September 11, 2020
Angela Love
Mackenzie Valley Land and Water Board
PO Box 2130
Yellowknife, Northwest Territories
X1A 2P6
Dear: Ms. Love:
Re: Snap Lake Mine De Beers Canada Inc. Water Licence MV2019L2-0004 – Submission of
Management Plans and the Final Closure and Reclamation Plan, Version 1.0
De Beers Canada Inc. (De Beers) is pleased to provide our submission of updated management
plans and the resubmission of the final Closure and Reclamation Plan (Version 1.0) as per
conditions of the Snap Lake Mine Water Licence MV2019L2-0004 and Land Use Permit
MV2017D0032. This submission aligns with the requirement to submit the required plans and
documents 90 days following the issuance of the Water Licence and with Board Directives.
The submission of plans required 90 days post-issuance of Water Licence MV2019L2-0004, and
submitted to the MVLWB on 11 September 2020 via the Online Record Submission, includes
the following:
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Appendices:
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B: Concordance Tables
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Should you have any questions or concerns, please feel free to contact me by phone at (403)464-2596 or by email at colleen.prather@debeersgroup.com.
Sincerely,
9/11/2020

X
Colleen Prather, Ph.D., P.Biol.
Regulatory Specialist
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Michelle Peters
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DISCLAIMER
This report was prepared solely and exclusively for De Beers Canada Inc. and can only be used and relied upon,
in its entirety, by De Beers Canada Inc. The report is being submitted electronically in accordance with
Mackenzie Valley Land and Water Board’s (MVLWB) preferred submission protocol, in the unsecured ADOBE pdf
format stipulated in the submission standards issued by MVLWB. The report is provided “as is”, without
warranty of any kind either expressed or implied. Only the original, signed and stamped report is considered
true and final. Any reuse, alteration, extraction, edit, or reproduction of this report will be at the sole risk and
responsibility of the user, without any liability or legal exposure to Golder Associates Ltd., its affiliates, and their
respective directors, officers, employees, agents, consultants and sub contractors.
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Version History Table
Version
Version 1

Date
March 2019

Notes/Revisions
Submitted to Mackenzie Valley Land and Water Board (MVLWB) under Part G Item 5 of the
Water Licence MV2011L2-0004.
Submitted to Mackenzie Valley Land and Water Board (MVLWB) under Part G Item 3 of the
Water Licence MV2019L2-0004.

Recommendations updated for the next three-year cycle (2021 to 2023) of the AEMP design
Version 2 September 2020 plan (MV2019L2-0004, Part G, Item 4).
Updated to account for discharge to the main basin mixing zone and possible discharge to the
new mixing zones in the main basin and the northwest arm that could occur during the next
AEMP three-year cycle.
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Plain Language Summary
Introduction
De Beers Canada Inc. (De Beers) owns the Snap Lake Mine (Mine), a diamond mine located approximately
220 kilometres (km) northeast of Yellowknife, Northwest Territories. The Aquatic Effects Monitoring Program
(AEMP) is designed to monitor Snap Lake for Mine-related effects, to assess the 2002 Environmental
Assessment Report (EAR) and the 2014 Environmental Assessment predictions, and to provide the basis for
informed management decisions made by the Mine. This document is the second Aquatic Effects Re-evaluation
Report for the Mine and summarizes the data obtained from 2012 to 2017 and compares it to the first eight years
of the AEMP program (2004 to 2011) and baseline data.
The Mackenzie Valley Land and Water Board (MVLWB) initially approved the AEMP in July 2005 and an
updated AEMP Design Plan in November 2013, which was finalized in January 2014. Mining ceased in
December 2015 when the Mine was placed into Care and Maintenance. The MVLWB approved a Care and
Maintenance AEMP Design Plan in September 2016.
The core programs of the Aquatic Effects Re-evaluation Report are water quality, sediment quality, toxicity,
plankton (the small plants and animals that live in the water), benthic invertebrates (the small animals living in
the mud of the lake bottom), fish tissue chemistry, and fish community. This Report provides the basis for the
AEMP Design Plan for Closure and Post-closure, which is provided as a separate document.

AEMP Study Design
The primary study area for the AEMP is Snap Lake. The MVLWB approved Northeast Lake as the reference lake
for the AEMP in April 2006 and Lake 13 was approved as an additional reference lake in 2013. Additional water
quality monitoring in lakes downstream of Snap Lake also occurred. Monitoring in 2012 followed the original study
design (De Beers 2005) and from 2013 to 2017, monitoring followed the 2013 AEMP Design Plan (Golder 2014)
and 2013 AEMP Design Plan - Update for Care and Maintenance (Golder 2016).
In 2012, all components were monitored, while from 2013 to 2017, water quality and plankton were monitored on
an annual basis and sediment quality, benthic invertebrates, fish health, fish community, and fish tissue were
monitored at a frequency of once every three years. Fish tasting, an aspect of the Traditional Knowledge
program, was conducted from 2012 to 2016.

Water Quality
The water quality component of the 2012 to 2017 Aquatic Effects Re-evaluation Report summarized data
obtained for treated Mine effluent, as well as water samples and field measurements collected from Snap Lake
and surrounding waterbodies (i.e., Northeast Lake, Lake 13, Lac Capot Blanc and its outlets, upstream of King
Lake, and MacKay Lake). Samples were shipped to various laboratories across Canada to obtain the most
appropriate chemical analyses available. Water quality results were compared to water quality guidelines,
site-specific water quality objectives, predictions, and data from previous years to evaluate whether water quality
in Snap Lake was changing and, if so, whether the changes were as expected or of concern.
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The daily volume of treated effluent discharged to Snap Lake from the Mine has increased over time from 2004,
when discharge began, until 2016. In 2017, continuous discharge stopped in mid-February and seasonal
discharges occurred in May and June. Concentrations of most parameters in treated effluent in 2017 were within
the range of concentrations measured in the last five years, and some parameter concentrations showed a return
to historical concentrations after a decline in 2016. Since discharge began, concentrations and loads of treated
effluent constituents have typically been below Water Licence limits and within predictions.
Some water quality parameters have increased in Snap Lake since the Mine started operating. Concentrations of
total dissolved solids (dissolved salts in the water), nutrients, and some metals have increased from baseline
levels in Snap Lake due to the discharge of treated effluent. However, in 2017 concentrations of most water
quality parameters related to the Mine discharge decreased in the main basin of Snap Lake relative to 2016,
because less treated effluent was being discharged. In 2017, concentrations in Snap Lake were within AEMP
benchmarks or historical ranges. AEMP benchmarks are water quality guidelines and site-specific water quality
objectives, which provide protection to fish in Snap Lake and the food chain upon which they depend.
As predicted, water quality has changed downstream of Snap Lake due to the discharge of treated effluent from
the Mine. Concentrations of some water quality parameters that have previously increased in Snap Lake have
also increased downstream of Snap Lake. Concentrations of total dissolved solids at the outlets of Lac Capot
Blanc and upstream of King Lake have increased from baseline concentrations, but downstream water quality
concentrations have remained low and below AEMP benchmarks. Concentrations of total dissolved solids at
the outlets of Lac Capot Blanc, upstream of King Lake, and in MacKay Lake have remained below predictions.
In 2017, concentrations of total dissolved solids in MacKay Lake were within the range of natural variability.
Based on the 2017 water chemistry data, the changes to water quality in Snap Lake and downstream
are not expected to cause adverse effects to resident aquatic life, do not pose a human health risk, and have
not adversely affected the drinkability of the water. Concentrations of most water quality parameters that had
increased during Operations are decreasing in the main basin of Snap Lake during Care and Maintenance,
and are expected to continue to decrease during Closure.

Sediment Quality
The sediment quality chapter of the 2012 to 2017 Aquatic Effects Re-evaluation Report summarized results of
monitoring performed between 2012 and 2017, to evaluate whether bottom sediment quality is changing in
Snap Lake. The sediment sampling program was limited to stations within Snap Lake from 2004 to 2007; it was
expanded in 2008 by adding Northeast Lake as a reference lake, and again in 2012 by adding Lake 13 as a
second reference lake. The 2013 AEMP was the first year of sediment quality monitoring under the 2013 AEMP
Design Plan, which called for monitoring of the Snap Lake diffuser station (SNP 02-20e) at two sediment depths
annually, and monitoring a reduced number of stations in Snap Lake and the reference lake at three-year
intervals. Stations in Snap Lake and Northeast Lake were also sampled to support the benthic invertebrate
component. In 2014, 2016, and 2017, sediment was sampled near the Snap Lake diffuser only. The full program
was completed in 2015, including all stations in Snap Lake and reference lakes. Since 2009, sediment samples
have been collected in late summer or early fall. The top 5-cm layer of sediment is collected and analyzed for
particle size, total organic carbon, nutrients, and metals. The top 2-cm layer of sediment was also collected at
the diffuser station.
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From 2012 to 2017, sediments in Snap Lake, Northeast Lake, and Lake 13, consisted primarily of
fine-grained materials (silt and clay) with total organic carbon content between 11% and 23% in Snap Lake
and Northeast Lake, and between 7% and 11% in Lake 13. Average concentrations of a number of metals were
higher in Northeast Lake than in Snap Lake, indicating that concentrations of some metals are naturally elevated
in the region.
From 2012 to 2017, mean concentrations of cadmium, chromium, copper, and/or zinc have been above the
interim sediment quality guidelines (ISQGs) for the protection of aquatic life in the majority of samples in
Snap Lake. Mean concentrations of chromium and copper were above their respective ISQGs in the majority
of samples from Northeast Lake and Lake 13 in 2012 and 2015, and mean concentrations of cadmium and
zinc were above their respective ISQGs in the majority of samples from Northeast Lake in 2012 and 2015.
These results indicate that these metals occur naturally at concentrations above sediment quality guidelines.
Arsenic concentrations were below sediment quality guideline from 2012 to 2017 within Snap Lake and within
Northeast Lake, while concentrations in Lake 13 were above the guideline from 2012 to 2015.
Evaluation of trends provided some evidence of an effect on Snap Lake sediments at the diffuser station and
in the main basin. Increasing trends over time, with recent concentrations above normal ranges, were noted for
a number of nutrients and metals. Based on the magnitudes of increases in concentrations, these effects are
unlikely to have resulted in adverse effects on benthic invertebrates or other aquatic biota. The data collected
since 2015 suggest that increasing trends in Mine-influenced sediment quality parameters have reversed,
and concentrations now appear to be decreasing at the diffuser station and in the main basin.

Toxicity
The toxicity component of the 2012 to 2017 Aquatic Effects Re-evaluation Report summarized data from
laboratory aquatic toxicity testing conducted on treated effluent samples collected from the permanent water
treatment plant at the Mine, and surface water samples collected from the edge of the mixing zone, near the
effluent diffusers in Snap Lake. Laboratory toxicity tests were performed by exposing algae (which are small,
floating aquatic plants), water fleas, and fish to treated effluent and water from Snap Lake. Toxicity tests were
conducted twice per year, once under ice-cover and once during the open-water season. Toxicity data for treated
effluent samples collected from November 2005 to May 2017, and Snap Lake water samples collected from April
2006 to September 2017 were included in the AEMP re-evaluation.
Toxicity to laboratory test organisms has occurred occasionally in treated effluent and Snap Lake water samples
between 2005 and 2017, but has not increased in frequency or severity over time. The majority of treated effluent
and lakes water samples were non-toxic to aquatic life. The observed level and incidence of toxicity in Snap Lake
was generally as predicted in the EAR. Collectively, laboratory toxicity testing results reported by the AEMP
during Mine construction and Operations indicate that there was no potential for consistent adverse effects to
aquatic biota in Snap Lake.
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Plankton
The plankton component of the 2012 to 2017 Aquatic Effects Re-evaluation Report explored whether any
changes are occurring in the small plants (phytoplankton) and animals (zooplankton) in Snap Lake water due to
increased levels of nutrients or other substances from mining activities. These small plants and animals are
together referred to as plankton. Changes in plankton can affect fish in the lake because fish rely on plankton
directly or indirectly for food. Changes related to the Mine can be observed in plankton before fish are affected.
Since 2012, plankton have been evaluated at a number of locations in the main basin of Snap Lake (2012 to
2017) and northwest arm (2012 to 2016), once in each of July, August, and September, with the exception of
2017, where September was not included in the Care and Maintenance design. Plankton were also collected in
two reference lakes, Lake 13 (2012 to 2016) and Northeast Lake (2012 to 2017).
Changes are occurring in the plankton community of Snap Lake. However, these changes have not adversely
affected the functioning of the plankton community. There is natural variability associated with plankton
communities, as shown by variability in the reference lake plankton community over time. Small increases in
chlorophyll concentrations, which allow plants to extract energy from sunlight, were observed in both Snap Lake
and Northeast Lake; however, these increases were still within the range of nutrient poor lakes.
The number of small plants (i.e., the phytoplankton) in the main basin of Snap Lake in 2017 was greater than
baseline values, and was slightly above the highest number observed previously in 2009 in the main basin.
It was also above the normal range, which is an estimate of the variability that we would expect to see naturally
(without an influence of the Mine). Phytoplankton number and biomass were greater in the main basin of
Snap Lake than in Northeast Lake and Lake 13. This suggests that the Mine is enhancing the growth of
phytoplankton in Snap Lake, likely related to the input of nutrients, but is not causing an adverse effect in
Snap Lake.
The number of small animals (i.e., the zooplankton), has fluctuated over time in Snap Lake and Northeast Lake.
Since 2012, water fleas, which are considered sensitive to total dissolved solids (salts) in the treated effluent,
have increased in number in the main basin of Snap Lake. The number of water fleas is still within the normal
range in the main basin of Snap Lake, and no major changes have occurred in other zooplankton compared to
previous years. These results suggest that the discharge of treated Mine effluent is not adversely affecting
zooplankton in Snap Lake.

Benthic Invertebrates
The benthic invertebrate component of the 2012 to 2017 Aquatic Effects Re-evaluation Report evaluated whether
the discharge of treated Mine effluent has caused changes in the numbers and types of small animals that live in
the sediment at the bottom of Snap Lake. These animals are referred to as benthic (bottom-dwelling)
invertebrates (animals without backbones), and include snails, clams, worms and insects, which provide food
for fish. Changes in the numbers and types of benthic invertebrates may cause changes in the numbers of fish
in the lake.
Benthic invertebrate sampling has been conducted in Snap Lake since 2004, with the initiation of the baseline
sampling program. Between 2004 and 2008, sampling was completed annually in late winter under ice-covered
conditions, but since 2009 it has been completed in the late fall. In 2013, the program frequency changed to
once every three years, as outlined in the 2013 AEMP Design Plan. The last benthic invertebrate program
was conducted in 2015. The numbers and locations of sampling stations have been adjusted over the years;
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in 2015, there were three stations in the northwest arm and seven stations in the main basin of Snap Lake.
Five stations were also sampled in each of the two reference lakes (i.e., Northeast Lake and Lake 13).
In 2015, total density of invertebrates and densities of many common invertebrates increased substantially in
the main basin of Snap Lake compared to previous years, and were above normal ranges. Densities were also
higher compared to Northeast Lake and Lake 13, but not to the extent observed in Snap Lake. This resulted in a
Low Action Level trigger for nutrient enrichment in Snap Lake 2015. The composition of the benthic invertebrate
community varied among years in the Snap Lake main basin, but large shifts in composition were not observed,
even during 2015.
The change observed in the benthic community in Snap Lake in 2015 was not adverse, but rather appeared to
represent greater food availability to benthic invertebrates compared to previous years. The effect was not
consistent with predictions of a negligible to low effect on the benthic invertebrate community in Snap Lake.
It was also not consistent with the results reported by other AEMP components (i.e., water quality, sediment
quality, toxicity, plankton), which found no substantial changes in nutrient concentrations, or the degree of
nutrient enrichment, relative to previous years. There was some indication of regional changes contributing to the
2015 results. The exact cause of the effect on benthic invertebrates in 2015 cannot be identified with certainty.
However, the effect is not expected to persist, because the discharge of treated effluent has been greatly reduced
since 2016, and lake water quality and biological conditions are expected to return to near-baseline over time.

Fish Health
The fish health component of the 2012 to 2017 Aquatic Effects Re-evaluation Report evaluated whether fish
health was affected by changes in water or sediment quality in Snap Lake from 2009 to 2015, and if any observed
changes were greater than EAR predictions. Changes in fish health endpoints were examined over time by
comparing data from Snap Lake to data from Northeast Lake and Lake 13 (i.e., the reference lakes), and to the
normal range.
Lake Chub were collected from Snap Lake, Northeast Lake and Lake 13, in early July, immediately after
ice-off. Lake Chub length, weight, age, gonad weight, liver weight, female egg weight, and fecundity were
measured. Fecundity is the number of eggs per female and is a measure of reproductive condition.
The lipid (i.e., fat) concentration in liver tissues was also measured in 2012 and 2015. Gonads were examined
with microscopes every year to confirm reproductive status, maturity, and sex. These measurements were used
to examine fish survival, energy storage, and energy use between Snap Lake and the two reference lakes.
Lake Chub were captured more readily in Snap Lake relative to the reference lakes, which may indicate
more food was available for fish within Snap Lake (i.e., nutrient enrichment), or there was lower pressure
from predators in Snap Lake (i.e., Northern Pike are absent in Snap Lake, but present in both reference lakes;
more Lake Chub may survive in Snap Lake as a result). The number of Lake Chub with parasites in Snap Lake
was greater than in the reference lakes, but the number of Lake Chub with parasites in Snap Lake was not
increasing over time. Therefore, it is not believed to be related to the Mine. Male Lake Chub in Snap Lake
consistently had lighter livers than in the reference lakes, but liver weights were within normal range and did not
trigger a Low Action Level.
The remaining fish health endpoints (e.g., condition, gonad size) did not change consistently over time, and the
differences between Snap Lake and the reference lakes were smaller than would be expected if they were due
to the Mine. Overall, Lake Chub from Snap Lake were in good health, and were continuing to successfully
survive, grow, and reproduce.
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Fish Tissue Chemistry
The fish tissue chemistry component of the 2012 to 2017 Aquatic Effects Re-evaluation Report summarized the
concentrations of various parameters in the tissues of Lake Chub (i.e., carcass), and Lake Trout and Round
Whitefish (i.e., kidney, liver and muscle). Carcasses, which are whole-body samples of the fish that have had
the internal organs and intestines removed, were collected as part of the small-bodied fish health study in 2012
and 2015. Kidney, liver and muscle samples were collected as part of the fish community monitoring program
in 2013 and 2016. Changes in fish tissue chemistry in Snap Lake were examined over time by comparison to
reference lakes, baseline (where data were available), and to the normal range.
The concentrations of six parameters (i.e., cesium, iron, magnesium, potassium, strontium, and thallium)
were identified as having an increasing trend in fish tissue from Snap Lake relative to the reference lakes or
baseline data. For iron, magnesium, and potassium, the differences in concentrations between Snap Lake
and the reference lakes or baseline were smaller than would be expected if they were due to the Mine, and were
considered to be a result of natural variability. Cesium and thallium triggered Low Action Levels in 2013 for
the large-bodied fish tissue program. Since 2013, cesium and thallium concentrations in fish tissue have been
more comparable to the reference lakes. Strontium triggered a Low Action Level in small-bodied fish tissue
(i.e., Lake Chub) and large-bodied fish tissue (i.e., Lake Trout and Round Whitefish) in 2015 and 2016,
respectively.

Fish Community Monitoring
The fish community monitoring component of the 2012 to 2017 Aquatic Effects Re-evaluation Report evaluated
various biological characteristics of the fish community, and a Broad-Scale Fish Community gill net program was
completed to collect fish in the study lakes. The fish community was monitored in Snap Lake and Northeast Lake
in 2009, 2013, and 2016, and Lake 13 was added as an additional reference lake in 2013 and 2016.
The seven fish species previously documented in Snap Lake were: Arctic Grayling, Burbot, Lake Chub,
Lake Trout, Longnose Sucker, Round Whitefish, and Slimy Sculpin. Six of the seven fish species were observed
during all three sampling years, with a different single species unobserved each year (i.e., Arctic Grayling, Burbot,
and Slimy Sculpin were not observed in 2009, 2013, and 2016, respectively).
Community composition (i.e., species richness and abundance) and mortality rates were generally not different
among the AEMP study lakes over time. Lake Trout and Round Whitefish were most abundant in Snap Lake
in most years, with the exception of Round Whitefish in 2016. Lake Trout were smaller in Snap Lake relative to
the reference lakes, while Round Whitefish were longer, heavier, older, and in better condition in Snap Lake.
Round Whitefish consistently had reduced fecundity in Snap Lake relative to the reference lakes. Differences in
fish size, weight and age in Snap Lake have been attributed to natural variation, rather than an influence of the
Mine. The operation of the Mine has resulted in minimal changes to the fish community in Snap Lake, which is
consistent with EAR predictions.

Fish Tasting
Fish tasting was conducted between 2012 and 2016 by De Beers. Fish tasting is an informal gathering of
members of aboriginal organizations and De Beers staff at the Mine site to taste fish from Snap Lake.
Overall, aboriginal community members agreed that the taste of the fish from Snap Lake ranged from
acceptable to excellent. In 2016, there were some concerns related to parasites in the fish caught; however,
laboratory testing of these fish after the tasting event indicated that these parasites are common in fish in the
Northwest Territories and are non-life-threating.
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Special Studies
A number of special studies were completed between 2012 and 2017, and included research activities to support
effects monitoring. These studies were not part of monitoring under the AEMP, because they did not assess
changes related to the Mine; rather, they focused on developing methods to improve monitoring or further
investigate monitoring results and fill data gaps. The special studies that occurred between 2012 and 2017
included:











Nutrient Special Study
Littoral Special Study
Picoplankton Special Study
Downstream Special Studies
Slimy Sculpin Special Study
MacKay Lake Thallium and Cesium Study
Lake Trout Population Estimate Special Study
Stable Isotope Study
Site-Specific Water Quality Objectives for Total Dissolved Solids Study

Qualitative Integration
The qualitatively integration section incorporates information from the component sections of this Report to
assess the evidence for toxicological impairment and/or nutrient enrichment in the main basin of Snap Lake.
Toxicological impairment refers to the process whereby substances such as metals released to the lake
can cause toxicity, for instance, reduced growth, reproduction, or survival of the plants and animals in the lake.
Nutrient enrichment refers to the process whereby nutrients in treated effluent released to Snap Lake
stimulate growth of phytoplankton (i.e., small plants) at the base of the food chain or other food chain
components. Although beneficial in small amounts, excessive nutrients could have negative impacts on the lake’s
existing biological community. The qualitative integration process combined results for nutrients and substances
that can cause toxic effects, with measurements of the status of communities of plankton, benthic invertebrates,
and fish living in Snap Lake. The strength of evidence for nutrient enrichment and toxicological impairment of
each of the biological communities in Snap Lake was evaluated.
Although water quality, sediment quality, and fish tissue chemistry have been altered in Snap Lake between
2004 and 2017, with increases in a number of parameters that could potentially cause toxicity, integration of
available data indicates there has been a negligible indication of toxicological impairment of the aquatic
communities in Snap Lake.
Concentrations of several nutrients have also increased in Snap Lake between 2004 and 2017, and most of
the algae toxicity tests conducted on diffuser mixing zone samples showed stimulation of algal growth,
indicating the potential for enrichment of Snap Lake. Biological responses observed in plankton and benthic
invertebrates could potentially indicate nutrient enrichment, but there was no indication of nutrient enrichment
in the fish community.
Overall, combining the results of all AEMP monitoring components indicates that there is no evidence of adverse
effects to the structure and function of the Snap Lake ecosystem.
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Updated Effect Predictions
The aquatic effects predictions of the EAR were reviewed and updated where possible and appropriate.
The original EAR effect predictions for sediment quality, toxicity, plankton, benthic invertebrates, and fish are
considered appropriate and thus were not updated. Predictions were updated for water quality in Snap Lake.
Overall, water quality in Snap Lake is predicted to improve during Closure relative to Operations due to a large
decrease in the volume of treated minewater discharged to Snap Lake from Operations to Closure.

Overall Conclusions and Proposed Changes
The AEMP results to date show that as the Mine moves from Operations and Care and Maintenance into Closure,
there has been no evidence of adverse effects on aquatic life in Snap Lake or on the drinkability of Snap Lake
water. Concentrations of most water quality parameters that had increased during Operations are decreasing in
the main basin of Snap Lake during Care and Maintenance, and are expected to continue to decrease during
Closure.
The fish in Snap Lake are in good health, and are continuing to successfully survive, grow, and reproduce,
all aquatic taxa identified in the Environmental Assessment are still present and the other aquatic organisms have
shown signs of enhanced growth. The water in Snap Lake and downstream of Snap Lake does not pose a risk to
human health, and the Mine has not adversely affected the drinkability of the water.
Through the synthesis of the AEMP data from 2012 to 2017 for this report, as well as in preparation for the Mine
to move from Care and Maintenance into Closure, a number of changes are proposed on sampling frequency,
number of stations and number of reference lakes have been made in this report.
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INTRODUCTION

This report was submitted as Version 1 in 2019 (Golder 2019) to meet condition Part G, Item 5 of the former
Water Licence (MV2011L2-0004) and to accompany the Type A Water Licence renewal and submission of the
final Closure and Reclamation Plan for the Snap Lake Mine. This report is being re-submitted as Version 2 to
meet condition Part G, Item 3 of the current Water Licence (MV2019L2-0004) and to meet conditions outlined in
the September 2, 2020, decision letter.

1.1

Background

De Beers Canada Inc. (De Beers) owns the Snap Lake Mine (Mine), a diamond mine located approximately
220 kilometres (km) northeast of Yellowknife, Northwest Territories. The Mine is located approximately 30 km
south of MacKay Lake, 80 km northwest of Gahcho Kué mine and 100 km south of Lac de Gras, where the
Diavik and Ekati diamond mines are located (Figure 1.1-1).
The Aquatic Effects Monitoring Program (AEMP) is a requirement of Part G of the Water Licence. The goal of the
AEMP is to address potential Mine-related effects to the aquatic ecosystem of Snap Lake in a scientifically
defensible manner. As stated in Part G Item 5 of the current Water Licence, De Beers shall submit to the board
“an Aquatic Effects Re-evaluation Report” for Board approval. The scope of the 2012 to 2017 Aquatic Effects
Re-evaluation Report was based on the approved 2013 AEMP Design Plan (Golder 2014), with relevant updates
for Care and Maintenance (Golder 2016).
De Beers used input from traditional knowledge holders and technical experts during the Environmental
Assessment Report (EAR) and during the regulatory process to develop the AEMP. The design of the AEMP
and the content of the annual reports and re-evaluation reports reflect monitoring priorities identified by northern
communities during the design process.
This report represents a summary of the data collected during the 2012 to 2017 AEMP programs, and compares
this data to the data collected during the previous re-evaluation cycle (2004 to 2011), and provides data and
results for the following components: water chemistry; plankton; sediment quality; benthic invertebrates;
fish (habitat, health, tissue chemistry, populations, taste); and ecological significance of the AEMP results.
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Regulatory Background

An EAR for the Mine (De Beers 2002) was submitted to the Mackenzie Valley Environmental Impact
Review Board (MVEIRB) in February 2002. The Mine received approval from the Minister of Indian and
Northern Affairs Canada (now Indigenous and Northern Affairs Canada) in October 2003, based on a decision
report and recommendation from the MVEIRB (2003). In 2004, De Beers negotiated an Environmental Agreement
and received the required Water Licence, Land Use Permit, Land Leases, and Fisheries Act Authorization to
begin construction and operation of the Mine. The Mine began operating under the terms and conditions of a
Type A Water Licence issued by the Mackenzie Valley Land and Water Board (MVLWB) in 2004
(Licence MV2001L2-0002; MVLWB 2004). The Water Licence was subsequently renewed for a period of eight
years, effective June 14, 2012 (Licence MV2011L2-0004; MVLWB 2013).
In December 2013, De Beers submitted an application to amend the Water Licence to include changes to
water quality parameters (De Beers 2013a,b,c). While that application underwent review, a second amendment
application was filed with the MVLWB in January 2014 (De Beers 2014); the 2014 amendment was an ‘interim’
amendment to water quality parameters until such time as the December 2013 amendment could be finalized
through the regulatory process (MVLWB 2014). The initially proposed 2013 Water Licence amendments were
referred to the MVEIRB to conduct an Environmental Assessment pursuant to Part 5 of the Mackenzie Valley
Resource Management Act. The MVEIRB concluded their assessment in June 2014 and set two conditions,
or Measures, related to water quality parameters (MVEIRB 2014) to mitigate significant adverse impacts to the
environment and to traditional land use. The amended licence, as issued by the MVLWB on September 16, 2015
(MVLWB 2016), and effective until June 2020, incorporated these two Measures as conditions:

Measure 1:
To prevent significant impacts from TDS, and its constituent ions of concern, from the Snap Lake mine on
water quality, traditional uses and the aquatic ecosystem in Snap Lake and downstream, the Mackenzie Valley
Land and Water Board will set numerical Site-Specific Water Quality Objectives for Total Dissolved Solids and
constituent ions of concern to apply during mine operations, closure and post closure. The numeric Site-Specific
Water Quality Objectives will ensure that the following objectives are met:
a) The aquatic ecosystem is protected so that fish populations and fish species composition are not
adversely affected compared to pre-mining conditions;
b) Water in Snap Lake is safe to drink according to the health-based standards of Health Canada’s
Guidelines for Canadian Drinking Water Quality (August 2012 edition);
c) Fish are safe to eat in Snap Lake and downstream; and
d) No Total Dissolved Solids or its constituent ions from the Snap Lake mine effluent will be
detectable, relative to the range of natural variability, at the inlet to Mackay Lake,
44 km downstream of Snap Lake.
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Measure 2:
In order to prevent significant adverse impacts, including to traditional uses, in Snap Lake and downstream,
De Beers will implement additional water treatment, or other mitigations, to reduce the concentration and
loading of TDS and its constituent ions of concern to Snap Lake as approved by the Mackenzie Valley Land
and Water Board. The mitigation implemented by De Beers will achieve the numerical Site-Specific Water Quality
Objectives, and associated Effluent Quality Criteria, set by the Mackenzie Valley Land and Water Board,
which meet the objectives of Measure 1.
Measure 1 subsequently became part of the AEMP; specifically, the overall objective of the AEMP (Part G [1c])
was amended as follows:
1.

The Aquatic Effects Monitoring Program (AEMP) shall meet the following objectives and satisfy the
requirements in Schedule 6, item 1 of this Licence:
c) To evaluate whether the Project is being operated such that Measure 1 of Environmental
Assessment EA1314-02 is being met.

It was understood that the methods to fully address Measure 1(d) would be established with the completion of
the Downstream Watercourse Special Study ([DSW SS] De Beers 2015).
On December 4, 2015, De Beers notified the MVLWB that it had suspended Operations at the Mine, and that
the Mine would be placed under temporary closure termed “Care and Maintenance.” The Mine remained in
Care and Maintenance in 2017 and underground flooding began in January 2017. In 2017, as part of Care
and Maintenance, effluent was intermittently discharged to Snap Lake. In December 2017, the Mine notified the
MVLWB that it intended to close the Mine and provide a final Closure plan in 2019.
In March 2019, De Beers submitted the final Closure and Reclamation Plan and a renewal for a Type A Water
Licence. The Water Licence was renewed for a period of fifteen years, effective June 14, 2020 (Licence
MV2019L2-0004; MVLWB 2020a).
On September 2, 2020, the MVLWB notified De Beers that upon re-submission of the 2012 to 2017 AEMP Reevaluation Report, De Beers would be required to include the items listed in Table 1.2-1, including reference to
where each item is addressed in the document (MVLWB 2020b).
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Table 1.2-1: Conformance with Board Directives for the 2012 to 2017 AEMP Re-evaluation Report
Required under Water Licence MV2019L2-0004
Directive

Location in Report

i. Include timeseries plots for each major Phytoplankton group in the AEMP Re-evaluation
Report

Appendix A and B

ii. Include graphs showing the spatial patterns of phytoplankton biomass in the submission
of the AEMP Re-evaluation Report

Appendix B

iii. Consider including at least one AEMP sampling event within the main basin of Snap
Lake occurs in the latter half of the discharge period (i.e. the early open water sample)
with the second AEMP sampling event (i.e. the late open water sample) occurring as close
as possible to the end of the discharge period

Sections 3.1.5 and
6.2(a)

a) Due to the Closure status of the Mine, De Beers cannot commit to specific timing of sampling events but will attempt, where possible, to
complete monthly (i.e., as per Water Licence requirements) sampling at the mixing zone stations in the main basin to characterize water
quality in the latter half of discharge and towards the end of discharge.

1.3

Operational Background

From 2004 to 2008 the Mine was under construction. Mining commenced in the summer of 2008, with Operations
generally occurring as assessed in the EAR between 2008 and 2015. On December 4, 2015, the Mine went into
Care and Maintenance, the notification of the intention to proceed with Closure was made in December 2017 and
since then the Mine has remained in Care and Maintenance known as Extended Care and Maintenance.

1.3.1

Major Construction Activities and Milestones

Between 2012 and 2017 the major construction activities and milestones that occurred at the Mine are outlined in
Table 1.3-1.

5

September 2020

Table 1.3-1

Major Construction Activities and Milestones at Snap Lake Mine, 2012 to 2017

Year

2012

2013

2014

2015

2016

2017
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Major Construction Activity or Milestone





































construction of the East Cell embankments and ribs (1-4)
construction of inland lake, IL6 diversion ditch catchment
de-mobilization of temporary camp on the winter road
installation of temporary booster pump and pad on the diffuser line
expansion of apron quarry and relocation of STP
construction of pads for perimeter sump pump stations
poured concrete pad in the Utility Plant for relocation of the STP
relocation of landfill to East Cell 1
a 4-inch-high density polyethylene line was installed from fire pumps to the Utilities Building as a dedicated potable
supply to prevent contamination events due to scouring of the line. A new interlock valve diverting supply flow was
installed that would divert water when the main fire pumps start, preventing a pulse of contaminated water from reaching
the potable water treatment plant intake
a process water pipeline was installed in the North Pile to facilitate the pumping of sump water and the perimeter Sump 3
liner was repaired
a new sewage treatment plant was installed in the Utilities Building
a modular water treatment plant project was initiated in the Utilities Building
a wireless system was installed for monitoring heat trace, pressure, and flow from the new pump shacks in the North Pile
a flocculant tank was installed in close proximity to PS3
a 10-million-litre fuel tank and a fuel containment system were installed
the modular water treatment plant was completed
the 500,000-litre tank farm was recommissioned
the new domestic wastewater treatment plant in the Utilities Building was completed
domestic wastewater treatment plant upgrades were carried out
a new generator was installed in the powerhouse
a new overhead crane was installed in the mechanical shop
a new permanent winter access road re-routing was completed, as planned
the East Cell construction of the North Pile was occurring
the West Cell construction of the North Pile commenced
Care and Maintenance activities commenced
Care and Maintenance activities continued
commenced the retreat from underground working to prepare for Mine flooding
continued to monitor and maintain the sumps and North Pile
heavy equipment removal on the winter road
Care and Maintenance activities continued
withdrew from pumping and all other underground activities
began flooding the underground Mine workings
continued to monitor and maintain the sumps and North Pile
removed redundant mining inventory and heavy equipment on the winter road
reduced the camp footprint and downsized camp facilities (i.e., workshops, offices, kitchen, accommodation and utilities,
including sewage and potable water treatment plants)

IL = inland lake; STP = sewage treatment plant; PS3 = Perimeter Sump 3.
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Treated Effluent Discharge

Discharge of treated effluent to Snap Lake from Mine dewatering activities began on June 22, 2004.
Discharge flows have increased over time from 2004 until 2016 from approximately 5,000 to 58,000 cubic metres
per day (m3/day). In 2017, the flows sharply declined to zero in mid-February when pumping from underground
was stopped. In 2017 there was a seasonal discharge of approximately 5,000 m3/day in May and June
(Figure 1.3-1). The reduced discharge was consistent with predictions during the Care and Maintenance status
of the Mine.
Treated effluent was initially discharged to Snap Lake using a temporary diffuser; in 2006, the temporary diffuser
was decommissioned, and a permanent diffuser began operating approximately 500 metres (m) northeast of the
temporary diffuser. The purpose of using a diffuser was to improve mixing of the treated effluent in Snap Lake,
thereby reducing peak concentrations within a short distance of the discharge. In 2013, a second diffuser,
twinned to the permanent diffuser, was installed to discharge larger volumes of treated effluent. After February
2017, treated effluent was discharged through only one diffuser.
Minewater was treated at the temporary water treatment plant (TWTP) from 2004 to 2012, when all the minewater
was then routed to the permanent water treatment plant (WTP), which began operating in 2007. A modular WTP
(MWTP) was installed in 2014 to supplement the permanent WTP and was run in stand-alone mode in May and
June of 2017. The source of treated discharges to Snap Lake has been primarily groundwater from the
underground Mine and a small portion of treated domestic effluent up until February 2017, after which the source
of treated discharges was primarily runoff from the North Pile and water collected within the mine water catchment
area as part of spring melt.
In 2017, approximately 1.1 million cubic metres (Mm3) of combined treated effluent was discharged to Snap Lake.
In February 2017, pumping from underground ceased and the underground workings started to flood with the
expected date of completion in November 2017. However, when freshet began in mid-May 2017, the underground
workings filled faster than expected, requiring that surface water be discharged to Snap Lake. The total discharge
volume in 2017 was lower (i.e., approximately 16.5 times lower) relative to 2016 because of the flooding of the
underground workings in 2017.
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Treated Effluent Predictions and Discharge Rates to Snap Lake, 2004 to 2017

Note: Treated effluent water quantity predictions from the Updated Care and Maintenance Plan (Golder 2016).
TWTP = temporary water treatment plant; WTP = water treatment plant; MWTP = modular water treatment plant, which was added to the permanent WTP system in 2014 and run in stand-alone
mode in May and June 2017; m3/day = cubic metres per day; SNP = Surveillance Network Program.
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Objectives and Scope

1.4.1

Objective

This document represents the second Aquatic Effects Re-evaluation Report for the Mine and presents a
summary of the results from the 2012 to 2017 AEMP data to the data collected during the previous re-evaluation
cycle (2004 to 2011) and considers earlier baseline data, as appropriate. The main objectives of the 2012 to 2017
Aquatic Effects Re-evaluation Report are to meet the following:



Describe the Project-related effects on the receiving environment as measured from project inception and
compared against EAR predictions.



Update predictions of Project-related effects on the receiving environment based on monitoring results
obtained since project inception.



Propose, as necessary and appropriate, updates to the AEMP design with supporting rationale including,
but not limited to, the updated effect predictions.

Version 1 of the 2012 to 2017 Aquatic Effects Re-evaluation Report was completed under Water Licence
MV2011L2-0004 and thus addresses the requirements specified in Schedule 5, Item 3 of that licence
(Table 1.4-1). In general, this re-evaluation compared key variables for each component of the AEMP over time
and between study lakes. Comparisons for each variable were done using visual inspection of normal-range and
trend plots. In some cases, trends over time were evaluated using statistical tests. In others where data were
limited, only a review of patterns observed was possible.
Table 1.4-1

Aquatic Effects Re-evaluation Reporting Requirements Specified in Part G, Item 5 of Water Licence
MV2011L2-0004
Item

Location in Report

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 program.

Section 3

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.

Section 3

c)

A comparison of measured Project-related aquatic effects to predictions made during the
Environmental Assessment and an evaluation of any differences and lessons learned.

Section 4, Section 5

d)

Updated predictions of Project-related aquatic effects or impacts from the time of writing to the
end of Mine life based on AEMP results to date and any other relevant operational monitoring
data.

Section 4

e)

A plain language summary of the major results of the above analyses and a plain language
interpretation of the significance of those results.

Plain Language
Summary

f)

Recommendations, with rationale, for changes to Action Levels.

Section 5.4

g)

Recommendations, with rationale, for changes to any aspect of the AEMP Design Document.

Section 5.3

h)

Any other information required to meet the objectives listed in Part G, Item 5 or as requested
by the board.

n/a

Source: MVLWB 2016.
AEMP = Aquatic Effects Monitoring Program; MVLWB = Mackenzie Valley Land and Water Board; n/a = not applicable.

9

September 2020

1.4.2

19127683/DCN-013

Scope

The aquatic effects re-evaluation components and the report organization are presented in Section 1.7. As noted
above, the scope of the 2012 to 2017 Aquatic Effects Re-evaluation Report follows the approved 2013 AEMP
Design Plan (Golder 2014), with relevant updates for Care and Maintenance (Golder 2016).
Special studies occurred as needed, and included research activities that supported effects monitoring.
These studies were not part of monitoring activities, as they did not assess changes that may be related to the
Mine, but rather focus on the development of monitoring methods or further investigation of monitoring findings.

1.5

Reporting Framework and Organization

This 2012 to 2017 Aquatic Effects Re-evaluation Report includes the AEMP monitoring components water
chemistry; plankton; sediment quality; benthic invertebrates; fish (habitat, health, tissue chemistry, populations,
taste); and ecological significance which is a quantitative integration of the AEMP results, as well as a summary of
updated effect predictions and lessons learned. The report is organized as follows:








Section 1 – Introduction
Section 2 – AEMP Design
Section 3 – Aquatic Effects Re-evaluation Results
Section 4 – Updated Effect Predictions
Section 5 – Overall Conclusions, Lessons Learned, and Proposed Changes
Section 6 – Glossary

A plain language summary of the 2012 to 2017 Aquatic Effects Re-evaluation Report results for each of the above
components is also provided.

1.6

Report Limitations

The factual data, interpretations, suggestions, recommendations, and opinions expressed in this document
pertain to the specific project (site conditions, design objective, development, and purpose described to Golder
by De Beers for the Mine), and are not applicable to any other project or site location. This report is not intended
to replace De Beers’ standard operating procedures provided in the appropriate operation, maintenance,
and surveillance manual or engineering design reports for each facility. To properly understand the factual data,
interpretations, suggestions, recommendations, and opinions expressed in this document, reference must be
made to the entire document.

1.7
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2.0
2.1

AEMP DESIGN
Background

The core component of the AEMP has been operational monitoring, which occurs during all phases of the
Mine development. The AEMP allows De Beers to compare any Mine-related effects with EAR predictions,
which are discussed in greater detail in the following sections. The AEMP monitoring components are as follows:








Water quality
Sediment quality
Toxicity
Plankton
Benthic invertebrates
Fish

All monitoring components, with the exception of fish and benthic invertebrates, are undertaken annually.
Fish health, tissue chemistry and population monitoring, as well as benthic invertebrate community sampling
currently occurs on a three-year cycle. Fish tasting occurred annually until 2016.
The MVLWB (2006) approved Northeast Lake as a reference lake for the AEMP in April 2006 and Lake 13 as
a second reference lake in 2013 (MVLWB 2013). The objective of sampling reference lakes is to verify that
changes associated with external factors, such as climate change, are not attributed to the Mine (Golder 2005).
Monitoring in Northeast Lake began in 2004 and was integrated into the Snap Lake AEMP for fish in 2004,
for water quality in 2006, and for plankton, sediment quality, and benthic invertebrates in 2008. Stations in
Lake 13 were selected based on information gathered during the reference lake selection program (Golder 2005),
and monitoring for all components began during the summer of 2012 (De Beers 2012).

2.2

Objectives of the AEMP

The overall objective of the 2012 to 2017 AEMPs is to meet requirements in Part G, Item 3 of the De Beers’ Water
Licence (MV2019L2-0004). Objectives of individual AEMP monitoring components are:




Water Quality: to characterize changes in water quality in Snap Lake resulting from the Snap Lake Mine.
Sediment Quality: to characterize changes in sediment quality in Snap Lake resulting from the
Snap Lake Mine.
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Toxicity: to conduct acute and chronic aquatic toxicity tests on samples of treated effluent and lake water
collected at diffuser stations.



Plankton: to evaluate effects of the Snap Lake Mine on phytoplankton and zooplankton community
structure, and to monitor for nutrient enrichment effects by measuring phytoplankton composition and
biomass, and concentrations of chlorophyll a.



Benthic Invertebrates: to evaluate effects of the Snap Lake Mine on the benthic invertebrate community
in Snap Lake due to changes in water and sediment quality.



Fish Health: to evaluate effects of the Snap Lake Mine on fish health in Snap Lake due to changes in
water quality.



Fish Tissue Chemistry: to evaluate whether treated effluent discharged from the Mine has altered fish
in such a way as to limit their use by humans.



Fish Community Monitoring: to evaluate effects of the Snap Lake Mine on the fish community in
Snap Lake due to changes in water/sediment quality.



Fish Tasting: to evaluate whether the flavour and texture of the fish in Snap Lake are acceptable to
community members.



Qualitative Integration: an analysis that integrates the results of individual monitoring components
(e.g., water quality, sediment, fish health) to date and describes the overall ecological significance of
the results.

2.3

AEMP Study Areas

The main study areas reported for the 2012 to 2017 Aquatic Effects Re-evaluation Report are Snap Lake,
Northeast Lake, and Lake 13 and one station downstream of Snap Lake in the Lockhart River system, located
upstream of King Lake (KING01; Table 2.3-1; Figure 2.3-1). Additional sampling, as part of the water quality
program occurred in the inland lakes (IL3, IL4, and IL5) and watercourses (S1 and S27; Section 3.1) and in lakes
immediately downstream of Snap Lake as part of a special study (LCB Outlet 1, LCB Outlet 2A, LCB-1, LCB-2A,
LCB-7, and LCB-8 in Lac Capot Blanc and Node 22 and MCKY-WEST-3 in MacKay Lake; Section 3.10;
Figure 2.3-2). Table 2.3-1 presents a summary of the years of data available by lake or sampling area for each
component.
During baseline (1999), Reference Lake was sampled by all components as the reference lake; however, in 2006,
it was subsequently replaced by Northeast Lake (MVLWB 2006), following a review of potential reference lakes in
2005 (Golder 2005). The objective of sampling a reference lake is to verify that changes associated with external
factors, such as climate change, are not attributed to the Mine (Golder 2005). In 2005, thirty-three lakes were
reviewed on the basis of size, shape, and physical characteristics. Five of the lakes thought to be most similar to
Snap Lake were selected as possible reference lakes. Site specific information was collected from these five
lakes. The lake identified as most similar to Snap Lake was Northeast Lake; the second most similar lake was
Lake 13 (Golder 2005). Monitoring in Northeast Lake began in 2004 and was integrated into the Snap Lake AEMP
for fish in 2004, for water quality in 2006, and for plankton, sediment quality, and benthic invertebrates in 2008.
Lake 13 was selected as a potential second reference lake in 2012 and monitoring began in 2012, it was
approved as the second reference lake by the MVLWB in 2013 (MVLWB 2013).

13

September 2020

19127683/DCN-013

Monitoring stations in the two reference lakes, Northeast Lake and Lake 13, were selected to provide
adequate coverage of the lakes, while maintaining consistency in water depth across monitoring stations.
This Aquatic Effects Re-evaluation Report focuses on Northeast Lake and Lake 13 data, with the exception of the
fish component, which includes Reference Lake data. Reference Lake data was included in the fish component
as this component is only conducted every three to five years and, as such, has a limited dataset. As there have
been changes over time in both the locations and methods of sampling for the AEMP, it was not always
appropriate to compare all available component data for the purposes of this 2012 to 2017 Aquatic Effects
Re-evaluation Report. A summary of the years excluded from analysis and rationale is provided in Table 2.3-1,
details provided by component can be found in Section 3.
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Table 2.3-1
Sample Area

Study Area Data Summarized for the Aquatic Effects Re-evaluation Report by Sample Area
Available Data by Year
Data Incorporated
and grouped by
into the Re-evaluation
Re-evaluation Period
Report by Year

Rationale if Years Excluded
from the Re-evaluation Report

Water Quality
Snap Lake

1998-2001,
2004-2011,
2012-2017

1998-2001, 2004-2011,
2012-2017

No data excluded

Northeast Lake

2006-2011,
2012-2017

2006-2011, 2012-2017

No data excluded

Lake 13

2012-1017

2012-1017

No data excluded

1999

-

Inland Lakes

2008-2011,
2012-2017

2008-2011, 2012-2017

No data excluded

King Station

2004-2011,
2012-2017

2004-2011, 2012-2017

No data excluded

Stream 1

2005-2011,
2012-2017

2005-2011, 2012-2017

No data excluded

Stream 27

2012-2017

2012-2017

No data excluded

1999, 2004-2017

2004-2017

1999 data collected in the shallow, near-shore areas of Snap Lake
rather than open-water areas. Therefore, 1999 data were not
comparable to the rest of the dataset

Northeast Lake

2008-2015

2008-2015

No data excluded

Lake 13

2012-2015

2012-2015

No data excluded

1999

-

Effluent

2006-2011,
2012-2017

2006-2011,
2012-2017

No data excluded

Snap Lake

2005-2011,
2012-2017

2005-2011,
2012-2017

No data excluded

1999, 2004-2011,
2012-2017

2004-2011, 2012-2017

1999 data collected in the shallow, near-shore areas of Snap Lake
rather than open-water areas. Therefore, 1999 data were not
comparable to the rest of the dataset

Northeast Lake

2008-2011,
2012-2017

2008-2011, 2012-2017

No data excluded

Lake 13

2012-2017

2012-2017

No data excluded

1999

-

Reference Lake

Reference Lake replaced by Northeast Lake as the reference lake

Sediment Quality
Snap Lake

Reference Lake

Reference Lake replaced by Northeast Lake as the reference lake

Toxicity

Plankton
Snap Lake

Reference Lake

Reference Lake replaced by Northeast Lake as the reference lake
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Study Area Data Summarized for the Aquatic Effects Re-evaluation Report by Sample Area

Sample Area

Available Data by Year
Data Incorporated
and grouped by
into the Re-evaluation
Re-evaluation Period
Report by Year

Rationale if Years Excluded
from the Re-evaluation Report

Benthic Invertebrates

Snap Lake

1999, 2004-2011, 2012,
2013, 2015

2009, 2010, 2011, 2012,
2013, 2015

1999 data collected in the shallow, near-shore areas of Snap Lake
rather than open-water areas. Therefore, 1999 data were not
comparable to the rest of the dataset; 2004 to 2008 data collected
under ice-cover; therefore, not comparable to late fall sampling
which began in 2009

Northeast Lake

2008-2011, 2012, 2013,
2015

2009, 2010, 2011, 2012,
2013, 2015

2008 data collected under ice-cover; therefore, not comparable to
late fall sampling which began in 2009

2012, 2013, 2015

2012, 2013, 2015

1999

-

Snap Lake

1999, 2004, 2009, 2012,
2013, 2015, 2016

1999, 2004, 2009, 2012,
2013, 2015, 2016

2009 large-bodied (i.e., Lake Trout and Round Whitefish) fish
health and fish tissue data excluded because it was summarized
in the 2012 Aquatic Effects Re-evaluation Report; 2009 Lake
Chub data included for fish health

Northeast Lake

2004, 2009, 2012, 2013,
2015, 2016

2004, 2009, 2012, 2013,
2015, 2016

2009 large-bodied (i.e., Lake Trout and Round Whitefish) fish
health and fish tissue data excluded because it was summarized
in the 2012 Aquatic Effects Re-evaluation Report; 2009 Lake
Chub data included for fish health

Lake 13

Lake 13
Reference Lake

No data excluded
Reference Lake replaced by Northeast Lake as the reference lake

Fish

2012, 2013, 2015, 2016

2012, 2013, 2015, 2016

No data excluded

Reference Lake

1999, 2004

1999, 2004

No data excluded

Mackay Lake

2001, 2015

-

Mackay Lake area not located in the local study area but used in
normal range calculation only

Note: Data collected between 2004 and 2011 were summarized in the 2012 Aquatic Effects Re-evaluation Report and data from 2012 to 2017
are summarized as part of the 2012 to 2017 Aquatic Effects Re-evaluation Report.

2.3.1

Sampling Locations

The 2012 Aquatic Effects Re-evaluation Report (Golder 2012) recommended that the focus of the AEMP be
shifted from evaluating spatial and seasonal trends in Snap Lake, to monitoring trends over time and changes
downstream of Snap Lake. Initially, monitoring stations in Snap Lake were established to detect a spatial gradient
within the lake. In the 2013 AEMP Design Plan (Golder 2014), monitoring stations were updated to:



Provide as much overlap as possible in sampling stations among components (water quality, sediment
quality, plankton, benthic invertebrates, and fish).




Maintain consistency in stations for each component over time (i.e., 2004 to 2012 AEMPs).



Provide sufficient power (i.e., large enough sample size) to be able to detect differences considered
ecologically significant.

Reflect the shift from looking for a spatial gradient within Snap Lake, to assessing the main basin as a whole
compared to reference lakes and downstream conditions.

Sampling stations in Snap Lake by year and component, with the exception of fish, are presented in Table 2.3-2
and Figure 2.3-3 for 2012 sampling stations and Figure 2.3-4 for 2013 to 2017 sampling stations.
Sampling stations in the reference lakes, Northeast Lake and Lake 13 are presented in Table 2.3-3 and
Figures 2.3-5 and 2.3-6, respectively.

18

502000

503000

504000

505000

506000

507000

508000

509000

510000

511000

512000

7055000

7055000

501000

NORTHEAST ARM
WATER
INTAKE

7054000

SNAP04

7054000

SNAP30

SNAP08

NORTHWEST ARM
SNAP03
SNAP23

SNAP07

PERMANENT
DIFFUSER

SNAP01

SNAP28
SNAP13
SNAP20B

SNAP14
SNAP05
SNP 02-20f
SNP 02-20d
SNAP15
SNAP12

7053000

7053000

SNAP02A

SNAP29

SOUTHEAST ARM

SNAP06

SNP 02-20e

SNAP20

IL3

7052000

7052000

MAIN BASIN
SNAP26

IL4

SNAP19
SNAP11A
SNAP09
IL5

SNAP18
7051000
7050000

SNAP10

LEGEND
12

Depth Contour (m)
Watercourse

Water Quality Monitoring Station

504000

505000

Bathymetry was created in Surfer 8 using sonar data from the 2002 North Lakes program (Golder) and
2005 transect data from the Reference Lake Search program (Golder).

Benthic Invertebrate Monitoring Station

De Beers managed land and mine footprint information provided by De Beers.

Company Managed Land
Plankton Monitoring Station

506000

507000

508000

509000

510000

REFERENCE
Digital Map 75M obtained from CANVEC, Original scale 1:250,000, projection : Transverse Mercator,
Datum : NAD83, coordinate system : UTM zone 12.

Sediment Quality Monitoring Station

Waterbody

Snap Lake Mine

503000

511000

0

500

1:30,000

CLIENT

512000

1,000
METRES

PROJECT

SNAP LAKE MINE

25 mm

502000

CONSULTANT

YYYY-MM-DD

2020-09-09

PREPARED

AM

DESIGN

CG

REVIEW

KH

APPROVED

ZK

TITLE

MONITORING STATIONS IN SNAP LAKE, 2012 AEMP

PROJECT No.

CONTROL

Rev.

19127683

9500-HS-0001

0

FIGURE

2.3-3

0

501000

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI B

7050000

Path: \\golder.gds\gal\calgary\CALIM\CAD\DeBeersCanadaInc\SnapLake\99_PROJECTS\19127683\02_PRODUCTION\9500\DWG\ | File Name: 19127683-9500-0008.dwg

7051000

SNAP17

502000

503000

504000

505000

506000

507000

508000

509000

510000

511000

512000

7055000

7055000

501000

NORTHEAST ARM

7054000

7054000

WATER
INTAKE
SNAP08

NORTHWEST ARM

SNAP03
SNAP23
7053000

PERMANENT
DIFFUSER

7053000

SNAP29

SNAP05

SNP 02-20f
SNP 02-20d

SOUTHEAST ARM

SNAP06

SNAP15
SNAP20B

SNP 02-20e

IL3

7052000

7052000

MAIN BASIN
IL4

SNAP11A

IL5

7051000
7050000
LEGEND
12

Depth Contour (m)
Watercourse

Water Quality Monitoring Station

504000

505000

Bathymetry was created in Surfer 8 using sonar data from the 2002 North Lakes program (Golder) and
2005 transect data from the Reference Lake Search program (Golder).

Benthic Invertebrate Monitoring Station

De Beers managed land and mine footprint information provided by De Beers.

Company Managed Land
Plankton Monitoring Station

506000

507000

508000

509000

510000

REFERENCE
Digital Map 75M obtained from CANVEC, Original scale 1:250,000, projection : Transverse Mercator,
Datum : NAD83, coordinate system : UTM zone 12.

Sediment Quality Monitoring Station

Waterbody

Snap Lake Mine
(footprint current to 2015)

503000

511000

0

500

1:30,000

CLIENT

512000

1,000
METRES

PROJECT

SNAP LAKE MINE

25 mm

502000

Water Quality Profile Station

CONSULTANT

YYYY-MM-DD

2020-09-09

PREPARED

AM

DESIGN

CG

REVIEW

KH

APPROVED

ZK

TITLE

MONITORING STATIONS IN SNAP LAKE, 2013 TO 2017 AEMP

PROJECT No.

CONTROL

Rev.

19127683

9500-HS-0010

0

FIGURE

2.3-4

0

501000

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI B

7050000

Path: \\golder.gds\gal\calgary\CALIM\CAD\DeBeersCanadaInc\SnapLake\99_PROJECTS\19127683\02_PRODUCTION\9500\DWG\ | File Name: 19127683-9500-0010.dwg

7051000

S1

505000

506000

507000

508000

509000

510000

511000

512000

513000
LEGEND
Depth Contour (m)

7064000

7064000

Watercourse
Waterbody
Water Quality Monitoring Station
Sediment Quality Monitoring Station
Benthic Invertebrate Monitoring Station
Plankton Monitoring Station

7062000
7061000

7063000

7062000
7061000

7063000

Water Quality Profile Station

REFERENCE
Digital Map from Mackay Lake, Northwest Territories, produced by Department of Energy,
Mines and Resources. Map 75M, Original scale 1:250,000, projection : Transverse Mercator,
Datum : NAD83, coordinate system : UTM zone 12.

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI B

7060000

NEL05

7059000

7059000

0

NEL02

NEL01

NEL06
NORTHEAST LAKE

500

1:30,000

1,000
METRES

CLIENT

NEL03
PROJECT

7058000

7058000

SNAP LAKE MINE

TITLE

7057000

CONSULTANT

505000

506000

507000

508000

509000

510000

511000

512000

513000

YYYY-MM-DD

2020-09-09

PREPARED

AM

DESIGN

CG

REVIEW

KH

25 mm

MONITORING STATIONS IN NORTHEAST
LAKE, 2012 TO 2017 AEMP

ZK

APPROVED
PROJECT No.

CONTROL

Rev.

19127683

9500-HS-0006

0

FIGURE

2.3-5

0

7060000

NEL04

7057000

Path: \\golder.gds\gal\calgary\CALIM\CAD\DeBeersCanadaInc\SnapLake\99_PROJECTS\19127683\02_PRODUCTION\9500\DWG\ | File Name: 19127683-9500-0006.dwg

Bathymetry was created in Surfer 8 using sonar data from the 2002 North Lakes program
(Golder) and 2005 transect data from the Reference Lake Search program (Golder).

487000

488000

489000

490000

491000

492000

493000

494000

495000

7064000

7064000

7065000

486000

7065000

485000

7063000
7062000

7062000

7063000

LK13-01

LK13-03

LK13-02

LAKE 13

7060000

LEGEND
Depth Contour (m)
Watercourse
Waterbody

502000

503000

504000

505000

506000

507000

508000

509000

510000

511000

512000

REFERENCE
Digital Map 75M obtained from CANVEC, Original scale 1:250,000, projection : Transverse
Mercator, Datum : NAD83, coordinate system : UTM zone 12.
0

Bathymetry was created in Surfer 8 using sonar data from the 2002 North Lakes program
(Golder) and 2005 transect data from the Reference Lake Search program (Golder).

500

1:30,000

1,000
METRES

Water Quality Monitoring Station
Sediment Quality Monitoring Station

CLIENT

PROJECT

SNAP LAKE MINE
Plankton Monitoring Station
Water Quality Profile Station

25 mm

Benthic Invertebrate Monitoring Station

CONSULTANT

YYYY-MM-DD

2020-09-09

PREPARED

AM

DESIGN

CG

REVIEW

KH

APPROVED

ZK

TITLE

MONITORING STATIONS IN LAKE 13, 2012 TO 2017 AEMP

PROJECT No.

CONTROL

Rev.

19127683

9500-HS-0007

0

FIGURE

2.3-6

0

501000

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI B

7061000

LK13-04

LK13-05

7060000

Path: \\golder.gds\gal\calgary\CALIM\CAD\DeBeersCanadaInc\SnapLake\99_PROJECTS\19127683\02_PRODUCTION\9500\DWG\ | File Name: 19127683-9500-0007.dwg

7061000

LK-13-06

September 2020

Table 2.3-2

19127683/DCN-013

Sampling Stations in Snap Lake
UTM
(NAD 83, Zone 12V)

2012 to 2017 Sampling Stations

Easting

Northing

Approximate
Depth
(m)

SNP 02-20d

507411

7052845

12

X

-

X

-

-

SNP 02-20e

507158

7052607

29

X

X

X

X

-

SNP 02-20f

507316

7052949

15

X

-

X

-

-

SNP 02-20g

507501

7053089

13

X

-

X

-

-

SNAP03

507868

7053448

13

X

X

-

X

X

SNAP04

509952

7054110

4

X

-

-

-

-

SNAP05

508376

7052958

14

X

X

-

X

X

SNAP06

509424

7052594

13

X

X

-

X

X

SNAP07

510816

7053351

12

X

X

-

X

X

SNAP08(a)

511872

7053958

9

X

X

-

X

-

SNAP09

509851

7051660

15

X

X

-

-

X

SNAP10

508801

7049847

5

X

-

-

-

-

SNAP11A

508729

7051700

14

X

X

-

X

X

SNAP12

507753

7052652

8

X

-

-

-

-

SNAP14

507550

7053033

13

-

-

-

-

X

SNAP15

507376

7052723

11

-

X

-

-

X

SNAP17

508599

7051334

10

-

-

-

-

X

SNAP18

509181

7051419

13

-

-

-

-

X

SNAP19

510126

7051800

12

-

-

-

-

X

SNAP26

506718

7052116

6

X

-

-

-

-

SNAP28

507021

7052790

7

X

X

-

-

-

Lake/Station

Water Quality

Sediment
Quality

Toxicity

Plankton

Benthic Invertebrates

Snap Lake

Diffuser

Main Basin
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Sampling Stations in Snap Lake
UTM
(NAD 83, Zone 12V)

2012 to 2017 Sampling Stations

Easting

Northing

Approximate
Depth
(m)

SNAP01

502150

7052972

5

-

-

-

X

-

SNAP02A

503671

7053301

11

X

X

-

X

X

SNAP20

500834

7052393

14

-

X

-

-

X

SNAP20B

500483

7052497

35

X

-

-

X

-

SNAP23

505390

7053358

12

X

X

-

X

X

SNAP29

506563

7053378

7

X

-

-

X

-

SNAP30

503332

7054131

9

-

-

-

X

-

Lake/Station

Water Quality

Sediment
Quality

Toxicity

Plankton

Benthic Invertebrates

Snap Lake

Northwest Arm

Note: Fish monitoring occurred throughout Snap Lake in 2012, 2013, 2015 and 2016.
X = sample taken; - = no sample taken.
a) Snap Lake Outlet Station.
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Sampling Stations in Northeast Lake and Lake 13
Lake/Station

UTM
(NAD 83, Zone 12V)

Approximate
Depth (m)

2012 to 2017 Sampling Stations
Water Quality

Sediment
Quality

Toxicity

Plankton

Benthic
Invertebrates

12

X

X

-

X

X

12

X

X

-

X

X

7058560

10

X

X

-

X

X

510049

7059749

13

X

X

-

X

X

NEL05

511467

7059537

12

X

X

-

X

X

NEL06(a)

510765

7058773

27

X

-

-

-

-

LK13-01

487001

7063584

12

X

X

-

X

X

LK13-02

490783

7061866

11

X

X

-

X

X

LK13-03

492506

7061880

12

X

X

-

X

X

LK13-04

492967

7061093

10

X

X

-

X

X

492212

7060992

15

X

X

-

X

X

492070

7061231

23

X

-

-

-

-

Easting

Northing

NEL01

508416

7058982

NEL02

510105

7058927

NEL03

510247

NEL04

Northeast Lake

Lake 13

LK13-05
LK13-06

(a)

Note: Fish monitoring occurred throughout Northeast Lake and Lake 13 in 2012, 2013, 2015 and 2016.
a) Water quality profile station
X = sample taken; - = no sample taken.
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Sampling Frequency and Schedule

In 2012, all components were monitored following the original study design (De Beers 2005), while from 2013
to 2017 monitoring was based on the 2013 AEMP Design Plan (Golder 2014) and 2013 AEMP Design Plan –
Update for Care and Maintenance (Golder 2016). Water quality and plankton were monitored on an annual basis
to detect potential early warning changes and the other components of the AEMP (i.e., sediment quality,
benthic invertebrates, fish health, fish community, and fish tissue) were monitored at a frequency of once every
three years (Table 2.4-1). Fish tasting, an aspect of Traditional Knowledge, was conducted annually from 2012
to 2016.
Table 2.4-2 provides a summary of the 2012 to 2016 AEMP sampling design based on the 2013 AEMP
Design Plan (Golder 2014) and provides the number of stations and samples per station, timing of sampling
events, and sampling frequency for each component. Specific design details are presented for each component
in Section 3. Table 2.4-3 provides a summary of the 2017 AEMP sampling design based on the 2013 AEMP
Design Plan – Update for Care and Maintenance (Golder 2016).
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AEMP Sampling Schedule, 2012 to 2017

Component(a)

2012

2013

2014

2015

2016

2017

IC

OW

IC

OW

IC

OW

IC

OW

IC

OW

IC

OW

Site Characterization and Supporting Environmental Variables

√

√

√

√

√

√

√

√

√

√

√

√

Water Quality – SNP (diffuser stations)

√

√

√

√

√

√

√

√

√

√

√

√

Water Quality – AEMP

√

√

√

√

√

√

√

√

√

√

√

√

Sediment Quality – SNP (diffuser stations)

-

√

-

√

-

√

-

√

-

√

-

√

Sediment Quality – AEMP (main basin)

-

√

-

-

-

-

-

√

-

-

-

-

Toxicity – SNP (in-lake SNP 02-20)

√

√

√

√

√

√

√

√

√

√

-

√

Plankton – Phytoplankton, Zooplankton, Chlorophyll a

-

√

-

√

-

√

-

√

-

√

-

√

Benthic Invertebrates

-

√

-

√

-

-

-

√

-

-

-

-

Small-bodied Fish Health and Tissue Chemistry

-

√

-

-

-

-

-

√

-

-

-

-

Fish Community Monitoring

-

√

-

√

-

-

-

√

-

-

-

-

Fish Tasting

-

√

-

√

-

√

-

√

-

√

-

-

Note: The 2016 sampling program will follow the 2013 AEMP Design Plan, with the exception that special studies will be deferred and approved recommendations from the 2015 AEMP Annual
Report will be incorporated.
a) See Table 2.4-2 for sampling locations and frequency descriptions; frequencies take into account the Water Licence requirements in Schedule 6, Part G.
AEMP = Aquatic Effects Monitoring Program; SNP = Surveillance Network Program; IC = ice-cover conditions; OW = open-water conditions; √ = item will occur.
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Overview of the 2012 to 2016 Aquatic Effects Monitoring Programs
Sample Type

Number of
Samples per
Station

Number of
Stations

Discrete

1 (mid-depth)
or
3 (surface,
mid, bottom)

NF: 6
MF: 2
FF: 4
NW arm: 4

Depends on
presence of a
vertical conductivity
gradient

Discrete

1 (mid-depth)
or
3 (surface,
mid, bottom)

5

Monthly(b) during open-water
conditions

Surface

Discrete

1

3

Approximately twice weekly sampling
and field measurements during spring
freshet;
approximately monthly sampling and
field measurements during openwater conditions(c)

Surface

Discrete

1

1

Quarterly(a) sampling and field
measurements

Surface

Discrete

1

1

1 (open-water)

Top 5-cm for TOC,
particle size, metals,
nutrients

Composite of 3 Ekman grabs

1 composite
for chemistry

Diffuser:1
NF:7
MF:5
FF:2
NW arm:3
NEL: 5

2 (once under ice, once open-water)

Depends on
presence of a
vertical conductivity
gradient

Discrete for Ceriodaphnia dubia and
Pseudokirchneriella subcapitata toxicity
tests and composite for Early-Life Stage
fish toxicity tests

3 discrete,
2 composite

Snap Lake Main
Basin: 3

3 (open-water, monthly)

Depth-integrated
(euphotic zone)

Component

Frequency/Timing

Sampling Depth

Water Quality – Main basin
of Snap Lake

Quarterly(a) sampling and monthly(b)
field water quality profiles during
open-water and ice-covered
conditions

Depends on
presence of a
vertical conductivity
gradient

Quarterly(a) sampling and field
measurements

Water Quality – NEL
(reference)
Water Quality – Inland lake
stations
Water Quality – Station in
major tributary to
Snap Lake
Water Quality –
Downstream stations

Sediment Quality

Toxicity

Plankton – Phytoplankton,
Total Nitrogen and Total
Phosphorus; Microcystins(d)

Composite of euphotic zone samples

Snap Lake – Main
Basin: 6(b)
1 of each type
NW arm: 3
NEL: 5
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Overview of the 2012 to 2016 Aquatic Effects Monitoring Programs

Component

Plankton – Chlorophyll a

Plankton – Zooplankton

Benthic Invertebrates

Frequency/Timing

Sampling Depth

3 (open-water, monthly)

Depth-integrated
(euphotic zone)

3 (open-water, monthly)

Depth-integrated
(full water column
vertical tow)

1 (open-water)

Fish Health

Once every 5 years (open-water)

10 to 15 m

n/a

Sample Type

Composite of euphotic zone samples

Discrete

Composite of 6 grabs (grabs are kept
separate at selected stations)
Lethal survey:
30 adult male
30 adult female
30 juvenile

Number of
Samples per
Station

Number of
Stations

2

Snap Lake – Main
Basin: 6
NW arm: 3
NEL: 5:

2

Snap Lake – Main
Basin: 6
NW arm: 3
NEL: 5:

1

NF: 5
MF: 5
FF: 0
NW arm: 3
Ref (NEL):5

n/a

Snap Lake;
NEL

Target is 10

Snap Lake;
NEL

Non-lethal survey: 100-400 fish
Fish Tissue Chemistry

Fish Population

Once every 5 years (open-water)

n/a

Once per year every five years during
open-water immediately after ice-out

Depth stratified

1 (open-water)

n/a

Fish Tasting

Individual or composite of muscle tissue

Minimum of 31
Represents a composite for the entire lake
gill net sets
n/a

n/a

Composite is
assumed to
represent the
entire lake
Snap Lake

(a) The AEMP requires that all stations within Snap Lake and Northeast Lake, and the station downstream of Snap Lake, be monitored quarterly for all field and selected laboratory parameters
(De Beers 2005).
(b) Monthly collection of water quality samples and field water quality profiles at stations near the diffuser is a requirement of both the AEMP (De Beers 2005) and the Surveillance Network
Program (SNP). The Fisheries Act Authorization also requires monthly monitoring of field water quality profiles at all stations in Snap Lake from February to May (DFO 2004). Monthly monitoring
of the three inland lakes was recommended in the Environmental Assessment Report (De Beers 2002).
(c) As outlined in De Beers (2005).
(d) A picoplankton study was included as part of the plankton program from 2008 to 2011 and followed the same sampling frequency as the plankton component.
AEMP = Aquatic Effects Monitoring Program; NF = near-field; MF = mid-field; FF = far-field; NW arm = northwest arm; NEL = Northeast Lake; TOC = total organic carbon; n/a = not applicable.
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Summary of the 2017 Sampling Based on the 2013 AEMP Design Plan Update for Care and Maintenance

Component(a)
Water Quality –
SNP (Mixing Zone)

Frequency

Timing

Annually

1 ice-cover
Monthly during
discharge(b)

Annually
Water Quality – AEMP
Once every 3
years

1 ice-cover
2 open-water(e)

Number of Stations

Diffuser: 3

(c)(d)

Main Basin: 5(d)
NWA: 2
NEL: 3 to 5(f)
Lake 13: 5

Sample Type

Number of Samples
per Station

Discrete

1 (depth of maximum
conductivity, or mid-depth
if no conductivity gradient is
present)

Depends on presence of
a vertical conductivity
gradient

Discrete

1 (depth of maximum
conductivity, or mid-depth
if no conductivity gradient is
present)

Sampling Depth
Depends on presence of
a vertical conductivity
gradient

Water Quality – Station
in tributary to Snap Lake

Annually

Once during spring
freshet

1

Surface

Discrete

1

Sediment Quality – SNP

Annually

1 open-water

Diffuser: 1

Top 2-cm

Composite of 3
sediment grabs

1 composite at each depth
for chemistry

Once every 3
years

1 open-water

Main Basin: 5
NEL: 5
Lake 13: 5

Top 5-cm for TOC,
particle size, metals,
nutrients

Composite of 3
sediment grabs

1 composite for chemistry

Daphnid and
algal toxicity –
Annually

Twice during
discharge (freshet,
post-freshet)

Fish early life
stage toxicity Annually

Discrete

Once during
discharge

Depends on presence of
a vertical conductivity
gradient

1 (depth of maximum
conductivity, or mid-depth if
no conductivity gradient is
present

Depth-integrated
(euphotic zone)

Composite of
euphotic zone
samples

1

Full water column
vertical tow

Discrete

1

10 to 15 m

Composite of 6 grabs

1 composite

Sediment Quality –
AEMP

Toxicity – SNP (Mixing
Zone)

Plankton –
Phytoplankton and
Chlorophyll a

Annually
Once every 3
years

2 open-water(e)

Benthic Invertebrates

Once every 3
years
Once every 3
years

Main Basin: 5
NEL: 5
Lake 13: 5

Annually
Plankton – Zooplankton

Diffuser:

3(d)

2 open-water(e)

Main Basin: 5
NEL: 5
Lake 13: 5

1 open-water

Main Basin: 5
NEL: 5
Lake 13: 5
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Summary of the 2017 Sampling Based on the 2013 AEMP Design Plan Update for Care and Maintenance

Component(a)

Fish

Frequency

Timing

Small bodied fish
health and tissue
chemistry – Once
every 3 years

1 open-water

Fish community
– Only if
triggered by the
small-bodied fish
health(g)

1 open-water

Large-bodied fish
tissue – Only if
triggered by the
small-bodied fish
health

1 open-water

Number of Stations

Number of Samples
per Station

Sampling Depth

Sample Type

Snap Lake
NEL
Lake 13

n/a

Lethal survey:
-40 adult males
-40 adult females
-40 juveniles

Composite is assumed
to represent the entire
lake

Depth stratified

Represents a
composite for the
entire lake

Minimum of 31 gill net sets

n/a

Individual or
composite of muscle
tissue, liver and
kidney; archive bone
for subset of largebodied fish

10 Lake Trout
10 Round Whitefish

10 Lake Chub (for tissue
chemistry)

Non-lethal survey:
-100 to 400 fish

Snap Lake
NEL
Lake 13

a) This table excludes end of pipe SNP sampling.
b) Discharge likely occurs during open-water (freshet to September); samples collected as ice conditions allow.
c) One or two diffusers will be operational during discharge; the number of diffuser stations monitored was reduced to three to reflect reduced discharge volumes (rationale provided in
Section 4.2).
d) Assumes that Annex A of the Water Licence will be updated.
e) Samples collected in July and August/September. If no discharge occurs in a given open-water month, the fifth water quality station will be a diffuser station (see Table 4.2-1).
f) For water quality, three stations would be monitored annually in Northeast Lake and five stations would be monitored in Northeast Lake and Lake 13 during the biological monitoring year.
A water quality field profile will be collected from an additional deep station each year.
g) If negative effects in fish health are detected outside of normal range, a fish community program may be done.
AEMP = Aquatic Effects Monitoring Program; SNP = Surveillance Network Program; NWA = northwest arm; NEL = Northeast Lake; TOC = total organic carbon; n/a = not applicable.
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Special Studies

Special studies occurred as needed between 2012 and 2017, and included research activities that supported
effects monitoring or response plan triggers. These studies were not part of monitoring activities, as they did not
assess changes that may be related to the Mine, but rather focused on development of monitoring methods,
further investigation of monitoring findings, to fill data gaps or to aid in action level evaluations. Table 2.5-1
provides a summary of the special studies conducted throughout the AEMP program to date.
Table 2.5-1

Special Studies Conducted Under the AEMP Program, 2004 to 2017

Year

2004

2005
2006
2007
2008
2009
2010

2011

2012

2013

Special Study

Reference

Baseline study of fish health in Snap Lake, Northeast Lake, and Reference Lake

Section 2.1 in De Beers 2005

Study of the baseline benthic invertebrate communities in Snap Lake

Section 2.2 in De Beers 2005

Baseline study of natural variability in community structure and population
characteristics of zooplankton and phytoplankton in Snap Lake. This included a
critical effect size study for cyanobacterial species in Snap Lake

Section 2.3 in De Beers 2005

Critical effect size study for periphyton species

Section 2.4 in De Beers 2005

Juvenile fish special study

Section 6 in De Beers 2006

Juvenile fish special study

Section 6 in De Beers 2007

Plume characterization study

Section 8 in De Beers 2007

Plume characterization study

Section 7 in De Beers 2008

Plume characterization study

Section 7 in De Beers 2009

Picoplankton study

Section 3.4.5 in De Beers 2009

Plume characterization study

Section 7 in De Beers 2010

Picoplankton study

Section 3.4.5 in De Beers 2010

Picoplankton study

Section 3.4.5 in De Beers 2011

Picoplankton study

Section 3 in De Beers 2012

Field surveys for targeted water quality programs, including samples downstream
Section 2.2.2 in De Beers 2012
of Snap Lake
Benthic invertebrate mesh size study

Section 5.4.8 in De Beers 2012

Littoral zone special study

Section 12.1 in De Beers 2013

Picoplankton study

Section 5 in De Beers 2013

Nutrient special study

Section 12.4 in De Beers 2013

Downstream special study (characterization of water quality, sediment quality,
plankton, and benthic invertebrate communities in downstream lakes of
Snap Lake)

Section 12.2 in De Beers 2013

Slimy Sculpin study

Appendix 7A in De Beers 2013

Stable isotope study

Section 11.5 in De Beers 2014

Littoral special study

Section 11.1 in De Beers 2014

Nutrient special study

Appendix 3B in De Beers 2014

Picoplankton study

Section 11.2 in De Beers 2014

Downstream special study (characterization of water quality and sediment quality
and bathymetric surveys in Lac Capot Blanc)

Section 11.3 in De Beers 2014

Lake Trout population estimate special study

Section 11.4 in De Beers 2014
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Special Studies Conducted Under the AEMP Program, 2004 to 2017

Year

2014

Special Study

Reference

Littoral special study

Section 11.1 in De Beers 2015

Picoplankton study

Section 11.2 in De Beers 2015

Nutrient special study (split samples)

Appendix 1A in De Beers 2015

Downstream special study (characterization of water quality, sediment quality,
plankton and benthic invertebrate communities in downstream lakes of Snap Lake Section 11.3 in De Beers 2015
and fish composition and tissue metal concentrations in Lac Capot Blanc)

2015

2017

2.6

Nutrient special study (split samples)

Appendix 1A in De Beers 2016

Picoplankton study

Section 12.2 in De Beers 2016

Downstream special study – Downstream watercourse special study
(characterization of water quality from Snap Lake to MacKay Lake and plankton
composition in Lac Capot Blanc)

Section 12.1 in De Beers 2016

MacKay Lake Thallium and Cesium study (fish and benthic invertebrate study
related to Thallium and Cesium in fish tissue in MacKay Lake)

Appendix 9E and 9F in De Beers
2016

Downstream special study – Downstream watercourse special study
(characterization of water quality downstream of Snap Lake to MacKay Lake and
assessment of the range of natural variability in MacKay Lake)

Section 3.4.5.4 in De Beers 2018
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AQUATIC EFFECTS RE-EVALUATION RESULTS
Water Quality

3.1.1

Overview

The focus of water quality monitoring, as outlined in the two most recent Snap Lake AEMP Design Plans
(Golder 2014, 2016a), is on evaluating temporal, spatial and seasonal trends in Snap Lake; comparing water
quality in Snap Lake to AEMP benchmarks and predictions; and evaluating changes downstream of Snap Lake.
To provide context to the monitoring results in Snap Lake and downstream, the quality of the treated effluent
discharged to Snap Lake is compared to relevant Water Licence limits and predictions, and discharge
concentrations, volumes, and loadings are reviewed for trends over time.
The primary objectives of the water quality component of the AEMP defined in the 2013 AEMP Design Plan
(Golder 2014) have been updated to reflect changes to Water Licence MV2011L2-0004 (Schedule 6, Part G),
additions based on the 2013 AEMP Design Plan - Update for Care and Maintenance (Golder 2016a) and the
Downstream Watercourses Special Study (DSW SS) Report (Golder 2017), and to meet the requirements of the
current Water Licence (MV2019L2-0005; Part G). The current objectives are:



To characterize and interpret water quality in Snap Lake and downstream for the purpose of identifying any
Mine-related effects.





To verify and update effect predictions.
To support and inform management decisions made by Mine personnel (i.e., the Response Framework).
To recommend changes to the water quality component of the AEMP for future years, if warranted.

To meet the current objectives, analyses and interpretation of water quality data were focused on answering
six key questions:
1)

Are concentrations or loads of key water quality parameters in discharges to Snap Lake below
Water Licence limits and consistent with predictions?

2)

Are concentrations of key water quality parameters in Snap Lake below AEMP benchmarks?

3)

Which water quality parameters are increasing over time in Snap Lake and how do concentrations of these
parameters compare to AEMP benchmarks, concentrations in reference lakes, and predictions?

4)

Are spatial and seasonal patterns in water quality in Snap Lake and downstream waterbodies consistent
with predictions?

5)

Is there evidence of acidification effects from the Mine on nearby waterbodies? (assessment of this
key question deferred during Care and Maintenance)

6)

Is water from Snap Lake safe to drink?

Detailed results for the AEMP programs have been presented in the AEMP annual reports from 2005 to 2017.
This re-evaluation of the water quality results presents a summary of the data collected as part of the AEMP
since discharge began in 2004, with a focus on the status of water quality in Snap Lake as of 2017 for
comparisons to AEMP benchmarks, predictions, normal ranges, and Action Levels.
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Description of Overall Trends
Temporal Trends in Treated Effluent Concentrations and Loads to Snap Lake

Since the discharge of treated effluent from the Mine began in 2004, total dissolved solids (TDS) has been one of
the key parameters monitored in the effluent and in Snap Lake. From 2004 to 2009, concentrations of TDS in the
treated effluent varied by over 2,000 milligrams per litre (mg/L) (i.e., from approximately 300 to 2,600 mg/L).
After 2009, concentrations of TDS were more consistent and ranged from approximately 500 to 800 mg/L;
increases of approximately 100 mg/L were observed in 2013 and 2015. Concentrations of TDS in treated effluent
increased by 100 mg/L in mid-2013 from 650 mg/L to 750 mg/L, and increased by 100 mg/L to 850 mg/L and
then decreased by 100 mg/L in 2015. The 2017 average concentration of TDS (528 mg/L) was lower compared to
previous years (Figure 3.1-1).
Concentrations of nitrogen parameters, particularly nitrate (Figure 3.1-2), nitrite, ammonia, and total Kjeldahl
nitrogen (TKN), fluctuated between 2004 and 2016, and generally increased during the warmer months.
A decrease in nitrogen concentrations occurred between 2012 and 2016. The temporal patterns in concentrations
of nitrogen parameters in the treated effluent were likely related to De Beers’ revised nitrogen management
practices at the Mine (De Beers 2015a) and the reduction of explosives use underground in 2016 (De Beers
2016a), which have reduced nitrogen concentrations in minewater. Concentrations of nitrogen parameters in the
effluent increased in May 2017, which was related to changes in the source of the influent water and treatment
systems. In May and June 2017, the influent water was drawn from the water management pond (WMP),
which received inflow from the North Pile sumps (which are generally high in nitrate; De Beers 2018), and surface
run-off from the Mine, treated using the modular water treatment plant (MWTP).
In 2017, concentrations of most other parameters in the treated effluent were within the range of concentrations
measured in the last five years. In May and June 2017, concentrations of total suspended solids (TSS),
magnesium, potassium, sulphate, nitrate, nitrite, TKN, total phosphorus (TP) and total boron, cobalt, copper,
iron, molybdenum, rubidium, titanium, and uranium were generally higher compared to previous years
(De Beers 2018). However, similar peak concentrations of TP and total copper were observed in previous years
(2014 for TP and late 2015/early 2016 for total copper). Concentrations of calcium, chloride, sodium, reactive
silica, total alkalinity, hardness, total lithium, and total strontium were lower in 2017 compared to previous years
(De Beers 2018). The higher concentrations of TSS, TP, total nitrogen (TN), some metals, and sulphate in 2017
may be related to the treatment process when all treated effluent was discharged through the MWTP and
ferric sulphate was used as a flocculating agent (Mensah-Yeboah 2018, pers. comm.). Concentrations of zinc
increased in 2016 compared to the previous years, and in 2017 remained similar to 2016 concentrations
(Figure 3.1-3).
Loadings of parameters in the treated effluent have generally increased over time from 2004 to 2016, due to the
increase in volume of discharge. In 2017, loadings of all parameters were generally lower or within the range of
previously observed rates due to the lower volume of discharge (Figures 3.1-1 to 3.1-3).
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Figure 3.1-1
Total Dissolved Solids in Treated Effluent, 2004 to 2017
a) Concentration

Note: The WL limits and calculations of rolling averages were based on the WL that was in effect (Tables 3A-1 to 3A-3 in Appendix 3A of De Beers 2018).
SNP 02-17 = treated effluent from the temporary water treatment plant; SNP 02-17B = treated effluent from the permanent water treatment plant; SNP = Surveillance Network Program;
mg/L = milligrams per litre; Rolling Avg = rolling average; WL = Water Licence.

b) Total Loading from Water Treatment Plant

Note: Total loading from water treatment plant includes the recycled loading from seepage of Snap Lake.
SNP 02-17 = treated effluent from the temporary water treatment plant; SNP 02-17B = treated effluent from the permanent water treatment plant; SNP = Surveillance Network Program;
kg/day = kilograms per day.

37

September 2020

19127683/DCN-013

Figure 3.1-2
Nitrate in Treated Effluent, 2004 to 2017
a) Concentration and Rolling Average

Note: The WL limits and calculations of rolling averages were based on the WL that was in effect (Tables 3A-1 to 3A-3 in Appendix 3A of De Beers 2018).
SNP 02-17 = treated effluent from the temporary water treatment plant; SNP 02-17B = treated effluent from the permanent water treatment plant; SNP = Surveillance Network Program;
N = nitrogen; mg/L = milligrams per litre; WL = Water Licence; Rolling Avg = rolling average.

b) Total Loading from Water Treatment Plant

Note: Total loading from water treatment plant includes the recycled loading from seepage of Snap Lake.
SNP 02-17 = treated effluent from the temporary water treatment plant; SNP 02-17B = treated effluent from the permanent water treatment plant; SNP = Surveillance Network
Program; kg/day = kilograms per day; N = nitrogen.
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Figure 3.1-3
Total Zinc in Treated Effluent, 2004 to 2017
a) Concentration

Note: The WL limits and calculations of rolling averages were based on the WL in effect (Tables 3A-1 to 3A-3 in Appendix 3A of De Beers 2018).
Non-Detect = values reported as less than the detection limit; SNP 02-17 = treated effluent from the temporary water treatment plant; SNP 02-17B = treated effluent from the permanent water
treatment plant; SNP = Surveillance Network Program; µg/L = micrograms per litre; Rolling Avg = rolling average.

b) Total Loading from Water Treatment Plant

Note: Total loading from water treatment plant includes the recycled loading from seepage of Snap Lake.
Non-Detect = values reported as less than the detection limit; SNP 02-17 = treated effluent from the temporary water treatment plant; SNP 02-17B = treated effluent from the permanent water
treatment plant; SNP = Surveillance Network Program; kg/day = kilograms per day.
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Temporal Trends in Snap Lake and Downstream

The Environmental Assessment Report (EAR) predicted that concentrations of TDS and major ions, nutrients,
and some metals would increase, and dissolved oxygen (DO) would decrease in Snap Lake due to the discharges
of treated effluent from the Mine; smaller increases in effluent-related parameters (e.g., TDS) were also predicted
downstream of Snap Lake (De Beers 2002). Due to the source of groundwater pumped from the Mine as the
primary influent to the water treatment pond (WTP), the treated effluent has elevated concentrations of TDS and
major ions, and some metals, relative to Snap Lake. The treated effluent also contains elevated concentrations of
both nitrogen and phosphorus. In particular, the treated effluent contains elevated concentrations of dissolved
inorganic nitrogen, including nitrate and ammonia, from nitrogen-based explosives used in the mining process.
The treated domestic waste water also contains nitrogen and phosphorus (De Beers 2018). As predicted,
increasing trends in most of these parameters have been observed in the main basin and to a lesser extent in the
northwest arm and downstream of Snap Lake; the spatial pattern observed in Snap Lake and downstream is
consistent with the proximity and exposure to the effluent plume in these areas. The predicted decrease in
DO concentrations has not been observed in Snap Lake.
Increasing trends in TDS concentrations have been evident in every area of Snap Lake, including the area
around the diffuser, the main basin, and northwest arm, from 2008 until 2016. In 2017, decreases in TDS
concentrations were evident in the diffuser area for the first time since discharge of the treated effluent began
in 2004 (Figure 3.1-4). Concentrations of other parameters that are strongly correlated with conductivity
(e.g., hardness, alkalinity, bicarbonate, calcium, chloride, fluoride, magnesium, potassium, reactive silica, sodium,
sulphate, nitrate, nitrate/ nitrite, and TN, and total barium, boron, cesium, lithium, molybdenum, nickel, rubidium,
strontium, and uranium) have shown an increase in Snap Lake from baseline values. However, concentrations
of these parameters in Snap Lake were either decreasing in 2017 or no longer increasing, with the exception of
fluoride (Table 3.1-1). Fluoride is the only parameter for which increasing trends continued in 2017 in all areas
of Snap Lake.
Clear increasing trends in concentrations of three nitrogen parameters (nitrate, nitrite, TN, and TKN) were
observed throughout Snap Lake from 2007 to 2012; further increases in concentrations of nitrate, nitrite, TN,
and TKN were not observed after 2013 (Figure 3.1-5). Decreasing trends in concentrations of these four nitrogen
parameters were observed at the diffuser stations and in the main basin of Snap Lake since: 2013 for TKN,
2015 for nitrate and TN, and 2016 for nitrite. Increasing trends in concentrations of total ammonia were evident
throughout Snap Lake from 2010 to 2013; clear decreasing trends in concentrations of total ammonia were
observed at the diffuser stations and in the main basin of Snap Lake from 2014 to 2017. Decreases in nitrogen
concentrations are likely due to improvements De Beers made to nitrogen management practices at the Mine
(De Beers 2015a) and the cessation of explosives use for mining during Care and Maintenance, and the
associated lower loading in the treated effluent.
Concentrations of TP, as measured by both the water quality (mid-depth samples) and plankton (depth-integrated
euphotic zone sample) components, are not increasing in Snap Lake based on both visual review of temporal
plots and statistical trend analyses (Figure 3.1-6). Statistical trend analysis identified decreasing trends for
TP concentrations between 2004 and 2017 at two of the five stations in the main basin of Snap Lake; no trends
were identified in Northeast Lake. The decreasing trends in TP concentrations identified in the main basin and
the absence of similar decreasing trends in Northeast Lake, indicate that the decrease in TP concentrations
may be related to the Mine. However, TP loadings from the Mine were expected to have resulted in increasing
TP concentrations in Snap Lake, rather than decreasing concentrations. Therefore, the decreasing trend in
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phosphorus concentration identified in Snap Lake may be related to an indirect Mine effect, such as an increase
in biological uptake of phosphorus in the water column, which would be removed as organisms die and fall to the
bottom of Snap Lake, and/or precipitation of the phosphorus from the water column and settling to the sediments.
Increasing trends were evident for most of the metals strongly correlated to conductivity in one or more areas of
Snap Lake between 2004 and 2016; increases in these metals were not evident after 2016, with the exception
of the northwest arm (Table 3.1-1). In 2017, decreases in concentrations of total barium, boron, lithium,
molybdenum and rubidium were observed in the diffuser area for the first time since discharge of the treated
effluent began in 2004. Decreases in concentrations of total nickel, which were observed in the diffuser area in
2016, continued in 2017. The lower volume of treated effluent discharged to Snap Lake in 2017 compared to
previous years, and decreases in concentrations for some parameters in the treated effluent in 2017
(e.g., total barium, lithium, and strontium) were likely the cause of the recent decreases, or lack of continued
increases, in concentrations of these metals in Snap Lake.
As of 2017, concentrations of total antimony, cobalt, iron, and manganese had statistically significant
increasing trends in one or more areas of Snap Lake from baseline, and no statistically significant increasing
trends in Northeast Lake. Concentrations of total antimony, cobalt, and iron in the treated effluent were greater in
2017 than in 2016. A potential Mine-related spatial pattern was also identified for antimony, cobalt,
and manganese concentrations in Snap Lake. Therefore, the increasing trends in concentrations of
total antimony, cobalt, iron, and manganese in Snap Lake may have been related to the Mine.
Increased TDS concentration was observed downstream of Snap Lake. Trend analyses indicated that conductivity
and concentrations of TDS are increasing at the Lac Capot Blanc (LCB) outlets and at KING01, but not at
Node 22 (Figure 3.1-7). Because decreases in concentrations of TDS concentrations in Snap Lake were evident
in 2017, and are expected to continue as the discharge of treated effluent discharge decreases, concentrations of
TDS and other effluent-related parameters are also expected to decrease downstream of Snap Lake over the
long-term. Clear increasing trends have not been evident in nutrient parameters (i.e., TP and nitrate) downstream
of Snap Lake (Figures 3.1-8 and 3.1-9).

41

September 2020

Table 3.1-1

19127683/DCN-013

Summary of Temporal Assessment Results in Snap Lake, 2004 to 2017
Parameter

Temporal Trends in Snap Lake Area (2004 to 2017)(b)

Strength of Correlation
to Conductivity(a)

Diffuser

Main Basin

Northwest Arm

Moderate

↑

↑

↑

Moderate

↑

↑

↑

Field Parameters
pH
Conventional Parameters
Laboratory pH
Total Dissolved Solids, Calculated

High

↑ to 2016 then ↓

↑ to 2016

↑

Total Suspended Solids

No Correlation

-

-

-

Turbidity

No Correlation

-

-

-

Bicarbonate, as HCO3

High

↑ to 2016

↑ to 2016

↑

Calcium

High

↑ to 2016 then ↓

↑ to 2016

↑

Chloride

High

↑ to 2016 then ↓

↑ to 2016

↑

Fluoride

High

↑

↑

↑

Hardness, as CaCO3

High

↑ to 2015

↑ to 2016

↑

Magnesium

High

↑ to 2015 then ↓ in 2017

↑ to 2016

↑

Potassium

High

↑ to 2015

↑ to 2015

↑

Reactive Silica, as SiO2

High

↑ to 2014 then ↓

↑ to 2013 then ↓ from 2015

↑

Sodium

High

↑ to 2016

↑ to 2016

↑

Sulphate

High

↑ to 2015 then ↓ in 2017

↑ to 2016

↑

Total Alkalinity, as CaCO3

High

↑ to 2016

↑ to 2016

↑

Low

-

↓ (SNAP05)

-

No Correlation

-

-

-

High

↑ to 2012 then ↓ from 2014

↑ to 2013 then ↓ from 2015

↑ to 2013

Major Ions

Nutrients and Carbon
Dissolved Inorganic Phosphorus(c)
Dissolved Organic Phosphorus, calculated
Nitrate, as N
Nitrate/Nitrite, as N, calculated
Nitrite, as N
Ortho-Phosphate, as P
Total Ammonia, as N

High

↑ to 2012 then ↓ from 2014

↑ to 2013 then ↓ from 2015

↑ to 2013

Moderate

↑ to 2012 then ↓ from 2016

↑ to 2012 then ↓ from 2016

↑ to 2012

No Correlation

-

-

-

Moderate

↑ to 2010 then ↓ from 2014

↑ to 2010 then ↓ from 2014

↑ to 2010
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Summary of Temporal Assessment Results in Snap Lake, 2004 to 2017
Temporal Trends in Snap Lake Area (2004 to 2017)(b)

Strength of Correlation
to Conductivity(a)

Diffuser

Main Basin

Northwest Arm

Total Dissolved Phosphorus(c)

Low

-

↓ (SNAP11/11A)

↓ (SNAP23)

Phosphorus(c)

Low

-

↓ (SNAP11/11A)

-

Moderate

↑ to 2009 then ↓ from 2013

↑ to 2009 then ↓ from 2013

↑ to 2010 then ↓ from 2011

Parameter
Nutrients and Carbon (cont’d)
Total Inorganic

Total Kjeldahl Nitrogen
Total Nitrogen, calculated
Total Organic Carbon
Total Organic Phosphorus, calculated
Total

High

↑ to 2012 then ↓ from 2014

↑ to 2013 then ↓ from 2015

↑

Moderate

-

-

-

No Correlation

-

-

Phosphorus(c)(d)

↓ (SNAP11/11A) and ↓

(SNAP03)(e)

Low

-

-

Aluminum

Moderate

-

-

-

Antimony(c)

No Correlation

-

↑ (SNAP05)

-

Arsenic, CCMS

No Correlation

-

-

-

Barium

High

↑ to 2016 then ↓

↑ to 2016

↑

Beryllium

Not

Tested(f)

-

-

-

Not

Tested(f)

Total Metals

Bismuth
Boron
Cadmium, CCMS
Cesium(c)

-

-

-

High

↑ to 2015
then ↓ in 2017

↑ to 2015

↑

No Correlation

-

-

-

High

-

-

-

Chromium, CCMS

No Correlation

-

-

-

Cobalt(c)

No Correlation

-

↑ (SNAP08 and SNAP11/11A)

-

Copper

Low

-

-

-

Iron(c)

Low

↑ (SNP 02-20e)

↑ (SNAP08 and SNAP11/11A)

-

Lead

No Correlation

-

-

-

High

↑ to 2015
then ↓ in 2017

↑ to 2015

↑

No Correlation

↑ (SNP 02-20e)

-

-

Lithium
Manganese(c)
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Summary of Temporal Assessment Results in Snap Lake, 2004 to 2017
Temporal Trends in Snap Lake Area (2004 to 2017)(b)

Strength of Correlation
to Conductivity(a)

Diffuser

Main Basin

Northwest Arm

No Correlation

-

-

-

Molybdenum

High

↑ to 2015
then ↓ in 2017

↑ to 2015

↑

Nickel

High

↑ to 2015 then ↓

↑ to 2015
then ↓ in 2017

↑

Rubidium

High

↑ to 2015
then ↓ in 2017

↑ to 2015

↑

Selenium

Not Tested(f)

-

-

-

Tested(f)

-

-

-

Parameter
Total Metals (cont’d)
Mercury (Flett)

Silver

Not

Strontium

High

↑ to 2016

↑

↑

Thallium(c)

Moderate

-

↑ (SNAP08)

-

Titanium(c)

Low

-

↓ (SNAP08)

-

Uranium

High

↑ to 2016

↑ to 2015

↑

Vanadium, CCMS

No Correlation

-

-

-

Zinc

No Correlation

-

-

-

a) Parameters were tested for a significant correlation with laboratory conductivity using Pearson correlation testing. The strength of the correlations were classified as low (r <0.3),
moderate (r between 0.3 and 0.7), or high (r >0.7) based on ranges provided by Hinkle et al. (2003). Parameters with moderate and high positive correlations with conductivity were considered
to reflect the chemical signature of treated effluent exposure. Refer to the 2017 AEMP Annual Report for details about the correlation analysis (De Beers 2018).
b) Identification of temporal trends was based on a visual review of temporal plots, with the exception of trends identified by station names. Where station names are included with the trend,
statistical trend tests were completed using SYSTAT 13.1 (SYSTAT 2009).
c) Statistical testing for temporal trends were completed as described in Table 3.2-9 in Section 3.2.2.4 of the 2017 AEMP Annual Report (De Beers 2018).
d) Statistical testing for temporal trends were completed separately for concentrations of total phosphorus from samples collected as part of the water quality (i.e., typically mid-depth) and from
plankton (depth-integrated in the euphotic zone) components.
e) The statistical trend identified for total phosphorus at SNAP11/SNAP11A was based on samples collected as part of the water quality component. The statistical trend identified for total
phosphorus at SNAP03 was based on samples collected as part of the plankton component.
f) Correlation analysis was not completed for this parameter because at least 99% of the results were the same value.
CaCO3 = calcium carbonate; HCO3 = bicarbonate; Hg = mercury; N = nitrogen; P = phosphorus; SiO2 = silica; Flett = Flett Research Limited; ↑ = increasing concentration; ↓ = decreasing
concentration; - = indicates no increasing or decreasing trend; <= less than; >= greater than; r = Pearson correlation coefficient; CCMS = collision cell inductively coupled plasma mass
spectrometry.
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Total Dissolved Solids Concentrations in Snap Lake and the Reference Lakes, 2004 to 2017

Note: Details on the calculation of the normal range are discussed in Appendix 3D of the 2017 AEMP Annual Report (De Beers 2018). Data shown are from representative stations within
Snap Lake: Diffuser Area = SNAP13 (2004 to April 2006) and SNP 02-20e (July 2006 to 2017); main basin = SNAP05, SNAP08 (2004 to 2017), SNAP11 (2004 to April 2006) and SNAP11A
(July 2006 to 2017); northwest arm = SNAP02 (2004 to April 2006), SNAP02A (July 2006 to 2016) and SNAP23 (2007 to 2017); reference lakes = NEL01 to NEL05 and LK13-01 to LK13-05.
SNP = Surveillance Network Program; NEL = Northeast Lake, LK13 = Lake 13; mg/L = milligrams per litre.

45

September 2020

Figure 3.1-5

19127683/DCN-013

Nitrate Concentrations in Snap Lake and the Reference Lakes, 2004 to 2017

Note: Details on the calculation of the normal range are discussed in Section 3D.1.2 of the 2017 AEMP Annual Report (De Beers 2018). Data shown are from representative stations within
Snap Lake: Diffuser Area = SNAP13 (2004 to April 2006) and SNP 02-20e (July 2006 to 2017); main basin = SNAP05, SNAP08 (2004 to 2017), SNAP11 (2004 to April 2006) and SNAP11A
(July 2006 to 2017); northwest arm = SNAP02 (2004 to April 2006), SNAP02A (July 2006 to 2016) and SNAP23 (2007 to 2017); reference lakes = NEL01 to NEL05 and LK13-01 to LK13-05.
Open symbols are sample concentrations that were reported as less than the detection limit.
SNP = Surveillance Network Program; NEL = Northeast Lake; LK13 = Lake 13; mg-N/L = milligrams as nitrogen per litre; N = nitrogen.
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Total Phosphorus Concentrations in Snap Lake and the Reference Lakes, 2004 to 2017

Note: Details on the calculation of the normal range are discussed in Appendix 3D of the 2017 AEMP Annual Report (De Beers 2018). Data shown are from representative stations within
Snap Lake: Diffuser Area = SNAP13 (2004 to April 2006) and SNP 02-20e (July 2006 to 2017); main basin = SNAP05, SNAP08 (2004 to 2017), SNAP11 (2004 to April 2006) and SNAP11A
(July 2006 to 2017); northwest arm = SNAP02 (2004 to April 2006), SNAP02A (July 2006 to 2016) and SNAP23 (2007 to 2017); reference lakes = NEL01 to NEL05 and LK13-01 to LK13-05.
Open symbols are sample concentrations that were reported as less than the detection limit.
Depth Integrated = monthly average of total phosphorus concentrations in the euphotic zone within each area of Snap Lake and the reference lakes during open-water season (2006 to 2017),
the black bars represent standard error around the average.
SNP = Surveillance Network Program; NEL = Northeast Lake, LK13 = Lake 13; mg-P/L = milligrams as phosphorus per litre.

47

September 2020

Figure 3.1-7

19127683/DCN-013

Total Dissolved Solids Concentrations Downstream of Snap Lake at Lac Capot Blanc Outlets, KING01, and Node 22, 2005 to 2017

Note: When the individual components of TDS are reported as below the detection limit, the laboratory uses a zero value to represent that component in the TDS calculation. As a result,
the TDS concentrations are likely underestimated.
X = concentrations reported as less than the detection limit; TDS = total dissolved solids; LCB = Lac Capot Blanc; mg/L = milligrams per litre; KING01 = upstream of King Lake.
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Nitrate Concentrations Downstream of Snap Lake at Lac Capot Blanc Outlets, KING01, and Node 22, 2005 to 2017

Note: Open symbols are concentrations reported as less than the detection limit.
LCB = Lac Capot Blanc; mg-N/L = milligrams of nitrogen per litre; KING = upstream of King Lake; N = nitrogen.
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Total Phosphorus Concentrations Downstream of Snap Lake at Lac Capot Blanc Outlets, KING01, and Node 22, 2005 to 2017

Note: Open symbols are sample concentrations that were reported as less than the detection limit.
LCB = Lac Capot Blanc; mg-P/L = milligrams of phosphorus per litre; KING = upstream of King Lake.
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Before the discharge began in 2004, DO concentrations decreased with depth to near 0 mg/L at the deeper
diffuser and main basin stations under ice-cover (Figure 3.1-10a). Bottom sediments in Snap Lake are
naturally rich in organic material, which has a high oxygen demand and can result in anoxia near the lake bottom.
Vertical profiles of DO concentration under ice-cover, after discharge began up until 2016 (e.g., Figure 3.1-10b
and Figure 3.1-10c), indicated that DO concentrations in Snap Lake increased with increased treated effluent
discharges. This was most notable at a deep location, near the diffuser. The increase in bottom DO
concentrations under ice-cover near the diffuser likely resulted from the discharge of treated effluent through the
diffusers, which are located near the bottom of the lake. The treated effluent is typically well-oxygenated after it
leaves the WTP and may have become more oxygenated due to the entrainment of air as it was pumped from
the WTP to the diffusers, as documented in the 2014 Plume Characterization Study Report (Golder 2015).
In 2017, when the volume of effluent decreased by 16.5 times relative to 2016, bottom concentrations of DO at
this deep location were lower in comparison to the last five years (2012 to 2016) (Figure 3.1-10d; De Beers 2018).
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Figure 3.1-10
Dissolved Oxygen Concentrations during Ice-covered Conditions, 1999 to 2004, 2012, 2016, and 2017
a) 1999 to 2004
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Note: Data shown are from representative diffuser, near-field (2004 to 2012), mid-field (2004 to 2012), far-field (2004 to 2012), main basin (2013 to 2016) and NW arm stations in Snap Lake.
WQG (upper) = 9.5 mg/L for early life stages; WQG (lower) = 6.5 mg/L for other life stages (CCME 1999).
mg/L= milligrams per litre; m = metre; WQG = water quality guideline; NW Arm = northwest arm; CCME = Canadian Council of Ministers of the Environment.
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Spatial and Seasonal Trends in Snap Lake and Downstream

Field Conductivity
Conductivity has been a reliable field indicator of TDS and thus the concentration of treated Mine effluent in
lake water. A strong relationship was apparent between conductivity and TDS concentration in Snap Lake from
2004 to 2017 (De Beers 2018). Since the Mine began operating, conductivity in the northwest arm has been
lower compared to the main basin, consistent with predictions. The influence of the treated effluent discharged
in the main basin of Snap Lake was predicted to affect the northwest arm of Snap Lake at a slower rate than the
main basin, due to the limited hydraulic connectivity between the northwest arm and the main basin (De Beers
2002). Downstream of Snap Lake, conductivity was expected to decrease with distance from Snap Lake.
Field conductivity measurements in the main basin and northwest arm were related to proximity to the discharge
and hydraulic connectivity. The typical order of conductivity measurements from highest to lowest has been:
diffuser stations >main basin beyond the diffuser stations >northwest arm. However, conductivity differences
within the main basin of Snap Lake became less prominent compared to gradients observed in the first four years
of minewater discharges to Snap Lake (i.e., 2004 and 2007). Concentrations are now homogenous throughout
the main body of Snap Lake, suggesting nearly complete mixing of treated effluent in lake water. Since 2007,
the greatest spatial variability in conductivity within Snap Lake has been observed in the northwest arm,
as conductivity declined with distance from the northwest arm’s connection to the main basin.
At the start of Operations, the higher density of the treated effluent plume relative to the lake water caused the
plume to settle to the bottom of the lake. However, as TDS concentrations in the lake increased over the years,
the difference between the density of the plume and the lake water has decreased. Between 2010 and 2017,
the plume has been situated mid-column rather than sinking to the bottom as observed prior to 2009.
Higher conductivity at mid-depth in the main basin may also be due to the influence from the diffuser,
which has ports that discharge treated effluent away from the bottom of the lake.
Under baseline conditions, Snap Lake was well mixed and did not become stratified during the open-water
season or under ice-cover. Since discharge started in 2004, vertical gradients in conductivity in Snap Lake have
been evident, with higher conductivity near the bottom to mid-depth under ice-cover and in deeper locations
near the diffuser, or near the connection to the main basin in the northwest arm during the open-water season.
At the end of the open-water season, the water column in Snap Lake is usually well-mixed and vertical gradients
in conductivity are typically not observed.
In 2017, vertical gradients in conductivity were not as evident in the main basin during the late ice-cover season
compared to previous years. The lower total volume of treated effluent discharged (16.5-fold decrease from 2016)
and limited periods of discharge in 2017 likely contributed to the minimal vertical gradients observed in the main
basin. The treated effluent in the northwest arm of Snap Lake during the late ice-cover season was located
near the bottom at stations SNAP23 and SNAP29 (March/April). The density difference between the high
conductivity water from the main basin and the lower conductivity water in the northwest arm likely causes the
high conductivity water to settle to the bottom as it enters the northwest arm.
Conductivity in Snap Lake has typically been higher under ice-cover compared to the open-water season,
because of limited mixing and ionic exclusion (i.e., exclusion of salts or “freeze-out” during the formation of ice;
Pieters and Lawrence 2009). Snap Lake continues to be well-mixed during the open-water season and no vertical
gradients were observed in the late open-water season of 2017, except at two stations in the northwest arm.
The lower conductivity and the lack of a discernible vertical gradient in Snap Lake near the end of the open-water
season is consistent with increased mixing of the treated effluent due to wind-driven currents and turbulence.
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In LCB, the largest lake immediately downstream of Snap Lake, conductivity has been highest at the inlet and
decreased with distance from the inlet since monitoring began in 2011 (De Beers 2013a). Higher conductivity
near the bottom of the water column near the inlet under ice-cover have been attributed to the influence of
the treated effluent (De Beers 2018). The higher density Snap Lake water compared to the LCB water causes the
water entering LCB to settle to the bottom of the lake. In 2017, the treated effluent extended farther east in LCB
during the open-water season compared to previous years (De Beers 2018).
In MacKay Lake, conductivity has been low and similar to measurements in the reference lakes
(i.e., Northeast Lake and Lake 13 [Golder 2017; De Beers 2018]). Vertical gradients in conductivity in
MacKay Lake have typically not been observed, with the exception of values near the surface under ice-cover;
these near-surface conductivity values increased slightly due to the exclusion of salts, consistent with the slight
gradients occasionally observed near the surface in Northeast Lake (Golder 2017; De Beers 2018).

Dissolved Oxygen
Concentrations of DO in Snap Lake have varied by season and with water depth. Under baseline conditions,
vertical oxygen gradients were observed under ice-cover, where DO concentrations were near saturation at the
surface but declined with depth in the lower half of the water column (Figure 3.1-10a).
Before the discharge began (1999 to 2004), under-ice DO concentrations decreased with depth to near 0 mg/L
(i.e., anoxic conditions) at deeper stations in Snap Lake (Figure 3.1-10a). After discharge began, anoxic
conditions under ice-cover have continued to occur near the bottom of the lake during early Operations
(i.e., between 2005 and 2007) and at one or more stations in the northwest arm (i.e., in all years except 2014
to 2016). Since discharge began, gradients in DO concentrations have been observed during the open-water
season, particularly by the late open-water season, with the exception of the deepest station in the northwest arm
(SNAP20B).
In 2017, DO ranged from 1.4 mg/L (i.e., April at SNAP23) to 15.9 mg/L (i.e., February at SNP 02-20d) in
Snap Lake (De Beers 2018). Under ice-cover in early 2017, vertical gradients of decreasing DO with increasing
depth were evident at most stations in Snap Lake, LCB, MacKay Lake, and Northeast Lake. The lower
DO concentrations near the bottom of these lakes is likely related to the increased oxygen consumption due to
biological activity in bottom sediments. During the early open-water season in 2017, the water column was
well-mixed and vertical gradients in DO were not evident in Snap Lake, LCB, MacKay Lake or Northeast Lake,
except at the deepest stations in Snap Lake and Northeast Lake (i.e., SNP 02-20e, SNAP20B, and NEL06).
During the late open-water season in 2017, the water column continued to be well-mixed and vertical gradients
in DO were not evident in Snap Lake, LCB, MacKay Lake, or Northeast Lake except at the deepest stations in
Snap Lake and Northeast Lake (i.e., SNP 02-20e, SNAP20B, and NEL06) and at SNAP23 in the northwest arm.
During the open-water season, the density difference between the cooler, denser layer of water at the bottom
of the deeper stations and the warmer layer above may have inhibited mixing of the water column, thereby
reducing the potential for aeration in the deeper portion of the water column.
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Total Dissolved Solids and Major Ions
Since discharge began in 2004, higher concentrations of TDS and major ions have been observed near the
diffuser(s). Between 2011 and 2013, the spatial pattern within the main basin shifted from a clear gradient to
nearly homogenous exposure to treated effluent (De Beers 2016a). Concentrations of TDS and major ions in
the northwest arm consistently showed a gradient and were lower compared to the main basin, due to the limited
hydraulic connectivity between the main basin and northwest arm.
In 2017, concentrations of TDS and most major ions showed clear spatial differences between the main basin
and the northwest arm of Snap Lake, and between Snap Lake and Northeast Lake (e.g., TDS in Figure 3.1-11),
which is similar to previous years. Under ice-cover and during the open-water season, concentrations of TDS
and major ions in the main basin (including at the diffuser stations) were greater than those in the northwest arm,
Northeast Lake and Lake 13 (i.e., when Lake 13 data were available for comparison), with the exception of
reactive silica during the open-water season in 2017. The spatial pattern observed for reactive silica in 2017
was different than previous years, and likely related to the lower input of silica loading from the treated effluent
discharge and lower concentrations of reactive silica in Snap Lake in 2017 compared to 2016 (De Beers 2018).
The lower available reactive silica in Snap Lake in 2017 may have been the result of microorganisms
(i.e., diatoms) using most of the available reactive silica during the open-water season, similar to the patterns
observed in the reference lakes in previous years (De Beers 2017a). Consistent with horizontal spatial patterns
in the conductivity profiles, TDS and major ion concentrations, including reactive silica, were similar at the diffuser
and main basin stations, and were more variable in the northwest arm.
Seasonal variability was also evident in concentrations of TDS and major ions in Snap Lake. Concentrations of
TDS and major ions were higher under ice-cover, when mixing was primarily limited to the turbulence caused by
the diffuser, than during the open-water season. During the open-water season, the lower concentrations of
TDS and major ions measured were a result of natural processes, such as wind-driven mixing, biological uptake
(i.e., for reactive silica), and natural watershed runoff, which contribute to the lower concentrations of TDS and
major ions in Snap Lake.
Concentrations of TDS and major ions in Northeast Lake and Lake 13 (i.e., when Lake 13 data were available
for comparison) have been similar between seasons, and lower than concentrations measured in Snap Lake
between 2012 and 2017.
Downstream concentrations of TDS and major ions have historically been lower than those in Snap Lake and
decreased with distance downstream from LCB to MacKay Lake (Golder 2017). In 2017, clear spatial differences
were evident between Snap Lake and downstream of Snap Lake for TDS and most major ions; concentrations
decreased with increasing distance from Snap Lake, similar to conductivity. During both seasons, concentrations
of TDS and major ions in Snap Lake were greater than the concentrations measured in LCB, which were greater
than the concentrations measured in MacKay Lake (Figure 3.1-11).
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Calculated Total Dissolved Solids Concentrations in Snap Lake, Downstream of Snap Lake,
and Northeast Lake, 2017

Note: Points represent discrete sample results. Stations monitored in Snap Lake, downstream of Snap Lake, and Northeast Lake in 2017 are
provided in Table 3.2-1 of the 2017 AEMP Annual Report (De Beers 2018).
mg/L = milligrams per litre.
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Nutrients
Higher concentrations of nutrients were expected in areas closer to the diffuser, because the treated effluent has
contained elevated concentrations of both nitrogen and phosphorus (De Beers 2002). Since discharge started
in 2004, concentrations of nitrate, nitrite, and ammonia were typically highest closer to the diffuser and in the
near-field region, particularly at the mid-column and bottom depths of Snap Lake; however, similar to
concentrations of TDS and major ions, the main basin concentrations of nitrogen have become more
homogenous over time (De Beers 2016b, 2017a). Clear spatial patterns in TP and dissolved organic phosphorus
have not been evident since discharge started in 2004.
In 2017, spatial and seasonal variability between the main basin and the northwest arm stations of
Snap Lake, and between Snap Lake and Northeast Lake, continued to be evident for most nitrogen parameters.
Nitrate (Figure 3.1-12), nitrite, nitrate/nitrite, and TN concentrations have been higher in the main basin,
particularly under ice-cover, compared to the northwest arm and higher than Northeast Lake concentrations.
Nitrate concentrations showed clear spatial differences between Snap Lake and downstream of Snap Lake,
i.e., concentrations decreased with increasing distance from Snap Lake, similar to concentrations of TDS and
major ions (Figure 3.1-12). Differences in concentrations of ammonia and TKN were not evident in Snap Lake;
however, concentrations of ammonia and TKN were higher in Snap Lake compared to Northeast Lake.
In 2017, concentrations of TN downstream of Snap Lake (i.e., LCB, KING01 and MacKay Lake) were lower than
those observed in Snap Lake, with the exception of Downstream Lake 2 (DSL2), which is the second small lake
downstream of Snap Lake (e.g., nitrate in Figure 3.1-12; De Beers 2018). Concentrations of nitrate in DSL2 were
similar to those in the northwest arm of Snap Lake.
Figure 3.1-12

Nitrate Concentrations in Snap Lake, Downstream of Snap Lake, and Northeast Lake, 2017

Note: Points represent discrete sample results. Stations monitored in Snap and Northeast lakes in 2017 are provided in Table 3.2-1 in the
2017 AEMP Annual Report (De Beers 2018).
mg-N/L = milligrams as nitrogen per litre.
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Clear spatial patterns in concentrations of phosphorus parameters within Snap Lake and between Snap Lake
and Northeast Lake were not evident in 2017 (e.g., TP in Figure 3.1-13), consistent with previous years.
Two TP concentrations measured in the euphotic zone in July 2017 (Stations SNAP05 and SNAP11A) were
notably higher than those at other stations and at the diffuser. These higher concentrations were measured at
mid-lake and are therefore inconsistent with a Mine-related effect. The measured concentrations of TP at these
stations are representative of the sampling and analytical variability that was observed in 2017 (De Beers 2018).
The lack of a clear spatial pattern in the concentration of phosphorus parameters is consistent with the lack of
increasing temporal trends in phosphorus concentrations.
In 2017, concentrations of phosphorus parameters downstream of Snap Lake were typically near or
below detection limits (DLs), with the exception of TP and total organic phosphorus at the closest station to
Snap Lake (i.e., DSL2 Outlet; De Beers 2018). The maximum TP concentration was measured at DSL2 Outlet
(i.e., 0.010 mg-P/L) and was slightly below the AEMP benchmark (i.e., 0.011 mg-P/L).
Figure 3.1-13

Total Phosphorus Concentrations in Snap and Northeast Lakes, 2017

Note: Points represent discrete sample results. Stations monitored in Snap and Northeast lakes in 2017 are provided in Table 3.2-1 of the
2017 AEMP Annual Report (De Beers 2018). Euphotic zone (depth-integrated) samples were collected as part of the plankton component.
mg-P/L = milligrams as phosphorus per litre.

58

September 2020

19127683/DCN-013

Metals
Spatial and seasonal variability between the main basin and the northwest arm stations of Snap Lake,
and between Snap Lake and Northeast Lake, have been evident for some of the metals since 2012.
Concentrations of metals that are considered chemical signatures of the Mine due to their correlation with
conductivity (e.g., barium, boron, cesium, lithium, molybdenum, nickel, rubidium, strontium, thallium, and uranium;
Table 3.1-2) have typically been higher under ice-cover compared to the open-water season. These metals have
also demonstrated clear differences in concentrations between the main basin and northwest arm of Snap Lake,
and between Snap Lake and Northeast Lake. Consistent differences in concentrations between the main basin
and northwest arm of Snap Lake, and between Snap Lake and Northeast Lake due to treated effluent were not
evident for most of the metals with no, low or negative correlations to conductivity (e.g., cadmium, chromium,
copper, lead, mercury, and zinc; Table 3.1-2), with the exception of arsenic. Mean arsenic concentrations in the
Lake 13 were higher than in Snap Lake from 2012 to 2016, likely due to natural variation in water quality between
the two lakes. Lake 13 was not sampled in 2017; therefore, comparisons in arsenic concentrations between
Snap Lake and Lake 13 could not be completed.
In 2017, concentrations of four metals (antimony, arsenic, cobalt, and manganese) not typically considered
chemical signatures of the treated effluent showed a spatial pattern that may have been related to the treated
effluent (i.e., higher in the main basin compared to northwest arm or higher in Snap Lake compared to
Northeast Lake). Further evaluation of temporal trends in concentrations of these four metals in Snap Lake
and the treated effluent were completed to assess the likelihood of the spatial patterns being Mine-related.
The evaluation indicated that the spatial patterns identified for arsenic concentrations were unlikely to be
Mine-related but that the treated effluent from the Mine may have been the cause of the spatial patterns for
total antimony, cobalt, and manganese concentrations (De Beers 2018).
In 2017, the spatial patterns identified in metal concentrations downstream of Snap Lake were primarily related to
whether the metal was a chemical signature of the treated effluent. Downstream concentration of metals that were
not chemical signatures of the treated effluent were either similar to or higher than concentrations in Snap Lake.
Downstream concentrations of metals that were considered chemical signatures of the treated effluent decreased
with distance downstream from Snap Lake (i.e., barium, boron, cesium, lithium, molybdenum, rubidium, strontium,
and uranium; De Beers 2017a, 2018), with the exception of nickel. Nickel has been identified as a chemical
signature of treated effluent, but nickel concentrations were higher at DSL2 Outlet, KING01 and in MacKay Lake
compared to concentrations in LCB, indicating that nickel may be naturally higher in waters downstream of
Snap Lake.

3.1.2.4

Normal Range Comparison

Most parameters that are chemical signatures of the treated Mine effluent (i.e., TDS, major ions, nitrogen
parameters, and total barium, boron, cesium, lithium, molybdenum, nickel, rubidium, strontium, thallium,
and uranium) have increased over time relative to baseline concentrations in Snap Lake (Table 3.1-2).
Concentrations of chemical signatures of the treated Mine effluent decreased or remained similar in 2017
relative to 2016, or earlier, in one or more areas of Snap Lake, with the exception of fluoride. However, in 2017,
the whole-lake average concentrations of these parameters continued to be above the Snap Lake normal range
and the range of concentrations observed in Northeast Lake, with the exception of nitrite and TKN.
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Whole-lake average concentrations of four metals that were not chemical signatures of the treated Mine effluent
showed increases in Snap Lake and were above either the Snap Lake normal range or the reference lake range,
or both, in 2017 (Table 3.1-2):






Total antimony: above the Snap Lake normal range in April.
Total iron: above the Snap Lake normal range in August.
Total manganese: above the Snap Lake normal range and the Northeast Lake range in August.
Total cobalt: above the Northeast Lake range in August.

Table 3.1-2

Trend Analysis and Normal Range Comparison Results for Water Quality
2017 Snap Lake Maximum
Whole-Lake Average
Concentration Above
Snap Lake Normal Range

2017 Snap Lake Whole-Lake
Average Concentration Above
the Northeast Lake Range

Yes

No

Laboratory pH

Yes

Yes

Total Dissolved Solids, Calculated

Yes

Yes

Total Suspended Solids

No

-

Turbidity

No

-

Bicarbonate, as HCO3

Yes

Yes

Calcium

Yes

Yes

Chloride

Yes

Yes

Fluoride

Yes

Yes

Hardness, as CaCO3

Yes

Yes

Magnesium

Yes

Yes

Potassium

Yes

Yes

Reactive Silica, as SiO2

Yes

Yes

Sodium

Yes

Yes

Sulphate

Yes

Yes

Total Alkalinity, as CaCO3

Yes

Yes

Dissolved Inorganic Phosphorus

No

No

Dissolved Organic Phosphorus, calculated

No

No

Nitrate, as N

Yes

Yes

Nitrate/Nitrite, as N, calculated

Yes

Yes

Nitrite, as N

No

Yes

Ortho-Phosphate, as P

No

No

Total Ammonia, as N

Yes

Yes

Total Dissolved Phosphorus

No

No

Parameter
Field Parameters
pH
Conventional Parameters

Major Ions

Nutrients
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Trend Analysis and Normal Range Comparison Results for Water Quality
2017 Snap Lake Maximum
Whole-Lake Average
Concentration Above
Snap Lake Normal Range

2017 Snap Lake Whole-Lake
Average Concentration Above
the Northeast Lake Range

Total Inorganic Phosphorus

No

No

Total Kjeldahl Nitrogen

No

Yes

Total Nitrogen, calculated

Yes

Yes

Total Organic Carbon

No

No

Total Organic Phosphorus, calculated

Yes

No

Total Phosphorus

No

No

Aluminum

No

No

Antimony

Yes

No

Arsenic

No

No

Barium

Yes

Yes

Boron

Yes

Yes

Cadmium

No

No

Cesium

Yes

Yes

Chromium

No

No

Cobalt

No

Yes

Copper

No

No

Iron

Yes

No

Lead

No

No

Lithium

Yes

Yes

Manganese

Yes

Yes

Parameter
Nutrients (cont’d)

Total Metals

Mercury (Flett)

No

No

Molybdenum

Yes

Yes

Nickel

Yes

Yes

Rubidium

Yes

Yes

Strontium

Yes

Yes

Thallium

Yes

Yes

Titanium

No

Yes

Uranium

Yes

Yes

Vanadium

No

No

Zinc

No

No

Note: Details on the calculation of the Snap Lake normal range are discussed in Section 3.2.2.4 of the 2017 AEMP Annual Report (De Beers
2018). 2017 Snap Lake whole-lake average concentrations were compared to the Northeast Lake mean concentrations from the 2017
monitoring period ± 2 standard deviations.
CaCO3 = calcium carbonate; HCO3 = bicarbonate; Hg = mercury; N = nitrogen; P = phosphorus; SiO2 = silica; Flett = Flett Research Limited;
± plus or minus. “-“ = not applicable.
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Quality Assurance and Quality Control

Quality assurance (QA) and quality control (QC) procedures were applied during each aspect of the AEMP to
verify that the data collected were of acceptable quality to address the objectives of the AEMP. The QA/QC
procedures for the AEMP followed the protocols provided in the De Beers QA/QC Plan (De Beers 2013d).
The QA/QC protocols were designed to achieve field sampling, laboratory analysis, data entry, data analysis,
and report preparation activities that produce technically sound and scientifically defensible results. Field QA/QC
procedures pertain to the maintenance and operation of equipment and instrumentation, sampling methods,
and sample handling and shipping. Office QA/QC procedures involve validation of field measurements and
analytical results provided by analytical laboratories and checks of data analyses and interpretations. To validate
field data, calibration records, the results of Winkler DO samples and profile plots (for outliers) were reviewed.
To validate laboratory data, DLs, measurement units, holding times, and quality control samples were reviewed,
logic checks were completed (e.g., checking that total concentrations were greater than dissolved
concentrations), and plots of data were reviewed for outliers.
Between 2012 and 2017, a small portion (i.e., <2%) of the field and laboratory data was invalidated when data
were considered unreliable due to exceedances of holding times, or when outliers were attributed to sample
contamination or laboratory errors, or errors in field measurements. A larger portion (i.e., approximately 1/4 to 1/3)
of the data were qualified due to holding time exceedances and detectable concentrations in the blank samples;
the qualifiers were considered further when data showed a potential pattern or were above AEMP benchmarks,
model predictions, or drinking water guidelines.
Due to travel time constraints from the Mine to the laboratories, hold times for the samples collected between
2012 and 2017 were consistently exceeded for several parameters with sensitive hold times. However, the results
of a hold time investigation completed in 2015 indicated that the nitrate and nitrite concentrations are stable up to
ten days after the hold time expires (i.e., when the WH qualifier is applied to laboratory results; De Beers 2016b;
Love et al. 2016).
Based on the duplicate results from 2012 to 2017, within-site variability and field sampling precision were rated as
low and high, respectively, and based on the split results, analytical precision was rated as moderate to high.
Overall, the quality of water chemistry data collected as part of the Snap Lake AEMP is considered to be
acceptable and adequate to address the objectives of the monitoring program. Continual comprehensive
evaluation of the QA/QC procedures has helped improve procedures to reduce unexpected variability in field and
laboratory measurements, reduce contamination in laboratory samples, and improve precision of laboratory
results.
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Key Findings
Key Question 1: Are Concentrations or Loads of Key Water Quality
Parameters in Discharges to Snap Lake below Water Licence Limits and
Consistent with Predictions?

Concentrations and loads of treated effluent have typically been below Water Licence limits. Water Licence limits
have been updated in 2012, May 2015, and September 2015 (MVLWB 2012, 2015a,b). In 2017, treated effluent
concentrations were below both maximum grab and maximum average Water Licence limits, with the exception of
TSS and nitrate during an authorized emergency discharge of minewater (De Beers 2017b; GNWT 2017).
In addition, the elevated TSS concentrations in May and June 2017 may have been related to a change in the
source of influent water or a change to the MWTP for treatment, or potentially both (Section 3.1.2.1). The causes
of the Water Licence limit exceedances for nitrate are likely related to a change in the source of influent water
during the May to June discharge period; the influent included contact water from the North Pile, which is
generally higher in nitrate relative to the water from underground. The exceedances of Water Licence limits in the
treated effluent for TSS and nitrate were not expected to cause effects on aquatic life, because concentrations in
Snap Lake were measured either below detection (for TSS) or below the AEMP benchmark. To improve the
quality of treated effluent, De Beers has incorporated a reverse osmosis (RO) plant retrofit into the treatment
process. The RO plant was installed and began operating in 2018.
Predictions for treated effluent concentrations and volumes have been updated since the EAR, including updates
in 2013, 2014, and 2016 (De Beers 2013a, 2014; Golder 2016b). Concentrations of most parameters in the
treated effluent have typically been below the applicable predictions. In 2017, flow weighted average
concentrations in the treated effluent were below or similar to the model predictions, with the exception of TP and
zinc. The maximum measured concentrations of these parameters were also above the maximum predicted
concentrations for 2017. The differences in measured and predicted TP and total zinc concentrations were due to
an over-prediction of the treatment efficiency for both parameters. The higher than predicted TP and total zinc
concentrations in the treated effluent did not result in whole-lake average TP concentrations or maximum total
zinc concentrations in Snap Lake above the AEMP benchmarks, or above applicable predicted concentrations.
The diffusers maximized the initial mixing of the treated effluent discharged to Snap Lake as expected, with the
highest dilution typically occurring during the late open-water season and the lowest dilution occurring under
ice-cover. Dilution factors at the edge of the mixing zone could not be calculated in 2017 because the main basin
stations were not sampled during discharge, and ambient lake concentrations (i.e., at main basin stations beyond
the diffuser stations) are required to calculate dilution factors.

3.1.3.2

Key Question 2: Are concentrations of key water quality parameters in
Snap Lake below AEMP benchmarks?

The AEMP benchmarks have been updated since the EAR and consist of generic Canadian Council of Ministers
of the Environment (CCME) water quality guidelines ([WQGs] CCME 1999), site-specific EAR benchmarks
(De Beers 2002), an AEMP benchmark to prevent nutrient enrichment (Golder 2014), and approved site-specific
water quality objectives ([SSWQOs] MVLWB 2015b; Golder 2016a).
Concentrations of TDS, major ions, nutrients and metals in Snap Lake have been below AEMP benchmarks with
the exception of chloride and fluoride prior to setting SSWQOs for these parameters. Snap Lake pH values have
occasionally been below the CCME (1999) range during Mine Operations and under ice-cover during baseline
conditions (De Beers 2002). Since the baseline period, pH has increased in Snap Lake. Therefore, the occasional
low pH values during Operations are likely naturally occurring rather than due to Mine-related causes.
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Concentrations of DO in the main basin of Snap Lake have occasionally been below the CCME (1999) WQG of
6.5 mg/L, likely due to natural processes near the sediment boundary that consume oxygen. Concentrations
of DO below the CCME (1999) WQG have also been observed in the northwest arm and reference lakes.
Overall, DO concentrations in Snap Lake have not decreased from baseline conditions as a result of the
discharge of treated effluent (Section 3.1.2.2). Rather, increased DO concentration were observed in Snap Lake
during Mine Operations, which are expected to return to baseline levels as a result of lower discharge rates
following closure of the Mine.

3.1.3.3

Key Question 3: Which water quality parameters are increasing over time in
Snap Lake and how do concentrations of these parameters compare to
AEMP benchmarks, concentrations in reference lakes, and predictions?

As discussed in the trend section (Section 3.1.2.3), parameters that are chemical signatures of the treated
Mine effluent (i.e., TDS, major ions, nitrate, nitrate/nitrite, total nitrogen, and total barium, boron, cesium, lithium,
molybdenum, nickel, rubidium, strontium, and uranium) have increased over time relative to baseline
concentrations in Snap Lake. Concentrations of these parameters decreased or remained similar in 2017
relative to 2016 or earlier, in one or more areas of Snap Lake, with the exception of fluoride. However, in 2017,
the whole-lake average concentrations of these parameters continued to be above the Snap Lake normal range
and the range of concentrations observed in Northeast Lake. Concentrations of the parameters that have
increased relative to baseline have remained below AEMP benchmarks in 2017 (Section 3.1.3.2). In 2017,
concentrations of total antimony, cobalt, iron, and manganese had statistically significant increasing trends in one
or more areas of Snap Lake and no statistically significant increasing trends in Northeast Lake. Concentrations of
total iron, antimony, and cobalt in the treated effluent were greater in 2017 than in 2016. A potential Mine-related
spatial pattern was also identified for manganese, antimony, and cobalt concentrations in Snap Lake. However,
concentrations of antimony, iron and manganese were below applicable AEMP benchmarks (i.e., for iron) and
drinking water guidelines (i.e., for antimony, iron, and manganese).
Concentrations of phosphorus in Snap Lake have not increased as predicted in the EAR (De Beers 2002)
and whole-lake average concentrations of TP have remained below the upper boundary of the normal range.
The decreasing trends in TP concentrations identified in the main basin of Snap Lake and the absence of similar
decreasing trends in Northeast Lake (Section 3.1.2.2) indicate that the decrease in phosphorus concentrations
may be related to the Mine. However, the Mine’s influence on TP concentrations may be indirect, as TP loadings
from the Mine were expected to result in increasing TP concentrations, rather than decreasing concentrations.
Dissolved oxygen concentrations in Snap Lake have not decreased as predicted in the EAR (De Beers 2002).
Concentrations of DO were occasionally below the CCME guideline in 2017; however, DO concentrations in
Snap Lake have not decreased relative to baseline conditions, but rather increased near the diffuser due the
discharge of treated effluent (Section 3.1.2.2). With lower treated effluent discharge rates during Care and
Maintenance, the concentration of DO is expected to return to concentrations similar to baseline.
Snap Lake concentrations of TDS, major ions, nutrients and metals, with the exception of total antimony and
manganese, were below model predictions in 2017. Total antimony and manganese concentrations in the treated
effluent and discharge volumes were consistent with model predictions, indicating that the differences were not
related to the treated effluent. The results of the Snap Lake model calibration for antimony indicated an order of
magnitude, or more, level of uncertainty in the predictions for Snap Lake due to the high variation in antimony
concentrations in monitoring data. For manganese, the predicted settling velocity in Snap Lake, which was based
on monitoring results from 2004 and 2016, may be slightly over-predicting the amount of manganese removed
from the water column during the Care and Maintenance period.
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Key Question 4: Are spatial and seasonal patterns in water quality in
Snap Lake and downstream waterbodies consistent with predictions?

Spatial and seasonal patterns in Snap Lake and downstream (Section 3.1.2.3) have been generally consistent
with predictions. In 2017, concentrations of parameters that are considered to be chemical signatures of the Mine
(i.e., conductivity, major ions, nitrogen nutrients, and metals correlated with conductivity) were higher in the main
basin of Snap Lake relative to the northwest arm and Northeast Lake, and higher under ice-cover relative to
open-water conditions. As expected, vertical gradients predicted for conductivity, temperature and
DO concentrations were observed under ice-cover when mixing in Snap Lake was limited. As well, Snap Lake
continues to be well-mixed during the open-water season with no vertical gradients in field parameters later in the
open-water season, except at one diffuser station and two stations in the northwest arm in 2017. The conductivity
values at the diffuser stations relative to other areas in the main basin were similar; differences in conductivity
within the main basin of Snap Lake continue to be less distinguishable.
A gradient in conductivity and concentrations of TDS and major ions can be observed downstream of Snap Lake,
with concentrations decreasing with distance from Snap Lake. Concentrations of TDS were predicted to increase
downstream of Snap Lake, but are expected to decrease over time due to the lower discharges of treated effluent
from the Mine. Trend analysis results indicate that conductivity and concentrations of TDS are increasing at the
LCB outlets and at KING01; concentrations of TDS and all treated effluent-related parameters continued to
remain low at the LCB outlets and at KING01 in 2017. The mean TDS concentrations at the two outlets of LCB
and concentrations at KING01 and Node 22 were below predicted TDS concentrations in 2017. Decreases
in concentrations of TDS Snap Lake were observed in 2017 and are expected to continue as the discharge of
treated effluent discharge decreases; consequently, concentrations of TDS and other effluent-related parameters
are also expected to decrease downstream of Snap Lake over the long-term.

3.1.3.5

Key Question 5: Is there evidence of acidification effects from the Mine on
nearby waterbodies?

Monitoring water quality at inland lake and tributary stations has historically been completed to assess the
potential for acidification. Key Question 5, which included an assessment of acidification, was deferred during
the Care and Maintenance period as per the 2013 AEMP Design Plan - Update for Care and Maintenance
(Golder 2016a). Monitoring showed no evidence of acidification in the inland lakes or streams since monitoring for
assessing acidification began in 2008 (De Beers 2016a). Based on the decrease in the potential for acidification
during Care and Maintenance and the lack of acidification observed during Operations between 2008 and 2015,
acidification was determined to be not a concern during the Care and Maintenance period (Golder 2016a).

3.1.3.6

Key Question 6: Is water from Snap Lake safe to drink?

Snap Lake water has been considered safe for humans to drink, subject to disinfection, and safe for wildlife to
drink based on annual comparisons to the Health Canada health-based drinking water quality guidelines
(Health Canada 2017) and the CCME livestock guidelines (CCME 1999). Water quality in Snap Lake has been
above aesthetic drinking water guidelines or outside of the recommended ranges for pH and temperature during
both baseline conditions and Mine Operations. In 2017, similar to previous years, pH at the water intake was
occasionally below the recommended drinking water range and water temperature in Snap Lake and at the
water intake were occasionally above the aesthetic objective. These occurrences were not considered to be a
health concern or affect palatability of the treated drinking water. Drinking water at the Mine is filtered and
chlorinated before consumption; thus, drinking water at the Snap Lake camp was acceptable from a
microbiological perspective.
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Action Level Assessment

The 2013 AEMP Design Plan (Golder 2014) described a Response Framework that provides a systematic
approach to responding to the AEMP monitoring results such that the potential for significant adverse effects is
identified and necessary mitigation is undertaken. Action Levels were defined for key values or assessment
endpoints in Snap Lake, and were updated as part of the 2013 AEMP Design Plan - Update for Care and
Maintenance (Golder 2016a) and the DSW SS Report (Golder 2017). The current water quality Action Levels,
which are related to protecting the ecological function of Snap Lake, both from a toxicological impairment and
a nutrient enrichment perspective, are summarized in Table 3.2-12 in the 2017 AEMP Annual Report
(De Beers 2018).
The Action Level assessment results between 2012 and 2017 are summarized below:



The Response Framework for the Snap Lake Mine was approved and initiated in 2013; therefore,
the Action Level assessment was not completed in previous years.



In 2013, Low Action Levels related to toxicological impairment in Snap Lake were triggered for three
parameters: chloride, nitrate, and fluoride. In addition, whole-lake average concentrations of TDS were
predicted to exceed the Water Licence limit of 350 mg/L between January 2014 and January 2015
(De Beers 2013a). A TDS Response Plan (De Beers 2013b), which included TDS, chloride, and fluoride,
and a Nitrogen Response Plan (De Beers 2013c), which included ammonia and nitrate, were submitted in
December 2013 as part of the Water Licence (MV2011L2-0004) amendment process. Ammonia did not
trigger an Action Level in 2013 but was included in the Nitrogen Response Plan as a requirement of the
Water Licence. No Action Levels related to nutrient enrichment or drinking water were triggered.



In 2014, Low Action Levels related to toxicological impairment were triggered for three parameters: chloride,
nitrate, and fluoride. However, based on the proposed SSWQOs developed for TDS (which was inclusive of
chloride), nitrate and fluoride, concentrations of these parameters were below those that would cause
toxicological impairment (De Beers 2015b). No Action Levels were triggered for nutrient enrichment.
A Low Action Level related to drinking water in Snap Lake was triggered for TDS as the maximum TDS
concentration was above 75% of the Aesthetic Objectives. De Beers recommended that additional
investigation of the cause of the Action Level trigger for drinking water was not necessary, given the ongoing
regulatory review of TDS (De Beers 2015b). As such, no further action was required and water from
Snap Lake was considered safe to drink after disinfection.



In 2015, no Action Levels for toxicological impairment, nutrient enrichment, or drinking water were triggered.
As of 2015, Low Action Levels were based on updated AEMP benchmarks and Health Canada health-based
drinking water guidelines, as approved by the MVLWB (2015a,b).



In 2016, no Action Levels for toxicological impairment, nutrient enrichment, or drinking water were triggered.
An interim Low Action Level for protecting traditional land use was approved at the outlets of LCB in the
2013 AEMP Design Plan - Update for Care and Maintenance (Golder 2016a); the interim Action Level for
traditional land use was not triggered in 2016.In 2017, no Action Levels for toxicological impairment,
nutrient enrichment, drinking water, or traditional land use were triggered. The MVLWB approved the interim
Action Level at the LCB outlets and a new Action Level at Node 22 in MacKay Lake, for the protection of
traditional land use, as described by De Beers (2018).
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In 2017, the sampling required at Node 22 to complete the Action Level assessment for the protection of
traditional land use was not completed, because the recommended assessment and field methods were in
development during the required sampling period. Therefore in 2017, individual TDS concentrations at
Node 22 were compared to the range of natural variability to provide a preliminary assessment of
Action Levels at this location. In future years, TDS concentrations from five under-ice samples at Node 22
will be used in the assessment of Action Levels for the protection of traditional land use.

3.1.3.8

Comparison to Predictions

Predictions for treated effluent concentrations and volumes have been updated since the EAR, including
updates in 2013, 2014, and 2016 (De Beers 2013a, 2014; Golder 2016a). Concentrations of most parameters in
the treated effluent have been typically been below predictions. In 2017, flow weighted average concentrations
in the treated effluent were below or similar to the model predictions, with the exception of TP and zinc.
The differences in measured and predicted TP and total zinc concentrations were due to an over-prediction of the
treatment efficiency for both parameters. The higher than predicted TP and total zinc concentrations in the treated
effluent did not result in whole-lake average TP concentrations or maximum total zinc concentrations in
Snap Lake above AEMP benchmarks or predicted concentrations.
The comparisons of observed and predicted temporal trends focused on TDS, which is a key indicator
for Mine-related changes in Snap Lake water quality. The ranges in whole-lake average concentrations in
Snap Lake were below the whole-lake average predictions for all parameters by 2017, with the exception of
total antimony and manganese (Table 3.1-3). Total antimony and manganese concentrations in the treated
effluent and discharge volumes were consistent with model predictions, indicating that the differences were not
related to the treated effluent. The results of the Snap Lake model calibration for antimony indicated an order of
magnitude or greater level of uncertainty in the predictions due to the high variation in antimony concentrations
in monitoring data. For manganese, the predicted settling velocity in Snap Lake, which was based on monitoring
results from 2004 and 2016, may be slightly over-predicting the amount of manganese removed from the water
column during the Care and Maintenance period.
During the open-water season, a decrease in TDS concentrations was observed in the diffuser area of Snap Lake
in 2017; under ice-cover, TDS concentrations in the diffuser area and in the main basin of Snap Lake were
similar to 2016. Increasing trends in TDS concentrations were observed in the northwest arm during both
seasons. The maximum concentration measured in Snap Lake was in the main basin area (i.e., 425 mg/L)
under ice-cover in 2017; similar to the maximum concentration measured in the diffuser area (i.e., 423 mg/L).
The maximum concentration in the northwest arm (i.e., 327 mg/L) was observed at the station closest to the
main basin (i.e., SNAP29). Water quality in the northwest arm has been the least influenced by treated effluent
from the Mine, because of the limited hydraulic connection of this area with the main basin of Snap Lake.
However, an increasing trend in TDS concentration has been evident in the northwest arm since 2008
(De Beers 2018). In 2017, the whole-lake average concentration of TDS in Snap Lake was lower than predicted
from the Snap Lake Mine 2016 Extended Care and Maintenance Plan, and below the SSWQO (De Beers 2016b).
The EAR predicted that concentrations of TDS would increase downstream of Snap Lake due to discharges
of treated minewater (De Beers 2002). Consistent with predictions of increased TDS downstream of Snap Lake,
temporal trend analyses indicated that conductivity and concentrations of TDS are increasing at the LCB outlets
and at KING01 (Figure 3.1-7). However, in 2017 mean TDS concentrations at the two outlets of LCB and
concentrations at KING01 and Node 22 were below predictions. Because decreases in concentrations of TDS
concentrations in Snap Lake were evident in 2017, and are expected to continue to decrease as the discharge of
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treated effluent discharge decreases, concentrations of TDS and other effluent-related parameters are also
expected to decrease downstream of Snap Lake over the long-term.
Concentrations of phosphorus in Snap Lake have not increased as predicted in the EAR (De Beers 2002)
and whole-lake average concentrations of TP have remained below the upper boundary of the normal range.
The decreasing trends in TP concentrations identified in the main basin of Snap Lake and the absence of similar
decreasing trends in Northeast Lake (Section 3.1.2.2) indicate that the decrease in phosphorus concentrations
may be related to the Mine. However, the Mine’s influence on TP concentrations may be indirect, as TP loadings
from the Mine were expected result in increasing TP concentrations in Snap Lake.
Dissolved oxygen concentrations in Snap Lake have not decreased as predicted in the EAR. The EAR predicted
a decrease of 1 to 2.2 mg/L near the bottom of the lake under ice-cover and a decrease of up to 1 mg/L near the
surface (De Beers 2002). Concentrations of DO were occasionally below the CCME guideline in 2017; however,
DO concentrations in Snap Lake have not decreased from baseline conditions, but rather have increased near the
diffuser due the discharge of treated effluent (Section 3.1.2.2).
Table 3.1-3

Comparison of 2017 Snap Lake Water Quality to Predictions
Range in
Whole-Lake Average Whole-Lake Average
Measured
Model Prediction(d)
Concentration(c)

Units

AEMP
Benchmark(a)

Maximum
Observed
Concentration(b)

mg/L

1,000

425

331 to 423

366 to 527

Calcium

mg/L

-

90

69 to 87

77 to 111

Chloride

mg/L

included in TDS
(~450 mg/L)

202

157 to 201

164 to 236

Fluoride

mg/L

1.5

0.28

0.21 to 0.25

0.21 to 0.29

Magnesium

mg/L

-

11

9 to 10

9 to 13

Sodium

mg/L

-

46

35 to 44

37 to 53

Sulphate

mg/L

included in TDS
(~90 mg/L)

40

28 to 37

31 to 45

Ammonia, as N

mg-N/L

0.40(e)

0.052

0.010 to 0.040

0.062 to 0.140

Nitrate, as N

mg-N/L

10

1.24

0.55 to 1.03

1.82 to 2.76

Nitrite, as N

mg-N/L

0.2

0.009

0.004 to 0.005

0.008 to 0.020

Total phosphorus

mg-P/L

0.011

0.010

0.003 to 0.005

0.004 to 0.005

Aluminum

µg/L

100(f)

9.2

3.0 to 7.0

5.1 to 12

Antimony

µg/L

-

1.32

0.05 to 0.76

0.13 to 0.18

Arsenic

µg/L

5

0.12

0.10 to 0.11

0.15 to 0.21

Barium

µg/L

-

34

26 to 34

26 to 37

Boron

µg/L

1,500

82

70 to 78

82 to 117
0.006 to 0.008
0.076 to 0.104

Parameter
Conventional Parameters
Total dissolved solids,
calculated
Major Ions

Nutrients

Total Metals

Cadmium

µg/L

0.36

0.008

<0.005(g)

Cesium

µg/L

-

0.052

0.045 to 0.050

68

September 2020

Table 3.1-3

19127683/DCN-013

Comparison of 2017 Snap Lake Water Quality to Predictions

Parameter

Range in
Whole-Lake Average Whole-Lake Average
Measured
Model Prediction(d)
Concentration(c)

Units

AEMP
Benchmark(a)

Maximum
Observed
Concentration(b)

µg/L

8.9

0.10

<0.06(g)

0.89 to 1.30

0.6

0.5(g)

0.6 to 0.8

27

7 to 10

13 to 44

0.04

<0.01(g)

0.11 to 0.15

Total Metals (cont’d)
Chromium
Copper

µg/L

Iron

µg/L

6.5 to

11.1(h)

300
7.0(i)

Lead

µg/L

5.0 to

Lithium

µg/L

-

16

12 to 15

15 to 21

Manganese

µg/L

-

19

2 to 17

6 to 15
<0.02

Mercury (Flett)

µg/L

0.026

0.0005

<0.0005(g)

Molybdenum

µg/L

73

2.05

1.65 to 1.68

1.52 to 2.38

Nickel

µg/L

125 to 150(i)

2.4

1.2 to 2.1

2.9 to 5.5

<0.04

<0.04(g)

<0.04 to 0.04
0.007 to 0.010

Selenium

µg/L

1

Silver

µg/L

0.25

<0.005

<0.005(g)

Strontium

µg/L

10,900

1,290

981 to 1,193

1,034 to 1,490

Thallium

µg/L

0.8

0.009

<0.005 to 0.008

0.014 to 0.019

Uranium

µg/L

15

0.61

0.48 to 0.56

0.52 to 0.75

Zinc

µg/L

30

1.9

0.4 to 0.5

1.8 to 2.6

Note: Concentrations above the predicted range are in bold.
a) AEMP benchmarks are WQGs for the protection of aquatic life (CCME 1999), site-specific EAR benchmarks (De Beers 2002), an AEMP
benchmark for TP to prevent nutrient enrichment (Golder 2014), health-based drinking WQGs (Health Canada 2017), and SSWQOs
developed and approved as part of the Water Licence amendment process (MVLWB 2015) and the 2013 AEMP Design Plan - Update for
Care and Maintenance (Golder 2016a). See Table 3.2-7 for details on the application of AEMP benchmarks.
b) Maximum measured concentration in Snap Lake within the 2017 reporting period (January to September 2017).
c) Range in 2017 whole-lake average concentration = minimum and maximum whole-lake average concentrations, excluding northwest arm
stations.
d) Model predictions are provided in Golder (2016c).
e) The ammonia WQG is pH and temperature dependent. The WQG is calculated based on the individual field pH and temperature for each
sample. The WQG shown is based on the combination of field pH (8.2) and water temperature (15.5°C) measured in Snap Lake over the 2017
reporting period that resulted in the minimum ammonia WQG.
f) The aluminum WQG is pH dependent. At pH <6.5, the WQG is 5 µg/L; at pH ≥ 6.5, the WQG is 100 µg/L. The WQG is calculated based on
the individual field pH for each sample. The WQG shown is based on the range of field pH (7.1 to 8.2) measured in Snap Lake during the 2017
reporting period.
g) The minimum and maximum whole-lake average arsenic, cadmium, hexavalent chromium, mercury, selenium, and silver concentrations
were the same in 2017.
h) The copper site-specific EAR benchmark is hardness dependent, it was derived using data standardized to a hardness of 180 mg/L.
The logistic regression used for derivation of the copper site-specific EAR benchmark is conservative because the HC5 concentration is lower
than the measured lowest chronic effect concentrations. The site-specific EAR benchmark at hardness ≤36 mg/L is lower than the CCME
(1999) copper WQG, which is used under these low hardness conditions. The WQG is calculated based on the individual hardness for each
sample. The benchmark shown is based on the range of hardness (142 to 268 mg/L as CaCO3) measured in Snap Lake during the 2017
reporting period.
i) The lead and nickel WQGs are hardness dependent. The WQG is calculated based on the individual hardness for each sample. The WQG
shown is based on the range of hardness (142 to 268 mg/L as CaCO3) measured in Snap Lake during the 2017 reporting period.
AEMP = Aquatic Effects Monitoring Program; SSWQO = site-specific water quality objective; mg/L = milligrams per litre; mg-N/L = milligrams
as nitrogen per litre; N = nitrogen; mg-P/L = milligrams as phosphorus per litre; µg/L = micrograms per litre; WQG = water quality guideline;
EAR = Environmental Assessment Report; TDS = total dissolved solids; % = percent; TP = total phosphorus; ~ = approximately; <= less than;
CCME = Canadian Council of Ministers of the Environment; MVLWB = Mackenzie Valley Land and Water Board; °C = degrees Celsius;
CaCO3 = calcium carbonate; HC5 = hazard concentration which protects 95% of the aquatic community from potential chronic exposure.
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Summary and Conclusions

A summary of the water quality data collected to date, including a description of overall trends in the data and
other key findings of the monitoring program and conclusions associated with those findings are provided below.

Treated Effluent



The discharge rate increased over time since the start of the discharge (June 22, 2004) until the end of
2016, when the flows sharply declined to zero in mid-February 2017.



Approximately 1.1 Mm3 of combined treated effluent was discharged to Snap Lake in 2017 during two
discharge periods. The total discharge volume in 2017 was lower relative to 2016 because of the change to
flooding of the underground workings in 2017.



From 2004 to 2009, the concentration of TDS, a key parameter in the treated effluent, was highly variable.
After 2009, concentration of TDS in the treated effluent was more consistent and ranged from approximately
500 to 800 mg/L; increases of approximately 100 mg/L were observed in 2013 and 2015. The 2017 average
concentration of TDS in treated effluent (528 mg/L) was lower compared to preceding years.



Concentrations of nitrogen parameters in the treated effluent decreased between 2012 and 2016, which was
attributed to De Beers’ revised nitrogen management practices at the Mine and the reduction of explosives
underground in 2016. However, concentrations of nitrogen parameters increased in 2017, likely related to
the change in the source of the influent water and treatment systems.



Concentrations of most other parameters in the treated effluent were within the range of concentrations
measured in the last five years.



Loadings of parameters in the treated effluent have generally increased over time from 2004 to 2016, due to
the increase in volume of discharge. In 2017, loadings of all parameters were generally lower or within the
range of previously observed rates due to the lower volume of discharge.



Water Licence limits have changed over time; concentrations and loadings of treated effluent discharges to
Snap Lake have typically been below Water Licence limits.



In 2017, concentrations in treated effluent discharges to Snap Lake were below Water Licence limits,
with the exception of concentrations of TSS and nitrate during an authorized emergency discharge of
minewater in May and June. The exceedances did not result in effects to aquatic life.



De Beers installed and began operating a RO plant retrofit into the treatment process in 2018 to improve the
quality of treated effluent. Annual loadings of TP, ammonia, and nitrate were below the annual Water
Licence limits in 2017.



Predicted concentrations in the treated effluent have been updated since the EAR. Concentrations in the
treated effluent have been typically below model predictions.



In 2017, concentrations in the treated effluent were below or similar to the model predictions, with the
exception of TP and zinc. The differences in measured and predicted TP and total zinc concentrations were
due to an over prediction of the treatment efficiency for these two parameters. Exceedances of AEMP
benchmarks for TP and zinc were not observed.
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Snap Lake



Parameters that are chemical signatures of the treated Mine effluent (i.e., TDS, major ions, nitrate,
nitrate/nitrite, total nitrogen, and total barium, boron, cesium, lithium, molybdenum, nickel, rubidium,
strontium, and uranium) have increased over time relative to baseline concentrations in Snap Lake.
Concentrations of these parameters decreased or remained similar in 2017 relative to 2016 and previous
years in one or more areas of Snap Lake, with the exception of fluoride. Fluoride was the only parameter
whose concentrations continue to increase in all areas of Snap Lake as of 2017. The decreasing
concentrations or lack of continued increasing concentrations in Snap Lake is related to the Care and
Maintenance status of the Mine, the cessation of explosive use, and the lower volume of treated effluent
discharged to Snap Lake in 2017 compared to previous years.



In 2017, concentrations of four metals (iron, manganese, antimony, and cobalt) that were not considered
chemical signatures of the treated Mine effluent showed increasing trends or spatial patterns in Snap Lake
that may have been related to the discharge treated effluent.



In 2017, phosphorus showed decreasing trends in Snap Lake that may be Mine-related. The decreases in
TP concentrations in 2017 may be related to the Mine, but the Mine’s influence on TP concentrations is not
directly related to TP loadings, which would have resulted in increasing rather than decreasing TP
concentrations.



In 2017, whole-lake average concentrations of the parameters that were chemical signatures of treated
effluent and iron, manganese, antimony and cobalt were above the Snap Lake normal range or Northeast
Lake range, or both.



Snap Lake whole-lake average concentrations in 2017 were below model predictions, except for
total antimony and manganese. Concentrations of all parameters that showed temporal trends or were
above predictions in Snap Lake remained below AEMP benchmarks and drinking water guidelines in 2017.



Based on annual comparisons of under ice-cover profiles of DO concentrations since Operations began
to baseline conditions, decreases in DO concentration in Snap Lake have not occurred. Concentrations of
DO may have increased near the diffuser due to the discharge of well-aerated effluent.



In 2017, water quality parameter concentrations in Snap Lake were not above AEMP benchmarks;
concentrations of DO were occasionally below the CCME guideline for the protection of aquatic life in 2017
and similar to concentrations observed during baseline.



Spatial and seasonal water quality patterns in 2017 were consistent with predictions in that concentrations of
many Mine-related parameters were higher in the main basin of Snap Lake relative to the northwest arm and
Northeast Lake, and higher under ice-cover relative to open-water conditions.



Vertical gradients predicted for conductivity, temperature and DO were observed under ice-cover when
mixing was limited in Snap Lake. Snap Lake continues to be well-mixed during open-water conditions,
except at one diffuser station and two stations in the northwest arm. The conductivity values in the area
around the diffusers were similar relative to other areas in the main basin; differences in conductivity within
the main basin of Snap Lake are becoming less distinguishable.



Annual comparisons to Health Canada health-related drinking WQGs have indicated that Snap Lake water
has been safe to drink, pending disinfection. Snap Lake water was safe to drink for humans in 2017,
pending disinfection required for all Canadian surface waters used for drinking water.
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Downstream of Snap Lake



Concentrations of TDS and major ions, and a subset of metals that are chemical signatures of the treated
Mine effluent, are decreasing with distance downstream of Snap Lake.



Trend analysis results indicate that conductivity and concentrations of TDS are increasing at the LCB outlets
and at KING01, respectively, but concentrations of TDS at these locations and at Node 22 remain below
predictions. Concentrations of TDS and all treated effluent-related parameters remained low and below
AEMP benchmarks at all locations downstream of Snap Lake.



Concentrations of TDS at Node 22 remained within the range of natural variability in 2017.

Action Levels



In 2013 and 2014, Low Action Levels related to toxicological impairment in Snap Lake were triggered for
chloride, nitrate, and fluoride. Also, in 2014 a Low Action Level related to drinking water in Snap Lake was
triggered for TDS. No water quality action levels were triggered in 2015, 2016, and 2017.

3.1.5

Proposed Changes

Snap Lake and Reference Lakes
The following changes are proposed for the water quality component:



Reduce the number of phosphorus parameters analyzed in the nutrient suite to two parameters (total and
dissolved phosphorus) to align with model predictions and comparisons to the AEMP benchmark.
The rationale for this change is as follows:

 Phosphorus concentrations in Snap Lake have not increased relative to baseline and during Closure,
phosphorus concentrations are predicted to remain below the AEMP benchmark and whole-lake
averages are predicted to remain within the Snap Lake normal range (0.004 to 0.010 mg/L)
(Section 4.1.1).

 The additional phosphorus parameters (total and dissolved organic and inorganic phosphorus and
ortho-phosphate) monitored to-date are not required to compare to predictions or the AEMP benchmark.

 Total and dissolved phosphorus are sufficient to support the evaluation of the predicted biological effects
related to nutrient enrichment from phosphorus input. If a Nutrient Enrichment Action Level is triggered,
monitoring of additional species of phosphorus can be considered.



Discontinue monitoring of organics (i.e., BTEX [benzene, toluene, ethylbenzene, xylene]), total oil and
grease, total extractable hydrocarbons, total volatile hydrocarbons, F1 [C6 C10] and F2 [>C10 C16]) at the
edge of the mixing zone. Continued monitoring of these parameters is expected to provide negligible value
to assessing water quality in Snap Lake because:

 Concentrations of organics at the edge of the mixing zone (i.e., at the diffuser stations SNP 02-20d,
SNP 02-20e, and SNP 02-20f) have been near or below the detection limit during the Operations and
Care and Maintenance periods.

 During Closure, increases in the discharge concentrations of organics are not anticipated.



If no domestic wastewater is released during Closure, no further monitoring of bacteriological parameters
(e.g., Escherichia coli) in Snap Lake is recommended.



Discontinue analyses of dissolved metals in the water quality component. The likelihood that concentrations
of metals will be above an AEMP benchmark in Snap Lake (i.e., the criteria for analyzing the dissolved
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metals samples) during Closure is low based on predicted concentrations of metals in Snap Lake
(Section 4).



Replace monitoring of TOC with dissolved organic carbon (DOC) in Snap and Northeast lakes to allow
for measured DOC concentration to be used when calculating the updated AEMP benchmark for zinc (De
Beers 2020). Measurements of DOC may also be used in the calculation of future AEMP benchmarks
because DOC is a toxicity-modifying factor for many metals and may be considered in future updates to
Canadian water quality guidelines.



Discontinue water quality monitoring at Lake 13 for Closure under the water quality program. It will no longer
be needed to support biological monitoring, and monitoring at Northeast Lake is sufficient for characterizing
reference water quality.



During discharge to the existing mixing zone in the main basin:

 Maintain monthly monitoring during discharges at the three stations located at the existing mixing zone
boundary (i.e., SNP 02-20d, SNP 02-20e, SNP 02-20f).

 Maintain monitoring at SNP 02-20e once under-ice every three years.



After discharge to the existing mixing zone in the main basin no longer occurs:

 Discontinue monthly water quality monitoring during discharge at the three stations located at the
existing mixing zone boundary (i.e., SNP 02-20d, SNP 02-20e, SNP 02-20f).

 Maintain monitoring at SNP 02-20e once annually during open-water conditions and once under-ice
every three years.



When discharges to one or both of the new mixing zones in the main basin or northwest arm begin:

 Begin water quality monitoring at the frequency required by the Water Licence during periods of
discharge at two new stations at the boundary of the new mixing zones to monitor water quality in
Snap Lake after initial mixing of the discharges. Two stations at each of the new mixing zone boundaries
are appropriate because the lengths of the boundary of the new mixing zones are smaller (approximately
400 m for the main basin and northwest arm mixing zones, respectively) relative to the existing mixing
zone (approximately 800 m) due to the different discharge types. The discharge to the new mixing zones
are directly from the shoreline, whereas the discharge to the current mixing zone is through a diffuser
placed approximately 150 from the shoreline.



Reduce the number of water quality stations in Northeast Lake from six to four. Water quality in
Northeast Lake has been similar over time; therefore, samples collected annually at three stations are
expected to be sufficient to characterize reference lake water quality. A fourth Northeast Lake station
(NEL06) will continue to be monitored during Closure, at the same frequency as other Northeast Lake
stations, to assess DO concentrations at a deep location in the reference lake.



Reduce the frequency of under ice monitoring during Closure to once every three years. The rationale for
this change is as follows:

 Effluent will no longer be discharged during ice-covered conditions, with the possible exception at the
end of the ice-covered period (i.e., near spring freshet) when it is not safe to sample on the lake.

 Monitoring once every three years under ice-cover will support biological monitoring programs. In
particular, DO profiles should be measured during late ice-covered conditions, when bottom DO
concentrations are typically the lowest.
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Reduce the frequency of open-water monitoring in the main basin (beyond the mixing zone) and
Northeast Lake to once a year during open-water conditions during Closure; the frequency of lake-wide
monitoring will be increased if a Low Action Level is triggered. The rationale for this change is as follows:

 Based on annual seasonal comparisons, concentrations of sampled parameters in the main basin of
Snap Lake, northwest arm and Northeast Lake have typically been similar during early and late openwater conditions, which has resulted in these two time periods being combined for seasonal
comparisons for all laboratory parameters.

 Water quality in Northeast Lake has been well-documented (i.e., monitored since 2004), similar among
years and during open-water conditions, and is not predicted to change; therefore, reduced monitoring
frequency in Northeast Lake is not expected to reduce the ability to characterize reference conditions
during Closure.



At least one AEMP sampling event within the main basin of Snap Lake should occur in the latter half of the
discharge period (i.e., the early open-water program), with the second AEMP sampling event (i.e., the late
open-water program) occurring as close as possible to the end of the discharge period1.



Discontinue the use of split samples in the QA/QC assessment because, in recent years, split samples have
provided limited new information regarding the quality of Snap Lake water quality data. Multiple split
samples have been sent to separate laboratories annually to assess variability within a sample and between
laboratories. The comparisons of results from different laboratories were particularly important when greater
uncertainty in concentrations existed in Snap Lake due to issues related to laboratory analyses, such as
matrix interference and changes and differences in analytical methods for nutrient and metals. Laboratory
issues with split samples have been resolved through the annual QA/QC assessments and Nutrient Special
Studies (Section 3.10.1); collecting additional split samples during Closure is not expected to provide new
information for assessing the quality of water quality data. Duplicate samples have showed that the withinsite variability and field sampling precision has been low and high, respectively (Section 3.1.2.5). Collection
of duplicate samples should continue to assess within-site variability and field sampling precision.



Discontinue the use of phosphorus spike samples. Phosphorus spike samples have been analyzed at
different concentrations since 2012, and an approximate uncertainty in phosphorus concentrations has been
established (average of ±0.002 mg/L) for the concentrations in Snap Lake. Results from additional analyses
of spike samples are unlikely to affect this uncertainty; if appropriate, spike samples for phosphorus could be
recommended in the future if Action Levels are triggered for phosphorus.

Due to the Closure status of the Mine, De Beers cannot commit to specific timing of sampling events but will
attempt, where possible, to complete monthly (i.e., as per Water Licence requirements) sampling at the mixing
zone stations in the main basin to characterize water quality in the latter half of discharge and towards the end of
discharge.

1
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Update Action Levels to replace the comparison to predictions with comparisons to normal range in the
assessment of nutrient enrichment Action Levels. As well, the data analyses methods that are based on
comparisons to whole-lake average concentrations should include comparisons to northwest arm average
concentrations after the start of discharge to the northwest arm. The inclusion of a northwest arm average
will also apply to comparisons completed for Action Levels and Weight of Evidence after discharge to the
northwest arm begins. The rationale for this change is as follows:

 The EAR predicted an increase in Snap Lake phosphorus concentrations that had the potential to cause
mild nutrient enrichment. Thus, concentrations above predictions were used to trigger a Low Action
Level. Concentrations of TP have not increased in Snap Lake and are not predicted to increase above
concentrations that would cause nutrient enrichment (Section 4.1.1). Therefore, phosphorus
concentrations above the Snap Lake normal range, instead of above predictions, should be used to
identify a Low Action Level, which is consistent with the approach for toxicological Action Levels.

 Whole-lake average concentrations, which are based on main basin stations only, have been used in
comparisons to AEMP Benchmarks for nutrient enrichment and identifying whether Snap Lake
concentrations are above the normal range. After discharge begins in the northwest arm, average
concentrations in the northwest arm should also be compared to the AEMP benchmark and normal
range.



Update AEMP Benchmarks developed during the EAR (De Beers 2002) and subsequent AEMP Design
Plans (Golder 2014, 2016a) where relevant new information is available and update SSWQOs used for
AEMP Benchmarks that were developed based on former predictions of ionic composition in Snap Lake
during Operations and Care and Maintenance (i.e., TDS, chloride, sulphate, and nitrate). The rationale for
this change is as follows:

 The EAR benchmarks for cadmium, hexavalent chromium, and copper were developed in 2002. Water
quality guidelines for cadmium and hexavalent chromium have been updated since 2002 and should be
reviewed for inclusion in the list of AEMP benchmarks.

 Additional water quality guidelines have been published for antimony, barium, cobalt, lead, manganese,
strontium, and vanadium and should be reviewed for inclusion in the list of AEMP Benchmarks.

 The ionic composition of Snap Lake is predicted to change during Closure, therefore the applicability of
SSWQOs based on the predicted ionic composition should be reviewed.

Downstream Lakes



Update downstream monitoring locations, frequency, and parameters to include relevant recommendations
to monitoring made in the DSW SS (Golder 2017) and to incorporate Closure conditions:

 During Closure, monitoring of TDS and its constituents and field measurements should be completed
annually, once during open-water and every three years it should be completed twice a year, once
during late ice-covered conditions and once during open-water conditions, at the two outlets of LCB
(LCB Outlet 1 and LCB Outlet 2A). The rationale for this change is as follows:
−

Monitoring at the LCB outlet stations will be used to assess whether Action Levels are triggered for
the protection of traditional land use.
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−

Additional open-water monitoring at the two outlets and within LCB (three times a year), which were
recommended for modelling purposes in the DSW SS (Golder 2017), is no longer required for
modelling and thus monitoring is no longer required.

−

Future modelling of LCB is expected to be limited to mass balance calculations instead of the
three-dimensional modelling, for which the additional monitoring within LCB was required.

 During Closure, monitoring of TDS and its constituents and field measurements should be
completed once every three years at KING01, Node 22 and MCKY-WEST-3 during ice-covered
conditions, when TDS concentrations are predicted to be the highest, and annually during open-water
conditions.

 Five replicate samples around Node 22 and MCKY-WEST-3 should be collected at mid-depth for
conformity assessment with Measure 1(d). During conformity sampling, travel, field, and equipment
blanks, as well as a duplicate sample at Node 22 are also required.



The Action Levels related to the protection of traditional land uses should be updated to reflect the
recommendations described in the DSW SS Report (Golder 2017).

Inland Lakes and Streams



The deferred water quality monitoring at the inland lakes (IL3, IL4, and IL5) and stream S27 during Care
and Maintenance should be discontinued during Closure; data will continue to be collected from S1 during
freshet to characterize loadings from natural runoff for modelling purposes. As outlined in the Extended Care
and Maintenance Plan (De Beers 2016b), the processing plant has been decommissioned, and reliance on
emitting infrastructure (e.g., generators, incinerators) has been substantially reduced. No effects related to
acid emissions were detected during Operations, and the potential for acidification during Closure will be
lower than during Operations.

3.1.6
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3.2

Sediment Quality

3.2.1

Overview

The Snap Lake AEMP sediment quality monitoring component was designed to meet the conditions of
Water Licence MV2019L2-0004 Part G. This re-evaluation of the sediment quality results presents a summary of
the data collected as part of the AEMP since discharge began in 2004, with a focus on the current status of
sediment quality in Snap Lake as of 2017 in terms of temporal trends, comparisons to AEMP benchmarks,
normal ranges, and Action Levels. Information presented in this 2012 to 2017 Aquatic Effects Re-evaluation
Report pertaining to sediment quality has previously been presented in AEMP annual reports (De Beers 2013a,
2014, 2015, 2016, 2017, and 2018a).
The objectives of the sediment quality component of the AEMP are as follows:



To characterize and interpret bottom sediment quality in Snap Lake and the reference lakes (i.e., Northeast
Lake and Lake 13), and make comparisons to previous years.



To recommend changes to the sediment quality component of the AEMP for future years, if warranted.
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Annual analyses of the sediment quality data addressed the following three key questions:
1)

Are concentrations of sediment quality parameters above or below SQGs?

2)

Are there differences in sediment quality in Snap Lake relative to the reference lakes and, if so, are they
related to the Mine?

3)

Are concentrations of sediment quality parameters increasing over time?

In the following section, sediment quality is compared between Snap Lake (diffuser station, main basin, and
northwest arm) and the two reference lakes (Northeast Lake and Lake 13), concentrations are compared to
sediment quality guidelines, and temporal trends are analyzed in each lake.

3.2.2
3.2.2.1

Description of Overall Trends
Sediment Quality at the Diffuser Station in Snap Lake

The diffuser station in Snap Lake is the closest station to the treated effluent discharge, and therefore provides
an indication of potential early-warning effects on sediment quality. The top 5-cm layer of sediment has been
sampled at this station since 2007. Sedimentation rates in Arctic lakes are known to be low (Brothers et al. 2008)
and recent regulatory and other stakeholder concerns have been expressed as to whether the top 5-cm layer is
too thick to be representative of recent Mine-related deposition. Therefore, both the top 2-cm and top 5-cm layers
of sediment have been monitored at the diffuser station since 2012; this is an annual monitoring requirement of
the SNP.
A summary of results from 2012 to 2017 for the two sampling depths where relative percent difference (RPD)
values were greater than ±30% is provided in Table 3.2-1.
Between 2012 and 2017, a varying number of sediment quality parameters had RPDs between concentrations in
the top 2-cm layer and the top 5-cm layer that were greater than ±30%2.



In 2012:

 one nutrient parameter and fourteen metals had a negative RPD value greater than 30%
 four nutrient parameters and one metal parameter had a positive RPD value greater than 30%



In 2013:

 three nutrient parameters and seven metal parameters had a negative RPD value greater than 30%
 one nutrient parameter had a positive RPD value greater than 30%



In 2014:

 three nutrient parameters had a negative RPD value greater than 30%
 no parameters had a positive RPD value greater than 30%



In 2015:

 three nutrient parameters and one metal parameter had a negative RPD value greater than 30%
 one nutrient parameter had a positive RPD value greater than 30%
2

Negative RPD values indicate that sediment parameter concentrations or physical attribute values in the top 2-cm layer were notably higher
than in the top 5-cm layer. Positive RPD values indicate that concentrations in the top 5-cm layer were notably higher than in the top 2-cm
layer.
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In 2016:

 one nutrient parameter and two metal parameters had a negative RPD value greater than 30%
 two nutrient parameters had a positive RPD value greater than 30%



In 2017:

 no parameters had a negative RPD value greater than 30%
 only one parameter had an RPD greater than 30%
A larger proportion of notable differences in concentrations between the two sediment sampling depths at the
diffuser station (SNP02-20e) was evident in 2012 and 2013, when sampling the two sediment layers was initiated.
However, the proportion of notable RPD values, both positive, and negative, has decreased since 2013.
This lower proportion of notable RPDs indicates that sediment chemistry between the top 2-cm and top 5-cm
layers of sediment has been generally similar over the past five years. The reasons for this observation are not
clear; however, these results may possibly be attributed to the following:



The Mine has been in Care and Maintenance since December 2015, allowing some reduction of effects on
sediment quality.



Changes in sampling methods have occurred over time:

 In 2012 and 2013 an Ekman grab was used to sample the top 5-cm layer and a Tech-Ops corer was
used to sample the top 2-cm layer.

 In 2014, 2015, and 2016 a Tech-Ops corer was used to sample both the top 5-cm layer and the top 2-cm
layer.

 In 2017, an Ekman grab was used to sample both the top 5-cm layer and the top 2-cm layer. This may
have resulted in a lower ability to delineate the top 2-cm layer from deeper sediment layers.
Table 3.2-1

Relative Percent Differences in Sediment Chemistry between 2-cm and 5-cm Sampling Depths for
Snap Lake Diffuser Station (SNP02-20e) Samples Collected in 2012 to 2017
Parameter

Units

2012

2013

2014

2015

2016

2017(a)

mg/kg dw

89%

-134%

-37%

105%

-82%

-29%

Total Kjeldahl nitrogen

% dw

-13%

-6%

-41%

2%

-23%

-1%

Available nitrate, as N

mg/kg dw

124%

0%

18%

-31%

ND

ND

Available phosphate, as P

mg/kg dw

187%

49%

-7%

-31%

83%

-8%

Available potassium

mg/kg dw

132%

-50%

-3%

-6%

57%

12%

Available sulphate, as S

mg/kg dw

-124%

-54%

-37%

-62%

-26%

27%

Antimony

mg/kg dw

-104%

-50%

11%

-37%

-15%

7%

Arsenic

mg/kg dw

-69%

4%

5%

2%

26%

22%

Beryllium

mg/kg dw

32%

-4%

7%

-2%

-6%

4%

Calcium

mg/kg dw

-49%

-41%

4%

-2%

-27%

18%

Cobalt

mg/kg dw

-32%

-15%

2%

-1%

-17%

15%

Iron

mg/kg dw

-40%

-11%

0%

-0.4%

-9%

15%

Nutrients
Available ammonium, as N

Metals
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Table 3.2-1

Relative Percent Differences in Sediment Chemistry between 2-cm and 5-cm Sampling Depths for
Snap Lake Diffuser Station (SNP02-20e) Samples Collected in 2012 to 2017
Parameter

Units

2012

2013

2014

2015

2016

2017(a)

Lead

mg/kg dw

-64%

-26%

-2%

-4%

-8%

26%

Magnesium

mg/kg dw

-66%

-46%

-4%

7%

-44%

23%

Manganese

mg/kg dw

-41%

-67%

12%

-2%

-25%

15%

Mercury

mg/kg dw

-48%

-23%

-20%

-12%

2%

23%

Molybdenum

mg/kg dw

-38%

-23%

0%

-5%

-18%

10%

Nickel

mg/kg dw

-48%

-27%

0%

6%

-33%

19%

Silver

mg/kg dw

-52%

-20%

-4%

-7%

-28%

12%

Sodium

mg/kg dw

-59%

-39%

1%

8%

-20%

36%

Strontium

mg/kg dw

-84%

-61%

5%

-1%

-20%

29%

Thallium

mg/kg dw

6%

-85%

2%

3%

-10%

7%

Metals (cont’d)

Note: Only parameters where an RPD of greater than ±30% in at least one monitoring year are listed in the table.
a) As a result of field logistical issues, the core samples using the Tech Ops corer could not be collected. The samples from the top 2-cm and
top 5-cm sampling depths were collected using the Ekman grab.
Light grey shading: RPD is >|30|% and positive, indicating the concentration or physical attribute value is higher in the top 5-cm sediment
layer than in the top 2-cm sediment layer.
Dark grey shading: RPD is >|30|% and negative, indicating the concentration or physical attribute value is higher in the top 2-cm sediment
layer than in the top 5-cm sediment layer.
RPD = relative percent difference; N = nitrogen; P = phosphorus; S = sulphur; cm = centimetre; <= less than; >= greater than; % = percent;
% dw = percent dry weight; mg/kg dw = milligrams per kilogram dry weight; SNP = Surveillance Network Program; ND = not detected.

3.2.2.2

Overview of Sediment Quality in Snap Lake and Reference Lakes

Physical Characteristics
Sediments in Snap Lake and Northeast Lake are similar in terms of particle size and TOC content (Figure 3.2-1),
which have generally remained consistent since AEMP monitoring began. Sediments consist primarily of
fine-grained material (i.e., greater than 80% fines). A lower proportion of fine-grained material was reported in
2005 and 2006; however, these results are considered anomalous and attributable to a different laboratory
method used for particle size analyses in those years compared to the current method (i.e., PSA-1 vs. PSA-33).
Observations by field staff during sediment sample collection programs indicate that the sediments are
consistently fine-grained rather than sandy. Mean TOC values in Snap Lake and Northeast Lake sediments are
generally in the range of 14% to 20%, which are considered relatively high compared to other sub-Arctic lakes
(e.g., Kennady Lake: 0.9% to 16% [De Beers 2014] and Lac du Sauvage: 7% to 17% [DDEC 2015]). TOC in
the diffuser area was lower in 2005 (1.7% dry weight [dw]) and 2006 (6.3% dw), apparently increased in 2007,
and has remained relatively consistent with the other Snap Lake stations thereafter, ranging from 16.8% dw
in 2016 to 19.9% dw in 2009.

3

PSA-1-SK (ALS Method SSIR-51 Method 3.2.1) – Particle Size Analysis: Mini-Pipette Method.
PSA-3-SK (ALS Method SSIR-5 Method 3.2.1.2.2) – As for PSA-1-SK, but with a preliminary step of treating the dried sediment sample with
hydrochloric acid to remove carbonates. This method is preferred for sediment that has a high proportion of organic matter.
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Time Series Plots of Mean Percent Fine Sediments and Total Organic Carbon Content, 2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown.
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Nutrients
In 2012 and 2015, nutrient concentrations in Snap Lake sediments varied by less than a factor of five among
stations. Nutrients with wider concentration ranges were available ammonium in 2012, and available nitrate,
available phosphate, and available sulphate in 2012 and 2015, as described below:



Available ammonium ranged from 8.6 milligrams per kilogram (mg/kg) dw at SNAP19 to 34.13 mg/kg dw at
SNAP08 in 2012.



Available nitrate ranged from 5.7 mg/kg dw at SNAP12 to 28.8 mg/kg dw at SNAP18 in 2012 and ranged
from 1.5 mg/kg dw at SNAP03 to 20.6 mg/kg dw at SNAP05 in 2015.



Mean available phosphate ranged from 4.6 mg/kg dw at SNAP06 to 98.70 mg/kg dw at the diffuser station
top 5-cm depth in 2012 and ranged from 11.6 mg/kg dw at SNAP08 to 154 mg/kg dw at the diffuser station
top 2-cm depth in 2015.



Available sulphate ranged from 32.5 mg/kg dw at SNAP02A to 509 mg/kg dw at SNAP06 in 2012 and
ranged from 99.1 mg/kg dw at SNAP08 to 554 mg/kg dw at the diffuser station top 2-cm depth in 2015.

In 2012 and 2015, mean nutrient concentrations in Snap Lake sediments were generally higher than those
measured in Northeast Lake and Lake 13 sediments, as shown on time series plots presented in Figures 3.2-2
to 3.2-5. On the time series plots, values below the DL are shown as half the DL. Data points labelled as
“Diffuser” represent bulk samples from 2004 to 2006, and represent top 5-cm samples from 2007 onward.
Data for the diffuser area were sampled near the temporary diffuser location in 2005 and 2006, and near the
permanent diffuser location from 2007 onward. From 2012 to 2016, Diffuser Station data are presented for both
the top 2-cm layer and top 5-cm layer of sediment. Most of the data presented are means of multiple samples;
for 2014, 2016 and 2017, sample results from single measurements are presented.
Sediment quality was generally less variable in Northeast Lake and Lake 13 than in Snap Lake. In 2012,
nutrient concentrations varied by less than a factor of four, with the exception of available nitrate, available
phosphate, and available sulphate in Northeast Lake, and available phosphate and available sulphate in Lake 13.
In 2015, sediment parameter concentrations varied by less than a factor of two, with the exception of available
ammonium in Northeast Lake. Within Snap Lake, the concentration of available phosphate was higher at the
diffuser station compared to other areas in 2007 and thereafter, following the baseline and mine construction
periods. This result suggests a persistent localized effect on available phosphorus in Snap Lake, which appears
related to the treated effluent discharge.
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Time Series Plots of Mean Available Ammonium and Nitrate Concentrations in Sediments,
2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown. The upper bound of the normal
range for available nitrate (126 mg/kg dw) is not shown.
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Time Series Plots of Mean Available Phosphate and Potassium Concentrations in Sediments,
2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown.
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Time Series Plots of Mean Available Sulphate and Total Kjeldahl Nitrogen Concentrations in
Sediments, 2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown.
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Time Series Plots of Mean Total Nitrogen and Total Phosphorus Concentrations in Sediments,
2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown.
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Metals
In 2012 and 2015, metal concentrations in Snap Lake sediments varied by less than a factor of five among
stations (Figures 3.2-6 to 3.2-11). Sediment metals with wider concentration ranges were cobalt, iron,
manganese, silver, and tin in 2012 and antimony, manganese, and tin in 2015. During 2012 and 2015,
concentrations of cobalt, iron, and manganese at Station SNAP20 in the northwest arm were considerably higher
than those measured at other Snap Lake stations. These occurrences of higher metal concentrations at SNAP20
have been measured previously and appear to be unrelated to treated effluent discharge to Snap Lake.
Mean concentrations of some metals were generally higher in Snap Lake sediments compared to Northeast Lake
and Lake 13. These included antimony, boron, calcium, molybdenum, phosphorus, selenium, sodium, and
strontium. However, mean concentrations of some metals were higher in Northeast Lake or Lake 13 sediments
compared to Snap Lake. These included cesium, chromium, lithium, potassium, rubidium, titanium, and vanadium
in 2012 and 2015. Sediment quality in Northeast Lake and Lake 13 was generally less variable than in
Snap Lake. In 2012, sediment metal concentrations varied by less than a factor of four, with the exception of
arsenic, barium, and manganese in Lake 13. In 2015, sediment parameter concentrations varied by less than a
factor of two, with the exception of mercury in Lake 13.
Concentrations of mercury and silver were undetected in the majority of sediment samples analyzed until 2010
when the detection frequency of these metals increased. Mercury and silver concentrations at the diffuser station
have fluctuated between 2012 and 2017; however, detectable concentrations have remained slightly above
the DL. At the diffuser station, peak concentrations of silver occurred in 2015, and peak concentrations of mercury
occurred in 2016. Within the main basin, Northeast Lake, and Lake 13, mercury and silver concentrations have
increased from 2012 to 2015.
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Time Series Plots of Mean Total Aluminum, Antimony, Arsenic, Barium, Beryllium, and Bismuth Concentrations in Sediments, 2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown.
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Time Series Plots of Mean Total Boron, Cadmium, Calcium, Cesium, Chromium, and Cobalt Concentrations in Sediments, 2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown.
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Figure 3.2-8

19127683/DCN-013

Time Series Plots of Mean Total Copper, Iron, Lead, Lithium, Magnesium, and Manganese Concentrations in Sediments, 2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown. The mean total lead concentration at the diffuser station in 2005 (186.8 mg/kg) is outside of the range of the graph.
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Figure 3.2-9
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Time Series Plots of Mean Total Mercury, Molybdenum, Nickel, Potassium, Rubidium, and Selenium Concentrations in Sediments, 2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown. The analytical method and instrumentation for selenium changed in 2009 and 2013; the plot for selenium shows data analyzed by the hydride generation atomic absorption spectroscopy (HG-AAS) for 2004 to
2008, by inductively coupled plasma mass spectrometry (ICP-MS) for 2009 to 2012, and by collision cell inductively coupled plasma mass spectrometry (CC-ICP-MS) for 2013 and 2017.
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Figure 3.2-10

19127683/DCN-013

Time Series Plots of Mean Total Silver, Sodium, Strontium, Thallium, Tin, and Titanium Concentrations in Sediments, 2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown.
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Figure 3.2-11

19127683/DCN-013

Time Series Plots of Mean Total Uranium, Vanadium, and Zinc Concentrations in Sediments, 2004 to 2017

Note: The normal range applicable to the diffuser station (i.e., for single samples in Snap Lake) is shown.
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Comparison to Sediment Quality Guidelines
Sediment quality data collected from Snap Lake, Northeast Lake, and Lake 13 were compared to available
Canadian SQGs. Currently, seven of the metals analyzed by the AEMP have SQGs (Table 3.2-2). The proportion
of measured concentrations of these metals above SQGs in Snap Lake (2004 to 2017), Northeast Lake (2008 to
2015), and Lake 13 (2012 to 2015) is presented in Tables 3.2-3 to 3.2-8.
Table 3.2-2

Canadian Sediment Quality Guidelines for Protection of Freshwater Aquatic Life
Total Metal

Canadian Sediment Quality Guidelines
(mg/kg dw)
ISQG

PEL

Arsenic

5.9

17

Cadmium

0.6

3.5

Chromium

37.3

90

Copper

35.7

197

35

91.3

Mercury

0.17

0.49

Zinc

123

315

Lead

Source: CCME 1999.
ISQG = interim sediment quality guideline; PEL = probable effect level; mg/kg dw = milligrams per kilogram dry weight.

Concentrations of arsenic, cadmium, chromium, copper, and zinc were frequently measured above SQGs in
Snap Lake, Northeast Lake and Lake 13 sediments, as summarized below:



Arsenic

 Concentrations in Snap Lake were occasionally above the ISQG between 2005 and 2011, but only at
one station in the northwest arm (SNAP20). Concentrations of arsenic in Snap Lake were below SQGs
from 2012 to 2017.

 Concentrations in Northeast Lake have been below SQGs since 2008.
 Concentrations in Lake 13 were above SQGs (both the ISQG and PEL) between 2012 and 2015 in the
majority of samples.



Cadmium

 Concentrations in Snap Lake sediments were below SQGs in 2013, 2014, 2016, and 2017 (when only
the diffuser station was sampled).

 Concentrations in Northeast Lake were above the ISQG in 2008 through 2012, and in 100% of samples
in 2015.

 A single sediment concentration in Lake 13 was measured above the ISQG in 2012, but concentrations
were below the SQGs in 2013 and 2015.



Chromium

 Concentrations in Snap Lake sediments were below SQGs in 2009 and in 2017.
 Concentrations in Northeast Lake sediments were elevated above the ISQG for the majority of samples
in 2008 through 2012, and 2015.

 Concentrations in Lake 13 were above the ISQG in the majority of samples in 2012, 2013, and 2014.
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Copper

 Concentrations in Snap Lake, Northeast Lake, and Lake 13 sediments were elevated above the ISQG
for the majority of samples during every year that sampling was conducted.



Zinc

 Concentrations in Snap Lake sediments were below SQGs in 2014 and in 2017 (when only the diffuser
station was sampled).

 Concentrations in Northeast Lake sediments were above the ISQG in 100% of samples in 2008 to 2012,
and 2015.

 Concentrations in Lake 13 were below SQGs in 2012, 2013, and 2014.
In the Canadian Shield environment, the above metals occur at naturally elevated concentrations in lakebed
sediments. For example, concentrations of arsenic, cadmium, chromium, copper, and zinc have been measured
above ISQGs in lake sediments during baseline and AEMP monitoring for the Gahcho Kué Mine within the
Kirk Lake watershed (Golder 2014a,b; De Beers 2018b), and also during baseline monitoring in Lac du Sauvage
and Lac de Gras for the for the Dominion Diamond Jay Project (DDEC 2014, 2015). None of the metals with
concentrations above SQGs exhibit significant increasing trends in Snap Lake (Section 3.2.2.4),
which is consistent with the interpretation that these metals have naturally elevated concentrations.
Concentrations of lead and mercury in Snap Lake, Northeast Lake, and Lake 13 have consistently been
measured below SQGs, including the 2004 baseline data. However, anomalously high lead concentrations
were measured in 2005 at two stations in Snap Lake (SNP 02-20e and SNAP14); the source of these unusually
high lead concentrations could not be determined. These data are considered suspect and not indicative of
Mine-related effects on sediment quality.
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Table 3.2-3

Lake

Snap Lake

Northeast
Lake

Lake 13

19127683/DCN-013

Arsenic Concentration in Sediments in Snap Lake (2004 to 2017), Northeast Lake (2008 to 2015),
and Lake 13 (2012 to 2015) and Proportion of Data Measured Higher than Canadian Sediment Quality
Guidelines
Year/Sampling
Method

Arsenic Concentration
in Sediment
(mg/kg dw)

Count
Min

Max

Mean

Median

CCME Sediment Quality
Guideline
ISQG

PEL

2004 Bulk

12

1.70

4.40

2.83

2.85

—

—

2005 Bulk

17

0.20

6.30

3.17

2.80

12%

—

2006 Bulk

18

1.77

6.33

2.92

2.48

6%

—

2007 Top 5-cm

13

1.90

8.30

2.95

2.6

8%

—

2008 Top 5-cm

18

1.60

4.60

2.73

2.7

—

—

2009 Top 5-cm

18

1.06

8.15

2.94

2.60

6%

—

2010 Top 5-cm

18

0.51

3.44

1.67

1.39

—

—

2011 Top 5-cm

18

0.81

6.91

1.93

1.49

6%

—

2012 Top 2-cm and
5-cm

18

1.20

5.33

2.00

1.78

—

—

2013 Top 2-cm and
5-cm

2

2.99

3.11

3.05

3.05

—

—

2014 Top 2-cm and
5-cm

2

3.01

3.15

3.08

3.08

—

—

2015 Top 2-cm and
5-cm

11

2.50

4.98

3.36

3.25

—

—

2016 Top 2-cm and
5-cm

2

2.68

3.49

3.09

3.09

—

—

2017 Top 2-cm and
5-cm

2

2.35

2.94

2.65

2.65

—

—

2008 Top 5-cm

5

2.60

4.10

3.44

3.6

—

—

2009 Top 5-cm

5

2.37

4.06

3.19

3.4

—

—

2010 Top 5-cm

5

1.81

3.51

2.69

2.79

—

—

2011 Top 5-cm

5

1.65

3.70

2.38

2.16

—

—

2012 Top 5-cm

5

2.40

3.96

2.97

2.84

—

—

2015 Top 5-cm

4

3.35

4.18

3.79

3.82

—

—

2012 Top 5-cm

5

4.97

37.2

17.7

15.9

80%

40%

2013 Top 5-cm

5

6.25

72.8

24.0

14.1

100%

20%

2015 Top 5-cm

2

7.15

7.23

7.19

7.19

100%

—

Note: Percentage indicates the proportion of measured data where the sediment concentration was above the relevant SQG.
CCME = Canadian Council of Ministers of the Environment; ISQG = interim sediment quality guideline; PEL = probable effect level;
cm = centimetre; % = percent; mg/kg dw = milligrams per kilogram dry weight; — = no stations had sediment concentrations exceeding an SQG.
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Table 3.2-4

Lake

Snap Lake

Northeast
Lake

Lake 13

19127683/DCN-013

Cadmium Concentration in Sediments in Snap Lake (2004 to 2017), Northeast Lake (2008 to 2015),
and Lake 13 (2012 to 2015) and Proportion of Data Measured Higher than Canadian Sediment Quality
Guidelines
Year/Sampling
Method

Count

Cadmium Concentration in Sediment
(mg/kg dw)

CCME Sediment Quality
Guideline

Min

Max

Mean

Median

ISQG

PEL

2004 Bulk

12

0.50

1.10

0.69

0.65

50%

—

2005 Bulk

17

0.10

1.20

0.54

0.50

29%

—

2006 Bulk

18

0.30

1.13

0.70

0.62

50%

—

2007 Top 5-cm

17

0.50

1.20

0.69

0.60

76%

—

2008 Top 5-cm

18

0.40

1.20

0.68

0.65

67%

—

2009 Top 5-cm

18

0.36

1.08

0.67

0.65

56%

—

2010 Top 5-cm

18

0.12

1.61

0.68

0.59

44%

—

2011 Top 5-cm

18

0.44

1.04

0.60

0.58

28%

—

2012 Top 2-cm and
5-cm

18

0.45

1.02

0.66

0.62

56%

—

2013 Top 2-cm and
5-cm

2

0.44

0.47

0.46

0.46

—

—

2014 Top 2-cm and
5-cm

2

0.47

0.52

0.50

0.50

—

—

2015 Top 2-cm and
5-cm

11

0.39

0.77

0.53

0.46

27%

—

2016 Top 2-cm and
5-cm

2

0.52

0.53

0.52

0.52

—

—

2017 Top 2-cm and
5-cm

2

0.45

0.49

0.47

0.47

—

—

2008 Top 5-cm

5

0.60

1.00

0.76

0.80

100%

—

2009 Top 5-cm

5

0.61

1.29

0.88

0.79

100%

—

2010 Top 5-cm

5

0.72

1.13

0.91

0.92

100%

—

2011 Top 5-cm

5

0.54

1.27

0.756

0.66

80%

—

2012 Top 5-cm

5

0.66

1.11

0.84

0.81

100%

—

2015 Top 5-cm

4

0.68

1.21

0.85

0.75

100%

—

2012 Top 5-cm

5

0.36

0.65

0.49

0.45

20%

—

2013 Top 5-cm

5

0.26

0.59

0.41

0.43

—

—

2015 Top 5-cm

2

0.33

0.42

0.37

0.37

—

—

Note: Percentage indicates the proportion of measured data where the sediment concentration was above the relevant SQG.
CCME = Canadian Council of Ministers of the Environment; ISQG = interim sediment quality guideline; PEL = probable effect level;
cm = centimetre; % = percent; mg/kg dw = milligrams per kilogram dry weight; — = no stations had sediment concentrations exceeding an SQG.
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Table 3.2-5

Lake

Snap Lake

Northeast
Lake

Lake 13

19127683/DCN-013

Chromium Concentration in Sediments in Snap Lake (2004 to 2017), Northeast Lake (2008 to 2015),
and Lake 13 (2012 to 2015) and Proportion of Data Measured Higher than Canadian Sediment Quality
Guidelines
Year/Sampling Method

Count

Chromium Concentration in Sediment
(mg/kg dw)

CCME Sediment Quality
Guideline

Min

Max

Mean

Median

ISQG

PEL

2004 Bulk

12

23.9

57.2

36.3

35.2

42%

—

2005 Bulk

17

5.60

62.9

34.0

33.9

41%

—

2006 Bulk

18

23.6

45.1

35.7

36.3

50%

—

2007 Top 5-cm

17

27.0

41.2

34.7

35

24%

—

2008 Top 5-cm

18

24.9

37.9

33.0

33.3

11%

—

2009 Top 5-cm

18

22.1

37.2

32.0

33.8

—

—

2010 Top 5-cm

18

9.46

45.3

34.1

35.3

28%

—

2011 Top 5-cm

18

23.4

39.7

32.6

32.8

28%

—

2012 Top 2-cm and 5-cm

18

27.1

41.2

34.6

34.3

22%

—

2013 Top 2-cm and 5-cm

2

41.0

45.1

43.1

43.1

100%

—

2014 Top 2-cm and 5-cm

2

38.3

38.9

38.6

38.6

100%

—

2015 Top 2-cm and 5-cm

11

21.3

45.1

34.3

33.0

27%

—

2016 Top 2-cm and 5-cm

2

35.9

41.3

38.6

38.6

50%

—

2017 Top 2-cm and 5-cm

2

27.9

33.5

30.7

30.7

—

—

2008 Top 5-cm

5

33.8

57.2

47.7

50.7

80%

—

2009 Top 5-cm

5

46.9

57.2

53.3

53.7

100%

—

2010 Top 5-cm

5

52.5

60.9

56.3

57.1

100%

—

2011 Top 5-cm

5

45.3

58.6

53.0

53.3

100%

—

2012 Top 5-cm

5

49.8

59.9

55.46

55.5

100%

—

2015 Top 5-cm

4

50.3

58.2

52.7

51.1

100%

—

2012 Top 5-cm

5

47.3

72.0

55.7

53.6

100%

—

2013 Top 5-cm

5

37.0

65.8

53.7

57.0

80%

—

2015 Top 5-cm

2

47.2

52

49.6

49.6

100%

—

Note: Percentage indicates the proportion of measured data where the sediment concentration was above the relevant SQG.
CCME = Canadian Council of Ministers of the Environment; ISQG = interim sediment quality guideline; PEL = probable effect level;
cm = centimetre; % = percent; mg/kg dw = milligrams per kilogram dry weight; — = no stations had sediment concentrations exceeding an SQG.
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Table 3.2-6

Lake

Snap Lake

Northeast
Lake

Lake 13

19127683/DCN-013

Copper Concentration in Sediments in Snap Lake (2004 to 2017), Northeast Lake (2008 to 2015),
and Lake 13 (2012 to 2015) and Proportion of Data Measured Higher than Canadian Sediment Quality
Guidelines
Year/Sampling Method Count

Copper Concentration in
Sediment
(mg/kg dw)
Min

Max

Mean

CCME Sediment Quality
Guideline

Median

ISQG

PEL

2004 Bulk

12

75.6

118

99.5

102

100%

—

2005 Bulk

17

6.20

121

71.8

84.6

76%

—

2006 Bulk

18

73.2

124

108

110

100%

—

2007 Top 5-cm

17

46.8

125

107

114

100%

—

2008 Top 5-cm

18

47.4

119

104

109

100%

—

2009 Top 5-cm

18

47.1

119

104

107

100%

—

2010 Top 5-cm

18

20.0

125

101

110

94%

—

2011 Top 5-cm

18

51.4

119

103

109

100%

—

2012 Top 2-cm and 5-cm

18

75.7

125

107

107

100%

—

2013 Top 2-cm and 5-cm

2

101

105

103

103

100%

—

2014 Top 2-cm and 5-cm

2

108

111

110

110

100%

—

2015 Top 2-cm and 5-cm

11

84.0

108

97.0

98.0

100%

—

2016 Top 2-cm and 5-cm

2

112

112

112

112

100%

—

2017 Top 2-cm and 5-cm

2

97.2

113

105

105

100%

—

2008 Top 5-cm

5

87.2

152

122

136

100%

—

2009 Top 5-cm

5

101

139

123

128

100%

—

2010 Top 5-cm

5

101

145

129

133

100%

—

2011 Top 5-cm

5

107

139

128

134

100%

—

2012 Top 5-cm

5

117

152

135

135

100%

—

2015 Top 5-cm

4

129

140

135

135

100%

—

2012 Top 5-cm

5

54.2

69.6

64.9

66.2

100%

—

2013 Top 5-cm

5

56.4

73.8

66.3

68.3

100%

—

2015 Top 5-cm

2

53.8

62.9

58.4

58.4

100%

—

Note: Percentage indicates the proportion of measured data where the sediment concentration was above the relevant SQG.
CCME = Canadian Council of Ministers of the Environment; ISQG = interim sediment quality guideline; PEL = probable effect level;
cm = centimetre; % = percent; mg/kg dw = milligrams per kilogram dry weight; — = no stations had sediment concentrations exceeding an SQG.
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Table 3.2-7

Lake

Snap Lake

Northeast Lake

Lake 13
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Lead Concentration in Sediments in Snap Lake (2004 to 2017), Northeast Lake (2008 to 2015),
and Lake 13 (2012 to 2015) and Proportion of Data Measured Higher than Canadian Sediment Quality
Guidelines
Year/Sampling Method

Count

Lead Concentration in Sediment
CCME Sediment Quality Guideline
(mg/kg dw)
Min

Max

Mean Median

ISQG

PEL

2004 Bulk

12

3.50

9.70

5.49

5.20

—

—

2005 Bulk

17

0.60

373

37.0

6.20

12%

12%

2006 Bulk

18

3.93

6.07

4.87

4.78

—

—

2007 Top 5-cm

17

4.5

8.4

5.88

5.5

—

—

2008 Top 5-cm

18

3.4

9.8

5.88

5.45

—

—

2009 Top 5-cm

18

4.54

9.19

6.30

5.73

—

—

2010 Top 5-cm

18

1.47

7.42

5.01

5.02

—

—

2011 Top 5-cm

18

4.21

9.77

6.09

5.63

—

—

2012 Top 2-cm and 5-cm

18

4.06

7.22

5.40

5.23

—

—

2013 Top 2-cm and 5-cm

2

7.16

9.26

8.21

8.21

—

—

2014 Top 2-cm and 5-cm

2

6.85

7.00

6.93

6.93

—

—

2015 Top 2-cm and 5-cm

11

5.72

9.95

7.33

7.07

—

—

2016 Top 2-cm and 5-cm

2

7.48

8.07

7.78

7.78

—

—

2017 Top 2-cm and 5-cm

2

5.4

7.02

6.21

6.21

—

—

2008 Top 5-cm

5

4.1

7.4

6.16

6.6

—

—

2009 Top 5-cm

5

6.73

7.83

7.40

7.65

—

—

2010 Top 5-cm

5

6.16

7.29

6.54

6.47

—

—

2011 Top 5-cm

5

5.34

8.34

6.81

6.77

—

—

2012 Top 5-cm

5

6.00

8.27

7.38

7.54

—

—

2015 Top 5-cm

4

5.89

6.59

6.30

6.36

—

—

2012 Top 5-cm

5

5.81

10.4

7.85

7.69

—

—

2013 Top 5-cm

5

6.33

8.10

7.36

7.39

—

—

2015 Top 5-cm

2

6.00

9.46

7.73

7.73

—

—

Note: Percentage indicates the proportion of measured data where the sediment concentration was above the relevant SQG.
CCME = Canadian Council of Ministers of the Environment; ISQG = interim sediment quality guideline; PEL = probable effect level;
cm = centimetre; % = percent; mg/kg dw = milligrams per kilogram dry weight; — = no stations had sediment concentrations exceeding an SQG.
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Table 3.2-8

Lake

Snap Lake

Northeast Lake

Lake 13
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Zinc Concentration in Sediments in Snap Lake (2004 to 2017), Northeast Lake (2008 to 2015),
and Lake 13 (2012 to 2015) and Proportion of Data Measured Higher than Canadian Sediment Quality
Guidelines
Year/Sampling Method

Count

Min

Max

Mean

Median

ISQG

PEL

2004 Bulk

12

124

321

185

176

100%

8%

2005 Bulk

17

24.0

241

134

115

47%

—

2006 Bulk

18

117

296

186

171

94%

—

2007 Top 5-cm

17

118

237

169

162

94%

—

2008 Top 5-cm

18

105

232

161

159

83%

—

2009 Top 5-cm

18

105

215

149

147

72%

—

2010 Top 5-cm

18

64

280

149

144

72%

—

2011 Top 5-cm

18

97

167

129

130

67%

—

2012 Top 2-cm and 5-cm

18

110

208

143

137

72%

—

2013 Top 2-cm and 5-cm

2

111

126

119

119

50%

—

2014 Top 2-cm and 5-cm

2

120

121

121

121

—

—

2015 Top 2-cm and 5-cm

11

91

169

122

110

36%

—

2016 Top 2-cm and 5-cm

2

118

127

123

123

50%

—

2017 Top 2-cm and 5-cm

2

103

114

109

109

—

—

2008 Top 5-cm

5

180

244

210

200

100%

—

2009 Top 5-cm

5

147

234

192

191

100%

—

2010 Top 5-cm

5

178

340

243

205

100%

—

2011 Top 5-cm

5

141

199

167

167

100%

—

2012 Top 5-cm

5

163

214

189

182

100%

—

2015 Top 5-cm

4

181

199

192

194

100%

—

2012 Top 5-cm

5

95.2

120

112

114

—

—

2013 Top 5-cm

5

101

123

112

109

—

—

2015 Top 5-cm

2

95

109

102

102

—

—

Note: Percentage indicates the proportion of measured data where the sediment concentration was above the relevant SQG.
ISQG = interim sediment quality guideline; PEL = probable effect level; cm = centimetre; % = percent; — = no stations had sediment
concentrations exceeding an SQG.
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3.2.2.3
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Comparisons of Snap Lake and Reference Lakes (2012 and 2015)

Sediment quality was compared between Snap Lake and reference lakes in 2012 and 2015, when the full set
of AEMP stations were sampled for sediment quality; in 2013, 2014, 2016, and 2017 only the diffuser station was
sampled. These comparisons consisted of testing for statistically significant differences in mean concentrations
of sediment quality parameters between the Snap Lake main basin and the reference lakes. In 2015, only two
Lake 13 stations could be sampled, which limited the comparisons to Snap Lake versus Northeast Lake.
To eliminate unnecessary tests, statistical comparisons in 2015 were only conducted on sediment quality
parameters that had higher mean concentrations in the main basin of Snap Lake compared to those in
Northeast Lake and/or Lake 13.
In 2012, statistically significant differences among all lakes were identified for available nitrate, available sulphate,
TKN, total nitrogen, aluminum, antimony, beryllium, boron, calcium, copper, selenium, sodium, strontium, and zinc
(Table 3.2-9). Results of the 2012 among-lake comparisons showed the following:



Mean total nitrogen, aluminum, antimony, beryllium, boron, copper, selenium, sodium, strontium, and zinc
concentrations in the main basin of Snap Lake were significantly higher than the pooled mean reference
lake concentrations (i.e., Northeast Lake and Lake 13).



Mean TKN, beryllium, calcium, copper, sodium, strontium, and zinc concentrations in the main basin of
Snap Lake were significantly higher than the corresponding mean concentrations for Northeast Lake.



Available nitrate, available sulphate, total TKN, total nitrogen, antimony, beryllium, boron, calcium, copper,
selenium, sodium, strontium, and zinc concentrations were significantly different between Northeast Lake
and Lake 13 (i.e., the two reference lakes).

In 2015, mean concentrations of TOC (not analyzed in 2012), available nitrate, available phosphate,
available potassium, available sulphate, TKN, total nitrogen, antimony, boron, calcium, mercury, phosphorus,
sodium, and strontium in the main basin of Snap Lake were significantly higher than the corresponding
mean concentrations in Northeast Lake.
The large number of significant differences between lakes is an indication of high background variation in
sediment quality in the region, and is not necessarily indicative of an effect of the Mine on sediment quality.
Sediment parameters that had significantly higher mean concentrations in the main basin of Snap Lake compared
to Northeast Lake during both 2012 and 2015 were TKN, calcium, sodium, and strontium. Of these, only sodium
and strontium were significantly higher in Snap Lake compared to both reference lakes in 2012; these two
parameters were among those with the higher (i.e., >100%) magnitudes of difference between Snap Lake and
the reference lakes (Table 3.2-9). Since differences in sediment quality between Snap Lake and reference lakes
in both 2012 and 2015 may reflect background variation in sediment quality, these results need to be considered
in the context of temporal trends to identify potentially Mine-affected sediment quality parameters.
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Table 3.2-9

Results of Statistical Tests Comparing Sediment Quality in Snap Lake Main Basin with Reference Lakes, 2012 and 2015
2012 (Snap Lake Main Basin, Northeast Lake, Lake 13)
Comparisons(b)
(P-value)

Parameter
(mg/kg dw)

2015 (Snap Lake vs. Northeast Lake)
Magnitude of Difference
(%)

Comparison
(P-value)

Magnitude of
Difference
(%)

Overall ANOVA
Test Result(a)

Main Basin vs
Pooled NEL and LK13

NEL vs LK13

Main Basin vs NEL

Main Basin from
Pooled NEL and LK13

NEL from LK13

Main Basin from NEL

Overall t-Test Result(d)

Main Basin from NEL

Total organic carbon

-

-

-

-

-

-

-

0.013

19

Available ammonium

-

-

-

-

-

-

-

0.320

20

0.058

0.400

0.023

0.050

260

55

196

0.088

240

0.535

n/a

n/a

n/a

10

-40

47

0.010

598

0.832

n/a

n/a

n/a

-2

-11

4

0.001

140

Available sulphate

<0.0001

0.123

<0.0001

0.225

147

292

55

0.002

340

Total Kjeldahl nitrogen

<0.0001

0.841

<0.0001

0.002

58

44

34

0.003

41

nitrogen(c)

Available

nitrate(c)

Available phosphate
Available

potassium(c)

0.001

0.019

<0.0001

0.032

44

75

13

0.004

33

Aluminum

0.053

0.016

0.590

0.031

-6

23

-15

-

-

Antimony

0.004

0.008

0.007

0.161

11

138

-21

0.002

267

Beryllium

0.001

<0.0001

0.023

0.008

-2

62

-21

-

-

Boron(c)

0.003

0.006

<0.0001

0.310

64

194

10

0.001

104

Total

Calcium(c)

<0.0001

0.868

<0.0001

<0.0001

58

50

31

0.001

97

Copper

<0.0001

<0.0001

<0.0001

<0.0001

7

108

-21

-

-

Iron

-

-

-

-

-

-

-

0.427

3

Lead

-

-

-

-

-

-

-

0.211

8

Manganese

-

-

-

-

-

-

-

0.228

33

Mercury

0.832

n/a

n/a

n/a

-5

16

-12

0.002

76

Molybdenum

0.313

n/a

n/a

n/a

18

29

5

0.370

6

Phosphorus

0.639

n/a

n/a

n/a

-1

-10

5

0.093

18

<0.0001

0.008

<0.0001

0.930

24

65

-1

0.352

1

Selenium
Silver(c)

0.301

n/a

n/a

n/a

37

44

16

0.431

2

Sodium(c)

<0.0001

<0.0001

<0.0001

<0.0001

177

-11

194

<0.001

438

Strontium(c)

<0.0001

0.004

<0.0001

<0.0001

148

14

132

<0.001

276

Tin

0.423

n/a

n/a

n/a

86

56

52

-

-

Zinc

<0.0001

<0.0001

0.015

0.001

-5

70

-25

-

-

a) ANOVA was used for the overall test unless otherwise indicated. Overall comparisons were considered significant at P<0.1.
b) A posteriori comparisons following significant overall tests were considered significant at P<0.03 after a Dunn-Ŝidák correction of an original P-value of 0.1.
c) In 2012, Kruskal-Wallis test was used instead of ANOVA, because data transformations did not meet the assumptions of ANOVA. Tests were considered significant at P<0.1, including among-area comparisons.
d) Two-sample t-tests were used; comparisons were considered significant at P<0.1.
Bold values = P-values representing statistically significant differences.
- = test not run; n/a = not applicable, because overall test was not significant; ANOVA = analysis of variance; NEL = Northeast Lake; LK13 = Lake 13; Main Basin = main basin of Snap Lake; P-value = probability; % = percent; <= less than.

104

September 2020

3.2.2.4

19127683/DCN-013

Temporal Trends in Sediment Quality

Statistical analyses were run to identify significant temporal trends in sediment chemistry, using the
non-parametric Mann-Kendall test (Gilbert 1987). These analyses were performed on the combined bulk sample
and top 5-cm layer data at the diffuser station between 2005 and 2017, and were also performed on the top 2-cm
layer data at the diffuser station collected between 2012 and 2017; baseline (2004) data are not available for the
diffuser station. Both increasing and decreasing temporal trends were identified.
Temporal trends in sediment quality in the northwest arm, main basin of Snap Lake, and Northeast Lake were
assessed in 2015, when the last full round of AEMP sampling was completed; therefore, temporal trends in the
northwest arm and main basin sediment quality were assessed using 2004 to 2015 data, and trends in
Northeast Lake were assessed using 2008 to 2015 data. For the diffuser station, trends were assessed using
2005 to 2017 data (5-cm depth) and 2012 to 2017 data (2-cm depth).

Diffuser Station
For most sediment quality parameters, clear temporal trends in concentrations were not observed in the 5-cm
and 2-cm depth samples collected at the diffuser station. Both increases and decreases in mean concentrations
occurred during the period evaluated. Parameters for which statistically significant temporal trends (P<0.10) were
identified (either increasing or decreasing) at the diffuser station are summarized in Table 3.2-10.
Statistically significant increasing trends were identified for 16 parameters in the 5-cm depth samples and three
parameters in the 2-cm depth samples:



Available potassium, available sulphate, aluminum, antimony, boron, calcium, iron, manganese,
molybdenum, nickel, selenium, silver, sodium, and strontium had statistically significant increasing trends in
only the 5-cm samples.




Available ammonium had a statistically significant increasing trend in only the 2-cm samples.
Mercury and phosphorus had statistically significant increasing trends in both the 5-cm and 2-cm samples.

Statistically significant decreasing trends were identified for three parameters in the 5-cm depth samples and nine
parameters in the 2-cm depth samples:




Barium, cesium, and titanium had statistically significant decreasing trends in the 5-cm samples.



Rubidium had a statistically significant decreasing trend in both the 5-cm and 2-cm samples.

Available nitrate, available potassium, total nitrogen, iron, manganese, molybdenum, and selenium had
statistically significant decreasing trends in the 2-cm samples.

Main Basin of Snap Lake
For most sediment quality parameters, clear temporal trends in concentrations were not observed in the main
basin of Snap Lake between 2004 and 2015. Both increases and decreases in mean sediment quality parameter
concentrations occurred during this period. Parameters for which statistically significant temporal trends (P<0.10)
were identified (either increasing or decreasing) in the Snap Lake main basin are summarized in Table 3.2-10
and were as follows:



Statistically significant increasing trends were identified for available potassium, available sulphate, bismuth,
boron, calcium, selenium, silver, sodium, and strontium. With the exception of bismuth, these parameters
also showed a statistically significant increasing trend at the diffuser station, in the 5-cm depth samples.
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Statistically significant decreasing trends were identified for available ammonium, barium, cadmium, cesium,
chromium, potassium, rubidium, thallium, titanium, and zinc. Barium, cesium, and titanium also showed a
statistically significant decreasing trend at the diffuser station, in the 5-cm depth samples.

Northwest Arm
Parameters for which statistically significant temporal trends (P<0.10) were identified (either increasing or
decreasing) in the northwest arm are summarized in Table 3.2-10, and were as follows:



Statistically significant increasing trends were identified for available phosphate, available sulphate, bismuth,
mercury, selenium, and silver. With the exceptions of available phosphate and bismuth, these parameters
also showed a statistically significant increasing trend at the diffuser station, in the 5-cm depth samples.



Statistically significant decreasing trends were identified for available nitrate, barium, and titanium.
Available nitrate and titanium also showed a statistically significant decreasing trend at the diffuser station,
in the 5-cm depth samples.

Northeast Lake
Parameters for which statistically significant temporal trends (P<0.10) were identified (either increasing or
decreasing) in Northeast Lake are summarized in Table 3.2-10, and were as follows:



Statistically significant increasing trends were identified for calcium, copper, molybdenum, silver, strontium,
and uranium. With the exceptions of copper and uranium, these parameters also showed a statistically
significant increasing trend at the diffuser station, in the 5-cm depth samples.



Statistically significant decreasing trends were identified for titanium. This parameter also showed a
statistically significant decreasing trend at the diffuser station, in the 5-cm depth samples.

Summary
Parameters that showed statistically significant increasing trends at the diffuser station (at one depth or both)
and in the main basin of Snap Lake are available sulphate and potassium, and total boron, calcium, selenium,
silver, sodium and strontium. Of these parameters, total calcium, silver and strontium also showed statistically
significant, but less pronounced increasing trends in Northeast Lake, which suggests the potential for a regional
trend in sediment quality.
In addition to the parameters with increasing temporal trends at both the diffuser station and in the main basin,
statistically significant increasing trends at the diffuser station were noted for a number of additional parameters
(Table 3.2-10). Of those, only total mercury and phosphorus had significant increasing trends in both the 5-cm
and 2-cm depth samples. Visual evaluation of these parameters results suggests a localized effect of the treated
effluent at the diffuser station (Figures 3.2-5 and 3.2-9).
Based on time series plots for all sediment parameters, the most notable difference in concentration among
Snap Lake sampling areas was apparent for available phosphate. A significant increase over time for this
parameter was only detected in the northwest arm of Snap Lake (Table 3.2-10), which is unlikely to represent a
Mine effect, due to low exposure to the treated effluent. However, since 2008, the maximum available phosphate
concentration in sediment has occurred at the diffuser station, with markedly higher concentrations in most years
compared to other Snap Lake sampling areas (Figure 3.2-3). These results indicate a localized effect on available
phosphorus at the diffuser station.

106

September 2020

19127683/DCN-013

Of particular note, selenium results for 2004 and 2005 are suspect. Selenium concentrations were less than
0.1 mg/kg dw in 2004 and 2005, but increased approximately 10 times in 2006 and have fluctuated subsequently,
which may have influenced the results of the trend analysis for this parameter. The same analytical method
(i.e., hydride-generation atomic absorption spectrometry [HG-AAS]) was used in both 2005 and 2006. Further,
the analytical method was changed to inductively coupled plasma mass spectrometry (ICP-MS) in 2009;
a comparison of HG-AAS and ICP-MS analyses of sediments undertaken in 2010 (De Beers 2011) indicated that
this change was unlikely to affect comparability of data among years from 2006 onward.
Some caution should be applied when evaluating increasing sediment parameter concentration trends.
First, the magnitude and pattern of the significant temporal trends should be considered. Small incremental
increases in sediment parameter concentration from year to year can result in a statistically significant temporal
trend being identified; however, for each of the parameters where a significant increase was identified, the overall
small net change in concentration is unlikely to result in any potential adverse effects to biota. Second, increasing
sediment parameter concentrations may be attributed to a change in relative particle size distribution at the
monitoring stations. The mean proportion (%) of fines in the samples collected from the main basin of
Snap Lake has gradually increased from 61% to 98% between 2007 and 2017. Increasing fines will result in an
associated increase in sediment metal concentrations, due to an increased surface area within the sediments for
metals to bind to.
Based on visual evaluation of time series plots, the increasing trends in all Mine-affected parameters have
reversed at the diffuser station or main basin after 2015 or 2016. This is consistent with the large reduction in
treated effluent discharge in recent years. The results of the 2018 AEMP, which includes sediment sampling at all
AEMP stations, will provide information to confirm the reversal of trends in concentrations of these parameters.
Table 3.2-10

Summary of Temporal Trends in Snap Lake Sediments and Northeast Lake Sediments
Direction (and P-value) for Statistically Significant Temporal Trends

Parameter

Snap Lake Sampling Area
Northwest Arm

Diffuser (5-cm)

Diffuser (2-cm)

Main Basin of
Snap Lake

Northeast Lake

2004 to 2015

2005 to 2017

2012 to 2017

2004 to 2015

2008 to 2015

—

—

INC (<0.1)

DEC (<0.1)

—

DEC (<0.05)

—

DEC (<0.05)

—

—

INC (<0.1)

—

—

—

—

—

INC (<0.0005)

DEC (<0.05)

INC (<0.05)

—

INC (<0.01)

INC (<0.05)

—

INC (<0.05)

—

Total Kjeldahl Nitrogen

—

—

—

—

—

Total Nitrogen

—

—

DEC (<0.1)

—

—

Aluminum

—

INC (<0.1)

—

—

—

Antimony

—

INC (<0.01)

—

—

—

Nutrients
Available Ammonium, as N
Available Nitrate, as N
Available Phosphate, as P
Available Potassium
Available Sulphate, as S

Metals

Arsenic

—

—

—

—

—

Barium

DEC (<0.05)

DEC (<0.05)

—

DEC (<0.001)

—

Beryllium

—

—

—

—

—

Bismuth

INC (<0.01)

—

—

INC (<0.05)

—
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Summary of Temporal Trends in Snap Lake Sediments and Northeast Lake Sediments
Direction (and P-value) for Statistically Significant Temporal Trends

Parameter

Snap Lake Sampling Area
Northwest Arm

Diffuser (5-cm)

Diffuser (2-cm)

Main Basin of
Snap Lake

Northeast Lake

2004 to 2015

2005 to 2017

2012 to 2017

2004 to 2015

2008 to 2015

Boron

—

INC (<0.0005)

—

INC (<0.1)

—

Cadmium

—

—

—

DEC (<0.1)

—

Calcium

—

INC (<0.005)

—

INC (<0.1)

INC (<0.05)

Cesium

—

DEC (<0.005)

—

DEC (<0.01)

—

Chromium

—

—

—

DEC (<0.05)

—

Cobalt

—

—

—

—

—

Copper

—

—

—

—

INC (<0.05)

Iron

—

INC (<0.1)

DEC (<0.1)

—

—

Lead

—

—

—

—

—

Lithium

—

—

—

—

—

Magnesium

—

—

—

—

—

Manganese

—

INC (<0.05)

DEC (<0.05)

—

—

Metals (cont’d)

Mercury

INC (<0.1)

INC (<0.0005)

INC (<0.1)

—

—

Molybdenum

—

INC (<0.05)

DEC (<0.05)

—

INC (<0.01)

Nickel

—

INC (<0.05)

—

—

—

Phosphorus

—

INC (<0.05)

INC (<0.1)

—

—

Potassium

—

—

—

DEC (<0.05)

—

Rubidium

—

DEC (<0.05)

DEC (<0.05)

DEC (<0.01)

—

Selenium

INC (<0.1)

INC (<0.05)

DEC (<0.1)

INC (<0.05)

—

Silver

INC (<0.05)

INC (<0.001)

—

INC (<0.1)

INC (<0.05)

Sodium

—

INC (<0.005)

—

INC (<0.01)

—

Strontium

—

INC (<0.001)

—

INC (<0.001)

INC (<0.05)

Thallium

—

—

—

DEC (<0.05)

—

Titanium

DEC (<0.01)

DEC (<0.005)

—

DEC (<0.01)

DEC (<0.05)

Uranium

—

—

—

—

INC (<0.05)

Vanadium

—

—

—

—

—

Zinc

—

—

—

DEC (<0.01)

—

INC = statistically significant increasing trend; DEC = statistically significant decreasing trend; — = no statistically significant trend;
<= less than; cm = centimetre; P-value = probability; N = nitrogen; P = phosphorus; S = sulphur.
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Normal Range Comparison

To evaluate whether sediment quality in Snap Lake has changed relative to baseline conditions, results for the
diffuser station (and other parts of Snap Lake in years with available data) were compared with lake-wide baseline
(2004) conditions, expressed as normal ranges estimated for each parameter. Detailed methods for calculating
normal ranges are provided in the 2013 AEMP Design Plan (Golder 2014c) and the 2013 AEMP Design Plan Update for Care and Maintenance (Golder 2016).
A summary of the normal range comparisons for Snap Lake between 2012 and 2017 is provided in Table 3.2-11
and indicate that concentrations of some sediment quality parameters at the diffuser station, the main basin of
Snap Lake, and the northwest arm were measured outside of the normal ranges during this period. Mean
concentrations outside the normal range in the northwest arm, where exposure to treated effluent was limited,
suggests that the normal range for this area of Snap Lake may not be fully represented by the available baseline
data. The selenium normal range was calculated based on 2004 and 2005 data that are now considered suspect,
based on subsequent AEMP data; therefore, a normal range comparison is not possible for this parameter.
Overall, results of the normal range comparisons suggest that effects on sediment quality in Snap Lake were
similar during 2012 to 2016, and may have declined in 2017, as indicated by fewer normal range exceedances at
the diffuser station compared to previous years.
Table 3.2-11

Summary of Normal Range Comparisons for Sediment Quality in Snap Lake, 2012 to 2017

Parameter

Area Where Normal Range was Exceeded
2012

2013(a)

2014(a)

2015

2016(a)

2017(a)

Available phosphate

D,M,N

D

D

D,M

D

—

Available potassium

—

—

—

D,M,N

—

—

Available sulphate

M

—

—

N

—

—

Antimony

D,M,N

D

D

D,M,N

D

D

Bismuth

D,M,N

—

—

D,M

—

—

D,M

—

—

D,M

—

—

D

D

D

D,M,N

D

—

M,N

—

—

N

—

—

Boron
Calcium
Cobalt
Lead

D

D

—

D

—

—

Magnesium

D,N

D

D

D

D

—

Manganese

—

D

—

M,N

—

—

D,M,N

D

D

D,M,N

D

D

Mercury
Nickel

—

—

—

D

—

—

D,M,N

D

D

D,M,N

D

D

D

D

D

D

D

D

Sodium

D,M

D

D

D,M,N

D

D

Strontium

D,M

D

D

D,M,N

D

D

Selenium(b)
Silver

(a) Only the diffuser station was sampled in Snap Lake in these years.
(b) The selenium normal range was calculated based on 2004 and 2005 data that are now considered suspect.
D = diffuser station; M = main basin; N = northwest arm; — = normal range was not exceeded.
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Quality Assurance and Quality Control

The QA/QC procedures govern all aspects of the AEMP (De Beers 2013b), including field methods,
laboratory analyses, data management and reporting. The QA/QC procedures for the sediment quality component
cover field sampling, laboratory analyses, and data management. QA/QC procedures incorporated into the
AEMP sediment quality component included the following:



Collection of sediment samples by experienced personnel using appropriate equipment and following
standard work instructions for collection and processing of samples, including chain-of-custody
documentation. Since 2009 during full AEMP years (2009 to 2012 and 2015), field QA/QC procedures
have included collection of separate field duplicate samples from two randomly selected stations.
During SNP years (2013, 2014, 2016, and 2017), field QA/QC procedures have included collection of a
separate field duplicate sample from one of the sampling depths at the diffuser station.



Analyses of laboratory QC samples such as method blanks, laboratory duplicate samples, reference
materials, and/or spike samples, and comparison to established data quality objectives (DQOs).



Storage of data in a standardized electronic format; detailed review of sediment quality data to confirm that
all analyses were completed, sampling holding times were met, DQOs were met, and any deviations from
standard procedures or unusual results were investigated to assess whether they would affect data quality;
and internal peer review of all deliverables.

Between 2012 and 2017, qualifiers were assigned to sediment sample data for DL increases due to interference
from sample matrix effects, insufficient sample size, or a need for sample dilution prior to analysis, as applicable,
for a number of parameters. However, these failures to meet data quality objectives were relatively minor and not
expected to adversely affect data quality. Hold times were generally met for all analyses, with the exception of
available nitrate (2015, 2016, 2017), and organic/inorganic carbon (2012, 2013).
Results from analyses of laboratory control samples, laboratory duplicates, laboratory reference materials,
and laboratory method blanks met their respective data quality objectives, with a few exceptions: percent sand
(2016), percent clay (2016), available ammonium (2012, 2013, 2014, 2015, 2016), antimony (2013, 2016),
calcium (2015), manganese (2015), nitrate (2014, 2015), phosphate (2012, 2013, 2014, 2015, 2016),
potassium (2015), rubidium (2017), sulphate (2012, 2016), total Kjeldahl nitrogen (2012), total nitrogen (2012),
and titanium (2013). These limited duplicate sample result discrepancies did not adversely affect data quality.
Re-analysis of a number of parameters in one or more samples was requested in 2012 because the initial results
were either noticeably higher or more variable than all samples in previous years. Available ammonium,
available nitrate, available phosphate, and available potassium were re-analyzed from Snap Lake; arsenic,
barium, and manganese were re-analyzed in the five Lake 13 samples. The original results were confirmed in
all cases.
Overall, the quality of sediment chemistry data collected as part of the Snap Lake AEMP is considered to be
acceptable and adequate to address the objectives of the monitoring program. Continual comprehensive
evaluation of the QA/QC procedures has helped improve procedures to reduce unexpected variability in field
and laboratory measurements, reduce contamination in laboratory samples, and improve precision of laboratory
results.
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Key Findings
Key Question 1: Are concentrations of sediment quality parameters above or
below SQGs?

The following metals with available SQGs were measured above guidelines in Snap Lake, Northeast Lake,
and Lake 13 in 2012 to 2017:



Mean concentration of arsenic was above the ISQG at one station in the northwest arm of Snap Lake and in
the majority of samples from Lake 13.



Mean concentrations of cadmium, chromium, copper, and zinc were above their respective ISQG in the main
basin of Snap Lake (including the diffuser station).



Mean concentrations of chromium and copper were above their respective ISQGs in the majority of samples
from Northeast Lake and Lake 13.



Mean concentrations of cadmium and zinc were above their respective ISQGs in the majority of samples
from Northeast Lake, and cadmium in one sample from Lake 13.

The mean concentrations of these metals remained within normal ranges in Snap Lake. Most of these
metals were also measured above SQGs in Snap Lake during baseline conditions, and no statistically
significant increasing temporal trends were detected for these metals based on the dataset available to 2017.
Therefore, these metals are considered naturally elevated in Snap Lake. Cadmium, chromium, copper, and zinc
in lake bed sediments are frequently measured above SQGs in other lakes within the Canadian Shield region.

3.2.3.2

Key Question 2: Are there differences in sediment quality in Snap Lake
relative to the reference lakes and, if so, are they related to the Mine?

Sediment quality was compared between Snap Lake and reference lakes in 2012 and 2015, when the full set
of AEMP stations was sampled for sediment quality; only the diffuser station was sampled in 2013, 2014, 2016,
and 2017.
In 2012, statistically significant differences among all lakes were identified for available nitrate, available sulphate,
TKN, total nitrogen, aluminum, antimony, beryllium, boron, calcium, copper, selenium, sodium, strontium, and
zinc. Results of the 2012 among-lake comparisons showed that mean total nitrogen, antimony, boron, copper,
selenium, sodium, and strontium concentrations in the main basin of Snap Lake were significantly higher than
the pooled mean reference lake concentrations. Mean TKN, calcium, sodium, and strontium concentrations in the
main basin of Snap Lake were also significantly higher than the corresponding mean concentrations in
Northeast Lake.
In 2015, mean concentrations of TOC (not analyzed in 2012), available nitrate, available phosphate, available
potassium, available sulphate, TKN, total nitrogen, antimony, boron, calcium, mercury, phosphorus, sodium,
and strontium in the main basin of Snap Lake were significantly higher than the corresponding
mean concentrations in Northeast Lake.
The large number of significant differences between lakes is an indication of high background variation in
sediment quality in the region, and is not necessarily indicative of an effect of the Mine on sediment quality.
Sediment parameters that had significantly higher mean concentrations in the main basin of Snap Lake compared
to Northeast Lake during both 2012 and 2015 were TKN, calcium, sodium, and strontium. Of these, only sodium
and strontium were significantly higher in Snap Lake compared to both reference lakes in 2012.
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Since differences in sediment quality between Snap Lake and reference lakes in both 2012 and 2015 may reflect
background variation in sediment quality, these results need to be considered in the context of temporal trends to
identify potentially Mine-affected sediment quality parameters. Of the metals with significant differences between
Snap Lake and reference lakes, calcium, sodium, and strontium displayed statistically significant increasing
trends with concentrations above normal ranges in the main basin of Snap Lake during Operations,
which suggest the concentrations of these metals were influenced by the treated Mine effluent discharge.

3.2.3.3

Key Question 3: Are concentrations of sediment quality parameters
increasing over time?

Trend analysis of the AEMP sediment quality data was completed for each parameter using data collected from
2004 to 2017. Analyses were run separately for the Snap Lake diffuser station, main basin and northwest arm,
and northeast lake.
Parameters that showed statistically significant increasing trends at the diffuser station (at one depth or both) and
in the main basin of Snap Lake are available sulphate and potassium, and total boron, calcium, selenium, silver,
sodium and strontium. Of these parameters, available potassium, and total boron, calcium, silver, sodium and
strontium reached concentrations above the normal range at the diffuser station, main basin, or both during recent
years (a normal range comparison is not possible for selenium). Total calcium, silver and strontium also showed
statistically significant, but less pronounced increasing trends in Northeast Lake, which suggests the potential for
a regional trend in sediment quality.
In addition to the parameters with increasing temporal trends at both the diffuser station and in the main basin,
statistically significant increasing trends at the diffuser station only (and in the northwest arm for mercury) were
noted for a number of additional parameters. Of those, only total phosphorus and mercury had a significant
increasing trend in both the 5-cm and 2-cm depth samples. Visual evaluation of the data for these parameters
suggests a localized effect of the treated effluent at the diffuser station, with mercury concentrations above the
normal range since 2009.
Based on time series plots for all sediment parameters, the most notable difference in concentration among
Snap Lake sampling areas was apparent for available phosphate, indicating a localized Mine-related effect on this
parameter in bottom sediment. Since 2008, the maximum available phosphate concentration in sediment has
occurred at the diffuser station, with markedly higher concentrations in most years compared to other Snap Lake
sampling areas.
Based on visual evaluation of time series plots, the increasing trends in all of these parameters have reversed at
the diffuser station or main basin after 2015 or 2016. This is consistent with the large reduction in treated effluent
discharge in recent years. The results of the 2018 AEMP, which includes sediment sampling at all AEMP stations,
will provide information to confirm the reversal of trends in concentrations of these parameters.
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Action Level Assessment

The most recent Action Level assessment for sediment quality was conducted after the 2015 field program,
when the full set of AEMP stations were sampled. A Low Action Level for sediment quality would be triggered if
the following three conditions were met:
1)

if the mean concentration of a sediment parameter in the main basin of Snap Lake (excluding the diffuser)
was greater than 75% of the SQG,

2)

if the sediment parameter concentration was increasing, and

3)

if the sediment parameter concentration was outside the normal range.

The following results were obtained in 2015:



For metals with SQGs, mean concentrations of cadmium, chromium, copper, and zinc in the main basin of
Snap Lake were above 75% of the ISQG. Although mean concentrations of these metals were approaching
SQGs, they remained within their respective normal ranges. These metals are naturally elevated in
Snap Lake sediments.



Mean concentrations of available potassium, available sulphate, bismuth, boron, calcium, selenium, silver,
sodium, and strontium showed statistically significant increases over time in the main basin.



Mean concentrations of available potassium, available phosphate, antimony, bismuth, boron, calcium,
manganese, mercury, selenium, sodium, and strontium were above their respective normal ranges in the
main basin.

Although two of the three conditions were met for a number of sediment quality parameters (i.e., available
potassium, bismuth, boron, calcium, selenium, sodium, and strontium), no sediment quality parameters met all
three conditions. Therefore, a Low Action Level for sediment quality was not triggered in 2015.

3.2.3.5

Comparison to Predictions

Although predictions were made in the EAR (De Beers 2002) about changes to aquatic components
(e.g., water quality) as a result of Mine Operations, specific predictions about changes in sediment quality were
not made. Therefore, observed sediment quality in Snap Lake could not be compared to EAR predictions.

3.2.4

Summary and Conclusions

Sediment quality and the potential for Mine-related effects was assessed through evaluation of concentrations
at two sampling depths at the diffuser station, comparisons of measured concentrations to SQGs, analyses of
spatial and temporal trends, and comparisons to normal ranges. A summary of the sediment quality results to
date, which includes a description of overall trends in the data and other key findings of the monitoring program,
and conclusions associated with those findings are provided below.

Comparisons to Sediment Quality Guidelines



Metals with available SQGs were measured above guidelines in Snap Lake, Northeast Lake, and Lake 13 in
2012 to 2017. These metals were arsenic, cadmium, chromium, copper, and zinc. The mean concentrations
of these metals remained within normal ranges in Snap Lake and most were also measured above SQGs in
Snap Lake during baseline conditions. No statistically significant increasing temporal trends were detected
for these metals. Therefore, these metals are considered naturally elevated in Snap Lake.
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Sediment Quality at the Diffuser Station in Snap Lake



The results of the sediment depth comparison at the diffuser station between 2012 and 2017 indicate that
sediment chemistry within the top 5-cm layer and the top 2-cm layer has become more similar over time.
The reason for this observation is not clear, but may be related to decreasing effects on sediment quality
near the diffuser or changes in sampling methods over time.

Spatial Trends



Sediment chemistry was compared statistically between the Snap Lake main basin and the reference lakes
in 2012 and 2015. In both years, a large number of parameters were found to vary significantly among lakes.



The large number of significant differences between lakes is an indication of high background variation in
sediment quality in the region, and is not necessarily indicative of an effect of the Mine on sediment quality.
Therefore, these results need to be considered in the context of temporal trends to identify potentially
Mine-affected sediment quality parameters.

Temporal Trends



Trend analysis of the AEMP sediment quality data was completed for each parameter using data collected
from 2004 to 2017, separately for the Snap Lake diffuser station, main basin and northwest arm, and
northeast lake.



Parameters that showed statistically significant increasing trends at the diffuser station (at one depth or both)
and in the main basin of Snap Lake were available sulphate and potassium, and total boron, calcium,
selenium, silver, sodium and strontium. Of these parameters, available potassium, and total boron, calcium,
silver, sodium and strontium reached concentrations above the normal range at the diffuser station, main
basin, or both during recent years (a normal range comparison is not possible for selenium).



In addition to the parameters with increasing temporal trends at both the diffuser station and in the main
basin, statistically significant increasing trends at the diffuser station only (and in the northwest arm for
mercury) were noted for a number of additional parameters. Of those, only total phosphorus and mercury
had a significant increasing trend in both the 5-cm and 2-cm depth samples. Visual evaluation of the data for
these parameters suggests a localized effect of the treated effluent at the diffuser station, with mercury
concentrations above the normal range since 2009.



The most notable difference in concentration among Snap Lake sampling areas was apparent for available
phosphate, indicating a localized Mine-related effect on this parameter in bottom sediments. Since 2008, the
maximum available phosphate concentration in sediment has occurred at the diffuser station, with markedly
higher concentrations in most years compared to other Snap Lake sampling areas.



Based on visual evaluation of time series plots, the increasing trends shown by all of these parameters have
reversed at the diffuser station or main basin after 2015 or 2016. This is consistent with the large reduction in
treated effluent discharge in recent years.

Action Level Assessment



The most recent Action Level assessment for sediment quality was conducted after the 2015 field program,
when the full set of AEMP stations were sampled. The Low Action Level for sediment quality was not
triggered in 2015.
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Proposed Changes

The following changes are proposed for the sediment quality component of the AEMP:



Discontinue sediment sampling in the 2-cm depth layer at the SNP diffuser station. The rationale for this
change is as follows:

 Concentrations of sediment quality parameters at this station are similar between the 2-cm and the 5-cm
depths.

 Future sediment sampling at the 5-cm depth using an Ekman grab is sufficient to investigate the
expected reduction of effects on sediment quality.

 The 5-cm sediment sampling depth is consistent with the method used at other stations in Snap Lake
and the reference lakes.



Recalculate the normal range for selenium, using data collected from the reference lakes after 2005.
The rationale for this change is as follows:

 The evaluation of data for this parameter indicates that the 2004 and 2005 data collected in Snap Lake,
which were used to estimate the normal range, are suspect.



Discontinue sampling in Lake 13. The rationale for this change is as follows:

 One reference lake (Northeast Lake) is sufficient for the comparisons required during Closure for the
sediment quality component.

 The summary of sediment quality data collected during the AEMP to date indicate that sediment quality
in Northeast Lake is more similar to Snap Lake than Lake 13.



Discontinue the sediment quality component of the SNP program. The rationale for this change is as follows:

 With the continued lower volume of treated effluent discharge from 2017 onwards, concentrations of
Mine-influenced parameters in water and sediment are expected to decrease in Snap Lake. Sediment
quality sampling, as part of the AEMP is sufficient to support the benthic invertebrate program.



During Closure, sediment quality should be monitored at least once, if sediment quality, benthic
invertebrates, toxicity or water quality do not trigger a Low Action Level, sediment quality monitoring will be
reconsidered.

3.2.6
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3.3

Toxicity

3.3.1

Overview

Toxicity testing at Snap Lake Mine is a requirement under Water Licence MV2019L2-0004. Specific conditions
from the previous Water Licence (MV2011L2-0004) applying to the toxicity component of the AEMP for the Mine
(Part G, Schedule 6, Item 1are:
a)

Monitoring for the purpose of measuring the Project-related effects on the following components of the
Receiving Environment:
i.

b)

water quality

Monitoring, toxicity testing or other special studies necessary to confirm the adequacy of the site-specific
Water Quality Objectives that have been adopted for the Receiving Environment.

Under the Water Licence requirements, acute and chronic toxicity tests have been conducted on samples
collected at station SNP 02-17 or 02-17b (i.e., treated effluent) quarterly since November 2005, and twice
annually on samples collected at station SNP 02-20 (i.e., diffuser station samples) since April 2006.
Beginning in 2017, with the reduction in discharge4, effluent toxicity tests have been conducted twice annually,
in January and May.
Acute tests on treated effluent were performed using juvenile Rainbow Trout (Oncorhynchus mykiss) and
water fleas (Daphnia magna). Chronic toxicity tests were conducted on the effluent with a second species
of water flea (Ceriodaphnia dubia) and algae (Pseudokirchneriella subcapitata, formerly known as
Selenastrum capricornutum). Snap Lake diffuser station water samples were tested using chronic toxicity tests,
which consisted of the Ceriodaphnia and P. subcapitata tests, as well as two fish early life stage (ELS) toxicity
tests using Rainbow Trout embryos and larval Fathead Minnow (Pimephales promelas).
The primary objectives of the toxicity component of the AEMP for the Mine are:



To conduct acute and chronic aquatic toxicity tests on samples of treated effluent and lake water collected at
diffuser stations.



To review and interpret laboratory toxicity data for the purpose of identifying potential Mine-related adverse
effects.



To provide additional evidence to use with findings from other aquatic components (e.g., water quality,
plankton, benthic invertebrates, and fish community) in a weight-of-evidence assessment.




To assess the adequacy of SSWQOs adopted for the receiving environment.

4

To recommend changes to the toxicity component of the AEMP for future years, as warranted.

Effluent was not discharged during the periods of July to September and October to December in 2017.
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To meet the primary objectives of the AEMP toxicity component, review and interpretation of toxicity data is
focused on answering one key question:
1)

Do laboratory toxicity test results indicate consistent, potentially unacceptable adverse effects in Snap Lake?

Detailed results of the AEMP annual toxicity programs have been presented in the respective AEMP annual
reports (i.e., 2005 to 2017). Overall trends in the toxicity dataset since program inception are presented herein in
Section 3.3.2, and key findings focused on the data collected since the 2012 Aquatic Effects Re-evaluation Report
(i.e., 2012 to 2017; Golder 2012) are presented in Section 3.3.3.

3.3.2

Description of Overall Trends

Trends in effluent and diffuser station toxicity test data are presented separately in Sections 3.3.2.1 and 3.3.2.2,
respectively. Detailed discussions on toxicity test results and methods from each year are available in
the respective AEMP annual reports.

3.3.2.1

Treated Effluent

Results of effluent toxicity tests are presented herein and reviewed for trends and/or concentration-response
relationships (i.e., potential adverse effects increasing at greater concentrations of treated effluent).
When possible, toxicity results have been compared to water quality data from treated effluent and diffuser
stations sampled on the same day. Additional details regarding toxicity testing and data analysis are provided in
the AEMP annual reports. As per the approved 2013 AEMP Design Plan (Golder 2014) with updates for
Care and Maintenance (Golder 2016), adverse effects were considered to occur if there was more than a 25%
(for a chronic test) or 50% (for a chronic or acute test) decrease in mean response in a 100% volume per volume
(v/v) sample, depending on the endpoint5.
There have been no adverse effects in any acute toxicity tests performed on treated effluent samples between
November 2005 and May 2017. Acute toxicity tests are conducted with fish (i.e., juvenile Rainbow Trout) and a
water flea (i.e., the cladoceran, Daphnia magna). The Rainbow Trout test is a 96-hour (h) test that measures
mortality, and the results are expressed as the effluent concentration estimated to be lethal to 25% and 50% of
the test organisms (i.e., the LC25 and LC50, respectively). The Daphnia test is a 48-h test that measures mortality
and immobilization, and the results are expressed as the LC25 and LC50 for mortality, and as the effluent
concentration estimated to cause an adverse effect to 25% and 50% of the test organisms (i.e., EC25 and EC50,
respectively) for immobilization.
Chronic toxicity tests on treated effluent samples are conducted with a second water flea species (Ceriodaphnia)
and a unicellular green alga (P. subcapitata). The Ceriodaphnia test is approximately seven days in duration,
and is specifically defined as the time required for greater than or equal to 60% of the controls to produce three
broods of offspring, and measures effects on mortality and reproduction; the results are expressed as the LC25
and LC50 for mortality, and as the concentrations estimated to cause 25% and 50% inhibition (i.e., IC25 and
IC50, respectively) for reproduction. The P. subcapitata algae test is a 72-h test that measures cell growth, and
the results are expressed as the IC25 and IC50 for inhibition of cell growth.

5

An IC25 or IC50 of <100% or LC50 <100% was considered an adverse effect.
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Chronic toxicity has been documented in treated effluent from the Mine (Table 3.3-1). Of the 54 Ceriodaphnia
tests conducted on treated effluent samples between November 2005 and May 2017, adverse effects on mortality
were observed in 6 tests (Figures 3.3-1 and 3.3-2) and adverse effects on reproduction were observed in 28 tests
(Figures 3.3-3 and 3.3-4). With the exception of 2007, when Ceriodaphnia reproduction was reduced to some
degree in all samples, these occurrences of toxicity appear to be episodic (i.e., with no increase in severity or
frequency of toxicity over time). Of the 52 algal tests conducted during the same period, only one test showed an
adverse effect with respect to inhibition of cell growth (i.e., January 3, 2010; Table 3.3-1). Since 2016, toxicity has
been absent in all chronic toxicity tests with treated effluent samples.
A concentration-response relationship would be expected if observed toxicity was related to constituents in
the treated effluent, and would be apparent as increasing adverse effects with greater concentrations of treated
effluent. For at least one sample indicating effects on Ceriodaphnia mortality (April 13, 2008), responses
appeared to be related to exposure to treated effluent. The sample from SNP 02-17 had unusually high
conductivity, hardness, and concentration of TDS compared to all other samples (not metals); the hardness of
this sample was above the tolerable limit for Ceriodaphnia and likely accounted for the observed toxicity in both
survival and reproduction tests. In 2015, an examination of the concentration-response relationship between
water quality parameters and toxicity was conducted (data not shown). A reduction in Ceriodaphnia reproduction
did not correspond to increasing concentrations of water quality parameters. Further, Ceriodaphnia survival
in samples collected since 2013 has not appeared to be affected by constituents in the treated effluent.
Therefore, observed reductions in Ceriodaphnia fecundity do not appear to be related to the composition of the
treated effluent.
Adverse effects in the P. subcapitata chronic toxicity test are expressed in terms of growth inhibition.
It is also possible for growth stimulation to occur; and while this would not be reflected in the IC25 and IC50
results, it is an important consideration, because of the potential for growth stimulation to result in algal blooms.
Most of the algal tests performed on treated effluent since November 2005 have resulted in growth stimulation
(Table 3.3-1, Figure 3.3-5).
Table 3.3-1

Station

Summary of Chronic Toxicity Test Results for SNP 02-17 / SNP 02-17B Treated Effluent Samples,
2005 to 2017
Sample Collection
Date

Pseudokirchneriella
subcapitata
(Alga)

Ceriodaphnia dubia
(Water Flea)
LC50 (%)

LC25 (%)

IC50 (%)

IC25 (%)

IC50 (%)

IC25 (%)

SNP 02-17

28-Nov-05

>100

>100

>100

>100

>100

>100

SNP 02-17

6-Feb-06

>100

>100

>100

>100

>100

>100

SNP 02-17

2-Apr-06

>100

>100

>100

>100

>100

>100

SNP 02-17

4-Jul-06

>100

>100

>100

>100

>100

>100

SNP 02-17

4-Dec-06

>100

>100

>100

>100

>100

>100

SNP 02-17

9-Jan-07

>100

>100

66

40

>100

>100

SNP 02-17

3-Apr-07

>100

>100

87

66

>100

>100

SNP 02-17B

23-Apr-07

>100

>100

13

<6.3

>100

>100

SNP 02-17B

9-Jul-07

>100

>50

59

3.0

>100

>100

SNP 02-17B

14-Nov-07

>100

>100

14

<1.6

>91

>91

SNP 02-17B

3-Dec-07

>100

>100

>100

17

n/a

n/a

SNP 02-17

3-Dec-07

>100

>100

>100

32

n/a

n/a
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Summary of Chronic Toxicity Test Results for SNP 02-17 / SNP 02-17B Treated Effluent Samples,
2005 to 2017
Sample Collection
Date

Pseudokirchneriella
subcapitata
(Alga)

Ceriodaphnia dubia
(Water Flea)
LC50 (%)

LC25 (%)

IC50 (%)

IC25 (%)

IC50 (%)

IC25 (%)

16-Mar-08

>100

>100

>100

56

>91

>91

SNP 02-17B

2-Apr-08

>100

>100

>100

>100

>91

>91

SNP 02-17

13-Apr-08

33

>25

12

4

>91

>91

9-Jul-08

>100

50

67

15

>91

>91

SNP 02-17B

22-Oct-08

>100

>100

>100

>100

>91

>91

SNP 02-17B

14-Jan-09

>100

>100

>100

>100

>91

>91

SNP 02-17B

8-Apr-09

>100

>100

>100

36

>91

>91

SNP 02-17B

13-Jul-09

>100

>100

81

52

>91

>91

SNP 02-17B

12-Oct-09

>100

>100

>100

1.9

>91

>91

SNP 02-17B

3-Jan-10

>100

>100

95

18

>91

18

SNP 02-17B

6-Apr-10

>100

>100

>100

>100

>91

>91

SNP 02-17B

SNP 02-17B

SNP 02-17B

14-Jul-10

>100

>100

>100

67

>91

>91

SNP 02-17B

12-Oct-10

>100

>100

>100

>100

>91

>91

SNP 02-17B

17-Jan-11

>100

>100

>100

36

>91

>91

SNP 02-17B

10-Apr-11

>100

>100

>100

7.2

>91

>91

SNP 02-17B

12-Jul-11

>100

>100

>100

>100

>91

>91

SNP 02-17B

31-Jul-11

>100

>100

89

63

>91

>91

SNP 02-17B

24-Oct-11

>100

84

>100

77

>91

>91

SNP 02-17B

22-Jan-12

>100

>100

>100

>100

>91

>91

SNP 02-17

11-Mar-12

>100

>100

>100

>100

>91

>91

SNP 02-17B

17-Apr-12

>100

>100

>100

>100

>91

>91

SNP 02-17B

9-Sep-12

>100

78

>100

>100

>91

>91

SNP 02-17B

15-Oct-12

>100

>100

>100

>100

>91

>91

SNP 02-17B

7-Jan-13

>100

>100

>100

>100

>91

>91

SNP 02-17B

7-May-13

>100

96

>100

4.4

>91

>91

SNP 02-17B

8-Sep-13

>100

>100

>100

>100

>91

>91

SNP 02-17B

7-Oct-13

87

62

73

24

>91

>91

SNP 02-17B

27-Jan-14

>100

>100

33

<1.6

>91

>91

SNP 02-17B

6-May-14(a)

>100

>100

>100

85

>91

>91

SNP 02-17B

7-Sep-14

>100

>100

>100

96

>91

>91

SNP 02-17B

13-Oct-14

>100

>100

>100

>100

>91

>91

SNP 02-17B

18-Jan-15(a)

>100

>100

98

81

>91

>91

SNP 02-17B

5-May-15

>100

>100

83

64

>91

>91

SNP 02-17B

28-Sep-15

>100

>100

>100

79

>91

>91

SNP 02-17B

2-Nov-15(a)

>100

>100

>100

>100

>91

>91

SNP 02-17B

16-Nov-15

>100

>100

>100

<9

>91

>91

SNP 02-17B

23-Feb-16

>100

>100

>100

>100

>91

>91
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Summary of Chronic Toxicity Test Results for SNP 02-17 / SNP 02-17B Treated Effluent Samples,
2005 to 2017
Sample Collection
Date

Pseudokirchneriella
subcapitata
(Alga)

Ceriodaphnia dubia
(Water Flea)
LC50 (%)

LC25 (%)

IC50 (%)

IC25 (%)

IC50 (%)

IC25 (%)

>100

>100

>100

>100

>91

>91

SNP 02-17B

19-Apr-16

SNP 02-17B

25-Sep-16

>100

>100

>100

>100

>91

>91

SNP 02-17B

14-Nov-16

>100

>100

>100

>100

>91

>91

SNP 02-17B

16-Jan-17

>100

>100

>100

>100

>91

>91

SNP 02-17B

28-May-17

>100

>100

>100

>100

n/a

n/a

SNP 02-17B

12-Jun-17

n/a

n/a

n/a

n/a

>91

>91

Note:
LC50 = median lethal concentration; the concentration of sample estimated to be lethal to 50% of the test organisms.
LC25 = the concentration of sample estimated to be lethal to 25% of the test organisms.
IC50 = the inhibiting concentration for a 50% effect; the concentration of sample estimated to cause a 50% reduction in growth or fecundity of
the test organisms.
IC25 = the inhibiting concentration for a 25% effect; the concentration of sample estimated to cause a 25% reduction in growth or fecundity of
the test organisms.
Shaded cells indicate an effect.
a) Results from an invalid toxicity test performed with Pseudokirchneriella subcapitata May 6, 2014 were replaced by those performed June 9,
2014; results from an invalid toxicity test performed January 18, 2015 were replaced by those performed March 9, 2015; results from an invalid
toxicity test performed November 2, 2015 were replaced by those performed November 30, 2015.
SNP = Surveillance Network Program; % = percent; >= greater than; <= less than; n/a = no data available.

Figure 3.3-1

LC50 Results for Ceriodaphnia dubia Survival for Treated Effluent Samples Collected between 2005
and 2017

Note: LC50 = median lethal concentration; the concentration of sample estimated to be lethal to 50% of the test organisms.
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Figure 3.3-2
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LC25 Results for Ceriodaphnia dubia Survival for Treated Effluent Samples Collected between 2005
and 2017

Note: LC25 = median lethal concentration; the concentration of sample estimated to be lethal to 25% of the test organisms.

Figure 3.3-3

IC50 Results for Ceriodaphnia dubia Reproduction for Treated Effluent Samples Collected between
2005 and 2017

Note: IC50 = the inhibiting concentration for a 50% effect; the concentration of sample estimated to cause a 25% reduction in fecundity of the
test organisms.
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Figure 3.3-4

19127683/DCN-013

IC25 Results for Ceriodaphnia dubia Reproduction for Treated Effluent Samples Collected between
2005 and 2017

Note: IC25 = the inhibiting concentration for a 25% effect; the concentration of sample estimated to cause a 25% reduction in fecundity of the
test organisms.

Figure 3.3-5

Control-normalized Cell Growth at 100 or 91% Sample Concentration in
Pseudokirchneriella subcapitata for Treated Effluent Samples Collected between 2005 and 2017
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Diffuser Stations

3.3.2.2.1

Ceriodaphnia and Algae Toxicity Testing

Since April 2006, water samples for toxicity testing have been collected from the three diffuser stations
(i.e., SNP 02-20d, 02-20e, and 02-20f) once under ice-cover (e.g., April) and once during the open-water season
(e.g., September). Samples have been collected from the water depth with the highest conductivity measurement,
or from mid-depth if no conductivity gradient existed. Prior to 2012, samples from the three stations were not
always collected on the same day due to logistical constraints, therefore, the toxicity tests were not always
performed concurrently. This has made interpretation of results reported from 2007 to 2012 difficult when there
were differences between results for the different stations, because the tests were conducted with different
batches of test organisms. Beginning in 2012, the program was adjusted to accommodate collection of all diffuser
station samples on the same day, when logistically feasible. A fourth diffuser station located between SNP 02-20e
and 20d (i.e., SNP 02-20g) was sampled for toxicity testing from 2014 to 2016; sampling of this station was
discontinued in 2016 and 2017. Chronic toxicity tests performed on treated effluent with Ceriodaphnia and
P. subcapitata were also performed on the diffuser station samples.
Beginning in September 2015, the test concentrations used in the Ceriodaphnia toxicity tests were changed from
a 0.5 times (×) dilution series (i.e., 100%, 50%, 25%, 13%, 6.3%, 3.1%, and 1.6%) to a 0.67× dilution series
(i.e., 100%, 67%, 45%, 30%, 20%, 14%, and 9%). This change was made because point estimates reported for
reproduction in 2014 were often between, or close to, the 50% and 100% test concentrations. Addition of an
intermediate test concentration improved the accuracy of point estimates in this range and also improved the
95% confidence intervals associated with each point estimate.
Adverse effects on Ceriodaphnia reproduction, and to a lesser extent on Ceriodaphnia survival and
P. subcapitata growth, have occurred periodically in the Snap Lake diffuser station samples (Table 3.3-2).
A review was undertaken to assess the frequency and magnitude of these occurrences, to evaluate whether
toxicity was increasing, and whether toxicity could be related to concentrations of constituents in the treated
effluent or lake water.
Of the 78 Ceriodaphnia toxicity tests conducted between April 2006 and September 2017 (Table 3.3-2), one test
showed adverse effects on Ceriodaphnia mortality (Figures 3.3-6 and 3.3-7), 27 tests resulted in adverse effects
on Ceriodaphnia reproduction (Figures 3.3-8 and 3.3-9), and one test showed adverse effects in the form of
inhibition of P. subcapitata growth (Table 3.3-2). The sample that showed adverse effects on P. subcapitata
growth did not show effects on Ceriodaphnia.
Table 3.3-2

Summary of Chronic Toxicity Test Results for Snap Lake Diffuser Station Samples, 2006 to 2017

Pseudokirchneriella
subcapitata

Ceriodaphnia dubia
Station

Sample Collection Date

(Water Flea)

(Alga)

LC50
(%)

LC25
(%)

IC50
(%)

IC25
(%)

IC50
(%)

IC25
(%)

SNP 02-20a

12-Apr-06

>100

>100

>100

>100

>100

>100

SNP 02-20b

12-Apr-06

>100

>100

>100

>100

>100

>100

SNP 02-20c

12-Apr-06

>100

>100

>100

>100

>100

>100

SNP 02-20d

20-Sep-06

>100

>100

>100

24

>100

>100

SNP 02-20d

16-Apr-07

>100

>100

>100

12

>100

>100

SNP 02-20f

17-Apr-07

74

>50

14

<6.3

>100

>100

SNP 02-20d-mid

17-Sep-07

>100

>100

>100

>100

>100

>100
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Summary of Chronic Toxicity Test Results for Snap Lake Diffuser Station Samples, 2006 to 2017

Pseudokirchneriella
subcapitata

Ceriodaphnia dubia
Station

Sample Collection Date

(Water Flea)

(Alga)

LC50
(%)

LC25
(%)

IC50
(%)

IC25
(%)

IC50
(%)

IC25
(%)

SNP 02-20f-mid

17-Sep-07

>100

>100

>100

>100

>100

>100

SNP 02-20e

19-Sep-07

>100

>100

>100

<1.6

>100

>100

SNP 02-20d-mid

6-Apr-08

>100

>100

>100

>100

>91

>91

SNP 02-20e-mid

7-Apr-08

>100

>100

>100

>100

>91

>91

SNP 02-20f-mid

13-Apr-08

>100

>100

>100

>100

>91

>91

SNP 02-20f-mid

14-Sep-08

>100

>100

>100

>100

>91

>91

SNP 02-20d-mid

15-Sep-08

>100

>100

>100

>100

>91

>91

SNP 02-20e-mid

15-Sep-08

>100

>100

>100

>100

>91

>91

SNP 02-20e-mid

3-May-09

>100

>100

>100

76

>91

>91

SNP 02-20d-mid

3-May-09

>100

>100

>100

33

>91

>91

SNP 02-20f-mid

5-May-09

>100

>100

>100

77

>91

>91

SNP 02-20e-mid

15-Sep-09

>100

>100

66

5.6

>91

>91

SNP 02-20d-mid

27-Sep-09

>100

>100

>100

>100

>91

>91

SNP 02-20f-mid

27-Sep-09

>100

>100

>100

>100

>91

>91

SNP 02-20e-mid

6-Apr-10

>100

>100

>100

>100

>91

>91

SNP 02-20d-mid

11-Apr-10

>100

>100

>100

>100

>91

>91

SNP 02-20f-mid

11-Apr-10

>100

>100

23

<1.6

>91

>91

SNP 02-20f-mid

4-May-10

>100

>100

>100

43

>91

>91

SNP 02-20e-mid

7-Sep-10

>100

>100

>100

>100

>91

77

SNP 02-20f-mid

12-Sep-10

>100

>100

89

2.4

>91

>91

SNP 02-20d-mid

12-Sep-10

>100

>100

26

2.2

>91

>91

SNP 02-20d-mid

12-Oct-10

>100

>100

>100

>100

>91

>91

SNP 02-20e-mid

10-Apr-11

>100

>100

>100

>100

>91

>91

SNP 02-20f-bot

10-Apr-11

>100

>100

>100

>100

>91

>91

SNP 02-20d-mid

26-Apr-11

>100

>100

>100

>100

>91

>91

SNP 02-20d-top

11-Sep-11

>100

>100

>100

71

>91

>91

SNP 02-20e-top

11-Sep-11

>100

>100

>100

>100

>91

>91

SNP 02-20f-mid

11-Sep-11

>100

>100

>100

>100

>91

>91

SNP 02-20d-mid

17-Apr-12

>100

>100

>100

>100

>91

>91

SNP 02-20e-bot

17-Apr-12

>100

>100

>100

>100

>91

>91

SNP 02-20f-mid

17-Apr-12

>100

>100

>100

>100

>91

>91

SNP 02-20e-bot

9-Sep-12

>100

>100

>100

>100

>91

>91

SNP 02-20d-bot

9-Sep-12

>100

>100

>100

>100

>91

>91

SNP 02-20f-bot

9-Sep-12

>100

>100

>100

>100

>91

>91

SNP 02-20d

7-May-13

>100

>100

>100

>100

>91

>91

SNP 02-20e

7-May-13

>100

>100

>100

>100

>91

>91

SNP 02-20f

7-May-13

>100

>100

>100

>100

>91

>91

SNP 02-20d

8-Sep-13

>100

>100

>100

>100

>91

>91

SNP 02-20e

8-Sep-13

>100

>100

>100

>100

>91

>91

SNP 02-20f

8-Sep-13

>100

>100

>100

>100

>91

>91

SNP 02-20d

6-May-14(a)

>100

>100

>100

56

>91

>91
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Summary of Chronic Toxicity Test Results for Snap Lake Diffuser Station Samples, 2006 to 2017

Pseudokirchneriella
subcapitata

Ceriodaphnia dubia
Station

Sample Collection Date

(Water Flea)

(Alga)

LC50
(%)

LC25
(%)

IC50
(%)

IC25
(%)

IC50
(%)

IC25
(%)

SNP 02-20e

6-May-14

>100

>100

>100

>100

>91

>91

SNP 02-20f

6-May-14(a)

>100

>100

>100

43

>91

>91

SNP 02-20g

6-May-14(a)

>100

>100

>100

86

>91

>91

SNP 02-20 comp

26-Aug-14

>100

>100

>100

82

n/a

n/a

SNP 02-20d

7-Sep-14

>100

>100

>100

>100

>91

>91

SNP 02-20e

7-Sep-14

>100

>100

>100

42

>91

>91

SNP 02-20f

7-Sep-14

>100

>100

>100

58

>91

>91

SNP 02-20g

7-Sep-14

>100

>100

>100

68

>91

>91

SNP 02-20d

18-Jan-15

>100

>100

>100

100

n/a

n/a

SNP 02-20e

18-Jan-15

>100

>100

>100

>100

n/a

n/a

SNP 02-20g

18-Jan-15

>100

>100

100

68

n/a

n/a

SNP 02-20d

5-May-15

>100

>100

91

67

>91

>91

SNP 02-20e

5-May-15

>100

>100

>100

67

>91

>91

SNP 02-20f

5-May-15

>100

>100

>100

78

>91

>91

SNP 02-20g

5-May-15

>100

>100

>100

>100

>91

>91

SNP 02-20d

28-Sep-15

>100

>100

>100

>100

>91

>91

SNP 02-20e

28-Sep-15

>100

>100

>100

>100

>91

>91

SNP 02-20f

28-Sep-15

>100

>100

>100

79

>91

>91

SNP 02-20g

28-Sep-15

>100

>100

>100

90

>91

>91

SNP 02-20d

19-Apr-16

>100

>100

>100

>100

>91

>91

SNP 02-20e

19-Apr-16

>100

>100

>100

>100

>91

>91

SNP 02-20f

19-Apr-16

>100

>100

>100

>100

>91

>91

SNP 02-20g

19-Apr-16

>100

>100

>100

>100

>91

>91

SNP 02-20d

25-Sep-16

>100

>100

>100

>100

>91

>91

SNP 02-20e

25-Sep-16

>100

>100

>100

>100

>91

>91

SNP 02-20f

25-Sep-16

>100

61

>100

32

>91

>91

SNP 02-20g

25-Sep-16

>100

>100

>100

>100

>91

>91

SNP 02-20d

24-Sep-17

>100

>100

>100

>100

n/a

n/a

SNP 02-20e

24-Sep-17

>100

>100

>100

>100

n/a

n/a

SNP 02-20f

24-Sep-17

>100

>100

>100

>100

n/a

n/a

Note:
LC50 = median lethal concentration; the concentration of sample estimated to be lethal to 50% of the test organisms.
LC25 = the concentration of sample estimated to be lethal to 25% of the test organisms.
IC50 = the inhibiting concentration for a 50% effect; the concentration of sample estimated to cause a 50% reduction in growth or fecundity of
the test organisms.
IC25 = the inhibiting concentration for a 25% effect; the concentration of sample estimated to cause a 25% reduction in growth or fecundity of
the test organisms.
Shaded cells indicate an effect.
a) Results from invalid toxicity tests performed with Pseudokirchneriella subcapitata May 6, 2014 were replaced by those performed on
samples collected August 26, 2014.
SNP = Surveillance Network Program; % = percent; >= greater than; <= less than; n/a = no data available; mid = sample collected at
mid depth; bot = sample collected 1 m from bottom; top = sample collected just below surface; comp = sample is a composite from multiple
diffuser stations.
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LC50 Results for Ceriodaphnia dubia Survival for Diffuser Station Samples Collected between 2005
and 2017

Note: LC50 = median lethal concentration; the concentration of sample estimated to be lethal to 50% of the test organisms.

Figure 3.3-7

LC25 Results for Ceriodaphnia dubia Survival for Diffuser Station Samples Collected between 2005
and 2017

Note: LC25 = median lethal concentration; the concentration of sample estimated to be lethal to 25% of the test organisms.
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Figure 3.3-8
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IC50 Results for Ceriodaphnia dubia Reproduction for Diffuser Station Samples Collected between
2005 and 2017

Note: IC50 = the inhibiting concentration for a 25% effect; the concentration of sample estimated to cause a 50% reduction in fecundity of the
test organisms.

Figure 3.3-9

IC25 Results for Ceriodaphnia dubia Reproduction for Diffuser Station Samples Collected between
2005 and 2017

Note: IC25 = the inhibiting concentration for a 25% effect; the concentration of sample estimated to cause a 25% reduction in fecundity of the
test organisms.
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One of the criteria for the Ceriodaphnia test to be acceptable is for controls to produce an average of
≥15 offspring per female. While this criterion has been consistently met from April 2008 to September 2015,
the mean control reproduction in each test was periodically very close to the minimum acceptable 15 offspring
per female. Brood size can vary among laboratories and is dependent on culture conditions. In a study at
Snap Lake conducted by Pacholski et al. (2017), effluent and diffuser station samples were collected and split
among three laboratories for Ceriodaphnia toxicity testing. The authors reported high inter-laboratory variability in
Ceriodaphnia reproduction among the three labs. For example, for the same water sample, IC25 values <100%
were reported in laboratories with overall brood size of 15 to 20 young per female (on average), whereas in a
third laboratory with a high overall brood size of >20 young per female (on average), the IC25 was >100%.
It was suggested that culture and dilution or control water used by the different laboratories may have contributed
to the inter-laboratory variability; depending on the culture or dilution water used, the Ceriodaphnia may have an
easier time transitioning into the exposure water (i.e., effluent or diffuser water) for reproduction.
The timing at which broods of offspring are produced can also affect test results, because the test must end when
≥60% of the controls have produced three broods of offspring. Despite procedures in the test method for selecting
test organisms within a specific age range (i.e., <24 hours old), there can be variations in the timing of brood
production between females, which may account for some of the reduced reproduction observed periodically in
some samples. In these Ceriodaphnia tests with reduced reproduction, control performance was often very close
to the minimum acceptable requirement. Therefore, although these tests were acceptable (i.e., met the criteria for
minimum number of offspring per female), the relatively low overall reproduction confounds interpretation of
whether reduced reproduction was related to the diffuser station samples, or to the timing of brood production.
Adverse effects in the P. subcapitata test were expressed in terms of growth inhibition. However, it is also
possible for growth stimulation to occur (as described in Section 3.3.2.1). Similar to the treated effluent, most of
the P. subcapitata tests performed on diffuser station samples since April 2006 showed growth stimulation
(Figure 3.3-10), and this stimulation generally increased with increasing concentrations of water quality
parameters in the diffuser samples. Growth stimulation in P. subcapitata toxicity tests could be related to nutrient
enrichment in Snap Lake; however, algal blooms in Snap Lake have not been a concern during Operations,
and there is an only low-level of nutrient enrichment occurring in Snap Lake (Section 3.11).
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Figure 3.3-10

Control-normalized Cell Growth at 100 or 91% Sample Concentration in
Pseudokirchneriella subcapitata for Diffuser Station Samples Collected between 2005 and 2017

3.3.2.2.2

Early-life Stage Toxicity Testing

Beginning in 2014, ELS testing with Rainbow Trout embryos and Fathead Minnow were added as a requirement
for diffuser station toxicity testing at a frequency of once per year. Toxicity testing with early life stage fish has
been conducted using composite diffuser station samples collected from stations6 SNP 02-20d, SNP 02-20e,
SNP 02-20f and SNP 02-20g. In Fathead Minnow ELS testing, larval fish are exposed for seven days and fish are
evaluated for effects on mortality (i.e., LC25 and LC50) and growth (i.e., IC25 and IC50). In ELS testing with
Rainbow Trout, gametes are exposed for seven days and percent gamete viability is calculated to evaluate
adverse effects.
The results of toxicity testing with ELS of Rainbow Trout and Fathead Minnow are presented in Table 3.3-3.
Of the six ELS Rainbow Trout tests conducted between July 2014 and September 2017, one test indicated
significant effects on embryo viability, but was not considered an adverse effect because the mean response in
the 100% sample was only 12% lower relative to the control. Since 2014, toxicity to ELS Rainbow Trout has not
been observed. One Rainbow Trout test conducted on April 19, 2016 was deemed invalid due to low embryo
viability in the control, and a repeat test conducted on September 25, 2016 met all control validity criteria.
From 2014 to 2017, toxicity to larval Fathead Minnow survival and growth was observed in two samples collected
on August 4, 2014 and September 28, 2015 (Table 3.3-3); these results were unexpected (De Beers 2015, 2017)
and in both cases follow-up tests (August 26, 2014 and February 23, 2016, respectively) indicated no toxicity.

6

Beginning in 2017, composite samples were collected from diffuser stations SNP 02-20d, 20e and 20f, as per Water Licence requirements.
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Summary of Early Life Stage Toxicity Test Results in Fish for Snap Lake Diffuser Station Samples, 2014 to 2017

Station

Sample Collection Date

SNP 02-20 (composite)

7-Jul-14
4-Aug-14
26-Aug-14
28-Sep-15
23-Feb-16
19-Apr-16
25-Sep-16
24-Sep-17

Oncorhynchus mykiss
(Rainbow trout)
Embryo 100% test
concentration viability
(% of control)
88
n/a
90
94
n/a
90*
107
96

LC50
(%)

LC25
(%)

IC50
(%)

IC25
(%)

n/a
4
>100
n/a (a)
>100
>100
n/a
>100

n/a
<1.6
>100
n/a (a)
>100
>100
n/a
>100

n/a
22
>100
n/a (a)
>100
>100
n/a
>100

n/a
2.2
>100
n/a (a)
>100
>100
n/a
>100

Pimephales promelas
(Fathead minnow)
Survival in 100%
test concentration
(% of control)
n/a
n/a
n/a
48
n/a
n/a
n/a
n/a

Growth in 100%
test concentration
(% of control)
n/a
n/a
n/a
60
n/a
n/a
n/a
n/a

Note:
LC50 = median lethal concentration; the concentration of sample estimated to be lethal to 50% of the test organisms.
LC25 = the concentration of sample estimated to be lethal to 25% of the test organisms.
IC50 = the inhibiting concentration for a 50% effect; the concentration of sample estimated to cause a 50% reduction in growth or fecundity of the test organisms.
IC25 = the inhibiting concentration for a 25% effect; the concentration of sample estimated to cause a 25% reduction in growth or fecundity of the test organisms.
Shaded bold cells indicate a statistically significant adverse effect; Shaded cells indicate a statistically significant effect that does not meet the criteria to be considered an adverse effect.
Asterisk (*) indicates that the test did not meet the control validity criteria.
a) Point estimates were not calculated because toxicity testing was conducted on 100% concentration instead of dilution series.
% = percent; >= greater than; <= less than; n/a = no data available.
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Quality Assurance and Quality Control

QA/QC procedures govern all aspects of the AEMP toxicity program, including field methods, laboratory analyses,
data management, and reporting. Details of QA/QC procedures and results for each AEMP year are provided in
the AEMP annual reports. A brief summary is provided below.
When feasible, samples at the various diffuser stations were collected on the same day to facilitate
among-station comparison in the case of adverse toxicity test results. Samples were collected and shipped
in polyethylene containers, which were triple-rinsed with the sample water prior to collection. Samples were
received and tested within maximum sample holding times (i.e., five days from sample collection for acute tests
and three days from sample collection for chronic tests). Sample temperature upon receipt at the laboratory
was occasionally outside the target range of 4 ± 3°C. These temperature variations were not expected to
adversely affect the test results.
Toxicity testing was performed by a laboratory accredited by the Canadian Association for Laboratory
Accreditation Inc. (CALA). Test acceptability for laboratory control performance was evaluated upon receipt of
toxicity test results and tests were repeated if control performance did not meet Environment and Climate Change
Canada validity criteria, and repetition of the test was logistically feasible (i.e., given weather, effluent discharge,
staff availability). Toxicity test results not meeting control performance criteria were excluded from analysis.
The laboratory conducted reference toxicant testing to ensure that test organism performances were within the
laboratory control chart warning limits for the acute and chronic toxicity tests. Deviations from standard test
procedures were reported in each AEMP annual report, and were evaluated to determine if they affected the
quality of the results.
Overall, the toxicity data collected as part of the Snap Lake AEMP were considered to be of acceptable quality to
address the objectives of the toxicity monitoring program. Annual, review of the QA/QC methods has helped to
improve procedures for toxicity sample collection, reducing the potential for contamination and improve
coordination and communication with laboratories. Improvements have been made in communications with
laboratories to initiate testing for seasonally-sensitive toxicity tests (i.e., Rainbow Trout ELS testing) within
specified timeframes, and to ensure deviations from standard protocols and/or test failures are communicated in a
timely manner, as well in adjusting standard protocols to improve the interpretation of point estimates
(e.g., Ceriodaphnia dubia dilution series).
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Key Findings
Key Question 1: Do laboratory toxicity test results indicate consistent,
potentially unacceptable adverse effects in Snap Lake?

Acute and chronic toxicity test results reported from 2005 to 2017 indicated there were no consistent adverse
effects to aquatic test organisms in the laboratory that would result in concerns regarding effects on aquatic biota
in Snap Lake:



Effects on acute toxicity (i.e., Rainbow trout and Daphnia survival) with exposure to treated effluent have not
been observed in any tests conducted from 2005 to 2017.



Since 2016, toxicity has been absent in all effluent chronic toxicity tests. In previous years, adverse effects
on Ceriodaphnia reproduction were not consistent with a concentration-response relationship.



Chronic toxicity has occurred periodically in diffuser station samples (i.e., Ceriodaphnia reproduction),
but adverse effects did not increase in frequency or severity over time, nor were they consistent with a
concentration-response relationship.



Neither ELS Rainbow Trout nor Fathead Minnow testing demonstrated consistent toxicity to embryo viability
or larval survival and growth, respectively, associated with diffuser station composite samples collected
since 2014.



Algal tests (i.e., P. subcapitata) performed on treated effluent and diffuser station samples collected since
November 2005 have generally showed growth stimulation, and stimulation generally tended to increase
with water quality parameter concentrations.

3.3.3.2

Action Level Assessment

Beginning in 2014, toxicity test results were assessed against the Action Levels defined in the 2013 AEMP
Design Plan (Golder 2014). Low Action Levels were revised in the 2013 AEMP Design Plan - Update for Care
and Maintenance (Golder 2016) to prevent the re-occurrence of exceedances of outdated Action Levels
(MVLWB 2014). The following conditions were specified for triggering a Low Action Level for toxicological
impairment:



An IC50 of less than or equal to (≤) 50% for three brood reproduction with Ceriodaphnia present in results
for two of three diffuser stations in a sampling event, where three diffuser stations are in operation, or for
three of four diffuser stations in a sampling event where four diffuser stations are in operation.



Sublethal toxicity in both the Ceriodaphnia and P. subcapitata laboratory tests performed on all diffuser
station samples during a single sampling event. Sublethal toxic effects are defined as an IC25 less than the
highest test concentrations (i.e., <100% for Ceriodaphnia and <91% for P. subcapitata).



Sublethal toxicity (i.e., IC25 <100%) in any valid seven-day fish ELS test performed on a mixing zone
sample.
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The following Low Action Levels were triggered following the defined Action Levels in the 2013 AEMP
Design Plan (Golder 2014) and updated in the 2013 AEMP Design Plan - Update for Care and Maintenance
(Golder 2016):



2014 – A Low Action Level was initially triggered in 2014 based on the occurrence of sublethal effects
(i.e., IC25 <100%) to Ceriodaphnia reproduction in at least two concurrently tested diffuser station samples
(Table 3.3-2) in at least two consecutive sampling events. This Low Action Level was reported to the
MVLWB on December 30, 2014. Applying the updated Low Action Levels, toxicological impairment did not
occur in 2014 because IC50 values for Ceriodaphnia reproduction in all tested samples were >100%.



2015 – A Low Action Level was initially triggered in 2015 based on the presence of sublethal effects
(i.e., IC25 <100%) in three Ceriodaphnia tests from May 2015 and two Ceriodaphnia tests in
September 2015. Although results of the September 2015 Fathead Minnow toxicity test also initially
triggered a Low Action Level, the high mortality was considered anomalous. A repeat test in February 2016
supported the anomalous designation, yielding no toxic effects on Fathead Minnow survival or growth.
Therefore, no valid Low Action Level was triggered for Fathead Minnow in 2015. Under the updated Low
Action Levels (Golder 2016), toxicological impairment did not occur in 2015 because the IC50 values for
Ceriodaphnia reproduction in all tested samples were >100%, with the exception of the May 5, 2015 sample
(i.e., IC50 = 91%; Table 3.3-2).



2016 – A Low Action Level for toxicological impairment was not triggered in 2016. Sublethal toxicity did not
occur in either the valid fish ELS test nor in the P. subcapitata test. Effects on Ceriodaphnia reproduction
and survival were observed in one of the eight individual diffuser station samples collected in April and
September 2016. These effects were restricted to only one diffuser station sample in a single sampling event
and, therefore, did not trigger the Low Acton Level for toxicological impairment.



2017 – The Low Action Level for toxicological impairment was not triggered in 2017. Sublethal toxicity did
not occur in either the valid fish ELS test or the Ceriodaphnia reproduction and survival tests.

3.3.3.3

Comparison to Predictions

The EAR predicted that chronic toxicity would occur within 1% of the volume of Snap Lake (De Beers 2002).
Although chronic toxicity occurred periodically at the diffuser stations (Figure 3.3-7 and Figure 3.3-8), there is no
trend of increasing frequency or severity. These occurrences of toxicity appear to be episodic. If the observed
toxicity was related to constituents in the diffuser station samples, there would be a concentration-response
relationship evident, with adverse effects increasing at greater concentrations of water quality parameters.
Upon review of the water quality data, a concentration-response relationship was not evident in the chronic
toxicity dataset from 2006 to 2017.
The EAR (De Beers 2002) predicted a low environmental consequence to water quality within Snap Lake as a
result of effluent discharge, related to chronic-level effects to aquatic biota. Acute toxicity was absent in treated
effluent samples. While chronic toxicity occurred periodically in chronic tests performed on treated effluent and
diffuser station samples, no trend of increasing frequency or severity over time was evident. With the possible
exception of 2007, when Ceriodaphnia reproduction was reduced to some degree in all samples (i.e., treated
effluent and diffuser station samples), occurrences of toxicity only appeared periodically.

134

September 2020

3.3.4

19127683/DCN-013

Summary and Conclusions

The review and summary of AEMP toxicity data collected to date indicates that:




Acute toxicity was absent from treated effluent samples.



Growth stimulation occurred with treated effluent and diffuser station sample exposure in P. subcapitata
tests, indicating the potential for nutrient enrichment of Snap Lake.



Since 2014, Low Action Levels have not been triggered under the 2013 AEMP Design Plan - Update for
Care and Maintenance (Golder 2016).



Toxicity results indicate close alignment with EAR predictions.

Chronic toxicity was observed periodically in both treated effluent and diffuser station samples, but has
not increased in severity or frequency over time. Additionally, toxicity was not indicative of a concentrationresponse relationship.

Collectively, the toxicity data indicate no potential for consistent adverse effects to aquatic biota in Snap Lake.

3.3.5

Proposed Changes

The following changes are proposed for the toxicity component:



The ELS fish seven-day Fathead Minnow larval survival and growth test, and the seven-day Rainbow Trout
embryo viability test should be omitted from future AEMP toxicity testing. The rationale for this change is as
follows:

 On August 20, 2015, the MVLWB advised that a request to eliminate one of the chronic toxicity tests
could be made after one year of continued chronic testing with Fathead Minnow and Rainbow Trout
(MVLWB 2015).

 There were no effects in Rainbow Trout ELS tests performed on samples collected in 2015 and 2017.
 Toxicity in Fathead Minnow has been absent in tests since 2015. In 2015, the results of one test
indicated potential toxicity in Fathead Minnow but subsequent follow-up testing indicated no toxicity.

 Per the updated effect predictions for water quality (Section 4.1), nitrate concentrations in Snap Lake
main basin and the northwest arm are predicted to increase during Closure, relative to concentrations
observed during Operations; however, nitrate, at the concentrations modelled, and observed, is not
predicted to cause acute or chronic toxicity, and is not predicted to harm the aquatic environment.

 For Rainbow Trout, there are seasonal challenges with gamete availability resulting in logistical
constraints to align the testing with effluent discharge and performing the test with gametes of adequate
quality. There is presently only one commercial toxicity testing laboratory accredited to perform the
seven-day Rainbow Trout embryo test (versus at least two other Canadian laboratories being capable of
performing the test when this testing was initiated).



The Growth Inhibition Test using a Freshwater Alga (P. subcapitata) should be omitted from future AEMP
toxicity testing at SNP 02-20 stations. The rationale for this change is as follows:

 Growth stimulation rather than inhibition has been documented consistently in P. subcapitata in previous
AEMP toxicity test programs; growth inhibition has only been observed infrequently. Toxicity testing will
continue with C. dubia, the more sensitive of the two species.
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Lake water, effluent toxicity and chemistry samples should be collected at the same time to facilitate
interpretation of toxicity test results; however, concurrent collection of these samples may not possible due
to timing and duration of effluent discharge.



During Closure, conduct under-ice toxicity sampling only if effluent discharge occurs under-ice, and conduct
open-water toxicity sampling of diffuser stations once per year, concurrent with effluent toxicity sampling.
The rationale for this change is as follows:

 During Care and Maintenance and Closure, effluent discharge is not planned or anticipated to occur
under-ice (i.e., April or May) or in the fall (i.e., September); therefore, it is recommended that one openwater toxicity sampling be undertaken following ice-off, during or as near to the period of effluent
discharge as possible.

 The purpose of toxicity testing is to evaluate if there are Mine-related effects, which are best assessed
during periods of discharge or shortly following a period of discharge.

 Under-ice sampling for toxicity after a prolonged period without discharge (i.e., from September through
April) is unlikely to provide useful information to evaluate toxicity in the receiving environment.

 Sublethal toxicity testing with diffuser station samples once annually during closure is consistent with the
historical frequency of in-lake toxicity testing during Mine operation.



After discharge to the existing mixing zone in the main basin no longer occurs:

 Discontinue toxicity monitoring at the three stations located at the existing mixing zone boundary
(i.e., SNP 02-20d, SNP 02-20e, SNP 02-20f).



When discharges to one or both of the new mixing zones in the main basin or northwest arm begin:

 Begin once annual toxicity monitoring concurrent with effluent toxicity sampling, if logistically feasible, at
two new stations at the boundary of the new mixing zones to monitor toxicity in Snap Lake after initial
mixing of the discharges (SNP 02-20h,i and SNP 02-20j,k; MV2019L2-0004).



Given that toxicity testing during Closure is anticipated to occur with C. dubia, it is recommended that the
Low Action Level: “sublethal toxicity in both the C. dubia and P. subcapitata laboratory tests performed on all
diffuser station samples during a single sampling event” be omitted because they are no longer relevant
under the recommended AEMP toxicity test program.



The Low Action Level “an IC50 for three-brood reproduction with C. dubia of ≤50%, present in results for
two of three diffuser stations within the mixing zone for any one sampling event” should be updated to
“IC25 for three brood reproduction with C. dubia of less than or equal to 100%, present in results at the edge
of the mixing zone at more than one station (i.e., existing or new mixing zone boundary stations)” based on
the following rationale:

 With the addition of appropriately sensitive Medium and High Action Levels during Closure, the Low
Action Level should be revised to a lower threshold with a smaller magnitude of effect (i.e., to a
concentration inhibiting 25% of the population at 100% strength [undiluted sample], rather than 50% of
the population at 50% strength).

136

September 2020

3.3.6

19127683/DCN-013

References

CCME (Canadian Council of Ministers of the Environment). 2012. Canadian Water Quality Guidelines for the
Protection of Aquatic Life: Nitrate Ion. Canadian Environmental Quality Guidelines. Canadian Council of
Ministers of the Environment, 2012.
De Beers (De Beers Canada Inc.). 2002. Snap Lake Diamond Project: Environmental Assessment Report.
Submitted to the Mackenzie Valley Environmental Impact Review Board. Yellowknife, NT, Canada.
De Beers. 2015. 2014 Annual Report in Support of the Aquatic Effects Monitoring Program Water Licence
(MV20101L2-0004), Snap Lake Mine. Submitted to the Mackenzie Valley Land and Water Board.
Yellowknife, NT, Canada.
De Beers. 2017. 2016 Annual Report in Support of the Aquatics Effects Monitoring Program Water Licence
(MV2011L2-0004), Snap Lake Project. Submitted to the Mackenzie Valley Land and Water Board.
Yellowknife, NT, Canada.
Golder (Golder Associates Ltd.). 2010. 5-Year Aquatic Effects Monitoring Program Review and Conceptual AEMP
Update. Submitted to De Beers Canada Inc. Snap Lake Mine Site.
Golder. 2012. 2012 Aquatic Effects Re-evaluation Report. Submitted to De Beers Canada Inc. October 2012.
Approved by the MVLWB on March 28, 2013, Yellowknife, NT, Canada.
Golder. 2014. 2013 Aquatic Effects Monitoring Program Design Plan in Support of Water Licence (MV2011L20004). Snap Lake Mine. Submitted to the Mackenzie Valley Land and Water Board. Yellowknife, NT,
Canada.
Golder. 2016. 2013 Snap Lake Aquatics Effects Monitoring Program Design Plan – Updated for Care and
Maintenance in Support of the Water Licence (MV2011L2-0004). Snap Lake Project. Submitted to the
Mackenzie Valley Land and Water Board. Yellowknife, NT, Canada.
MVLWB. 2015. Letter to De Beers Canada Inc. re: Surveillance Network Program— Early Life Stage Request—
Denial. August 20, 2015. Yellowknife, NT, Canada.
Pacholski L, Chapman P, Hood A, Peters M. 2017. A Cautionary Note: Ceriodaphnia dubia Inter-Laboratory Test
Variability. Bull Environ Contam Toxicol 98:53-57.

137

September 2020

3.4

19127683/DCN-013

Plankton

3.4.1

Overview

The plankton monitoring component of the AEMP addresses the ecological function assessment endpoint
(De Beers 2004) and examines the two main impact hypotheses (i.e., toxicological impairment and nutrient
enrichment). Chlorophyll a and c concentrations and phytoplankton and zooplankton biomass and community
composition were assessed as part of the plankton component.
The objectives of the 2012 to 2017 plankton AEMP monitoring programs have been to meet conditions outlined in
Part G, Schedule 6, Item 1 in the previous Water Licence (MV2011L2-0004):
a) Monitoring for the purpose of measuring Project-related effects on the following components of the Receiving
Environment:
vi.b. the communities of zooplankton and phytoplankton due to changes in water quality;
b) Monitoring the following as indicators of nutrient enrichment in Snap Lake:
ii. chlorophyll a and algal biomass and species composition of the phytoplankton community.
c) Monitoring to verify or assess the predictions from the Environmental Assessments relating to the trophic and
dissolved oxygen status of Snap Lake including monitoring of:
iv. Concentrations of chlorophyll a in Snap Lake in early summer after the loss of ice-cover and
mid-summer; and
v. Algal biomass and species composition for phytoplankton in Snap Lake in mid-summer.
The monitoring should include measures of cyanobacteria biomass and species composition and
cyanotoxins in the event that algal community compositions shift to favour cyanobacteria.
The plankton component addressed the following key questions:
1)

Are there trends in chlorophyll a and c concentrations in Snap Lake, and what do these concentrations
indicate about the trophic status of Snap Lake?

2)

Are there trends in total phytoplankton biomass in Snap Lake?

3)

Are there trends in the biomass of the major phytoplankton groups in Snap Lake?

4)

Have there been changes over time in cyanobacteria biomass or microcystin-leucine-arginine
(microcystin-LR) concentrations in Snap Lake?

5)

Are there trends in total zooplankton biomass in Snap Lake?

6)

Are there trends in the biomass of the major zooplankton groups in Snap Lake?

7)

Have there been changes over time in cladoceran abundance or biomass in Snap Lake?

The key questions for the plankton component were revised for the 2015 AEMP Annual Report (De Beers 2016).
These revisions were made to align the key questions with the revised Water Licence and address specific
concerns raised during the Water Licence amendment process. In addition, the key questions were linked to the
weight-of-evidence assessment and Action Level endpoints.
138

September 2020

19127683/DCN-013

Since 2004, the plankton program has undergone several minor design modifications, specifically in station
locations, sampling frequency, and variables measured. These modifications have been implemented to increase
sampling efficiency and explore potential alternatives for monitoring endpoints. Details associated with field
methods and modifications in sampling approach have been provided in the AEMP annual reports (De Beers
2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013b, 2014a, 2015, 2016, 2017, 2018) and are summarized in
the 2012 Aquatic Effects Re-evaluation Report (Golder 2012).
From 2012 to 2016, the plankton sampling design and the annual reports followed the 2013 AEMP Design Plan
(Golder 2014). Samples were collected in the main basin and northwest arm of Snap Lake, and in two reference
lakes (i.e., Northeast Lake and Lake 13) in July, August and September. In 2017, plankton sampling and the
annual report were completed under the 2013 AEMP Design Plan - Update for Care and Maintenance (Golder
2016), which for the plankton component included minor adjustments in the program design, consisting of:



Reduction in the number and location of stations in Snap Lake (i.e., sampling only occurred in the main
basin of Snap Lake).






Reduction in the number of sampling events (i.e., only July and August sampling programs).
Reduction in the sampling of Lake 13 (i.e., no sampling in Lake 13 in 2017).
Reduction in the collection of light profile data (i.e., no light profiles collected in 2017).
Inclusion of the phytoplankton edibility assessment only if a Low Action Level is triggered.

In addition to the assessment of the phytoplankton and zooplankton components, light climate characterization
was conducted as part of the plankton component from 2013 to 2015; detailed light profiles were presented in
the corresponding AEMP annual reports (De Beers 2014a, 2015, 2016). Concentrations of microcystin-LR
were collected by and presented in the plankton component from 2005 to 2011; however, from 2012 to 2017,
microcystin-LR concentrations were measured as part of the integrated water quality and plankton monitoring
program, and presented by the water quality component. All microcystin-LR concentrations were near or below
the detection limit; therefore, microcystin-LR concentrations were not included as part of the plankton component
in relation to cyanobacteria biomass.

3.4.2

Description of Overall Trends

Detailed results for the plankton program were presented in the AEMP annual reports (Golder 2012; De Beers
2012, 2013, 2014a, 2015, 2016, 2017, 2018). The re-evaluation of the plankton program focused on assessing
temporal (year-to-year) trends in chlorophyll a and c concentrations and phytoplankton and zooplankton biomass
and community composition in the main basin and northwest arm of Snap Lake, Northeast Lake and Lake 13.
Spatial and seasonal evaluations, including light depth profiles, were presented in the AEMP annual reports.
Trends in light climate characterization are presented in Section 3.4.2.1, in chlorophyll a concentrations
in Section 3.4.2.2., in phytoplankton community metrics in Section 3.4.2.3 and zooplankton community
in Section 3.4.2.4. A food web functionality assessment (i.e., phytoplankton edibility assessment) is presented in
Section 3.4.2.5 and comparisons of phytoplankton and zooplankton total biomass to normal ranges are completed
in Section 3.4.2.6.
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Light Climate Characterization

Seasonal light climate in lakes is an important factor in phytoplankton productivity and contributes to the
characterization of the physical limnology of lakes. In 2013, De Beers committed to measuring monthly light
profiles through the water column during the open-water plankton program (i.e., July to September) to
characterize the seasonal light climate in Snap Lake, Northeast Lake, and Lake 13 (MVLWB 2013, 2014).
Between 2013 and 2015, the euphotic zones in Snap Lake, Northeast Lake, and Lake 13 extended to, or near,
the bottom of the water column, with the exception of the deep stations in the main basin (SNP02-20e) and the
northwest arm (SNAP20B) of Snap Lake (De Beers 2014a, 2015, 2016). The mean annual light attenuation
coefficients, measured as Kd values, were similar among the three lakes and among years (Table 3.4-1),
with coefficient values indicative of northern clearwater oligotrophic lakes (Kirk 2011). The main basin of
Snap Lake had clearer water and slightly lower and less variable attenuation coefficients (Kd = 0.16 to 0.26)
compared to Northeast Lake (Kd = 0.19 to 0.29), Lake 13 (Kd = 0.19 to 0.30), and the northwest arm of Snap Lake
(Kd = 0.18 to 0.50). Overall, the Kd values in Snap Lake, Northeast Lake and Lake 13 were consistent with values
reported for clear Alaskan lakes (0.31 ± 0.12; Kirk 2011).
The irradiance curves for the plankton stations in Snap Lake, Northeast Lake, and Lake 13 can be found in the
annual reports (De Beers 2014a, 2015, 2016) and were characteristic of oligo-mesotrophic systems (Dodds and
Whiles 2010); that is, they are clearwater lakes.
Table 3.4-1

Estimated Light Attenuation Coefficient, 2013 to 2015
Approximate Maximum
Water Depth
(m)

2013

2014

2015

SNP02-20e

29

0.18 ± 0.01

0.21 ± 0.04

0.18 ± 0.02

SNAP03

13

0.19 ± 0.01

0.19 ± 0.02

0.18 ± 0.03

SNAP06

13

0.23 ± 0.05

0.19 ± 0.01

0.22 ±0.02

SNAP11A

14

0.22 ± 0.00

0.16 ± 0.05

0.26 ± 0.03

SNAP08

9

0.20 ± 0.01

0.21 ± 0.03

0.18 ± 0.03

SNAP29

7

0.25 ± 0.01

0.34 ± 0.05

0.18 ± 0.03

SNAP23

12

0.27 ± 0.01

0.43 ± 0.08

0.22 ±0.01

SNAP02A

11

0.35 ± 0.01

0.45 ± 0.04

0.31 ±0.02

SNAP20B

35

0.31 ± 0.00

0.50 ± 0.11

0.32 ± 0.07

NEL01

12

0.20 ± 0.04

0.29 ± 0.04

0.22 ± 0.02

NEL02

12

0.24 ± 0.03

0.25 ± 0.01

0.20 ± 0.02

NEL03

10

0.24 ± 0.04

0.27 ± 0.01

0.24 ± 0.03

NEL04

13

0.26 ± 0.02

0.25 ± 0.01

0.21 ± 0.04

NEL05

12

0.19 ± 0.01

0.27 ± 0.00

0.21 ± 0.01

LK13-01

12

0.27 ± 0.03

0.30 ± 0.01

0.26 ± 0.03

LK13-02

11

0.21 ± 0.06

0.26 ± 0.00

0.19 ± 0.02

LK13-03

12

0.26± 0.01

0.28 ± 0.00

0.25 ± 0.04

LK13-04

10

0.30 ± 0.01

0.26 ± 0.01

0.25 ± 0.02

LK13-05

15

0.22 ± 0.02

0.25 ± 0.00

0.27 ± 0.03

Lake/Area

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake13

Station

Mean (± SE)

SE = standard error; ± = plus or minus.
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Chlorophyll a

The EAR (De Beers 2002, 2003a,b) predicted that chlorophyll a would gradually increase from 0.2 to 1.8 μg/L,
to 1.5 to 2.3 μg/L over a 20-year period, with chlorophyll a levels remaining within the range associated with
oligotrophic lakes and without a change in the overall productive status of Snap Lake. In 2014, model predictions
were updated to predict an increase in chlorophyll a at SNP02-20e to 4.1 µg/L (De Beers 2013a).
Mean chlorophyll a concentrations have varied over time, but have remained within the oligotrophic range in
Snap Lake, Northeast Lake and Lake 13 (Figure 3.4-1). In Snap Lake, there has been no evidence of a clear
trend in either the main basin or northwest arm. In the main basin of Snap Lake, an increase from available
baseline data (i.e., 2004) was observed between 2004 and 2008; however, following 2008, a steady decline in
chlorophyll a concentrations has been observed, returning to near the baseline concentration (Figure 3.4-1).
Between 2011 and 2012, an increase in chlorophyll a concentrations was observed again, followed by a decline
to below baseline conditions in 2014 and 2015, and a slight increase to above baseline in 2016; however,
between 2016 and 2017, chlorophyll a concentrations continued to decrease to below baseline concentrations,
with chlorophyll a concentrations remaining below the maximum model prediction of 4.1 µg/L at SNP02-20e
(De Beers 2013b).
Between 2009 and 2015, mean annual chlorophyll a concentrations were higher and more variable in the
northwest arm of Snap Lake compared to the main basin, with the exception of 2010 (Figure 3.4-1). In 2016,
the mean chlorophyll a concentration in the northwest arm of Snap Lake was similar to that in the main basin and
slightly higher than baseline concentrations.
Chlorophyll a concentrations increased between 2008 and 2013 in Northeast Lake but decreased between 2013
and 2015; between 2015 and 2017 concentrations have remained similar (Figure 3.4-1). Prior to 2011,
chlorophyll a concentrations were greater in the main basin of Snap Lake compared to Northeast Lake.
However, from 2011 to 2017, chlorophyll a concentrations in the main basin of Snap Lake were equal to or less
than concentrations in Northeast Lake, with the exception of 2016 when concentrations were higher in Snap Lake.
Chlorophyll a concentrations in Lake 13 have been similar to concentrations observed in Northeast Lake between
2013 and 2016. Northeast Lake and Lake 13 were not sampled prior to 2008 and 2012, respectively; therefore,
comparable biomass baseline data from 2004 are not available for these lakes.
Chlorophyll c concentrations were similar in Snap Lake and in the reference lakes between 2015 and 2017
(De Beers 2016, 2017, 2018). Concentrations were generally below the detection limit in July; however,
measurable concentrations were often observed in August or September, which limits the usefulness of
chlorophyll c as a response variable.
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Time Series Plots of Mean Annual Chlorophyll a Concentrations in Snap Lake, Northeast Lake,
and Lake 13

Note: Error bars represent one standard error of the annual mean. The 1999 baseline data were not separated into the northwest arm and
main basin of Snap Lake (De Beers 2002). The northwest arm of Snap Lake and Lake 13 were not sampled in 2017 (De Beers 2016).
From 2004 to 2016, mean annual chlorophyll a concentrations were based on samples collected in July, August and September, with some
exceptions (Golder 2012). In 2017, samples were collected in July and August (De Beers 2016). Chlorophyll a data determined to be
anomalous were removed before calculating means. The vertical dashed bar represents a break in the time series and a change in sampling
methods.
µg/L = micrograms per litre.

3.4.2.3
3.4.2.3.1

Phytoplankton
Phytoplankton Biomass

Mean phytoplankton biomass has varied over time in the main basin of Snap Lake (Figure 3.4-2, Appendix A and
B). Phytoplankton biomass increased from 2004 (248 µg/L) to 2009 (1,280 µg/L), then decreased from 2009 to
2011 (458 µg/L), and remained at a similar level until 2014. Between 2014 and 2017, phytoplankton biomass
increased again, by a factor of approximately three, to 1,503 µg/L in 2017. Prior to 2011, phytoplankton biomass
in the main basin of Snap Lake was consistently higher than in the northwest arm. Between 2011 and 2014, this
pattern reversed; i.e., biomass was lower in the main basin compared to the northwest arm. However, in 2015,
biomass in the northwest arm of Snap Lake was similar to that in the main basin. In 2016, biomass in the main
basin was once again greater than in the northwest arm.
Mean annual total phytoplankton biomass was less variable in Lake 13 compared to Snap Lake, while biomass
in Northeast Lake has been highly variable in recent years (Figure 3.4-2, Appendix A and B). Northeast Lake and
Lake 13 were not sampled prior to 2008 and 2012, respectively; therefore, biomass baseline data from 2004 are
not available for these lakes. Between 2008 and 2013, biomass in Northeast Lake showed little change; however,
in 2014 (1,946 µg/L) and 2015 (1,452 µg/L) mean phytoplankton biomass increased to approximately five times
the value observed in 2008. By 2016, biomass in Northeast Lake (356 µg/L) was similar to that measured in 2008.
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Between 2016 and 2017, a nearly two-fold increase in phytoplankton biomass was observed, along with greater
variability compared to previous years with low biomass values. In Lake 13, mean annual total phytoplankton
biomass has remained relatively consistent from 2012 to 2016, and similar to values observed during most years
in Northeast Lake and Snap Lake during the baseline period.
In general, mean annual total phytoplankton biomass in the main basin of Snap Lake was equal to or greater than
biomass in the reference lakes (Figure 3.4-2). From 2008 to 2012, and again from 2016 to 2017, biomass has
been higher in Snap Lake compared to Northeast Lake. Between 2012 and 2013, phytoplankton biomass was
similar in all three lakes and between 2014 and 2015, biomass was higher in Northeast Lake compared to
Snap Lake. In all years with available data, mean annual total phytoplankton biomass in the main basin
of Snap Lake was within the range of year-to-year variation represented by the reference lakes.
Figure 3.4-2

Time Series Plots of Mean Annual Total Phytoplankton Biomass in Snap Lake, Northeast Lake,
and Lake 13

Note: Error bars represent one standard error of the annual mean. The northwest arm of Snap Lake and Lake 13 were not sampled in 2017
(De Beers 2016). From 2004 to 2016 mean annual phytoplankton biomass was based on samples collected in July, August and September,
with some exceptions (Golder 2012); in 2017, samples were collected in July and August (De Beers 2016).
µg/L = micrograms per litre.
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Phytoplankton Taxonomic Richness

Mean (genus-level) phytoplankton taxonomic richness has been consistently lower in the main basin of
Snap Lake compared to the northwest arm and reference lakes between 2010 and 2017 (Figure 3.4-3).
Between 2014 and 2017, a slight increasing trend in taxonomic richness was observed in the main basin of
Snap Lake.
Figure 3.4-3

Time Series Plot of Mean Annual Total Phytoplankton Taxonomic Richness in Snap Lake,
Northeast Lake, and Lake 13

Note: Error bars represent one standard error of the annual mean. The northwest arm of Snap Lake and Lake 13 were not sampled in 2017
(De Beers 2016). From 2004 to 2016 mean annual phytoplankton taxonomic richness was based on samples collected in July, August and
September, with some exceptions (Golder 2012); in 2017, samples were collected in July and August (De Beers 2016).
no. = number.
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Phytoplankton Community Composition – Relative Composition

Chrysophytes and diatoms have dominated the phytoplankton community in the main basin of Snap Lake
since 2004, with the proportional contribution of these groups varying between 2004 and 2016 (Figure 3.4-4,
Appendix A and B). In 2017, however, dinoflagellates (“Others” category in Figure 3.4-4, Appendix A and B)
dominated the phytoplankton community by biomass, accounting for 43% of the total biomass, while diatoms
were the sub-dominant group (39%).
Between 2004 and 2005, chrysophytes dominated the phytoplankton community in the main basin of Snap Lake
but composition shifted to co-dominance with diatoms in 2006 and 2007 to sub-dominance, with diatoms as the
dominant group from 2008 to 2012, and back to chrysophyte dominance in 2013 and 2014 (Figure 3.4-4).
In 2015 and 2016, chrysophytes were once again the sub-dominant group, with diatoms as the dominant group;
however, in 2017, chrysophytes only contributed 11% of the total biomass, with dinoflagellates and diatoms
dominating. Diatom biomass increased from the 2004 baseline condition and accounted for over 50% of total
phytoplankton biomass from 2008 to 2011; the proportion of diatoms decreased from 2012 to 2014, approaching
the baseline value (14%). From 2015 to 2017, diatoms were either a dominant or sub-dominant group again,
accounting for 39% to 69% of the total biomass. Cyanobacteria were often a sub-dominant group in the main
basin of Snap Lake. From 2004 to 2006 cyanobacteria sub-dominated, but their numbers decreased and they
were present in relatively low proportions from 2007 to 2012, when diatoms dominated. In 2013 and 2014,
the proportion of cyanobacteria returned to near baseline (25%), but decreased to 1% or less between 2015
and 2017.
Between 2004 and 2016, dinoflagellate relative biomass has been relatively low, ranging between 1% and 10%
in Snap Lake, which is typical for freshwater phytoplankton communities (Wehr and Sheath 2003). From 2016
to 2017, dinoflagellate biomass increased by four-fold within the main basin of Snap Lake. This increase in
dinoflagellate relative biomass was not observed in Northeast Lake, where Dinoflagellate abundance was
10,000 cells per litre (cells/L), representing 0.34% of the total abundance (De Beers 2018). The high dinoflagellate
biomass in Snap Lake in 2017 was the result of low numbers of a large dinoflagellate Ceratium hirundinella,
which can reach up to 400 µm in length (Wehr and Sheath 2003). Although C. hirundinella is capable of
freshwater blooms, the high biomass in 2017 in Snap Lake was likely the result of a few large Ceratium sp.
in the samples collected in July at SNAP06 (i.e., a mid-lake station), which inflated the overall biomass and
relative proportion of dinoflagellate biomass.
Variability in the mean annual relative biomass of the major phytoplankton groups has also been observed in the
northwest arm of Snap Lake, although it has been less pronounced relative to the main basin (Figure 3.4-4,
Appendix A and B). The phytoplankton community in the northwest arm has been mainly chrysophyte dominated,
with sub-dominance shifting between cyanobacteria and diatoms. From 2004 to 2008 cyanobacteria were the
sub-dominant group, with the exception of 2006, when cyanobacteria and chlorophytes co-dominated. From 2009
to 2013, diatoms were the sub-dominant group. In 2014 and 2015, cyanobacteria were the dominant group, and
chrysophytes and diatoms were sub-dominant. In 2016, diatoms dominated and chrysophytes sub-dominated the
phytoplankton community.
Northeast Lake has mostly been cyanobacteria-dominated or cyanobacteria-chrysophyte co-dominated, with the
exception of 2010 when diatoms were the sub-dominant group (Figure 3.4-4, Appendix A and B). In 2017,
cyanobacteria dominated the phytoplankton community in Northeast Lake, while chrysophytes were subdominant. The phytoplankton community in Lake 13 has been chrysophyte-dominated since the beginning of
sampling in 2012.
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Figure 3.4-4
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Note: The northwest arm of Snap Lake and Lake 13 were not sampled in 2017 (De Beers 2016). From 2004 to 2016 relative biomass was
based on the mean of samples collected in July, August and September, with some exceptions (Golder 2012); in 2017, it was based on the
mean of samples collected in July and August (De Beers 2016). The “Others” taxonomic group consists of cryptophytes, euglenoids,
xanthophytes and dinoflagellates.
% = percent.
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Phytoplankton Community Composition – Multidimensional Scaling

Phytoplankton community structure was also summarized using the non-parametric ordination method of
multidimensional scaling ([MDS] Clarke 1993). The MDS data were scaled in Primer Version 7 (Clark and
Gorley 2016). Genus level phytoplankton data were log (x+1) transformed, to improve the separation of the
data among stations on the MDS plots and to reduce weighting of the analysis by the most abundant taxa.
A Bray-Curtis resemblance matrix was generated, and the MDS procedure was applied to this matrix.
Using rank order information, MDS determined the relative positions of stations in two dimensions based on
community composition. Goodness-of-fit was determined by examining the Shepard diagrams as well as the
stress values, which were calculated from the deviations in the Shepard diagrams. Lower stress values
(i.e., less than 0.10) indicate less deviation and a greater goodness-of-fit, higher stress values (i.e., greater than
0.20) must be interpreted with caution and often higher dimensions (i.e., 3-D) are needed to describe the data
(Clarke 1993). Points that fall close together on the MDS ordination plot represent samples with similar
community composition; points that are far apart from each other represent samples with dissimilar community
composition.
A similarity profile (SIMPROF) test was also carried out on the ordination data to identify meaningful clusters of
important taxa (i.e., those taxa that behave in a coherent manner across areas) and to prevent over-interpretation
of the MDS plots (Clarke et al. 2014). These SIMPROF clusters were superimposed on the MDS plots.
Trajectory lines showing movement in the phytoplankton community overtime were superimposed on the
individual lake MDS plots.
The data were presented in two different ways: (1) all three lakes were included together on the same MDS plot to
demonstrate similarity among the lakes in each year (Figure 3.4-5), and (2) each lake/area was plotted separately
to demonstrate community changes over time (Figures 3.4-6 and 3.4-7).
The two-dimensional non-metric multidimensional scaling (nMDS) configuration of the Snap Lake, Northeast Lake
and Lake 13 phytoplankton communities had a stress value of 0.17, demonstrating a reasonable fit to the original
data set. The stress value for the two-dimensional nMDS configuration for Snap Lake main basin plot was 0.10,
the northwest arm plot was 0.06, the Northeast Lake plot was 0.1 and the Lake 13 plot was <0.1, demonstrating
a good fit to the original data set. The SIMPROF tests (P-value <0.05) indicated that the level of interpretation of
the 50%, 60%, 70% and 80% clusters is acceptable and the global analysis of similarity ([ANOSIM] R = 0.718,
P = 0.001) tests indicate that statistical interpretation of the MDS structure is permitted.
The nMDS ordination plot indicates separation among lakes, and among-years in Snap Lake, in terms of
phytoplankton community composition (Figure 3.4-5). The phytoplankton communities in Snap Lake between
2004 and 2006 generally differed from the communities in the reference lakes and from those in Snap Lake in
later years (i.e., 2007 to 2017), showing a 60% similarity. Between 2007 and 2017 all three lakes grouped
together within a 60% similarity ellipse. In Snap Lake, 2007 to 2013 community data grouped together within a
70% similarity ellipse, while 2014 to 2017 were separated from that grouping and grouped together within a
second 70% similarity ellipse. For the reference lakes, all community data in Northeast Lake from 2008 to 2017,
with the exception of 2010 were grouped together within a 70% similarity ellipse, and all data from 2013 to 2016
for Lake 13 were grouped together (Figures 3.4-5 and 3.4-7).
The phytoplankton community in the Snap Lake main basin demonstrated a clear divergence from the available
baseline data (i.e., 2004) to 2017 (Figure 3.4-6). The baseline community differed from the 2005 and
2006 phytoplankton community at 70% similarity, indicating that community composition changes were occurring
during the construction phase, which began in April 2005. During Operations, the community appeared to have
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two main groupings, one from 2007 to 2010, during early mining Operations, and a second from 2011 to 2015,
during later Operations. A final grouping was observed that separated the 2016 and 2017 data from the remainder
of the community data. In the Snap Lake northwest arm, the 2004, 2005 and 2006 data grouped together at
60% similarity, while all data from 2007 to 2016 were grouped together at 60% similarity.
The MDS results indicate that changes over time in phytoplankton community structure have been occurring in
Snap Lake, especially between 2004 to 2006, and 2007 to 2017, and conditions in 2016 and 2017 differed from
conditions in 2007 to 2015 throughout the lake. They also indicate that current community structure in Snap Lake
(2017) differs from that in the reference lakes, but still falls within a 60% similarity ellipse.
Figure 3.4-5

Non-metric Multidimensional Scaling of the Snap Lake, Northeast Lake and Lake 13 Phytoplankton
Communities, 2004 to 2017
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Figure 3.4-6
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Non-metric Multidimensional Scaling of the Phytoplankton Communities in the Main Basin and
Northwest Arm of Snap Lake, 2004 to 2017
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Figure 3.4-7
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Non-metric Multidimensional Scaling of Phytoplankton Communities in Northeast Lake and Lake 13,
2004 to 2017
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Cyanobacteria Biomass

Mean cyanobacteria biomass has varied over time in Snap Lake and Northeast Lake (Figure 3.4-8). In the main
basin of Snap Lake, it has decreased from its peak value of 274 µg/L in 2006 to well below the 2004 baseline
value (64 µg/L), to 3 µg/L in 2016. In 2017, cyanobacteria biomass increased to the 2004 baseline value of
64 µg/L. The variability in cyanobacteria biomass is also reflected in the proportion of cyanobacterial biomass
in the community composition of Snap Lake from 15% in 2006 to near 1% in 2016 and 2017 (Figure 3.4-4).
Mean annual cyanobacterial biomass has also decreased in the northwest arm of Snap Lake from a peak
biomass of 854 µg/L in 2014 to biomass values near the 2004 baseline value (81 µg/L) in 2016 (103 µg/L);
representing 14% of the community composition.
Cyanobacteria have generally dominated or co-dominated the phytoplankton community biomass in
Northeast Lake; however, prior to 2014, their biomass was relatively low (144 to 225 µg/L; Figures 3.4-4
and 3.4-8). Cyanobacteria biomass increased in 2014 (1,210 µg/L) and 2015 (1,216 µg/L) but decreased in
2016 (111 µg/L) to within the historical range. A slight increase was observed again in 2017 (450 µg/L), but it was
still below the maximum observed in 2015. In Lake 13, cyanobacteria biomass has remained relatively constant
between 2013 and 2016, ranging from 31 to 114 µg/L. Consistent with the low cyanobacteria biomass observed
in the three lakes in 2016, microcystin-LR concentrations were below the detection limit (Section 3.1).
Figure 3.4-8

Time Series Plot of Mean Annual Cyanobacteria Biomass in Snap Lake, Northeast Lake, and Lake 13

Note: Error bars represent one standard error of the annual mean. The northwest arm of Snap Lake and Lake 13 were not sampled in 2017
(De Beers 2016). From 2004 to 2016 mean annual cyanobacteria biomass was based on samples collected in July, August and September,
with some exceptions (Golder 2012); in 2017, samples were collected in July and August (De Beers 2016).
µg/L = micrograms per litre.
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Phytoplankton Community Summary

Overall, the phytoplankton community results indicate that changes have occurred since baseline conditions
(2004). Mean total phytoplankton biomass and taxonomic richness have varied over time in Snap Lake and the
reference lakes. In general, biomass in the main basin of Snap Lake has been equal to or greater than biomass
in Northeast Lake, with a few exceptions, while taxonomic richness has been consistently lower in Snap Lake
compared to the reference lakes.
Changes in mean total phytoplankton biomass and abundance between 2004 and 2017 are of relatively low
magnitude. The persistent increase (i.e., at least three years) in phytoplankton biomass outside the normal range
observed in the main basin of Snap Lake, coupled with the shift in phytoplankton community composition
triggered a Low Action Level for nutrient enrichment in 2017. The Low Action Level trigger was not of immediate
concern, because an increase in phytoplankton biomass is consistent with EAR predictions that phytoplankton
biomass would increase in Snap Lake (De Beers 2002, 2003a,b).
The MDS results indicate that changes over time in phytoplankton community structure have been occurring in
Snap Lake, especially between 2004 to 2006, and 2007 to 2017, and conditions in 2016 and 2017 differed from
conditions in 2007 to 2015 throughout the lake. The MDS results also indicate that current community structure
in Snap Lake (2017) differs from that in the reference lakes, but still falls within a 60% similarity ellipse that
contains the Snap Lake and reference lake communities.

3.4.2.4
3.4.2.4.1

Zooplankton
Zooplankton Biomass

Mean zooplankton biomass has fluctuated over time in Snap Lake and the reference lakes (Figure 3.4-9).
After relative consistency between 2004 and 2006 in the main basin of Snap Lake, zooplankton biomass
increased in 2007 and then decreased through 2009. From 2010 to 2017, zooplankton biomass has been
variable, remaining below the 2004 baseline value (108 µg/L) until 2017, when zooplankton biomass was just
above the 2004 baseline value (112 µg/L).
Similarly, in the northwest arm of Snap Lake, mean annual total zooplankton biomass was relatively consistent
between 2004 and 2007. Since 2007, zooplankton biomass has typically remained below the 2004 baseline value
(132 µg/L), with the exception of 2010 (187 µg/L), 2014 (159 µg/L), and 2015 (157 µg/L). After two years of being
above the 2004 baseline value, zooplankton biomass decreased to below baseline in the northwest arm of
Snap Lake in 2016 (86 µg/L).
Northeast Lake and Lake 13 were not sampled prior to 2008 and 2012, respectively; therefore, comparable
baseline data from 2004 are not available for these lakes. In general, zooplankton biomass in Northeast Lake
increased between 2008 and 2015, but in 2016 and 2017 zooplankton biomass has decreased slightly,
although zooplankton biomass in Northeast Lake in 2017 was still 2.3 times higher than in 2008 (59 µg/L).
In Lake 13, zooplankton biomass has been variable, fluctuating annually since 2012.
Overall, mean annual zooplankton biomass has generally been lower in the main basin of Snap Lake
compared to the northwest arm of Snap Lake but within the range of year-to-year variation represented by the
reference lakes (Figure 3.4-9).

152

September 2020
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Time Series Plot of Mean Annual Total Zooplankton Biomass in Snap Lake, Northeast Lake,
and Lake 13

Note: Error bars represent one standard error of the annual mean. The northwest arm of Snap Lake and Lake 13 were not sampled in 2017
(De Beers 2016). From 2004 to 2016 mean annual zooplankton biomass was based on samples collected in July, August and September,
with some exceptions (Golder 2012); in 2017, samples were collected in July and August (De Beers 2016).
µg/L = micrograms per litre.
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Zooplankton Taxonomic Richness

In general, mean zooplankton taxonomic richness has been lower than baseline in Snap Lake, exhibiting a slight
decreasing trend over time, consistent with the reference lakes (Figure 3.4-10). In 2017, zooplankton taxonomic
richness increased slightly in the main basin of Snap Lake.
Figure 3.4-10

Time Series Plot of Mean Annual Total Zooplankton Taxonomic Richness in Snap Lake,
Northeast Lake, and Lake 13

Note: Error bars represent one standard error of the annual mean. The northwest arm of Snap Lake and Lake 13 were not sampled in 2017
(De Beers 2016). From 2004 to 2016 mean annual zooplankton taxonomic richness was based on samples collected in July, August and
September, with some exceptions (Golder 2012); in 2017, samples were collected in July and August (De Beers 2016).
no. = number.
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Zooplankton Community Composition – Relative Composition

Calanoid copepods have dominated the mean relative biomass in both areas of Snap Lake over time; however,
the proportion of the community that this major group has accounted for has varied (Figure 3.4-11). A decreasing
trend in the relative biomass of calanoid copepods was observed between 2004 and 2009 in the main basin of
Snap Lake, which extended to 2012 in the northwest arm of Snap Lake. Since 2009 in the main basin and 2012
in the northwest arm, the proportion of calanoid copepods increased. Although in 2016, the proportions of
calanoid copepods decreased to values similar to those observed from 2007 to 2009. In 2017, the proportion of
calanoid copepods increased slightly to that observed in 2011. In 2016, the zooplankton community was
co-dominated by calanoid and cyclopoid copepods in both areas of Snap Lake (i.e., calanoid and cyclopoid
copepods accounted for 43% and 50%, respectively of the zooplankton community in the main basin and
38% and 36%, respectively of the zooplankton community in the northwest arm of Snap Lake). In 2017, calanoid
copepods accounted for 62% of zooplankton biomass in the main basin of Snap Lake, while cyclopoid copepods
accounted for 31% of the total biomass. The relative proportions of cyclopoid copepods and rotifers have varied
over time in the main basin of Snap Lake and in 2017, rotifers accounted for 5% of the total biomass.
Cladocerans have generally accounted for a small proportion (less than 5%) of the zooplankton community in
both areas of Snap Lake since 2004 (i.e., prior to mining), peaking at 8% in the main basin in 2014.
Calanoid copepods have accounted for the largest proportion of the zooplankton biomass in Northeast Lake since
2008, with the exception of 2011 and 2016 when rotifers (43% and 47%, respectively) dominated the community
(Figure 3.4-11). Cyclopoid copepods and rotifers have typically been the sub-dominant groups in Northeast Lake,
while cladocerans have generally accounted for a small proportion of the zooplankton community composition.
The zooplankton community composition in Lake 13 differed from that in Snap Lake and Northeast Lake
(Figure 3.4-11). Rotifers have consistently dominated the zooplankton community in Lake 13. In 2016, rotifers
continued to be the dominant zooplankton group in Lake 13 followed by calanoid and cyclopoid copepods,
accounting for 23% and 22% of the community, respectively. The proportion of cladocerans has been consistently
higher (up to 20%) in Lake 13 since sampling began in 2012. In 2016, cladocerans accounted for 13% of the
zooplankton community biomass in Lake 13.
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Figure 3.4-11
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Note: The northwest arm of Snap Lake and Lake 13 were not sampled in 2017 (De Beers 2016). From 2004 to 2016 relative biomass was
based on the mean of samples collected in July, August and September, with some exceptions (Golder 2012); in 2017, it was based on the
mean of samples collected in July and August (De Beers 2016).
% = percent.
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Zooplankton Community Composition – Multidimensional Scaling

Zooplankton community structure was also summarized using MDS (Clarke 1993), as described in
Section 3.4.2.3. Lowest level (genus or species) data were log (x+1) transformed, to improve the separation
of the data among stations on the MDS plots and to reduce weighting of the analysis by the most abundant taxa.
Where stress was low (Northeast Lake and Lake 13), metric MDS (mMDS) was employed; however, if stress
values were higher, nMDS was used.
The data were presented the same way as done for the phytoplankton community: all three lakes included
together on the same MDS plot to demonstrate similarity among the lakes in each year (Figure 3.4-12), as well
each lake/area plotted separately to demonstrate community changes over time in each lake/area (Figures 3.4-13
and 3.4-14).
The two-dimensional nMDS configuration comparing Snap Lake to Northeast Lake and Lake 13 over time had
a stress value of 0.15, demonstrating a reasonable fit to the original data set. The stress value for the
two-dimensional nMDS for Snap Lake main basin was 0.10, and the stress value was 0.06 for the northwest arm
plot. The mMDS configuration for Northeast Lake had a stress value of 0.14 and the Lake 13 configuration had a
stress value of 0.13, demonstrating a good fit to the original data sets. The SIMPROF tests (P-value <0.05)
indicated that the level of interpretation of the 50%, 60%, 70% and 80% clusters is acceptable and the global
ANOSIM (R = 0.677, P = 0.001) tests indicate that statistical interpretation of the MDS structure is permitted.
The nMDS ordination plot comparing Snap Lake to Northeast Lake and Lake 13 indicates separation among
lakes and among-year groupings in Snap Lake in terms of zooplankton community composition (Figure 3.4-12).
The zooplankton communities in Snap Lake between 2004 and 2010 grouped together with the 2008 to 2010
Northeast Lake data, showing a 60% similarity, but these groups generally differed from the communities in the
reference lakes and in Snap Lake in later years (i.e., 2011 to 2017). Between 2011 and 2017 all three lakes
grouped together within a 60% similarity ellipse. In Snap Lake, the 2004 to 2010 community data, with the
exception of 2009, grouped together within a 70% similarity ellipse, while 2011 to 2017 were separated from that
grouping and grouped together within a second 70% similarity ellipse. For the reference lakes, all community data
from Northeast Lake from 2011 to 2017 grouped together within a 70% similarity ellipse with the 2013 to 2016
data for Lake 13 (Figure 3.4-5 and 3.4-7).
The zooplankton community in the Snap Lake main basin demonstrated a clear trajectory from baseline (2004)
to 2017 (Figure 3.4-13). The 2004 to 2006 zooplankton community differed from the 2007 to 2010 community,
indicating that community changes occurred between the construction phase and early Operations,
when construction was completed and treated effluent was being re-routed from the temporary diffuser to the
permanent diffuser (Section 3.1). During Operations, the community appeared to have two main temporal
groupings, one from 2007 to 2010 during early mining Operations, and a second from 2011 to 2017 during later
Operations into Care and Maintenance. In the Snap Lake northwest arm, a similar trajectory was observed with
even clearer separation among the 2004 to 2006, 2007 to 2010 and the 2011 to 2017 groups. A clear trajectory
was also observed in Northeast Lake from 2008 to 2017, with the community data from 2008 to 2010 grouping
separately from the 2011 to 2017 community data (Figure 3.4-14), indicating that community changes may be
related to changes in local climate rather than being Mine-related.
The MDS results indicate that changes over time in zooplankton community structure have been occurring in
Snap Lake, especially between 2004 to 2010, and 2011 to 2017. They also indicate that current community
structure in Snap Lake (2017) differs from that in the reference lakes, but still falls within a 60% similarity ellipse.
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However, the clear trajectories observed in both Snap Lake and Northeast Lake indicate that the community
changes may be related to changes in local climate rather than being Mine-related.
Figure 3.4-12

Non-metric Multidimensional Scaling of the Snap Lake and Northeast Lake Zooplankton
Communities, 2004 to 2011
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Figure 3.4-13
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Non-metric Multidimensional Scaling of the Snap Lake and Northeast Lake Zooplankton
Communities, 2004 to 2011
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Figure 3.4-14
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Non-metric Multidimensional Scaling of the Snap Lake and Northeast Lake Zooplankton
Communities, 2004 to 2011
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Cladoceran Abundance and Biomass

Mean cladoceran abundance has remained consistently low over time in Snap Lake, Northeast Lake and Lake 13
(i.e., less than three organisms per litre [org/L]; Figure 3.4-15). In 2017, cladoceran abundance increased in both
Snap Lake and Northeast Lake by 39% and 47%, respectively, over the 2016 values; however, cladoceran
abundance in Snap Lake was still consistent with the baseline value of less than 1 org/L. Northeast Lake and
Lake 13 were not sampled prior to 2008 and 2012, respectively; therefore, comparable abundance baseline data
from 2004 are not available for these lakes. Mean cladoceran abundance in Northeast Lake was the highest it has
been throughout the sampling period and was greater than 1 org/L in 2017. Overall, cladoceran abundance
has been higher in Lake 13 compared to Snap Lake and Northeast Lake since 2012; however, Lake 13 was not
sampled in 2017.
Mean cladoceran biomass has remained consistently low in Snap Lake (<1 to 7 µg/L) and Northeast Lake
(<1 to 5 µg/L) since 2004 and 2008, respectively (Figure 3.4-16). Cladoceran biomass in the main basin of
Snap Lake was below 1 µg/L between 2007 and 2010 and again in 2012. In 2005 (7 µg/L), 2006 (7 µg/L),
2011 (4 µg/L), 2013 (4 µg/L), and 2014 (6 µg/L) cladoceran biomass was greater than the 2004 baseline value
of 3 µg/L. In 2015 and 2016, cladoceran biomass in the main basin of Snap Lake was 2 µg/L, but in 2017,
it increased to the baseline value of 3 µg/L. In the northwest arm of Snap Lake, a decreasing trend in mean
annual cladoceran biomass began in 2005 and continued until an increase occurred in 2011 (2 µg/L);
since then cladoceran biomass has remained relatively consistent, but below the 2004 baseline value (5 µg/L).
In Northeast Lake, cladoceran biomass has fluctuated between less than 1 µg/L and 5 µg/L since 2008,
with biomass values remaining relatively consistent between 2012 and 2016. In 2017, cladoceran biomass
increased by 85% over the 2016 value, and matched the 2010 value (5.5 ± 6 µg/L) which was previously
the highest recorded cladoceran biomass in Northeast Lake since 2008. Overall, the highest cladoceran
biomass values have consistently been observed in Lake 13 since 2012, although, sampling was not completed
in Lake 13 in 2017.
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Figure 3.4-15
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Time Series Plot of Mean Annual Cladoceran Abundance in Snap Lake, Northeast Lake, and Lake 13

Note: Error bars represent one standard error of the annual mean. The northwest arm of Snap Lake and Lake 13 were not sampled in 2017
(De Beers 2016). From 2004 to 2016 mean annual cladoceran abundance was based on samples collected in July, August and September,
with some exceptions (Golder 2012); in 2017, samples were collected in July and August (De Beers 2016).
org/L = number of organisms per litre.
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Time Series Plot of Mean Annual Cladoceran Biomass in Snap Lake, Northeast Lake, and Lake 13

Note: Error bars represent one standard error of the annual mean. The northwest arm of Snap Lake and Lake 13 were not sampled in 2017
(De Beers 2016). From 2004 to 2016 mean annual cladoceran biomass was based on samples collected in July, August and September,
with some exceptions (Golder 2012); in 2017, samples were collected in July and August (De Beers 2016).
µg/L = micrograms per litre.

3.4.2.4.6

Zooplankton Community Summary

Mean annual total zooplankton biomass has fluctuated over time in Snap Lake, while taxonomic richness
appeared to decline slightly over time. Changes in the proportion of total biomass contributed by major taxonomic
groups have been observed over time. In the main basin of Snap Lake, the proportion of calanoid copepods
increased, while the cyclopoid copepod proportion decreased, while rotifers remained dominant in the reference
lakes. Lake 13 has a different community composition and overall biomass compared to Snap Lake and
Northeast Lake. An increase in cladoceran abundance and biomass were observed in the main basin of
Snap Lake and in Northeast Lake, indicating a regional trend that is not Mine-related. Cladoceran abundance
and biomass in the main basin of Snap Lake were generally within normal ranges, thus, within the range of
natural variability. These results suggest that toxicological impairment is not occurring in the zooplankton
community in Snap Lake.
The MDS results indicate that changes over time in zooplankton community structure have been occurring
in Snap Lake, especially between 2004 to 2010, and 2011 to 2017. They also indicate that current community
structure in Snap Lake (2017) differs from that in the reference lakes, but still falls within a 60% similarity ellipse.
However, the clear trajectories observed in both Snap Lake and Northeast Lake indicate that the community
changes may be related to changes in local climate rather than being Mine-related.
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Food Web Functionality: Phytoplankton Edibility Assessment

In response to the Low Action Level triggered in 2017, a phytoplankton edibility assessment was completed
(Golder 2018), to assess how efficiently available energy from the base of the food web is transferred through the
grazing food chain (i.e., from phytoplankton to zooplankton). The phytoplankton edibility assessment was included
as part of the Response Plan for Plankton Community Low Action Level Trigger (Golder 2018). The phytoplankton
edibility assessment followed the approach taken in the 2014 AEMP Annual Report (De Beers 2015) and
incorporated data from 2004 and 2017. Detailed methods are provided in Golder 2018.
Differences in the proportion of edible phytoplankton biomass have been observed between the main basin and
northwest arm of Snap Lake. Between 2004 and 2017, the proportion of edible phytoplankton biomass was
relatively high, i.e., generally greater than 50%, in the main basin of Snap Lake in the three annual open-water
periods, with the exceptions of August 2006 and August 2017, when the proportions of inedible biomass were
greater than 50% (Figure 3.4-17). Higher year-to-year variation was observed in the edible versus inedible
biomass data from August and September compared to July in both areas of Snap Lake. In September there was
a steady increase in the edible fraction in the main basin of Snap Lake from 2004 to 2010; however, from 2011 to
2014, a decrease in the edible fraction was observed. In 2015 and 2016 the edible fraction increased again to
similar values as in 2010. A higher proportion of inedible phytoplankton has been consistently observed in the
northwest arm compared to the main basin of Snap Lake in all three open-water periods (Figure 3.4-17).
Between 2008 and 2012, an increase in edible phytoplankton biomass was observed in September in the
northwest arm of Snap Lake; however, a substantial decrease was observed in 2013 (a similar decrease was
observed in the main basin of Snap Lake).
Overall, the proportion of edible phytoplankton was lower in Northeast Lake compared to Snap Lake, while the
proportion of edible phytoplankton in Lake 13 was similar to that observed in both areas of Snap Lake
(Figure 3.4-18). Seasonal variation in the two reference lakes was similar to Snap Lake, with an increase in the
inedible fraction occurring as the open-water period progressed each year. In Northeast Lake, in September,
an increasing trend in the edible fraction from 2008 to 2017, with the exception of 2014 was observed.
The data provide no indication of an adverse effect on phytoplankton edibility in Snap Lake compared to the
reference lakes.
No clear trends were observed between the mean annual edible or inedible phytoplankton biomass and mean
annual total zooplankton biomass in any of the three lakes (Figures 3.4-19 and 3.4-20). A similar level of
variability in edible taxa was observed between Snap Lake and the reference lakes from 2004 to 2017.
Overall, the edibility assessment indicates that edible taxa comprise the majority of the phytoplankton community
in Snap Lake, which suggests that the plankton ecosystem is “healthy” and efficiently transferring primary
production from phytoplankton to zooplankton.
This is a coarse-level assessment and classification of phytoplankton taxa as edible or inedible has a high level
of uncertainty because the size class of each identified taxon is not provided by the taxonomist (Golder 2012).
In addition, there is a great deal of year-to-year variability in the data (i.e., a 100% difference in edible taxa can be
observed from one year to the next in both Snap Lake and the reference lakes) and there is a lack of a
relationship between zooplankton biomass and edible phytoplankton biomass; therefore, it is recommended that
the phytoplankton edibility assessment not be included in future assessments.
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Relative Proportions of Edible and Inedible Phytoplankton Biomass in the Main Basin and
Northwest Arm of Snap Lake
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Figure 3.4-20

Mean Annual Edible Phytoplankton Biomass and Mean Annual Zooplankton Biomass in
Northeast Lake and Lake 13
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sampling until 2013.
µg/L = micrograms per litre.
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Normal Range Comparison

Total phytoplankton and zooplankton biomass were compared to normal ranges in the Snap Lake main basin
(Figures 3.4-21 and 3.4-22, respectively). The normal ranges for plankton were based on prediction interval
equations (Barrett et al. 2015). The data were log10 transformed to obtain a bell-shaped distribution for the
normal range calculations; subsequent data analyses were conducted using log10 transformed data,
and comparison to the Low Action Level were based on the log10 transformed data.
From 2004 to 2017, phytoplankton biomass in July, August or September was above the upper boundary of
the normal range from 2007 to 2011, and from 2015 to 2017 (Figure 3.4-21). Zooplankton biomass was below the
lower boundary of the normal range in July, August or September in 2009, 2011, 2012, 2014 and 2016
(Figure 3.4-22).
Figure 3.4-21

Mean Log10 (Phytoplankton Biomass) in the Main Basin of Snap Lake, 2004 to 2017
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Note: Dashed lines represent the upper and lower limits of the normal range for Snap Lake based on data from 2004 to 2007.
µg/L = micrograms per litre.
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Figure 3.4-22

Mean Log10 (Zooplankton Biomass) in the Main Basin of Snap Lake, 2004 to 2017
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Note: Dashed lines represent the upper and lower limits of the normal range for Snap Lake based on data from 2004 to 2007.
µg/L = micrograms per litre.

3.4.2.7

Quality Assurance and Quality Control

QA/QC procedures were applied during all aspects of the plankton program between 2004 and 2017 to verify that
the data collected were of acceptable quality. Specific QA/QC procedures for each year are outlined in the AEMP
annual reports (De Beers 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013b, 2014a, 2015, 2016, 2017,
2018) and the 2012 Aquatic Effects Re-evaluation Report (Golder 2012). Anomalous data were not identified
during the QA/QC of the data and all data from 2012 to 2017 were included as part of this 2012 to 2017 Aquatic
Effects Re-evaluation Report.
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Mean Log10 (Cladocera Abundance + 1) and Mean Log10 (Cladocera Biomass + 1) in the Main
Basin of Snap Lake, 2004 to 2017
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Note: Dashed lines represent the upper and lower limits of the normal range for Snap Lake based on data from 2004 to 2007. In
2017, samples were not collected in September (De Beers 2016).
org/m3 = number of organisms per cubic metres; µg/L = micrograms per litre.
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For nutrient enrichment, a persistent increase (i.e., at least three years) above the normal range in total
phytoplankton and zooplankton biomass, and a minor shift in phytoplankton or zooplankton community
composition in the main basin of Snap Lake are the triggers for a Low Action Level. Shifts in phytoplankton and
zooplankton community composition relative to baseline have been observed since 2004 (Figures 3.4-4
and 3.4-11). The total zooplankton biomass has been within or below the lower boundary of the normal range in
recent years (Figure 3.4-22), in contrast, phytoplankton biomass has been above the upper boundary of the
normal range (Figure 3.4-21). Because 2017 was the third year that phytoplankton biomass was outside the
upper limit of the normal range, and there has been a shift in phytoplankton community composition
(Figure 3.4-4), a Low Action Level for nutrient enrichment was triggered based on the phytoplankton results.
However, a Low Action Level was not triggered for zooplankton biomass.
A Plankton Response Plan for the Low Action Level trigger for nutrient enrichment was submitted to the MVLWB
in June 2018 (Golder 2018). The change observed in community composition and the increase in phytoplankton
biomass in the main basin of Snap Lake was predicted in the EAR (De Beers 2002, 2003a,b). The magnitude of
change is not of concern in terms of algal blooms or a lack of food for fish (Section 3.4.2.5). The suggested
actions to be taken in response to the Low Action Level trigger are to:
1)

continue to monitor the community in 2018 to confirm the shift in community composition and to monitor
potential changes in phytoplankton biomass during reduced discharge, and

2)

review action levels as part of the Closure Design Plan.

3.4.2.8

Comparison to Predictions



The plankton component also compared community characteristics to predictions in the EAR (De Beers
2002, 2003a,b) and to updated 2014 model predictions (De Beers 2014b): Chlorophyll a concentrations at
SNP02-20e have not exceeded 4.1 μg/L (De Beers 2013a) and chlorophyll a levels remain within the range
associated with oligotrophic lakes (i.e., there has not been a change in the overall trophic status of
Snap Lake) (De Beers 2002, 2003a,b).



There has been an increase in phytoplankton biomass but no increase in zooplankton biomass,
although an increase was predicted which could lead to a minor increase in fish food availability
(De Beers 2002, 2003a,b).



There have been changes in phytoplankton and zooplankton community structure, with changes in the
relative abundances of various species but no loss of species (De Beers 2002, 2003a,b).



There has been a lake-wide increase in TDS concentrations, which lead to an increase in calcium
concentrations in Snap Lake, there have been phytoplankton community changes related to increases in
TDS; however, not in relation to calcium as predicted (De Beers 2002, 2003b).



Increases in TDS concentrations were predicted to have a low magnitude effect on zooplankton,
specifically cladocerans (De Beers 2002, 2003b). The changes that have occurred in the zooplankton
community between 2004 and 2017 have been of a negligible to low magnitude and may simply reflect
natural year-to-year variation (i.e., there has been little change in cladoceran abundance and biomass
and zooplankton community changes appear to be occurring mostly within the copepod community
between calanoid and cyclopoid copepod biomass). In addition, the data collected over time for
reference lakes indicate that the lakes monitored have low cladoceran abundance as a feature of the
regional background condition.
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The changes in calcium concentrations in Snap Lake were also predicted to have a low magnitude effect
on zooplankton, also specifically affecting cladocerans (De Beers 2002, 2003b). The zooplankton community
results do not appear to be linked to changes in calcium. Potential calcium toxicity is being monitored on
Ceriodaphnia dubia by the water quality component (Section 3.1) and no adverse effects have been
documented on C. dubia survival. C. dubia is not observed in the zooplankton community in Snap Lake;
however, it is a highly sensitive laboratory species. Therefore, it is expected that potential adverse effects
of the treated Mine effluent would be observed in the laboratory on C. dubia before they are detected in the
Snap Lake zooplankton community.

The plankton results to date are generally within EAR and 2014 model predictions; therefore, no updated
predictions are needed.

3.4.3

Key Findings

The key findings for the plankton component are addressed in Key Questions 1 through 7 (Sections 3.4.3.1
to 3.4.3.7). An action level assessment for phytoplankton biomass, zooplankton biomass and cladoceran
abundance and biomass is completed in Section 3.4.3.8 and a comparison of chlorophyll a, phytoplankton and
zooplankton biomass and community composition to the EAR predictions (De Beers 2002, 2003a,b) and updated
model predictions (De Beers 2014b) can be found in Section 3.4.3.9.

3.4.3.1

Key Question 1: Are there trends in chlorophyll a and c concentrations
in Snap Lake, and what do these concentrations indicate about the trophic
status of Snap Lake?

In 2017, chlorophyll a concentrations in the main basin of Snap Lake were approximately half of those
measured in 2004 during baseline, and were similar to concentrations observed in Northeast Lake and Lake 13.
In Snap Lake, an increase in chlorophyll a concentrations was observed from baseline to 2008. However,
since 2008, there has been a steady decline. No clear temporal trend has been observed in the reference lakes.
From 2011 to 2017, chlorophyll a concentrations in Snap Lake were equal to or less than concentrations in
the reference lakes, with the exception of 2016 where concentrations were higher in Snap Lake.
Chlorophyll c concentrations were often at or below the detection limit in both lakes. Chlorophyll a concentrations
in Snap Lake remain within the range characteristic of oligotrophic lakes and below maximum model predictions.
Overall, as of 2017, chlorophyll a and c concentrations do not show trends indicative of Mine-related effects.

3.4.3.2

Key Question 2: Are there trends in total phytoplankton biomass in
Snap Lake?

Total phytoplankton biomass in the main basin of Snap Lake was higher in 2017 than during baseline and
the 2009 peak (previously the highest observed biomass in the main basin); however, spatial variability was
also highest in 2017, as a result of large dinoflagellates dominating biomass at SNAP06 (De Beers 2018).
Total phytoplankton biomass increased in both the main basin of Snap Lake and Northeast Lake in 2017,
suggesting favorable regional climatic conditions. The main basin of Snap Lake remains fully mixed, with no
clear spatial patterns in biomass in relation to the diffuser. There is no indication of toxicological impairment of
the phytoplankton community in the main basin of Snap Lake due to Mine-related activity; however, the recent
persistent increase in total phytoplankton biomass could be a Mine-related nutrient enrichment response,
and triggered a Low Action Level. This increase is consistent with EAR predictions that phytoplankton biomass
would increase in Snap Lake (De Beers 2002, 2003a,b).
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Key Question 3: Are there trends in the biomass of the major phytoplankton
groups in Snap Lake?

Historically, phytoplankton community composition within the main basin of Snap Lake has been dominated
by chrysophytes and diatoms; however, in 2017 dinoflagellates were the dominant group, with diatoms as the
sub-dominant group. Dinoflagellate relative biomass in 2017 was four times greater than during previous
sampling years. This result was skewed by high biomass at SNAP06, which had unusually high relative
dinoflagellate biomass during the July sampling period. The abundance data indicate that this was not
a dinoflagellate bloom, but rather a few (<0.5% of total abundance) large dinoflagellates contributing a
high proportion of the total biomass. The phytoplankton community in Northeast Lake and Lake 13 did not
show community compositional changes and remain chrysophyte-cyanobacteria dominated.

3.4.3.4

Key Question 4: Have there been changes over time in cyanobacteria
biomass or microcystin-LR concentrations in Snap Lake?

Cyanobacteria biomass has fluctuated over time in Snap Lake. Over time, greater proportions of cyanobacteria
were often observed in Northeast Lake compared to the main basin of Snap Lake. A slight increase
in cyanobacteria biomass was observed between 2016 and 2017 in both lakes; these changes do not appear to
be Mine-related. Microcystin-LR concentrations (Section 3.1) in Snap Lake and the reference lakes have
remained near or below the detection limit.

3.4.3.5

Key Question 5: Are there trends in total zooplankton biomass in Snap Lake?

Zooplankton biomass has fluctuated over time in the main basin of Snap Lake, but in recent years, has generally
been within the range of year-to-year variation represented by the reference lakes. Overall, there is no evidence
of toxicological impairment of the zooplankton community in Snap Lake.

3.4.3.6

Key Question 6: Are there trends in the biomass of the major zooplankton
groups in Snap Lake?

Zooplankton community composition in Snap Lake, based on biomass, has been copepod-dominated.
Calanoid and cyclopoid copepods have dominated the Snap Lake and Northeast Lake zooplankton communities
since 2004 and 2008, respectively. Rotifers have also been a sub-dominant group in Northeast Lake; however,
in Snap Lake they contributed a small proportion to overall biomass. In Lake 13, rotifers have been a dominant
group since 2012. Cladoceran biomass remains low in both Snap Lake, Northeast Lake and Lake 13.

3.4.3.7

Key Question 7: Have there been changes over time in cladoceran
abundance or biomass in Snap Lake?

The relative proportion of cladoceran abundance and biomass has been low over time in Snap Lake and
Northeast Lake, suggesting this is characteristic of the regional background condition, rather than a
Mine-related effect. Mean cladoceran biomass was particularly low from 2007 to 2010 and 2012,
but subsequently has increased in the main basin of Snap Lake. Shifts in plankton species composition can occur
naturally and can be cyclical over time. No persistent increases or decreases (i.e., persisting over three years)
outside the normal range in cladoceran abundance or biomass have occurred since 2010. Overall, the highest
cladoceran biomass values have consistently been observed in Lake 13 since 2012, although, sampling was not
completed in Lake 13 in 2017.
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Action Level Assessment

The AEMP Response Framework for the plankton community is based on ecologically relevant changes.
Changes in the plankton community are considered ecologically relevant if they persist for three or more years
(De Beers 2012), differences in trends are observed between the main basin of Snap Lake and the reference
lakes, and indicators of change in the main basin are outside the normal ranges.
For the toxicological impairment impact hypothesis, a persistent decline (i.e., at least three years) below the
normal range in total phytoplankton biomass, cladoceran abundance, or cladoceran biomass in the main basin of
Snap Lake is an indicator of a Low Action Level trigger. In recent years, total phytoplankton biomass has been
above the normal range (Figure 3.4-21). Cladoceran abundance and biomass have generally been within the
normal range in recent years (Figure 3.4-23), with biomass and abundance low in Northeast Lake as well.
A Low Action Level for toxicological impairment has not been triggered. Overall, the results to date suggest that
toxicological impairment is not occurring in the plankton communities in Snap Lake.

3.4.4

Summary and Conclusions

A summary of the plankton data collected to date, which includes a description of overall trends in the data and
other key findings of the monitoring program and conclusions associated with those findings are provided below.

Light Climate



Despite small differences in the Kd among lakes and stations, the euphotic zones in Snap Lake,
Northeast Lake and Lake 13 still encompassed the entire water column at most stations and are indicative
of northern clearwater lakes.



Irradiance curves for Snap Lake, Northeast Lake and Lake 13 are representative of oligo-mesotrophic lakes
(De Beers 2014a, 2015, 2016a), consistent with the trophic classification of Snap Lake as oligo-mesotrophic.

Chlorophyll a/c Concentrations





Chlorophyll a concentrations remain below the maximum model prediction of 4.1 µg/L at SNP02-20e.



There has been no clear trend in chlorophyll c concentrations between 2015 and 2017, and concentrations
have generally been near or below the detection limit, which limits the usefulness of this variable for the
AEMP.

Chlorophyll a concentrations are within the oligotrophic range.
There has been no clear trend in chlorophyll a concentrations between 2004 and 2017 in both Snap Lake
and Northeast Lake, which is inconsistent with the increases observed in phytoplankton biomass.

Phytoplankton



Changes in phytoplankton biomass and community composition have occurred since baseline conditions
(2004).



Over time, biomass in the main basin of Snap Lake has been equal to or greater than biomass in
Northeast Lake and Lake 13, with a few exceptions.



Phytoplankton taxonomic richness has been consistently lower in Snap Lake compared to Northeast Lake
and Lake 13.
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A persistent increase (i.e., three years) in phytoplankton biomass outside the normal range was observed
in the main basin of Snap Lake from 2015 to 2017, matching a similar increase observed in 2008 to 2010,
which reversed in subsequent years.



Phytoplankton community composition in the Snap Lake main basin has shifted between chrysophyte and
diatom dominance over time, with dinoflagellate dominance observed in 2017, while community composition
in Northeast Lake and Lake 13 has consistently been dominated by chrysophytes and cyanobacteria.



The MDS results indicate that changes over time in phytoplankton community structure have been occurring
in Snap Lake, especially between 2004 to 2006, and 2007 to 2017, and conditions in 2016 and 2017 differed
from conditions in 2007 to 2015 throughout the lake.



The MDS results also indicate that current community structure in Snap Lake (2017) differs from that in the
reference lakes, but still falls within the 60% similarity ellipse encompassing the reference lakes.



The persistent increase (i.e., three years) in phytoplankton biomass outside the normal range observed
in the main basin of Snap Lake, coupled with the shift in phytoplankton community composition triggered a
Low Action Level for nutrient enrichment in 2017. The Low Action Level trigger is not of immediate concern,
because an increase in phytoplankton biomass is consistent with EAR predictions that phytoplankton
biomass would increase in Snap Lake (De Beers 2002, 2003a,b).

Zooplankton




Mean annual total zooplankton biomass has fluctuated over time in Snap Lake, Northeast Lake and Lake 13.



Changes in the proportion of total biomass contributed by major taxonomic groups have been observed over
time. In the main basin of Snap Lake, the proportion of calanoid copepods increased, while the cyclopoid
copepod proportion decreased, while rotifers remained dominant in Northeast Lake and Lake 13.



An increase in cladoceran abundance and biomass were observed in the main basin of Snap Lake and in
Northeast Lake, indicating a regional trend that is not Mine-related. Cladoceran abundance and biomass
in the main basin of Snap Lake were generally within normal ranges, and therefore, within the range of
natural variability.



The MDS results indicate that changes over time in zooplankton community structure have been occurring in
Snap Lake, especially between 2004 to 2010, and 2011 to 2017.



The MDS results also indicate that current community structure in Snap Lake (2017) differs from that in the
reference lakes, but still falls within the 60% similarity ellipse encompassing the reference lakes.
However, the clear trajectories observed in both Snap Lake and Northeast Lake indicate that the
community changes may be related to changes in local climate rather than being Mine-related.

Zooplankton taxonomic richness has varied over time but has shown a slight overall decline in Snap Lake,
Northeast Lake and to Lake 13.

Food Web Functionality: Phytoplankton Edibility Assessment



The edibility assessment suggests that the plankton ecosystem is “healthy” and efficiently transferring
primary production from phytoplankton to zooplankton.
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Overall Plankton Conclusions
Results of the re-evaluation of the plankton monitoring data indicate that changes have occurred within the
plankton community in Snap Lake, i.e., increases in phytoplankton biomass, shifts in phytoplankton community
and zooplankton community composition. However, these changes are within the predictions (De Beers 2002,
2003a,b, 2013b) and are of low magnitude and are not of concern in terms of algal blooms or a lack of food for
fish. Overall, at the end of Operations, the plankton community remains healthy, can efficiently transfer primary
production from phytoplankton to zooplankton and is able to support the fish community in Snap Lake.
The Mine is currently in Care and Maintenance and moving towards Closure, resulting in a reduced volume
of effluent discharge and reduced constituents such as TDS and nitrates from explosives in the effluent.
This is expected to result in gradually declining concentrations of constituents in Snap Lake that have increased
as a result of the treated effluent discharge. If changes to the plankton community are due to nutrient enrichment
from Mine-related activities, this condition is also expected to reverse over time.

3.4.5

Proposed Changes

The following changes are proposed for the plankton component:



The edibility assessment should be discontinued. The rationale for this change is that:

 The edibility assessment is a coarse-level assessment and classification of phytoplankton taxa as edible
or inedible has a high level of uncertainty.

 There is a great deal of year-to-year variability in the data (i.e., a 100% difference in edible taxa can be
observed from one year to the next in both Snap Lake and the reference lakes).

 There is a lack of a relationship between zooplankton biomass and edible phytoplankton biomass.



Chlorophyll c analysis should be discontinued. The rationale for this change is that:





Chlorophyll c concentrations were generally below the detection limit during most years of sampling,
which limits its usefulness as a response variable.

Microcystin-LR analysis should be discontinued. The rationale for this change is that:

 Microcystin-LR concentrations have been near or below the detection limit during most years of
sampling, which limits its usefulness as a response variable.

 As per the Water Licence Part G, Item 1, cyanotoxins need only be monitored “in the event that the
algal community composition shifts to favour cyanobacteria” and the community in Snap Lake has
shifted away from cyanobacteria dominance since baseline.



Discontinue sampling in Lake 13. The rationale for this change is that:

 Lake 13 is not an appropriate reference lake for plankton. The phytoplankton and zooplankton
community composition in Lake 13 differs from Snap Lake and Northeast Lake.

 One reference lake (Northeast Lake) is sufficient for the comparisons required for the plankton
component.



Discontinue LI-COR light meter measurements. The rationale for this change is that:

 Light measurements have indicated that the water column in Snap Lake remains clear and attenuation
coefficients are similar to other northern lakes (Kirk 2011).
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Revisit toxicological action levels. Reduce focus on cladocerans in the Action Levels Assessment during
Closure; focus should shift instead to total zooplankton biomass. The rationale for this change is that:

 Cladocerans are naturally scarce in Snap Lake and Northeast Lake and unlikely to be a good indicator
of toxicity.

 Current results suggest that toxicological impairment is not occurring in the zooplankton community in
Snap Lake and with reduced and intermittent discharge the likelihood of cladoceran toxicity should also
decrease.



During Closure the plankton component should be monitored at least once, if plankton, toxicity, or water do
not trigger a Low Action Level and the plankton community is trending toward baseline conditions, plankton
monitoring may be discontinued. The rationale for this change is that:

 Water quality in Snap Lake is predicted to improve during Closure relative to Operations due to the
predicted decrease in the volume of treated minewater discharged to Snap Lake.

 Recent data suggest that mean phytoplankton biomass is decreasing (De Beers 2020).
3.4.6
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3.5
3.5.1

Benthic Invertebrates
Overview

The benthic invertebrate monitoring component of the AEMP addresses the ecological function assessment
endpoint (De Beers 2004) and examines the two main impact hypotheses (i.e., toxicological impairment and
nutrient enrichment).
Benthic invertebrate sampling has been conducted in Snap Lake since 2004, with the initiation of the baseline
sampling program. The benthic invertebrate program of the Snap Lake AEMP began in 2005 to evaluate the
health of the benthic invertebrate community. Between 2004 and 2008, sampling was completed annually
in late winter under ice-covered conditions, but since 2009 has been completed in the late fall. In 2013,
the program frequency changed to once every three years, as outlined in the 2013 AEMP Design Plan
(Golder 2014). The last benthic invertebrate program was conducted in 2015 (De Beers 2016).
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Data collected during the late winter are not comparable to the recent data collected during the fall.
Therefore, this re-evaluation report focuses on the fall data collected from 2009 to 2015. Results from 2004
to 2008 are summarized in the 2012 Aquatic Effects Re-evaluation Report (Golder 2012).
The principal objective of the benthic invertebrate community component of the AEMP for the Mine was to meet
the following conditions of the previous Water Licence (MV2011L2-0004) outlined in Schedule 6, Part G, Item 1:
a)

Monitoring for the purpose of measuring Project-related effects on the following components of the
Receiving Environment:
i)

c)

The benthic invertebrate community due to changes in water or sediment quality.

Monitoring to verify or assess the predictions from the Environmental Assessments relating to the trophic
and dissolved oxygen status of Snap Lake including monitoring of:
ii)

Deep water benthic invertebrate community, including abundance, biomass, and species diversity.

To meet the primary objectives of the AEMP benthic invertebrate component, analysis and interpretation of the
benthic invertebrate community data were focused on answering two key questions:
1)

Is the benthic invertebrate community affected by changes in water and sediment quality in Snap Lake?

2)

If the benthic invertebrate community is affected, is the change greater than predicted in the Environmental
Assessment Report (EAR)?

During the period of 2009 to 2017, six benthic invertebrate programs were completed as part of the AEMP,
with three occurring within the 2012 to 2017 re-evaluation period (i.e., 2012, 2013 and 2015). Monitoring was
conducted annually from 2009 to 2013, and again in 2015. Detailed results of the annual benthic invertebrate
programs were presented in previous AEMP annual reports (De Beers 2010, 2011, 2012, 2013a, 2014a, 2016).
The current benthic invertebrate monitoring program, as outlined in the 2013 AEMP Design Plan – Update for
Care and Maintenance (Golder 2016), consists of a control/impact design that includes sampling stations in the
northwest arm and main basin of Snap Lake, and two reference lakes, Northeast Lake and Lake 13).
Stations in the northwest arm of Snap Lake were sampled as part of the AEMP to monitor the spread of treated
effluent in the northwest arm.

3.5.2

Description of Overall Trends

Detailed results for the benthic invertebrate programs were presented in previous AEMP annual reports
(De Beers 2010, 2011, 2012, 2013a, 2014a, 2016). The re-evaluation of the benthic invertebrate program focused
on assessing temporal (year-to-year) trends in the main basin and northwest arm of Snap Lake, Northeast Lake
and Lake 13.
Trends in total benthic invertebrate density are presented in Section 3.5.2.1; total richness in Section 3.5.2.2.;
diversity and evenness in Sections 3.5.2.3 and 3.5.2.4, respectively, and benthic invertebrate community
composition in Section 3.5.2.6. A normal range comparison is completed in Section 3.4.2.7.

3.5.2.1

Total Density

Between 2009 and 2013, mean total invertebrate densities in Snap Lake and Northeast Lake remained relatively
consistent and comparable (Figure 3.5-1). There was an approximately 40-fold increase in mean total density in
the Snap Lake main basin between 2013 (1,006 organisms per square metre [org/m2]) and 2015 (41,415 org/m2),
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with the 2015 data outside the upper boundary of the normal range, suggesting a biologically significant change.
Statistical analysis conducted in 2015 revealed a significant difference in total density between the Snap Lake
main basin and Northeast Lake (De Beers 2016). The magnitude of the difference between the two lakes was
reflective of the large increase observed in 2015, with total density being 2,884% higher in the Snap Lake main
basin compared with Northeast Lake. This magnitude of difference exceeded the critical effect size (CES) of 33%
calculated based on 2015 Northeast Lake data. An increase in mean total density during the same period was
also observed in the northwest arm of Snap Lake, Northeast Lake, and Lake 13; however, the magnitudes of
these increases were much smaller (northwest arm of Snap Lake: 4-fold; Northeast Lake: 2-fold; Lake 13: 2-fold).
Total density has increased in Lake 13 since sampling began in 2012.
In 2015, total density in the Snap Lake main basin ranged from 15,465 to 64,744 org/m2; however, there was no
apparent spatial pattern in relation to the treated effluent discharge (De Beers 2016). The lack of a spatial trend
relative to the diffusers among the main basin stations is consistent with results from previous years. Total density
in the northwest arm of Snap Lake exhibited a decreasing trend with distance from the diffuser in 2013 and 2015.
Figure 3.5-1

Time Series Plot of Mean Annual Total Benthic Invertebrate Densities in Snap Lake, Northeast Lake,
and Lake 13, Fall 2009 to 2015
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Note: Error bars represent one standard error of the mean. Normal range represents the mean ±2 standard deviations based on
Northeast Lake station means from 2009 to 2015. Only the main basin of Snap Lake is compared to the normal range.
Error bars are not shown for Lake 13 in 2015 because only two stations were sampled.
Benthic invertebrates were not sampled in 2014; benthic invertebrates are to be sampled every three years according to the 2013 AEMP
Design Plan (Golder 2014).
± = plus or minus; org/m² = number of organisms per square metre; AEMP = Aquatic Effects Monitoring Program.
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Total Richness

Historical results for lowest taxonomic level richness of benthic invertebrates in Snap Lake (main basin: 9 to 16;
northwest arm: 6 to 15), Northeast Lake (10 to 17), and Lake 13 (19 to 25) fluctuated over time, but remained
within the expected range for lake habitats in the subarctic region (Figure 3.5-2; DDEC 2015; De Beers 2018).
Mean annual lowest level richness in the Snap Lake main basin remained within the normal range between 2009
and 2015. No temporal or spatial trends in lowest level richness have been observed in the main basin throughout
the monitoring period. From 2009 to 2015, a slight increasing trend in richness is visible in the Snap Lake
northwest arm and Northeast Lake. Since sampling began in 2012, Lake 13 has consistently had the highest
taxonomic level richness values, despite a decline between 2013 and 2015.
Figure 3.5-2

Time Series Plot of Mean Annual Lowest Level Taxonomic Richness of the Benthic Invertebrate
Communities in Snap Lake, Northeast Lake, and Lake 13, Fall 2009 to 2015
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Note: Error bars represent one standard error of the mean. Normal range represents the mean ±2 standard deviations based on
Northeast Lake station means from 2009 to 2015. Only the main basin of Snap Lake is compared to the normal range.
Error bars are not shown for Lake 13 in 2015 because only two stations were sampled.
Figure is based on lowest taxonomic level richness values.
Benthic invertebrates were not sampled in 2014; benthic invertebrates are to be sampled every three years according to the 2013 AEMP
Design Plan (Golder 2014).
± = plus or minus; no. taxa/station = number of taxa per station; AEMP = Aquatic Effects Monitoring Program.
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Diversity

Simpson diversity index values were relatively consistent in Snap Lake, Northeast Lake, and Lake 13 from
2009 to 2015, with values around 0.80 for most years, indicating a diverse benthic invertebrate community
(Figure 3.5-3). Between 2009 and 2015, mean annual diversity values were moderate to high for the
Snap Lake main basin and northwest arm (0.66 to 0.86 and 0.72 to 0.85, respectively) and were similar to the
ranges observed in the reference lakes (Northeast Lake: 0.73 to 0.83; Lake 13: 0.75 to 0.87). Mean annual
diversity values for benthic invertebrates in the Snap Lake main basin remained within the normal range
throughout the monitoring period. No spatial trends in diversity in relation to the treated effluent diffuser were
evident in the Snap Lake main basin during the monitoring period.
Mean annual diversity values in the Snap Lake main basin have been more variable since 2009 compared to the
northwest arm of Snap Lake and Northeast Lake. With the exception of 2012, similar diversity values have been
observed the northwest arm of Snap Lake and Northeast Lake and both areas exhibited a similar increase
between 2013 and 2015. In the main basin of Snap Lake, diversity values decreased between 2013 and 2015.
Although diversity values in Lake 13 have been consistently higher than the other areas since sampling began in
2012, there was the same pattern of decrease in Lake 13 as observed in Snap Lake main basin between 2013
and 2015.
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Time Series Plot of Mean Annual Simpson’s Diversity Index Values for the Benthic Invertebrate
Communities of Snap Lake, Northeast Lake, and Lake 13, Fall 2009 to 2015
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Note: Error bars represent one standard error of the mean. Normal range represents the mean ±2 standard deviations based on
Northeast Lake station means from 2009 to 2015. Only the main basin of Snap Lake is compared to the normal range.
Error bars are not shown for Lake 13 in 2015 because only two stations were sampled.
Benthic invertebrates were not sampled in 2014; benthic invertebrates are to be sampled every three years according to the 2013 AEMP
Design Plan (Golder 2014).
± = plus or minus; AEMP = Aquatic Effects Monitoring Program.
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Evenness

Beginning in 2010, mean annual lowest level evenness values have exhibited a general decline in both areas
of Snap Lake and in Northeast Lake (Figure 3.5-4). Between 2013 and 2015, mean lowest level evenness
increased in the northwest arm of Snap Lake and Northeast Lake, while a decrease was observed in the main
basin of Snap Lake and Lake 13. Although this decrease in the Snap Lake main basin may have some relation
to the treated effluent discharge, the similar trend observed in Lake 13 suggests there may be other contributing
factors. Throughout the monitoring period, mean evenness in the Snap Lake main basin remained within the
normal range.
In 2015, evenness values were low at stations in the Snap Lake main basin (0.20 to 0.32) and Lake 13
(0.22 to 0.27). In the northwest arm of Snap Lake and Northeast Lake, evenness values were low to moderate,
ranging from 0.38 to 0.54 and 0.30 to 0.43, respectively (De Beers 2016). These values indicate that the
community composition in all waterbodies was dominated by relatively few taxa, which is consistent with
benthic invertebrate communities in deep-water areas of lakes.
Figure 3.5-4

Time Series Plot of Mean Annual Evenness Values for the Benthic Invertebrate Communities of
Snap Lake, Northeast Lake, and Lake 13, Fall 2009 to 2015
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Note: Error bars represent one standard error of the mean. Normal range represents the mean ±2 standard deviations based on
Northeast Lake station means from 2009 to 2015. Only the main basin of Snap Lake is compared to the normal range.
Error bars are not shown for Lake 13 in 2015 because only two stations were sampled.
Benthic invertebrates were not sampled in 2014; benthic invertebrates are to be sampled every three years according to the 2013 AEMP
Design Plan (Golder 2014).
± = plus or minus; AEMP = Aquatic Effects Monitoring Program.
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Dominant Taxa

The dominant benthic invertebrate taxa, defined as those accounting for more than 5% of the total density
in greater than or equal to 25% of samples, were Valvata sincera (snails, Gastropoda: Valvatidae),
Pisidiidae (fingernail clams, Bivalvia: Pisidiidae), and five Chironomidae genera (Procladius, Microtendipes,
Stictochironomus, Corynocera, and Tanytarsus). Although Stictochironomus was identified as a dominant taxon
in 2015, densities were overall relatively low (less than or equal to 208 org/m2) compared with the other
dominant taxa.
Between 2013 and 2015, major increases in density were observed in the main basin of Snap Lake for all of the
dominant taxa, with the exception of Stictochironomus (Figures 3.5-5 and 3.5-6). In 2015, densities of six out
of seven of the dominant taxa were significantly higher in the main basin of Snap Lake compared with
Northeast Lake (De Beers 2016). In 2015, the normal ranges were also exceeded for all the dominant taxa in
Snap Lake, with the exception of Stictochironomus, which was within the normal range. These exceedances
suggest the differences between Snap Lake main basin and Northeast Lake are biologically significant.
Valvata sincera density in the main basin of Snap Lake was within the normal range from 2009 to 2012,
increasing slightly in 2013, followed by a sharp increase in 2015. Densities of Valvata sincera also increased
between 2013 and 2015 in the northwest arm of Snap Lake and Lake 13, but the increases were less pronounced
compared to the main basin.
Pisidiidae density fluctuated in the main basin of Snap Lake during the monitoring period. Densities were above
the normal range in 2009 and 2010, within the normal range from 2011 to 2013, and well outside the normal
range in 2015. Increases in Pisidiidae density were observed between 2013 and 2015 in all of the study areas,
but the increases were most pronounced in the main basin of Snap Lake.
Procladius densities increased between 2013 and 2015 in the main basin of Snap Lake and were above the
upper bound of the normal range in 2015. However, Procladius density was higher in Lake 13 compared to
Snap Lake main basin. This genus has exhibited an increasing trend in Lake 13 since the first sampling program
in 2012. In addition, mean density of Procladius increased in the northwest arm of Snap Lake and Northeast Lake
between 2013 and 2015. This suggests that there may be a regional factor affecting the density of this particular
taxon.
Densities of Microtendipes showed one of the largest increases in the main basin of Snap Lake, increasing from
less than 279 org/m2 between 2009 and 2013 to 11,612 org/m2 in 2015, 37 times higher than the normal range.
A minor increase in Microtendipes density was also observed in Lake 13 between 2013 and 2015.
Stictochironomus density fluctuated over time in Snap Lake, Northeast Lake, and Lake 13; however, densities
were also the lowest of all of the dominant taxa. Unlike the other dominant taxa, Stictochironomus density did not
exhibit a clear temporal trend in the main basin of Snap Lake during the monitoring period. Densities fluctuated
between 2009 and 2015, but stayed within the normal range, ranging from 14 to 32 org/m2. Stictochironomus
density decreased from 2011 to 2013 in the northwest arm of Snap Lake, and then increased in 2015.
Densities also increased in 2015 in Northeast Lake, but prior to that densities did not exhibit a temporal trend.
Since 2012, Stictochironomus density has declined in Lake 13.
Major increases in Corynocera density were observed in the main basin of Snap Lake between 2013 and 2015,
with densities extending well beyond the normal range in 2015 (10,989 org/m2). Increases were also observed
in the northwest arm during the same period, but to a lesser degree. The reference lakes (Northeast Lake and
Lake 13) were characterized by only minor variations in Corynocera density over time.
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Snap Lake, Northeast Lake, and Lake 13 all experienced an increase in Tanytarsus density from 2013 to 2015.
The increases were most pronounced in the main basin of Snap Lake and Lake 13 (81 to 13,005 org/m2 and
152 to 1,202 org/m2, respectively). In 2015, Tanytarsus density was above the upper bound of the normal range
in the main basin of Snap Lake.
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Time Series Plot of Mean Annual Densities of Dominant Benthic Invertebrate Taxa in Snap Lake, Northeast Lake, and Lake 13, Fall 2009 to 2015
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Note: Error bars represent one standard error of the mean. Normal range represents the mean ±2 standard deviations based on Northeast Lake station means from 2009 to 2015. Only the main basin of Snap Lake is compared to the normal range.
Error bars are not shown for Lake 13 in 2015 because only two stations were sampled.
Benthic invertebrates were not sampled in 2014; benthic invertebrates are to be sampled every three years according to the 2013 AEMP Design Plan (Golder 2014).
± = plus or minus; org/m² = number of organisms per square metre; AEMP = Aquatic Effects Monitoring Program.
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Time Series Plot of Mean Annual Densities of Dominant Benthic Invertebrate Taxa in Snap Lake, Northeast Lake, and Lake 13, Fall 2009 to 2015, cont’d
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Note: Error bars represent one standard error of the mean. Normal range represents the mean ±2 standard deviations based on Northeast Lake station means from 2009 to 2015. Only the main basin of Snap Lake is compared to the normal range.
Error bars are not shown for Lake 13 in 2015 because only two stations were sampled.
Benthic invertebrates were not sampled in 2014; benthic invertebrates are to be sampled every three years according to the 2013 AEMP Design Plan (Golder 2014).
± = plus or minus; org/m² = number of organisms per square metre; AEMP = Aquatic Effects Monitoring Program.
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Community Composition
Relative Densities of Major Invertebrate Groups

Lake-wide mean annual relative densities of major benthic invertebrate groups were plotted over time to
examine changes in community composition in Snap Lake, Northeast Lake, and Lake 13 (Figure 3.5-7).
The following major groups were plotted: Pisidiidae (fingernail clams, Bivalvia: Pisidiidae), two Chironomidae
subfamilies (Tanypodinae and Orthocladiinae), two chironomid tribes (Chironomini and Tanytarsini),
Other Chironomidae, and other invertebrates (“Other” category).
In 2015, the relative density of Chironomidae increased in the Snap Lake main basin to 86% compared to a
maximum 65% observed in 2011, with the increase in 2015 being contributed mostly by the tribe Tanytarsini.
A concurrent decline in the relative density of Pisidiidae was also observed in 2015 in the main basin.
In the Snap lake main basin and Lake 13, 2015 marked the lowest proportions of Pisidiidae (7% and 8%,
respectively), whereas relative densities returned to 2009 levels in 2015 in Northeast Lake and the Snap Lake
northwest arm (14% and 20%, respectively). The relative density of Chironomini (a tribe of midges in the
non-biting family Chironomidae) remained similar among years in the Snap Lake main basin and Northeast Lake
(Figure 3.5-7). The proportion of Chironomini in the northwest arm of Snap Lake increased from 2009 to 2013,
followed by a decrease in 2015, while Chironomini peaked in 2012 in Lake 13 and was lower in 2013 and 2015.
A large increase in the relative density of Tanytarsini was observed in the main basin of Snap Lake in 2015,
increasing from between 8% and 26% in 2009 to 2013 to 58% in 2015. A less pronounced increase in the
proportion of Tanytarsini was observed in the Snap Lake northwest arm. In 2015, Tanypodinae represented
less than 1% of the community composition by density in the study lakes, noticeably lower than in previous
years (up to 15%). Orthocladiinae made up less than 7% of the relative density in the study lakes throughout the
monitoring period, with the exception of Lake 13 in 2013 where Orthocladiinae made up 16% of the community
composition. In the northwest arm of Snap Lake and the reference lakes, the Other Chironomidae group made up
a higher proportion of the relative density in 2015 (13% to 18%) compared to previous years (<4%).
The proportion of the community made up by taxa from the “Other” category varied among lakes and years,
with no clear temporal trends (7% to 39%).
Community composition has varied among years in the Snap Lake main basin, with the largest change observed
between 2013 and 2015. However, with the exception of the increase in Tanytarsini relative density in 2015,
the degree of change in the main basin of Snap Lake has been similar to those observed in the northwest arm
and the reference lakes.
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Time Series Plot of Mean Annual Relative Density of Major Benthic Invertebrate Groups in Snap Lake, Northeast Lake, and Lake 13,
Fall 2009 to 2015
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Note: The Other Chironomidae group includes Diamesinae and Prodiamesinae. The Other taxa category includes Microturbellaria, Cnidaria Hydridae, Nematoda, Oligochaeta (Enchytraeidae,
Lumbriculidae, and Naididae), Gastropoda (Lymnaeidae, Planorbidae, and Valvatidae), Acari - Hydracarina (Arrenuridae, Lebertiidae, and Pionidae), Ostracoda, Amphipoda Hyalellidae,
Trichoptera Phryganeidae, and Ceratopogonidae Ceratopogoninae.
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Presence/Absence

Presence/absence of taxa at lower taxonomic levels were examined for the main basin and northwest arm of
Snap Lake. Differences in occurrence of individual taxa have occurred among years; however, these differences
were minor and are not indicative of a major change in the benthic invertebrate community in Snap Lake
(Table 3.5-1). There were no cases where a taxon was present in the early sampling years (i.e., 2009 to 2012)
and then absent in 2013 and 2015, or vice versa.
The following taxa were present in the main basin of Snap Lake in 2013, but were absent in 2015:







Microturbellaria
Naidinae
Lymnaeidae: Lymnaea
Chironomini: Cryptochironomus, Dicrotendipes, Parachironomus, and Polypedilum
Tanytarsini: Cladotanytarsus, Micropsectra, and Paratanytarsus

A number of other taxa appeared in 2015 after being absent from the main basin of Snap Lake in 2013,
these included:








Lumbriculidae
Planorbidae: Gyraulus
Phryganeidae: Agrypnia
Tanypodinae: Ablabesmyia and Thienemannimyia group
Orthocladiinae: Paracladius and Psectrocladius
Chironomini: Sergentia

The total number of taxa recorded in the main basin of Snap Lake varied among years, ranging from 22 taxa
in 2012 to 31 taxa in 2011. A total of 20 and 24 taxa were observed in the northwest arm of Snap Lake during
the 2013 and 2015 sampling periods, respectively. Overall, the presence/absence data do not show any obvious
Mine-related effects at the major group level, and the turnover of taxa between 2013 and 2015 was similar to
previous pairs of years in terms of the number of taxa lost (10 taxa) and gained (8 taxa; Table 3.5-2).
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Presence/Absence of Each Benthic Invertebrate Taxon in Snap Lake, Fall 2009 to 2015

Major
Taxonomic Group
Microturbellaria
Cnidaria
Nematoda

Oligochaeta

2010

2011

2012

2013

2015

Subfamily

Tribe

Genus/Species

Main Main Main Main Main Northwest Main Northwest
Basin Basin Basin Basin Basin
Arm
Basin
Arm

-

-

-

-

X

-

-

-

-

-

-

Enchytraeidae

-

-

-

Lumbriculidae

-

-

-

Naidinae

-

-

Tubificinae

-

-

Hydridae

Naididae

Gastropoda

2009

Family

X

Hydra

Lymnaeidae

-

-

Lymnaea

Planorbidae

-

-

Gyraulus

Valvatidae

-

-

Valvata sincera

X

-

Acari - Hydracarina

-

Ostracoda
Trichoptera

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

-

Sphaerium

X

X

X

X

X

-

-

X

X

X

X

X

-

-

-

-

X

X

X

Phryganeidae

-

-

Agrypnia

X

Ablabesmyia

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

Thienemannimyia group

X

X

X

X

Procladiini

Procladius

X

X

X

X

Diamesini

Potthastia longimana group

Protanypini

Protanypus

X

X

X
X

X

X

X

X

X

Orthocladiinae Orthocladiini Paracladius

X
X

Psectrocladius
Zalutschia

X

Chironomus
Cladopelma

X
X

X

X

X

X

X

X

Cryptochironomus

X

Tanytarsini

X
X

X

X

X

X

X

X

X

X

X

X

X

X

Sergentia

X

X

X

Stictochironomus

X

X

Cladotanytarsus

X

Corynocera

X

Micropsectra

X

Paratanytarsus

X

Tanytarsus

X

X

24

23

Total Taxa

X

X

X
X

X

X

X

X

X
X

Pagastiella
Polypedilum

X
X

X

Microtendipes
Parachironomus

Chironominae

X

X

Dicrotendipes
Chironomini

X
X

Heterotrissocladius

Chironomidae

X
X

X

Monodiamesa

X

X
X

Abyskomyia

Diptera

X

X

-

-

X

X

-

Prodiamesinae

X

X

Pisidium

Diamesinae

X

X

-

Tanypodinae

X
X

-

Pentaneurini

X

X
X

(i/d)(a)
Bivalvia

X

X
X

X

X

X
X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

31

22

26

X
X

X

X

X

X

20

24

24

a) Unidentified taxa were excluded from total taxa count, because lower level taxa were identified for this group.
X = taxa present; - = not applicable; (i/d) = immature or damaged specimen identified to the lowest level possible.
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Total Number of Benthic Invertebrate Taxa Lost and Gained Between Years in Snap Lake,
Fall 2009 to 2015
Years

No. Taxa Lost

No. Taxa Gained

2009 vs. 2010

7

6

2010 vs. 2011

3

11

2011 vs. 2012

9

0

2012 vs. 2013

4

8

2013 vs. 2015

10

8

4

8

Snap Lake - Main Basin

Snap Lake - Northwest Arm
2013 vs. 2015
No. = number; vs. = versus.

3.5.2.6.3

Multivariate Analysis

The two-dimensional nMDS configurations for benthic invertebrate density in Snap Lake, Northeast Lake,
and Lake 13 between 2009 and 2015 had a stress value of 0.2, indicating a “fair” fit for the results to the input
data, according to stress categories provided by Clarke (1993). The nMDS ordination plot of Axis 1 and Axis 2
scores is shown in Figure 3.5-8. Each symbol on this figure represents the benthic invertebrate community of a
sampling station from a given year; stations with more similar communities are located close to one another and
in general, stations with higher Axis 1 scores tend to have higher invertebrate density and richness. The following
conclusions can be drawn about the 2009 to 2015 benthic invertebrate community based on the ordination plot:



Benthic invertebrate community data from the Snap Lake main basin exhibited a high degree of
among-station and among-year variability in community composition. Divergence between the Snap Lake
main basin and the Northeast Lake stations was particularly noticeable in 2010 and 2012, and the
communities of the two lakes remained distinct in 2015. Among-station variability was lower in 2015 relative
to previous years.



Temporal variability in community composition was evident in Northeast Lake, which is indicative of
regional changes. Among-station variability was lowest in 2015 relative to previous years.



Community changes over time in the Snap Lake main basin generally paralleled those observed in
Northeast Lake, as indicated by gradually increasing scores on both axes by each lake; some convergence
of community structure between these lakes is also apparent over time.



The 2015 data collected from Northeast Lake and the main basin of Snap Lake showed less variability
compared to the data from the northwest arm of Snap Lake. This is likely reflective of the treated effluent
gradient in the Snap Lake northwest arm. It would be anticipated that the community variability in the
northwest arm would decline once conditions reach a steady state.



In general, there was low among-station and among-year variation in community composition in Lake 13
between 2012 and 2015.
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Non-metric Multidimensional Scaling Ordination Plot of Benthic Invertebrate Community Data from
Snap Lake, Northeast Lake, and Lake 13, Fall 2009 to 2015
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Normal Range Comparison

A summary of the normal range comparisons for Snap Lake between 2009 and 2015 is provided in Table 3.5-3
and indicate that nearly all density variables increased above the normal range in 2015, but community variables
(i.e., richness, diversity, evenness) remained within their normal ranges. Microtendipes density exceeded the
upper bound of the normal range in 2009. In 2013, Pisidiidae density was the only variable that had values
that extended above the normal range based on 2009 to 2013 Northeast Lake data. Pisidiidae density was
above the normal range in all years from 2009 to 2013, with the exception of 2012. In 2015, normal ranges
were exceeded for total density, Valvata sincera density, Pisidiidae density, Procladius density, Microtendipes
density, Corynocera density, and Tanytarsus density in the main basin of Snap Lake.
Overall, results of the normal range comparisons suggest the potential for a nutrient enrichment effect in the
main basin of Snap Lake in 2015, without an overall effect on community structure, or the removal of a limitation
on the benthic community that was holding densities lower during previous years.
Table 3.5-3

Summary of Normal Range Comparisons for Benthic Invertebrate Community Variables in
Snap Lake, Fall 2009 to 2015
Endpoint

Total density

(org/m2)

Total richness (no. taxa/station)

Normal Range Exceeded?

Normal
Range(a)

2009

2010

2011

2012

2013

2015

0 to 1,811

No

No

No

No

No

Yes

0 to 22

No

No

No

No

No

No

Simpson's diversity index

0.59 to 0.98

No

No

No

No

No

No

Evenness

0.08 to 0.88

No

No

No

No

No

No

0 to 125

No

No

No

No

No

Yes

0 to 268

Yes

Yes

No(c)

No

No(c)

Yes

0 to 163

No

No

No

No

No

Yes

0 to 316

No(c)

No

No

No

No

Yes

Valvata sincera density
Pisidiidae density

(org/m2)

(org/m2)

Procladius density

(org/m2)

Microtendipes density (org/m2)

0 to 515

n/a

n/a

n/a

n/a

No

No

Corynocera

density(b)

(org/m2)

0 to 515

n/a

n/a

n/a

n/a

No

Yes

Tanytarsus

density(b)

(org/m2)

0 to 252

n/a

n/a

n/a

n/a

No

Yes

Stictochironomus

density(b)

(org/m2)

Note: Only Northeast Lake data were used to calculate normal ranges, because the addition of Lake 13 data increased the upper limit of the
normal range to the point where detecting an enrichment effect would be unlikely.
Parameters that were outside of the normal range are shown in bold.
a) Normal range represents the mean ±2 SD based on Northeast Lake station means from 2009 to 2015 and is applicable only to the main
basin of Snap Lake.
b) Prior to 2015, this taxon was not considered a dominant taxon (i.e., those accounting for more than 5% of the total density in great than or
equal to 25% of samples); therefore, a normal range was not established until 2015.
c) The density of this taxon was reported to exceed the normal range in previous years. However, following the most recent update of the
normal range with the 2015 Northeast Lake data, this taxon is no longer outside of the normal range.
org/m² = number of organisms per square metre; no. taxa/station = number of taxa per station; n/a = not applicable; SD = standard deviation;
± = plus or minus.
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Quality Assurance and Quality Control

QA/QC procedures were applied during all aspects of the benthic invertebrate component to verify that the data
collected were relevant and of acceptable quality to address the objectives of the AEMP. The QA/QC procedures
for the AEMP followed the protocols provided in the De Beers QA/QC Plan (De Beers 2013b). Detailed QA/QC
methods and results for each year are outlined in the AEMP annual reports (De Beers 2010, 2011, 2012, 2013a,
2014, 2016).
In the laboratory, invertebrate sample sorting efficiency was verified on 10% of the total samples submitted,
by an individual other than the original sorter by performing spot-checks on the debris remaining after sorting.
The data quality objective (DQO) was a minimum removal of 90% of the total number of organisms in a sample.
If more than 10% of the total number of organisms removed from the sample were found in the debris, then all
samples were re-sorted by an individual other than the original sorter. In addition, if an entire taxonomic
group was inadvertently omitted by the sorter, then all samples were re-sorted by an individual other than the
original sorter.
Average removal efficiencies for the 2009 to 2015 AEMPs ranged from 98% to 100%, indicating that the
DQO was met. None of the benthic invertebrate data from the 2009 to 2015 AEMPs was invalidated.
The QA/QC measures applied to the benthic invertebrate component of the 2009 to 2015 AEMP programs
were appropriate. Overall, the quality of benthic invertebrate data collected as part of the Snap Lake AEMP are
considered to be of acceptable quality and adequate to address the objectives of the monitoring program.

3.5.3

Key Findings

The key findings for the benthic invertebrate component are addressed under Key Questions 1 and 2 below.
An action level assessment for the benthic invertebrate component is completed in Section 3.5.3.3 and a
comparison to the EAR predictions (De Beers 2002) can be found in Section 3.5.3.4.

3.5.3.1

Key Question 1: Is the benthic invertebrate community affected by changes
in water and sediment quality in Snap Lake?

Changes in the benthic invertebrate community in the main basin of Snap Lake were observed in fall 2015.
The greater in density and biomass in the main basin of Snap Lake, and significant differences between the
main basin of Snap Lake and Northeast Lake with magnitudes beyond the critical effect sizes and normal ranges,
were generally consistent with a nutrient enrichment response pattern. Spatial patterns were documented in
Snap Lake sediments, but these patterns were highly variable. Nutrient concentrations have increased in the
sediments of the Snap Lake main basin and these changes are likely due to the Mine. Concentrations of nitrogen
parameters have increased over time in the Snap Lake water column, but have reached a plateau in the last one
to three years and did not increase in 2015. No increasing trend in phosphorus concentration in the water column
has been observed. An increase in organic material available as a food source to invertebrates, resulting from
higher near-bottom DO concentrations, may have been partly responsible for the higher densities observed
in 2015.

198

September 2020

3.5.3.2

19127683/DCN-013

Key Question 2: If the benthic invertebrate community is affected, is the
change greater than predicted in the EAR?

The effects on the benthic invertebrate community from construction and operation of the Mine, due to nutrient
enrichment and increasing TDS concentration, were predicted to be of negligible to low magnitude. Between 2009
and 2013, the observed low magnitude effects were consistent with the EAR predictions (De Beers 2012).
In 2015, the magnitude of effects observed on total invertebrate density and densities of dominant taxa were
greater than predicted. However, changes in benthic invertebrate community structure, as indicated by richness,
diversity, evenness, presence/absence, and community composition have generally remained within EAR
predictions.

3.5.3.3

Action Level Assessment

The Low Action Level for the Nutrient Enrichment Hypothesis for benthic invertebrates is based on three
trigger statements. If one or more of these statements are true, a Low Action Level is triggered. The triggers for
a Low Nutrient Enrichment Action Level are:
1)

a statistically significant change (P<0.1) in Snap Lake main basin extending beyond the normal range for
richness.

2)

a statistically-significant change (P<0.1) in Snap Lake main basin extending beyond the normal range for
densities of dominant taxa, or

3)

an upward trend in richness and densities of dominant taxa in Snap Lake, but not reference lakes.

Action Levels for the Snap Lake AEMP were developed and approved by the Board as part of the 2013 AEMP
Design Plan (Golder 2014). Prior to that, Action Level assessments were not conducted.
In 2013, no Action Levels were triggered for the benthic invertebrate component of the AEMP. Densities of six out
of seven of the dominant taxa (i.e., Valvata sincera, Pisidiidae, Procladius, Microtendipes, Corynocera, and
Tanytarsus) increased between 2013 and 2015 in the main basin of Snap Lake, and were also outside the normal
range in 2015. The 2015 results revealed statistically significant differences between Snap Lake main basin and
Northeast Lake. Therefore, a Low Action Level for the Nutrient Enrichment Hypothesis was triggered in 2015.

3.5.3.4

Comparison to Predictions

For each of the AEMP annual reports, if changes in the benthic invertebrate community were observed,
the statistical and visual results were further examined to assess whether the change in the benthic community
was within EAR predictions. This evaluation was based on the magnitude of change observed and comparisons
of results to the applicable normal ranges, and considered whether results from multiple evaluation methods
indicate a change.
The following predictions were made in respect to TDS in the EAR (De Beers 2002) and subsequent documents
(i.e., supplemental filings and Water Licence amendments; De Beers 2004, 2014b):



Major shifts in community composition would not occur, although the relative densities of benthic
invertebrate species could change slightly. The results to date show that Chironomidae continue to dominate
the benthic community in the main basin of Snap Lake, with only minor changes in community composition
observed at the major group level.
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Invertebrate communities would remain diverse and could slightly increase in density. A large increase
in invertebrate density was observed in 2015 compared to previous years, which is beyond the prediction of
a slight increase based on increasing TDS concentration. Recent data show that diversity has decreased in
the main basin of Snap Lake; however, no consistent trend was observed in Simpson’s diversity index in
Snap Lake from 2009 to 2015. Evenness in the main basin of Snap Lake has shown a steady decline
since 2010. Although significant differences were detected between the main basin of Snap Lake and
Northeast Lake, neither index was outside the normal range and only the change in diversity exceeded
the CES, which was unusually low in 2015.



Concentrations of TDS in Snap Lake would not exceed any known toxicity thresholds for benthic
invertebrates. In 2015, TDS concentrations were within the Water Licence limits and remain below known
toxicity thresholds.



TDS concentration in Snap Lake would gradually increase over an extended period of time, which would
allow the benthic invertebrate community to adapt. A rapid increase was observed in TDS concentration in
recent years, but concentrations remained within the range that is considered normal in temperate waters.

The following predictions were made in respect to nutrient enrichment in the EAR and subsequent documents:



A gradual increase in chlorophyll a (a measure of the quantity of algae) from 0.2 to 1.8 g/L to 1.5 to 2.3 g/L,
with chlorophyll a concentrations remaining within the range associated with oligotrophic lakes and no
change in the overall trophic status of Snap Lake. Results of the plankton component indicate a decline in
chlorophyll a concentrations occurred in 2015, but total phytoplankton biomass approximately doubled
between 2014 and 2015. This increase is not sufficient to account for the observed increase in benthic
invertebrate density in the main basin of Snap Lake.



Benthic invertebrates could respond to the increase observed in primary productivity, although any
changes would be minor. Total benthic invertebrate density in the main basin of Snap Lake showed a
40-fold increase from 2013 to 2015. Similar patterns of increases were observed in the dominant taxa
densities. The increase in total density is beyond what was predicted. Significant differences in total density
and densities of dominant taxa were detected between the main basin of Snap Lake and Northeast Lake.
The magnitude of these changes exceeded all CESs and, with the exception of one chironomid taxon
(Stictochironomus), exceeded the normal ranges.



An increase in the biomass of benthic invertebrates could occur, which would increase foraging opportunities
for fish; however, the community structure of benthic invertebrates would not likely be altered. 2015 results
show more than a 10-fold increase in total benthic invertebrate biomass in the main basin of Snap Lake.
The increase in biomass is beyond what was predicted.

Overall, the effects on the benthic invertebrate community from construction and operation of the Mine,
due to nutrient enrichment and increasing TDS concentration, were predicted to be of negligible to low magnitude.
Between 2009 and 2013, the observed low magnitude effects were consistent with the EAR predictions
(De Beers 2012). In 2015, the magnitude of effect observed on the total density and densities of dominant taxa
was greater than predicted. However, changes in benthic invertebrate community structure, as indicated by
richness, diversity, evenness, presence/absence, and community composition have generally remained within
EAR predictions.
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The exact cause of the increase in benthic invertebrate density observed in 2015 relative to previous years is
not known, but a plausible explanation is provided by observed changes in lake water quality unrelated to
nutrient concentrations. The potential for field sampling error and laboratory sample processing error was
investigated during the analysis of the 2015 benthic invertebrate dataset, and was deemed highly unlikely.
The observed increase in invertebrate density in 2015, with only small structural changes in the community,
is most likely reflecting increased food availability to invertebrates, or a limitation on access to food. The minor
shifts observed in community composition likely reflect the relative competitive abilities of invertebrates to take
advantage of the increased food supply.
The reason for the increased food supply in 2015 could be nutrient enrichment; however, that would also be
apparent in the water quality and plankton monitoring results. Neither of these components reported changes
indicating a substantial nutrient-related increase in productivity in Snap Lake between 2013 and 2015
(De Beers 2016). The key source of food for deep-water invertebrates in Snap Lake is represented by organic
material in the bottom sediments. The sediments in this lake are rich in organic material, with TOC content
typically around 15%. However, because of the typically low oxygen penetration in such highly organic sediments,
most of that food is not accessible to invertebrates. Consistent with this interpretation, field observations indicate
a moderate to strong anoxic odour of sediment samples during benthic invertebrate sampling. A plausible
hypothesis explaining the increased density of invertebrates is that the increased discharge volume to Snap Lake
in 2015 compared to previous years (i.e., about a 40% increase relative to 2013) resulted in greater oxygen
loading to the lake, which in turn allowed a greater depth of oxygen penetration in the sediments. This may have
resulted in more organic material becoming available as food for invertebrates, thereby resulting in the higher
densities (i.e., by removing a limitation present under natural conditions). Because the benthic invertebrate
community of Snap Lake is dominated by midges with short life cycles, the invertebrate community is expected to
able to respond quickly to an increase in food supply. The observed increase in relative densities of midges in
2015 is consistent with this interpretation.
Results of the 2015 AEMP Annual Report (De Beers 2016) are generally consistent with this hypothesis,
and indicate that lake water at diffuser stations had higher DO concentrations compared to other parts of the lake.
In addition, throughout 2005 to 2015, when minewater was being discharged, near-bottom DO concentration
was higher at diffuser and main basin stations compared to prior to discharge (i.e., 1999 to 2004). Although some
near-bottom anoxia was apparent in Snap Lake from 2005 to 2013, it was not observed at any station in 2015
(De Beers 2016). Therefore, an increase in oxygen penetration depth in 2015 is consistent with results of
DO monitoring in Snap Lake.
Other possible factors that may have combined with the above explanation include an overall regional effect
related to climate/hydrology and an increase in a limiting micronutrient added by the discharge. A potential
regional effect is suggested by the data for the reference lakes, where some increases in invertebrate densities
were also noted. However, the observed increases in benthic invertebrate density were relatively small in the
reference lakes compared to Snap Lake, which calls into question the potential for a strong regional effect.
Increased micronutrient availability would initially be observed in the plankton community, but was not apparent in
2015 to an extent that could result in large increases in secondary productivity. These observations suggest that
these other factors, if applicable, were minor contributors to the observed effect in Snap Lake in 2015.
The 2018 benthic invertebrate field sampling program provides an opportunity to verify plausibility of the above
hypothesis. It is anticipated that with the cessation of minewater discharge to Snap Lake, DO regime will return
to the background state and, therefore, the benthic invertebrate community will also gradually return to its
previous state, characterized by lower density. At this time, updated predictions for benthic invertebrate
component are not proposed.
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Summary and Conclusions

The following conclusions can be drawn based on a summary of the benthic invertebrate data collected since
2009:



Changes in the benthic invertebrate community of Snap Lake were observed in 2015, exhibited as
substantial increases in the densities of benthic invertebrates compared to previous years.



Richness and diversity were similar over time, while evenness declined since 2010 in the main basin of
Snap Lake. Both indices remained within the normal range throughout the monitoring period.



In 2015, significant differences in some benthic invertebrate community variables were identified between
the Snap Lake main basin and Northeast Lake. The magnitudes of these differences were greater than the
CESs, with the exception of evenness.



All but one of the density-related variables exceeded normal ranges in 2015; these included total density,
and the densities of Valvata sincera, Pisidiidae, Procladius, Microtendipes, Corynocera, and Tanytarsus.



Community composition has varied among years in the Snap Lake main basin, with the largest change
observed between 2013 and 2015. However, with the exception of the increase in Tanytarsini relative
density in 2015, the degree of change in the main basin of Snap Lake has been similar to those observed in
the northwest arm and the reference lakes.



When examined at a lower taxonomic level, the benthic invertebrate community data from the Snap Lake
main basin exhibited a high degree of among-station and among-year variability in community composition,
according to nMDS results. Community changes over time in the Snap Lake main basin generally paralleled
those observed in Northeast Lake; some convergence of community structure between these lakes is also
apparent over time.



A Low Action Level for Nutrient Enrichment was triggered in 2015. This trigger was related to
statistically-significant changes in the benthic invertebrate community of the Snap Lake main basin,
extending beyond the normal range for densities of dominant benthic invertebrate taxa. In light of data
collected by other AEMP components, it appears likely that the observed effect on benthic invertebrates in
2015 was not related to nutrient enrichment, but potentially resulted from a temporary effluent dischargerelated shift in the DO regime of Snap Lake.



The observed changes the benthic invertebrate community may have been related to nutrient enrichment up
to 2013; however, it appears more likely that the observed effect in 2015 resulted from a temporary effluent
discharge-related shift in the DO regime of Snap Lake.

Overall, the change observed in the benthic community in Snap Lake in 2015 was not adverse, but rather
appeared to represent greater food availability to benthic invertebrates compared to previous years. The effect
was not consistent with predictions of a negligible to low effect on the benthic invertebrate community in
Snap Lake. It was also not consistent with the results reported by other AEMP components (i.e., water quality,
sediment quality, toxicity, plankton), which found no substantial changes in nutrient concentrations, or the degree
of nutrient enrichment, relative to previous years. There was some indication of regional changes contributing to
the 2015 results. The exact cause of the effect on benthic invertebrates in 2015 cannot be identified with certainty.
However, the effect is not expected to persist, because the discharge of treated effluent has been greatly reduced
since 2016, and lake water quality and biological conditions are expected to return to near-baseline over time.
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Proposed Changes

The following changes are proposed for the benthic invertebrate component:



Discontinue benthic invertebrate sampling in Lake 13. The rationale for this change is that:

 Differences in the benthic invertebrate community in Lake 13 make it unsuitable for direct comparisons
with the Snap Lake main basin.

 It has been excluded from statistical comparisons and the normal range calculations for benthic
invertebrates because of differences in the invertebrate community between Snap Lake and Lake 13.

 One reference lake (Northeast Lake) is sufficient for the comparisons required for the benthic
invertebrate component.



During Closure the benthic invertebrate component should be monitored at least once, if benthic invertebrate
community, toxicity, water quality or sediment quality do not trigger a Low Action Level and the benthic
invertebrate community is trending toward baseline conditions, benthic invertebrate monitoring may be
discontinued. The rationale for this change is that:

 Water quality in Snap Lake is predicted to improve during Closure relative to Operations due to the
predicted decrease in the volume of treated minewater discharged to Snap Lake.

3.5.6
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3.6

Fish Health

3.6.1

Overview

The fish health program was designed to monitor for changes in fish health in Snap Lake. Chemicals of potential
concern (i.e., particularly TDS, hexavalent chromium, and indirect effects via increased primary production) in
water and sediment were predicted to possibly have a negative effect on fish health, but the magnitude of this
effect was predicted to be negligible. No changes to fish reproduction were predicted.
The objective of the fish health program as part of the AEMP is to evaluate whether treated effluent discharged
from the Mine has a significant effect on growth, reproduction, survival, and/or condition of fish in Snap Lake.
The specific conditions of the former Water Licence (MV2011L2-0004) that apply to the fish health component
of the AEMP [Part G, Schedule 6, Item 1a (iii) and 1(e)] are:
a)

Monitoring for the purpose of measuring Project-related effects on the following components of the
Receiving Environment:
iii.

e)

fish health;

Procedures to minimize the impacts of the AEMP on fish populations and fish habitat.

Fish health field programs were conducted at Snap Lake in 1999, 2004, 2005, 2006, 2009, 2012, and 2015
(De Beers 2002, 2006, 2007, 2010, 2013, 2016). Baseline data were collected in 1999 (from Snap Lake and
an unnamed Reference Lake) and 2004 (from Snap Lake and Northeast Lake) for adult Lake Trout
(Salvelinus namaycush) and adult Round Whitefish (Prosopium cylindraceum), prior to construction of the Mine.
The 1999 and 2004 datasets contain adult fish health and tissue metal concentrations (i.e., muscle and liver
tissues in 1999 and muscle tissue only in 2004) and comprise the baseline dataset for the Mine. In 2005 and
2006, in an effort to reduce overall fish mortality, attempts were made to non-lethally sample juvenile Lake Trout
and Round Whitefish. These efforts were unsuccessful for Round Whitefish (De Beers 2006, 2007). In 2009,
based on recommendations that the fish health study re-focus on finding an appropriate study species and
consider the inclusion of a small-bodied fish species, the fish health survey consisted of a lethal Lake Trout,
Round Whitefish, and Lake Chub (Couesius plumbeus) program (De Beers 2010). In subsequent years (i.e., 2012
and 2015), the fish health survey consisted of a lethal and non-lethal Lake Chub survey (De Beers 2013, 2016),
and Lake Trout and Round Whitefish were only surveyed as part of the Fish Community Monitoring program
(see Section 3.8).
The fish health survey was designed to answer the following two key questions:
1)

Is fish health affected by changes in water and sediment quality in Snap Lake?

2)

Are changes observed in fish health greater than those predicted in the Environmental Assessment Report
(EAR)?

The fish health key questions were developed in relation to effects predicted for the Mine (De Beers 2002) as
follows:




lake-wide increases in TDS



reduced DO concentrations during winter in deeper areas of Snap Lake

slight increases in the concentration of hexavalent chromium in the mixing zone and, potentially,
the sediment
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The indirect effects of increased primary production in Snap Lake as a result of treated effluent discharge are also
considered by the fish health component.
The 2012 Aquatic Effects Re-evaluation Report for the Mine (Golder 2012) included all previous fish health data,
including large-bodied and small-bodied fish data. Given limited additional large-bodied fish health data collection
since 2012 (i.e., fish health programs focussed on Lake Chub only in 2012 and 2015), only small-bodied fish
health data are considered herein. Section 3.8 presents the re-evaluation of the Fish Community Monitoring
program data, including a review of Lake Trout and Round Whitefish health metrics and endpoints.
A re-evaluation of fish tissue chemistry for both small-bodied and large-bodied fish is presented in Section 3.7.

3.6.2

Description of Overall Trends

Lake Chub were targeted during the 2009, 2012 and 2015 fish health surveys. Detailed methods are presented
in the respective annual reports (De Beers 2010, 2013, 2016). In brief, Lake Chub were collected from Snap Lake
and two reference lakes (i.e., Northeast Lake and Lake 13), with the exception of the 2009 fish health survey
which did not collect fish in Lake 13. The timing of the Lake Chub fish health survey was consistent among years,
with sampling occurring in early July to capture Lake Chub during pre-spawning conditions. Fish health was
assessed by comparing measurements such as length, weight, gonad size, liver size, and age of fish.
Fish health data from 2009, 2012 and 2015 were considered herein to examine whether the nature or extent of
Mine-related effects have changed over time. The following analyses were considered for this re-evaluation:
1)

Lake Chub catch per unit effort (CPUE) in the AEMP study lakes over time.

2)

The size (length) distribution of Lake Chub captured in Snap Lake over time.

3)

Comparison of lethally sampled Lake Chub fish health endpoints (e.g., length, weight, condition, relative liver
and gonad weights, fecundity).

4)

Comparison of non-lethally sampled Lake Chub health endpoints (e.g., length, weight, condition).

5)

Comparison of all relevant fish health endpoints to their respective normal ranges.

Overall trends in the Lake Chub data as presented in the AEMP annual reports (De Beers 2010, 2013, 2016)
are presented herein. Trends were identified if (1) Snap Lake fish health endpoints were statistically significantly
different than the reference lakes in more than one sampling year, and (2) differences were of a magnitude that
was considered ecologically significant (i.e., equal to or greater than critical effect sizes, as defined by
Environment Canada [2012]). Trends also considered if there was a consistent directional change
(i.e., increase or decrease) from 2009 to 2015 in Snap Lake fish.

3.6.2.1

Catch Per Unit Effort

The CPUE provides an estimate of abundance by standardizing catch data according to fishing effort; CPUE
was calculated for Lake Chub annually and is summarized herein by year, lake, and sampling method.
The CPUE for electrofishing was calculated as the number of fish per 100 seconds effort, and CPUE for
minnow traps and hoop nets were calculated as the number of fish captured per hour.
Snap Lake generally had the greatest CPUE relative to the reference lakes, with the exception of 2009 and 2012,
when Northeast Lake had greater CPUEs (driven by the CPUE of boat electrofishing; Table 3.6-1). The CPUE for
Lake Chub (considered for all effort types) has been increasing over time in Snap Lake, and electrofishing
(i.e., backpack or boat) has had the most success (Table 3.6-1).
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Catch Per Unit Effort for Lake Chub Captured using Various Fishing Methods during the 2009, 2012, and 2015 Fish Health AEMP

Lake

Backpack Electrofishing

Boat Electrofishing

Hoop Netting

Minnow Traps

All Effort Types

Effort
(seconds)

# of LKCH
Captured

CPUE (# fish
per 100 seconds)

Effort
(seconds)

# of LKCH
Captured

CPUE (# fish
per 100 seconds)

Effort
(hours)

# of LKCH
Captured

CPUE (# fish
per hour)

Effort
(hours)

# of LKCH
Captured

CPUE (# fish
per hour)

Effort
(hours)

# of LKCH
Captured

CPUE (# fish
per hour)

Snap Lake

-

-

-

4,068(a)

13

0.32(a)

-

-

-

3,484.20

97

0.03

3,485.33

110

0.03

Northeast Lake

-

-

-

23,832(a)

87

0.37(a)

-

-

-

2,357.87

5

<0.01

2,364.49

92

0.04

Snap Lake

-

-

-

3,456

24

0.69

78.37

24

0.31

1,542.90

190

0.12

1,622.23

238

0.15

2012 Northeast Lake

-

-

-

19,188

109

0.57

91.25

8

0.09

265.90

1

<0.01

362.48

118

0.33

Lake 13

-

-

-

3,672

14

0.38

150.70

78

0.52

1,297.68

8

<0.01

1,449.40

100

0.07

2,336

73

3.13

-

-

-

17.73

0

0.00

1,372.55

314

0.23

1,390.93

387

0.28

2015 Northeast Lake

8,530

67

0.79

16,277

8

0.05

116.87

0

0.00

6,208.00

15

<0.01

6,331.76

90

0.01

Lake 13

7,453

52

0.70

-

-

-

100.10

0

0.00

2,585.35

61

0.02

2,687.52

113

0.04

2009

Snap Lake

a) Electrofishing effort was presented as hours in the 2009 AEMP Annual Report (De Beers 2010); for consistency with other sampling years, the 2009 electrofishing effort has been converted to seconds.
- = no data available as fishing methods were not used in the given lake and/or year; # = number; CPUE = catch per unit effort; LKCH = Lake Chub; <= less than.
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Length-Frequency Distribution

Length frequency analyses included all Lake Chub collected during the AEMP programs (i.e., both lethal and
non-lethally sampled fish; Figure 3.6-1). The distributions appear bimodal in all years; however, in 2015,
the bimodal distribution was less pronounced. There appeared to be a greater proportion of larger fish captured
in 2009 and 2012 relative to 2015 (Figure 3.6-1).
For all sampling years, the length-frequency distributions of Lake Chub collected from Snap Lake were
significantly different from Northeast Lake (i.e., 2009, 2012, and 2015), while Snap Lake was not
significantly different from Lake 13, in all years that Lake 13 was sampled (i.e., 2012 and 2015). The annual
length-frequency distribution plots were presented within the respective annual reports (De Beers 2010,
2013, 2016). There were no consistent, observable trends in length-frequency distribution over time to indicate
that fish in Snap Lake were growing differently from those in the reference lakes.
The length-frequency distribution of fish captured in Snap Lake in 2015 does, however, appear to indicate
more fish were present in the 60 to 70-millimetre (mm) size range relative to fish captured in previous years
(Figure 3.6-1). While this may indicate a shift in the size distribution of fish in Snap Lake, it is more likely related
to the increased number of fish collected in 2015 (Tables 3.6-1 and 3.6-2; Section 3.6.2.3) and a possible
size-bias introduced by different fishing methods (i.e., backpack electrofishing was successful in 2015, but was
not used in previous years).
Figure 3.6-1

Length-Frequency Distributions of Lake Chub from Snap Lake collected during the 2009, 2012,
and 2015 Fish Health AEMP
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Lethal Fish Health Survey
Fish Collections

Lake Chub were consistently captured in the greatest abundance in Snap Lake relative to the reference lakes
(Table 3.6-2). Northeast Lake in 2015 had the greatest disparity of juvenile to adults captured (Table 3.6-2).
Despite the use of multiple fishing methods and high fishing effort (Table 3.6-1), adult Lake Chub from
Northeast Lake catch numbers in 2015 were below targets.
Table 3.6-2
Year

Total Number of Lake Chub Included in the Lethal Fish Health Survey from the AEMP Study Lakes
in 2009, 2012 and 2015
Maturity

Sex

Snap Lake

Northeast Lake

Lake 13

Male

22

13

n/a

Adult

Female

15

13

n/a

Unknown

0

0

n/a

Unknown

10

5

n/a

47

31

n/a

2009
Juvenile

TOTAL
Adult
2012
Juvenile

Male

31

14

25

Female

25

26

10

Unknown

2

1

0

Unknown

31

30

23

89

71

58

TOTAL
Male

35

5

32

Female

20

5

28

Unknown

1

1

1

Juvenile

Unknown

58

72

50

Unknown(a)

Unknown(a)

Adult
2015

TOTAL

0

0

2

114

83

113

a) Gonad histology data were not available for fish categorized as ‘unknown’; these fish could not be confirmed as male, female, or juvenile
based on field observations or length. ‘Unknown’ fish were included in the length frequency analyses and the pathology assessment,
but excluded from adult male, female, and juvenile fish health endpoint analyses.
n/a = not applicable; Lake 13 was not sampled in 2009.

3.6.2.3.2

Pathology

External abnormalities observed in lethally sampled Lake Chub generally consisted of haemorrhaging in the
eyes or missing eyes, fin erosion, and inflammation of the hindgut (Table 3.6-3). The proportion of fish with
abnormalities in Snap Lake was not different from the reference lakes during the 2009, 2012 and 2015 AEMPs
(De Beers 2010, 2013, 2016). There was no trend indicating that the number of external abnormalities has
increased in Snap Lake over time.
Internal abnormalities observed in lethally sampled Lake Chub generally consisted of “fatty” liver, discoloration,
and/or nodules on the liver, enlarged gall bladder, and granular, mottled, transparent or swollen kidneys
(Table 3.6-3). The proportion of internal abnormalities in fish from Snap Lake was not different from the reference
lakes during the 2009, 2012 and 2015 AEMP (De Beers 2010, 2013, 2016). There was no trend indicating that
the number of internal abnormalities increased in Snap Lake over time. The most frequent internal abnormality
observed in Snap Lake during the AEMP was a “fatty” liver.
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External and Internal Abnormalities Observed in Lethally Sampled Lake Chub from Snap Lake in
2009, 2012, and 2015

Assessment Type

Category

2009

2012

2015

Body Deformities

0

0

0

Eyes

0

1

1

Gills

0

8

0

Pseudobranchs

0

0

0

Thymus

0

0

0

Skin

0

0

1

Fins

0

7

4

Opercula

0

0

0

Hindgut

0

1

2

Liver

14

39

12

Spleen

0

0

3

Gall Bladder

0

4

1

Kidney

4

9

3

External

Internal

Parasites were observed in fish from all AEMP study lakes (Table 3.6-4). The most common parasites were
large white, segmented tapeworms, suspected to be of the genus Shistocephalus. Other parasites observed
were gill parasites or small white capsules/cysts, and these were generally observed at a low incidence (with the
exception of 2012).
Differences in the proportion of fish infected with parasites among the study lakes was not tested
(i.e., statistical testing was not completed) in 2009 and 2012 (De Beers 2010, 2013). Lake Chub from Snap Lake
tended to have a greater incidence of parasitism relative to the reference lakes, especially in regard to
tapeworms. Differences in the proportion of parasitized fish between Snap Lake and the reference lakes was
tested in 2015, and Snap Lake had a significantly greater proportion of fish infected with parasites relative to
both reference lakes (i.e., Northeast Lake and Lake 13; De Beers 2016). Although Snap Lake has historically had
greater incidences of parasitism relative to the reference lakes, the proportion of parasitized fish within Snap Lake
does not appear to be increasing over time (e.g., 2009 >2012; Table 3.6-4).
Table 3.6-4

Incidence of Parasites in Lake Chub from Snap Lake in 2009, 2012, and 2015

Year

Proportion with Tapeworms
(%)

Proportion with Cysts
(%)

Proportion with Gill Parasites
(%)

2009(a)

25

-

-

2012

11

24

-(b)

2015

35

3

6

a) The 2009 AEMP Annual Report did not separate by parasite type (i.e., tapeworm, cyst or gill). Proportion of parasitized fish for 2009 is
reported in the column for tapeworms since the 2009 report said it was the most common form of parasitic infection (De Beers 2010).
b) The 2012 AEMP Annual Report did not include the proportion of fish infected with gill parasites (De Beers 2013).
% = percent; - = data not available.
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Fish Health Endpoints

In the AEMP annual reports, prior to statistical analyses for fish health endpoints, Lake Chub were separated
by lake and sex (and maturity, where appropriate). Raw data for the lethal Lake Chub fish health programs are
presented in the respective AEMP annual reports (De Beers 2010, 2013, 2016).
Fish health endpoints related to survival (e.g., age), growth (e.g., size-at-age), reproduction (e.g., relative
gonad size, relative fecundity), and energy storage (e.g., condition, relative liver size) were compared among the
AEMP study lakes in 2009, 2012 and 2015 (De Beers 2010, 2013, 2016). Statistically significant results,
and the associated magnitudes of difference, from the annual reports are discussed herein. Detailed methods
for these analyses can be found in the respective AEMP annual reports (De Beers 2010, 2013, 2016).
Trends have been identified if (1) similar results occurred in more than one year of sampling, and (2) differences
were of a magnitude considered to be ecologically significant (i.e., that is equal to or greater than the critical effect
size [CES] as defined by Environment Canada [2012]). A CES of 25% of the reference area mean for size-at-age,
relative gonad size, relative liver size, and age endpoints, and a CES of 10% of the reference area mean for
condition were considered ecologically significant. For endpoints that do not have an Environment Canada (2012)
defined CES (e.g., length, weight), a CES of 25% was applied. Magnitudes of difference between Snap Lake and
the reference lakes that fell below the CES (i.e., less than 25%, or 10% for condition) were considered not
ecologically significant. These values were considered to fall within the range of natural variability for the region,
and as such, represent lower environmental risk (Environment Canada 2012).
Adult male Lake Chub had significantly smaller livers in Snap Lake relative to the reference lakes in all three
sampling years (i.e., 2009, 2012, and 2015), and the magnitudes of difference were greater than the applied
CES of 25% (Table 3.6-5). While it appears that Lake Chub were also shorter and lighter in Snap Lake relative
to the reference lakes in 2009 and 2012, the magnitudes of difference were not consistently beyond the CES.
Relative liver weights (i.e., liver weight against fork length or carcass weight) could not be tested in some years
due to statistical interactions and/or insignificant regression relationships (De Beers 2010, 2013, 2016);
however, in 2015, the magnitudes of difference for the relative liver weight endpoints were consistent with the
magnitudes of difference reported for the liver weight comparisons (De Beers 2016; Table 3.6-5). Gonad weight
was also significantly different in Snap Lake relative to the reference lakes in more than one sampling year;
however, only one year had a magnitude of difference that exceeded the applied CES of 25% (Table 3.6-5).
All other endpoints for male Lake Chub were not significantly different or did not show a consistent trend over at
least two sampling years (Table 3.6-5).
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Statistical Comparison of Lethal Fish Health Survey Endpoints Measured in Adult Male Lake Chub
in 2009, 2012 and 2015 AEMP
Endpoint

2009

2012

2015

Trend

-

SL <REF (-12%)

-

SL = REF
<CES

Fork Length

SL <NEL (-8%)

SL <REF (-10%)

SL >REF (5%)

Inconsistent
<CES

Total Weight

SL <NEL (-24%)

SL <REF (-27%)

SL = REF

SL <REF
<, >CES

Carcass Weight

SL <NEL (-19%)

SL <REF (-26%)

-

SL <REF
<, >CES

Liver Weight

SL <NEL (-37%)

SL <REF (-36%) SL <REF (-33%)

Gonad Weight

SL <NEL (-19%)

-

SL <REF (-29%)

SL <REF
<, >CES

Relative gonad weight (gonad weight vs carcass weight)

nt

-

SL <REF (-31%)

Inconsistent
>CES

Relative gonad weight (gonad weight vs fork length)

nt

nt

SL <REF (-33%)

n/a

Relative liver weight (liver weight vs carcass weight)

nt

nt

(-28%)(a)

>CES

Relative liver weight (liver weight vs fork length)

nt

-

(-30%)(a)

Inconsistent
>CES

Triglycerides

n/a

SL <REF
(-70%)(b)

-

Inconsistent

Glycogen

n/a

-(b)

-

SL = REF

Condition (total weight vs fork length)

-

-

SL <REF (-5%)

SL = REF
<CES

Condition (carcass weight vs fork length)

-

-

SL <REF (-5%)

SL = REF
<CES

SL >NEL
(24%)(c)

SL <REF (-6%)

n/a(d)

Inconsistent
<CES

nt(c)

SL <REF (-14%)

n/a(d)

Inconsistent
<CES

Age

Age-2 size-at-age (fork length)
Age-2 size-at-age (carcass weight)

SL<REF
>CES

a) ANCOVA could not be tested due to a significant interaction. Magnitude was calculated and presented.
b) Liver triglyceride and glycogen concentrations were reported as protein-normalized in 2012 (i.e., standardized to protein concentrations),
this was not possible in 2015 due to limited sample volumes preventing protein concentrations from being determined. Direct comparisons of
lipid concentrations between years cannot be made as a result; however, trends among years have been considered.
c) Size-at-age was tested for all ages (i.e., ANCOVA) in 2009, but was tested with age-2 only in 2012 and 2015.
d) Not tested because of small sample sizes within age classes. Age-3 size at age was not tested because of small sample sizes in 2012 and
2015 and as such have not been presented.
ANCOVA = analysis of covariance; CES = critical effect size; - = not significant, <= less than, >= greater than, n/a = data not available,
nt = not tested (e.g., regression not significant, test could not proceed or analysis not completed during the respective reporting period);
% = percent; SL = Snap Lake; NEL = Northeast Lake; LK13 = Lake 13; REF = pooled NEL and LK13 data; ‘=’ = significant difference detected
but magnitude of difference was negligible (i.e., 0%).

There were no clear, ecologically significant trends observed in female Lake Chub fish health endpoints in 2009,
2012 and 2015 with concomitant exceedances of the CES (Table 3.6-6). There was a consistent trend in direction
over multiple sampling years for Lake Chub age and relative liver size (i.e., liver size against fork length or
carcass weight); however, the magnitudes of difference were not consistently greater than the CES (i.e., 25%).
All other endpoints for female Lake Chub were not significantly different or did not show a consistent trend over
time (Table 3.6-6).
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Statistical Comparison of Lethal Survey Endpoints Measured in Lake Chub Females during the 2009,
2012, and 2015 AEMP
Endpoint

Age

2009

2012

2015

SL <NEL (-20%) SL <REF (-21%) SL = REF (0%)(a)

Trend
SL <REF
<CES

Fork Length

-

SL <REF (-13%)

-

SL = REF
<CES

Total Weight

-

SL <REF (-31%)

-

SL = REF
>CES

Carcass Weight

-

SL <REF (-30%)

-

SL = REF
>CES

Liver Weight

nt

SL <REF (-43%)

-

Inconsistent
>CES

Gonad Weight

-

SL <REF (-40%)

-

SL = REF
>CES

Relative gonad weight (gonad weight vs carcass
weight)

nt

n/a

-

Inconsistent
<CES

Relative Gonad weight (gonad weight vs fork length)

nt

n/a

-

Inconsistent
<CES

Fecundity

-

-

-

SL = REF

n/a

SL <REF (-23%)

-

Inconsistent
<CES

Relative fecundity (number of eggs vs carcass weight)

-

SL >REF (11%)

-

SL = REF
<CES

Relative fecundity (relative to age)

nt

nt

nt

n/a

Relative fecundity (relative to fork length)

-

nt

nt

n/a

Mean egg diameter

Relative liver weight (liver weight vs carcass weight)

SL <NEL (-40%)

n/a

SL <REF (-19%)

SL <REF
>,<CES

Relative liver weight (liver weight vs fork length)

SL <NEL (-41%)

n/a

SL <REF (-20%)

SL <REF
>, <CES

Triglycerides

n/a

n/a

-

n/a

Glycogen

n/a

n/a

-

n/a

Condition (total weight vs fork length)

-

n/a

-

SL = REF

Condition (carcass weight vs fork length)

-

n/a

-

SL = REF

Age-2 size-at-age (fork length)

nt(c)

-

n/a(b)

n/a

Age-2 size-at-age (carcass weight)

nt(c)

-

n/a(b)

n/a
n/a
n/a

Age-3 size-at-age (fork length)

n/a

n/a

n/a(b)

Age-3 size-at-age (carcass weight)

n/a

SL >REF (16%)

n/a(b)

a) The Mann-Whitney test showed that the average ranks were statistically different; however, the medians were the same between lakes
(De Beers 2016).
b) Not tested because of small sample sizes within age classes.
c) Size-at-age was tested for all ages (i.e., ANCOVA) in 2009, but was tested with age-2 only in 2012 and 2015.
ANCOVA = analysis of covariance; CES = critical effect size; - = not significant, <= less than, >= greater than, n/a = data not available,
nt = not tested (e.g., regression not significant, test could not proceed or analysis not completed during the respective reporting period);
% = percent; SL = Snap Lake; NEL = Northeast Lake; LK13 = Lake 13; REF = pooled NEL and LK13 data; ‘=’ = significant difference detected
but magnitude of difference was negligible (i.e., 0%).
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In 2009, statistical comparisons were not completed for juvenile Lake Chub due to small sample sizes
(De Beers 2010). In 2012 and 2015, juvenile Lake Chub were significantly larger and heavier than fish collected
in the reference lakes; however, the magnitudes of difference were generally below the CES, with the exception
of weight in 2015 (Table 3.6-7). These results were consistent with the Age-1 and Age-2 specific analyses for
length and weight in juvenile Lake Chub (Table 3.6-7). All other endpoints for juvenile Lake Chub were not
significantly different or did not show a consistent trend over time (Table 3.6-7).
Table 3.6-7

Statistical Comparison of Lethal Survey Endpoints Measured in Lake Chub Juveniles during the
2012 and 2015 AEMP
Endpoint

2012

Age

n/a

2015
SL = LK13

(0%)(a)

Trend
n/a

Fork Length

SL >REF (5%)

SL >NEL (17%)

SL >REF
<CES

Total Weight

SL >REF (13%)

SL >NEL (62%)

SL >REF
<, >CES

Carcass Weight

SL >REF (12%)

SL >NEL (68%)

SL >REF
<, >CES

Liver Weight

n/a

SL >NEL (73%)

n/a
>CES

Relative liver weight (liver weight vs carcass
weight)

n/a

SL <REF (-15%)

n/a
<CES

Relative liver weight (liver weight vs fork length)

nt

SL <LK13
(-19%)(c)

n/a
<CES

Triglycerides

SL <REF (-45%)(b)

SL >NEL (29%)

Inconsistent
>CES

Glycogen

SL <REF (-62%)(b)

-

Inconsistent
>CES

Condition (total weight vs fork length)

n/a

SL >NEL (2%)(c)

n/a
<CES

Condition (carcass weight vs fork length)

n/a

SL >NEL (5%)

n/a
<CES

Age-1 Fork Length

SL >REF (8%)

SL >REF (33%)

SL >REF
<, >CES

Age-1 Carcass Weight

SL >REF (21%)

SL >NEL (177%)
SL >LK13 (111%)

SL >REF
<, >CES

Age-2 Fork

n/a(d)

SL >NEL (14%)
SL >LK13 (9%)

n/a
<CES

Age-2 Carcass Weight

n/a(d)

SL >NEL (63%)
SL >LK13 (36%)

n/a
<CES

Note: Juvenile Lake Chub were not statistically analyzed in 2009 due to small sample sizes.
a) The Mann-Whitney test showed that the average ranks were statistically different; however, the medians were the same between lakes
(De Beers 2016).
b) Liver triglyceride and glycogen concentrations were reported as protein-normalized in 2012 (i.e., standardized to protein concentrations),
this was not possible in 2015 due to limited sample volumes preventing protein concentrations from being determined. Direct comparisons of
lipid concentrations between years cannot be made as a result; however, trends among years have been considered.
c) ANCOVA could not be tested due to a significant interaction. Magnitude was calculated and presented.
d) Not tested because of low sample sizes within age classes.
ANCOVA = analysis of covariance; CES = critical effect size; - = not significant, <= less than, >= greater than, n/a = data not available,
nt = not tested (e.g., regression not significant, test could not proceed, or analysis not completed during the respective reporting period);
% = percent; SL = Snap Lake; NEL = Northeast Lake; LK13 = Lake 13; REF = pooled NEL and LK13 data.
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Size-at-Maturity

As the maturity of Lake Chub cannot be determined based on external features, size-at-maturity was calculated
using lethal data to estimate the maturity of non-lethally sampled fish (i.e., to classify fish that were sampled
non-lethally as either juvenile or adult). Specific details of the methods used to determine size-of-maturity are
provided in the respective annual reports (De Beers 2013, 2016). Size-of-maturity was not determined for the
Lake Chub collected in 2009 (De Beers 2010).
The size of the smallest adult (left) and largest juvenile (right) is presented in Figure 3.6-2, and visually
represents the size-at-maturity for Snap Lake, Northeast Lake, and Lake 13 in 2012 and 2015. Size-at-maturity
does not appear to change in predictable or consistent ways between Snap Lake and the reference lakes
over time. The overlap of the lines in Figure 3.6-2 indicates the range of sizes at which Lake Chub mature
in Snap Lake were not different from the reference lakes. Lake Chub collected in 2015 mature at a slightly smaller
size; however, a similar shift was observed among all lakes and is, therefore, unlikely to be related to the Mine
(Figure 3.6-2).
Figure 3.6-2

Fork Length Range of Maturity for Lake Chub from Snap Lake, Northeast Lake and Lake 13 in
2012 and 2015
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Non-lethal Fish Health Survey

Non-lethal Lake Chub surveys were completed concurrent with the lethal surveys in 2009, 2012, and 2015
(De Beers 2010, 2012, 2016). Fish were weighed, measured, and examined for any external abnormalities
and released alive near the site of capture. In all years, greater numbers of Lake Chub were captured in
Snap Lake relative to the reference lakes (Section 3.6.2 Table 3.6-1, Table 3.6-8).
Table 3.6-8

Total Number of Lake Chub Sampled Non-Lethally in the Fish Health Survey from the
AEMP Study Lakes in 2009, 2012, and 2015
Lake

2009

2012

2015

Snap Lake

63

147

271

Northeast Lake

61

47

2

Lake 13

n/a

42

0

124

236

273

Total
n/a = not applicable.

All external abnormalities observed during the fish health survey were documented and mainly consisted of
suspected parasites, skin deformities, and fin erosion or injury (Table 3.6-9). One fish from Snap Lake in 2012
presented with a large black spot on the lateral surface of the skin (De Beers 2013). The fish was sent for
histopathological examination and the abnormality was identified as a melanoma; no subsequent actions were
taken. There is no indication that the number of external abnormalities observed in Lake Chub from Snap Lake
has changed over time.
Table 3.6-9

External Abnormalities Observed in Non-Lethally Sampled Lake Chub from Snap Lake in
2012 and 2015

Assessment Type
External

Category

2012

2015

Skin

1

1

Fins

3

3

Parasites(a)
Total Number of Fish Surveyed
Total Number of Fish with Abnormalities

3

2

147

271

7 (5%)

6 (2%)

Note: Values in brackets represent percentage of total fish collected that presented abnormalities.
a) Large tapeworms visible by general body distention and visibility through ventral body cavity.
% = percent.

Statistical analyses were not conducted for non-lethally sampled Lake Chub collected in 2009 and 2015,
the latter due to small sample sizes (De Beers 2010, 2016). Significant differences were detected in non-lethally
sampled Lake Chub in 2012. Adult and juvenile Lake Chub fork length and total body weight, and juvenile
condition were significantly different in Snap Lake (De Beers 2013) relative to the reference lakes. Only the
differences in adult weight (i.e., pooled male and female) and juvenile weight and condition were greater than
the CES.
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Fish Health Endpoint Summary

Significant differences were observed in Lake Chub fish health endpoints between Snap Lake and the reference
lakes between 2009 and 2015. The following trends were observed over multiple years of fish health surveys:



Snap Lake had the greatest number of Lake Chub relative to the reference lakes (Tables 3.6-2 and 3.6-8)
and CPUE in Snap Lake increased over time (Table 3.6-1).




Parasite incidence was greatest in Snap Lake relative to the reference lakes (Section 3.6.2.3.2).
Adult male livers in Lake Chub from Snap Lake were consistently lighter than livers from the reference lakes,
and the magnitude of these differences were consistently greater than the CES (i.e., 25%; Table 3.6-5).

Lake Chub catch numbers and increasing CPUE in Snap Lake could be a result of differing predation
pressures among the study lakes. While Northeast Lake and Lake 13 have a second top predator, Esox lucius
(Northern Pike), Lake Trout are the only top predator in Snap Lake. It is likely the Lake Chub population in
Snap Lake may also be responding to nutrient enrichment. Historically, there has been an increase in food
availability in Snap Lake as a result of increased total density of the benthic community in Snap Lake
(De Beers 2016), which may account for the increased catch numbers in Snap Lake. Increased food availability
would be expected to result in longer and heavier fish in Snap Lake relative to the reference lakes; however,
this was not observed in the Lake Chub or Lake Trout populations, but was observed in the Round Whitefish
population (Table 3.8-1).
Although the incidence of parasites was greater in Snap Lake relative to the reference lakes, the overall
proportion of fish with parasites did not increase over time, suggesting the difference is likely due to natural
variability rather than a Mine-related effect.
Fish health indices such as, condition, relative liver weight, and relative gonad weight were not consistently
different between Snap Lake and the reference lakes over time (despite consistently smaller livers in
male Lake Chub). These indices, or “effect indicators” as defined in the Metal and Diamond Mining Effluent
Regulations (Environment and Climate Change Canada 2018), carry high relative weight in determining if
changes to fish health have occurred under the federal Environmental Effects Monitoring (EEM) program.
Although male Lake Chub livers in Snap Lake were consistently lighter than those collected from the reference
lakes, they were not beyond the 2012 or 2015 normal ranges (De Beers 2013, 2016). The smaller livers in
male Lake Chub from Snap Lake do not suggest impairment of energy storage or energy use in fish from
Snap Lake, when considered alongside a lack of differences in fish condition or female liver weights. It is possible
that this change in liver weight could be related to increasing metal concentrations in fish tissue (i.e., cesium,
thallium or strontium) as presented in Section 3.8; however, increased liver detoxification processes would tend to
increase liver size rather than reduce it, and similar effects on liver size would be expected in female and juvenile
Lake Chub. There were no consistent trends in the differences among years for other fish health endpoints
(e.g., fork length, body weight, fecundity).
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Normal Range

Normal ranges for fish health endpoints were not established in 2009. In 2012, a normal range was estimated
using the pooled reference lake mean ± 2 SDs (De Beers 2013). The method for calculating a normal range
evolved over time, and Snap Lake fish health data were, by 2015, compared to normal ranges calculated using
baseline, regional, and multiple years of reference data collected as part of the AEMP for the Mine (De Beers
2016). In 2015, the normal range was calculated for each fish health endpoint using a 95% prediction interval for
a single observation (Barrett et al. 2015). Detailed methods for the normal range calculations can be found in the
respective AEMP annual reports (De Beers 2013, 2016), and in Barrett et al. (2015).
All fish health endpoints in Snap Lake during the 2012 small-bodied fish health program were within their
respective normal ranges (i.e., pooled reference lake mean ± 2 SD; De Beers 2013). In 2015, Lake Chub fish
health endpoints were generally within their respective normal ranges in Snap Lake, with the exception of female
liversomatic index (LSI) and condition (Table 8.3-10, Appendix 8H in De Beers 2016). Adult female Lake Chub
exceeded the upper bound of the normal range for LSI and condition (based on both carcass weight and total
body weight), and also exceeded the lower bound of the normal range for LSI (De Beers 2016).

3.6.2.7

Quality Assurance and Quality Control

QA/QC procedures were applied during all aspects of the fish health program to verify that the data collected
were relevant and of acceptable quality to address the objectives of the AEMP. Detailed QA/QC methods are
presented in the AEMP annual reports (De Beers 2010, 2013, 2016).
All samples were sent to qualified laboratories for subsequent analyses (e.g., aging, tissue chemistry, histology).
Each laboratory had 10% of all samples re-examined by a separate technician. Results were screened visually
by Golder upon initial receipt and any unusual results (e.g., anomalously large or small values relative to the rest
of the samples, or unexpected for a given fish size or length) were flagged and the laboratory was asked to
confirm the accuracy of the result (if sample volume was sufficient).
The QA/QC measures applied to the fish health AEMP programs were appropriate. Overall, the QA assessment
results indicated that the fish health data were of acceptable quality and were accepted as valid. Fish health data
that were not of acceptable quality and were removed during the AEMP annual reports (De Beers 2010, 2013,
2016) were not included in the 2012 to 2017 Aquatic Effects Re-evaluation Report.
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Key Findings

The key findings for the fish health component are addressed in Key Questions 1 and 2 below. An action level
assessment for the fish health component is completed in Section 3.6.3.3 and a comparison to the EAR
predictions (De Beers 2002) can be found in Section 3.6.3.4.

3.6.3.1

Key Question 1: Is fish health affected by changes in water and sediment
quality in Snap Lake?

There is no evidence to suggest fish health in Snap Lake has been impaired as a result of changes in water or
sediment quality due to the Mine to an extent beyond natural variation.

3.6.3.2

Key Question 2: Are changes observed in fish health greater than those
predicted in the Environmental Assessment Report (EAR)?

Although there were some statistically significant differences in fish health endpoints between Snap Lake and
the reference lakes over the years, these differences were attributed to natural variability. Reduced liver weight in
male Lake Chub from Snap Lake was the only consistent trend among years; however, results during all years of
monitoring were within the normal range and did not trigger a Low Action Level. Fish continue to appear healthy
and are present in good relative abundance in Snap Lake. Therefore, there is no indication that the changes
measured in fish health endpoints in Snap Lake from 2009 to 2015 impacted the ability of fish to survive, grow,
or reproduce in Snap Lake and changes are within those predicted in the EAR.

3.6.3.3

Action Level Assessment

Since Action Levels were defined as part of the AEMP (i.e., 2012 and 2015 for fish health), there have been no
Low Action Level triggers for fish health endpoints. Action Levels for fish health are assessed on the basis of a
statistical difference from the reference lakes which is of a magnitude indicative of an impairment to fish health
(i.e., >25%, or >10% for condition) and is beyond the normal range.

3.6.3.4

Comparison to Predictions

The EAR (De Beers 2002) predicted that chemicals of potential concern in water and sediment could possibly
have a negative effect on fish health during the operation of the Mine, but the magnitude of this effect was
predicted to be negligible. No changes to fish reproduction were predicted.
Although there were some statistically significant differences in fish health endpoints between Snap Lake and
the reference lakes over the years (Tables 3.6-5 to 3.6-7), these differences were attributed to natural variability.
Reduced liver weight in male Lake Chub from Snap Lake was the only consistent trend among years. All years
were within the normal range and did not trigger a Low Action Level. Fish continue to appear healthy and are
present in good relative abundance in Snap Lake.
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Summary and Conclusions

The following is a summary of the fish health data collected since 2009:



The number of Lake Chub captured and CPUE were greater in Snap Lake than in the reference lakes,
which may be a result of nutrient enrichment (i.e., increased food availability for fish) within Snap Lake,
or a result of differential predation pressure among the AEMP study lakes (i.e., Northern Pike are absent
in Snap Lake, but present in both reference lakes).



The proportion of Lake Chub with parasites was greater in Snap Lake relative to the reference lakes,
but the proportion of fish with parasites was not increasing over time in Snap Lake.



Male Lake Chub livers were consistently lighter than in the reference lakes and the magnitude of
differences in liver size between Snap Lake and the reference lakes were ecologically significant in all
years (i.e., greater than CES); these differences in male adult Lake Chub liver size, however, were not
outside the normal range and, therefore, did not trigger a Low Action Level.



Other fish health endpoints did not change consistently over time (i.e., there were no trends among years),
nor were the magnitudes of difference consistently greater than CESs (i.e., 25% or 10% for condition)
among AEMP study years.

Overall, there is no evidence that fish health in Snap Lake has been impaired as a result of changes in water or
sediment quality resulting from Mine operation.

3.6.5

Proposed Changes

The following changes are proposed for the fish health component:



Laboratory-based fish aging should be excluded from future small-bodied fish health programs.
The rationale for this change is that:

 There is a lack of reliable small-bodied fish laboratory-based aging methods.
 The use of length-frequency distributions and assigned ages in the AEMP has been effective to date.
 This change is based on comparisons of laboratory-based age with gonad histology and maturity
determinations in both 2012 (De Beers 2013) and 2015 (De Beers 2016).



Liver lipid (i.e., triglyceride and glycogen) analyses should be removed from future small-bodied fish health
programs. The rationale for this change is that:

 There is a lack of documented effects to date (i.e., liver lipids do not appear to be influenced by changes
in water or sediment quality in Snap Lake caused by the Mine).

 There are logistical challenges in implementing this element of the fish health study (i.e., securing and
maintaining a supply of dry ice during the program is logistically and fiscally challenging).



Additional fishing methods beyond those needed to target Lake Chub (e.g., set lines, gill nets, electrofishing)
should be implemented during the small-bodied fish health field program to assess community composition
and target all species in Snap Lake. The rationale for this change is that:

 It is being recommended in Section 3.8.5 that the large-bodied fish community monitoring program for
the AEMP be discontinued; therefore, to meet the Mine’s specific Water Licence requirements (Part G,
Schedule 6; Item 1a [iv] and 1e), additional methods should be employed during the small-bodied fish
health program.
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 The Lake Chub data collected (i.e., lethal and non-lethal surveys) during the small-bodied fish health
program will be used as an indicator of the fish population and year class strength of fish in Snap Lake.



Discontinue fish health sampling in Northeast Lake. The rationale for this change is that:

 Low catch rates of Lake Chub in Northeast Lake and more fishing effort required to catch those few fish
relative to the other study lakes, result in limited statistical comparisons.

 One reference lake (Lake 13) is sufficient for the comparisons required for fish health component.
 The loss of supporting environmental data given the removal of Lake 13 as a reference lake by the
non-fish AEMP components (i.e., benthic invertebrates, sediment, and water quality) is expected to be
manageable with some additional data collection during the fish health program (e.g., water quality
sampling). This is expected to mitigate the loss of supporting environmental data from Lake 13 by the
non-fish AEMP components.



During Closure, the fish health component should be monitored at least once, if fish health, toxicity,
sediment, or water do not trigger a Low Action Level, the fish health component may be discontinued.
The rationale for this change is that:

 Water quality in Snap Lake is predicted to improve during Closure relative to Operations due to a
substantial decrease in the volume of minewater discharged to Snap Lake.
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3.7

Fish Tissue Chemistry

3.7.1

Overview

The fish tissue chemistry program was designed to evaluate whether treated effluent discharged from the Mine
has altered fish in such a way as to limit their use by humans. Fish usability can be affected by altered flavour or
odour (tainting), or contaminant (e.g., a metal) concentrations above consumption guidelines.
Lake Trout (Salvelinus namaycush) and Round Whitefish (Prosopium cylindraceum) were sampled during the
large-bodied fish tissue chemistry programs in 1999, 2004, and 2009 to collect baseline data and document
fish tissue chemistry in Snap Lake (De Beers 2002, 2005, 2010). In 2012, a small-bodied fish tissue chemistry
program using Lake Chub was added to the AEMP to provide an early indicator of potential changes in fish tissue
chemistry, and to support the small-bodied fish health study (De Beers 2013). A second reference lake, Lake 13,
was proposed in the 2013 AEMP Design Plan (Golder 2014), and was added to the fish tissue chemistry program
in 2012. Lake Trout and Round Whitefish were retained as study species in the fish tissue chemistry program,
and sample collections for large-bodied fish occurred in 2013 and 2016 at each AEMP study lake (concurrent with
the Fish Community Monitoring program [Section 3.8]; De Beers 2014, 2017).
The small-bodied fish tissue chemistry results are used as an early indicator of potential effects on tissue quality
of large-bodied fish and to support interpretation of the small-bodied fish health study results. Specific conditions
from the former Water Licence (MV2011L2-0004) applying to the fish tissue chemistry component of the AEMP
for the [Part G, Schedule 6, Items 1a (v) and 1e] are:
a)

Monitoring for the purpose of measuring Project-related effects on the following components of the
Receiving Environment:
v.

e)

contaminant levels in fish flesh due to changes in water quality in Snap Lake and/or the NE Lake;

Procedures to minimize the impacts of the AEMP on fish populations and fish habitat.

The fish tissue survey was designed to meet the above conditions by answering two key questions:
1)

Are tissue metal concentrations in fish from Snap Lake increasing relative to baseline?

2)

Are tissue metal concentrations in fish from Snap Lake increasing relative to reference lakes?
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Description of Overall Trends

The 2012 Aquatic Effects Re-evaluation Report (Golder 2012) only included large-bodied fish. All data collected
since 2012 are considered herein, for both large-bodied and small-bodied fish. Comparisons to baseline have
been made where data are available.
Statistically significant differences and magnitudes of difference from the 2012, 2013, 2015, and 2016 fish tissue
data are presented for Lake Chub (Table 3.7-1), Lake Trout (Table 3.7-2) and Round Whitefish (Table 3.7-3).
Trends were identified if (1) there was a consistent significant difference among years (i.e., at least 2 years),
(2) if at least one year was outside of the normal range, and (3) if the direction of change was indicative of
impairment to fish health. Summary statistics and statistical details and methods can be found in the respective
AEMP annual reports (De Beers 2013, 2014, 2016, 2017).

3.7.2.1

Lake Chub

Lake Chub fish tissue data were available for 2012 and 2015 (De Beers 2013, 2016); however, baseline
(i.e., 1999 or 2004) data were not available. Statistically significantly different parameters, magnitude, direction of
change and comparison to normal ranges for Lake Chub tissue chemistry are presented in Table 3.7-1.
Table 3.7-1

Summary of Lake Chub Tissue Chemistry Annual Results of Carcass Tissue Among Sampling Areas
in 2012 and 2015

Parameter

2012

2015

Statistical Difference

Normal Range

Statistical Difference

Normal Range

Aluminium

SL = REF

-

<DL

-

Antimony

<DL

-

<DL

-

Arsenic

SL = REF

-

SL <NEL (-19%)
SL = LK13

Barium

nt

-

SL <NEL (-81%)
SL <LK13 (-66%)

-

Beryllium

<DL

-

<DL

-

Bismuth

SL = REF

Above

<DL

-

Boron

SL = REF

-

<DL

-

-

SL <NEL (-29%)
SL >LK13 (84%)

-

Cadmium

SL = REF

Calcium

SL = REF

-

SL <REF (-8%)

-

Cesium

SL = REF

-

SL >REF (79%)

Above

Chromium

SL = REF

-

<DL

Above

Cobalt

SL = REF

-

<DL

-

Copper

SL = REF

-

SL >REF (6%)

-

Gallium

<DL

-

n/a

n/a

Iron

SL = REF

-

SL = REF

-

Lead

SL = REF

-

<DL

-

Lithium

nt

-

<DL

-

Magnesium

nt

-

SL <REF (-6%)

-

Manganese

SL = REF

-

SL = REF

-

Mercury

SL = REF

-

SL >REF (73%)

-

Molybdenum

SL = REF

-

<DL
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Table 3.7-1

19127683/DCN-013

Summary of Lake Chub Tissue Chemistry Annual Results of Carcass Tissue Among Sampling Areas
in 2012 and 2015

Parameter

2012

2015

Statistical Difference

Normal Range

Statistical Difference

Normal Range

SL = REF

-

SL = REF

-

Nickel
Phosphorus

nt

-

SL = REF

-

SL = REF

-

SL >REF (4%)

-

Rhenium

<DL

-

n/a

n/a

Rubidium

SL = REF

-

SL <REF (-5%)

-

Selenium

nt

-

SL <NEL (-19%)
SL = LK13

-

<DL

-

<DL

-

SL = REF

-

SL >REF (17%)

-

SL >REF (36%)

-

SL >REF (41%)

Above

<DL

-

<DL

-

SL >NEL (99%)
SL >LK13 (179%)

Above

Potassium

Silver
Sodium
Strontium
Tellurium
Thallium

SL >REF (110%)

Above

Thorium

<DL

-

n/a

n/a

Tin

<DL

-

SL <REF (-32%)

Above

Titanium

SL = REF

-

<DL

Above

Uranium

SL = REF

-

SL >REF (150%)

-

Vanadium

SL = REF

-

<DL

-

Yttrium

<DL

-

n/a

n/a

SL = REF

-

SL = REF

-

Zirconium

<DL

-

<DL

-

Lipid content

n/a

n/a

SL = REF

-

Zinc

Note: Statistical tests were not performed on datasets that had more than 50% of values below the detection limit; number in parentheses is
the magnitude of difference from Snap Lake (i.e., positive values indicate Snap Lake concentrations were greater and negative values indicate
Snap Lake concentrations were less than reference lakes).
Bolded text identifies parameters that show consistent trends among years and were also outside of normal range for at least one year.
- = within the normal range, <= less than, >= greater than, ‘=’ = not different, DL = detection limit, n/a = data not available, nt = not tested
because mean of reference area was greater than Snap Lake or regression was not significant; % = percent; SL = Snap Lake;
NEL = Northeast Lake; LK13 = Lake 13; REF = pooled NEL and LK13 data.

3.7.2.2

Lake Trout

Lake Trout fish tissue data were available for kidney, liver, and muscle tissues in 2013 and 2016 (De Beers 2014,
2017). Statistical comparisons were completed for each tissue type between Snap Lake and the reference lakes
within each year, and to baseline data, where available (De Beers 2002, 2005). Fish tissue chemistry data from
2009 were not included in this re-evaluation as only summary statistics were presented in De Beers (2010),
and the data were included in the 2012 Aquatic Effects Re-evaluation Report (Golder 2012). Statistically
significantly different parameters, magnitudes of difference, direction of change, and normal range are presented
in Table 3.7-2.
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Table 3.7-2

19127683/DCN-013

Summary of Lake Trout Tissue Chemistry Annual Results of Kidney, Liver, and Muscle Tissue Among Sampling Areas in 2013 and 2016
Kidney

Parameter

Liver

2013
Statistically
Statistically
Different from Different from
Baseline
Reference

2016
Outside Statistically
Statistically
Normal Different from Different from
Range
Baseline
Reference

Muscle

2013
Outside Statistically
Statistically
Normal Different from Different from
Range
Baseline
Reference

2016

n/a

SL = NEL
SL <LK13
(-40%)

-

n/a

SL <REF
(-60%)

Below

n/a

SL <REF
(-50%)

Below

2016 <1999
(-78%)

SL = REF

Antimony

n/a

SL = NEL
SL <LK13
(<DL)

-

n/a

SL <REF
(-38%)

-

n/a

<DL

-

<DL

<DL

Arsenic

n/a

SL <NEL
(-49%)
SL <LK13
(-76%)

Below

n/a

SL <NEL
(-50%)
SL <LK13
(-73%)

Below

n/a

SL = NEL
SL <LK13
(-79%)

Below

2016 <1999
(-56%)

SL <NEL
(-71%)
SL <LK13
(-89%)

Barium

n/a

SL = REF

Below

n/a

SL <REF
(-72%)

Below

n/a

<DL

-

<DL

Beryllium

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

Bismuth

n/a

SL <REF
(-46%)

-

n/a

SL <NEL
(-70%)
SL <LK13
(-38%)

-

n/a

<DL

Boron

n/a

<DL

-

n/a

<DL

-

n/a

Cadmium

n/a

SL = NEL
SL = LK13

-

n/a

SL <NEL
(-48%)
SL = LK13

Below

Calcium

n/a

SL = REF

-

n/a

SL = REF

Below

n/a

SL = NEL
SL <LK13
(-30%)

-

Below

<DL

<DL

-

<DL

<DL

-

-

<DL

<DL

-

<DL

<DL

-

Below

<DL

SL <NEL
(-54%)
SL <LK13
(-75%)

Below

2016 <1999
(-18%)
2016 <2004
(-92%)

SL <REF
(-69%)

-

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

-

<DL

<DL

-

<DL

<DL

-

n/a

<DL

-

n/a

SL <REF
(-40%)

Below

2016 <1999
(-32%)

SL <NEL
(-39%)
SL = LK13

Below

<DL

<DL

-

<DL

<DL

-

n/a

SL <REF
(-33%)

Below

n/a

SL <REF
(-24%)

-

1999 <DL
2013 = 2004

SL <REF
(-33%)

-

1999 n/a
2016 >2004
(73%)

SL = REF

-

n/a

SL = NEL
SL = LK13

-

2016 <1999
(-28%)

SL = REF

-

2016 <1999
(-18%)
2016 <2004
(-35%)

SL = NEL
SL <LK13
(-23%)

-

Below

n/a

SL <NEL
(-60%)
SL <LK13
(-89%)

-

Below

n/a

SL <REF
(-39%)

-

Below

2016 = 1999

-

n/a

n/a

SL = REF

Chromium

n/a

SL <REF
(-70%)

-

n/a

SL <REF
(-65%)

Cobalt

n/a

SL = REF

-

n/a

SL <REF
(-33%)

Below

n/a

SL <NEL
(-54%) SL
<LK13 (-68%)

n/a

n/a

<DL

Copper

n/a

SL = REF

-

n/a

SL <REF
(-20%)

Gallium

n/a

<DL

-

n/a

n/a

2016

Outside
Statistically
Statistically
Outside Statistically
Statistically
Outside Statistically
Statistically
Outside
Normal Different from Different from Normal Different from Different from Normal Different from Different from Normal
Range
Baseline(a)
Reference
Range
Baseline
Reference
Range
Baseline
Reference
Range

Aluminium

Cesium

2013

-

2013 = 1999
2013 <2004
(-30%)

SL = NEL
SL <LK13
(-50%)

-

<DL

SL <REF
(-78%)

-

<DL

SL = NEL
SL = LK13

-

<DL

<DL

-

2016 = 1999

SL = REF

-

<DL

<DL

-

<DL

SL = REF

-

SL = REF

-

2013 <1999
(-54%)
2013 <2004
(-40%)

SL = REF

-

2016 <1999
(-50%)
2016 <2004
(-36%)

SL = REF

-

n/a

n/a

<DL

<DL

-

n/a

n/a

n/a
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Table 3.7-2

19127683/DCN-013

Summary of Lake Trout Tissue Chemistry Annual Results of Kidney, Liver, and Muscle Tissue Among Sampling Areas in 2013 and 2016
Kidney

Parameter

Liver

2013
Statistically
Statistically
Different from Different from
Baseline
Reference

2016
Outside Statistically
Statistically
Normal Different from Different from
Range
Baseline
Reference

Muscle

2013
Outside Statistically
Statistically
Normal Different from Different from
Range
Baseline
Reference

2016

2013

2016

Outside
Statistically
Statistically
Outside Statistically
Statistically
Outside Statistically
Statistically
Outside
Normal Different from Different from Normal Different from Different from Normal Different from Different from Normal
Range
Baseline(a)
Reference
Range
Baseline
Reference
Range
Baseline
Reference
Range

Iron

n/a

SL = REF

-

n/a

SL = REF

-

n/a

SL = REF

-

n/a

SL = REF

-

1999 <DL
2013 <2004
(-30%)

SL = REF

Below

1999 n/a
2016 <2004
(-34%)

SL <REF
(-24%)

Below

Lead

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Lithium

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Magnesium

n/a

SL = REF

-

n/a

SL = REF

Below

n/a

SL = REF

-

n/a

SL <REF
(-20%)

Below

1999 <DL
2013 >2004
(9%)

SL = REF

-

1999 n/a
2016 >2004
(8%)

SL = REF

-

Manganese

n/a

SL = REF

-

n/a

SL <REF
(-47%)

Below

n/a

SL = NEL
SL = LK13

-

2016 = 1999

SL <REF
(-34%)

Below

2013 = 1999
2013 = 2004

SL = REF

-

2016 = 1999
2016 = 2004

SL <REF
(-20%)

-

-

2016 <1999
(-30%)

-

2016 <1999
(-34%)
2016 <2004
(-37%)

SL = REF

-

SL = REF

-

Mercury

n/a

nt

Mercury
(predicted)

n/a

SL = NEL
SL >LK13
(51%)

-

n/a

SL = REF

Below

n/a

SL = REF

Below

2016 <1999
(-31%)

Molybdenum

n/a

SL = REF

-

n/a

SL = REF

Below

n/a

SL = REF

-

n/a

SL <NEL
(-37%)
SL = LK13

n/a

SL = NEL
SL = LK13

-

Nickel

Phosphorus

n/a

SL = REF

-

-

-

n/a

n/a

SL = REF

SL = REF

-

-

Below

n/a

n/a

nt

SL = REF

n/a

SL = REF

Potassium

n/a

SL = REF

-

n/a

SL = REF

-

n/a

SL = NEL
SL = LK13

Rhenium

n/a

<DL

-

n/a

n/a

n/a

n/a

<DL

n/a

SL <NEL
(-14%)
SL <LK13
(-40%)

n/a

SL = NEL
SL <LK13
(-40%)

n/a

SL <NEL
(-40%)
SL <LK13
(-25%)

Rubidium

Selenium

n/a

n/a

SL = NEL
SL <LK13
(-39%)

nt

Below

-

Below

Below

n/a

nt

SL = REF

-

nt

nt

SL = REF

-

2013 <1999
(-37%)
2013 <2004
(-38%)

SL = NEL
SL = LK13

-

2016 <1999
(-34%)
2016 <2004
(-48%)

<DL

SL <REF
(-21%)

-

<DL

<DL

-

<DL

<DL

-

2016 <1999
(-37%)

SL <NEL
(-49%)
SL = LK13

Below

2013 <1999
(-26%)
2004 <DL

SL = REF

Below

2016 = 1999
2004 <DL

<DL

-

SL = REF

-

n/a

SL <REF
(-18%)

-

n/a

SL <REF
(-18%)

Below

-

n/a

n/a

n/a

Below

2016 <1999
(-29%)

SL <REF
(-40%)

-

-

2016 = 1999

SL = REF

1999 <DL
2013 >2004
(17%)

1999 n/a
2016 >2004
(25%)

SL = REF

-

SL = REF

-

1999 n/a
2016 >2004
(14%)

SL = REF

-

<DL

<DL

-

n/a

n/a

n/a

Below

2013 <1999
(-22%)
2013 <2004
(-28%)

SL = NEL
SL <LK13
(-40%)

Below

2016 <1999
(-18%)
2016 <2004
(-18%)

SL <NEL
(-19%)
SL <LK13
(-32%)

Below

-

2013 = 1999
2013 <2004
(-27%)

SL = NEL
SL >LK13
(38%)

-

2016 = 1999
2016 <2004
(-35%)

SL <NEL
(-19%)
SL >LK13
(33%)

-

Below

1999 <DL
2013 >2004
(14%)
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Table 3.7-2

19127683/DCN-013

Summary of Lake Trout Tissue Chemistry Annual Results of Kidney, Liver, and Muscle Tissue Among Sampling Areas in 2013 and 2016
Kidney

Parameter

Liver

2013
Statistically
Statistically
Different from Different from
Baseline
Reference

2016
Outside Statistically
Statistically
Normal Different from Different from
Range
Baseline
Reference

Muscle

2013
Outside Statistically
Statistically
Normal Different from Different from
Range
Baseline
Reference

2016

2013

2016

Outside
Statistically
Statistically
Outside Statistically
Statistically
Outside Statistically
Statistically
Outside
Normal Different from Different from Normal Different from Different from Normal Different from Different from Normal
Range
Baseline(a)
Reference
Range
Baseline
Reference
Range
Baseline
Reference
Range

Selenium
(predicted)

n/a

SL = REF

-

nt

nt

nt

n/a

SL = REF

-

nt

nt

nt

nt

nt

nt

nt

nt

nt

Silver

n/a

SL = NEL
SL = LK13

-

n/a

SL = REF
(0%)(b)

-

n/a

SL = NEL
SL <LK13
(-82%)

Below

2016 >1999
(90%)

SL >REF
(92%)

-

<DL

<DL

-

<DL

<DL

-

Sodium

n/a

SL >REF (7%)

-

n/a

SL = REF

-

n/a

SL = REF

-

n/a

SL = REF

Above

1999 <DL
2013 = 2004

SL = REF

-

1999 n/a
2016 >2004
(19%)

SL = REF

Above

Strontium

n/a

SL >REF
(58%)

Above

n/a

SL >REF
(50%)

Above

n/a

SL >REF
(43%)

Above

2016 >1999
(222%)

SL >REF
(34%)

Above

2013 >1999
(335%)
2013 >2004
(146%)

SL = REF

-

2016 >1999
(552%)
2016 >2004
(167%)

SL = REF

-

Tellurium

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

n/a

<DL

-

Thallium

n/a

SL = NEL
SL >LK13
(76%)

Above

n/a

SL = NEL
SL = LK13

-

n/a

SL >REF
(60%)

Above

2016 = 1999

SL <NEL
(-46%)
SL = LK13

Below

<DL

SL >REF
(47%)

Above

2016 = 1999
2016 <2004
(-64%)

SL >REF
(36%)

Below

Thorium

n/a

<DL

-

n/a

n/a

n/a

n/a

<DL

-

n/a

n/a

n/a

<DL

<DL

-

n/a

n/a

n/a

Tin

n/a

<DL

-

n/a

SL = REF

-

n/a

<DL

-

n/a

SL = REF

-

<DL

<DL

-

n/a

<DL

-

Titanium

n/a

n/a

n/a

n/a

SL <REF
(-59%)

Below

n/a

n/a

n/a

n/a

SL <REF
(-77%)

-

n/a

n/a

n/a

1999 n/a
2016 <2004
(-94%)

<DL

-

Uranium

n/a

SL = REF

-

n/a

SL = NEL
SL = LK13

-

n/a

SL = REF

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Vanadium

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Yttrium

n/a

<DL

-

n/a

n/a

n/a

n/a

<DL

-

n/a

n/a

n/a

<DL

<DL

-

n/a

n/a

n/a

Below

n/a

SL <NEL
(-16%)
SL <LK13
(-31%)

Below

2016 >1999
(21%)

SL = REF

-

2013 = 1999
2013 = 2004

SL = REF

Below

2016 = 1999
2016 = 2004

SL = REF

Below

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

n/a

<DL

-

Zinc

n/a

SL = REF

-

n/a

SL = NEL
SL <LK13
(-16%)

Zirconium

n/a

<DL

-

n/a

<DL

Note: Statistical tests were not performed on datasets that had more than 50% of values below the detection limit; number in parentheses is the magnitude of difference from Snap Lake (i.e., positive values indicate Snap Lake concentrations were greater and negative values indicate Snap Lake concentrations were
less than reference lakes).
a) Liver baseline data only available from 1999, not 2004.
b) The statistical test showed that Snap Lake was statistically different than the reference lakes; however, the medians were the same between lakes (De Beers 2016).
Bolded text identifies parameters that show consistent trends among years and were also outside of normal range for at least one year.
- = within the normal range, <= less than, >= greater than, ‘=’ = not different, DL = detection limit, n/a = data not available, nt = not tested because mean of reference area was greater than Snap Lake or regression was not significant; % = percent; SL = Snap Lake; NEL = Northeast Lake; LK13 = Lake 13;
REF = pooled NEL and LK13 data.
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3.7.2.3

19127683/DCN-013

Round Whitefish

Round Whitefish tissue data were available for kidney, liver, and muscle tissues in 2013 and 2016 (De Beers
2014, 2017). Statistical comparisons were made for each tissue type between Snap Lake and the reference lakes
within each year, and to the baseline data, where available (De Beers 2002, 2004). Fish tissue chemistry data
from 2009 were not included in this re-evaluation as only summary statistics were presented in De Beers (2010)
and the data were included in the 2012 Aquatic Effects Re-evaluation Report (Golder 2012). Statistically
significantly different parameters, magnitudes of difference, direction of change, and normal range are presented
in Table 3.7-3.
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Table 3.7-3
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Summary of Round Whitefish Tissue Chemistry Annual Results of Kidney, Liver, and Muscle Tissue Among Sampling Areas in 2013 and 2016
Kidney

Parameter

Liver

2013

2016

Muscle

2013

2016

Statistically
Statistically
Outside Statistically
Statistically Outside Statistically
Statistically
Outside
Different from Different from Normal Different from Different from Normal Different from Different from Normal
Baseline
Reference
Range
Baseline
Reference
Range
Baseline
Reference
Range

2013

2016

Statistically
Statistically
Outside Statistically
Statistically
Outside Statistically
Statistically
Outside
Different from Different from Normal Different from Different from Normal Different from Different from Normal
Baseline (a)
Reference
Range
Baseline
Reference
Range
Baseline
Reference
Range

Aluminium

n/a

SL = REF

-

n/a

SL <REF
(-55%)

Below

n/a

SL = REF

-

<DL

SL = NEL
SL <LK13
(-66%)

-

<DL

<DL

-

<DL

SL = NEL
SL <LK13
(-59%)

Below

Antimony

n/a

SL = NEL
SL = LK13

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Arsenic

n/a

SL = NEL
SL = LK13

-

n/a

SL <REF
(-53%)

Below

n/a

SL <REF
(-49%)

Below

2016 = 1999

SL <REF
(-56%)

Below

<DL

SL = NEL
SL = LK13

-

2016 <1999
(-45%)
2016 <2004
(-94%)

SL <REF
(-45%)

Below

Barium

n/a

SL <REF
(-62%)

Below

n/a

SL <REF
(-74%)

Below

n/a

SL <REF (<DL)

-

2016 = 1999

SL <REF
(-74%)

-

<DL

SL <REF
(-61%)

Below

2016 = 1999
2016 <2004
(-53%)

SL <REF
(-73%)

Below

Beryllium

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Bismuth

n/a

SL <REF
(-49%)

Below

n/a

SL <NEL
(-63%)
SL <LK13
(-46%)

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Boron

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

n/a

<DL

-

Cadmium

n/a

SL = NEL
SL >LK13
(66%)

-

n/a

SL <NEL
(-68%)
SL = LK13

Below

n/a

SL = REF

-

2016 <1999
(-37%)

SL <NEL
(-48%)
SL = LK132

-

<DL

<DL

-

<DL

<DL

-

Calcium

n/a

SL = NEL
SL <LK13
(-74%)

-

n/a

SL = REF

-

n/a

SL = REF

Below

n/a

SL = REF

-

1999 <DL
2013 = 2004

SL = REF

-

1999 n/a
2016 = 2004

SL = REF

-

n/a

SL >REF
(47%)

n/a

SL = NEL
SL = LK13

n/a

SL >NEL
(103%)
SL = LK13

Above

2016 = 1999

SL = NEL
SL <LK13
(-32%)

SL >NEL
(77%)
SL >LK13
(40%)

Above

2016 = 1999
2016 = 2004

SL >NEL
(20%)
SL = LK13

-

-

2016 <1999
(-78%)

<DL

-

<DL

SL <REF
(-59%)

Below

2016 <1999
(-37%)
2016 <2004
(-81%)

SL = REF

Above

-

<DL

SL = NEL
SL = LK13

-

2016 = 1999
2016 <2004
(-77%)

SL >REF
(28%)

Below

2013 = 1999
2013 <2004
(-28%)

SL = NEL
SL = LK13

-

2016 = 1999
2016 <2004
(-34%)

SL = REF

-

<DL

<DL

-

n/a

n/a

n/a

Cesium

Above

-

Chromium

n/a

SL = REF

Below

n/a

SL = REF

-

n/a

SL = NEL
SL <LK13
(-90%)

Cobalt

n/a

SL >REF
(48%)

-

n/a

SL = REF

-

n/a

SL = NEL
SL = LK13

-

2016 = 1999

SL = REF

Copper

n/a

SL = NEL
SL = LK13

-

n/a

SL <REF
(-22%)

-

n/a

SL = NEL
SL <LK13
(-30%)

-

2016 = 1999

SL = NEL
SL <LK13
(-23%)

Gallium

n/a

<DL

-

n/a

n/a

n/a

n/a

<DL

-

n/a

n/a

-

n/a

2013 >1999
(38%)
2004 <DL
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Summary of Round Whitefish Tissue Chemistry Annual Results of Kidney, Liver, and Muscle Tissue Among Sampling Areas in 2013 and 2016
Kidney

Parameter

Liver

2013

2016

Muscle

2013

2016

Statistically
Statistically
Outside Statistically
Statistically Outside Statistically
Statistically
Outside
Different from Different from Normal Different from Different from Normal Different from Different from Normal
Baseline
Reference
Range
Baseline
Reference
Range
Baseline
Reference
Range

2013

2016

Statistically
Statistically
Outside Statistically
Statistically
Outside Statistically
Statistically
Outside
Different from Different from Normal Different from Different from Normal Different from Different from Normal
Baseline (a)
Reference
Range
Baseline
Reference
Range
Baseline
Reference
Range

Iron

n/a

SL >REF
(26%)

-

n/a

SL = REF

-

n/a

SL >NEL
(54%)
SL = LK13

Above

n/a

SL = REF

-

1999 <DL
2013 = 2004

SL = NEL
SL = LK13

-

1999 n/a
2016 >2004
(5%)

SL >REF
(21%)

Above

Lead

n/a

SL = REF

Above

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Lithium

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Magnesium

n/a

SL = REF

-

n/a

SL = NEL
SL <LK13
(-21%)

-

n/a

SL <REF
(-18%)

Below

n/a

SL = NEL
SL <LK13
(-20%)

-

1999 <DL
2013 = 2004

SL >REF (6%)

Above

1999 n/a
2016 >2004
(10%)

SL >NEL (7%)
SL >LK13
(14%)

Above

Manganese

n/a

SL = NEL
SL <LK13
(-52%)

Below

n/a

SL = REF

-

n/a

SL = NEL
SL <LK13
(-41%)

Below

2016 = 1999

SL <REF
(-32%)

-

2013 = 1999
2013 = 2004

SL = NEL
SL <LK13
(-32%)

-

2016 = 1999
2016 >2004
(62%)

SL = NEL
SL = LK13

-

Mercury

n/a

nt

-

n/a

SL = NEL
SL = LK13

-

n/a

SL >NEL
(42%)(b)

-

2016 = 1999

SL = REF

-

nt

nt

-

2016 = 1999
2016 <2004
(-45%)

SL = NEL
SL >LK13
(50%)

-

Mercury
(predicted)

n/a

SL >REF
(37%)

-

n/a

SL = NEL
SL = LK13

-

n/a

SL >NEL
(36%)
SL >LK13
(30%)

Above

2016 = 1999

nt

Above

2013 = 1999
2013 <2004
(-39%)

SL >REF
(30%)

-

2016 = 1999
2016 <2004
(-35%)

nt

-

Molybdenum

n/a

SL >REF
(91%)

Above

n/a

SL = REF

-

n/a

SL = REF

-

2016 <1999
(-15%)

SL <REF
(-28%)

-

<DL

<DL

-

2016 <DL
2016 <2004
(-90%)

<DL

-

Nickel

n/a

SL = NEL
SL >LK13
(54%)

-

n/a

SL <NEL
(-23%)
SL = LK13

-

n/a

SL = NEL
SL <LK13
(-26%)

-

2016 = 1999

SL = REF

-

2013 <1999
(-48%)
2004 <DL

SL = REF

Below

<DL

<DL

-

Phosphorus

n/a

SL = REF

Below

n/a

SL = NEL
SL <LK13
(-20%)

-

n/a

SL <REF
(-13%)

Below

n/a

SL = NEL
SL <LK13
(-19%)

Below

1999 <DL
2013 = 2004

SL >REF (6%)

-

1999 n/a
2016 >2004
(21%)

SL >REF (9%)

Above

Potassium

n/a

SL = NEL
SL = LK13

-

n/a

SL = NEL
SL = LK13

-

n/a

SL = REF

-

n/a

SL <REF (-9%)

-

1999 <DL
2013 = 2004

SL >REF (4%)

Above

1999 n/a
2016 >2004
(10%)

SL = NEL
SL >LK13
(13%)

Above

Rhenium

n/a

<DL

-

n/a

n/a

n/a

n/a

<DL

-

n/a

n/a

n/a

<DL

<DL

-

n/a

n/a

n/a

Rubidium

n/a

SL = NEL
SL <LK13
(-22%)

Below

n/a

SL = NEL
SL = LK13

-

n/a

SL = NEL
SL <LK13
(-36%)

Below

2016 <1999
(-18%)

SL = REF

-

2013 = 1999
2013 <2004
(-32%)

SL = NEL
SL <LK13
(-28%)

Below

2016 = 1999
2016 <2004
(-18%)

SL >REF
(13%)

-

Selenium

n/a

SL = NEL
SL = LK13

-

n/a

SL <NEL
(-24%)
SL = LK13

-

n/a

SL = REF

-

2016 = 1999

SL = REF

-

2013 = 1999
2013 <2004
(-20%)

SL <NEL
(-20%)
SL = LK13

-

2016 = 1999
2016 = 2004

SL = NEL
SL >LK13
(35%)

-

Selenium
(predicted)

n/a

nt

-

n/a

nt

-

n/a

nt

-

nt

nt

-

nt

nt

-

nt

nt

-
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Summary of Round Whitefish Tissue Chemistry Annual Results of Kidney, Liver, and Muscle Tissue Among Sampling Areas in 2013 and 2016
Kidney

Parameter

Liver

2013

2016

Muscle

2013

2016

Statistically
Statistically
Outside Statistically
Statistically Outside Statistically
Statistically
Outside
Different from Different from Normal Different from Different from Normal Different from Different from Normal
Baseline
Reference
Range
Baseline
Reference
Range
Baseline
Reference
Range

2013

2016

Statistically
Statistically
Outside Statistically
Statistically
Outside Statistically
Statistically
Outside
Different from Different from Normal Different from Different from Normal Different from Different from Normal
Baseline (a)
Reference
Range
Baseline
Reference
Range
Baseline
Reference
Range

Silver

n/a

SL = NEL
SL <LK13
(<DL)

-

n/a

SL = NEL
SL = LK13

-

n/a

SL = NEL
SL = LK13

-

2016 <1999
(-52%)

SL >NEL
(98%)
SL = LK13

-

<DL

<DL

-

<DL

<DL

-

Sodium

n/a

SL = REF

-

n/a

SL = REF

-

n/a

SL = NEL
SL = LK13

-

n/a

SL = REF

-

2013 = 1999
2013 >2004
(32%)

SL = REF

-

2016 = 1999
2016 >2004
(70%)

SL >REF
(31%)

Above

Strontium

n/a

SL = NEL
SL = LK13

-

n/a

SL = REF

-

n/a

SL = REF

-

2016 >1999
(144%)

SL = REF

-

2013 >1999
(79%)
2013 = 2004

SL = REF

-

2016 >1999
(180%)
2016 >2004
(74%)

SL = REF

Above

Tellurium

n/a

SL = NEL
SL = LK13

-

n/a

SL <NEL
(-33%)
SL = LK13

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

n/a

<DL

-

Thallium

n/a

SL >REF
(107%)

Above

n/a

SL >NEL
(91%)
SL >LK13
(148%)

Above

n/a

SL = NEL
SL = LK13

-

2016 = 1999

SL >REF
(88%)

-

<DL

SL >REF
(128%)

Above

2016 = 1999
2016 = 2004

SL >NEL
(165%)
SL >LK13
(316%)

-

Thorium

n/a

<DL

-

n/a

n/a

n/a

n/a

<DL

-

n/a

n/a

n/a

<DL

<DL

-

n/a

n/a

n/a

Tin

n/a

<DL

-

n/a

SL >REF
(36%)

Above

n/a

<DL

-

n/a

SL = REF

-

<DL

<DL

-

n/a

SL = REF

-

Titanium

n/a

n/a

n/a

n/a

<DL

-

n/a

n/a

n/a

n/a

<DL

-

n/a

n/a

n/a

1999 n/a
2016 <2004
(-88%)

SL = NEL
SL <LK13
(-46%)

Below

Uranium

n/a

SL = NEL
SL = LK13

-

n/a

SL <NEL
(-72%)
SL = LK13

-

n/a

SL = NEL
SL = LK13

-

2016 <1999
(-81%)

SL <NEL
(-65%)
SL = LK13

-

<DL

<DL

-

<DL

<DL

-

Vanadium

n/a

SL = REF

-

n/a

SL = REF

-

n/a

<DL

-

<DL

<DL

-

<DL

<DL

-

<DL

<DL

-

Yttrium

n/a

SL = REF

-

n/a

n/a

n/a

n/a

<DL

-

n/a

n/a

n/a

<DL

<DL

-

n/a

n/a

n/a

Zinc

n/a

SL = NEL
SL <LK13
(-58%)

Below

n/a

SL <REF
(-16%)

-

n/a

SL = NEL
SL <LK13
(-93%)

Below

2016 = 1999

SL = NEL
SL <LK13
(-23%)

-

2013 <1999
(-16%)
2013 = 2004

SL = NEL
SL <LK13
(-17%)

-

2016 <1999
(-14%)
2016 = 2004

SL = NEL
SL = LK13

-

Zirconium

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

n/a

<DL

-

<DL

<DL

-

n/a

<DL

-

Note: Statistical tests were not performed on datasets that had more than 50% of values below the detection limit; number in parentheses is the magnitude of difference from Snap Lake (i.e., positive values indicate Snap Lake concentrations were greater and negative values indicate Snap Lake concentrations were
less than reference lakes).
a) Liver baseline data only available from 1999, not 2004.
b) Statistical test not conducted for Snap Lake vs Lake 13 as regression slopes were significantly different and Lake 13 slope was negative (De Beers 2014).
Bolded text identifies parameters that show consistent trends among years and were also outside of normal range for at least one year.
- = within the normal range, <= less than, >= greater than, ‘=’ = not different, DL = detection limit, n/a = data not available, nt = not tested because mean of reference area was greater than Snap Lake or regression was not significant; % = percent; SL = Snap Lake; NEL = Northeast Lake; LK13 = Lake 13;
REF = pooled NEL and LK13 data.
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Summary of Parameters with Increasing Trends

Several parameters were identified as having an increasing trend. A parameter was identified as having a trend
if (1) Snap Lake concentrations were significantly greater than the reference lake(s) or (2) baseline data in
two AEMP sampling years, and (3) if it was above the normal range for at least one of those sampling years.
The identified parameters are discussed below.

Cesium
Lake Chub cesium concentrations were not different than the reference lakes in 2012, but were above the normal
range and greater in Snap Lake relative to the reference lakes by a magnitude of 79% in 2015 (Table 3.7-1).
Lake Trout cesium concentrations in 2013 were not different from the reference lakes for all tissues (i.e., kidney,
liver, and muscle), and muscle cesium concentrations in 2013 were less than the 2004 baseline (Table 3.7-2).
In 2016, cesium concentrations in Lake Trout from Snap Lake were less than those measured in Lake 13 for all
tissues (i.e., kidney, liver, muscle), and were less than baseline cesium concentrations. Lake Trout cesium
concentrations in 2016 were not different from Northeast Lake for all tissues (i.e., kidney, liver, muscle).
Round Whitefish cesium concentrations in 2013 were above the normal range in all tissue types, and were
greater in Snap Lake than in the reference lakes in kidney, liver and muscle tissues (Table 3.7-3).
Round Whitefish muscle cesium concentrations were also greater than the 1999 baseline data (Table 3.7-3).
Round Whitefish cesium concentrations in 2016 were greater than Northeast Lake in muscle tissues, but were
less than Lake 13 in liver tissues. Round Whitefish kidney cesium concentrations in 2016 were not significantly
different among the AEMP study lakes.

Iron
Lake Chub and Lake Trout iron concentrations from Snap Lake were below the normal range and not significantly
different from the reference lakes, with the exception of Lake Trout muscle. Lake Trout muscle iron concentrations
in Snap Lake were less than the 2004 baseline data in both 2013 and 2016, and the reference lakes (2016 only;
Table 3.7-1 and Table 3.7-2).
Round Whitefish iron concentrations in kidney and liver from Snap Lake were greater than in the reference
lakes in 2013 (Northeast Lake only), and greater than in the reference lakes and the 2004 baseline data in
muscle tissue in 2016 (Table 3.7-3). Iron concentrations in Round Whitefish were also above normal range
in 2013 liver tissue and 2016 muscle tissue. Significant differences in Round Whitefish iron concentrations were
not consistent among tissue types between the 2013 and 2016 AEMP (i.e., kidney and liver iron concentrations
were greater than the reference lakes in 2013, and muscle iron concentrations in Snap Lake were greater than
the reference in 2016). The magnitudes of difference in iron concentrations in Round Whitefish from Snap Lake
and the reference lakes ranged from 5% to 54% (Table 3.7-3).
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Magnesium
Lake Chub magnesium concentrations in Snap Lake were less than the reference lakes in 2015 (and were not
tested in 2012 due to >50% of samples below the detection limit; Table 3.7-1).
Lake Trout muscle magnesium concentrations were slightly greater than the 2004 baseline data in both 2013 and
2016, but were not different from the reference lakes (Table 3.7-2).
Round Whitefish muscle magnesium concentrations were greater than the reference lakes in 2013 and 2016,
greater than 2004 baseline in 2016, and above normal range in 2013 and 2016 (Table 3.7-3). Round Whitefish
kidney magnesium concentrations in Snap Lake were less than in Lake 13 in 2016, while liver magnesium
concentrations were less than in the reference lakes in both 2013 and 2016 (Lake 13 only). The greater
magnesium concentrations in Round Whitefish muscle tissue ranged in magnitude from 6% to 14%.

Potassium
Lake Chub potassium concentrations were not significantly different in 2013, but were greater in Snap Lake
relative to the reference lakes by a very low magnitude (i.e., 4%, Table 3.7-1).
Lake Trout potassium concentrations were not different among lakes in kidney tissue for all years and not
different in 2013 liver tissue (Table 3.7-2). Lake Trout liver tissue collected in 2016 from Snap Lake had
potassium concentrations significantly less than the reference lakes, and were also below normal range.
Lake Trout muscle potassium concentrations in Snap Lake were greater than the 2004 baseline data in both 2013
and 2016, but were not different from the reference lakes or outside of the normal range.
Round Whitefish muscle potassium concentrations were greater in Snap Lake than the reference lakes in 2013
and 2016 (Lake 13 only), greater than the 2004 baseline in 2016, and above normal range in 2013 and 2016
(Table 3.7-3). Round Whitefish kidney potassium concentrations were not different from the reference lakes,
and liver potassium concentrations in Snap Lake were less than the reference lakes in 2016, but not 2013.
The greater concentrations of potassium in Round Whitefish muscle tissue ranged in magnitude from 4% to 13%.

Strontium
There were increasing trends in strontium concentrations in all fish species (i.e., Lake Chub, Lake Trout,
and Round Whitefish) over time.
Lake Chub strontium concentrations were greater in Snap Lake relative to the reference lakes in both 2012
and 2015, and 2015 concentrations exceeded normal range (Table 3.7-1).
Lake Trout strontium concentrations in Snap Lake were greater than the reference lakes and exceeded the
normal range for kidney and liver tissues collected in 2013 and 2016 (Table 3.7-2). Lake Trout muscle strontium
concentrations were greater than the 1999 and 2004 baseline data in both 2013 and 2016, but were not different
from the reference lakes, and did not exceed the normal range.
Round Whitefish strontium concentrations in Snap Lake were greater than baseline in 2013 (1999 baseline only)
and 2016 (muscle and liver tissue; Table 3.7-3). Round Whitefish kidney, liver, and muscle strontium
concentrations were not different than the reference lakes in 2013 and 2016; however, muscle strontium
concentrations exceeded normal range in 2016.
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Thallium
There were increasing trends in thallium concentrations in Lake Chub, Lake Trout, and Round Whitefish
over time.
Lake Chub thallium concentrations were greater in Snap Lake relative to the reference lakes in both 2012
and 2015, and both years exceeded the normal range (Table 3.7-1).
Lake Trout thallium concentrations in 2013 were greater than the reference lakes in all tissues (i.e., kidney
[Lake 13 only], liver, and muscle), and all tissue types exceeded the normal range (Table 3.7-2). Lake Trout
thallium concentrations in 2016 were greater than the reference lakes in muscle tissue, while liver thallium
concentrations were less in Snap Lake relative to Northeast Lake. Lake Trout thallium concentrations in 2016
were below the normal range in liver and muscle tissues, and muscle thallium concentrations in 2016 were less
than 2004 baseline concentrations.
Round Whitefish thallium concentrations in 2013 were greater than the reference lakes and exceeded the
normal range in both kidney and muscle tissue, but were not different in liver tissue (Table 3.7-3). In 2016,
Round Whitefish thallium concentrations were greater than the reference lakes in all tissue types (i.e., kidney,
liver and muscle); however, only kidney tissue exceeded the normal range, and liver and muscle thallium
concentrations were not different from baseline.

3.7.2.5

Quality Assurance and Quality Control

QA/QC procedures were applied to field sampling, laboratory analyses, data entry, data analyses, and report
preparation to verify that the data collected were relevant and of acceptable quality to address the objectives of
the AEMP. Detailed QA/QC methods are available in the AEMP annual reports (De Beers 2013, 2014, 2016,
2017).
Specific work instructions outlining task details were provided to field personnel and reviewed prior to onsite
field work. All field notes, data sheets, and sample labels were checked in the field for completeness and
accuracy, and scanned into electronic copies at the completion of the program. Fish samples were adequately
labelled and shipped according to standard protocols provided by the laboratories. Each fish sample was
assigned a unique fish identification number (FIN). Sample control numbers (SCNs), as issued by De Beers at
the time of sampling, were also assigned to each fish tissue chemistry sample. Chain-of-custody forms were used
to track the shipment of samples.
Laboratory QA/QC included analysis of a series of method blanks, control samples, laboratory replicates,
and certified reference materials (CRMs). The maximum allowable differences in sample parameters were
reported and any DQO exceedances were noted in the laboratory results reports. Results were screened visually
by Golder upon initial receipt and any unusual results (e.g., anomalously large or small values relative to the rest
of the samples, or unexpected for a given fish size or length) were flagged and the laboratory was asked to
confirm the accuracy of the result (if sample volume was sufficient). The original ALS results reports can be found
in the AEMP annual reports (De Beers 2013, 2014, 2016, 2017). Golder field staff also provided a subsample of
field duplicates for the 2016 large-bodied tissue chemistry programs, where sufficient tissue volume was available
(De Beers 2017).
Results of statistical analyses were independently reviewed by a qualified scientist with appropriate technical
qualifications. Tables containing data summaries and statistical results were reviewed, and results presented
were verified by a second individual.
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The QA/QC measures applied to the fish tissue chemistry AEMP programs were appropriate. Overall, the QA
assessment results indicated that the fish health data were of acceptable quality and were accepted as valid.
Fish tissue chemistry data that were not of acceptable quality and were removed from analyses in the AEMP
annual reports (De Beers 2013, 2014, 2016, 2017) were not included in the 2012 to 2017 Aquatic Effects
Re-evaluation Report.

3.7.3
3.7.3.1

Key Findings
Key Question 1: Are tissue metal concentrations in fish from Snap Lake
increasing relative to baseline?

Results from the large-bodied fish tissue chemistry surveys in 2013 and 2016 indicate that tissue concentrations
of some parameters have increased in fish from Snap Lake relative to the reference lakes. Baseline fish tissue
chemistry data is not available for Lake Chub.
Lake Trout liver tissue from Snap Lake had greater concentrations of silver, strontium, and zinc in 2016 relative
to baseline. Lake Trout muscle tissue from Snap Lake had greater concentrations of calcium (2016),
magnesium (2013 and 2016), phosphorus (2013 and 2016), potassium (2013 and 2016), sodium (2016),
and strontium (2013 and 2016) relative to baseline.
Round Whitefish liver tissues in Snap Lake had greater concentrations of strontium in 2016 relative to
baseline. Round Whitefish muscle tissues in Snap Lake had greater concentrations of cesium (2013), iron (2016),
magnesium (2016), manganese (2016), phosphorus (2016), potassium (2016), sodium (2013 and 2016),
and strontium (2013 and 2016) relative to baseline.

3.7.3.2

Key Question 2: Are tissue metal concentrations in fish from Snap Lake
increasing relative to reference lakes?

Results from the small-bodied and large-bodied fish tissue chemistry survey conducted from 2012 to 2016
indicate that tissue concentrations of some parameters increased in fish from Snap Lake relative to the
reference lakes.
Lake Chub had greater concentrations of strontium and thallium in Snap Lake in 2012 relative to the reference
lakes, and greater concentrations of cadmium, cesium, copper, mercury, potassium, sodium, strontium, thallium,
and uranium in Snap Lake in 2015 compared to the reference lakes.
Lake Trout had greater concentrations of predicted mercury (2013), sodium (2013), strontium (2013 and 2016),
and thallium (2013) in Snap Lake kidney tissue relative to the reference lakes. Lake Trout had greater
concentrations of silver (2016), strontium (2013 and 2016), and thallium (2013) in Snap Lake liver tissue relative
to the reference lakes, and greater concentrations of selenium (2013 and 2016) and thallium (2013 and 2016) in
Snap Lake muscle tissue compared to the reference lakes.
Round Whitefish had greater concentrations of cadmium (2013), cesium (2013), cobalt (2013), predicted mercury
(2013), molybdenum (2013), nickel (2013), thallium (2013 and 2016), and tin (2016) in Snap Lake kidney tissue
relative to the reference lakes. Round Whitefish had greater concentrations of cesium (2013), iron (2013),
mercury (2013), predicted mercury (2013), silver (2016), and thallium (2016) in Snap Lake liver tissue relative to
the reference lakes. Round Whitefish had greater concentrations of cesium (2013 and 2016), cobalt (2016),
iron (2016), magnesium (2013 and 2016), mercury (2016), predicted mercury (2013), phosphorus (2013 and
2016), potassium (2013 and 2016), rubidium (2016), selenium (2016), sodium (2016), and thallium (2013
and 2016) in Snap Lake muscle tissue relative to the reference lakes.
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Action Level Assessment

Given the low magnitudes of difference in iron, magnesium and potassium concentrations, it is likely that
these differences are a result of natural variation and are not a Mine-related effect. It is unlikely that these
concentrations would impair the health of individual fish or the fish populations. Further, these parameters
are often regulated by physiological mechanisms, allowing fish to adjust concentrations internally via multiple
mechanisms. For example, potassium, along with sodium and chloride, are the most abundant electrolytes in
the body of living organisms and serve a vital function in controlling osmotic pressures (Halver 2002) and other
physiological processes. Concentrations of potassium are, therefore, intricately controlled in fish species through
a variety of mechanisms including energy-dependent regulatory mechanisms that determine the rate of
absorption of ions and water by the gill, gut, integument, and kidney (Halver 2002; Evans and Claiborne 2005).
The differences observed in such physiologically-regulated parameters were not considered as a Low Action
Level trigger.
Cesium and thallium triggered Low Action Levels in 2013, and sodium and strontium triggered Low Action Levels
in 2016 for the large-bodied fish tissue program (De Beers 2014, 2017). Cesium, strontium and thallium triggered
Low Action Levels in 2015 for the small-bodied fish tissue program (De Beers 2016). An AEMP Response Plan
was prepared in response to the cesium and thallium fish tissue Low Action Level triggers in 2013 (De Beers
2015) and a benchmark was set for thallium. The Response Plan provided details on the source of cesium and
thallium at the Mine and in Snap Lake (De Beers 2015) and how benchmarks were determined. The Response
Plan determined that cesium and thallium are non-essential metals (i.e., are not used by the fish in physiological
processes) that may be naturally leached from rocks as water runs off them. It was determined that at Snap Lake,
these metals were sourced from the underground water coming from the Mine and in water running off the North
Pile into sumps. There was no evidence of harm to humans from eating fish with these concentrations of cesium
and thallium, and there was no evidence that the taste of fish was or will be affected. No management actions
were recommended as a result of the AEMP Response Plan (De Beers 2015).
Strontium triggered Low Action Levels in 2015 for the small-bodied fish tissue program (De Beers 2016) and in
2016 for the large-bodied fish tissue program (De Beers 2017). Strontium concentrations were increasing in
Snap Lake water quality and sediment in 2016 (Sections 3.1 and 3.2) and have been above the normal range for
both components, which is consistent with the trends observed in fish tissue chemistry. Currently, Snap Lake
Mine is in Care and Maintenance and flooding of the underground Mine was initiated in 2017, minimizing
discharge into Snap Lake. No Response Plan was required as a result of the Low Action Level triggers in 2015
and 2016 for strontium. The strontium Low Action Level trigger will be considered again in the 2018 small-bodied
fish tissue AEMP report, should the results indicate a consistent result.

3.7.3.4

Comparison to Predictions

Of the parameters identified as increasing in Snap Lake relative to the reference lakes and baseline, only cesium,
strontium, and thallium have been considered as Low Action Level triggers. Cesium and thallium have been
investigated in depth in the AEMP Response Plan (De Beers 2015). Given the Care and Maintenance status of
the Mine in 2017, it was determined that an additional Response Plan for strontium was not required
(De Beers 2017). There has been no clear evidence to suggest that increased concentrations of these
parameters are causing negative effects on fish health (Section 3.6), condition, or abundance (Section 3.8),
or pose a risk to human health due to changes in fish tissue metal concentrations (De Beers 2017). There are
no increasing trends identified for those parameters that have consumption guidelines according to the Canadian
Food Inspection Agency (CFIA) and Health Canada (i.e., mercury, arsenic, and lead; CFIA 2014).
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Summary and Conclusions

The following is a summary of the fish tissue chemistry data collected since 2012:



Given the low magnitudes of difference in iron, magnesium and potassium concentrations, and the ability
of fish to physiologically regulate these parameters, it is likely that differences in these parameters were a
result of natural variation rather than a Mine-related effect. It is extremely unlikely that the differences in the
measured concentrations of these parameters would impair the health of individual fish or the fish
populations.



Since 2013, cesium and thallium concentrations in fish tissue from Snap Lake appear to be more
comparable to concentrations in the reference lakes. Results among species and tissue types have been
inconsistent, with some species and tissue types having cesium and thallium concentrations less than in the
reference lakes in 2016.



More recently (De Beers 2016, 2017), strontium has triggered Low Action Levels in both small and largebody fish tissue. It was determined that a Response Plan for strontium was not required since the Mine has
entered Care and Maintenance and the amount of discharged effluent into Snap Lake has drastically
reduced. The strontium Low Action Level trigger will be considered again in the small-bodied fish tissue
section of the 2018 AEMP Annual Report, should the results indicate a consistent result.



Action Levels defined in the 2013 AEMP Design Plan (Golder 2014) appear to be highly successful in
detecting relevant changes in concentrations of parameters within Snap Lake over time.



There was no evidence of negative effects on fish health, condition, or abundance (Section 3.6 and 3.8)
or risk to human health due to changes in fish tissue chemistry concentrations from 2012 to 2016 (De Beers
2013, 2014, 2016, 2017).

3.7.5

Proposed Changes

The following changes are proposed for the fish tissue chemistry component:



Discontinue the large-body fish tissue chemistry program from the AEMP, but continue with the small-bodied
fish tissue program as scheduled. The rationale for this change is that:

 Small-bodied fish tissue chemistry results will act as an indicator of changes in fish tissue chemistry
in Snap Lake.

 Large-bodied fish tissue chemistry would be assessed in the future if the small-bodied fish tissue
chemistry results indicate it is necessary.



Discontinue fish tissue chemistry sampling in Northeast Lake. The rationale for this change is that:

 Low catch rates of small-bodied fish in Northeast Lake, consistent with the proposed removal of
Northeast Lake from the fish health program (see Section 3.7.5).

 One reference lake (Lake 13) is sufficient for the comparisons required for fish health component.
 The loss of supporting environmental data given the removal of Lake 13 as a reference lake by the
non-fish AEMP components (i.e., benthic invertebrates, sediment, and water quality) is expected to
be manageable with some additional data collection during the fish tissue chemistry program
(e.g., water quality sampling). This is expected to mitigate the loss of supporting environmental data
from Lake 13 by the non-fish AEMP components.
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During Closure the fish tissue chemistry component should be monitored at least once, if the fish health,
toxicity, sediment, or water components do not trigger a Low Action Level, the fish tissue chemistry
component may be discontinued. The rationale for this change is that:

 Water quality in Snap Lake is predicted to improve during Closure relative to Operations, due to a
substantial decrease in the volume of minewater discharged to Snap Lake.

3.7.6
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3.8

Fish Community Monitoring

3.8.1

Overview

The objective of the large-bodied fish community monitoring program is to determine whether treated effluent
discharged from the Mine is having an effect on the fish community. Specific conditions in the former
Water Licence (MV2011L2-0004) that apply to the fish community component of the AEMP for the Mine (Part G,
Schedule 6; Item 1a [iv] and 1e ) are:
a)

Monitoring for the purpose of measuring Project-related effects on the following components of
the Receiving Environment:
iv.

e)

fish population, and year class strength and community composition using standard
methods;

Procedures to minimize the impacts of the AEMP on fish populations and fish habitat.

The first fish community monitoring program occurred in 2009, when a modified Broad-scale Fish Community
Monitoring (BsM) protocol (Sandstrom et al. 2009) was implemented in Snap Lake and one reference lake,
Northeast Lake (De Beers 2010). The study was, at the time, required by the Fisheries Act Authorization
(SC001965) for the Mine. In 2013 and 2016 (De Beers 2014, 2017), a second and third fish community monitoring
program occurred and followed the BsM protocol in Snap Lake, Northeast Lake, and an additional reference lake,
Lake 13, as per the approved 2013 AEMP Design Plan (Golder 2014). The BsM protocol implemented in 2013
and 2016 was slightly modified from Sandstrom et al. (2009) to include the use of single gang gill nets instead of
double gang joined at the ends of spanners. This modification was intended to minimize incidental fish mortalities
as required by the Water Licence (i.e., Part G, Schedule 6; Item 1e of MVLWB 2016).
Lake Trout (Salvelinus namaycush) and Round Whitefish (Prosopium cylindraceum) were historically included
in large-bodied fish surveys at the Mine. Initial fish health and fish tissue chemistry programs in Snap Lake
during baseline (1999), early Operations (2004), and as part of the AEMP (De Beers 2002, 2005, 2010, 2014,
2017) targeted Lake Trout and Round Whitefish. Because Lake Trout and their prey (including Round Whitefish)
were identified as a valued component during the Environmental Assessment (De Beers 2002), these species
were considered in the AEMP. Detailed methods for each of the fish community monitoring programs (i.e., 2009,
2013, and 2016) can be found in the respective AEMP annual reports (De Beers 2010, 2014, 2017). A summary
of the results of the 2009, 2013, and 2016 fish community monitoring programs are presented herein, with a
consideration of general trends in fish community composition, abundance, and size and age of the fish collected.
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The fish community monitoring program was designed to answer the following key question:
1)

Will the fish community be affected by the changes in water quality in Snap Lake and will any change be
greater than predicted in the Environmental Assessment Report (EAR)?

3.8.2

Description of Overall Trends

The 2009, 2013, and 2016 fish community monitoring programs considered Lake Trout and Round Whitefish
population characteristics in Snap Lake and the reference lakes (i.e., Northeast Lake in 2009, Northeast Lake
and Lake 13 in 2013 and 2016). Community composition (i.e., species richness and abundance),
biological characteristics (i.e., length, weight, condition, growth, fecundity, and age), population structure
(i.e., length-frequency distribution and age structure), and mortality of each fish species in Snap Lake were
compared to the reference lakes. A Special Study examined the mortality caused by the BsM protocol in
Snap Lake in 2013 (Section 3.10; De Beers 2014). A summary of statistically significant differences among the
study lakes in community composition, biological characteristics, population structure, and mortality, along with
an indication of the direction of change, as summarized from the AEMP annual reports (De Beers 2010, 2014,
2017), is provided in Table 3.8-1.
At the time of the last fish community monitoring program (i.e., 2016), there were no indications that the fish in
Snap Lake differed from the fish in the reference lakes in a manner that would suggest an effect from the Mine
(De Beers 2017). From 2009 to 2016, fish community monitoring programs reported several statistically significant
differences between Snap Lake, Northeast Lake, and Lake 13 for fish community monitoring metrics and
endpoints. These differences likely indicate natural variability among the lakes and between study years rather
than effects due to the Mine, because of the inconsistency in effects among years (Table 3.8 1). The main
findings of the fish community monitoring program from 2009 to 2016 were:



Community composition in Snap Lake was similar among lakes in all years; however, multiple gear types
were necessary to adequately sample the complete fish community in Snap Lake and the reference lakes,
and each AEMP sampling year had one species undocumented relative to baseline. The undocumented
species varied among years and it was likely due to low abundance in Snap Lake rather than absence from
the lake.



The relative abundance of most fish species was greater in Snap Lake relative to the reference lakes.
Round Whitefish were not more abundant in Snap Lake in 2016, but were more abundant in Snap Lake in
2013.




Lake Trout were generally smaller in Snap Lake relative to one or both of the reference lakes.



Differences in length-frequency distribution and growth rate were observed for Lake Trout and Round
Whitefish among the lakes, but specific trends were inconsistent or inconclusive among years.



The Lake Trout population within Snap Lake was not detrimentally impacted by the three-year cycle fish
community monitoring program, as determined by a mark-recapture study in 2013 (Section 3.10.7).

Round Whitefish were generally longer, heavier, older, and in better condition in Snap Lake relative to the
reference lakes. Female Round Whitefish in Snap Lake, however, appeared to have lower fecundity than
females from the reference lakes.
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Summary of Results for the 2013 and 2016 Fish Community Monitoring Programs

Metric

Community
Composition

Abundance

Biological
Characteristics

2009 Result
Summary

Endpoint
Species
presence and
catchability



6 out of 7 fish
species
collected
(Arctic Grayling
not captured)



n/a


Length

RNWH:
Snap Lake
>Northeast
Lake

Weight

RNWH:
Snap Lake
>Northeast
Lake

AWCPUE





RNWH in
Snap Lake are
older than in
Northeast Lake



LKTR:
Snap Lake
>Northeast
Lake
RNWH:
Snap Lake
>Northeast
Lake

Age

Condition



2013 Result
Summary





Snap Lake
>Reference for
all fish species



LKTR: Snap Lake
<Lake 13
RNWH:
Snap Lake
>Reference





nt

LKTR: Snap Lake
<Lake 13
(females)
RNWH:
Snap Lake
>Reference



RNWH in
Snap Lake are
older than in
Reference



LKTR: Snap Lake
>Northeast Lake
(males) and
Lake 13
RNWH:
Snap Lake
>Reference




Length Frequency(a)

6 out of 7 fish
species collected
(Burbot not
captured)



LKTR: greater
proportion of
smaller fish in
Snap Lake than
Reference
RNWH: different
distribution
between
Snap Lake and
Reference

2016 Result
Summary





Snap Lake
>Reference for all
species except
RNWH



LKTR: Snap Lake
<Northeast Lake
RNWH:
Snap Lake
>Lake 13













Year Class Strength

nt



Inconclusive too few fish in
each age class

6 out of 7 fish
species collected
(Slimy Sculpin
not captured)



LKTR: Snap Lake
<Northeast Lake
RNWH:
Snap Lake
>Lake 13
RNWH in
Snap Lake are
older than in
Lake 13

RNWH:
Snap Lake
>Lake 13

LKTR: different
distribution
between
Snap Lake and
Reference
RNWH: different
distribution
between
Snap Lake and
Reference
LKTR
inconclusive - too
few fish in each
age class
RNWH most fish
between 4 and 6
in each lake

Trends



Not different



Snap Lake fish
abundance
>Reference for most
species



LKTR in Snap Lake
are generally smaller
RNWH in Snap Lake
are generally larger





LKTR in Snap Lake
are generally lighter
RNWH in Snap Lake
are generally heavier



RNWH in Snap Lake
are generally older
than in Reference



LKTR from Snap Lake
are in as good or
better condition than
in Reference
RNWH from
Snap Lake are in
better condition than
Reference





Length distributions
are different in
Snap Lake relative to
Reference; there is no
clear trend of direction



Results are
inconclusive given the
small within-age class
sample sizes due to
the wide span of ages
captured
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Table 3.8-1

Summary of Results for the 2013 and 2016 Fish Community Monitoring Programs

Metric

2009 Result
Summary

Endpoint

2013 Result
Summary


Growth Rate(a)

nt

Natural
Mortality Rate

nt

Due to
sampling




nt


Fecundity




LKTR: not
different
RNWH: nt



2016 Result
Summary

LKTR:
Snap Lake are
more rotund with
increasing length
than Lake 13



Not different




<2% over 3
years which
appears to be
within a
sustainable
harvest level
LKTR:
Snap Lake
<Lake 13
RNWH:
Snap Lake
<Lake 13




Trends

LKTR:
Snap Lake have
lower growth rate
for younger fish
than Reference



Not consistent

Not different



Not different

<2% over 3
years which
appears to be
within a
sustainable
harvest level



Sustainable harvest
level



LKTR results are
inconsistent
RNWH in Snap Lake
have a lower fecundity
than Reference

LKTR:
Snap Lake
>Northeast Lake
RNWH:
Snap Lake
<Reference



Note: Results presented are statistically significant results; results that were not significantly different between Snap Lake and the reference
lakes are not presented. Detailed discussion and details of the statistical analyses, including P-values and magnitudes of difference, can be
found in the respective AEMP annual reports (De Beers 2010, 2014, 2017).
a) The direction of change for length frequency and growth rate is only reported if there was a clearly identifiable trend.
AWCPUE = area weighted catch per unit effort; n/a = not applicable (i.e., could not be tested due to lack of data); nt = not tested
(i.e., was not tested or calculated in the respective AEMP annual report); >= greater than; <= less than; % = percent; LKTR = Lake Trout;
RNWH = Round Whitefish; Reference = both Lake 13 and Northeast Lake (pooled).

3.8.2.1

Quality Assurance and Quality Control

QA/QC procedures were applied during all aspects of the fish community monitoring program to verify that data
collected were relevant and of acceptable quality to address the objectives of the AEMP. Detailed QA/QC
methods can be found in the AEMP annual reports (De Beers 2010, 2014, 2017).
In brief, specific work instructions outlining task details were provided to all field personnel and were reviewed
before the start of field work. Field notes, data sheets, and sample labels were checked in the field for
completeness and accuracy, and were scanned into electronic copies at the completion of the programs.
Chain-of-custody forms were used to track the shipment of samples. Field equipment were calibrated throughout
the field programs, as per manufacturer’s specifications. Upon completion of data entry, all data were verified
between the electronic and hard copy (i.e., paper) data forms, where applicable (e.g., field effort data sheets).
Samples that required subsequent analyses following the field programs were sent to qualified laboratories that
performed the respective analyses (e.g., ageing analyses). Each laboratory had 10% of all samples re-examined
by a second qualified technician. All results were screened visually by Golder upon initial receipt of the data,
for any unusual results (e.g., anomalous values relative to the rest of the samples, or unexpected values for a
given fish size, length, or reproductive status); anomalous data were flagged and the laboratory was asked to
confirm the result, whenever appropriate (e.g., if sample volumes were available and/or sufficient).
The QA/QC measures applied to the fish community AEMP programs were appropriate. Overall, the QA
assessment results indicated that the fish community data were of acceptable quality and were accepted as valid.
Fish community data that were not of acceptable quality and were removed during the AEMP annual reports
(De Beers 2010, 2014, 2017) and were not included in the 2012 to 2017 Aquatic Effects Re-evaluation Report.
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Key Findings
Key Question 1: Will the fish community be affected by the changes in
water quality in Snap Lake and will any change be greater than predicted in
the Environmental Assessment Report (EAR)?

The EAR predicted that the operation of the Mine would result in negligible changes to the fish community in
Snap Lake. Although there were some statistically significant differences in fish community metrics and endpoints
between Snap Lake and the reference lakes over the years, these differences were attributed to natural variability
in population size and/or age class, or differences in local fish density that affected catch rates. Fish still appear
healthy and in good relative abundance compared to the reference lakes, and there have been no negative trends
in the fish community from 2009 to 2016. There have been no discernible changes to the fish community of
Snap Lake that could be directly attributed to Mine-related changes in water or sediment quality.

3.8.3.2

Action Level Assessment

For the fish community monitoring program, a Low Action Level trigger was defined as an indication of a change
in number of fish of any species from Snap Lake, based on catch rates (Golder 2016). The fish community
composition in Snap Lake was similar among all years of the AEMP with available data (i.e., 2009, 2013,
and 2016), and the relative abundance of the target species in Snap Lake did not decline relative to the reference
lakes during the period of study. Therefore, no Action Levels related to fish community monitoring were triggered
in 2009, 2013 or 2016 (De Beers 2010, 2014, 2017).

3.8.3.3

Comparison to Predictions

The EAR predicted that the operation of the Mine would result in negligible changes to the fish community in
Snap Lake. Although there were some statistically significant differences in fish community metrics and endpoints
between Snap Lake and the reference lakes over the years, these differences were attributed to natural variability
in population size and/or age class, or differences in local fish density that affected catch rates. Therefore, as per
the EAR predictions, operation of the Mine resulted in negligible changes to the fish community in Snap Lake.

3.8.4

Summary and Conclusions

The following is a summary of the fish community data collected since 2009:




Fish community composition and mortality rates were not different among the AEMP study lakes.



Lake Trout were smaller in Snap Lake relative to the reference lakes, while Round Whitefish were generally
longer, heavier, older, and in better condition, albeit with a lower fecundity. These differences have been
attributed to natural variation within the environment rather than a definitive influence of the Mine.



Harvest pressure from the fish community monitoring program did not affect the Lake Trout population in
Snap Lake.



There were no fish community Low Action Level triggers in 2009, 2013, or 2016.

Lake Trout and Round Whitefish abundance were greater in Snap Lake in most years, with the exception of
2016 for Round Whitefish.

The operation of the Mine resulted in negligible changes to the fish community in Snap Lake, as per the
EAR predictions.
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Proposed Changes

The following change is proposed for the fish community monitoring component:



Discontinue the fish community monitoring program from the AEMP. The rationale for this change is that:

 The Mine is moving into Closure and there have been no consistent or significant changes to the fish
community as a result of Mine Operations to date.

 The small-bodied fish health program will continue under the updated AEMP design, and should that
program indicate that Mine-related effects are occurring in the Snap Lake fish (e.g., changes in tissue
chemistry that can be attributed to the effluent, or changes in fish health endpoints indicative of a change
to the fish community being possible), a large-bodied fish community monitoring program can be reinitiated.

3.8.6
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Fish Tasting
Overview

Beginning in 2004, fish tasting has been conducted annually by De Beers in conjunction with the AEMP.
The fish tasting program is an informal annual gathering of members of Indigenous organizations and De Beers
staff at the Mine site to taste fish harvested from Snap Lake. The fish tasting event was developed in 2004 in
response to aboriginal group concerns that the Mine may adversely affect the texture and taste of fish in
Snap Lake. During the fish tasting events, community members determine whether the flavour and texture of
cooked fish are acceptable to community members.
The principal objective of the fish tasting is to obtain feedback from community members relating to Snap Lake
Trout and Round Whitefish taste, texture and general condition and health. The fish tasting program is also
conducted to meet requirements under the Environmental Agreement and Water Licence. Fish tastings occurred
annually from 2004 to 2016 and were held in August or September, with the exception of the fish tasting in 2004
which took place in May. A fish tasting event did not take place in 2017, as the Mine was in Care and
Maintenance at that time.
Fishing was conducted by Indigenous fishers and De Beers staff or consultants, who set gill nets and angled for
Lake Trout and Round Whitefish in the main basin of Snap Lake. The sampling locations were chosen by the
aboriginal fishermen based on Traditional Knowledge of fish habitat preferences along with past fish health
program sampling success. Fish were cleaned by aboriginal community members or De Beers staff as requested
by the community members present. Fish heads were bagged and placed on ice for consumption by aboriginal
community members the following day. Fishing locations, gear type, the number of fish captured, and the types of
fish captured and eaten were recorded over the years in the AEMP annual reports (Golder 2012; De Beers 2013,
2014, 2015, 2016, 2017). Cooking methods typically included frying the fish in oil or butter, roasting the fish on an
open fire, and boiling fish in a large pot of water. Fish tastings were accompanied by bannock and tea.

3.9.2

Key Findings

The 2012 to 2016 Annual Fish Tasting events at Snap Lake mine were successful. Reviews from the Elders were
constructive and it was noted that generally everyone had a positive experience. In 2016, the Elders deemed only
two fish consumable out of the 20 fish caught. Following observations made by the Elders during the fish tasting
event, samples of fish tissues were sent to an accredited laboratory for morphological analysis on the larvae
within the cyst. Results of the analysis indicated that the parasites identified in the fish were identified as common
parasites found in freshwater fish in the Northwest Territories. These parasites were deemed non-life-threatening
and do not infect humans or dogs, or affect the value or edibility of fish.
From 2012 to 2016, the De Beers’ staff that participated in the annual fish tasting events noted the importance of
the Traditional Knowledge shared with the elders throughout the catching and tasting process. The community
staff members also noted that the knowledge shared during the fish tastings would be passed on to their children
and their respective communities.

3.9.3

Summary and Conclusions

From 2012 to 2016, the overall conclusion of the fish tasting programs has been that the fish taste, texture and
appearance have been acceptable to those individuals involved in the program. The fish tasting programs
provided opportunity to obtain Traditional Knowledge from community members, and helped contribute
information to the overall AEMP fish health program.

245

September 2020

3.9.4

19127683/DCN-013

Proposed Changes

The following change is proposed for the fish tasting component:



Reduce frequency of fish tasting events, based on input from communities and site logistics and safety
considerations. Fish tasting should occur as necessary during Closure to verify results of fish health and
fish community programs in Snap Lake. The rationale for this change is that:

 The Mine is moving into Closure and there have been no consistent or significant changes to the fish
community, fish health, or fish tissue as a result of Mine operations to date.

 Fish tasting results have been mostly positive, with the fish taste, texture and appearance having been
acceptable to those individuals involved in the program.

3.9.5
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Special Studies
Nutrient Special Study

A Nutrient Special Study was carried out between 2012 and 2015 in Snap Lake. The goal of the Nutrient Special
Study in 2012 and 2013 was to investigate differences in nutrient concentrations among labs and between the
mid-depth nutrient samples and the depth-integrated euphotic zone nutrient (DIN) samples. In 2013, certified
spiked nutrient samples were added to the special study, and in 2014 and 2015 the nutrient special study focused
exclusively on spiked samples.
The Nutrient Special Study was designed to investigate the following three questions:
1)

Are the laboratories able to accurately measure known concentrations of nutrients?

2)

Are there patterns in differences in the nutrient data provided by each laboratory?

3)

How do nutrient concentrations in mid-depth grab samples compare to depth-integrated euphotic zone
composite samples collected at the same station?

The 2012 and 2013 spiked sample study indicated that the three laboratories used for nutrient analysis
(i.e., ALS, Maxxam and the University of Alberta [UofA]) provided a similar and acceptable level of accuracy
for analyzing nitrogen parameters, with the exception of TKN, which was over-estimated by Maxxam and UofA.
Additionally, the results of the two-year study indicated that accurate measurements of phosphorus below
0.004 milligrams as phosphorus per litre (mg-P/L) are not achievable by the three laboratories evaluated in this
assessment.
A sample depth comparison between the mid-depth nutrient samples and DIN samples was also completed in
2012 and 2013 (De Beers 2013, 2014a). The results of the depth comparison suggested that nitrogen
concentrations in Snap Lake do not differ between samples collected as mid-depth samples or DIN samples.
Due to the low concentrations of phosphorus measured in Snap Lake and the uncertainties associated with these
low concentrations, small differences (e.g., 0.002 mg-P/L) in phosphorus concentration due to sampling depth
were not detected.
Based on these results, it was recommended that water quality and plankton field programs move towards using
the same primary laboratory (i.e., ALS) for nutrient analysis. However, because ALS under-estimated phosphorus
concentrations in the spiked sample program component of the 2013 Nutrient Assessment, sending routine
spiked samples to ALS was recommended as part of the routine QA/QC component for the AEMP.
It was also recommended that the plankton component collect additional split samples for analyses by both
UofA and ALS, to investigate the potential of merging the historical UofA data from the plankton program with
the ALS data for future plankton programs. Moving towards a single depth for nutrient sampling was not
recommended, due to the uncertainty in differences in phosphorus results from different depths and lack of data
to demonstrate whether differences may also occur in Northeast Lake.
In 2014 the results of the split sample field program indicated that the TN and TP concentrations reported by ALS
and UofA were similar (De Beers 2015a). The mean open-water TN concentrations in each lake (i.e., Snap Lake,
Northeast Lake and Lake 13) were similar between laboratories when measured at the magnitudes found
in Snap Lake. Means were more variable at the lower concentrations observed in the two reference lakes,
which may be related to laboratory uncertainty at lower concentrations.
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TP concentrations were consistently low (i.e., below five times the DL) in both Snap Lake and the two reference
lakes. Laboratory biases, towards either higher or lower concentrations, were not reported by either laboratory.
The mean seasonal and spatial TP concentrations were also equivalent between laboratories at the
concentrations observed in Snap Lake and the reference lakes. The mean open-water TP concentrations in
Snap Lake reported by the two laboratories, which are compared to the AEMP benchmark and Action Level for
phosphorus, were also found to be equivalent.
The results of the 2014 Nutrient Assessment indicated that TN and TP results reported by UofA and ALS are
similar enough that the data could be combined, if the plankton component switched to ALS from UofA for nutrient
analysis. The results of the mean open-water concentrations in each lake, which is the basis upon which
comparisons are made and for which AEMP benchmarks and Action Level comparisons occur, were equivalent,
with the exception of TN in the reference lakes. The dissimilar nitrogen results may have been related to greater
uncertainty at lower concentrations observed in the reference lakes.
Based on the similarity between UofA and ALS nutrient results in the 2014 nutrient assessment and the
efficiencies gained in moving to a single laboratory, it was recommended that the plankton component use ALS
for nutrient analysis of TN and TP in 2015 and beyond (De Beers 2015a, 2016). Additionally, it was recommended
that the plankton component collect equipment blanks so that the plankton nutrient data could undergo the same
QA/QC procedures as the water quality nutrient data.
In 2015, additional checks on nutrient results were completed as part of the recommendation to change
laboratories for the DIN sample analyses, including comparing measured and calculated TN concentrations from
the same DIN samples.
Following the 2015 results, it was concluded that when concentrations of TN are less than 0.35 milligrams
as nitrogen per litre (mg-N/L), such as those in the reference lakes and Lac Capot Blanc (LCB), there is a
discrepancy in the results between TN (calculated) and TN (measured) (De Beers 2016). This difference was
attributed to a low bias in the TKN concentrations used in the calculation of TN. It was recommended that TN
(measured) be used for all DIN samples.

3.10.2

Littoral Special Study

A Littoral Zone Special Study was carried out in 2012, 2013 and 2014. The goal of the Littoral Zone Special Study
was to explore the importance of the littoral zone to the overall productivity in Snap Lake.
The Littoral Special Study was designed to investigate the following five key questions:
1)

Can littoral zone monitoring be conducted in Snap Lake and Northeast Lake, and does the inherent
variability in the littoral zone allow the detection of Mine-related changes?

2)

What are the current ratios of particulate C:N, C:P, N:P, and C:chlorophyll a (Chl a), and what is the current
percent algal carbon in the littoral zones of the main Basin of Snap Lake, northwest arm of Snap Lake,
and Northeast Lake? How do these values compare to baseline, and what do these values indicate about
Mine-related changes in nutrient status and food quality for invertebrates and fish?

3)

What is the current status, in terms of relative abundance and relative biomass, of the epilithic algal
communities in the main basin of Snap Lake, the northwest arm of Snap Lake, and Northeast Lake?
Do these results provide any evidence of a Mine-related effect?
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4)

What is the current invertebrate composition in the littoral zones of the main basin of Snap Lake,
the northwest arm of Snap Lake, and Northeast Lake? Do these results provide any evidence of a
Mine-related effect?

5)

After completing a full three-year evaluation, should the littoral zone special study continue as a
special study or become a monitoring component, and should any changes be made to frequency,
methods, or location?

The Special Study found changes in epilithic algae compared the baseline epilithic algae study completed in 2004
(De Beers 2015a). In 2004, relative abundance and biomass were dominated by cyanobacteria at all stations in
Snap Lake, whereas in 2012, 2013, and 2014, stations in the main basin of Snap Lake were generally diatomdominated. The epilithic algal community in Snap Lake appeared to be in better condition, as indicated by an
increased C:Chl a ratio in 2014 compared to 2004; similarly, the epilithic algal community in Snap Lake in 2014
was dominated by taxa of higher food quality for grazers (i.e., diatoms) compared to 2004.
Differences in the littoral invertebrate and epilithic algal communities between Northeast Lake and Snap Lake
were also investigated. Different water quality conditions in Snap Lake compared to Northeast Lake may have
resulted in different epilithic algal and littoral invertebrate communities in the two lakes. Although the epilithic
algal communities in both lakes appeared to be in better condition in 2014 than in 2012, the communities of the
two lakes differed in composition, and food quality for invertebrate grazers and algal-feeding fish. The settled
volumes of particulate material and calculated biomass were greater in Northeast Lake compared to Snap Lake;
however, the percentage of viable algae within the epilithon was higher in Snap Lake, suggesting that although
more particulate material is present on the rock surfaces in Northeast Lake, more viable algae exist in the biofilms
in Snap Lake.
The Snap Lake littoral invertebrate community was more diverse and contained fewer Chironomidae, but more
Hydracarina sp. and snails, compared to Northeast Lake. In addition, the relative proportion of Chironomidae taxa
differed between the two lakes.
Lower within-lake variability in epilithic algae and lower biomass was observed in the main basin of Snap Lake
compared to Northeast Lake. In addition, within-station variability in Snap Lake was of an acceptable level;
therefore, within-station and within-lake variability were both low enough to assess Mine-related effects.
The three-year Special Study showed that littoral zone monitoring can be effectively conducted in Snap Lake
and Northeast Lake (De Beers 2015a). Differences were apparent in the epilithic algal community between
years and between lakes. Within-station variability was limited such that a sufficient number of replicate samples
were collected at each station. In addition, within-lake variability in epilithic algal variables was lower in the
main basin of Snap Lake compared to Northeast Lake, and lower than between lake variability. Therefore,
within-station and within-lake variability are unlikely to interfere with assessment of any Mine-related effects.
Littoral data can provide useful additional information that cannot be obtained from existing AEMP components.
After completing the full three-year evaluation, it was determined that the littoral zone special study was
effective at monitoring ecological changes in Snap Lake and could be used as an additional line of evidence
for both impact hypotheses (De Beers 2015a). However, with the Mine in Care and Maintenance and moving
towards Closure, it was decided that an additional line of evidence was not needed at this time and that the fish,
benthic invertebrate and plankton sampling programs would be sufficient to monitor potential ecological changes
in Snap Lake.
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Picoplankton Special Study

A Picoplankton Special Study was initiated in 2008 and continued until 2015. The objective of the
Picoplankton Special Study was to monitor picoplankton abundance in Snap Lake, Northeast Lake, and Lake 13.
It was designed to assist in assessing whether nutrient enrichment is affecting the plankton community in
Snap Lake (Section 3.4).
The Picoplankton Special Study was designed to investigate the following two key questions:
1)

Do the results of the picoplankton community results provide any evidence of Mine-related nutrient
enrichment in Snap Lake?

2)

How do any observed changes in picoplankton community compare to changes observed in the
phytoplankton community?

Detailed methods and results of this special study can be found in the AEMP annual reports (De Beers 2008,
2009, 2010, 2011, 2012, 2013, 2014a, 2015a, and 2016). Overall, the picoplankton community in the Snap Lake
main basin was relatively similar among years and among lakes (i.e., Northeast Lake and Lake 13); however,
the northwest arm of Snap Lake had higher abundances of picoplankton than the reference lakes. The results
of the Picoplankton Special Study did not clearly indicate nutrient enrichment in the Snap Lake main basin and
the changes observed in the picoplankton community were minor compared to the changes observed in the
phytoplankton community over time (Section 3.4).

3.10.4

Downstream Special Studies

Two downstream special studies were carried out between the spring of 2011 and end of the ice-covered season
in 2017: a Downstream Lake Special Study (DSL SS) from 2011 to 2015 and a Downstream Watercourse
Special Study (DSW SS) from 2015 to 2017. Monitoring components included in the downstream lakes and
watercourses were water and sediment quality as per the 2013 AEMP Design Plan (Golder 2014), as well as the
biological components (i.e., plankton, benthic invertebrate community and fish). Monitoring components included
in each year were as follows:



2011: Reconnaissance work was completed to investigate the location and extent of the treated effluent
plume downstream of Snap Lake was completed (De Beers 2012).



2012: Water and sediment quality, plankton and benthic invertebrate community sampling was completed
(De Beers 2013). As well, a brief non-lethal fish survey in Downstream Lake 1 (i.e., using minnow traps and
hoop nets) was completed to document the presence of Burbot, Lake Chub, Longnose Sucker, and Slimy
Sculpin (De Beers 2013).




2013: Water and sediment quality and bathymetric surveys were completed in LCB (De Beers 2014a).



2015: Water quality in the first three lakes downstream of Snap Lake during under-ice conditions was
completed as part of the DSL SS. After the 2015 ice-covered program, water quality monitoring in LCB
was completed as part of the DSW SS Plan (De Beers 2015b). Sampling in the first two downstream lakes
(i.e., Downstream Lake 1 [DSL1], downstream Lake 2 [DSL2]) was discontinued. The DSW SS included a
broader water quality monitoring program downstream of Snap Lake which extended downstream to

2014: Water and sediment quality sampling was completed, as well as a survey to determine the extent of
the treated effluent plume was completed. Plankton and benthic invertebrate sampling was completed in the
first three lakes downstream of Snap Lake, and fish composition and tissue metal concentrations in LCB was
completed (De Beers 2015b).
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MacKay Lake and included additional reference locations. The purpose of the DSW SS was to determine
the range of natural variability in TDS concentrations downstream of Snap Lake such that conformity with
Measure 1(d) could be evaluated. Measure 1(d) states that “No Total Dissolved Solids or its constituent ions
from Snap Lake Mine effluent will be detectable, relative to the range of natural variability, at the inlet to
MacKay Lake, 44 km downstream of Snap Lake” (MVEIRB 2014). Plankton composition in LCB during
open-water conditions was also investigated.



2016: Water quality downstream of Snap Lake to MacKay Lake and assessment of the range of natural
variability in MacKay Lake was completed as part of the DSW SS.



2017: Water quality downstream of Snap Lake to Mackay Lake and assessment of the range of natural
variability in MacKay Lake was completed as part of the DSW SS until the end of the ice-covered period.
Supplemental downstream monitoring was completed during the 2017 open-water period while the DSW SS
Report was undergoing regulatory review and approval. The final DSW SS Report provided an estimate
of the range of natural variability for TDS in MacKay Lake and proposed associated Low Action Levels
for traditional land use and methods for evaluating conformity with Measure 1(d), with recommendations for
associated downstream monitoring. The DSW SS Report was issued and approved in October 2017
(Golder 2017).

The downstream lake special studies addressed the following key questions:
1)

What is the spatial extent of the treated effluent plume downstream of Snap Lake (i.e., plume delineation)?

2)

What are the current water quality characteristics in the three downstream lakes?

3)

What is the current plankton community composition in LCB?

4)

What is the Current Benthic Invertebrate Community Composition in the Three Downstream Lakes?

5)

What is the Current Fish Community Composition in LCB?

The objectives of the DSW SS were:
a)

to determine the range of natural variability for TDS and constituent parameters downstream of Snap Lake;

b)

to identify final sampling locations downstream of Snap Lake;

c)

to describe how the information from this study will be used in the AEMP to assess conformity with
Measure 1(d) of Environment Assessment EA1314-02; and

d)

to determine the frequency and method for updating the downstream lakes water quality model.

Detailed methods and results of the downstream monitoring studies are provided in the AEMP annual reports
(De Beers 2012, 2013, 2014a, 2015a, 2016, 2017, 2018) and the DSW SS Report (Golder 2017); a summary of
the results is provided in this section.
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Water Quality
Water quality downstream of Snap Lake, both on and off the flow path of the treated effluent, ranged from acidic
to slightly alkaline, and occasionally, field pH measurements were lower than the optimal range for freshwater
aquatic life. Most parameters downstream of Snap Lake have been below guidelines for the protection of
aquatic life and drinking water, except for fluoride, and chloride in the lakes immediately downstream of
Snap Lake (Downstream Lake 1 and 2). Concentrations of all other parameters measured downstream of
Snap Lake have been below AEMP benchmarks. Temporal trends and spatial patterns in water quality
downstream of Snap Lake are described in Sections 3.1.2.2 and 3.1.2.3.
The range of natural variability in TDS concentrations downstream of Snap Lake was determined to be 4.4 to
16.4 mg/L during ice-covered conditions and 6.0 to 14.3 mg/L during open-water conditions. Low Action Levels
and an Acceptable Limit at Node 22 in MacKay Lake, which were based on the upper range of natural variability
during ice-covered conditions, were developed to assess compliance with Measure 1(d). Low Action Levels at the
outlets of LCB, which were based on predictions, were also adopted. Recommendations for continued water
quality monitoring in the downstream to assess compliance (i.e., at LCB outlets, Node 22 and MacKay Lake
West), support modelling (LCB, LCB outlets, KING01, and Node 22), and maintain the long-term downstream
dataset (KING01) were made in the DSW SS (Golder 2017). Updates to downstream modelling were
recommended to align with updates to Snap Lake model updates or if concentrations of TDS were above
predictions.
Concentrations of Mine-related constituents, including TDS, nitrate, and major ions have been higher at stations
closer to Snap Lake (i.e., DSL2 Outlet and LCB) compared to locations further away (i.e., KING01 and Node 22).
In 2017, the treated effluent from Snap Lake was detected downstream of Snap Lake from LCB to MCKY-IN,
but not within MacKay Lake (Golder 2017; De Beers 2018).

Plankton Community
Although an increase in nutrients (TN and soluble reactive silica [SRSi]) concentrations was observed in DSL1
and DSL2 relative to LCB, all TN and chlorophyll a concentrations were within the range of oligotrophic lakes.
Phytoplankton community composition in the downstream lakes exhibited some variation among the three
downstream lakes. Total phytoplankton biomass was twice as high in DSL1 compared with DSL2 and LCB.
The phytoplankton community biomass in DSL1 was dominated by cyanobacteria, while cyanobacteria and
chrysophytes co-dominated the communities in DSL2 and LCB. This variation may have been the result of the
TDS and nutrient (TN and SRSi) gradient observed from DSL1 to LCB, the local environmental conditions during
sampling, and the small size of DSL1 relative to DSL2 and LCB, or a combination of these factors. Overall, higher
mean annual total phytoplankton and cyanobacteria abundance and biomass were observed in DSL1 compared
to DSL2 and LCB, while higher chrysophyte abundance biomass and chlorophyte biomass were observed in LCB
compared to DSL1 and DSL2.
In general, the zooplankton communities in the three lakes were dominated by calanoid copepods,
which is consistent with Snap Lake. For zooplankton, greater mean annual total zooplankton biomass and
calanoid copepod abundance and biomass were observed in DSL1 compared to DSL2 and LCB, while lower
rotifer and cladoceran abundance and biomass were observed in DSL1 compared to DSL2 and LCB.
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Benthic Invertebrate Community
The composition of the benthic invertebrate communities in the three downstream lakes was typical of sub-arctic
benthic communities (Beaty et al. 2006; Northington et al. 2010). Mean total density was three times higher in
LCB compared to DSL1 and DSL2; however, total biomass in LCB was lower compared to DSL1 and DSL2.
Diversity was moderate to high in all downstream lakes, with slightly higher values in LCB. Evenness was low in
all downstream lakes, indicating that a few taxa accounted for the majority of the total density at each station.
Chironomidae was the dominant taxon in LCB and DSL2, while Pisidiidae was the dominant taxon in DSL1.
Densities of common benthic invertebrates were higher at most or all stations in LCB for Naididae, Micropsectra,
and Microtendipes, compared to DSL1 and DSL2.

Fish Community
The fish community in LCB was composed of eight fish species: Lake Trout, Round Whitefish, Longnose Sucker,
and Lake Whitefish. Slimy Sculpin, Lake Chub, Burbot, and Arctic Grayling. Lake Trout and Round Whitefish were
the most abundant fish species. The capture of Lake Whitefish documented the first time this species was
observed in the Snap Lake study area (and both juveniles and adults were captured in gill nets). Fish tissue
chemistry data from adult Lake Trout and Round Whitefish liver, muscle and kidney, and Lake Chub whole
body/carcasses were collected from Lac Capot Blanc during 2014, and were found to be comparable to
concentrations measured in Snap Lake at baseline and in the AEMP reference lakes in 2013, with few exceptions
(De Beers 2015b). There were slight differences in species assemblages between LCB and the AEMP reference
lakes, there were no indications that the population metrics examined from sentinel species in LCB differed
substantially from those in Snap Lake, Northeast Lake, or Lake 13.

3.10.5

Slimy Sculpin Special Study

Slimy Sculpin is a small-bodied fish species with high site fidelity and small home range, making it a preferred
study species for environmental effects monitoring studies (Gray et al. 2004). A Slimy Sculpin Special Study was
carried out under ice-cover in 2011 and during the open-water period in 2012. The main objective of the
Slimy Sculpin Special Study was to determine whether Slimy Sculpin were catchable in sufficient numbers for use
as a second monitoring species in the Snap Lake AEMP (De Beers 2013).
Effort was expended in 2011 and 2012 during ice-cover and open-water conditions, respectively, to collect
Slimy Sculpin from Snap Lake. The under-ice program deployed minnow traps along the shoreline habitat in
Snap Lake (i.e., large boulders) to attempt to collect Slimy Sculpin at pre-spawning stages, but this approach was
unsuccessful and no fish were captured. The following year, additional methods were used during the open-water
season, also in large boulder shoreline habitat preferred by Slimy Sculpin. The 2012 effort included boat
electrofishing, minnow traps and custom glass jar traps. No Slimy Sculpin were captured again during the 2012
open-water efforts, and Slimy Sculpin were deemed an inappropriate sentinel species for fish health monitoring
as part of the Snap Lake AEMP due to catchability and abundance (De Beers 2013).
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MacKay Lake Thallium and Cesium Study

A MacKay Lake Thallium and Cesium Study was carried out during the open-water period of 2015. Fish and
benthic invertebrate samples were collected from MacKay Lake in 2015 as part of the Thallium and Cesium
Fish Tissue Response Plan (De Beers 2015c). The objective of the MacKay Lake Thallium and Cesium Study
was to document fish tissue chemistry in Lake Trout, Round Whitefish (i.e., muscle, liver and kidney samples),
Lake Chub (i.e., whole body samples) and benthic invertebrates (i.e., whole body samples).
The study was completed to further assess regional fish tissue trends over time. Data collected from
MacKay Lake in 2015 were added to the dataset used in the estimation of the regional reference normal range
(De Beers 2016) for the fish tissue chemistry component.

3.10.7

Lake Trout Population Estimate Special Study

The Lake Trout Population Estimate Special Study began in 2012 and was finalized in 2013 (De Beers 2014a).
The primary objective of the Lake Trout Population Estimate Special Study was to estimate the size of the Lake
Trout population in Snap Lake.
The Lake Trout Population Estimate Special Study addressed the following key question:
1)

How many Lake Trout of fishable size (greater than 250 millimetres [mm] fork length [FL]), are estimated to
be in Snap Lake and what is the level of confidence of that estimate?

The AEMP for the Mine used a Broad-scale Fish Community Monitoring (BsM) netting program (Sandstrom et al.
2009) to sample large-bodied fish in the AEMP study lakes as part of the fish community monitoring component.
The BsM is standardized to lake area with respect to the number and mesh size of gill nets used, and the depths
over which netting occurs, and was conducted every three years. There were concerns over the effects of
mortality due to the BsM method in the AEMP study lakes, and De Beers addressed these concerns by
completing a mark-recapture study to estimate the population abundance of fishable Lake Trout (i.e., greater than
250 mm FL) in Snap Lake. The study also provided information to assess monitoring-related mortality from the
BsM program.
A mark-recapture method to estimate the population was used. Lake Trout were collected by angling during the
summer months throughout Snap Lake. Fish were tagged with an internal passive integrated transponder (PIT)
tag and were live released. Angling efforts were repeated in 2013. The initial number of fish tagged and the
number of tagged fish that were recovered was used as a proportion of the total number of fish collected,
providing an estimate of the number of Lake Trout in Snap Lake.
The mark-recapture study resulted in the capture, marking, and live release of 295 Lake Trout from Snap Lake,
and produced a median population estimate (i.e. number of Lake Trout of fishable size) in Snap Lake in 2012 of
1,589 fish.
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Stable Isotope Study

The Stable Isotope Study was conducted in Snap Lake in 2013 to answer two key questions:
1)

What eats what in Snap Lake?

2)

Is the Snap Lake food web planktonically or benthically driven?

As part of the study, frozen archive samples of Lake Trout and Round Whitefish collected with gillnets in 1999
were also included to evaluate temporal changes. Measures of the stable isotope ratios 13C:12C and 15N:14N
in tissues of pelagic organisms (i.e., zooplankton), profundal benthic organisms (i.e., chironomids, oligochaetes,
fingernail clams), littoral benthos (i.e., snails, mayflies, caddisflies), periphyton, and five species of fish
(Lake Trout, Round Whitefish, Longnose Sucker, Lake Chub, and Burbot) were evaluated to estimate the diets of
each of the five fish species within Snap Lake (De Beers 2014a).
Results of the special study indicated that both Lake Trout and Burbot were generalists in Snap Lake,
consuming both fish and invertebrates (i.e., profundal, littoral, and pelagic). Lake Trout were the top
predator based on trophic position, and their diet consisted primarily of Round Whitefish, Lake Chub,
and Longnose Sucker. Round Whitefish, Longnose Sucker, and Lake Chub consumed mixtures of pelagic,
profundal, and littoral organisms. Overall, the Snap Lake food web was benthically driven, with 75% of the
carbon estimated to be derived from littoral benthic sources. Based on enrichment of δ13C but no change
for δ15N in Lake Trout between 1999 and 2013, the trophic structure of the Snap Lake food web was maintained
during this period, and while Lake Trout appeared to be more reliant on benthos in 2013 than in 1999, the cause
or causes were unknown (De Beers 2014a).

3.10.9

Site-Specific Water Quality Objectives for Total Dissolved Solids Studies

In 2013, a series of toxicity testing studies were undertaken to develop a SSWQO for TDS in Snap Lake because
concentrations of TDS were increasing at a faster rate than predicted in the EAR and were predicted to exceed
Water Licence limits (De Beers 2014b). Toxicity testing was conducted with three fish species (i.e., Fathead
Minnow [Pimephales promelas]; Arctic Grayling [Thymallus arcticus], and Lake Trout [Salvelinus namaycush]),
two algae species (i.e., Pseudokirchneriella subcapitata and Navicula pelliculosa), and four invertebrate species
(i.e., Brachionus calyciflorus, Cyclops vernalis, Daphnia magna, and Chironomus dilutus). Toxicity tests were
conducted with synthetic lake water that was made to reflect the ionic composition of total dissolved solids in
Snap Lake. The results of the toxicity testing studies indicated that chronic effects on taxa found in Snap Lake
were negligible at the tested concentrations, with inhibition concentrations to 10% and 20% of test organisms
(i.e., IC10 and IC20 values) ranging from >1,099 mg/L TDS to >2,202 mg/L TDS. Based on the laboratory toxicity
test results, a TDS SSWQO of 1,000 mg/L was recommended as a conservative and protective benchmark in
Snap Lake.
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3.11
3.11.1

Qualitative Integration
Overview

The EAR (De Beers 2002) for the Mine predicted inputs of nutrients, metals, and major ions to Snap Lake that
could result in a combination of enrichment (considered likely) and toxicity resulting in impairment (considered
unlikely) of the biological communities. The component sections of the AEMP annual report and the
Aquatic Effects Re-evaluation Report are designed to characterize changes in measures of contaminant and
nutrient exposure, potential receiving water toxicity, and field biological responses by plankton, benthos, and fish.
Changes in these individual components could have a combined or interactive effect on the aquatic ecosystem
of Snap Lake. To evaluate potential combined or interactive effects, Schedule 6, Part G, Section 3b of the
Mine’s Water Licence (MVLWB 2016) requires that the Aquatic Effects Re-evaluation Report include:
“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.”
The purpose of this section is to examine linkages between exposure and field biological responses for each
aquatic biological community (i.e., plankton, benthic invertebrate, and fish) by integrating the measures of
contaminant and nutrient exposure, toxicity, and biological responses based on the findings of the individual
monitoring components.

3.11.2

Integration Approach

A detailed conceptual site model illustrating the potential interactions of stressors of potential concern,
exposure pathways, and receptors of potential concern is provided in the 2013 AEMP Design Plan (Golder 2014).
A brief overview of concepts relevant to the qualitative integration is provided below.
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Mine-related stressors of potential concern in Snap Lake are TDS and its constituent ions, metals, and nutrients
(i.e., phosphorus and nitrogen). Receptors of potential concern are phytoplankton, zooplankton, benthic
invertebrates, and fish. The conceptual model pathways can be summarized into two overall hypotheses on the
potential effects to Snap Lake from treated effluent release:



Toxicological Impairment Hypothesis: Toxicity to aquatic organisms could occur due to the release of
substances of toxicological concern (primarily metals, major ions, and TDS) to Snap Lake.



Nutrient Enrichment Hypothesis: Eutrophication could occur due to the release of nutrients (primarily
phosphorus and nitrogen and, for some species, some of the ions in TDS) to Snap Lake.

Individual monitoring components that have been assessed in Snap Lake include water quality, including chronic
toxicity at the edge of the treated effluent mixing zone (nutrients and chemical contaminants); sediment quality;
small- and large-bodied fish tissue chemistry; plankton community; benthic invertebrate community; small-bodied
fish health; and fish community. In the 2013 AEMP Design Plan (Golder 2014), the parameters and biological
variables measured by these components have been formulated into endpoints consistent with the key questions
addressed by each component. The information provided by the endpoints can be categorized into two endpoint
groups representing similar 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 and benthic
invertebrate biomass is considered when assessing nutrient enrichment effects on the fish community).



Field Biological Responses: Observationally-based measures of potential ecological changes in the
Snap Lake ecosystem, including measures of plankton biomass and community structure, benthic
invertebrate biomass and community structure, fish health, and fish community composition.

For each biological community, the integration examines linkages between the exposure and biological endpoint
groups relevant to the community in the context of the two hypotheses of toxicological impairment and nutrient
enrichment.

3.11.3 Toxicological Impairment Hypothesis
3.11.3.1
Plankton Community
Exposure
Water Quality – Water quality is the main indicator of exposure for the plankton community in Snap Lake.
As predicted in the EAR (De Beers 2002), concentrations of a number of parameters that are characteristic of
treated effluent (12 TDS-related parameters, 3 nitrogen parameters, and 9 metals) have increased in Snap Lake
over time. Concentrations of four additional metals (antimony, cobalt, iron, and manganese) not characteristic of
treated effluent have also increased. Concentrations of these parameters exhibited an increasing trend from
baseline to 2017 in the Snap Lake main basin; however, an increasing trend was not evident in the main basin
for the majority of these parameters from 2016 to 2017, reflective of the reduced effluent discharge in 2017 under
the Care and Maintenance phase, and decreases in concentrations for some parameters in the treated effluent.
Fluoride is the only parameter for which an increasing trend continued in 2017 in the main basin. Concentrations
of fluoride and other parameters that have increased in Snap Lake and have AEMP benchmarks (TDS, chloride,
sulphate, total ammonia, nitrate, nitrite, boron, molybdenum, nickel, strontium, and uranium) have remained below
their respective benchmarks, suggesting that the increasing trends were of low toxicological concern for the time
being. Some of the metals that have increased in Snap Lake over time do not have AEMP benchmarks, including
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antimony, barium, cobalt, lithium, manganese, potassium, and rubidium. There is uncertainty as to the
toxicological significance of the greater concentrations of those parameters; however, increased concentrations
of the above parameters were associated with elevated hardness (calcium and magnesium were increasing),
which is expected to reduce the potential for toxicity on aquatic life.
The EAR (De Beers 2002) also predicted that DO concentrations would decrease in Snap Lake due to effluent
discharge; however, DO concentrations under ice-cover in Snap Lake have remained similar or increased
compared to baseline conditions. Concentrations of DO were occasionally below the AEMP benchmark in
Snap Lake but similar concentrations were observed during baseline and in the reference lakes; overall DO
concentrations in Snap Lake do not appear to have decreased as a result of treated effluent discharge.
Mixing Zone Toxicity – Based on laboratory tests (Pseudokirchneriella subcapitata), there was minimal potential
for toxicity to algae at the mixing zone between 2006 and 2017, with most tests exhibiting growth stimulation and
only one test indicating an adverse effect in the form of algal growth inhibition. Although invertebrate
(Ceriodaphnia dubia) chronic toxicity occurred periodically in mixing zone samples between 2006 and 2017,
there was no trend of increasing frequency or severity, and the occurrences of toxicity appear to be episodic.
In addition, a concentration-response relationship was not evident in the chronic toxicity dataset.

Field Biological Responses
Phytoplankton – Chlorophyll a concentrations in Snap Lake remain within the range characteristic of oligotrophic
lakes and below maximum model predictions. While chlorophyll a concentrations have varied among years,
there has been no clear trend between 2004 and 2017 in the main basin of Snap Lake and no indication of
Mine-related effects. This observation is inconsistent with the increases observed in phytoplankton biomass.
Over time, biomass in the main basin of Snap Lake has generally been equal to or greater than biomass in the
reference lakes and from 2015 to 2017 biomass has persistently increased outside the normal range, resulting in
a Low Action Level trigger for nutrient enrichment in 2017. However, an increase in phytoplankton biomass is
consistent with EAR predictions (De Beers 2002, 2003a,b), and therefore the Low Action Level trigger was not
considered an immediate concern. Changes in phytoplankton community have occurred in the main basin of
Snap Lake since baseline conditions, with the community composition shifting between chrysophyte and diatom
dominance over time, to a more recent shift to dinoflagellate dominance in 2017. Community composition in the
reference lakes has consistently been dominated by chrysophytes and cyanobacteria suggesting the changes
observed in Snap Lake could be related to the Mine.
Zooplankton – Zooplankton biomass has fluctuated over time in the main basin of Snap Lake, but in recent years
has generally been within the range of year-to-year variation represented by the reference lake dataset.
Changes in the proportion of total biomass contributed by major taxonomic groups have been observed over time.
In the main basin of Snap Lake, the proportion of calanoid copepods increased, while the cyclopoid copepod
proportion decreased, and rotifers remained dominant in Northeast Lake and Lake 13. While there have been
changes observed for other endpoints in the main basin of Snap Lake (e.g., overall decline in taxonomic richness
and an increase in cladoceran abundance and biomass), these trends were consistent with observations in
reference lakes, suggesting a regional rather than Mine-related effect.
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Qualitative Integration
Integration of the exposure and response endpoints of the phytoplankton community indicates that:



Water quality has been altered in Snap Lake between 2004 and 2017, including an observed increase in
multiple parameters that could potentially cause toxicological impairment in the plankton community and
parameters that are expected to reduce the potential for toxicity effects (e.g., increased water hardness).



Most of the algae toxicity tests conducted on diffuser mixing zone samples exhibited growth stimulation and
there was minimal indication of toxicity to zooplankton at the mixing zone. The results of chronic toxicity
testing conducted on diffuser station samples between 2006 and 2017 indicates that adverse toxic effects to
aquatic biota in Snap Lake were unlikely.



The biological responses observed in the plankton community do not support the toxicological impairment
hypothesis.

Overall, the qualitative integration indicates negligible evidence for toxicological impairment of the plankton
community in the main basin of Snap Lake.

3.11.3.2

Benthic Invertebrate Community

Exposure
Water Quality – Water quality is one of the indicators of exposure for the benthic invertebrate community in
Snap Lake. A summary of information relevant to exposure of benthic invertebrates to parameters of concern in
lake water is provided in Section 3.11.3.1.
Mixing Zone Toxicity – Although C. dubia chronic toxicity occurred occasionally in mixing zone samples
between 2006 and 2017, there was no trend of increasing frequency or severity, the occurrences of toxicity
appear to be episodic, and a concentration-response relationship was not evident in the chronic toxicity dataset.
C. dubia is considered to be one of the more sensitive species of the water toxicity tests; therefore, given the
minimal indication of toxicity to this invertebrate species at the mixing zone, it is assumed that toxicity of benthic
invertebrates from water exposure is unlikely in the main basin of Snap Lake.
Sediment Quality – Sediment quality is considered to be the main indicator of exposure for the benthic
invertebrate community in Snap Lake. For most sediment quality parameters, clear temporal trends in
concentrations were not observed in the main basin of Snap Lake between 2004 and 2015 (the last year the full
set of AEMP stations was analyzed). Statistically significant increasing trends were identified for available
potassium, available sulphate, bismuth, boron, calcium, selenium, silver, sodium, and strontium in the main basin
of Snap Lake and, with the exception of silver, mean concentrations of these parameters in 2012 and 2015 were
above their respective normal ranges in one or both years. There is uncertainty as to the toxicological significance
of the increasing concentrations of those parameters, because they do not have CCME ISQGs or PELs, but they
do indicate an increase in potential toxicant exposure.

Field Biological Responses
Between 2009 and 2013, mean total invertebrate densities in Snap Lake and Northeast Lake remained relatively
consistent and comparable to each other, suggesting there was no Mine-related effect in Snap Lake. There was
an approximately 40-fold increase in mean total density in the Snap Lake main basin between 2013 and 2015,
with the 2015 total density outside the upper boundary of the normal range, suggesting a biologically significant
change but one that does not support the toxicological impairment hypothesis. Densities of six out of seven of the
dominant taxa were significantly higher in the main basin of Snap Lake compared with Northeast Lake, with most
exceeding their normal ranges. Benthic invertebrate community structure has exhibited among-year variation in
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the Snap Lake main basin, with the largest change observed between 2013 and 2015. However, with the
exception of the increase in Tanytarsini relative density in 2015, the degree of change in the main basin of
Snap Lake has been similar to those observed in the northwest arm and the reference lakes.
Richness and diversity have remained within their normal ranges in the main basin of Snap Lake with no temporal
trends observed throughout the reporting period. Evenness has exhibited a decline in the Snap Lake main basin
since 2010, which could be Mine-related; however, a similar decreasing trend observed in Lake 13 suggests there
may be regional contributing factors. Moreover, mean evenness in the Snap Lake main basin has remained within
the normal range throughout the monitoring period.

Qualitative Integration
Integration of the exposure and response endpoints of the benthic invertebrate community indicates that:



Water quality has been altered in Snap Lake between 2004 and 2017 including an observed increase in
multiple parameters that could potentially cause toxicological impairment in the benthic invertebrate
community, and parameters that are expected to reduce the potential for toxicity effects (e.g., increased
water hardness).



There was minimal indication of toxicity to invertebrates (C. dubia) in the effluent mixing zone. The results of
chronic toxicity testing conducted on diffuser station samples between 2006 and 2017 indicates that adverse
toxic effects to aquatic biota in Snap Lake were unlikely.



Concentrations of several metals have increased in Snap Lake sediments over time and could potentially
cause toxicological impairment in the benthic invertebrate community.



The biological responses observed in the benthic invertebrate community do not support the toxicological
impairment hypothesis.

Overall, the qualitative integration indicates negligible evidence for toxicological impairment of the benthic
invertebrate community in the main basin of Snap Lake.

3.11.3.3

Fish Community

Exposure
Water Quality – Water quality is the main indicator of exposure for the fish community in Snap Lake.
Water quality is the main indicator of exposure for the fish community in Snap Lake. A summary of information
relevant to exposure of fish to parameters of concern in lake water is provided in Section 3.11.3.1.
Mixing Zone Toxicity – Of the six early-life stage rainbow trout (Oncorhynchus mykiss) toxicity tests conducted
between 2014 and 2017, one test indicated statistically significant effects on embryo viability; however, the mean
response was only 12% lower relative to the control and was therefore not considered an adverse effect.
From 2014 to 2017, toxicity to larval fathead minnow (Pimephales promelas) survival and growth was observed
in two samples; however, in both cases, follow-up toxicity testing indicated no toxicity.
Small-bodied Fish Tissue Chemistry – Fish tissue chemistry is expected to provide an equal or better indicator
of actual exposure to metals than water quality, because it integrates water quality variations over time and
factors influencing uptake of metals into tissues.
Lake Chub data are available for 2012 and 2015, but there are no baseline data. Instead tissue concentrations
of Lake Chub collected in Snap Lake in 2012 and 2015 were compared to reference lakes and the normal range.
Trends were identified if there was a consistent significant difference among years, if at least one year was
outside of the normal range, and if the direction of change was consistent with a potential negative effect on
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fish health (i.e., increase in tissue metal concentrations). Trends were identified for strontium and thallium in
Lake Chub collected from Snap Lake. Other metals that had significantly greater concentrations than both
reference lakes in at least one year were cesium, copper, mercury, potassium, sodium, and uranium, which were
all observed in 2015; however, of these metals, only cesium concentrations were above the normal range.
The elevated concentrations of cesium, strontium, and thallium triggered Low Action Levels in 2015 and were
possibly Mine-related. Strontium was elevated in treated effluent and exhibited increasing trends and
concentrations above the normal ranges in water and sediments of Snap Lake. Similarly, cesium and thallium
concentrations in water in Snap Lake exhibited increasing trends and concentrations above the normal range.
The toxicological significance of the elevated concentrations of thallium in fish tissue were low, given that the
water concentrations were below the AEMP benchmark and the tissue concentrations were below the approved
tissue benchmark (De Beers 2015). Although there is no tissue benchmark for strontium, water concentrations
were below the proposed SSWQO; therefore, the toxicological significance of the elevated tissue concentrations
is uncertain. An approved AEMP Response Plan (De Beers 2015) concluded that there do not appear to be
adverse ecological implications of the increased concentrations of cesium and thallium in the tissues of fish from
Snap Lake.
Large-bodied Fish Tissue Chemistry – For Lake Trout, strontium and thallium concentrations exhibited
consistent trends between years and were outside normal ranges in at least one year. Lake Trout strontium
concentrations were greater than reference and exceeded the normal range for kidney and liver tissues
collected in 2013 and 2016. Muscle tissue concentrations were greater than baseline in both 2013 and 2016
but were not different from reference and did not exceed the normal range. Lake Trout thallium concentrations in
2013 were greater than reference in kidney, liver, and muscle tissues, and all exceeded the normal range.
In 2016, Lake Trout thallium concentrations were greater than reference in muscle tissue only, while liver tissue
concentrations were lower in Snap Lake relative to reference and lower than the normal range, and muscle tissue
concentrations in Snap Lake were lower than those in 2004. Other metals were not consistent in terms of
concentrations being above both reference and normal ranges.
For Round Whitefish, cesium, iron, magnesium, potassium, strontium, and thallium concentrations exhibited
consistent trends between years and were outside normal ranges in at least one year. There were relatively low
magnitudes of difference between concentrations of iron, magnesium, and potassium in Snap Lake and reference
lakes, and therefore it is likely that these differences were a result of natural variation, rather than a Mine-related
effect. It is unlikely that the observed changes in iron, magnesium, and potassium concentrations would impair the
health of individual fish or fish populations. Round Whitefish strontium concentrations were not different than
reference lakes and only exceeded normal range in muscle tissue collected in 2016. Round Whitefish thallium
concentrations in 2013 were greater than reference and exceeded the normal range in both kidney and muscle
tissue, but were not different in liver tissue. In 2016, thallium concentrations were greater than reference in all
tissue types (i.e., kidney, liver and muscle); however, only kidney tissue exceeded the normal range bounds.
Cesium and thallium triggered Low Action Levels in 2013 for the large-bodied fish tissue program and sodium and
strontium triggered Low Action Levels in 2016 for the large-bodied fish tissue program.

Field Biological Responses
Small-bodied Fish Health – Snap Lake fish health endpoints were generally within the normal range during the
2012 and 2015 small-bodied fish health programs, with the exception of female LSI and condition in 2015.
Condition of adult female Lake Chub exceeded the upper bound of the normal range, and adult female LSI
exceeded the lower and upper bound of the normal range. Over the years, there were few significant trends in

262

September 2020

19127683/DCN-013

Lake Chub from Snap Lake relative to the reference lakes for various fish health endpoints. The primary trends
observed in Snap Lake over multiple years of fish health surveys are as follows:



The abundance of Lake Chub is greater than in reference lakes and there is potential that the population is
growing, which does not support the toxicological impairment hypothesis.



Parasitic infection rates were higher relative to reference lakes but were not increasing over time.
Toxicity cannot be ruled out, but it is more likely a result of natural variation.



Male Lake Chub livers have been consistently lighter than in reference lakes and at a magnitude of
difference that is biologically relevant; however, these results were not outside the normal range.

Despite the above trends, there have been no Low Action Level triggers for fish health endpoints on the basis of
statistical difference from the reference lakes at a magnitude indicative of fish health impairment and fish health
endpoints outside normal ranges. Other endpoints do not appear to be changing over time or were not
consistently different from reference at a biologically significant magnitude. Because juvenile life-stages of aquatic
organisms are typically more sensitive to toxicants than adults, if mild toxicological impairment of fish health was
beginning in Snap Lake, then effects would first be expected in juvenile fish and fecundity of adult females.
These responses were not observed, suggesting that the pattern of response in fish health does not support
toxicological impairment.
Large-bodied Fish Community – As predicted in the EAR, there have been no discernible changes to the
fish community of Snap Lake that could be directly attributed to Mine-related changes in water quality versus
other factors. Although there were some significant differences in fish population metrics examined between
Snap Lake and the reference lakes over the years, these differences could reasonably be attributed to natural
variation in population size and/or age class, or differences in localized fish density that affect catch rates.

Qualitative Integration
Integration of the exposure and response endpoints of the fish community indicates that:



Water quality has been altered in Snap Lake between 2004 and 2017, including an observed increase in
multiple parameters that could potentially cause toxicological impairment in the fish community, and also in
parameters that are expected to reduce the potential for toxicity effects (e.g., increased water hardness).



There was minimal indication of toxicity to early-life stage fish at the mixing zone. The results of chronic
toxicity testing conducted on diffuser station samples between 2006 and 2017 indicate that adverse toxic
effects to aquatic biota in Snap Lake were unlikely.



Concentrations of several metals have increased in fish tissues over time in Snap Lake, but it is unlikely that
those concentrations would impair the health of individual fish or fish populations.



The biological responses observed for small-bodied fish health endpoints were within the range of natural
variability and are not expected to have adversely affected the fish at an individual or population level.



The biological responses observed over time in the fish community could reasonably be attributed to natural
variation or differences in fish community structure in each lake, and are not thought to support toxicological
impairment.

Overall, the qualitative integration indicates negligible evidence for toxicological impairment of the fish community
in the main basin of Snap Lake.

263

September 2020

19127683/DCN-013

3.11.4 Nutrient Enrichment Hypothesis
3.11.4.1
Plankton Community
Exposure
Water Quality – Water quality is considered to be the main indicator of exposure for the plankton community
in Snap Lake. As predicted in the EAR (De Beers 2002), concentrations of TDS-related parameters
(e.g., reactive silica) and nitrogen parameters have increased in Snap Lake over time, although decreasing trends
were observed in recent years. Whole-lake average concentrations of these parameters remained below model
predictions. The EAR also predicted that total phosphorus concentrations would increase in Snap Lake over time,
but this was not observed. Phosphorus is considered to be the limiting nutrient in Snap Lake.
Mixing Zone Algal Bioassays – Most of the algae toxicity tests conducted on diffuser mixing zone samples
exhibited growth stimulation, suggesting the potential for nutrient enrichment in Snap Lake.

Field Biological Responses
Phytoplankton – Chlorophyll a concentrations in Snap Lake have remained within the range characteristic of
oligotrophic lakes and below maximum model predictions. While chlorophyll a concentrations have varied among
years, there has been no clear trend between 2004 and 2017 in the main basin of Snap Lake, and no indication of
Mine-related effects. This observation is inconsistent with the increases observed in phytoplankton biomass.
Over time, biomass in the main basin of Snap Lake has generally been equal to or greater than biomass in the
reference lakes and from 2015 to 2017 biomass has persistently increased outside the normal range, resulting in
a Low Action Level trigger for nutrient enrichment in 2017. However, an increase in phytoplankton biomass is
consistent with EAR predictions (De Beers 2002, 2003a,b) and therefore the Low Action Level trigger was not
considered an immediate concern. Changes in phytoplankton community have occurred in the main basin of
Snap Lake since baseline conditions (2004). Community composition has shifted between chrysophyte and
diatom dominance over time, with a recent shift to dinoflagellate dominance in 2017, while community
composition in the reference lakes has consistently been dominated by chrysophytes and cyanobacteria.
Zooplankton – Zooplankton biomass has fluctuated over time in the main basin of Snap Lake, but in recent
years, has generally been within the range of year-to-year variation represented by the reference lakes.
Changes in the proportion of total biomass contributed by major taxonomic groups have been observed over time.
In the main basin of Snap Lake, the proportion of calanoid copepods increased, while the cyclopoid copepod
proportion decreased, while rotifers remained dominant in Northeast Lake and Lake 13. While there have been
changes observed for other endpoints in the main basin of Snap Lake (e.g., overall decline in taxonomic richness
and an increase in cladoceran abundance and biomass), these trends were consistent with observations in
reference lakes, suggesting a regional rather than Mine-related effect.

Qualitative Integration
Integration of the exposure and response endpoints of the plankton community indicates that:



Concentrations of several nutrients (e.g., nitrogen and silica) have increased in Snap Lake between 2004
and 2017; however, phosphorus, which is considered the limiting nutrient in Snap Lake, has not increased.



The growth stimulation observed in most of the algal toxicity tests indicates the potential for enrichment of
Snap Lake.



The biological responses observed over time in the Snap Lake plankton community (i.e., increases in
phytoplankton biomass, shifts in phytoplankton community and zooplankton community composition) could
support the nutrient enrichment hypothesis.
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Overall, the qualitative integration indicates potential evidence for low magnitude nutrient enrichment of the
plankton community in the main basin of Snap Lake. The persistent increase in total phytoplankton biomass
in recent years could be a Mine-related enrichment effect. While changes have occurred within the plankton
community in Snap Lake (i.e., increases in phytoplankton biomass, shifts in phytoplankton community and
zooplankton community composition), these changes were within the predictions, were of low magnitude,
and were not of concern in terms of algal blooms.

3.11.4.2

Benthic Invertebrate Community

Exposure
Water Quality – As predicted in the EAR (De Beers 2002), concentrations of TDS-related parameters and
nitrogen parameters have increased in Snap Lake over time, although decreasing trends were observed in the
last year or two. Whole-lake averages of these parameters remained below model predictions. The EAR also
predicted that total phosphorus concentrations would increase in Snap Lake over time, but this was not observed.
The EAR (De Beers 2002) also predicted that DO concentrations would decrease in Snap Lake due to effluent
discharge; however, DO concentrations under ice-cover in Snap Lake have remained similar or increased
compared to concentrations measured during baseline conditions. Concentrations of DO were occasionally below
the AEMP benchmark in Snap Lake but similar concentrations were observed during baseline and in the
reference lakes; overall DO concentrations in Snap Lake do not appear to have decreased as a result of treated
effluent discharge.
Sediment Quality – Statistically significant increasing trends were identified for concentrations of available
potassium, available sulphate, calcium, and sodium in sediments the main basin of Snap Lake, and mean
concentrations of these parameters in 2012 and 2015 were above their respective normal ranges in one or both
years. These parameters are not direct nutrients for benthic invertebrates, but indicate a potential enrichment
"signature" in the water column.
Primary Productivity – There has been an overall increase in phytoplankton biomass (i.e., food supply for
filter feeders) in the Snap Lake main basin with values above normal range in recent years, and there may be a
slight increasing trend compared to reference conditions. Moreover, there was growth stimulation observed in
most of the algal toxicity tests indicating the potential for enrichment of Snap Lake.

Field Biological Responses
Between 2009 and 2013, mean total invertebrate densities in Snap Lake and Northeast Lake remained relatively
consistent and comparable to each other suggesting there was no Mine-related effect in Snap Lake. There was
an approximate 40-fold increase in mean total density in the Snap Lake main basin between 2013 and 2015,
with the 2015 total density outside the upper boundary of the normal range, suggesting a biologically significant
change. Densities of six out of seven of the dominant taxa were significantly higher in the main basin of
Snap Lake compared with Northeast Lake, with most exceeding their normal ranges. This significant change in
the benthic invertebrate community triggered a Low Action Level for Nutrient Enrichment. In light of data collected
by other AEMP components, it appears likely that the observed effect on benthic invertebrates in 2015 was not
solely related to nutrient enrichment, but may have also resulted from a gradual discharge-related change in the
DO regime of Snap Lake over time. There was some indication of a regional change in benthic invertebrate
density as well, as reflected in all lakes sampled in 2015. The observed changes in 2015 were not consistent
with predictions of a negligible to low enrichment effect on the benthic invertebrate community in Snap Lake
(De Beers 2002). Benthic invertebrate community structure has exhibited among-year variation in the Snap Lake
main basin, with the largest change observed between 2013 and 2015. However, with the exception of the
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increase in Tanytarsini relative density in 2015, the degree of change in the main basin of Snap Lake has been
similar to those observed in the northwest arm and the reference lakes.
Richness and diversity have remained within their normal ranges in the main basin of Snap Lake with no temporal
trends observed throughout the reporting period. Evenness has exhibited a decline in the Snap Lake main basin
since 2010, which could be Mine-related; however, a similar decreasing trend observed in Lake 13 suggests there
may be other contributing factors. Moreover, mean evenness in the Snap Lake main basin has remained within
the normal range throughout the monitoring period.

Qualitative Integration
Integration of the exposure and response endpoints of the benthic invertebrate community indicates that:



Concentrations of several nutrients have increased in Snap Lake between 2004 and 2017; however,
phosphorus is considered the limiting nutrient in Snap Lake, and total phosphorus has not increased in
Snap Lake.



The overall increase in phytoplankton biomass and the observed growth stimulation in most of the algal
toxicity tests indicates the potential for enrichment of Snap Lake, which likely resulted in an increase in
food supply for filter feeders (i.e., increase in primary productivity).



The biological responses observed over time in the Snap Lake benthic invertebrate community, particularly
the changes observed in the Snap Lake main basin between 2013 and 2015 resulting in a considerable
increase in mean total density, could support the nutrient enrichment hypothesis. However, it appears likely
that the observed effect on benthic invertebrates in 2015 resulted from a combination of factors, including
nutrient enrichment and a temporary increase in DO concentrations related to the discharge of treated
effluent, and regional factors.

Overall, the qualitative integration indicates potential evidence for nutrient enrichment of the benthic invertebrate
community in the main basin of Snap Lake. The observed magnitude of changes in the benthic invertebrate
community in 2015 were not predicted, and while nutrient enrichment cannot be ruled out, the underlying cause
may be a combination of factors, some of which are Mine-related. Although biologically significant, the observed
changes have not adversely affected fish food resources in Snap Lake. If changes observed in the benthic
invertebrate community were due to nutrient enrichment or a change in DO regime, this condition will likely
reverse itself over time while the Mine is under Care and Maintenance.

3.11.4.3

Fish Community

Exposure
Water Quality – As predicted in the EAR (De Beers 2002), concentrations of TDS-related parameters and
nitrogen parameters have increased in Snap Lake over time, although decreasing trends were observed in the
last year or two. Whole-lake averages of these parameters remained below model predictions. The EAR also
predicted that total phosphorus concentrations would increase over time in Snap Lake, but this was not observed.
Productivity – There has been an overall increase in phytoplankton biomass (i.e., food supply for filter feeders) in
the Snap Lake main basin with values above normal range in recent years, and there may be a slight increasing
trend compared to reference conditions. Moreover, there was growth stimulation observed in most of the algal
toxicity tests, indicating the potential for enrichment of Snap Lake. Zooplankton biomass has generally been
within the range of year-to-year variation represented by the reference lakes. There was an approximate 40-fold
increase in mean total density of benthic invertebrates in the Snap Lake main basin between 2013 and 2015,
with the 2015 total density above the normal range.
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Field Biological Responses
Small-bodied Fish Health – As discussed for toxicological impairment, Snap Lake fish health endpoints were
generally within the normal range during the 2012 and 2015 small-bodied fish health programs. However,
statistical differences between Snap Lake and the reference lakes have been observed for some fish health
endpoints, with differences in the direction that would support nutrient enrichment (e.g., greater abundance of
Lake Chub in Snap Lake compared to reference lakes) however, there were also responses that did not support
enrichment. The endpoint responses do not consistently support the nutrient enrichment hypothesis.
Large-bodied Fish Community – As predicted in the EAR, there have been no discernible changes to the fish
community of Snap Lake that could be directly attributed to Mine-related changes in water quality versus other
factors. Although there were some significant differences in fish population metrics examined between Snap Lake
and the reference lakes over the years, these differences could reasonably be attributed to natural variation in
population size and/or age class, or differences in localized fish density that affect catch rates.

Qualitative Integration
Integration of the exposure and response endpoints of the fish community indicates that:



Concentrations of several nutrients have increased in Snap Lake between 2004 and 2017; however,
phosphorus is considered the limiting nutrient Snap Lake, and total phosphorus has not increased.



The overall increases in phytoplankton biomass and benthic invertebrate density, and the observed growth
stimulation in most of the algal toxicity tests, indicate the potential for enrichment of Snap Lake, and likely
resulted in increased lake productivity and food supply for fish.



The biological responses observed in the fish community were inconsistent and generally not supportive of
the nutrient enrichment hypothesis.



The biological responses observed for small-bodied fish health endpoints were within the range of natural
variability and were inconsistent in their direction of response.



The biological responses observed over time in the fish community could reasonably be attributed to natural
variation or differences in fish community structure in each lake, and were not thought to support nutrient
enrichment.

Overall, the qualitative integration indicates negligible evidence for nutrient enrichment of the fish community in
the main basin of Snap Lake.

3.11.5

Summary and Conclusions

Although water quality, sediment quality, and fish tissue chemistry have been altered in Snap Lake between 2004
and 2017 with an increase in multiple parameters that could potentially cause toxicity, a qualitative integration of
available data indicates there has been negligible indication of toxicological impairment of aquatic communities in
the main basin of Snap Lake.
Concentrations of several nutrients have also increased in Snap Lake between 2004 and 2017 and most of the
algae toxicity tests conducted on diffuser mixing zone samples exhibited growth stimulation, indicating the
potential for enrichment of Snap Lake. There have been biological responses for plankton and benthic
invertebrates that could be indicative of nutrient enrichment, although there was no indication of nutrient
enrichment in the fish community.
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The changes observed in the plankton community were within the prediction of low magnitude, and not of concern
in terms of algal blooms. Overall, at the end of Operations, the plankton community remains healthy, can
efficiently transfer energy from phytoplankton to zooplankton, and is able to support the fish community in
Snap Lake. Therefore, the observed changes are not considered ecologically significant overall. The changes
observed in the benthic invertebrate community in 2015 were not predicted and were biologically significant.
While nutrient enrichment cannot be ruled out, the underlying cause may be a combination of factors, some of
which are Mine-related. Whether the changes observed in the benthic invertebrate community were due to
nutrient enrichment or a change in DO regime, this condition will likely reverse itself over time, while the Mine is
under Care and Maintenance, and is therefore not expected to be ecologically significant over the long-term.
Overall, there was no evidence of adverse effects to the structure and function of the Snap Lake ecosystem.

3.11.6

Proposed Changes

There are no changes proposed for the qualitative integration component of the AEMP.

3.11.7
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UPDATED EFFECT PREDICTIONS
Water Quality

4.1.1

Predicted Changes to Snap Lake Water Quality

Overall, water quality in Snap Lake is predicted to continue to improve after the start of Closure relative to
Operations due to a large predicted decrease in the volume of minewater effluent discharged to Snap Lake
from Operations to Closure. During Operations, the discharge of treated effluent to Snap Lake was continuous
and the maximum discharge was 57,687 m3/day to one mixing zone in the main basin. After the start of Closure,
the maximum discharge from the water management pond (WMP), or the modular water treatment plant +
reverse osmosis unit if treatment is required to meet EQC, to the current mixing zone is predicted to be much
lower compared to Operations (i.e., less than 4,000 m3/d) and for a shorter period (i.e., approximately two months
in the early open-water period) (Golder 2019a). Maximum annual discharge volumes are predicted to be
4,763 m3/d from the future East Influent Storage Pond (ISP) (modified from Sump 3) to the main basin and
6,668 m3/d from the future West ISP (modified from Sump 5) to the northwest arm, respectively (Golder 2019a);
more than 80 percent (%) of the overflows from the sumps are predicted to occur in the spring, with the remaining
20% to occur later during the open-water season due to rainfall events.
For comparisons to water quality model predictions, Closure was considered to start on 30 April 2020, the date
when discharge from the WMP to Snap Lake were assumed to begin in the model (Golder 2019a). After the start
of Closure, water quality concentrations for parameters that increased lake-wide in Snap Lake during Operations
are predicted to decrease at all modelled locations in the main basin and northwest arm of Snap Lake, with the
exception of nitrate in the main basin and northwest arm, and an additional five parameters in the northwest arm
(Table 4.1-1). In the main basin, concentrations of nitrate are predicted to be higher at the current mixing zone
after the start of Closure relative to Operations due to discharge from the WMP, East ISP, and West ISP.
In the northwest arm, concentrations of nitrate and total boron, molybdenum, nickel, rubidium and uranium are
predicted to be higher at one or more modelled locations after the start of Closure relative to Operations due to
the passive overflow of water from the West ISP to the northwest arm. The predicted concentrations in the
northwest arm of these parameters after the start of Closure are still below the overall maximum concentrations in
Snap Lake (i.e., at SNP 02-20e) during Operations, with the exception of nitrate. Maximum nitrate concentrations
in the northwest arm after the start of Closure (5.2 mg/L) are predicted to be slightly higher (approximately
1 mg/L) compared to the overall maximum nitrate concentrations in Snap Lake during Operations (4.0 mg/L).
For parameters that did not increase lake-wide during Operations, concentrations are predicted to also
not increase during Closure, with the exception of localized higher concentrations at the edge of the mixing zones
and in the northwest arm (Table 4.1-1). In the main basin, concentrations of parameters that did not increase
during Operations but are predicted to be higher after the start of Closure relative to Operations are:



Total phosphorus, aluminum, cobalt, copper, and selenium concentrations at the edge of the existing mixing
zone



Total phosphorus, selenium and antimony concentrations at the edge of the new mixing zone

In the northwest arm, concentrations of parameters that did not increase during Operations but are predicted to
be higher after the start of Closure relative to Operations are:





Total chromium and iron only at the edge of the mixing zone.
Total antimony, copper, titanium, and vanadium at the edge of the mixing zone and SNAP23.
Total phosphorus, aluminum, cobalt, and selenium at the three modelled locations in the northwest arm,
including SNAP29, which is the closest modelled location to the main basin.
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Summary of Historical Patterns During Operations and Predicted Changes to Water Quality After Closure

Parameter

Maximum Concentrations Predicted to be Higher After Closure
Relative to Maximum Concentrations During Operations and Care and Maintenance(b)

Increased During
Operations(a)

Main Basin
Mixing Zone

SNP 02-20e

SNAP03

Northwest Arm

SNAP05

SNAP06

SNAP09

SNAP08

Mixing Zone

SNAP23

SNAP29

Predicted Maximum Percent of
AEMP Benchmark After Closure(c)
(%)

Calcium

Yes

No(↓)

No(↓)

-

Chloride

Yes

No(↓)

No(↓)

60

Fluoride

Yes

No(↓)

No(↓)

19

Magnesium

Yes

No(↓)

No(↓)

-

Potassium

Yes

No(↓)

No(↓)

-

Sodium

Yes

No(↓)

No(↓)

-

Sulphate

Yes

No(↓)

No(↓)

11

Nitrate(d)

Yes

Yes

97

Nitrite

Yes

No(↓)

No(↓)

42

Total ammonia

Yes

No(↓)

No(↓)

38

Total phosphorus

No

No

Yes

64

Total aluminum

No

No

No

Yes

27

Total antimony

No(e)

Yes

Total arsenic

No(e)

No

No

2

Total barium

Yes

No(↓)

No(↓)

3

Total beryllium

No

No

No

-

Total bismuth

No

No

No

-

Total boron

Yes

No(↓)

Total cadmium

No

No

No

5

Total cesium

Yes

No(↓)

No(↓)

-

Total chromium

No

No

No(↓)

Yes

No(↓)

Yes
Yes
No

Yes

No

Yes

No(↓)

Yes

No

4

6

9

Total cobalt

No(e)

No

Yes

No

Yes

40

Total copper

No(e)

No

Yes

No

Total iron

No(e)

No

Total lead

No

No

No

4

Total lithium

Yes

No(↓)

No(↓)

-

Total manganese

No(e)

No

No

27

Total mercury

No

No

No

22

Total molybdenum

Yes

No(↓)

Yes

No(↓)

5

Total nickel

Yes

No(↓)

Yes

No(↓)

25

Total rubidium

Yes

No(↓)

Yes

No(↓)

-

Yes

No

Yes

No

28
21
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Summary of Historical Patterns During Operations and Predicted Changes to Water Quality After Closure

Parameter

Maximum Concentrations Predicted to be Higher After Closure
Relative to Maximum Concentrations During Operations and Care and Maintenance(b)

Increased During
Operations(a)

Main Basin
Mixing Zone

Total selenium

No

Total silver

No

Total strontium

SNP 02-20e

SNAP03

SNAP05

Yes

Northwest Arm
SNAP06

SNAP09

SNAP08

Mixing Zone

SNAP23

No

SNAP29

Predicted Maximum Percent of
AEMP Benchmark After Closure(c)
(%)

Yes

6

No

No

12

Yes

No(↓)

No(↓)

14

Total thallium

Yes

No(↓)

No

No(↓)

1

Total titanium

No

No

Yes

No

-

Total uranium

Yes

No(↓)

Yes

No(↓)

5

Total vanadium

No

No

Yes

No

<1

Total zinc

No

No

No

19

a) Increased lake-wide during Operations based on results of Key Question 3 in the 2019 AEMP Annual Report (De Beers 2020a).
b) Higher predicted concentrations were identified based on predicted maximum concentrations after the start of Closure (30 April 2020 to 1 January 2050) that are more than 5% higher than maximum concentrations during Operations and Care and Maintenance (Golder 2019a). For parameters that increased lakewide in Snap Lake during Operations, a decrease in concentrations is identified (↓) when predicted maximum concentrations after Closure decreased by more than 5% relative to maximum concentrations during Operations and Care and Maintenance.
c) The predicted maximum percent of the predicted concentration and applicable AEMP Benchmark for all modelled locations in Snap Lake between 30 April 2020 and 1 January 2050. The AEMP Benchmarks are based on the proposed updated AEMP Benchmarks in the Aquatic Effects Monitoring Program Design
Plan for Closure V. 1 ( De Beers 2020b).
d) Predicted nitrate concentrations are based on the maximum average effluent quality criteria of 60 mg/L of nitrate (as N) in the Water Licence MV2019L2-0004 (MVLWB 2020).
e) Increases in antimony, arsenic, cobalt, copper, iron and manganese were not consistently observed in Snap Lake during Operations; small but statistically significant increases have been identified at some stations during Care and Maintenance.
↓ = concentrations are predicted to be lower after the start of Closure (i.e., 30 April 2020 and 1 January 2050) compared to Operations and Care and Maintenance; - = no AEMP Benchmark; <= less than; % = percent; N = nitrogen; SNP = Surveillance Network Program.
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Comparison to AEMP Benchmarks

Water quality, after the start of Closure, is predicted to be below concentrations that have the potential to be
harmful to aquatic life or human health for drinking water uses. Updated AEMP benchmarks, which are intended
to protect aquatic life and drinking water, are proposed for Closure to reflect the predicted change in ion
composition in Snap Lake (Appendix C of Golder 2019a) and new guidelines based on more recent toxicity data
(Golder 2019b). Concentrations of all parameters are predicted to remain below the updated AEMP benchmarks
at all locations throughout Snap Lake after the start of Closure (Table 4.1-1).

4.1.3

Summary of Water Quality Predictions in Snap Lake

Overall, water quality in Snap Lake is predicted to improve during Closure relative to Operations due to a large
decrease in the volume of minewater discharged to Snap Lake from Operations to Closure. After the start of
Closure, water quality concentrations for parameters that increased lake-wide in Snap Lake during Operations are
predicted to decrease in the main basin of Snap Lake. Concentrations after the start of Closure are predicted to
be higher than Operations at the mixing zones and in the northwest arm for some parameters. However,
concentrations at the mixing zones and throughout Snap Lake are below the AEMP benchmarks, and are
therefore not expected to result in harmful effects to aquatic life or the drinkability of the water. Additionally,
predicted changes in water quality are likely an overestimate of the future concentrations in Snap Lake, including
the northwest arm, because:



All parameters are treated conservatively within the Snap Lake model; monitoring data have demonstrated
that historical predictions for nutrients and metals have been overestimates due to nutrient cycling and
settling or chemical reactions, respectively (Golder 2016).



The predicted 95th percentile concentrations were conservatively used as constant discharge concentrations
to Snap Lake for all parameters except nitrate, which was set to the EQC value of 60 mg-N/L (Golder
2019a); the actual discharge concentrations are likely to be lower than the predicted 95th percentile and
EQC concentrations.

4.1.4

Predicted Changes in Total Dissolved Solids Concentrations Downstream of
Snap Lake

Downstream of Snap Lake, concentrations of TDS are predicted to continue increasing for two to eight years,
depending on the downstream location, and then stabilize and decrease (Golder 2019b). At the outlets of LCB,
TDS concentrations are predicted to peak in approximately 2023 and at Node 22 in MacKay Lake,
TDS concentrations are predicted to peak in approximately 2027 to 2028. Concentrations downstream of
Snap Lake are predicted to remain below proposed AEMP benchmarks and, at Node 22, below the Acceptable
Limit to meet Measure 1(d) (i.e., 19.1 mg/L).
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Sediment Quality

Specific predictions about changes in sediment quality were not made in the EAR and predicted effects
on sediment quality were considered too small to carry forward to a WOE analysis. Evaluation of temporal trends
in sediment quality based on 2004 to 2017 AEMP monitoring data did not provide clear evidence of an effect on
Snap Lake sediments in areas exposed to treated effluent from the Mine and those parameters which showed
increasing trends showed a reversal at the diffuser station or main basin after 2015 or 2016.
Updated water quality modelling predicted improvement in water quality during Closure relative to Operations and
did not predict changes in water quality that would be expected to result in an additional effect on sediment
quality. Therefore, based on AEMP results to date and updated water quality modelling, no new sediment quality
predictions were developed.

4.3

Toxicity

The EAR (De Beers 2002) predicted a low environmental consequence to water quality within Snap Lake as a
result of effluent discharge, related to chronic-level effects to aquatic biota. Acute toxicity was absent in treated
effluent samples over time. While chronic toxicity occurred periodically in chronic tests performed on treated
effluent and diffuser station samples, no trend of increasing frequency or severity over time was evident.
With the possible exception of 2007, when Ceriodaphnia reproduction was reduced to some degree in all
samples (i.e., treated effluent and diffuser station samples), occurrences of toxicity only appeared periodically.
Overall, the toxicity data indicate no potential for consistent adverse effects to aquatic biota in Snap Lake.
Updated water quality modelling did not predict changes in water quality that would be expected to result in
increased toxicity for aquatic biota. Therefore, based on AEMP results to date and updated water quality
modelling, no new toxicity predictions were developed.

4.4

Plankton

Plankton monitoring has detected a nutrient enrichment effect reflected in changes in the phytoplankton and
zooplankton community composition and persistent increases in phytoplankton biomass, as was predicted in the
EAR (De Beers 2002) and 2014 model predictions (De Beers 2014). However, chlorophyll a concentrations at
SNP02-20e have not exceeded 4.1 μg/L (De Beers 2013) and chlorophyll a levels remain within the range
associated with oligotrophic lakes (i.e., there has not been a change in the overall trophic status of Snap Lake)
(De Beers 2002, 2003a,b). In addition, zooplankton biomass has not increased. The plankton results to date are
generally within EAR and 2014 model predictions and the updated water quality modelling predicted an
improvement in water quality during Closure relative to Operations; therefore, no new predictions for the Plankton
component were developed.

4.5

Benthic Invertebrates

Benthic invertebrate monitoring has detected an enrichment effect, as indicated by increased densities of some
common invertebrates and shifts in community structure. The EAR predicted low level effects on benthic
invertebrates from increased primary productivity during mine operation, increased calcium concentrations,
negligible effects from reduced DO concentrations in deep waters, and localized increases in the concentration
of hexavalent chromium in lake water and sediments (De Beers 2002). Between 2009 and 2013, the observed
low magnitude effects were consistent with the EAR predictions (De Beers 2012). In 2015, the magnitude of effect
observed on the total density and densities of dominant taxa was greater than predicted. However, changes in
benthic invertebrate community structure, as indicated by richness, diversity, evenness, presence/absence,
and community composition have generally remained within EAR predictions.
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Updated water quality modelling did not predict changes in water quality that would be expected to result in
an additional effect on sediment quality, or a change in the predicted effects on benthic invertebrates.
Therefore, based on AEMP results to date and updated water quality modelling, no changes are warranted to
the EAR benthic invertebrate predictions.

4.6

Fish

The EAR predicted that chemicals of concern in water and sediment could have a negative effect on fish health,
but that the magnitude of this effect would be negligible. No changes to fish reproduction were predicted.
Concentrations of cesium, strontium and thallium have increased in fish tissue in Snap Lake over time; however,
there has been no clear evidence to suggest that increases in these concentrations are causing negative effects
on fish health, condition, or abundance, or pose a risk to human health due to changes in fish tissue metal
concentrations (De Beers 2017). In addition, there are no increasing trends identified for parameters that have
consumption guidelines according to the Canadian Food Inspection Agency (CFIA) and Health Canada
(i.e., mercury, arsenic, and lead; CFIA 2014).
There were some statistically significant differences in fish community metrics and endpoints between Snap Lake
and the reference lakes over the years; however, these differences were attributed to natural variability in
population size and/or age class, or differences in local fish density that affected catch rates. Therefore, per the
EAR predictions, operation of the Mine resulted in negligible changes to the fish community in Snap Lake.
The updated water quality modelling did not predict changes in water quality that would be expected to result in a
change in the predicted effects on fish. No changes to dust deposition or blasting patterns are expected.
Therefore, based on AEMP results to date and updated water quality modelling, no changes are warranted to the
EAR predictions for fish.

4.7

Qualitative Integration

The Qualitative Integration was conducted for the first time in 2011 and because this type of integration was not
included in the EAR, there are no predictions to update. The observed changes, differences, trends, and/or
exceedances of benchmarks in exposure, and field biological response endpoints are dependent on semiquantitative descriptions of the responses or degree of changes observed water quality, sediment quality,
plankton communities, benthic invertebrate communities and fish communities in Snap Lake. The ratings indicate
the degree of change in exposure relative to reference or baseline conditions, or degree of biological response.
Therefore, the weight-of-evidence ratings for the qualitative integration for nutrient enrichment and toxicological
impairment are contingent on the updated predictions for water quality, sediment quality, plankton community,
benthic invertebrate community and fish community. In general, based on the updated predictions for these
components, the weight-of-evidence ratings are expected to remain similar to those presented in the Qualitative
Integration.

4.8

Conclusions for Updated Effects Predictions

The aquatic effects predictions of the EAR were reviewed and updated where possible and appropriate.
The original EAR effect predictions for sediment quality, toxicity, plankton, benthic invertebrates, and fish are
considered appropriate and thus do not need to be updated. The updated water quality predictions are applicable
to the current Closure plan, and would need to be revisited if changes to the Closure plan occurs.
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OVERALL CONCLUSIONS

The 2012 to 2017 Aquatic Effects Re-evaluation Report summarized data accumulated during the AEMP from
2004 to 2017 and evaluated trends over time in all monitored components. The AEMP results to date show that
as the Mine moves from Care and Maintenance into Closure, there has been no evidence of adverse effects to
the structure and function of the Snap Lake ecosystem.
The 2012 to 2017 Aquatic Effects Re-evaluation Report summarized results of the water quality, plankton,
sediment quality, benthic invertebrates, and fish monitoring components, and integrated those results to assess
the current state of the aquatic ecosystem in Snap Lake. The main conclusions of this report are as follows:



Changes to water quality in Snap Lake and downstream of Snap Lake occurred over time, in the form of
increasing concentrations of salts, nitrogen nutrients and metals. These changes are not expected to cause
adverse effects to resident aquatic life, do not pose a human health risk, and have not adversely affected the
drinkability of Snap Lake water.



Changes occurred over time in the Snap Lake sediments near the diffuser and in the main basin, in the form
of increasing concentrations of some nutrients and metals over time. A number of metals were found to be
naturally elevated in Snap Lake, and were frequently measured above SQGs. The changes in Snap Lake
sediments do not indicate a potential for adverse effects to benthic invertebrates or other aquatic life.



Both the water quality and sediment quality components reported a reversal of increasing trends in
concentrations of Mine-affected parameters after 2015 or 2016, consistent with mitigation by the Mine and
the large reduction in discharge volume to Snap Lake in 2017.



Acute toxicity was absent from treated effluent samples. Chronic toxicity was observed occasionally in
treated effluent and diffuser station samples, but has not increased in severity or frequency over time.
Growth stimulation occurred in treated effluent and diffuser station samples during P. subcapitata tests,
indicating the potential for nutrient enrichment of Snap Lake. Overall, the toxicity dataset indicates no
potential for consistent adverse effects to aquatic biota in Snap Lake.



Changes have occurred in the plankton community in Snap Lake, in the form of increases in phytoplankton
biomass, and shifts in phytoplankton community and zooplankton community composition. These changes
are within the EAR predictions and are of low magnitude, and are not of concern in terms of algal blooms or
a lack of food for fish. At the end of Operations, the plankton community remains healthy and able to support
the fish community in Snap Lake.



Changes in the benthic invertebrate community of Snap Lake were observed in 2015, exhibited as
substantial increases in the densities of benthic invertebrates compared to previous years. The change was
not adverse, but rather appeared to represent greater food availability to benthic invertebrates compared
to previous years. The effect was not consistent with the results reported by other AEMP components,
which found no substantial changes in the degree of nutrient enrichment relative to previous years.
The exact cause of the effect on benthic invertebrates in 2015 cannot be identified with certainty. However,
the effect is not expected to persist, because the discharge of treated effluent has been greatly reduced
since 2017.



There is no evidence that fish health in Snap Lake has been impaired as a result of changes in water or
sediment quality resulting from Mine Operations.



There is no evidence that the treated effluent discharge from the Mine has altered fish in such a way as to
limit their use by humans.
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The treated effluent discharged from the Mine has had a negligible effect on the fish community in
Snap Lake.



The results of qualitative integration of the AEMP data collected to date by all monitoring components
indicate that there has been a negligible indication of toxicological impairment of aquatic communities in
Snap Lake. There have been changes in water quality and biological responses by plankton and benthic
invertebrates that could be indicative of nutrient enrichment, although there was no indication of a nutrient
enrichment effect on the fish community.



The Mine is currently in Care and Maintenance and moving towards Closure, resulting in a reduced volume
of effluent discharge and reduced concentrations of constituents such as TDS and nitrates from explosives
in the effluent. This is expected to result in gradually declining concentrations of constituents in Snap Lake
that have increased as a result of the treated effluent discharge. If changes to the plankton and benthic
invertebrate communities are due to nutrient enrichment from Mine-related activities, this condition is
expected to reverse itself over time, and is not expected to be ecologically significant in the long-term.
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PROPOSED CHANGES

Through the synthesis of AEMP data from 2012 to 2017 (Section 3), and in preparation for the Mine moving
from Care and Maintenance into Closure, a number of changes have been proposed to adjust the AEMP.
These proposed changes focus on the overall study design and component specific adjustments based on data
collected to date.

6.1

Proposed Changes for the Next AEMP Design Plan

Proposed changes related to the overall AEMP monitoring design are provided below:



Reduce the number of reference lakes for each component. One reference lake is sufficient for comparisons
to Snap Lake. For the water quality, sediment quality, plankton and benthic invertebrate components,
discontinue monitoring in Lake 13, as the differences in the plankton and benthic communities make
Lake 13 unsuitable for direct comparisons with the Snap Lake main basin. For the fish components,
discontinue monitoring in Northeast Lake rather than Lake 13, because there have been lower catch rates
of small-bodied fish (i.e., Lake Chub) in Northeast Lake compared to Lake 13, which makes Northeast Lake
a poor reference lake for the Snap Lake fish community.



Reduce the frequency of open-water water quality monitoring in the main basin beyond the mixing zone and
Northeast Lake to once a year during open-water conditions during Closure.



Monitor plankton, benthic invertebrates, fish health and fish tissue chemistry at least once during Closure.
If the plankton, benthic invertebrate, fish health or fish tissue chemistry components combined with the
toxicity, sediment, or water quality components do not trigger a Low Action Level, monitoring for these
components may be discontinued.



Discontinue large-bodied fish community monitoring and large-bodied fish health programs. Given there
have been no consistent or significant changes to the fish community during Operations and the Mine is
moving to Closure, large-bodied fish programs are not needed.

6.2

Component-Specific Changes

The changes proposed in this section are based on the review of AEMP data collected to date for each
component. These proposed changes focus on technical aspects of monitoring and efficiency, and incorporate
lessons learned during the last re-evaluation period.

Water Quality
The following changes are proposed for the Water Quality component:



Reduce the number of phosphorus parameters analyzed in the nutrient suite to two parameters (total and
dissolved phosphorus) to align with model predictions and comparisons to the AEMP benchmark.





Discontinue monitoring of organics at the edge of the mixing zone.




Replace monitoring DOC with TOC in Snap and Northeast lakes.
If no domestic wastewater is released during Closure, discontinue monitoring of bacteriological parameters
(e.g., Escherichia coli) in Snap Lake.
Discontinue analysis of dissolved metals in Snap and Northeast lakes.
Reduce the number of stations where water quality samples in Northeast Lake are collected.
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Reduce the frequency of under ice-cover monitoring in Snap and Northeast lakes and downstream of Snap
Lake during Closure to once every three years.



At least one AEMP sampling event within the main basin of Snap Lake should occur in the latter half of the
discharge period (i.e., the early open-water program), with the second AEMP sampling event (i.e., the late
open-water program) occurring as close as possible to the end of the discharge period7.



Update AEMP Benchmarks developed during the EAR (De Beers 2002) where new information is available
for these parameters and update SSWQOs used for AEMP Benchmarks that were developed based on
former predictions of ionic composition in Snap Lake during Operations and Care and Maintenance
(i.e., TDS, chloride, sulphate, and nitrate).



Update Action Levels for nutrient enrichment to include a comparison to the Snap Lake normal range
instead of predictions.



Update downstream monitoring locations, frequency and parameters to include relevant recommended
monitoring in the DSW SS Report (Golder 2017) for Closure:

 Monitor TDS and its constituents and collect field measurements at the two outlets of LCB (LCB Outlet 1
and LCB Outlet 2A) annually during a single open-water program and every three years, monitor TDS
and collect field measurements twice a year during late ice-covered and open-water conditions.

 Monitor TDS and its constituents and collect field measurements every three years at KING01, Node 22
and MCKY-WEST-3 during ice-covered conditions, when TDS concentration are predicted to be the
highest, and annually during open-water conditions.



Discontinue the use of split and phosphorus spike samples in the QA/QC assessment.

Sediment Quality
The following changes are proposed for the Sediment Quality component:





Discontinue sediment sampling in the 2-cm depth layer at the SNP diffuser station.
Recalculate the normal range for selenium, using data collected from the reference lakes after 2005.
Discontinue the SNP program.

Due to the Closure status of the Mine, De Beers cannot commit to specific timing of sampling events but will
attempt, where possible, to complete monthly (i.e., as per Water Licence requirements) sampling at the mixing
zone stations in the main basin to characterize water quality in the latter half of discharge and towards the end of
discharge.

7
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Toxicity
The following changes are proposed for the Toxicity component:



The ELS fish chronic toxicity test program including the seven-day Fathead Minnow larval survival and
growth test and the seven-day Rainbow Trout embryo viability test should be omitted from future AEMP
toxicity testing.



The Growth Inhibition Test using a Freshwater Alga (P. subcapitata) should be omitted from future AEMP
toxicity testing at SNP 02-20.



Remove under-ice toxicity sampling. Conduct open-water toxicity sampling of diffuser stations once per year,
timed with effluent toxicity sampling.

Plankton
The following changes are proposed for the Plankton component:





The edibility assessment should be discontinued.
Chlorophyll c analysis should be discontinued.
Microcystin-LR analysis should be discontinued.

Benthic Invertebrates
No changes are proposed for the Benthic Invertebrate component.

Fish
The following changes are proposed for the Fish components:




Laboratory-based fish aging should be excluded from future small-bodied fish health programs.



Additional fishing methods beyond those needed to target Lake Chub (e.g., set lines, gill nets, electrofishing)
should be implemented during the small-bodied fish health field program to assess community composition
and target all species in Snap Lake.



Reduce frequency of fish tasting events, based on input from communities and site logistics and safety
considerations. Fish tasting should occur as necessary during Closure to verify results of fish health and
fish community programs in Snap Lake.

6.3

Liver lipid (i.e., triglyceride and glycogen) analyses should be removed from future small-bodied fish health
programs.

Action Level Updates

Action levels for the Mine were adopted following the 2013 AEMP Design Plan (Golder 2014) and have been
assessed annually by each component. In preparation for the Mine to move from Care and Maintenance into
Closure, action levels for each component were re-evaluated. For the benthic invertebrate component and the
fish health and fish community monitoring programs, no changes to the Low Action Levels are recommended.
For the water quality, toxicity, plankton and fish tissue chemistry components minor changes are proposed.

Water Quality



Action Levels related to the protection of traditional land uses should be updated to reflect the
recommendations described in the DSW SS Report (Golder 2017).
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Toxicity



Given that toxicity testing during Closure is anticipated to occur with Ceriodaphnia it is recommended that
the Low Action Levels: “sublethal toxicity in both the C. dubia and P. subcapitata laboratory tests performed
on all diffuser station samples during a single sampling event” and “sublethal toxicity in any valid 7-day fish
ELS test performed on a mixing zone sample” be omitted because they are no longer relevant under the
recommended AEMP toxicity test program.



The Low Action Level “an IC50 for three-brood reproduction with C. dubia of ≤50%, present in results for
two of three diffuser stations within the mixing zone for any one sampling event” should be updated to
“IC25 for three brood reproduction with C. dubia of less than or equal to 100%, present in results at the edge
of the mixing zone at more than one station (i.e., existing or new mixing zone boundary stations)”

Plankton



6.4

The toxicological action levels should be revisited, by reducing the focus on cladocerans during Closure.
Given that cladocerans are naturally scarce and variable in abundance in Snap Lake and Northeast Lake,
and results to date show that toxicological impairment is not occurring in the zooplankton community,
focus should shift instead to total zooplankton biomass rather than cladoceran abundance and biomass.
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GLOSSARY

a posteriori

After the fact; without prior knowledge. A posteriori weighting criteria are derived after data
have been collected.

abundance

Number of organisms present in a sample.

acidification

The decrease of acid neutralizing capacity in water, or base saturation in sediment caused
by natural or anthropogenic processes. Acidification is exhibited as the lowering of pH.

Action Level

A categorization indicating the severity of possible effects to an assessment endpoint in the
AEMP

acute

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.

alkalinity

A measure of water’s capacity to neutralize an acid. It indicates the concentration 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.

autotroph

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.

attenuation coefficient

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

background

An area not influenced by chemicals released from the site under evaluation.

bacteria

Microscopic organisms lacking a nucleus; found in the water column, on submerged
surfaces, and in the sediments of a lake.

Bacillariophyceae or
diatoms

A group of algae that are encased within a frustule (hard and porous cell wall) made of silica;
a component of the phytoplankton and the epilithic algae.

baseline

A surveyed or predicted condition that serves as a reference point to which later surveys are
coordinated or correlated.

benchmark

A standard or point of reference against which things may be compared or assessed.

benthic invertebrates

Invertebrate organisms living at, in, or in association with the bottom (benthic) substrate of
lakes, ponds, and streams (e.g., snails, clams, insects, worms and crustaceans). These
organisms play several important roles in the aquatic community. They are involved in the
mineralization and recycling of organic matter produced in the water above, or brought in
from external sources. Many benthic invertebrates are food sources for fish.

biomass

The weight or mass of an organism.

biota

Living organisms.
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Calanoida or calanoid
copepod

A group of planktonic crustaceans in the subclass Copepoda. This order of Copepoda
is herbivorous and typically feeds on phytoplankton.

chlorophyll a

A form of the photosynthetic pigment contained in all green plants, including phytoplankton
(primary producers).

chlorophyll c

A form of the photosynthetic pigment chlorophyll contained in certain algae (i.e., diatoms and
dinoflagellates).

chronic

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.

Cladocera or cladoceran

A group of small planktonic crustaceans also known as water fleas; a component of the
zooplankton.

community composition

The species present and their relative proportions in an assemblage of organisms.

conductivity

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.

Copepoda

A subclass of planktonic crustaceans consisting of calanoid and cyclopoid copepods;
a component of the zooplankton.

critical effect size

A threshold above which an effect may be indicative of a higher risk to the environment
(Metal Mining Environmental Effects Monitoring Guidance Document; Environment Canada
2012).

Cyclopoida or
cyclopoid copepod

A group of planktonic crustaceans in the subclass Copepoda. This order of copepods is
typically omnivorous, feeding on phytoplankton and smaller zooplankton.

Cyanobacteria

A type of planktonic bacteria that obtain their energy through photosynthesis.

density

Number of organisms per unit area or volume. .

detection limit (DL)

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.

dewatering

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.

diffuser

A device used to disperse an effluent plume to a waterbody.

diffuser station

Monitoring station located less than 200 metres from the diffuser.

dissolved oxygen
(DO)

Measurement of the concentration of dissolved (gaseous) oxygen in the water,
usually expressed in milligrams per litre (mg/L).

duplicate field sample

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.
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duplicate laboratory sample 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).
ecosystem

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.

effect

A change that follows and event or cause.

effluent

Stream of water discharging from a source.

Ekman grab

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.

electrofishing

A live fish capture technique in which negative (anode) and positive (cathode) electrodes are
placed in the water and an electrical current is passed between the electrodes. Fish are
attracted to the negative electrode and become stunned by the current, allowing fish to be
collected, measured and then released.

euphotic

The upper surface layer of a waterbody where sufficient light penetrates to allow
photosynthesis to occur.

eutrophication

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.

field blank

A sample of de-ionized water provided by the laboratory that is filled in the field and is used
to detect sample contamination during the collection, shipping, and analyses of samples.

fish

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.

flagellates

A group of microscopic organisms that have a whip-like organelle called a flagella; sizes
ranging from 2 to 20 micrometers and include autotrophic and heterotrophic forms. They are
found within the plankton and heterotrophic forms consume pico-cyanobacteria and
heterotrophic bacteria

generalist

An organism that is able to utilize a variety of habitats and food resources.

grab water sample

A discrete water sample that is collected from a waterbody.

groundwater

That part of the subsurface water that occurs beneath the water table, in soils and geologic
formations that are fully saturated.

habitat

The place or environment where a plant or animal naturally occurs.

heterotrophic

An organism that must obtain carbon from an external source for growth; consumes other
organisms in a food chain.

hydrology

The science of water movement and distribution, including the hydrologic cycle and
interactions with the physical and biological environment.
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ice-covered conditions

The period of time, during the year, when waterbodies are covered in ice.

laboratory specific
conductivity

A measurement of how well water conducts electricity, as measured in the laboratory.

log-transformed

Refers to data that have undergone logarithmic transformation. This transformation is often
used before statistical testing to make a dataset with highly skewed distribution follow the
normal or near-normal distribution.

main basin

The main basin of Snap Lake excluding the northwest arm.

mesotrophic

Trophic state classification for lakes characterized by a moderate concentration of nutrients
and moderate organic productivity.

method blank

A laboratory grade, pure water sample that is subjected to all laboratory procedures. Used to
detect the possibility of cross-contamination between samples in the laboratory.

microcystin

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.

mixing zone

The region in which the initial dilution of a discharge occurs.

multidimensional scaling

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.

non-parametric

Refers to statistical methods that do not require data do not fit a normal distribution.

normal range

An estimate of the natural range of variability.

normality

The property of whether a data set is well-modeled by the normal distribution
(i.e., a bell-shaped curve).

northwest arm

The arm of Snap Lake located north and west of the Mine.

nutrients

Elements 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 to be carried out.

oligo-mesotrophic

Trophic state classification for lakes characterized by a low to moderate concentration of
nutrients and low to moderate organic productivity.

oligotrophic

Trophic state classification for lakes characterized by low concentration of nutrients and
low organic productivity.

open-water conditions

The period of time during the year when waterbodies are free of ice.

outlier

A data point that falls outside of the statistical distribution defined by the mean and standard
deviation.

P–value

Probability value used to determine the significance of a relationship or difference,
e.g., P <0.05.
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pelagic

Open-water area within a lake.

phytoplankton

The algal component of the plankton community, ranging in size from 2 to 20 micrometres in
size

pico-cyanobacteria

Cyanobacteria less than 3 micrometres in diameter; they dominate in nutrient-poor lakes.

picoplankton

The smallest size category of plankton ranging from 0.2 to 2.0 micrometres in size

pH

The degree of acidity or alkalinity of a solution. The pH scale is generally presented from
0 (acidic) to 14 (alkaline), with a value of 7 representing the neutral condition. A difference of
one pH unit represents a ten-fold change in hydrogen ion concentration.

plankton

Small, often microscopic, plants (phytoplankton) and animals (zooplankton) that live
suspended in the water column of non-flowing water bodies such as lakes. They are an
important food source for fish.

plume

The form effluent takes in water following discharge.

pollution

Contamination that results in adverse biological effects to populations or communities of
organisms.

population

A group of individuals in a defined area.

prediction interval

Is an estimate of an interval in which future observations will fall, with a certain probability,
given what has already been observed.

primary productivity

The rate of primary production or the production of organic compounds through the process
of photosynthesis or chemosynthesis.

probable effect level

Concentration of a chemical in sediment above which adverse effects on an aquatic
organism are likely but not certain to occur.

profundal

The deep zone of a waterbody that is below the range of light penetration.

quality assurance (QA)

Management and technical practices designed so that the data generated are of consistently
high quality. They include standardization and review by field and office personnel of
procedures used in the collection, transport, and analyses of samples.

quality control (QC)

Internal techniques used to measure and assess data quality, including samples that are
used to detect and reduce systematic and random errors that may occur during field
sampling and laboratory procedures.

reference lake

A sampling lake selected for 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.

Rotifera or rotifer

A phylum of microscopic plankton, ranging in size from 50 micrometres to 2 millimetres;
a component of the zooplankton.

sediment

Solid material that is transported by, suspended in, or deposited from water. It originates
mostly from weathered rocks; it also includes chemical and biochemical precipitates and
decomposed organic material.
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sedimentation

The process of deposition of suspended matter carried by water, wastewater or other liquids,
by gravity. It is usually accomplished by reducing the velocity of the liquid below the point at
which it can transport the suspended material.

specialist

An organism that is able to utilize only a narrow range of habitats and food resources.

specific conductivity

A measure of how well water conducts electricity, standardized to 25°Celsius.

spring freshet

A spring thaw event resulting from melting snow and ice.

standard deviation (SD)

A measure of the variability or spread of the measurements about the mean. It is calculated
as the positive square root of the variance.

standard error (SE)

The standard deviation (positive square-root of the variation) of the errors associated with a
series of measurements.

stressors

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.

taxon

A group of organisms at the same level of the standard biological classification system;
the plural of taxon is taxa.

total dissolved solids (TDS) The total concentration of all dissolved solids in a water sample.
total Kjeldahl nitrogen (TKN) The sum of organic nitrogen, ammonia, and ammonium.
total organic carbon (TOC)

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.

total suspended solids
(TSS)

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 a dissolved solid.

toxicity

The inherent potential or capacity of a material to cause adverse effects to a living organism.

Traditional Knowledge

Knowledge and understanding of traditional resource and land use, harvesting, and special
places.

travel blank

A water sample prepared by the laboratory and shipped to the field sampling location and
subsequently returned to the laboratory unaltered. These samples are used to detect sample
contamination during transport.

trophic

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.

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).
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trophic state

System of classifying lakes based on fertility. The root trophy means nutrients; therefore,
lakes are classified based on the amount of available nutrients (phosphorus and nitrogen) for
organisms. Lakes can be classified as oligotrophic (nutrient poor), mesotrophic (moderately
productive), or eutrophic (very productive and fertile).

t-test

Statistical test used to compare the means of two groups of samples.

turbidity

An indirect measure of suspended particles, such as silt, clay, organic matter, plankton,
and microscopic organisms, in water.

vertical profile

A set of in situ measurements consisting of taking readings of physical parameters or
samples at certain depth increments in the water column of a lake.

waterbody

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.

watercourse

Riverine systems such as creeks, brooks, streams, and rivers.

watershed

The entire catchment area of runoff containing a single outlet.

weight-of-evidence

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.

zooplankton

Small, often microscopic, animals that live suspended in the water column of non-flowing
waterbodies such as lakes. They mainly eat primary producers (phytoplankton).
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Time Series Plots of Mean Annual Total Phytoplankton Abundance and Major
Phytoplankton Groups in Snap Lake, Northeast Lake, and Lake 13
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Notes: Error bars represent one standard error of the annual mean. Sampling in the northwest arm ceased in 2016 (Golder 2016). From 2004
to 2016, mean annual phytoplankton abundance was based on samples collected in July, August, and September, with some exceptions (Golder
2012); in 2017 samples were collected in July and August (Golder 2016).
cells/L = cells per litre.
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Time Series Plots of Mean Annual Total Phytoplankton Biomass and Major Phytoplankton
Groups in Snap Lake, Northeast Lake, and Lake 13
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Notes: Error bars represent one standard error of the annual mean. Sampling in the northwest arm ceased in 2016 (Golder 2016). From 2004
to 2016, mean annual phytoplankton abundance was based on samples collected in July, August, and September, with some exceptions (Golder
2012); in 2017 samples were collected in July and August (Golder 2016).
mg/m3 = milligrams per cubic metre.
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Appendix B – Phytoplankton Community Spatial Plots

Figure B-1

September 2020

Spatial Patterns in Abundance of the Major Phytoplankton Groups in the Main Basin of
Snap Lake

Note: The “Other Groups” consists of euglenophytes and xanthophytes.
cells/L = cells per litre; SNP = Surveillance Network Program.
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Figure B-2

September 2020

Spatial Patterns in Abundance of the Major Phytoplankton Groups in the Northwest Arm of
Snap Lake

Note: The “Other Groups” consists of euglenophytes and xanthophytes.
cells/L = cells per litre.
2

2

Appendix B – Phytoplankton Community Spatial Plots

Figure B-3

September 2020

Spatial Trends in Abundance of the Major Phytoplankton Groups in Northeast Lake

Note: The “Other Groups” consists of euglenophytes and xanthophytes.
cells/L = cells per litre; NEL = Northeast Lake.
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Figure B-4

September 2020

Spatial Trends in Abundance of the Major Phytoplankton Groups in Lake 13

Note: the “Other Groups” consists of euglenophytes and xanthophytes.
cells/L = cells per litre; LK13 = Lake 13.
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Figure B-5

September 2020

Spatial Patterns in Biomass of the Major Phytoplankton Groups in the Main Basin of
Snap Lake

Note: The “Other Groups” consists of euglenophytes and xanthophytes.
mg/m3 = milligrams per cubic metre; SNP = Surveillance Network Program.
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Figure B-6

September 2020

Spatial Patterns in Biomass of the Major Phytoplankton Groups in the Northwest Arm of
Snap Lake

Note: The “Other Groups” consists of euglenophytes and xanthophytes.
mg/m3 = milligrams per cubic metre.
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Figure B-7

September 2020

Spatial Trends in Biomass of the Major Phytoplankton Groups in Northeast Lake

Note: The “Other Groups” consists of euglenophytes and xanthophytes.
mg/m3 = milligrams per cubic metre.
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Figure B-8

September 2020

Spatial Trends in Biomass of the Major Phytoplankton Groups in Lake 13

Note: The “Other Groups” consists of euglenophytes and xanthophytes.
mg/m3 = milligrams per cubic metre.
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Figure B-9

September 2020

Spatial Trends in Total Phytoplankton Abundance in the Main Basin and Northwest Arm of
Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

cells/L = cells per litre; NEL = Northeast Lake; LK13 = Lake 13.
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Figure B-10

September 2020

Spatial Trends in Total Phytoplankton Biomass in the Main Basin and Northwest Arm of
Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

mg/m3 = milligrams per cubic metre; NEL = Northeast Lake; LK13 = Lake 13.
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Figure B-11

September 2020

Spatial Trends in Total Chrysophyte Abundance in the Main Basin and Northwest Arm of
Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

cells/L = cells per litre; NEL = Northeast Lake; LK13 = Lake 13.
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Figure B-12

September 2020

Spatial Trends in Total Chrysophyte Biomass in the Main Basin and Northwest Arm of
Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

mg/m3 = milligrams per cubic metre; NEL = Northeast Lake; LK13 = Lake 13.
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Figure B-13

September 2020

Spatial Trends in Total Diatom Abundance in the Main Basin and Northwest Arm of Snap
Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

cells/L = cells per litre; NEL = Northeast Lake; LK13 = Lake 13.

13

13

Appendix B – Phytoplankton Community Spatial Plots

Figure B-14

September 2020

Spatial Trends in Total Diatom Biomass in the Main Basin and Northwest Arm of Snap
Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

mg/m3 = milligrams per cubic metre; NEL = Northeast Lake; LK13 = Lake 13.
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Figure B-15

September 2020

Spatial Trends in Total Cyanobacteria Abundance in the Main Basin and Northwest Arm of
Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

cells/L = cells per litre; NEL = Northeast Lake; LK13 = Lake 13.

15

15

Appendix B – Phytoplankton Community Spatial Plots

Figure B-16

September 2020

Spatial Trends in Total Cyanobacteria Biomass in the Main Basin and Northwest Arm of
Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

Note: NEL01 in 2014 (3,832 mg/m3), NEL05 in 2015 (2,476 mg/m3) and NEL01 in 2017 (1,429 mg/m3) removed from plot for presentation
purposes.
mg/m3 = milligrams per cubic metre; NEL = Northeast Lake; LK13 = Lake 13.
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Figure B-17

September 2020

Spatial Trends in Total Chlorophyte Abundance in the Main Basin and Northwest Arm of
Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

Note: SNAP03 in 2006 (13,717 mg/m3), SNAP01 in (9,139 mg/m3) and SNAP02 in 2006 (16,100 mg/m3) removed from plot for presentation
purposes.
cells/L = cells per litre; NEL = Northeast Lake; LK13 = Lake 13.
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Figure B-18

September 2020

Spatial Trends in Total Chlorophyte Biomass in the Main Basin and Northwest Arm of
Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

Note: NEL02 in 2014 (1,810 mg/m3) removed from plot for presentation purposes.
mg/m3 = milligrams per cubic metre; NEL = Northeast Lake; LK13 = Lake 13.
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Figure B-19

September 2020

Spatial Trends in the Abundance of the Other Groups in the Main Basin and Northwest
Arm of Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Snap Lake – Northwest Arm

Northeast Lake

Lake 13

Note: The “Other Groups” consists of dinoflagellates, cryptophytes, euglenophytes, and xanthophytes.
cells/L = cells per litre; NEL = Northeast Lake; LK13 = Lake 13.
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Figure B-20

September 2020

Spatial Trends in the Biomass of the Other Groups in the Main Basin and Northwest Arm
of Snap Lake, Northeast Lake and Lake 13

Snap Lake – Main Basin

Northeast Lake

Snap Lake – Northwest Arm

Lake 13

Note: SNAP11A in 2017 (2,429 mg/m3) removed from plot for presentation purposes.
The “Other Groups” consists of dinoflagellates, cryptophytes, euglenophytes, and xanthophytes.
mg/m3 = milligrams per cubic metre; NEL = Northeast Lake; LK13 = Lake 13.

20

20

golder.com

