.0
Tin
n/a
0
1.0
n/a(a)
PI(d)
PI
202
324
Titanium
PI
222
310
PI
202
330
%tile
2.0
3.3
Uranium
%tile
2.2
3.1
%tile
2.0
3.1
PI
28
45
Vanadium
PI
30
42
PI
27
45
PI
57
140
Zinc
PI
72
130
PI
57
145
Notes: Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05, m = 5, one run. Refer to De Beers (2019c) for
additional details on the calculation method. Units are mg/kg dw except for TOC and TN, which are in %dw.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.15, m = 1, 30 runs.
Baseline normal range + 2015 = current baseline normal range data set + 2015 data (Area 8) using new calculation method, α = 0.15, m = 1, 30 runs.
The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barret et al. 2015).
a) All values/concentrations in the data set for this sediment quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was less that the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Recommended normal ranges for sediment quality chemistry parameters in Area 8 for whole-lake mean concentrations.
d) Calculated using Box Cox transformed data.
n/a = not applicable; PI = prediction interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Recommended and Alternative Normal Ranges for Sediment Quality Chemistry Parameters in Lake N11 for Whole-lake Mean
Concentrations

Lake N11
Variable

Baseline Normal Range
Current Baseline Normal Range (De Beers 2019c)
Method

Lower Bound

Upper Bound

Revised Baseline Normal Range
Method

Total organic carbon
Total nitrogen
Total phosphorus

Lower
Bound

Upper
Bound

Baseline Normal Range + 2015/2016(c)
Method

Lower
Bound

Upper
Bound

PI
9.2
20
PI
9.9
19
PI
8.1
21
%tile
0.6
1.4
PI
0.72
1.2
%tile
0.6
1.4
PI
428
973
PI
443
1,009
PI
349
1,103
PI
6,817
13,247
PI
7,203
12,983
PI
6,027
14,159
Aluminum
(b)
0.13
PI
n/a
0
1.0
0
1.0
Antimony
n/a(a)
0
(b)
%tile
0.5
2.6
%tile
0
2.0
%tile
2.1
Arsenic
0
PI
44
69
PI
46
67
PI
42
72
Barium
%tile
0.2
0.49
%tile
0
0.46
%tile
0.52
Beryllium
0(b)
PI
0.14
0.29
n/a
0
1.0
0
1.0
Bismuth
n/a(a)
(b)
7.4
%tile
PI
0
6.2
PI
7.2
Boron
0(b)
0
PI
0.18
0.47
PI
0.22
0.46
PI
0.17
0.51
Cadmium
PI
23
74
PI
25
64
PI
16
72
Chromium
PI
4.8
12
PI
5.1
11
PI
3.9
12
Cobalt
PI
23
60
PI
24
56
PI
17
63
Copper
11,177
26,193
PI
10,187
25,527
PI
7,065
28,649
Iron
PI(d)
PI
2.3
5.8
logPI
2.6
5.2
2.3
6.0
Lead
PI(d)
11
18
PI
12
18
PI
11
19
Lithium
PI(d)
PI
126
252
PI
138
228
PI
119
246
Manganese
(b)
0.052
%tile
n/a
0
0.05
%tile
0.055
Mercury
0(b)
0
(b)
PI
0.64
5.7
PI
0.9
3.6
PI
4.2
Molybdenum
0
PI
18
54
PI
18
44
PI
13
49
Nickel
%tile
0.25
1.0
%tile
0
0.81
%tile
1.0
Selenium
0(b)
PI
0.06
0.1
n/a
0
1.0
0
1.0
Silver
n/a(a)
PI
12
23
PI
13
23
PI
11
25
Strontium
(b)
5,057
PI
PI
1,367
4,433
PI
5057
Sulphur
0(b)
0
0
0.2
%tile
0
0.3
0
0.3
Thallium
n/a(a)
n/a(a)
(a)
0.29
0.62
n/a
0
1.0
0
1.0
Tin
n/a
PI(d)
208
399
PI
222
395
PI
186
431
Titanium
PI(d)
PI
1.3
3.3
PI
1.4
3.2
PI
1.0
3.6
Uranium
PI
22
38
PI
23
37
PI
20
40
Vanadium
PI
46
110
PI
48
97
PI
38
107
Zinc
Notes: Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05, m = 5, one run. Refer to De Beers (2019c) for
additional details on the calculation method. Units are mg/kg dw except for TOC and TN, which are in %dw.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.15, m = 1, 30 runs.
Baseline normal range + 2015/2016 = current baseline normal range data set + 2015/2016 data (Lake N11) using new calculation method, α = 0.15, m = 1, 30 runs.
The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barret et al. 2015).
a) All values/concentrations in the data set for this sediment quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was less that the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Recommended normal ranges for sediment quality chemistry parameters in Lake N11 for whole-lake mean concentrations.
d) Calculated using Box Cox transformed data.
n/a = not applicable; PI = prediction interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Recommended and Alternative Regional Normal Ranges for Sediment Quality
Chemistry Parameters for Whole-lake Mean Concentrations
Regional Normal Range

Regional
Variable
Total organic carbon
Total nitrogen
Total phosphorus

Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Strontium
Sulphur
Thallium
Tin
Titanium
Uranium
Vanadium
Zinc

Regional Baseline Normal Range

Regional Baseline Normal Range + 2015/2016(c)

Method

Lower Bound

Upper Bound

Method

Lower Bound

Upper Bound

PI
%tile

2.7
0.1
275
5,133

18
1.2
1,632
17,921
0.13
8.0
95
0.76
0.28
11
0.65
62
17
86
45,891
6.4
21
556
0.051
5.2
59
1.1
0.11
22
6,172
0.2
0.55
394
4.0
48
154

PI
%tile

3.4
0.11
294
5,371

19
1.4
1,564
17,440
0.13
7.8
93
0.73
0.29
11
0.63
65
17
82
43,068
6.6
21
505
0.06
5.4
59
1.1
0.12
23
6,172
0.2
1.1
382
3.9
47
149

(d)

PI
(d)
PI
%tile
%tile
PI
%tile
%tile
PI(d)
PI(d)
PI(d)
PI(d)
%tile
PI(d)
PI
PI
PI(d)
%tile
PI(d)
PI(d)
%tile
%tile
%tile
PI(d)
n/a(a)
PI(d)
PI(d)
%tile

0(b)
1.0
33
0.2
0(b)
0(b)
0.11
14
3.8
17
8,747
2.2
6.5
115
0.0095
0.76
15
0.21
0(b)
5.0
1,517
0
0.19
138
1.0
15
35

PI(d)
PI(d)
%tile
%tile
PI
%tile
PI
PI(d)
%tile
(d)

PI
PI(d)
%tile
PI(d)
PI
PI(d)
%tile
%tile
PI(d)
PI(d)
%tile
%tile
%tile
PI(d)
(a)
n/a
%tile
(d)

PI
%tile

(b)

0
1.1
35
0.2

(b)

0
0(b)
0.078
15
4.0
17
9,073
2.2
7.4
130
0.01
0.83
16
0.23
(b)

0
5.3
1,517
0
0.23
143
1.1
16
37

(d)
PI(d)
PI
(d)
(d)
PI
PI
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).

Units are mg/kg dw except for TOC and TN, which are in %dw.
Regional baseline normal range = Area 8 baseline data set + Lake N11 baseline data set + reference lakes data sets run using
new calculation method, α = 0.15, m = 1, 30 runs.
Regional baseline normal range + 2015/2016 = regional baseline normal range data set + 2015 data (Area 8 and Lake N11) +
2016 (Lake N11) using new calculation method, α = 0.15, m = 1, 30 runs.
a) All values/concentrations in the data set for this sediment quality parameters were non-detetc; therefore, the normal range
spanned from zero to the detection limit.
b) The lower bound of the normal range was less that the lowest detection limit; therefore, the lowest bound of the normal range
was set to zero.
c) Recommended regional normal ranges for sediment quality chemistry parameters for whole-lake mean concentrations.
d) Calculated using Box Cox transformed data.
n/a = not applicable; PI = prediction interval; %tile = percentile.
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Recommended and Alternative Normal Ranges for Sediment Quality Chemistry Parameters in Area 8 for Individual Station, L2

Area 8

Current Baseline Normal Range (De Beers 2019c)

Baseline Normal Range
Revised Baseline Normal Range
Lower
Upper
Method
Bound
Bound

(c)

Baseline Normal Range + 2015
Lower
Upper
Method
Bound
Bound

Lower Bound
Upper Bound
Variable
Method
PI
9.3
23
Total organic carbon
PI
8.4
23
PI
8.4
23
PI
0.71
1.8
Total nitrogen
PI
0.67
1.7
PI
0.67
1.7
PI
123
2,203
Total phosphorus
PI
30
2,381
PI
30
2,381
PI
6,625
20,561
Aluminum
PI
6,234
21,399
PI
6,234
21,399
(a)
(b)
0.18
PI
0
1.0
Antimony
n/a
0
1.0
n/a
0
(d)
(d)
2.5
10
2.5
12
Arsenic
%tile
2.9
8.6
PI
PI
PI
50
95
Barium
PI
47
96
PI
47
96
(b)
%tile
0.2
0.6
0.6
Beryllium
%tile
0
0.6
%tile
0
(a)
PI
0.1
0.42
0
1.0
Bismuth
n/a
0
1.0
n/a
(d)
(b)
(b)
13
11
Boron
PI
0
9.3
0
PI
PI(d)
0
(d)
(d)
0.23
0.76
0.22
0.78
Cadmium
logPI
0.22
0.8
PI
PI
(d)
20
91
19
94
Chromium
%tile
20
76
PI(d)
PI
(d)
6.6
24
Cobalt
PI
4.4
22
PI
4.4
22
PI
%tile
30
106
Copper
logPI
33
101
33
101
PI(d)
(d)
11,012
93,197
11,154
99,324
Iron
logPI
9,520
80,982
PI
PI(d)
(d)
3.0
9.6
Lead
logPI
2.8
8.6
3.0
9.1
PI
PI(d)
PI
10
19
Lithium
PI
10
19
PI
10
19
(d)
132
541
125
573
Manganese
logPI
118
535
PI
PI(d)
%tile
0.025
0.09
0.09
Mercury
%tile
0
0.09
%tile
0(b)
PI
1.3
5.9
Molybdenum
PI
1.3
6.1
PI
1.3
6.1
%tile
18
74
Nickel
%tile
23
69
%tile
17
79
(b)
PI
0.31
1.4
1.4
Selenium
PI
0
1.4
PI
0
(a)
(b)
0.21
PI
0
1.0
Silver
n/a
0
1.0
n/a
0
%tile
5.0
34
Strontium
%tile
0
30
%tile
34
0(b)
%tile
1,200
12,000
Sulphur
%tile
1,695
8,850
%tile
1,200
12,000
(a)
(a)
0
0.2
0
0.3
Thallium
%tile
0
0.3
n/a
n/a
21
Tin
n/a
0
1.0
0
1.0
n/a(a)
PI(d)
0(b)
PI
178
348
Titanium
PI
177
356
PI
177
356
%tile
2.0
4.0
Uranium
%tile
2.0
3.6
%tile
2.0
4.2
PI
24
48
Vanadium
PI
23
48
PI
24
48
PI
41
156
Zinc
PI
40
162
PI
40
162
Notes: Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05, m = 5, one run. Refer to De Beers (2019c) for
additional details on the calculation method. Units are mg/kg dw except for TOC and TN, which are in %dw.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.05, m = 1, 30 runs.
Baseline normal range + 2015 = current baseline normal range data set + 2015 data (Area 8) using new calculation method, α = 0.05, m = 1, 30 runs.
The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barret et al. 2015)
a) All values/concentrations in the data set for this sediment quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was less that the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Recommended normal ranges for sediment quality chemistry parameters in Area 8 for individual station, L2.
d) Calculated using Box Cox transformed data.
n/a = not applicable; PI = prediction interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Recommended and Alternative Normal Ranges for Sediment Quality Chemistry Parameters in Lake N11 for Individual Station, L1
Baseline Normal Range

Lake N11

Current Baseline Normal Range (De Beers 2019c)

Revised Baseline Normal Range
Lower
Upper
Method
Bound
Bound

Baseline Normal Range + 2015/2016(c)
Lower
Upper
Method
Bound
Bound

Lower Bound
Upper Bound
Variable
Method
Total organic carbon
PI
5.5
23
PI
5.5
23
PI
7.2
22
Total nitrogen
PI
0.6
1.4
%tile
0.6
1.4
%tile
0.6
1.5
Total phosphorus
PI
185
1,267
PI
185
1,267
PI
320
1,081
Aluminum
PI
4,352
15,834
PI
4,352
15,834
PI
5,566
14,498
Antimony
n/a
0
1.0
0
1.0
PI
0.16
0(b)
n/a(a)
Arsenic
%tile
0
2.7
%tile
0.5
3.0
%tile
0.5
3.0
Barium
PI
36
78
PI
36
78
PI
39
74
0.7
Beryllium
%tile
0
0.63
%tile
%tile
0.2
0.7
0(b)
Bismuth
n/a
0
1.0
0
1.0
PI
0.11
0.32
n/a(a)
11
Boron
PI
0
8.7
7.5
%tile
0(b)
0(b)
PI(d)
Cadmium
PI
0.1
0.57
PI
0.11
0.57
PI
0.12
0.53
Chromium
PI
4.8
84
PI
4.8
84
PI
13
83
Cobalt
PI
2.3
13
PI
2.3
13
PI
3.4
13
Copper
PI
8.2
72
PI
8.2
72
PI
16
67
Iron
PI
2,618
33,096
PI
2,618
33,096
9,797
32,478
PI(d)
(d)
Lead
logPI
1.8
7.3
1.9
7.6
PI
1.7
6.5
PI
Lithium
PI
9.2
20
PI
9.2
20
10
20
PI(d)
Manganese
PI
93
272
PI
93
272
PI
102
277
Mercury
%tile
0
0.062
%tile
0.068
%tile
0.068
0(b)
0(b)
Molybdenum
PI
0
4.9
0.29
5.7
0.38
7.3
PI(d)
PI(d)
Nickel
PI
5.7
57
PI
5.7
57
PI
11
61
Selenium
%tile
0
1.1
%tile
1.1
%tile
0.25
1.1
0(b)
0
1.0
Silver
n/a
0
1.0
PI
0.051
0.11
n/a(a)
Strontium
PI
7.8
27
PI
27
PI
10
25
0(b)
Sulphur
PI
0
5,946
817
7,272
817
7,272
PI(d)
PI(d)
Thallium
%tile
0
0.3
0
0.3
0
0.2
n/a(a)
n/a(a)
(a)
Tin
n/a
0
1.0
0
1.0
%tile
0.29
1.4
n/a
Titanium
PI
136
481
PI
136
481
193
524
PI(d)
(b)
Uranium
PI
0
4.1
PI
4.1
PI
0.88
3.7
0
Vanadium
PI
15
44
PI
15
44
PI
19
41
Zinc
PI
24
121
PI
24
121
PI
34
122
Notes: Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report, α = 0.05, m = 5, one run. Refer to De Beers (2019c) for
additional details on the calculation method. Units are mg/kg dw except for TOC and TN, which are in %dw.
Revised baseline normal range = current baseline normal range data set run using new calculation method, α = 0.05, m = 1, 30 runs.
Baseline normal range + 2015/2016 = current baseline normal range data set + 2015/2016 data (Lake N11) using new calculation method, α = 0.05, m = 1, 30 runs.
The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barret et al. 2015).
a) All values/concentrations in the data set for this sediment quality parameter were non-detect; therefore, the normal range spanned from zero to the detection limit.
b) The lower bound of the normal range was less that the lowest detection limit; therefore, the lower bound of the normal range was set to zero.
c) Recommended normal ranges for sediment quality chemistry parameters in Lake N11 for individual station, L1.
d) Calculated using Box Cox transformed data.
n/a = not applicable; PI = prediction interval; %tile = percentile; logPI = prediction interval was calculated using log or log(x+1) transformed data.
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Recommended and Alternative Regional Normal Ranges for Sediment Quality
Chemistry Parameters for Individual Stations
Regional Normal Range

Regional
Variable

Regional Baseline Normal Range
Method
Lower Bound Upper Bound

Total nitrogen

PI(d)
%tile

Total phosphorus

PI

Aluminum

Total organic carbon

(d)

(c)

Regional Baseline Normal Range + 2015/2016
Method
Lower Bound Upper Bound

0.57

21

PI

0.52

22

0.075

1.4

%tile

0.079

1.5

182

2,134

PI(d)

199

2,005

3,753

21,374

3,984

20,544

Antimony

PI(d)
%tile

0.14

%tile

13

%tile

0(b)
0.5

0.14

Arsenic

0(b)
0.52

PI(d)
%tile

Barium

PI

22

106

PI

24

104

Beryllium

%tile

0.2

0.98

%tile

0.2

0.97

Bismuth

%tile

0

0.3

PI

0(b)

0.33

Boron

PI(d)

13

Cadmium

PI(d)

PI(d)
%tile

0(b)
0.043

0.77

Chromium

PI

11

82

Cobalt
Copper
Iron
Lead
Lithium
Manganese
Mercury

(b)

0(b)
0.045

0.77

(d)

11

80

PI

(d)

2.8

23

11

122

PI(d)
%tile

PI
PI

6,953

70,230

1.4

7.2

PI

3.8

24

PI(d)
%tile

94

858

PI
%tile

0
0.39

0.073

%tile

6.5

PI

11

74

0(b)

1.3

PI(d)
%tile

0
5.0

0.12

%tile

25

1,183

PI
%tile
(d)

(d)

Molybdenum

PI

Nickel
Selenium

PI(d)
%tile

Silver

%tile

Strontium

%tile

Sulphur

PI

Thallium

n/a

(d)
(a)

(d)

(b)

(b)

(d)

(d)

PI
PI

(d)

(d)

12

13

3.0

22

11

119

7,336

64,638

1.4

7.5

5.5

24

103

598

(b)

0.07

0
0.41

6.6

11

72

0(b)

1.3

(b)

0.15

%tile

0
5.0

8,230

PI(d)

1,183

8,230

0

0.2

n/a
%tile

0

0.2

0.18

2.6

(a)

24

Tin

PI

0.16

0.68

Titanium

PI(d)
%tile

111

468

448

0.51

4.1

PI(d)
%tile

117

Uranium

0.53

4.0

Vanadium

PI

12

56

PI(d)

12

(d)

(d)
(d)
25
193
26
Zinc
PI
PI
Note: The 95% PI was calculated for the mean of a sample (n = 5) from an exposure area (Barrett et al. 2015).

55
183

Units are mg/kg dw except for TOC and TN, which are in %dw.
Regional baseline normal range = Area 8 baseline data set + Lake N11 baseline data set + reference lakes data sets run using new
calculation method, α = 0.05, m = 1, 30 runs.
Regional baseline normal range + 2015/2016 = regional baseline normal range data set + 2015 data (Area 8 and Lake N11) + 2016
(Lake N11) using new calculation method, α = 0.05, m = 1, 30 runs.
a) All values/concentrations in the data set for this sediment quality parameters were non-detect; therefore, the normal range
spanned from zero to the detection limit.
b) The lower bound of the normal range was less that the lowest detection limit; therefore, the lowest bound of the normal range was
set to zero.
c) Recommended regional normal ranges for sediment quality chemistry parameters for individual stations.
d) Calculated using Box Cox transformed data.
n/a = not applicable; PI = prediction interval; %tile = percentile.
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Table 8C-1 Summary of Data Sources used in the Normal Ranges for Sediment Quality
Core Lakes Baseline Normal Range Data Set
Area 8
Lake N11
2004 to 2013
2010 to 2013(c)
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013
2004 to 2013
2010 to 2013

Reference Lakes Data Set
East Lake
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2015 to 2018(a)
(c)
2011 to 2018
2011 to 2018
2011 to 2018
2015 to 2018(a)
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018
2011 to 2018(c)
2011 to 2018
2011 to 2018
2011 to 2018(c)

Lake 3
Total organic carbon
2012 to 2018
2012 to 2018
Total nitrogen
2012 to 2018
Total phosphorus
2012 to 2018
Aluminum
(a)
Antimony
2015 to 2018
Arsenic
2012 to 2018
2012 to 2018
Barium
2012 to 2018
Beryllium
Bismuth
2015 to 2018(a)
2012 to 2018
Boron
2012 to 2018
Cadmium
2012 to 2018
Chromium
2012 to 2018
Cobalt
2012 to 2018
Copper
Iron
2012 to 2018
2012 to 2018
Lead
2012 to 2018
Lithium
Manganese
2012 to 2018
Mercury
2011 to 2018
2012 to 2018
2011 to 2013(a)
2011 to 2013(a)
2011 to 2018
2012 to 2018
Molybdenum
2004 to 2013
2010 to 2013
2011 to 2018
2012 to 2018
Nickel
2004 to 2013
2010 to 2013
2011 to 2018
2012 to 2018
Selenium
2004 to 2013
2010 to 2013
Silver
2004 to 2013
2010 to 2013
2015 to 2018(a)
2015 to 2018(a)
2011 to 2018
2012 to 2018
Strontium
2004 to 2013
2010 to 2013
Thallium
2011 to 2018
2012 to 2018
2011 to 2013(b)
2011 to 2013(b)
Tin
2004 to 2013
2010 to 2013
2015 to 2018(a)
2015 to 2018(a)
2011 to 2018
2012 to 2018
Titanium
2004 to 2013
2010 to 2013
2011 to 2018
2012 to 2018
Uranium
2004 to 2013
2010 to 2013
2011 to 2018
2012 to 2018
Vanadium
2004 to 2013
2010 to 2013
2011 to 2018
2012 to 2018
Zinc
2004 to 2013
2010 to 2013
Notes: Current baseline normal range = data set used in the normal range for the 2018 AEMP Annual Report (De Beers 2019c) (whole-lake α = 0.05, m = 5, one
run; Individual Station α = 0.05, m = 1, one run).
Revised baseline normal range = current baseline normal range data set run using new calculation method (whole-lake α = 0.15, m = 1, 30 runs; individual
station α = 0.05, m = 1, 30 runs).
Baseline normal range + 2015/2016 = current baseline normal range data set + 2015/2016 data (Lake N11) or 2015 data (Area 8) using new calculation method
(whole-lake α = 0.15, m = 1, 30 runs; individual station α = 0.05, m = 1, 30 runs).
Regional baseline normal range = Area 8 baseline data set + Lake N11 baseline data set + reference lakes data sets run using new calculation method (wholelake α = 0.15, m = 1, 30 runs; individual station α = 0.05, m = 1, 30 runs).
Regional baseline normal range + 2015/2016 = regional baseline normal range data set + 2015 data (Area 8 and Lake N11) + 2016 (Lake N11) using new
calculation method (whole-lake α = 0.15, m = 1, 30 runs; individual station α = 0.05, m = 1, 30 runs).
a) The baseline data set included a range of detection limits, such that the difference between the two detection limits was large (e.g., the detection limits were
1.0 and 0.05 mg/kg dw). Older data with the higher detection limit were excluded from the normal range calculation.
b) The baseline data set included a range of detection limits (e.g., 1.0 and 0.3 mg/kg dw) and the detection frequency was low. The older data set with the higher
detection limit was excluded from the normal range calculation.
c) Removed an anomalous value because the value was well outside the expected range.
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Time Series Plots of Mean Annual Chlorophyll a Concentrations in Area 8, Lake
N11, Lake D2/D3 and Reference Lakes, 2004 to 2018
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Figure 9A-2

Time Series Plots of Mean Annual Phytoplankton Abundance in Area 8, Lake N11,
Lake D2/D3 and Reference Lakes, 2004 to 2018
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Time Series Plots of Mean Annual Phytoplankton Biomass in Area 8, Lake N11,
Lake D2/D3 and Reference Lakes, 2004 to 2018
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Time Series Plots of Mean Annual Zooplankton Abundance in Area 8, Lake N11,
Lake D2/D3 and Reference Lakes, 2004 to 2018
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Time Series Plots of Mean Annual Zooplankton Biomass in Area 8, Lake N11, Lake
D2/D3 and Reference Lakes, 2004 to 2018
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Summary of Data Sources used in the Current and Revised Normal Ranges for Plankton

Chlorophyll a (µg/L)

Area 8

9B-1

Phytoplankton
biomass (mg/m³)
Zooplankton
abundance (org/L)
Zooplankton
biomass (mg/m³)

Seasonality

Baseline Normal Range
Baseline Data
+ 2015/2016 data(b)
Current Normal Range(a)

No

2004, 2007, 2011 and
2014

No

2007, 2011 and 2014

Yes

2007, 2011 and 2014

Yes

2007, 2011 and 2014

No

No
Yes
Yes

2011 and 2014

2011 and 2014
2011 and 2014
2011 and 2014

Regional Normal Range
Regaional/Baseline
Regional/Baseline Data Period
Data Period
+ 2015/2016

2004, 2007, 2011, 2014
and 2015

Area 8 - 2004, 2007, 2011 and
2014
Lake N11 - 2011 and 2014
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018

Area 8 - 2004, 2007, 2011, 2014
and 2015
Lake N11 - 2011 and 2014 to
2016
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018

2004, 2007, 2011, 2014
and 2015
2004, 2007, 2011, 2014
and 2015
2004, 2007, 2011, 2014
and 2015

Area 8 - 2007, 2011 and 2014
Lake N11 - 2011 and 2014
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018

Area 8 - 2007, 2011 2014 and
2015
Lake N11 - 2011 and 2014 to
2016
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018

2011 and 2014 to 2016

Area 8 - 2004, 2007, 2011 and
2014
Lake N11 - 2011 and 2014
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018

Area 8 - 2004, 2007, 2011, 2014
and 2015
Lake N11 - 2011 and 2014 to
2016
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018

Area 8 - 2007, 2011 and 2014
Lake N11 - 2011 and 2014
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018

Area 8 - 2007, 2011 2014 and
2015
Lake N11 - 2011 and 2014 to
2016
East Lake - 2014 to 2018
Lake 3 - 2014 to 2018

2011 and 2014 to 2016
2011 and 2014 to 2016
2011 and 2014 to 2016

a) Dataset used in the normal ranges calculated in the 2015 to 2018 AEMP annual reports.
b) Baseline data + 2015/2016 is the baseline data set including Area 8 2015 data or Lake N11 2015 and 2016 data.
µg/L = micrograms per litre; mg/m³ = milligrams per cubic metre; org/L = organisms per litre; AEMP = Aquatic Effects Monitoring Program.
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Alternative Calculation Methods for the Baseline Plankton Normal Ranges

Variable
Chlorophyll a
(µg/L)
Phytoplankton
biomass (mg/m³)
Zooplankton
abundance
(org/L)
Zooplankton
biomass (mg/m³)
Chlorophyll a
(µg/L)
Phytoplankton
biomass (mg/m³)
Zooplankton
abundance
(org/L)
Zooplankton
biomass (mg/m³)

Current Normal Range (a)
Normal Range –
Normal Range –
Lower Bound(c)
Upper Bound(c)
Jun/
Jun/
Method Jul Aug Sep Jul
Aug Sep

Revised Normal Range
Baseline Data(a)
Baseline Data + 2015/2016
Normal Range – Normal Range –
Normal Range – Normal Range –
Lower Bound (a,b) Upper Bound(c)
Lower Bound(c)
Upper Bound(c)
Jun/
Jun/
Jun/
Jun/
Jul Aug Sep Jul Aug Sep
Method Jul Aug Sep Jul
Aug Sep
Method

%tile

1.27

2.10

PI(f)

0.95

2.37

PI(f)

0.72

3.19

%tile

409

882

PI(f)

351

1,046

PI(f)

273

1,176

PI(d)

24

18

6

62

46

32

PI(d)

22

13

0.5

64

51

38

PI(d)

33

20

3

PI(d)

84

85

62

832

437

298

logPI(e)

75

64

45

919

589

405

logPI(e)

140

60

20

72

57

41

2,030 798

254

PI

1.21

2.17

PI

0.97

2.41

PI

0.53

2.46

PI

362

718

PI

279

802

%tile

271

716

PI

(d)

PI(d)

32

31

27

362

387

168

55

47

43

2,040 1,578 1,333

PI(d)

31

28

24

56

50

46

logPI(e)

334

310

252 2,852 2,080 1,679

PI(d)

29

24

19

52

47

41

logPI(e)

518

362

241 2,583 1,727 1,160

Note: The 95% PI in the AEMP Design Plan (De Beers 2016a) normal range calculation method was calculated for the mean of a sample (n = 5; m = 5; alpha = 0.05) from an exposure
area (Barrett et al. 2015). In the revised approach, alpha = 0.15 and m = 1.
a) Dataset used in the normal ranges calculated in the 2015 to 2018 AEMP annual reports.
b) Baseline data + 2015/2016 is the baseline data set including Area 8 2015 data or Lake N11 2015 and 2016 data.
c) When seasonality was present in the dataset, separate upper and lower bounds were calculated for each of the three sampling events (i.e., June/July, August, and September)
based on the regression equation and the sampling dates from the 2018 AEMP.
d) PI based on linear regression with sampling date.
e) For log PI = the 95% prediction interval was calculated using log or log(x+1) transformed data, and then upper and lower boundaries were back-transformed to the original scale.
f) Calculated using Box Cox transformed data.
µg/L = micrograms per litre; mg/m3 = milligrams per cubic metre; org/L = organisms per litre; PI = prediction interval; %tile = percentile; logPI = log (x+1) transformed data; n = sample
size; m = number of observations in the dataset; AEMP = Aquatic Effects Monitoring Program.
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Alternative Calculation Methods for the Regional Plankton Normal Ranges

Variable
Chlorophyll a (µg/L)
Phytoplankton biomass (mg/m³)
Zooplankton abundance (org/L)
Zooplankton biomass (mg/m³)

Method
%tile
%tile
PI(c,d)
logPI(c,e)

Regional/Baseline Data Period
Normal Range –
Normal Range –
Lower Bound (a,b)
Upper Bound (a,b)
Jun/Jul
Aug
Sep
Jun/Jul
Aug
Sep

16
110

0.65
337
11
87

5
65

49
919

2.76
951
43
717

37
538

Regional/Baseline Data Period + 2015/2016
Normal Range –
Normal Range –
Lower Bound (a,b)
Upper Bound (a,b)
Method Jun/Jul Aug
Sep
Jun/Jul Aug
Sep
PI(f)
%tile
PI(c,d)
logPI(c,e)

19
118

0.65
99
13
83

6
54

52
1,402

3.05
295
46
971

39
632

Note: Bolded values indicate recommended calculation methods for the regional plankton normal ranges. Regional/Baseline normal range is calculated with plankton data from core
and reference lakes using an alpha = 0.15 and m = 1.
a) Dataset used in the normal ranges calculated in the 2015 to 2018 AEMP annual reports
b) Baseline data + 2015/2016 is the baseline data set including Area 8 2015 data or Lake N11 2015 and 2016 data.
c) When seasonality was present in the dataset, separate upper and lower bounds were calculated for each of the three sampling events (i.e., June/July, August, and September)
based on the regression equation and the sampling dates from the 2018 AEMP.
d) PI based on linear regression with sampling date.
e) For logPI = the 95% prediction interval was calculated using log or log(x+1) transformed data, and then upper and lower boundaries were back-transformed to the original scale.
f) Calculated using Box Cox transformed data.
µg/L = micrograms per litre; mg/m3 = milligrams per cubic metre; org/L = organisms per litre; PI = prediction interval; %tile = percentile; logPI = log (x+1) transformed data; m = number
of observations in the dataset; AEMP = Aquatic Effects Monitoring Program.
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Lake-specific (Area 8 and Lake N11) Baseline Normal Ranges and Regional Normal
Range for Chlorophyll a
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AreaA88
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LakeN11
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µg/L = micrograms per litre; n = sample size.

Figure 9B-2

Lake-specific (Area 8 and Lake N11) Baseline Normal Ranges and Regional Normal
Range for Phytoplankton Biomass
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Lake-specific (Area 8 and Lake N11) Baseline Normal Ranges and Regional Normal
Range for Zooplankton Abundance
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org/L = organisms per litre; n = sample size.
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Lake-specific (Area 8 and Lake N11) Baseline Normal Ranges and Regional Normal
Range for Zooplankton Biomass

July

August
3000

2500

2500

Zooplankton Biomass (mg/m³)

Zooplankton Biomass (mg/m³)

December 2019

2000

1500

1000

500

0

AreaA88
2019
(n = 10
10)

LakeN11
N11
2019
(n = 15)
15

Regional
Regional
2019
(n =7575)

AreaA88
2019
(n = 12
12)

LakeN11
N11
2019
(n = 16)
16

Regional
Regional
2019
(n =7878)

2000

1500

1000

500

0

AreaA88
2019
(n = 16
16)

September
1600

Zooplankton Biomass (mg/m³)

1400
1200
1000
800
600
400
200
0

mg/m3 = milligrams per cubic metre; n = sample size.

De Beers Canada Inc.

LakeN11
N11
2019
(n = 21)
21

Regional
Regional
2019
(n =8787)

Gahcho Kué Mine
2015 to 2018 Aquatic Effects Re-evaluation Report

December 2019

Appendix 10A
Additional Tables and Figures for Benthic Invertebrates

De Beers Canada Inc.

Gahcho Kué Mine
10A-i
2015 to 2018 Aquatic Effects Re-evaluation Report
Additional Tables and Figures for Benthic Invertebrates

December 2019
Appendix 10A

LIST OF TABLES
Table 10A-1
Table 10A-2
Table 10A-3

Summary of Data Sources Used in the Baseline Normal Range for Benthic
Invertebrates ........................................................................................................................ 4
Summary of Data Sources Used in the Regional Normal Range for Benthic
Invertebrates ........................................................................................................................ 4
Current and Revised Baseline Normal Ranges for Benthic Invertebrate Community
Variables in the Core Lakes ................................................................................................. 5

LIST OF FIGURES
Figure 10A-1
Figure 10A-2

Water Depth in Area 8 and the Reference Lakes, 2011 to 2018 ......................................... 1
Sediment Total Organic Carbon Content in Area 8 and the Reference Lakes, 2011
to 2018.................................................................................................................................. 1
Figure 10A-3 Percent Fine Sediment in Area 8 and the Reference Lakes, 2011 to 2018......................... 1
Figure 10A-4 Water Depth in Lake N11 and the Reference Lakes, 2011 to 2018 .................................... 2
Figure 10A-5 Sediment Total Organic Carbon Content in Lake N11 and the Reference Lakes,
2011 to 2018 ........................................................................................................................ 2
Figure 10A-6 Percent Fine Sediment in Lake N11 and the Reference Lakes, 2011 to 2018 .................... 2
Figure 10A-7 Mid-depth Under-ice Dissolved Oxygen Concentration in Lake D2/D3, 2015 to 2018
.............................................................................................................................................. 3
Figure 10A-8 Water Depth in Lake D2/D3, 2015 to 2018 .......................................................................... 3
Figure 10A-9 Sediment Total Organic Carbon Content in Lake D2/D3, 2015 to 2018 .............................. 3
Figure 10A-10 Percent Fine Sediment in Lake D2/D3, 2015 to 2018 .......................................................... 4

De Beers Canada Inc.

Gahcho Kué Mine
10A-1
2015 to 2018 Aquatic Effects Re-evaluation Report
Additional Tables and Figures for Benthic Invertebrates

December 2019
Appendix 10A

Figure 10A-1

Water Depth in Area 8 and the Reference Lakes, 2011 to 2018

Figure 10A-2

Sediment Total Organic Carbon Content in Area 8 and the Reference Lakes, 2011
to 2018

TOC = total organic carbon.

Figure 10A-3

Percent Fine Sediment in Area 8 and the Reference Lakes, 2011 to 2018
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Figure 10A-4

Water Depth in Lake N11 and the Reference Lakes, 2011 to 2018

Figure 10A-5

Sediment Total Organic Carbon Content in Lake N11 and the Reference Lakes,
2011 to 2018

TOC = total organic carbon.

Figure 10A-6

Percent Fine Sediment in Lake N11 and the Reference Lakes, 2011 to 2018
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Mid-depth Under-ice Dissolved Oxygen Concentration in Lake D2/D3, 2015 to 2018
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Figure 10A-8

Water Depth in Lake D2/D3, 2015 to 2018
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Figure 10A-10 Percent Fine Sediment in Lake D2/D3, 2015 to 2018
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Table 10A-1

D2/D3-L5

Basin D2

Summary of Data Sources Used in the Baseline Normal Range for Benthic
Invertebrates

Current Normal Range
Baseline

Baseline

Revised Normal Ranges
Baseline + 2015/2016

Area 8 - 2011
Lake N11 - 2011
Streams - 2013

Area 8 - 2004, 2007, 2011
Lake N11 - 2011
Streams - 2007, 2013

Area 8 - 2004, 2007, 2011, 2015
Lake N11 - 2011, 2015, 2016
-

Baseline = current dataset + data sources added as a result of the benthic invertebrate mesh size study.
Baseline + 2015/2016 = baseline data set + 2015 data (Area 8) or baseline data set + 2015 and 2016 (Lake N11).

Table 10A-2

Summary of Data Sources Used in the Regional Normal Range for Benthic
Invertebrates
Baseline

Baseline + 2015/2016

Area 8 - 2004, 2007, 2011

Area 8 - 2004, 2007, 2011, 2015

Lake N11 - 2011

Lake N11 - 2011, 2015, 2016

East Lake - 2011, 2015-2018

East Lake - 2011, 2015-2018

Lake 3 - 2013, 2015-2018

Lake 3 - 2013, 2015-2018

Baseline = current data set + data sources added as a result of the benthic invertebrate mesh size study.
Baseline + 2015/2016 = baseline data set + 2015 data (Area 8) or baseline data set + 2015 and 2016 (Lake N11).
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Current and Revised Baseline Normal Ranges for Benthic Invertebrate Community Variables in the Core Lakes

Area

Variable

Total Density (org/m )
Richness (taxa/station)
Diversity
Evenness
Area 8
Nematoda Density (org/m2)
Pisidiidae Density (org/m2)
Corynocera Density (org/m2)
Micropsectra/Tanytarsus Density (org/m2)
Pagastiella Density (org/m2)
Total Density (org/m2)
Richness (taxa/station)
Diversity
Evenness
Lake N11 Nematoda Density (org/m2)
Pisidiidae Density (org/m2)
Corynocera Density (org/m2)
Micropsectra/Tanytarsus Density (org/m2)
Pagastiella Density (org/m2)
2

Current Normal Range
Baseline
Lower
Upper
Bound
Bound
Method
PI
PI
PI
PI
PI
PI(a)
PI(a)
PI(a)
PI
%tile
PI
PI
PI
%tile
PI
PI(a)
PI(a)
PI(a)

1,597
24
0.80
0.15
93
120
24
15
33
12,070
19
0.56
0.04
3,660
238
316
28
23

15,429
35
0.92
0.41
1,036
2,467
13,901
589
800
40,512
37
0.93
0.31
11,164
2,245
67,307
3,932
1,237

a) Normal range calculated using log transformed data.
b) Normal range calculated using Box Cox transformed data.
org/m2 = number of organisms per square metre; PI = prediction interval; %tile = percentile.
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Method
PI(b)
PI
PI
PI
PI
PI(b)
%tile
PI(b)
%tile
%tile
PI
PI
PI
%tile
PI
PI(b)
PI(b)
PI(b)

Baseline
Lower
Bound
932
15
0.79
0.13
8
38
0
18
0
809
17
0.52
0.03
86
49
76
1
23

Revised Normal Ranges
Baseline + 2015/2016
Upper
Lower
Upper
Bound
Bound
Bound
Method
16,330
36
0.93
0.44
1,121
1,839
5,130
7,345
753
53,775
38
0.96
0.34
14,698
2,652
54,845
2,009
2,954

PI(b)
PI
PI
PI
PI(b)
PI(b)
%tile
PI(b)
%tile
PI(b)
PI
PI
PI
%tile
PI(b)
PI(b)
%tile
PI(b)

1,265
17
0.80
0.17
110
55
0
24
0
1,926
16
0.64
0.09
77
149
197
0
47

28,796
34
0.91
0.40
13,345
2,216
4,203
3,768
2,128
42,482
34
0.91
0.35
12,643
2,281
20,964
1,242
2,800

