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1.0 INTRODUCTION

1.1 Background

Sabina Gold & Silver Corp. (Sabina) owns the Back River Project (the Project), which is located in the West
Kitikmeot region of Nunavut approximately 95 kilometres (km) southeast of the southern end of Bathurst Inlet,

400 km southwest of Cambridge Bay and 520 km northeast of Yellowknife, Northwest Territories (Figure 1-1). The
Project is a proposed open pit and underground gold mine at four deposits (Umwelt, Llama, Goose Main, and
Echo), with an estimated 27-year life from mobilization to post closure. The construction phase is estimated to
commence in 2020.

The Project will be subject to both an Aquatic Effects Management Plan (AEMP) as required by the Type A Water
Licence (2AM-BRP1831) and an Environmental Effects Monitoring (EEM) program under the Metal and Diamond
Mining Effluent Regulations (MDMER). Baseline studies were undertaken to support the environmental
assessment process from 2010 to 2015 (Sabina 2015). Supplemental baseline studies were carried out in 2017
and 2018 to support the design and implementation of the AEMP, address relevant commitments made by Sabina
through the water licensing process, and support the future EEM that will be triggered when the dewatering
discharge begins during construction. The 2018 program was discussed with Sabina and Environment and
Climate Change Canada (ECCC) on July 20, 2018 and agreement was reached on the program.

Sabina received the Type A Water Licence for the Project from the Nunavut Water Board (NWB), signed by the
Minister of Crown-Indigenous Relations, on 06 November 2018. The Water Licence specifies that Sabina is
required to submit an updated AEMP to the board, which addresses all comments and commitments made during
the regulatory review of the Application. Therefore, the AEMP design that was submitted to the NWB under the
Water Licence Application will be updated to address commitments made by Sabina to the NWB and ECCC
during the regulatory review of the Water Licence Application (i.e., ECCC-IRs #8 through #24 and #27 and
commitments made during the March AEMP Workshop with ECCC). A number of these commitments relate to a
review of the baseline dataset (i.e., historical data collected up to 2016 and supplemental data collected more
recently in 2017 and 2018). Representative key commitments have been summarized below:

Provide more detail regarding exposure and reference areas and confirm compatibility (ECCC-IR-10)

Confirm the suitability of pre-development data to support the AEMP for water quality, sediment quality,
benthos, and fish. Sabina committed to a discussion of the suitability of pre-development data once all data
are collated and reviewed (ECCC-IR-11)

Confirm there are sufficient pre-development data to support the calculation of normal ranges, once the
baseline dataset has been compiled and undergone analysis as part of baseline reporting in 2018/2019.
Sabina committed to preparing a baseline synthesis report in late 2018/early 2019 (ECCC-IR-16)

Sabina committed to develop benchmarks and action levels once all 2018 supplemental baseline data have
been reviewed, consolidated, and analyzed. Sabina made a commitment to consult with ECCC and other
relevant stakeholders in the development of Action Levels and the normal ranges (ECCC-IR-24)

To meet these commitments, this aquatic baseline synthesis report was developed to report the results of the
2018 AEMP sampling program and evaluate the baseline dataset. The updated AEMP design will refer to this
synthesis report for baseline information. The compiled baseline dataset, which takes into account seasonal
variation, will also support future updates to the Water and Load Balance Model as required under the Type A
Water License (Part E, Iltem 15).
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1.2  Objectives

The overall objective of the aquatic baseline synthesis report is to support the update to the AEMP design and to
meet Water Licence commitments. To achieve this objective and to address comments and commitments made
during regulatory review, available baseline data were compiled into a single dataset for each monitoring
component and evaluated as described below.

The baseline synthesis was designed to answer the following three questions for each component:

m Sampling area compatibility: Based on the compiled baseline dataset for each component, can the
sampling areas be compared to evaluate the statistical differences between exposure and reference areas,
with minimal potential confounding factors (e.g., habitat variability)?

m Suitability of baseline data to support the AEMP design: Is the compiled baseline dataset suitable for
conducting the Before-After-Control-Impact (BACI) statistical analysis for water quality, sediment quality, and
benthic invertebrate community components, and for conducting a Control-Impact (Cl) statistical analysis for
the fish health and fish tissue chemistry components?

m Sufficiency of baseline data to support normal range calculations: Are the compiled baseline data
sufficient to support normal range calculations?

Summaries of available data for each aquatic component are provided in this report. Data summarized herein will
be used for future comparisons with monitoring data collected under the AEMP and to support future updates to
the Water and Load Balance Model.

1.3  Study Area

The Project is located predominantly within the Queen Maud Gulf Watershed (Nunavut Water Regulations,
Schedule 4) near the boundaries of the Ellice River, Back River, and Western River (Figure 1-2). The two main
areas of the Project, connected by winter ice roads, are the Goose Property and the Marine Laydown areas. The
Goose Property Area is located in the Ellice River Watershed, while the Marine Laydown Area (MLA) is located in
the Western River Watershed. The focus of this report is the Goose Property area where the mining activity for
the Project will occur.

As summarized in the FEIS (Sabina 2015), the region surrounding the Project is characterized by extensive
networks of lakes and streams within a hummocky landscape with low elevation relief and exposed bedrock
uplands. Winter is extremely cold (mean monthly temperature is -33°C) and lakes are covered in ice between
October and July, with ice thickness ranging from 1.5 to 2 m. Shallow lakes (<1.5 m) freeze to the bottom. Air
temperature is highest in July (mean monthly temperature is 14°C). From 2006 to 2012, total annual precipitation
ranged from 125 mm (2009) to 344 mm (2007), as measured by regional meteorological stations. Hydrology in the
Project area is snowmelt-dominated, with peak flows in early Mary to mid-June. Streams are generally small and
shallow, with low flow and low water levels during the summer; many streams are ephemeral, with flow only
during freshet.
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1.3.1

Data Availability

Baseline studies have been conducted in the Project area since the early 1990s; however, the most recent and
comprehensive sampling was done between 2010 and 2018 to support the FEIS and the AEMP. Biological
baseline data relevant to the AEMP were only available after 2010 for benthic invertebrate communities,
freshwater fish health, and fish tissue; therefore, the baseline synthesis focused on data collected from 2010 to
2018 (Table 1-1).

This baseline synthesis focused on components that will be monitored as part of the AEMP (i.e., water quality,
sediment quality, benthic invertebrate community, fish health, and fish tissue), and on lakes and outlets that will
be monitored in the AEMP (i.e., Goose, Propeller, and Reference B lakes and their outlets). Other aquatic
components (e.g., plankton community) or waterbodies that are not currently part of the AEMP design were not

assessed.

Table 1-1: AEMP Components and Available Data

Year

Water Quality

Goose Lake

Goose Lake

Goose Lake

Goose Lake

Lake

Goose Lake
Lakes Reference B | Propeller Lake | Propeller Lake | Propeller Lake | Goose Lake | Propeller Lake Reference B
Lake Reference B Reference B Reference B | Propeller Lake | Reference B Lake
Lake Lake Lake Lake
Goose Outlet
Propeller Outlet| Goose Outlet | Goose Outlet Goose Outlet
Goose Outlet
Propeller Outlet|Propeller Outlet|Propeller Outlet Propeller Outlet
Streams - - Reference B
Downstream Reference B Reference B Reference B
Outlet
Reference B Outlet Outlet Outlet
Outlet
Sediment Quality
Goose Lake Goose Lake
K Goose Lake Goose Lake
Lakes Reference B | Reference B Goose Lake Reference B i Reference B | Reference B
Lake Lake Propeller Lake Lake
Lake Lake
Propeller Lake Propeller Lake
Benthic Invertebrate Community
Goose Lake Goose Lake Goose Lake Goose Lake
Goose Lake | propeller Lake
Lakes - Reference B - Reference B Reference B
Propeller Lake | Reference B
Lake Lake Lake
Lake
Fish Health
Reference B Goose Lake Goose Lake PGoos"e Lﬁki PGoos”e Liki
Lakes Reference B Reference B ropetier Laxe - - ropetier Lake
Lake Reference B Reference B
Lake Lake
Lake Lake
Fish Tissue
Goose Lake Goose Lake PGoos;Ie Lﬁki Goose Lake
Lakes - Reference B Reference B ropetier Laxe - - Reference B
Reference B
Lake Lake Lake

- = no data collected.

Note: Although the additional waterbodies may have been sampled during the 2010 to 2018 baseline studies, only those lakes and streams
relevant to the AEMP are included in this table.
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1.3.2 AEMP Sampling Areas

The study area consists of near-field exposure (Goose), far-field exposure (Propeller) and reference
(Reference B) lakes and streams within the Goose Property area (Table 1-2; Figure 1-2).

Table 1-2: Naming System for Waterbodies included in the Aquatic Baseline Synthesis
AEMP Sampling

AEMP Waterbody Waterbody Area AEMP Sampling Location ID Abbreviation

Area
) BRP-29 (near Goose Lake inflow)
West Bay (near field) BRP-31 (east of BRP-29) GLWB
Goose Lake Central Basin (mid-field A) BRP-32 GLCB
(near-field) Southeast Basin (mid-field B) | BRP-33 GLSE
Exposure Area Tall - GLTL
Outlet BRP-34 GOF
South Basin (far-field A) BRP-35 PLSB
Propeller Lake North Basin (far-field B) BRP-36 PLNB
(far-field)
Outlet BRP-37 POF
Lake BRP-38 REFB
Reference Area |Reference B Lake
Outlet BRP-39 ROF

- = not applicable.

A summary of the characteristics of the three waterbodies included in the AEMP design (Sabina 2017a) is
provided below:

m Goose Lake (Near-field waterbody): located in the Ellice River Watershed, adjacent to the majority of the
proposed mine infrastructure. This lake is located downstream and to the east of the Umwelt and Llama pits
and north of the Goose Main and Echo pits. The lake receives inflows from several smaller lakes and ponds
from the Giraffe, Llama, and Goose sub-watersheds. Goose Lake is approximately 278 metres above sea
level (masl). Deep spots with a maximum depth of 34.6 m occur in the West Bay at the mouth of the lake
(Rescan 2012b). However, these deep spots are only located in isolated small areas within the West Bay;
the majority of Goose Lake (including the West Bay) is shallower (ranging from 4 to 14 m in depth). Goose
Lake has an estimated volume of 10,669,533 m?3, a surface area of 3,236,275 m?, and shoreline length of
18,603 m (Sabina 2015). The outlet flows into Propeller Lake from the east end.

m Propeller Lake (Far-field waterbody): located in the Ellice River Watershed, downstream of Goose Lake
and northeast of the proposed mine infrastructure. Propeller Lake is approximately 277 masl with a
maximum depth of 17.1 m (Rescan 2014a). Propeller Lake is approximately four times the size of Goose
Lake with an estimated volume of 52,778,800 m?, a surface area of 12,647,950 m?, and shoreline length of
38,870 m (Sabina 2015). The outlet flows to the east and enters the Arctic Ocean at the Queen Maud Gulf
approximately 280 km north from the north end.

m Reference B Lake (Reference Waterbody): located in the Back River Watershed, approximately 15 km
southeast of the Goose Property Area. Reference B Lake is approximately 313 masl with a maximum depth
of 5.1 m (Rescan 2014a). Reference B Lake is approximately a tenth of the size of Goose Lake with an
estimated volume of 862,148 m3, a surface area of 332,402 m2, and shoreline of 2,980 m (Rescan 2014a).
The outlet flows to the southeast and enters the Arctic Ocean at Cockburn Bay over 500 km northeast from
the southeastern end.
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1.3.3 AEMP Sampling Stations

As discussed in the water quality, sediment quality, and benthic invertebrate community sections (Sections 2.0 to
4.0), sampling stations or areas sampled within each waterbody described above may have changed during the
baseline period. This is partly due to the purpose of the baseline data collection. Baseline data collection during
the environmental impact assessment (EIA) was focused on characterizing physical, chemical and biological
conditions in several lakes and streams. The EIA lakes and streams were those considered to potentially be
impacted by the Project within the local and regional study areas. In contrast, more recent baseline studies in
2017 and 2018 focused on collecting data that could potentially be used in the AEMP to evaluate future effects of
the Project on the aquatic receiving environment. These sampling programs were therefore undertaken according
to the AEMP design (Sabina 2017a), at stations selected for the AEMP or in accordance with subsequent
discussion with ECCC in advance of sampling.

Considerations identified during initial review of the compiled baseline dataset with respect to sampling locations
(hereafter referred to as stations) are listed below:

The 2017 and 2018 baseline sampling programs followed the AEMP design (Sabina 2017a), with
adjustments in 2018 as per discussions with ECCC.

For the 2018 program, locations of stations were adjusted from previous locations to minimize confounding
factors related to substrate and depth. Target depth was 3.0 to 4.5 m in each sampling area.

The potential location of the dewatering discharge to Goose Lake also influenced the locations of sampling
stations in the Goose Lake West Bay area in 2017 and 2018.

The Goose Lake near-inflow area (BRP-29) was not part of the AEMP design but was sampled in 2018 to

provide supplemental pre-construction sediment data for the West Bay, given that the potential location of

the dewatering effluent discharge has not been finalized. This second sampling area in West Bay area had
not been sampled prior to 2018.

As requested by ECCC during their review of the AEMP design, another sampling area in Goose Lake was
added to the baseline studies in 2017 and 2018: Southeast Basin. This sampling area was added to address
potential effects of overflow from the Goose Pit on this area of Goose Lake during closure.

Propeller Lake was of lower priority than Goose Lake or Reference B Lake during the 2017 and 2018
baseline studies because it represented a far-field exposure area. In 2017, it was not sampled due to time
constraints and weather conditions. As discussed with ECCC, Propeller Lake was not included in the 2018
baseline study to focus effort on Goose Lake (expected to be the most impacted by the Project) and
Reference B Lake (reference lake to Goose Lake). Current water quality predictions for Goose Lake included
in the Water and Load Balance Model Update as of April 2018 (Golder 2018a) indicate that Goose Lake
water quality will remain relatively similar to baseline conditions until close to the end of operations/closure,
when mine-related inputs to the lake are expected to increase. Therefore, a mine-related influence on
Propeller Lake water quality is not expected until close to the end of operations/closure, and additional
baseline data can be collected prior to this period.

Further updates and modifications to the mine plan are possible as the Project transitions from pre-construction to
construction phase. Therefore, further adjustments to station locations may be required in the updated AEMP
design.
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1.4 Baseline Synthesis Report Structure

The aquatic baseline synthesis report includes the results of the data collected in 2018, a summary of the
compiled AEMP baseline dataset (2010 to 2018), and an evaluation of the baseline dataset to address the three
questions outlined in Section 1.2.

The document is organized as follows:

m  Executive Summary

m Introduction (Section 1)

m  Water Quality (Section 2)

m Sediment Quality (Section 3)

m  Benthic Invertebrate Community (Section 4)

m Fish Health (Section 5)

m Fish Tissue (Section 6)

m  Overall Summary and Conclusions (Section 7)

m References (Section 8)
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2.0 WATER QUALITY
2.1 Introduction and Objectives

This section of the report summarizes available baseline water quality data collected for the Project in 2018 and
previous years, between 2010 and 2017. Consistent with data used in the EIA for the Project, the baseline
synthesis is focused on data collected since 2010. Water quality data collected in Goose Lake, Propeller Lake,
and Reference B lakes during under-ice and open-water conditions at their outlets during freshet and summer
conditions were considered relevant to the AEMP design update for the Project (Figure 1-2).

This section presents a summary of available baseline water quality data, which was then reviewed and
synthesized to provide a baseline for water quality to support the AEMP design update. The baseline synthesis
focused on the following three questions, as outlined in Section 1.2:

m Sampling area compatibility: Based on the compiled baseline dataset for water quality, can the sampling
areas be compared to evaluate statistical differences between exposure and reference areas, with minimal
potential confounding factors?

m Suitability of baseline data to support the AEMP design: Is the compiled baseline dataset suitable for
conducting the BACI statistical analysis for water quality?

m Sufficiency of baseline data to support normal range calculations: Are the compiled baseline data
sufficient to support normal range calculations for water quality?

In addition to responding to these three questions, comments and commitments made during the Water Licence
regulatory review process relevant to water quality were also addressed, and relevant information was assembled
to support the AEMP design update.

2.2 Data Availability

Between 2010 and 2018, seven water quality baseline studies were carried for the Project. The 2010, 2011, 2012,
2013, and 2015 studies were carried by Rescan Environmental Services Ltd. (Rescan) and the 2017 and 2018
baseline studies were carried by Golder Associates Ltd. (Golder):

m Back River Project: 2010 Lake Water and Sediment Quality Baseline Report (Rescan 2011; Appendix V6-
3A)

m Back River Project: 2011 Freshwater Baseline Report (Rescan 2012a; Appendix V6-3B)
m Back River Project: 2012 Freshwater Baseline Report (Rescan 2012b; Appendix V6-3C)
m Back River Project: 2013 Freshwater Baseline Report (Rescan 2014a)

m Back River Project: 2015 Freshwater Baseline Report (Rescan 2015)

m Back River Project: 2017 Aquatic Field Program (Golder 2018b)

m 2018 data — presented in this report

Available water quality data for the lakes of interest and their outlets are summarized in Table 2-1 and shown on
Figures 2-1 to 2-3. Data collected from Goose Lake, Propeller Lake, and Reference B Lake in years prior to 2018
(Rescan 2011, 2012a, 2012b, 20144, 2015; Golder 2018b) were reviewed and, where appropriate, combined with
the data collected in 2018 to form the baseline dataset for the AEMP.
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Table 2-1: Water Quality Data Availability for the Back River Project, 2010 to 2018

Lakes
April
Sampling April April April August July
Month August August August July August September August
September
Goose Lake Goose Lake
Goose Lake (West Bay, ((SVC\)/%S‘S? Egke (West Bay,
(West Bay_, Goose Lake Centre Basin, Centre BaZi'n Centre Basin
Centre Basin, Tail, Southeast [Apr and Aug
Lakes / Tail A (West Bay, . Goose Lake [Aug only],
Reference B ail [Aug . Basin [Jul only],
Areas . Centre Basin, . (West Bay); Southeast
Lake only]); e only]); . Southeast
Sampled . Tail); Propeller Lake | Basin [Aug ;
Propeller Lake; Propeller Lake W1): Basin [Apr and
Propeller Lake i only]); A |
Reference B (Jul only); Reference B ug only])
Lake Reference B Lake Reference B
Lake Lake
Sampling
Locations
per Lake 1 1 1 1 lor2 3or5 5
or Area
Source | Rescan 2011 | Rescan 2012a | Rescan 2012b | Rescan 2014 | Rescan 2015 | Golder 2018b | Current report
Lake Outlets
June
5 i June June June July
ampling
N/A A t A t N/A A t
Month / Hgus Hgus July f Hgus August
September September
September
Goose Outlet;
P(r)ouptﬁ!fr Goose Outlet; | Goose Outlet; Go:se O”utlet;
p ”' Propeller Propeller Goose Oultlet; Ou'[rlcé??JS:\e
Location N/A g’&?efr Outlet; Outlet; N/A Reference B only):
Downstream; Relgﬁg? B Refgruetlnecte B Outlet Reference B
Reference B ' Outlet
Outlet
Sampling
Stations N/A lor2 1 1 N/A 1 1
per Outlet
Source N/A Rescan 2012a | Rescan 2012b | Rescan 2014 N/A Golder 2018b | Current report
N/A = not applicable (samples were not collected).
Note: Only lakes and sampling areas relevant to this baseline study are listed.

10
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2.3 Methods
2.31 Field and Laboratory Methods
2.3.1.1 Recent Data (2018)

Water quality samples were collected in 2018 from three areas in Goose Lake and one area in Reference B Lake
during under-ice and open-water conditions (Table 2-2). Planning and sample collection in 2018 followed the
procedures detailed in the AEMP design (Sabina 2017a) and commitments made to ECCC during the Water
Licence Application process regarding the 2018 sampling program. Where applicable, consistency with previous
baseline programs for the Project was considered. Procedures for collection, preservation, and handling were
based on methods published by the Canadian Council of Ministers of the Environment (CCME 2011) and
summarized in Specific Work Instructions that were internally developed, specific to this monitoring program, and
followed by the field crews. Quality assurance and quality control procedures (QA/QC) undertaken for the 2018
water quality sampling program are summarized in Appendix 2A.

During under-ice conditions in 2018, water quality samples were collected in April from three areas in Goose Lake
(i.e., West Bay, Central Basin, and Southeast Basin) and one area in Reference B Lake (Figures 2-1 and 2-3).
During open-water conditions, water quality samples were collected in July, August, and September at two areas
in Goose Lake West Bay (i.e., BRP-31 and BRP-29) and one area in Reference B Lake. The two areas in Goose
Lake West Bay were added in 2018 to characterize baseline conditions in these two candidate near-field
exposure areas for the planned dewatering discharge (Figure 2-1). Water quality data from a deep-water station
(i.e., BRP-29-6) are provided in Appendices 2B and 2C; these data were not analyzed or interpreted further,
because this station is not expected to be included in the AEMP design update. Water quality samples were also
collected in Goose Lake from the Central and Southeast basins during open-water conditions in August

(Table 2-2). Propeller Lake was not sampled in 2018 due to field and logistics constraints, but is planned to be
sampled in the future, prior to closure, when potential impacts may occur. If further data are required for Propeller
Lake, it is expected that there will be time between operations and closure to collect the required data.

Within each lake sampling area, water quality samples were collected from five stations. Sampling areas and
stations were consistent with those presented in the AEMP design (Sabina 2017a), with commitments made to
ECCC during the Water Licence Application process, and to the extent possible, with previous baseline studies.
Sampling stations within each lake area were chosen to be of similar water depth and substrate type (to the extent
possible) and at least 20 m apart. As stated in Section 1.3.3, target depths were 3.0 to 4.5 m. Some variability in
specific sampling locations occurred during the open-water season due to the wind moving the boat off-location.

Water quality samples were also collected from the lake outlets during freshet and summer conditions as detailed
in Table 2-2. At each outlet, two water quality stations were established at about 5 to 10 m apart. During the July
program, the flow at the Reference B Lake outlet was very low and only one station was sampled. In addition to
the outlets, water quality samples were also collected from some other lake inflows within the Project area

(i.e., from Llama outflow, Echo outflow, and Gander Pond outflow?); data for these samples are presented in an
appendix (Appendix 2C, Table 2C-7), but the results are not discussed in this report because they are not part of
the AEMP design.

Water quality sampling stations are shown in Figures 2-1 to 2-3 and detailed in Table 2-2 with coordinates
provided in Appendix 2C, Tables 2C-1 and 2C-7.

! These three outflows were sampled during open-water conditions to satisfy the FEIS Addendum commitment KIA-C-8 (freshet sampling) and Water Licence commitment WT-KIA-MWB-27,
where Sabina committed to monthly water quality sampling in Goose and Reference lakes and outflows in 2018.

14



July 2019

18114181-047-RPT-Rev0

Table 2-2: Water Quality Sampling Summary, 2018

Sampling Area

Under-ice (Apr)

Freshet (June)

Open-water (July)

Open-water (Aug)

Open-water (Sept)

5 stations 5 stations 5 stations
Goose Lake 5 stations N/A (BRP-31 area) (BRP-31 area) (BRP-31 area)
West Bay (BRP-31 area) 6 stations® 6 stations® 6 stations®
(BRP-29 area) (BRP-29 area) (BRP-29 area)
5 stations® .
Goose Lake 5 stations
Central Basin (GOOSECENT N/A N/A (BRP-32 area) N/A
area)
Goose Lake 5 stations 5 stations
Southeast Basin | (GOOSESTH area) N/A N/A (BRP-33 area) NIA
Reference B 5 stations N/A 5 stations 5 stations 5 stations
Lake (REF-BLK area) (BRP-40 area) (BRP-40 area) (BRP-40 area)
Goose Lake 2 stations 2 stations 2 stations 2 stations
Outlet N/A (BRP-34A, BRP- (BRP-34A, (BRP-34-A, (BRP-34 (1),
34B) BRP-34B) BRP-34-B) BRP-34 (2))
Propeller Lake 2 stations
pOutIet N/A (BRP-37A, N/A N/A N/A
BRP-37B)
2 stations . 2 stations 2 stations
(c)
'T_ZE%‘SSE? N/A (BRP-39A, l(géa:,'_osr;) (BRP-39-A, (BRP-39 (1),
BRP-39B) BRP-39-B) BRP-39 (2))

N/A = not applicable (samples were not collected as were not part of the sampling program).

(a) = Includes the additional station in the deep area.
(b) = Location of entire area moved from the previously determined area due to interference with the airstrip.
(c) = Very little flow was present at time of sampling program.
Note: Only stations relevant to the AEMP are listed.

During under-ice conditions, one discrete water quality sample was collected from each lake sampling station at
1 m below the base of the ice layer. At each lake sampling station, a hole was drilled through the ice using an ice
auger. All snow and loose ice were cleared from the hole using a slotted spoon prior sampling. Prior sample
collection, in situ physico-chemical water quality profiles were recorded at each station at 0.5 m depth interval
throughout the water column, for pH, dissolved oxygen (mg/L and % saturation), water temperature (°C), and
specific conductivity (uS/cm with the reading corrected to 25°C) using an YSI multi-parameter meter. The YSI
meter was factory calibrated yearly and calibrations were checked and corrected in the field prior to use.
Calibration and maintenance procedures were followed as per the manufacturer’'s operation manual. Other field
measurements included snow cover depth (m), ice thickness (m), and total water depth (m).

After profiling was completed, Kemmerer samplers were used to collect the water samples. Samples for ultra-low
metals and ultra-low mercury were collected using a Teflon Kemmerer, while water for other parameters was
collected using a polyvinyl chloride (PVC) Kemmerer. The Kemmerer samplers were rinsed with lake water, then
lowered to the required depth, triggered by the messenger to collect a sample, retrieved to the surface, and used
to fill in the laboratory sample bottles (provided by the laboratory). This procedure was repeated until all sample
bottles for the station were filled. Field filtration and preservation was done as instructed by the laboratory. Field
filtration was done using 0.45 um filters and syringes provided by the laboratory. A new filter and syringe set was
used for each bottle that required field filtration. Samples were preserved using laboratory-provided preservatives
and stored at site in refrigerators (at 4°C to 10°C) until the next available flight to Yellowknife. Samples were
submitted to ALS Environmental laboratory (ALS) in Yellowknife, NT. ALS is accredited by the Canadian
Association for Laboratory Accreditation (CALA) for the requested analytical suite.
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During open-water conditions, water chemistry samples were collected from each lake sampling station at 1 m
below the water surface. In situ physico-chemical water quality profiles of pH, dissolved oxygen, water
temperature, and specific conductivity were recorded at 0.5 m depth intervals at each sampling station using an
YSI multi-parameter meter. Other field measurements included total water depth (m), Secchi depth (m), and
turbidity (NTU). After water column profiling was completed, discrete water quality samples were collected using
Kemmerer samplers, following similar sampling protocols and procedures as those applied during under-ice
conditions.

Water samples for chlorophyll a were collected in triplicate at each sampling station at 1 m below ice (under-ice)
or 1 m below the water surface (open-water). Up to 1 L of water was collected in an amber bottle from each
station and filtered at site using a 47 mm diameter, 0.45 pum pore size, sterile mixed cellulose ester membrane
filter (provided by ALS) and a vacuum-filtration apparatus. After filtering, the filters were removed from the
apparatus using forceps, folded in half, placed in a black 15 mL tube provided by ALS (one tube for each sample),
labelled appropriately, and kept frozen until delivered to the laboratory.

Water samples were collected from lake outlets as discrete surface samples from the center of the channel (or as
close as possible) by wading into the stream and collecting the grab from mid-depth, facing upstream. Prior
sample collection, pH, dissolved oxygen, water temperature, specific conductivity, and turbidity were measured at
each sampling station using a calibrated YSI multi-parameter meter and a LaMotte turbidity meter. Total water
depth and sample depth were also recorded at each station. Samples for laboratory analysis were collected
directly in the laboratory-provided bottles, following the field filtration and preservation protocols provided by the
laboratory.

Water quality samples collected in 2018 were analyzed for the following:

Conventional parameters (i.e., laboratory-measured pH, specific conductivity, total dissolved solids [TDS],
total alkalinity, total hardness, organic carbon, total suspended solids [TSS], and turbidity [open-water only])

Major ions (i.e., bicarbonate, calcium, carbonate, chloride, fluoride, hydroxide, magnesium, potassium,
sodium, sulphate, sulphide, and reactive silica)

Nutrients (i.e., nitrate, nitrite, total Kjeldahl nitrogen [TKN], total ammonia, total phosphorus [TP], total
dissolved phosphorus [TDP], and orthophosphate)

Chlorophyll a

Total and dissolved metals, metalloids, and non-metals? (i.e., aluminum, antimony, arsenic, barium,
beryllium, bismuth, boron, cadmium, chromium, cobalt, copper, iron, lead, lithium, manganese, mercury,
molybdenum, nickel, selenium, silicon, silver, strontium, sulphur, thallium, tin, titanium, uranium, vanadium,
zinc, and zirconium)

Radium-226 (open-water only)

Cyanide (open-water only)

2 Henceforth, metals, metalloids (e.g., arsenic), and non-metals (e.g., selenium, sulphur) will be referred to as metals.
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Samples were analyzed using laboratory test methods with analytical detection limits (DLs) less than the
Canadian Council of Ministers of the Environment (CCME) Canadian water quality guidelines for the protection of
aquatic life (CWQG-PAL) (CCME 1999) and Health Canada drinking water quality guidelines and aesthetic
objectives (Health Canada 2017).

2.3.1.2 Historical Data (2010 to 2017)

Baseline data collected for the Project between 2010 and 2017 were uploaded to the EQuIS database directly by
the laboratory (ALS). Field-measured data were summarized in standardized format, cross-referenced with the
laboratory reports, and uploaded to EQuIS. Data exported from EQuIS were reviewed for completeness and the
used in data analysis. Coordinates of each water sample location were reviewed, summarized, and mapped.

As part of the review process, data were cross-checked with each baseline report for completeness and to identify
poor-quality data (e.g., data associated with high DLs), data collected in duplicate, and data not representative of
the AEMP study area.

A summary of the baseline water quality data collected for the Project between 2010 and 2017, including timing of
sample collection (year/month), sampling locations, field and laboratory methods, are presented in Tables 2-3 and
2-4 for lakes and in Table 2-5 for lake outlets.

Table 2-3: Summary of Baseline Lake Water Quality Sampling, 2010 to 2017

Year 2010 2011 2012 2013 2015 2017 ‘
. April April April August
Sampling months August August August July August September
Goose Lake®
Lake sampled @ | Goose Lake®
during under-ice N/A Péopf)eller La;e F? OOST'I LaII_< ek Reference B Goose Lake® | Goose Lake®
conditions eference ropeller Lake Lake
Lake
Lake sampled Goose Lake® Goose Lake® Goose Lake®
during opgn Reference B | Propeller Lake® | Goose Lake® |Propeller Lake® | Goose Lake® Reference B
) (b) (b)
water conditions Lake Reference B | Propeller Lake Reference B | Propeller Lake Lake
Lake Lake
Rescan Rescan Rescan Rescan Rescan
. . . . . . Golder
Sampling agency| Environmental | Environmental | Environmental | Environmental | Environmental Associates Ltd
Services Ltd. Services Ltd. Services Ltd. Services Ltd. Services Ltd. ’
Sampling ) Niskin (Apr), Niskin (Apr), Niskin (Apr), )
equipment GO-FLO | Go-FLO (Aug) | GO-FLO (Aug) | GO-FLO (Jul) GO-FLO Kemmerer
ALS
Environmental;
Analytical ALS ALS ALS ALS ALS University of
laboratory Environmental | Environmental | Environmental | Environmental | Environmental Alberta
(chlorophyll a
only)
pH, specific
. Dissolved Dissolved Dissolved Dissolved conductivity,
Field measured .
data© N/A oxygen, oxygen, oxygen, oxygen, dissolved
temperature temperature temperature temperature oxygen,
temperature
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Table 2-3: Summary of Baseline Lake Water Quality Sampling, 2010 to 2017

Year 2010 2011 2012 2013 2015 2017
Conventional Conventional Conventional Conventional
Conventional parameters, parameters, parameters, Conventional parameters,
parameters, major ions, major ions, major ions, parameters, major ions,
Laboratory major ions, nutrients, nutrients nutrients, major ions, nutrients,
analysis®© nutrients, total chlorophyll a, chlorophyll a, chlorophyll a, nutrients, total chlorophyll a,
and dissolved total and total and total and and dissolved total and
metals dissolved dissolved dissolved metals, cyanides |dissolved metals,
metals. metals, cyanides | metals, cyanides cyanides
Number of n=1(shallow | n=1(shallow | n=1(shallow | n=1 (shallow
samples per n=2 lakes); lakes); lakes); lakes); n=5
station/area n =2 (deep n =2 (deep n =2 (deep n =2 (deep
lakes >5 m) lakes >6 m) lakes >6 m) lakes >6 m)
1 m below 1 m below 1 m below
ice/surface ice/surface ice/surface
(shallow lakes); | (shallow lakes); | (shallow lakes); mid depth with
Depth of 1 m below the_ 1._5 m above 1._5 m above 1._5 m above 1 m below thg exception of
samples surface and mid | sediment (under | sediment (under | sediment (under | surface and mid chlor_ophyll a
depth (~2.5 m) [ice) or mid depth |ice) or mid depth |ice) or mid depth depth (depth-integrated
(open water) (open water) (open water) composite)@

(deep lakes >6
m)

(deep lakes >6
m)

(deep lakes >6
m)

n = number of samples; > = greater then.

(a) = Goose Lake was sampled in more than one sampling area; see Table 2-4.
(b) = Propeller Lake was sampled in the South Basin in all years, and in North Basin in 2015.

(c) = Some parameters (field-measured pH and specific conductivity, cyanide, silica, chlorophyll a, sulphur, zirconium, radium-226) were not
consistently analyzed at all locations during all sampling periods).

(d) = Samples for chlorophyll a were taken from a depth-integrated composite sample (from the eutrophic zone) (Golder 2018c).

Table 2-4: Sampling Areas in Goose Lake by Season, 2011 to 2017

SEEN \WESHEEN Central Basin Southeast Basin

Under-ice April April N/A N/A
2011

Open-water August August N/A August

Under-ice April April N/A April
2012

Open-water August August N/A August

Under-ice April April N/A April
2013 P P P

Open-water N/A July July July

Under-ice N/A N/A N/A N/A
2015

Open-water August N/A N/A N/A

Under-ice N/A N/A N/A N/A
2017

Open-water August, September August August N/A

N/A = Sampling not conducted in this season or year.
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Table 2-5: Summary of Baseline Lake Outlet Water Quality Sampling, 2011 to 2017

Year 2011 2012 2013 2017 2018
Samplin June June June
mor?rrllsg August August Jul August June
September September y
Goose Outlet
Lake Propeller Outlet Goose Outlet Goose Outlet Goose Outlet
Propeller Outlet Propeller Outlet Propeller Outlet Propeller Outlet
sampled P Reference B Outlet
Downstream Reference B Outlet | Reference B Outlet
Reference B Outlet
Sampling Rescan Rescan Rescan Golder Associates | Golder Associates
agenc Environmental Environmental Environmental Ltd Ltd
gency Services Ltd. Services Ltd. Services Ltd. ’ ’
Sggltﬁlcl)rég Grab samples Grab samples Grab samples Grab samples Grab samples
Analytical . | . | . | . | . |
laboratory ALS Environmental | ALS Environmental | ALS Environmental | ALS Environmental | ALS Environmenta
Field pH, specific pH, specific pH, specific
measured conductivity, Dissolved oxygen, Dissolved oxygen, conductivity, conductivity,
data dissolved oxygen, temperature temperature dissolved oxygen, dissolved oxygen,
temperature temperature temperature
Conventional Conventional Conventional Conventional Conventional
Analvtical parameters, major | parameters, major | parameters, major arameters. maior arameters. maior
y ions, nutrients, total | ions, nutrients, total | ions, nutrients, total P °1S, May P 1S, May
suite and dissolved and dissolved and dissolved ions, nutrients, total | ions, nutrients, total
metals, cyanide metals, cyanide metals, cyanide and dissolved metals |and dissolved metals
Number of
samples per | n =1, plus duplicate | n = 1, plus duplicate | n = 1, plus duplicate n=1 n=1
stream
E:rzg‘l;sf 10to 30 cm 10to 30 cm 10to 30 cm 10to 30 cm 10to 30 cm

n = number of samples.

Sampling Methods in Lakes

Water samples collected from lakes during the 2010 to 2015 baseline studies focused on characterizing the
natural variation in water quality in relation to water depth, season and geographic location. Under-ice sampling in
2011, 2012, and 2013 targeted the middle of the lake at the deepest spot (three 25 cm diameter holes were
drilled, and samples were collected from the deepest point) (Rescan 2012b, 2014a). In 2012 and 2013, the
sampling locations at the Goose Lake Central Basin were moved southeast by approximately 75 m and 200 m,
respectively, to avoid the ice airstrip. Open-water sampling targeted the deepest area within the lake and was
consistent to the extent possible with the under-ice stations. Open-water sampling locations were refined when
new bathymetric information became available.

The 2017 baseline study was designed to collect data relevant to the AEMP design. Water samples were
collected from five stations with similar features of water depth and substrate type at each lake sampling area,
and from one station at the lake outlet. Sampling five stations per sampling area was consistent with the EEM
guidance. The five stations were located within a small area and separated by at least 20 m, such that the data
would be considered representative of variability within one area. Because the targeted sampling areas were
relatively shallow (<6 m) and water column was not stratified, one discrete sample was collected from mid-depth
at each station.
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Field sampling protocols were generally similar among the baseline studies, although the sampling device and
water quality meter varied among studies (Table 2-3). In situ physico-chemical water quality profiles were
recorded prior to sample collection. During the 2011 to 2015 baseline studies, water temperature and dissolved
oxygen were recorded at 0.5 m intervals using a YSI Pro-ODO meter. In 2017, pH, water temperature, dissolved
oxygen, and specific conductivity were collected using a calibrated YSI multi-parameter meter, with
measurements taken just below the surface and every 0.5 m thereafter.

Water samples for chemical analysis were collected using a variety of sampling devices. Niskin or GO-FLO water
sampling bottles were used in 2010 to 2013 and in 2015, and a PVC or Teflon Kemmerer sampler was used in
2017. Sampling depths were determined based on station depth, whereby two samples were collected if the total
depth was more than 5 to 6 m and one sample was collected if depth was less than 5 m (Table 2-3). At the
deeper stations, water samples were collected at the bottom of the ice and approximately 1.5 m above the
sediments during under-ice conditions and 1 m below the water surface and mid-depth during open-water
conditions. In 2015, water samples at the deeper lake stations (i.e., Goose Head and some Propeller Lake
stations) were collected from 1 m below the surface and from 2 m above the sediments (Rescan 2015). At the
shallow stations (i.e., less than 5 m), a single sample was either collected at 1 m below water surface or at mid-
depth. Samples for chlorophyll a analysis were collected in triplicate.

Water samples requiring filtration were filtered through a 0.45 um filter before being preserved with
laboratory-provided preservative based on the required analysis. Water samples were kept cold (without freezing)
until receipt at the analytical laboratory. Samples were shipped as soon as possible after sample collection to
meet recommended holding times. Samples were submitted to ALS in Yellowknife, NT. Samples were analyzed
for the parameters listed in Table 2-3.

Chlorophyll a samples were collected at 1 m below the ice bottom during under-ice conditions at Goose Lake in
2012 and 2013, Propeller Lake in 2012, and Reference B Lake in 2013 and filtered through a 0.45 pm filter.
Samples were collected during open-water conditions at Goose Lake in 2011, 2012, 2013, and 2017; Propeller
Lake in 2013 and 2017; and Reference B Lake in 2011, 2013, and 2017. Similar to the under-ice conditions,
chlorophyll a samples were filtered through a sterile mixed cellulose ester membrane filter with pore size of
0.45 pm.

In 2017, chlorophyll a samples were collected as depth-integrated composites. Samples were collected from the
euphotic zone, which was determined in the field as two times the Secchi depth. Once the euphotic depth was
determined, a Kemmerer sampler was used to collect discrete water samples starting at the surface and
continuing every 1 m through the extent of the euphotic zone. If Secchi depth was equivalent to total water depth,
then a water sample was collected every 1 m from the surface to 1 m above the lake bed. Equal volumes of the
water from each discrete depth were combined into a large clean bucket to create a composite, depth-integrated
sample. The samples were filtered using a Whatman Glass Fiber type C filter with a nominal pore size of 1.2 pm.
Filters were frozen and submitted either to ALS (2011 to 2013) or to the Biogeochemical Analytical Service
Laboratory at University of Alberta, Edmonton, Alberta (2017) for chlorophyll a analysis.

Sampling Methods at Lake Outlets

Water samples were collected at the lake outlets during freshet and summer periods (Table 2-5). In 2011 and
2012, each outlet was sampled in duplicate (i.e., two samples collected at the same location). In 2011, the outlet
of Propeller Lake was sampled at two locations, including one farther downstream and immediately before a
major confluence with another drainage (Rescan 2012a). In June 2013, additional samples were collected 300 m
downstream of actual Reference B Lake outlet (site coded REFBOFMID) to capture stream variability (Rescan
2014a).
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Between 2011 and 2013, surface water temperature and dissolved oxygen were measured using an YSI Pro
ODO meter. In 2017, in-situ measurements of pH, water temperature, dissolved oxygen, and specific conductivity
were collected at each outlet at mid-depth where the water samples were collected using a YSI multi-parameter
meter.

Water samples at lake outlets were collected at approximately 10 to 30 cm below the water surface unless there
was low flow, in which case samples were collected just below the surface to prevent contamination from
sediment. Samples were collected at approximately the same locations as in previous baseline studies. The
exception was during freshet, when water samples were collected slightly upstream or downstream of the
previous station location to avoid large blocks of ice influencing the water samples. Sample bottles were triple-
rinsed with ambient water prior to collecting samples. Samples were analyzed for the parameters listed in

Table 2-5.

2.3.2 Quality Assurance and Quality Control
2.3.2.1 Recent Data (2018)

Quality assurance (QA) encompasses management and technical practices designed to generate high quality
data and quality control (QC) is a specific aspect of the QA process that incorporates internal techniques used to
measure and assess data quality. Quality control samples collected during the 2018 sampling program consisted
of seven field blanks, one equipment blank, seven travel blanks, and 15 field duplicate samples; QC samples
accounted for 22% of the total number of water samples collected. Quality control samples were collected
following the QA/QC procedures described in the AEMP design (Sabina 2017a) and the QA/QC plan developed
for the project (Sabina 2017b). The QA/QC procedures, assessment criteria, and the QC results are presented in
detail in Appendix 2A. The QC results indicated that, overall, the water quality data collected in 2018 were of high
quality. Key outcomes included:

m  Concentrations for less than 2% of parameters in the duplicate samples differed by more than 20%.

m Detectable parameters were noted in less than 1.1% of the equipment and field blank samples and 0.4% of
the travel blank samples.

m  Approximately 4.5% of the dissolved metal concentrations in the 2018 dataset exceeded the total
concentrations by more than 20%.

m Holding times recommended by the laboratory were exceeded for some parameters; however, these
exceedances were not expected to negatively affect data quality.

Overall, the results of the data validation were satisfactory and indicated that the 2018 water quality data were of
high quality and considered adequate to meet the needs of this Project.

2322 Historical Data (1998 to 2017)
Review of Sampling Locations and Coordinates

Minor changes in sampling locations within lake sampling areas occurred throughout the years of baseline
sampling. In the earlier baseline studies, changes to sampling locations were made to target sampling at the
deepest locations within the lake. In 2017, sampling locations were adjusted to minimize substrate and depth
variation among stations within sampling areas. Coordinates of water quality stations presented in the baseline
reports (Rescan 2011, 2012a, 2012b, 2014a, 2015; Golder 2018b) were reviewed and presented in Appendices
2D and 2E. During the review process, it was identified that some coordinates were missing from the baseline
reports or some had errors. In these cases, coordinates were confirmed or approximated using field notes
provided by ERM Rescan or maps presented in the respective baseline reports.
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Review of QA/QC Procedures and Results

QA/QC procedures implemented in the 2010 through 2017 baseline sampling programs are documented in the
respective baseline reports (Rescan 2011, 2012a, 2012b, 2014a; Golder 2018b). Most reports described
appropriate QA procedures that were followed during the baseline studies, such as:

m rinsing the grab sampler between stations;

m wearing polyethylene or nitrile gloves during sampling to prevent cross-contamination;
m using certified sample containers provided by the analytical laboratory;

m preserving the samples according to standard methods; and

®  maintaining sample integrity by storing the samples cold and shipping them to the analytical laboratory as
soon as possible after sampling.

Quality control samples included in the historical baseline studies were as follows:

m Field blanks were used to detect sample contamination during the collection, shipping, and analysis of
samples. Field blanks collected between 2010 and 2015 were processed in the field by opening pre-filled
bottles provided by the laboratory (containing distilled deionized [DDI] water) and exposing the sample to air
for approximately one minute (as would occur with a real sample). The bottles were then preserved and
handled the same as the field sample. Field blanks collected in 2017 were prepared in the field using
laboratory-provided deionized water, exposed to the environment while filling a new set of bottles and
handling the sample the same as the field sample (i.e., filtered, preserved).

m Travel blanks were used to detect sample contamination during transport and sample bottle contamination.
Travel blanks were provided by the laboratory and were not opened during the field program, but were
otherwise handled and stored in the same way as the field samples.

m Equipment blanks were collected in the field by first rinsing the sampler with DDI water provided by the lab,
then filling the sampler with the DDI water, allowing the water to sit for approximately one minute and then
filling a set of laboratory bottles. Equipment blanks were preserved and handled in the same way as the field
samples.

m Duplicate field samples were used to detect variability at a station and to verify precision of field-sampling
methods. Samples collected at lake outlets were collected in duplicate to evaluate the magnitude and
potential causes of variability among samples.

There were some detectable concentrations in the field blanks, equipment blanks, and travel blanks but most
were at or near the DL. In 2010, the equipment blank had total and dissolved nickel, total and dissolved
manganese, and dissolved copper greater than five times the DL. However, total and dissolved concentrations in
the lake water quality samples typically fell below the equipment blank concentrations and were well below the
CCME guidelines; therefore, the exceedances in the blank were not considered to have affected the interpretation
of results (Rescan 2011). In 2012 and 2017, less than 1% of parameters in blank samples were notable (Rescan
2012h, Golder 2018Db).

Field duplicates accounted for approximately 20% of the total number of samples collected during water quality
programs (Rescan 2011, 2012a, 2012b, 2014a, 2015, Golder 2018b). Results of duplicate samples were within
acceptable ranges in most analytical determinations.
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In 2012, 7% of the duplicate lake samples had an RPD above 20%, 3% had an RPD equal or greater than 50%
and 0.3% had an RPD above 100%. The causes for the elevated RPDs are not known, but likely reflect
heterogeneity within lakes, although they may also have resulted from laboratory errors or sample handling (e.g.,
Rescan 2012b). In 2013, only 2.1% of total parameters had an RPD above 20% and only 1.1% had an RPD
greater than or equal to 50% (Rescan 2014). In 2015, only total aluminum had an RPD greater than 20% (Rescan
2015). In 2017, notable results in duplicates occurred in less than 4% of total parameters analyzed (Golder
2018b).

Results of field duplicates collected at lake outlets in 2012 indicated that only 0.5% of total parameters had an
RPD above 20%, only 0.1% had an RPD greater than or equal to 50%, and none had an RPD above 100%. In
2013, 0.7% had an RPD above 20%, with the maximum observed RPD being 49% (Rescan 2014a).

Results for the blank samples were not included in the compiled baseline dataset (i.e., Appendices 2D and 2E).
Results of field duplicates were presented in the database (highlighted in grey); however, these were not included
in the data analysis.

Review of Laboratory Reports

Laboratory QC samples included one or more method blanks, laboratory duplicates, internal or certified reference
material, and matrix spikes. A summary of the laboratory QC findings is provided below:

2010 data: Some parameters had raised DLs. The method blank exceeded the laboratory data quality
objective (DQO) for some total and dissolved metals; parameters with positive hits below five times the blank
level had the DLs for the water samples adjusted.

2011 data: Samples for dissolved metals were filtered and preserved at the laboratory instead of in the field.
The DLs were raised for some metals collected during under-ice conditions.

2012 data: Due to a laboratory processing error, dissolved metals were not analyzed in the samples
collected at Propeller Lake during under-ice conditions.

2013, 2015, and 2017 data: No issues reported in the laboratory reports.

A consistent issue for water quality sampling in remote areas is the occurrence of holding time exceedances for
time-sensitive parameters. Samples were submitted for laboratory analyses as soon as possible after collection,
to maintain sample integrity. Analytical holding times (i.e., time between collection of the sample and start of the
analysis) were met for most parameters, except for pH, nitrite, nitrate, TP, orthophosphate, and turbidity, which
consistently exceeded holding times. Some samples also exceeded holding times for TDS, TSS, and cyanide.
Holding time exceedances of parameters extracted from unpreserved samples are an ongoing issue associated
with water quality programs in remote areas, because shipping of samples to the laboratory is subject to the
availability of scheduled charter flights, and the typically great distance to the nearest analytical laboratory.
Holding time exceedances of parameters extracted from preserved samples can also occur if the laboratories do
not initiate testing in a reasonable time after receipt of the samples.

Generally, pH varied between the measurements taken in the field (at the sampling site) and those determined in
the laboratory. This is expected; pH in a water sample can change quickly and the sample holding time is
15 minutes. Field-measured pH was used in the data analysis, unless unavailable or determined to be invalid.
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2.3.3 Data Analysis
2.3.3.1 Description of Water Quality

Physical and chemical parameters were used to describe the water quality of lakes and their outlets. Parameters
can be classified into major categories for describing different aspects of water quality. Major categories of
parameters used in the discussion results are detailed below.

2.3.3.1.1 Field-Measured Parameters

This category includes parameters such as pH, water temperature, dissolved oxygen [DO], specific conductivity,
total depth, and Secchi depth (measured during open-water conditions) that are measured in the field using
hand-held instruments. These measurements are used to describe the physical limnology of the lakes and their
outlets.

Neutral waters have a pH of 7; waters with a pH less than 7 are considered acidic, and those with a pH greater
than 7 are considered alkaline (Wetzel 2001). Most aquatic organisms can tolerate water with a pH between 6.0
and 9.0, as commonly found in natural surface waters in Canada (McNeely et al. 1979). Acid deposition resulting
from human activities can lower the pH of a lake water. High pH values tend to facilitate the solubilization of
ammonia, heavy metals, and salts. The precipitation of carbonate salts is also enhanced when pH levels are high.
Lethal effects of pH on aquatic life occur below pH 4.5 and above pH 9.5 (MELP 1998). During spring freshet, the
pH of streams can drop to values approximating the pH of precipitation (e.g., 5.1 to 5.4; Schindler 1996).

Dissolved oxygen concentrations in surface waters range from non-detectable (close to zero) to 18.4 mg/L
(CCME 1999). The solubility of atmospheric oxygen in freshwater ranges from approximately 15 mg/L at 0°C to
8 mg/L at 25°C at sea level (McNeely et al. 1979). The biological effect of low dissolved oxygen concentration
depends on the temperature of the water, type of organism, and life stage of the organism (CCME 1999).
Sensitivity to low dissolved oxygen is species-specific, but in general, concentrations below 4 mg/L have been
shown to produce detrimental effects in several aquatic organisms (DOE 1972).

Specific conductivity is a temperature-corrected value of the ability of the water to conduct electricity. It is strongly
correlated with TDS, because the presence of ions in water is directly proportional to the ability of the water to
conduct electricity. The exact relationship between conductivity and TDS depends on the specific quantities of
ions present and varies among waterbodies.

Secchi depth is a quick visual measure of water transparency in a lake, and provides a coarse surrogate for
phytoplankton biomass. Secchi depth is often considered when estimating trophic status; however, due to Secchi
depth being greater than the total water depth for the majority of the sampling stations in northern clear-water
lakes, this parameter was not included in the trophic status assessment.

2.3.3.1.2 Conventional Parameters

Some conventional parameters are considered indicator parameters because they indicate the trend in a larger
group of substances. These parameters include specific conductivity, TDS, TSS, turbidity, total alkalinity, total
hardness, and organic carbon.

TDS is a measure of the total ion content of water and is strongly correlated with specific conductivity, because
the presence of ions in water is directly proportional to the ability of the water to conduct electricity. Arctic
freshwater systems typically have low concentrations of major ions, which means that specific conductivity and
TDS are low in these waters.
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The concentration of all solid particles in the water column is referred to as TSS. High TSS concentration can
cause direct and indirect stress to aquatic life (CCME 2002; Robertson et al. 2006) and also typically results in
elevated concentrations of total metals and some nutrients (e.g., TP). The effect of high TSS concentrations on
aquatic life depends on the TSS concentration and the duration of exposure (Newcombe and Jensen 1996;
Robertson et al. 2006). Concentrations of TSS below 25 mg/L are generally not considered harmful to aquatic life
(US EPA 1973). In this report, TSS is characterized as low (<10 mg/L), moderate (10 to 25 mg/L), or high

(>25 mg/L). Turbidity is a measure of the cloudiness or haziness in the water caused by individual particulates
(e.g., total suspended or dissolved solids) that affects its clarity and how much light can be transmitted through a
water sample. When the TSS-turbidity relationship is characterized, turbidity can be used as a surrogate for TSS.

Alkalinity is a measure of water's capacity to neutralize acids and provides an indication of a waterbody’s
sensitivity to acid deposition or its acid neutralizing capacity. Alkalinity can be classified as high sensitivity to acid
deposition (0 to 10 mg/L as CaCOs), moderate sensitivity (11 to 20 mg/L as CaCQOs), low sensitivity (21 to 40 mg/L
as CaCO:s) and least sensitivity (>40 mg/L as CaCOg) (Saffran and Trew 1996). Alkalinity is closely linked to water
hardness, which is a measure of the amount of specific dissolved substances, primarily calcium and magnesium,
in water.

Hardness plays an important physiological role in the bioavailability and toxicity of metals (it is an exposure and
toxicity modifying factor); the bioavailability and toxicity of a metal typically decrease as hardness increases.
Waters with hardness values between 0 and 30 mg/L as CaCOs are very soft waters, between 31 and 60 mg/L as
CaCOs are soft waters, between 61 and 120 mg/L as CaCOs are moderately soft waters, between 121 and

180 mg/L as CaCOs are hard waters, and >180 mg/L as CaCOz are very hard waters (McNeely at al. 1979).

Organic carbon is the main chemical form of decaying plants and animals. Total organic carbon (TOC) includes
dissolved organic carbon (DOC) and particulate organic carbon (POC). The dissolved organic carbon released
from plants is responsible for most of the yellow to brown water colour in natural waters. This is especially evident
in muskeg and bog regions, which are naturally rich in organic matter. Total organic carbon is generally found at
higher concentrations in lake sediments because it is partly associated with suspended particles, which settle out
on the lake bed. Total organic carbon can vary from 1 to 30 mg/L, with higher levels generally being the result of
anthropogenic (man-made) inputs or occurring naturally in brown-water lakes (McNeely et al. 1979).

2.3.3.1.3 Major lons

Major ions typically include bicarbonate, calcium, chloride, fluoride, magnesium, potassium, sodium, sulphate, and
reactive silica, and account for the majority of TDS. Major ions can naturally occur at high concentrations in
freshwater systems. However, arctic freshwater systems typically have low concentrations of major ions,
particularly calcium, sulphate, and bicarbonate, because low temperatures and permafrost limit weathering and
because these lakes are often situated in hard rock bedrock on the Canadian Shield (Lyons and Finlay 2008).

2.3.3.14 Nutrients and Chlorophyll a

The main nutrients of concern in most freshwaters are phosphorus and nitrogen. Both are required for plant
growth in small amounts. Phosphorus is an essential plant nutrient which, in excess, can cause increased growth
of algae and aquatic plants. It is frequently the limiting nutrient, which means that small additions of phosphorus
can result in increased productivity. Increased nutrient concentrations may result in excessive algal growth in
water (phytoplankton) or on rock substrates (periphyton), which in turn can decrease oxygen levels in water at
night and under-ice (when respiration exceeds photosynthesis) (Mitchell and Prepas 1990; Wetzel 2001).

Concentrations of TP are generally low in lakes not affected by anthropogenic inputs (Wetzel 2001). TP measured
in water includes both dissolved and particulate forms. The total dissolved fraction, TDP includes orthophosphate
or soluble reactive phosphorus, which is the form of phosphorus that is readily available for biological uptake.
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Nitrogen is another important nutrient that can affect the productivity of a waterbody. Nitrogen can be present in
various forms in freshwaters, such as nitrate, nitrite, ammonia, and organic nitrogen. Total Kjeldahl nitrogen is a
common measure of ammonia and organic nitrogen that is used to assess the amount of nitrogen available for
biological uptake and approximates the amount of total nitrogen (TN; total nitrogen includes both organic and
inorganic forms). Concentrations of TKN in uncontaminated freshwaters range from 0.1 to 0.5 mg/L (McNeely et
al. 1979). Natural sources of nitrogen to freshwaters include precipitation, nitrogen fixation by bacteria in the water
and sediments, and inputs from surface and groundwater discharges (Wetzel 2001). Health Canada drinking
water guidelines and CWQG-PAL exist for the dissolved inorganic forms of nitrogen (i.e., nitrate, nitrite and
ammonia); these guidelines are intended to protect humans and aquatic life from toxic effects, rather than effects
on productivity. The ammonia CWQG-PAL is temperature and pH dependent (CCME 1999).

Chlorophyll a is an indicator parameter used to classify the nutrient status and productivity of a waterbody. It is the
primary photosynthetic pigment contained in phytoplankton, which is why it is widely used as a surrogate measure
of phytoplankton biomass and production in lakes (Franklin et al. 2012). Chlorophyll a concentrations are affected
by changes in environmental conditions, such as light, nutrient availability, and temperature, as well as by
phytoplankton community composition (Healey 1975) and are therefore not always a good surrogate for
phytoplankton biomass.

Chlorophyll a is used frequently to determine trophic status. For this baseline synthesis, trophic status was
evaluated by examining the concentrations of nutrients (TP and TN), and chlorophyll a using the classification
schemes developed by Vollenweider (1970) and CCME (2004).

The three main classes of trophic status are:

m oligotrophic (nutrient-poor, unproductive systems)
m  mesotrophic (moderately productive systems)

m eutrophic (nutrient-rich, highly productive systems)

Vollenweider (1970) developed a classification scheme for lakes using TP, TN, chlorophyll a, and Secchi depth
(Table 2-5). This general classification system is an internationally accepted system based on analyses of over
200 waterbodies during the international program on eutrophication conducted by the Organization for Economic
Cooperation and Development (OECD). While this general classification system is relatively simple, complications
can arise due to overlap in the range of categories as well as differences in categorization between parameters.

Table 2-5: General Trophic Status Classification of Lakes

Total Phosphorus Total Nitrogen Chlorophyll a Secchi Depth
Trophic (mg-P/L) (mg-N/L) (ng/L) (m)@
Status
Mean Range Mean Range Mean Range Mean Range
Oligotrophic | 0.008 | 0.003t0 0.018 | 0.661 | 0.307to 1.630 1.7 0.3t04.5 9.9 5.41t0 28.3
Mesotrophic | 0.0267 | 0.011 to 0.096 0.753 | 0.361t0 1.367 4.7 3.0t011.0 4.2 15t08.1
Eutrophic | 0.0844 | 0.016t00.386 | 1.875 | 0.393t0 6.100 14.3 3.0t0 78.0 2.45 0.8t0 7.0

mg-P/L = milligrams of phosphorus per litre; mg-N/L = milligrams of nitrogen per litre; pg/L = micrograms per litre; m = metre.
(a) = this parameter could not be used in the assessment as Secchi depth was at bottom for majority of stations
Source: Vollenweider 1970.
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CCME (2004) recommends that trophic status classification of lakes and streams be based on TP concentrations
in a lake or stream, and that mesotrophic and eutrophic subdivisions should be divided further (Table 2-6). This
additional subdivision was necessary because of the considerable variation that exists in Canadian surface waters
above the range observed by OECD (CCME 2004).

Table 2-6: Trophic Classification of Canadian Lakes and Rivers Based on Total Phosphorus Trigger Concentrations

Total Phosphorus Trigger Range

Trophic Status Description (mg-PIL)
ultra-oligotrophic Nutrient-poor, un-productive <0.004
oligotrophic Nutrient-poor, of low productivity 0.004 to 0.010
mesotrophic Moderately productive 0.010to 0.020
meso-eutrophic Moderately to highly productive 0.020 t0 0.035
eutrophic Nutrient rich, highly productive 0.035t0 0.100
hyper-eutrophic Nutrient rich, very highly productive >0.100

mg-P/L = milligrams of phosphorus per litre; < = less than; > = greater than.
Source: CCME 2004.

2.3.3.1.5 Metals

Metals® are naturally present in surface waters in small quantities (i.e., typically less than 1 mg/L) in particulate
and dissolved forms. Higher metal concentrations in natural waters are typically associated with particulate matter
(i.e., elevated suspended sediments). Dissolved metals tend to be more bioavailable than particulate forms, and
can be toxic to freshwater life. However, potential for toxicity is influenced by modifying factors, such as water
hardness, temperature, and pH. For example, the toxicity potential of certain metals in soft, acidic waters is higher
than the toxicity potential in harder, alkaline waters.

The potential effects of different metals to different receptors vary widely. For example, iron and manganese enter
waterways as a result of the weathering of naturally occurring minerals and generally cause no harm other than
rust stains. In fact, iron and manganese oxyhydroxides in sediments serve to bind other metals, reducing their
potential bioavailability and toxicity. Other metals, such as lead and mercury, can impair the health of aquatic
organisms, wildlife, and humans in relatively small quantities.

2.3.3.1.6 Radium-226

Radium-226 is the most common isotope of radium and is a naturally occurring radioactive metal. Radium is a
radionuclide formed by the decay of uranium and thorium in the environment and radium-226 is part of the
uranium decay series. All isotopes of radium are radioactive and radium decays to produce radon gas. In the
natural environment, radium occurs at trace levels in virtually all rocks, soil, water, plants and animals. In areas
where radium concentrations in rocks and soil are higher, the groundwater also typically has relatively higher
radium content. Radium may concentrate in fish and other aquatic organisms (US EPA 2019). Radium-226 is
prescribed as a deleterious substance in the MDMER and must be monitored in mining effluent and the receiving
environment under the MDMER.

3 For brevity, metals, metalloids (e.g., arsenic), and non-metals (e.g., selenium) will be referred to as metals.
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2.3.3.1.7 Cyanide

Cyanide can be present in the aquatic environment due to both natural and anthropogenic sources. Plants and
other living organisms can produce small quantities of cyanide. In Canada, cyanide compounds are primarily used
for the extraction/recovery of precious metals and electroplating. Although cyanide is often detected in the
environment, the highest environmental levels are found in the vicinity of combustion sources, in wastewaters
form water treatment facilities, iron and steel plants, and organic chemical industries, in landfills and associated
groundwater, and in areas with road salt applications and runoff (CCME 1997). As with radium-226, total cyanide
is prescribed as a deleterious substance in the MDMER and must be monitored in mining effluent and the
receiving environment under the MDMER for metal mines that use cyanide as a process reagent.

2.3.3.2 Description of Water Quality Trends

In natural surface waters, trends over time or space are observed in most water quality parameters. These trends
can be seasonal cycles reflecting hydrological variation, or spatial differences reflecting geological variation,
catchment characteristics or other factors. Understanding natural trends in baseline water quality is important,
because resource development might result in changes that can only be characterized in the context of natural
variation.

Seasonality is an important feature in lakes of northern Canada, where long cold winters result in ice build-up and
potential isolation of lakes if connecting channels are frozen to the bottom. Ice build-up concentrates dissolved
substances in unfrozen water below the ice. Oxygen depletion can also occur, which can lead to reducing
conditions and the release of sediment-bound metals and nutrients into the water column (e.g., manganese,
phosphorus) and conversion of relatively benign ions into potentially toxic forms (e.g., sulphate into sulphide).

The open-water season in the study area usually extends from the end of May or mid-June to early October.
Thus, during the majority of the year, the lakes are frozen and isolated from one another. For this reason, water
quality in lakes was evaluated separately for under-ice (i.e., April) and open-water (i.e., June to September)
conditions. Water quality in the lake outlets may also vary through the open-water season. Freshet occurs when
lake outlets thaw and begin to flow, with a high proportion of flow originating from snowmelt, which is usually low
in dissolved substances. As the open-water season progresses, stream flow declines and water quality changes
due to increases in biological productivity and reduced proportion of snowmelt. For this reason, water quality in
lake outlets was evaluated separately for freshet (June) and summer conditions (July to September).

2.3.3.3 Summary Statistics and Comparison to Water Quality Guidelines

For each season (under-ice, open-water, and freshet, as applicable) and waterbody type (lake and lake outlet),
descriptive statistics were calculated, consisting of the median, mean, 95" percentile, minimum, maximum,
standard deviation, sample size, and percentage of guideline exceedances. For the mean and standard deviation
calculations, results below the DL were replaced with one half the DL; when more than 25% of the results were
below DL, the mean and standard deviation were not calculated. Summary statistics were not calculated for
dissolved metals with the exception of dissolved zinc, which has a CWQG-PAL. Accordingly, with the exception of
dissolved zinc, the discussion of metals data focused on total fraction. For chlorophyll a, the average of the
triplicate samples was first calculated before generating summary statistics.

For most parameters analyzed using multiple DLs, data associated with higher DL were excluded from the data
analysis. This particularly applied to datasets with non-detect values, as non-detect values were substituted with
half of the DL value, which could influence the distribution of data, particularly when data using lower DLs were
available. The entire baseline dataset was retained in the analysis for those stations where only data with high
DLs were available (e.g., Goose Lake Tail, Propeller Lake).
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Data presented in the baseline dataset, but not included in the calculation of summary statistics, were as follows:
m data for samples with higher DLs, with the exception of those data noted above
m field duplicate data, including those collected at the outlets

m data for samples collected at the deep stations within Goose Lake West Bay (i.e., Goose Head in 2015 and
BRP-29-06 in 2018); this station was sampled to understand water quality conditions at the deep area, but
was excluded from data analysis as it was not representative of general water quality conditions in Goose
Lake, particularly in relation to the areas that will be sampled in the AEMP

m data for water quality stations on Reference B Lake outlet in 2011 that were downstream of the lake
watershed boundaries, because these stations captured inputs from other watersheds in addition to
Reference B Lake

Baseline water quality data presented in this report were compared to the acute and chronic CWQG-PAL (CCME
1999), and CDWQG (Health Canada 2017) (Table 2-7). For sulphate, which does not have a CWQG-PAL, the
British Columbia (BC MOE 2013) guideline for the protection of aquatic life was used as a surrogate.

The CWQG-PAL are concentrations or narrative statements based on the most current, scientifically defensible
toxicological data available for the parameter of interest, and are designed to be protective of all forms of aquatic
life and all aspects of the aquatic life cycles, including the most sensitive life stage of the most sensitive species.
An exceedance of a CWQG-PAL does not necessarily imply the likelihood of an adverse environmental effect.
Exceedances under baseline conditions frequently indicate naturally elevated concentrations relative to other sites
in Canada, and suggest that resident aquatic biota have adapted to these concentrations. Comparisons to
CWQG-PAL were done to identify exceedances that exist prior to mine development.

Similarly, water quality results were compared to drinking water guidelines to evaluate if water is safe for
consumption by humans or if there is a potential risk to humans. The CDWQG include health-based guidelines
(maximum acceptable concentrations in water below which no risk to human health is expected), aesthetic
objectives (based on aesthetic considerations and are not relevant to evaluate human health), and operational
guidelines (based on operational considerations for water treatment plants) (Health Canada 2017). As for
CWQG-PAL, comparisons to CDWQG were done to identify exceedances that exist prior to mine development.
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Table 2-7: Water Quality Guidelines and Objectives

CCME Aquatic Life Guideline ® Health Canada
Drinking Water
Guideline®©

Health Canada
Aesthetic Objective®©

Parameter®

Acute Chronic

Field Parameters

pH unitless - 6.5t09.0 - 7.0to 10.5
Temperature °C - - - 15
Dissolved oxygen mg/L - 6.5 - -
Conventional Parameters

pH unitless - 6.5t09.0 - 7.0to 10.5
Total dissolved solids mg/L - - - 500
Major lons

Chloride mg/L 640 120 - 250
Fluoride mg/L - 0.12 1.5 -
Sodium mg/L - - - 200
Sulphate mg/L - 218@ - 500
Nutrients

Nitrate mg-N/L 124 2.9 10 -
Nitrite mg-N/L - 0.06 1 -
Ammonia mg-N/L - 2.680 - -
Total Metals

Aluminum ug/L - 5 to 1009 - -
Antimony pg/L - - 6 -
Arsenic pg/L - 5 10 -
Barium pg/L - - 1,000 -
Boron pg/L 29,000 1,500 5,000 -
Cadmium pg/L 0.46M 0.05M 5 -
Chromium pg/L - 1 500 -
Copper ug/L - 20 - 1,000
Iron pg/L - 300 - 300
Lead ug/L - 1M 10 -
Manganese pg/L - - - 50
Mercury ug/L - 0.026 1 -
Molybdenum pg/L - 73 - -
Nickel pg/L - 250 - -
Selenium pg/L - 1 50 -
Silver pg/L - 0.25 - -
Thallium pg/L - 0.8 - -
Uranium pg/L 33 15 20 -
Zinc pg/L - - - 5,000
Dissolved metals

Zinc [ poil ] 110 | 5.8 | - | -
Other

Cyanide [ mgL | - | 0.005 | 0.2 | -

CCME = Canadian Council of Ministers of the Environment. CaCOj; = calcium carbonate; - = guideline not available

(a) Only parameters with water quality guidelines or objectives are included in this table.

(b) CCME 1999 with the exception of sulphate.

(c) Health Canada 2017.

(d) Lowest acceptable dissolved oxygen concentration for cold water biota — other life stages (CCME 1999). For early life stages, the lowest
acceptable dissolved oxygen concentration for cold water biota is 5.5 mg/L.

(e) BC MOE 2013.

(f) Guideline shown corresponds to a temperature of 10°C and pH 7.5. For individual samples, the guidelines were calculated based on the
individual temperature and pH measurement for each sample.

(9) Guideline is pH dependent. The 5 pg/L guideline corresponds to a pH <6.5 and 100 pg/L corresponds to a pH 26.5. Guidelines were
applied to each individual sample based on specific pH measurement.

(h) Guideline is hardness dependent. Values shown correspond to a median hardness of 22.5 mg/L as CaCOs. For individual samples, the
guideline was calculated based on the specific hardness measurement taken from the sample.

(i) Guideline is for chromium VI.

() The acute dissolved zinc guideline is hardness and dissolved organic carbon dependent. The guideline value shown is the minimum acute
guideline calculated based on a hardness of 14 mg/L and dissolved organic carbon of 0.3 mg/L. For individual samples, the guideline was
calculated based on specific hardness and dissolved organic carbon measurements taken from the sample (CCME 2018).

(k) The chronic dissolved zinc guideline is hardness, dissolved organic carbon, and pH dependent. The guideline value shown here is the
minimum chronic guideline calculated for the dataset. For individual samples, the guideline was calculated based on specific hardness,
dissolved organic carbon, and pH measurements taken form the sample (CCME 2018).
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2334 2018 Sampling Events

The results of the 2018 sampling events have not been reported elsewhere; therefore, they are presented
separately in this report prior to compiling with the historical dataset. Field physico-chemical water column profiles
measured in 2018 at Goose Lake (West Bay, Central and Southeast basins) and Reference B Lake are presented
in tables and figures in Appendix 2B. Field profiles were compared graphically among lakes, within each lake area
(by showing the result for each station) and by season (under-ice and open-water) to qualitatively evaluate
seasonal and vertical patterns. Dissolved oxygen concentration and percent saturation, water temperature,
specific conductivity, and pH were plotted against measured depth. The field measured physicochemical
parameters and general water chemistry for each lake during under-ice and open-water conditions and for lake
outlets during freshet and summer conditions are discussed in Section 2.4.

The 2018 water quality data are provided in Appendix 2C, Tables 2C-1 (lakes) and 2C-7 (lake outlets). Summary
statistics for Goose and Reference B lakes are presented in Appendix 2C, Tables 2C-2 to 2C-6. The 2018 data
were also presented graphically in time series plots along with the historical data collected at Goose, Propeller,
and Reference B lakes and their outlets (Appendices 2F and 2G).

2.3.3.5 Compilation and Review of Baseline Dataset

Historical (2010 to 2017) and recent (2018) water quality data were compiled into a database organized by
waterbody type (lakes or outlets), lake area, and sampling season and presented in Appendix 2D, Table 2D-1
(lakes) and Appendix 2E, Table 2E-1 (outlets). All data were plotted in time series plots in Appendix 2F (lakes)
and Appendix 2G (outlets).

All samples collected and reviewed in this baseline synthesis were analyzed by the same analytical laboratory
(ALS), although possibly at different locations (e.g., Yellowknife, Edmonton, or Burnaby laboratories). As stated
above, ALS is accredited by CALA for the analytical suite summarized in this report.

Laboratory methods were generally consistent throughout the years, which limits interannual variability in the
baseline dataset. Parameters were measured by standard methods published by internationally recognized
agencies, such as American Public Health Association (APHA) and the United States Environmental Protection
Agency (US EPA). For example, conventional parameters, major ions, nutrients, and total cyanide were analyzed
according to the procedures described in “Standard Methods for the Examination of Water and Wastewater”
published by the American Public Health Association (APHA 1992, 2012). Analytical methods for metals involved
acid digestion and instrumental analysis by inductively coupled plasma mass spectrometry (ICP-MS) or optical
emission spectrophotometry (ICP-OES). Mercury was analyzed using cold vapour atomic fluorescence
spectrophotometry (CVAFS) based on EPA 245.7 Method or EPA1631E Method with low level method detection
limits applied to recent years data (e.g., 2015, 2017, 2018). Sulphate was analyzed using ion chromatography
(EPA 300.1 Method).

Detection limits (DLs) for some parameters varied through years and generally were higher in the early years
(2010 to 2015) and lower in more recent years (2017 and 2018). A summary of DLs applied each year is provided
in Table 2-8. Detection limits were raised by the laboratory for some samples that required dilution prior to
analysis. This variability in DLs created some limitations in combining the baseline data, in that data with higher
DLs were generally not useful to characterize water quality. As part of the baseline data review, water quality
results for parameters analyzed using multiple DLs were screened and those associated with higher DLs were
highlighted and not included in the compiled baseline dataset, with the exception of stations where only high DLs
data were available (e.g., Goose Lake Tail, Propeller Lake; Appendices 2D and 2E).
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Table 2-8: Detection Limits Used in Baseline Studies, 2010 to 2018

Parameter | 2010 2011 | 2012 2013 | 2015 2017

Conventional Parameters (laboratory measured)
Specific conductivity uS/cm 2 2 2 2 2 2 2
Total hardness mg CaCOs/L 0.5 0.5 0.5 0.5 0.5 0.05 0.05
Total alkalinity mg CaCOs/L 2 2 2 2 2 2 2
Total dissolved solids mg/L 10 10 10 10 10 10 10
Total suspended solids mg/L 3 3 3 3 3 2o0r3 3
Turbidity NTU 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total organic carbon mg/L 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Dissolved organic carbon mg/L N/A N/A N/A N/A N/A 0.5 0.50r1
Major lons
Bicarbonate mg/L 2 lor2 2 2 lor2 5 5
Calcium mg/L 0.02 0.02 0.02 0.02 0.05 0.02 0.02
Chloride mg/L 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Cyanide mg/L 0.001 0.001 0.001 0.001 |0.001 N/A 0.005
Fluoride mg/L 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Magnesium mg/L 0.005 0.005 0.005 0.005 |0.005 0.004 0'0983?
Potassium mg/L 0.05 0.05 0.05 0.05 0.05 0.02 0.02
Sodium mg/L 0.01 0.01 0.01 0.01 0.01 0.005 0.005
Sulphate mg/L 0.5 0.5 0.5 0.5 0.3 0.05 0.05
Sulphide mg/L N/A N/A N/A N/A N/A 0.0015 0.0015

. . 0.01 or 0.01 or
Reactive silica mg/L N/A N/A N/A N/A N/A 0.050r0.1 0.05 or 0.1
Nutrients
Nitrate mg-N/L 0.005 0.005 0.005 0.005 |0.005 0.005 0.005
Nitrite mg-N/L 0.001 0.001 0.001 0.001 |0.001 0.001 0.001
Total ammonia mg-N/L 0.005 0.005 0.005 0.005 |0.005 0.005 0.005
Total Kjeldahl nitrogen mg-N/L 0.05 0.05 0.05 0.05 0.05 0.05 0.050r0.2
Total phosphorus mg-P/L 0.3 0.002 0.002 0.002 |0.002 0.001 0.001
Dissolved phosphorus mg-P/L 0.3 0.3 0.3 0.3 0.3 0.001 0.001
Orthophosphate mg-P/L 0.001 0.001 0.001 0.001 |0.001 0.001 0.001
Total Metals
Aluminum po/L 1 3 3 3 3 0.3/3 0.3
Antimony po/L 0.1 0.050r0.1 0.05 0.05 0.05 | 0.020r0.1 0.02
Arsenic pg/L 0.2 0.03 0.03 0.03 0.03 0.02 0.02
Barium pg/L 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Beryllium /L 0.2 0.2 0.2 0.2 0.2 0.010r0.1 0.01
Bismuth pg/L 0.5 0.5 0.5 0.5 0.05 | 0.01 0r0.05 0.01
Boron po/L 5 lor5 5 5 5 1lor10 1
Cadmium pg/L 0.01 0.01 0.01 0.01 |0.005 0.005 0.005
Chromium uo/L 0.5 0.1 0.1 0.1 0.1 0.06 or0.1 0.06
Cobalt /L 0.1 0.1 0.1 0.1 0.1 0.010r0.1 0.01
Copper po/L 0.1 0.5 0.50r1l.5 0.5 0.5 0.1 0or 0.5 0.1
Iron po/L 10 10 10 10 10 lorl0 1
Lead pg/L 0.05 0.05 0.05 0.05 0.05 | 0.01 or0.05 0.01
Lithium uo/L 5 5 5 5 1 050r1 0.5
Manganese uo/L 0.05 0.05 0.05 0.05 0.1 0.050r0.1 0.05

0.0005 or
Mercury pg/L 0.01 0.01 0.01 0.01 |0.005 0.0005 0.0006 or
0.001 or 0.002

Molybdenum pg/L 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Nickel /L 0.1 0.1 0.1 0.1 0.1 0.06 or 0.5 0.06
Selenium po/L 0.2 0.1 0.1 0.1 0.1 | 0.04 or 0.05 0.04
Silicon pg/L 50 50 50 50 50 100 100
Silver pg/L 0.01 0.01 0.01 0.01 0.01 | 0.005 or 0.01 0.005
Strontium /L 0.1 0.1 0.10r0.2 0.2 0.2 0.050r0.2 0.05
Sulphur pg/L N/A N/A N/A N/A N/A 500 500
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Table 2-8: Detection Limits Used in Baseline Studies, 2010 to 2018

Parameter 2010 2011 2012 2013 | 2015 2017
Thallium pg/L 0.1 0.050r0.1 0.05 0.05 0.05 | 0.005 or 0.01 0.005
Tin uo/L 0.1 0.1 0.1 0.1 0.1 0.050r0.1 0.05
Titanium po/L 10 10 10 10 10 0.10r0.3 0.1
Uranium pg/L 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Vanadium /L 0.5 0.05 0.05 0.050r1| 1 0.050r0.5 0.050r0.1
Zinc uo/L 1 3 3 3 3 0.80r3 0.8
Zirconium /L N/A N/A N/A N/A N/A 0.3 0.06 or 0.3
Dissolved Metals
Aluminum po/L 1 3 3 3 3 0.3 0.3
Antimony uo/L 0.1 0.1 0r 0.05 0.05 0.05 0.05 0.02 0.02
Arsenic pg/L 0.05 0.03 0.03 0.03 0.03 0.02 0.02
Barium pg/L 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Beryllium pg/L 0.2 0.2 0.2 0.2 0.2 0.01 0.01
Bismuth pg/L 0.5 0.5 0.5 0.5 0.05 0.01 0.01
Boron uo/L 5 lor5 5 5 5 1 1
Cadmium pg/L 0.01 0.01 0.01 0.01 |0.005 0.005 0.005
Chromium pg/L 0.2 0.1 0.1 0.1 0.1 0.06 0.06
Cobalt pg/L 0.1 0.1 0.1 0.1 0.1 0.01 0.01
Copper po/L 0.1 0.5 0.5 0.5 0.5 0.1 0.1
Iron uo/L 10 10 10 10 10 1 1
Lead pg/L 0.05 0.05 0.05 0.05 0.05 0.01 0.01
Lithium pg/L 5 5 5 5 1 0.5 0.5
Manganese po/L 0.05 0.05 0.05 0.05 0.1 0.05 0.05
0.0005 or
Mercury ua/L 0.01 0.01 0.01 0.01 |0.005 0.0005 0.0006 or
0.001
Molybdenum pg/L 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Nickel pg/L 0.1 0.1 0.1 0.1 0.1 0.06 0.06
Selenium pg/L 0.2 0.1 0.1 0.1 0.1 0.04 0.04
Silicon /L 50 50 50 50 50 50 50
Silver pg/L 0.01 0.01 0.01 0.01 0.01 0.005 0.005
Strontium uo/L 0.1 0.1 0.10r0.2 0.2 0.2 0.05 0.05
Sulphur pg/L N/A N/A N/A N/A N/A 500 500
Thallium pg/L 0.1 0.050r0.1 0.05 0.05 0.05 0.005 0.005
Tin pg/L 0.1 0.1 0.1 0.1 0.1 0.05 0.05
Titanium /L 10 10 10 10 10 0.1 0.10r0.3
Uranium pg/L 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Vanadium po/L 0.5 0.05 0.05 0.050r1| 1 0.05 0.05
Zinc po/L 1 3 3 3 3 0.8 0.8o0rl
Zirconium /L N/A N/A N/A N/A N/A 0.3 0.06

pS/cm = microSiemens per centimetre; mg/L= milligrams per litre; mg CaCOs/L = milligrams per litre as calcium carbonate; NTU=
nephelometric turbidity unit; mg-P/L= milligrams per litre as nitrogen; mg-P/L= milligrams per litre as phosphorus; pg/L = micrograms per litre;

N/A = not available because parameter was not measured.

Note: Detection limits in italic font were considered high in relation to the concentrations typical of the waterbodies sampled, and data

associated with these DL were not included in the analysis.
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Data excluded from the calculation of summary statistics due to DL issues are summarized below:

Carbonate and hydroxide, which had concentrations always less than DL, and are not expected to occur
above DL in freshwater arctic systems.

Goose Lake data collected between 2011 and 2013 for dissolved phosphorus, total antimony, beryllium,
bismuth, boron, cadmium, cobalt, lithium, mercury, selenium, silver, thallium, tin, titanium, zinc, and
vanadium (2013 open-water only).

Propeller Lake data collected in 2013 and 2015 for total vanadium.

Reference B Lake data collected between 2010 and 2013 for total and dissolved phosphorus, total antimony,
beryllium, bismuth, boron, cadmium, chromium (2010 only), cobalt, lithium, mercury, selenium, silver,
thallium, tin, titanium, vanadium (2010 only), zinc, and arsenic (2010 only).

Reference B Lake data collected in 2017 at four out of the ten stations for total antimony, beryllium, boron,
cobalt, lithium, silver, thallium, tin, vanadium, zinc.

Goose Lake outlet data collected between 2011 and 2013 for dissolved phosphorus, total antimony (2011
freshet only), boron, lithium, mercury, thallium (2011 freshet only), titanium, vanadium (2013 only), and zinc.

Propeller Lake outlet freshet data collected between 2011 and 2013 for dissolved phosphorus, total antimony
(2011 only), lithium, mercury, thallium (2011 only), titanium, and vanadium (2013 only).

Propeller Lake outlet summer data collected in 2012 for total copper and in 2013 for total vanadium.

Reference B Lake outlet data collected in 2012 and 2013 for dissolved phosphorus, total boron, lithium,
mercury, titanium, vanadium (2013 only), zinc, and copper (2012 summer only).

Reference B Lake outlet data collected in summer of 2017 for total antimony, boron, lithium, and vanadium.

For chlorophyll a, the sample collection method, the analytical laboratory and the type and pore size of filters were
different in 2017 (see Section 2.3.1.2). In 2017 chlorophyll a was measured in a composite sample collected
throughout the euphotic zone, whereas in previous years and in 2018, it was only sampled at one discrete depth
(1 m); this may have influenced chlorophyll a results, and contributed to among-year variation reported in this
synthesis. The analytical method was the same in that both laboratories used fluorometry to quantify chlorophyll a
concentrations. ALS followed EPA Method 445.0 (Arar and Collins 1997) and U of A Biogeochemical Analytical
Service Laboratory followed Welschmeyer (1994). Both methods use acetone extraction followed by fluorometric
analysis. The type and pore size of the filters were different, in that the 2017 baseline study used glass fiber filters
with a 1.2 um pore size, whereas other studies used cellulose filters with a 0.45 um pore size. Filter material and
pore size can affect the retention of chlorophyll a on the filter; however, the choice of analytical method may also
affect the results (e.g., Knefelkamp et al. 2007). For example, Knefelkamp et al. (2007) noted interference issues
when using high performance liquid chromatography (HPLC) to analyze chlorophyll a, which were not evident
when using fluorimetry. The 2017 chlorophyll a concentrations are higher than those measured in 2011 to 2013,
but generally within the range of values measured in 2018 (Appendix 2F, Figure 2F-32). Therefore, the 2017
chlorophyll a data were retained in the compiled baseline dataset. Overall, chlorophyll a concentrations are low in
the lakes regardless of sample collection method, filter and analytical method used, with values ranging from 0.14
to 1.14 pg/L.
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234 Baseline Dataset Evaluation Approach

As stated in Section 2.1, the baseline synthesis focused on compiling the baseline data and addressing the three
questions needed to support the AEMP design update:

Sampling area compatibility: Based on the compiled baseline dataset for water quality, can the sampling
areas be compared to evaluate statistical differences between exposure and reference areas, with minimal
potential confounding factors?

To answer this question, water quality data collected at Goose Lake, representing the exposure area, were
compared to the data collected at Reference B Lake to evaluate differences, if any, and the magnitude of those
differences. Median and 95" percentile concentrations of water quality parameters measured at the two lakes
calculated on the validated baseline dataset were compared for both under-ice and open-water conditions.
Concentrations that were more than two times higher at Goose Lake were noted.

Suitability of baseline data to support the AEMP design: Is the compiled baseline dataset suitable for
conducting the BACI statistical analysis for water quality?

The BACI statistical design requires matching data between exposure and reference areas, and between before
and after periods. Five stations per sampling area are necessary to achieve sufficient power to detect a two
standard deviation difference between exposure and reference areas in a control-impact analysis (Environment
Canada 2012), and experience on other northern monitoring programs has shown that five stations per sampling
area results in an appropriate level of sensitivity to detect mine-related effects in a BACI analysis (De Beers
2019). Therefore, the number of stations per sampling area and the number of years with sufficient replicate
stations were identified from the compiled baseline dataset. The existing dataset was considered suitable if there
were matching data (i.e., at least one year with data from five stations (or three stations at minimum) in each of
the exposure and reference areas). A single year of “before” data is the minimum requirement for the BACI
statistical design; however, having only one “before” year does not allow inclusion of baseline year-to-year
variability in the analysis. Hence it is likely to yield a false positive result (i.e., a significant statistical result, even
though a mine effect may not have occurred). Having more than one year of matching “before” data for all study
lakes is preferred for BACI analysis; this was considered in the evaluation of data availability.

Sufficiency of baseline data to support normal range calculations: Are the compiled baseline data
sufficient to support normal range calculations for water quality?

Normal range will be used in the AEMP to identify Mine-related changes in water quality from baseline conditions.
Seasonal variability was assessed by evaluating water quality during under-ice and open-water conditions. An
adequate characterization of baseline conditions requires that samples are collected across multiple years to
address any interannual variability and that spatial variability is appropriately assessed. The number of samples
collected at exposure and reference areas was summarized and reviewed within this context. There is no
guidance on the minimum number of samples required to calculate a normal range; therefore, professional
judgement was applied to evaluate whether the number of available samples was sufficient. Sample sizes of close
to 20, based on data collected during at least two years, were considered adequate for normal range calculation.
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2.4  Results — 2018
2.4.1 Goose Lake
Field Measured Physicochemical Parameters

Water column profiles of physicochemical parameters were measured from three sampling areas (i.e., West Bay
at BRP-31, Central Basin, and Southeast Basin) during under-ice (April) and open-water (August) conditions.
Profiles were also measured from West Bay at BRP-31 in July and September and from the second sampling
area in West Bay (i.e., BRP-29) in all three months during open-water conditions (Appendix 2B, Tables 2B-1 to
2B-11 and Figures 2B-1 to 2B-16).

During under-ice conditions, physicochemical data are summarized as follows:

m  Water was generally well oxygenated below the ice layer but declined with water depth, particularly at
Central Basin and Southeast Basin (Figures 2B-5, 2B-9, and 2B-13). Dissolved oxygen concentrations were
below the minimum CWQG-PAL (i.e., 6.5 mg/L) at depths greater than 3 m at Central Basin (Figure 2B-9
and Table 2B-8). Dissolved oxygen concentrations near the lake bottom in Central Basin ranged from 4.4 to
6.3 mg/L (Table 2B-8).

m  Water temperatures ranged from near 0°C under the ice layer to 4.2°C near lake bottom (Figures 2B-6,
2B-10, and 2B-14). Ice thickness ranged from 1.3 to 1.5 m (Tables 2D-1, 2D-3, and 2D-5).

m  Water was slightly acidic to slightly alkaline, with pH ranging from 6.0 to 7.9 and consistent through the water
column (Figures 2B-7, 2B-11, and 2B-15). Some variability in pH was observed among the sampling areas,
with the highest pH measured in West Bay (pH 7.5 to 8.0, Table 2B-4) and the lowest pH observed in
Central Basin (pH 6.1 to 6.3, Table 2B-8). Stations in the Southeast Basin were most variable in pH (pH 6.0
to 7.2, Table 2B-10). pH values at Central Basin and two of the five stations in the Southeast Basin were
below the minimum CWQG-PAL of pH 6.5 and CDWQG of pH 7.0. pH values outside the water quality
guideline ranges were also observed in previous baseline studies (Sabina 2015).

m  Specific conductivity ranged from 81 to 178 pS/cm, and generally consistent through the water column, with
some instability at West Bay in the first 2 m below the ice layer (Figures 2B-8, 2B-12, and 2B-16). The
highest specific conductivity was measured at West Bay (99 to 178 uS/cm, Table 2B-4) and the lowest at
Central Basin (81 to 94 uS/cm, Table 2B-8). Specific conductivity at Southeast Basin ranged from 92 to
106 uS/cm (Table 2B-10). Specific conductivity was higher during under-ice conditions than open-water
conditions for all sampling areas.

m Station depth ranged from 3.5 to 6.1 m across all sampling areas, but average depths were 5.3 m at West
Bay, 5.1 m at Central Basin, and 4.6 m at Southeast Basin (Tables 2D-1, 2D-3, and 2D-5).

During open-water conditions, physicochemical data are summarized as follows:

m  Water was well oxygenated throughout the water column during all three sampling events (Figures 2B-1,
2B-5, 2B-10, and 2B-14); minimum dissolved oxygen concentration was 8.2 mg/L in August in Southeast
Basin (Table 2B-11).

m  Water temperature was highest in July (15°C to 17°C) and lowest in September (5°C to 7°C) and did not vary
with depth (Figures 2B-2, 2B-6, 2B-10, and 2B-14) at stations less than 6 m deep. At the deep station in
West Bay at BRP-29, thermal stratification was observed in July and August, but not in September
(Figure 2B-2 and Tables 2B-1 to 2B-3).
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m  Water was slightly acidic, ranging from pH 4.4 to 6.7 and consistent through the water column (Figures 2B-1,
2B-7, 2B-11, and 2B-15). Approximately 80% of the pH values were below the minimum CWQG-PAL and all
were below the minimum CDWQG.

m  Specific conductivity ranged from 27 to 64 uS/cm and was consistent through the water column
(Figures 2B-4, 2B-8, 2B-12, and 2B-16). Values were generally lower in August (27 to 47 uS/cm;
Tables 2B-2, 2B-6, 2B-9, and 2B-11) compared to July and September, and lowest at Southeast Basin (27 to
37 uS/cm, Table 2B-11). At the deep station in West Bay at BRP-29, a specific conductivity gradient was
observed in July and August but not in September; specific conductivity at depths greater than 13 m was
typically at least twice that measured above (Figure 2B-4 and Tables 2B-1 to 2B-3).

m  Station depth ranged from 2.2 to 5.5 m across sampling areas and sampling events, but average depths
were 3.2 m at West Bay at BRP-31, 3.5 m at West Bay at BRP-29, 4.0 m at Central Basin, and 4.3 m at
Southeast Basin (Tables 2D-2, 2D-4, and 2D-6).

Conventional Parameters and Major lons

Concentrations of conventional parameters and major ions were generally higher during under-ice conditions
compared to open-water conditions (Appendix 2C, Table 2C-6).

During under-ice conditions, some differences among sampling areas were observed for TDS, hardness, and
major ions, which are discussed below:

m  Concentrations of TDS ranged from 36 to 91 mg/L, with an overall median of 54 mg/L (Table 2C-6).
Concentrations were slightly higher in West Bay (median = 89 mg/L, Table 2C-2) compared to Central Basin
(median = 41 mg/L, Table 2C-4) and Southeast Basin (median = 54 mg/L, Table 2C-5).

m Total alkalinity was similar among sampling areas with median concentrations ranging from 7.9 to 8.9 mg/L
as CaCOg, indicating high sensitivity to acid deposition (Table 2C-6).

m Hardness varied among sampling areas, with the highest median values in West Bay (46 mg/L) compared to
the other areas (23 mg/L in Central Basin and 25 mg/L in Southeast Basin). The overall median hardness
was 25 mg/L, indicating that the water was very soft (Table 2C-6).

m  Waters were low in suspended solids, with TSS concentrations lower than the DL (i.e., <3 mg/L) in all
samples and turbidity values below 1 NTU (Table 2C-6).

m Most of the organic carbon occurred as DOC, with overall median concentration across sampling areas of
5.4 mg/L (Table 2C-6).

m Dominant ions were sulphate (overall median = 13 mg/L), bicarbonate (overall median = 11 mg/L), chloride
(overall median = 5.1 mg/L), calcium (overall median = 4.9 mg/L), magnesium (overall median = 3.2 mg/L),
sodium (overall median = 1.3 mg/L), reactive silica (overall median = 1.2 mg/L) (Table 2C-6). As expected
from the TDS and hardness results, median concentrations of several ions were higher in West Bay:
calcium, chloride, magnesium, reactive silica, sodium, and sulphate (Tables 2C-2, 2C-4, and 2C-5).
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During open-water conditions, conventional parameters and major ions were similar among sampling areas and
generally similar among sampling events, with a few exceptions, as discussed below:

Concentrations of TDS ranged from 27 to 50 mg/L, with an overall median of 39 mg/L (Table 2C-6). Median
TDS concentrations were lowest in Southeast Basin (29 mg/L), similar in West Bay at BRP-31 and Central
Basin (39 and 40 mg/L, respectively), and highest in West Bay at BRP-29 (45 mg/L) (Tables 2C-2, 2C-3,
2C-4, and 2C-5).

Total alkalinity was similar among sampling areas, with an overall median of 4.2 mg/L as CaCQOgs, indicating
that high sensitivity to acid deposition (Table 2C-6).

Hardness was also similar among sampling areas with an overall median of 17 mg/L as CaCOs, indicating
that the water was very soft (Table 2C-6).

Waters were low in suspended solids, with TSS concentrations that were lower than the DL (i.e., <3 mg/L) in
majority of the samples, with the highest detected concentration of 3.7 mg/L; turbidity values were below or
near 1 NTU (Table 2C-6).

Most of the organic carbon occurred as DOC, with overall median concentration across sampling areas of
4.1 mg/L (Table 2C-6).

Dominant ions were sulphate (overall median = 8.8 mg/L), bicarbonate (overall median = 5.1 mg/L), chloride
(overall median = 3.7 mg/L), calcium (overall median = 3.6 mg/L), magnesium (overall median = 2.2 mg/L),
and reactive silica (overall median = 0.75 mg/L) (Table 2C-6). Concentrations were generally similar among
sampling stations, with the exception of chloride and reactive silica, which were higher in both areas of West
Bay compared to the rest of the lake (Tables 2C-2, 2C-3, 2C-4, and 2C-5). Concentrations of calcium,
chloride and reactive silica were also slightly higher in September compared to the other sampling events
(Table 2C-1).

All detected concentrations were lower than the associated CWQG-PAL and CDWQG (Table 2C-6).

Nutrients

Nitrate, total ammonia, and TKN were detected in all samples collected under-ice, and in less than half of the
samples during open-water conditions; nitrite was lower than the DL in all under-ice samples and in most open-
water samples (Table 2C-1). Total nitrogen (TN) was detected in all samples in both seasons. Detected
concentrations of nitrogen-based nutrients were generally higher during under-ice conditions, but all
concentrations were lower than the applicable water quality guidelines.

During under-ice conditions, some differences among sampling areas were observed, as described below:

Concentrations of nitrate ranged from 0.0076 to 0.094 mg-N/L, with an overall median of 0.028 mg-N/L
(Table 2C-6). Concentrations were higher in West Bay (median = 0.090 mg-N/L, Table 2C-2) compared to
Central Basin (median = 0.011 mg-N/L, Table 2C-4) and Southeast Basin (median = 0.028 mg-N/L, Table
2C-5).

Median concentrations of total ammonia, TN, and TKN were similar among the sampling areas, and overall
median concentrations were 0.032 mg-N/L (total ammonia), 0.34 mg-N/L (TN), and 0.30 mg-N/L (TKN)
(Table 2C-6).
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Concentrations of TP were variable within sampling areas; however, the lowest concentrations were
measured in Central Basin (median = 0.0026 mg-P/L, Table 2C-4) whereas TP concentrations in West Bay
and Southeast Basin ranged from 0.0030 to 0.0064 mg-P/L (Tables 2C-2 and 2C-5). Overall median TP
concentration was 0.0030 mg-P/L (Table 2C-6).

A similar pattern to TP was observed for chlorophyll a, with lower concentrations in Central Basin (median =
0.46 pg/L, Table 2C-4) and more variable concentrations in the other two sampling areas (range = 0.53 to
0.94 pg/L, Tables 2C-2 and 2C-5). Overall median chlorophyll a concentration was 0.72 ug/L (Table 2C-6).

Nitrite and orthophosphate concentrations were lower than DLs in all samples.

Based on median concentrations of TN, TP, and chlorophyll a, Goose Lake was classified as oligotrophic
based on Vollenweider (1970) or ultra-oligotrophic based on CCME (2004).

During open-water conditions, nutrients were generally similar among sampling areas and sampling events and
characterized as follows:

Nitrite, nitrate, and total ammonia were lower than DLs in most samples, with maximum detected
concentration of 0.024 mg-N/L for nitrate, 0.007 mg-N/L for nitrite, 0.061 mg-N/L for total ammonia
(Table 2C-6).

Median concentrations of TN and TKN were similar among the sampling areas and events, and overall
median concentrations were 0.20 mg-N/L (TN) and 0.19 mg-N/L (TKN) (Table 2C-6).

Concentrations of TP ranged from 0.0013 to 0.0088 mg-P/L, with an overall median of 0.0041 mg-P/L
(Table 2C-6). The range of TP concentrations during open-water conditions overlapped those measured
during under-ice conditions, with slightly higher values in measured in August (Table 2C-1). No obvious
patterns with sampling area or event were observed.

Orthophosphate concentrations were lower than DL in almost all samples with the highest detected
concentration of 0.0030 mg-P/L (Table 2C-6).

Chlorophyll a concentrations ranged from 0.14 to 0.67 pg/L, with an overall median of 0.50 pg/L

(Table 2C-6). Concentrations were variable among sampling areas and events with no obvious patterns,
although the highest concentrations generally occurred in August (Table 2C-1). The lowest concentrations
occurred in West Bay at BRP-31 in September.

Based on the TN, TP, and chlorophyll a median concentrations in different areas across the lake, Goose
Lake was classified as oligotrophic (Vollenweider 1970; CCME 2004).

Total Metals

Total metal concentration data are summarized as follows:

Median concentrations of total metals were generally less than DL or within five times the DL with the
exception of aluminum, arsenic, barium, cobalt, copper, iron, manganese, nickel, silicon, strontium, and
sulphur (Table 2C-6).

Median concentrations of the metals listed above were higher during under-ice conditions, with the exception
of aluminum, cobalt, and iron, which were higher during open-water conditions (Table 2C-6).
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Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
aluminum and copper (Table 2C-6).

Total aluminum concentrations were above the CWQG-PAL in 47% of the samples during under-ice
conditions and in 78% of the samples during open-water conditions (Table 2C-6). These exceedances
occurred in all sampling areas (Table 2C-1). The aluminum guideline is pH-dependent and is 5 pg/L for
samples with pH <6.5 and 100 pg/L for samples with pH 26.5 (CCME 1999). Total aluminum concentrations
in Goose Lake ranged from 4.6 to 24 ug/L, and the guideline exceedances occurred for the samples with pH
lower than 6.5 (Table 2C-1).

Total copper concentrations were above the CWQG-PAL in 67% of the samples during under-ice conditions
and in 5% of the samples during open-water conditions (Table 2C-6). The exceedances occurred in water
samples from throughout the lake during under-ice conditions and in two samples collected in West Bay at
BRP-31 (Table 2C-2).

Exceedances of the total aluminum and total copper water quality guidelines were also observed in previous
baseline studies (Sabina 2015).

Some differences among sampling areas were observed for some metals. During under-ice conditions,
median concentrations of several metals were higher in West Bay (Tables 2C-2, 2C-4, and 2C-5). Median
total concentrations of cadmium, cobalt, manganese, silicon, and zinc were more than two times higher than
median concentrations in both Central and Southeast basins. Median total concentrations of aluminum,
barium, boron, iron, manganese, nickel, and strontium were more than two times higher in West Bay than in
Central Basin. During open-water conditions, the number of metals were reduced to only aluminum, cobalt,
iron, and manganese (based on overall median concentrations during this season). This suggests that metal
concentrations vary across Goose Lake, particularly during under-ice conditions, with higher concentrations
of some metals in West Bay, and lower concentrations in Southeast Basin.

Among sampling events during open-water conditions, some small differences were observed for some
metals in that median concentrations of some metals appeared to decrease over the open-water season
(e.g. aluminum, copper). Also, the highest median concentrations of some metals (barium, cobalt,
manganese, nickel, silicon, strontium, and sulphur) were observed in West Bay at BRP-29 in September.
However, the differences in median concentrations were within two times of each other, and therefore were
not considered notable.

Radium-226 and Cyanide

Radium-226 was only measured during open-water conditions. Radium-226 was infrequently detected
throughout Goose Lake in 28% of samples, with maximum concentration of 0.048 Bg/L at the Southeast
Basin (Table 2C-1).

Cyanide was only measured during open-water conditions and was lower than DL (i.e., <0.005 mg/L) in all
samples.

Overall, water quality in 2018 was similar to that measured in previous baseline studies (see Section 2.5.1).
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24.2 Goose Lake Outlet

Water quality data collected at the outlet of Goose Lake in 2018 during freshet (June) and summer conditions
(July, August and September) are provided in Appendix 2C, Table 2C-8. Each outlet sample was collected in
duplicate to assess within-station variability, and QC results are presented in Appendix 2A. Field duplicates are
not included in the discussion of water quality as presented below.

Field Measured Physicochemical Parameters

m As expected in flowing waters, water was well oxygenated during each sampling event. Water temperature
was lowest at freshet and in September and highest in July and August (Table 2C-8).

m  Waters were slightly acidic, with pH ranging from 5.7 to 6.5. All values were at or below the minimum
CWQG-PAL and below the minimum CDWQG (Table 2C-8). Exceedances of the pH water quality guidelines
were also observed in previous baseline studies (Sabina 2015).

m  Specific conductivity was slightly higher at freshet (46 pS/cm) compared to the rest of the summer (34 to
40 pS/cm) (Table 2C-8).

Conventional Parameters and Major lons

m The pattern noted in specific conductivity was also observed for TDS concentrations, which ranged from
44 mg/L during freshet to 26 mg/L in September (Table 2C-8).

m Total alkalinity was higher at freshet (13 mg/L as CaCOs) compared to the summer (4.0 to 4.4 mg/L as
CaCO0:a3); these results indicated that the waters were of moderate to high sensitivity to acid deposition
(Table 2C-8).

m Hardness was also slightly higher at freshet (19 mg/L as CaCOs) compared to the summer (13 to 16 mg/L as
CaCO0:a3); these results indicate that the waters were very soft (Table 2C-8).

m  Waters were low in suspended solids, with TSS concentrations were lower than the DL (i.e., <3 mg/L) in all
samples and turbidity values were below 1 NTU (Table 2C-8).

m Most of the organic carbon occurred as DOC, with slightly higher concentrations observed at freshet
(5.2 mg/L) compared to the summer (3.8 to 4.4 mg/L) (Table 2C-8).

m Dominant ions were bicarbonate, calcium, chloride, magnesium, and sulphate. The highest concentrations of
these ions were measured at freshet, particularly bicarbonate (15 mg/L compared to <5.0 to 5.4 mg/L in the
summer) (Table 2C-8).

m All detected concentrations were lower than the associated CWQG-PAL and CDWQG (Table 2C-8).
Nutrients

m Nitrate and total ammonia concentrations were higher at freshet (0.027 mg-N/L and 0.025 mg-N/L,
respectively) (Table 2C-8). Nitrite was not detected at any sampling event. All concentrations were less than
water quality guidelines.

m Concentrations of TN and TKN were highest in July (0.61 mg-N/L) and lowest in September (0.16 mg-N/L)
(Table 2C-8).

m  Concentrations of TP were variable among the sampling events, ranging from <0.0010 mg-P/L in July to
0.0053 mg-P/L at freshet (Table 2C-8). Based on TP concentrations, the outlet was considered to be
ultra-oligotrophic to oligotrophic (CCME 2004). Chlorophyll a was not measured at this location, because this
parameter is appropriate for standing waters, not flowing waters.
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Total Metals

m Total metal concentrations were generally less than DL or within five times the DL with the exception of
aluminum, arsenic, barium, cobalt, copper, iron, manganese, nickel, silicon, strontium, and sulphur
(Table 2C-8).

m Concentrations of most metals were highest at freshet and lowest in September (Table 2C-8).

m Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
aluminum. Total aluminum concentrations ranged from 6.5 to 15 ug/L (Table 2C-8). Exceedances of the total
aluminum water quality guidelines were also observed in previous baseline studies (Sabina 2015).

Radium-226 and Cyanide

m Radium-226 and cyanide were not detected in any sample (Table 2C-8).
243 Propeller Lake

Propeller Lake was not sampled in 2018.

244 Propeller Lake Outlet

Water quality data were collected in 2018 at the outlet of Propeller Lake during freshet only# and data were
summarized in Appendix 2C, Table 2C-8. A duplicate sample was collected to assess within-station variability,
and QC results are presented in Appendix 2A. The field duplicate was not included in the discussion of water
quality as presented below.

Field Measured Physicochemical Parameters

m The water was well oxygenated and cold at freshet (Table 2C-8).

m  Waters were slightly acidic (pH 6.0) at freshet (Table 2C-8). The field-measured pH was below the minimum
CWQG-PAL and minimum CDWQG. Exceedances of the pH water quality guideline were not observed in
previous baseline studies (Sabina 2015).

m  Specific conductivity was 34 uS/cm, which is lower than that measured at Goose Lake outlet at freshet
(Table 2C-8).

Conventional Parameters and Major lons

m  Similar to specific conductivity, TDS concentration was also lower at 33 mg/L (Table 2C-8).

m Total alkalinity was 8.1 mg/L as CaCOs, which indicated that the waters were of high sensitivity to acid
deposition (Table 2C-8).

m Hardness was 13 mg/L as CaCOs, which indicated that the waters were very soft (Table 2C-8).

m  Waters were low in suspended solids, with TSS concentration less than the DL (i.e., <3 mg/L) and turbidity
value below 1 NTU (Table 2C-8).

m  All of the organic carbon occurred as DOC with a concentration of 3.9 mg/L (Table 2C-8).
m Dominant ions were bicarbonate, calcium, chloride, magnesium, and sulphate (Table 2C-8).

m All detected concentrations were lower than the associated CWQG-PAL and CDWQG (Table 2C-8).

4 Propeller Lake outlet was sampled at freshet to satisfy the FEIS addendum Commitment KIA-C-8.
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Nutrients
m Nitrate and total ammonia concentrations were 0.033 mg-N/L and 0.017 mg-N/L, respectively (Table 2C-8).
Nitrite was not detected. All concentrations were less than water quality guidelines.

m  Concentrations of TN and TKN were 0.25 mg-N/L and 0.21 mg-N/L, respectively (Table 2C-8).

m Concentration of TP was 0.0027 mg-P/L, which was lower than that measured in Goose Lake inlet at freshet
(Table 2C-8). Based on this concentration, the outlet was considered to be ultra-oligotrophic (CCME 2004).

Total Metals

m Concentrations of total metals were generally less than DL or within five times the DL with the exception of
aluminum, arsenic, barium, cobalt, copper, iron, manganese, nickel, silicon, strontium, and sulphur (Table
2C-8). Concentrations of these metals were lower than those measured at freshet in Goose Lake outlet.

m  Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
aluminum. Total aluminum concentration was 7.2 pg/L (Table 2C-8). Exceedances of the total aluminum
water quality guideline was not observed in this outlet in previous baseline studies (Sabina 2015).

Radium-226 and Cyanide
m Radium-226 and cyanide were not detected (Table 2C-8).

24.5 Reference B Lake
Field Measured Physicochemical Parameters

Water column profiles of physicochemical parameters were measured from one sampling area during under-ice
(April) and open-water conditions (July, August, September) (Appendix 2B, Tables 2B-12 to 2B-15 and
Figures 2B-17 to 2B-20).

During under-ice conditions, physicochemical data are summarized as follows:

m  Water was well oxygenated below the ice layer but declined with water depth, with dissolved oxygen
concentrations below the minimum CWQG-PAL (i.e., 6.5 mg/L) at depths less than 2 m at most stations
(Figure 2B-17). Dissolved oxygen concentrations near lake bottom ranged from 1.3 to 6.0 mg/L
(Table 2B-12).

m  Water temperatures ranged from near 0°C under the ice layer to 4.3°C near the lake bottom (Figure 2B-18
and Table 2B-12). Ice thickness was 1.5 m (Table 2D-11).

m  Water was slightly acidic, ranging from pH 6.4 to 6.9 with the lowest pH values at depth. pH was slightly
below the minimum CWQG-PAL (i.e., pH 6.5) at some depths at two stations and lower than the minimum
CDWQG at all depths and stations (Figure 2B-19 and Table 2B-12). Exceedances of the pH water quality
guidelines were also observed in previous baseline studies (Sabina 2015).

m  Specific conductivity ranged from 77 and 87 uS/cm, was consistent throughout the water column, and was
slightly higher than under open-water conditions (Figure 2B-20 and Table 2B-12).

m  Station depth ranged from 3.7 to 5.0 m (Table 2D-11).
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During open-water conditions, physicochemical data are summarized as follows :

m  Water was well oxygenated throughout the water column with minimum dissolved oxygen concentration of
8.2 mg/L (Figure 2B-17 and Tables 2B-13 to 2B-15).

m  Water temperatures were highest in July (15°C to 17°C) and lowest in September (5°C) and did not vary with
depth (Figure 2B-18 and Tables 2B-13 to 2B-15).

m  Water was slightly acidic, ranging from pH 5.8 to 6.8 with the lowest pH values at depth (Figure 2B-19). In
July, pH values generally met the CWQG-PAL (Table 2B-13). In August, almost all pH values throughout the
water column were below the lower bound of pH 6.5, whereas in September, this only occurred in two of the
five stations (Tables 2B-14 and 2B-15). All pH values were below the minimum CDWQG.

m  Specific conductivity ranged from 24 to 30 uS/cm, was consistent throughout the water conditions and similar
among sampling events (Figure 2B-20 and Tables 2B-13 to 2B-15).

m  Station depth ranged from 3.5 to 4.0 m (Table 2D-11).

Conventional Parameters and Major lons

Concentrations of conventional parameters and major ions were generally higher during under-ice conditions
compared to open-water conditions (Table 2C-7).

During under-ice conditions, conventional parameters and major ions were characterized as follows (Table 2C-7):
m Concentrations of TDS ranged from 33 to 43 mg/L, with a median of 42 mg/L.

m Total alkalinity was 14 mg/L as CaCOs at all stations, indicating moderate sensitivity to acid deposition.

m Hardness was 23 mg/L as CaCOs at all stations, indicating that the water was very soft.

m  Waters were low in suspended solids; TSS concentrations were lower than the DL (i.e., <3 mg/L) in all
samples and turbidity values were below 1 NTU.

m Most of the organic carbon occurred as DOC, with median concentration of 4.5 mg/L.

m Dominant ions were bicarbonate (median = 17 mg/L), sulphate (median = 10 mg/L), calcium (median =
3.9 mg/L), and magnesium (3.2 mg/L).

During open-water conditions, conventional parameters and major ions were generally similar among sampling
events and were characterized as follows (Table 2C-7):

m Concentrations of TDS ranged from 15 to 44 mg/L, with a median of 23 mg/L. The range of concentrations
was wider in July (15 to 44 mg/L) compared to August and September (19 to 26 mg/L), but the median was
only slightly higher in July (28 mg/L compared to 21 mg/L in both August and September).

m Median total alkalinity was 6.3 mg/L as CaCOs, indicating high sensitivity to acid deposition.
m Median hardness was 11 mg/L as CaCOg, indicating that the water was very soft.

m  Waters were low in suspended solids; TSS concentrations were lower than the DL (i.e., <3 mg/L) in all
samples and turbidity values were below 1 NTU.

m  Most of the organic carbon occurred as DOC, with median concentration of 3.2 mg/L.
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m Dominant ions were bicarbonate (median = 7.7 mg/L), sulphate (median = 4.3 mg/L), calcium (median =
1.9 mg/L), and magnesium (median = 1.6 mg/L).

All detected concentrations were lower than the associated CWQG-PAL and CDWQG (Table 2C-7).

Nutrients

Nitrate and nitrite concentrations were lower than DL in almost all samples, while total ammonia was detected in
during under-ice conditions, but less often during open-water conditions (Table 2C-1). TP, TN, and TKN were
frequently detected in both seasons, with TN and TKN concentrations higher during under-ice conditions

(Table 2C-7). All concentrations were lower than the applicable water quality guidelines.

During under-ice conditions, nutrients were characterized as follows (Table 2C-7):

m Median concentrations of total ammonia and TN were 0.046 mg-N/L and 0.32 mg-N/L, respectively.
m Median concentration of TP was 0.0030 mg-P/L.

m Nitrite, nitrate, and orthophosphate were lower than DLs in all samples

m  Chlorophyll a concentrations ranged from 0.18 to 0.47 pg/L, with a median of 0.20 pg/L.

m Based on median concentrations of TN, TP, and chlorophyll a, Reference B Lake was classified as
oligotrophic (Vollenweider 1970) or ultra-oligotrophic (CCME 2004).

During open-water conditions, concentrations of some nutrients varied among sampling events as described
below:

m Nitrite concentrations were lower than DL in all samples, and nitrate, total ammonia and orthophosphate
concentrations were lower than DL most samples. Maximum detected concentration of nitrate was 0.08 mg-
N/L, of total ammonia was 0.055 mg-N/L, and of orthophosphate were 0.0020 mg-P/L (Table C2-7).

m  Concentrations of TP ranged from 0.0023 to 0.0064 mg-P/L, with an overall median of 0.0038 mg-P/L
(Table C2-7). The range of concentrations was highest in August (0.0055 to 0.0064 mg-P/L) and lowest in
July (0.0023 to 0.0031 mg-P/L) (Table 2C-1).

m Asimilar pattern to TP was observed for chlorophyll a, with higher concentrations in August (0.55 to
0.65 pg/L) and the lowest concentrations in July (range = 0.24 to 0.31 pg/L) (Tables 2C-1). Overall median
chlorophyll a concentration was 0.40 ug/L (Table 2C-7).

m Based on median concentrations of TN, TP, and chlorophyll a, Reference B Lake was classified as
oligotrophic (Vollenweider 1970) or ultra-oligotrophic (CCME 2004).

Total Metals
Metal concentrations are summarized as follows (Table 2C-7):
m Median concentrations of total metals were generally less than DL or within five times the DL with the

exception of aluminum, arsenic, barium, cobalt, copper, iron, manganese, nickel, silicon, strontium, and
sulphur.

m Median concentrations of the metals listed above were higher during under-ice conditions, with the exception
of aluminum and iron, which were higher during open-water conditions.
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m Concentrations of total metals were below the applicable water quality guidelines, with the exception of total
aluminum in one sample collected in September where concentration (5.2 ug/L) was above the CWQG-PAL
of 5 pg/L. This sample had a corresponding field-measured pH of 6.0 (Table 2C-1). Median concentration of
total aluminum was 3.8 pg/L. Exceedances of the total aluminum water quality guideline were also observed
in previous baseline studies (Sabina 2015).

Radium-226 and Cyanide

m Radium-226 was only measured during open-water conditions. Radium-226 was detected in one sample
collected in August at a concentration of 0.0058 Bg/L (Table 2C-1).

m Cyanide was only measured during open-water conditions and was lower than DL (i.e., <0.005 mg/L) in all
samples (Table 2C-1).

2.4.6 Reference B Lake Outlet

Water quality data collected at the outlet of Reference B Lake in 2018 during freshet (June) and summer
conditions (July, August and September) were summarized in Appendix 2C, Table 2C-8. Outlet samples were
collected in duplicate to assess within-station variability and QC results are presented in Appendix 2A. Field
duplicates are not included in the discussion of water quality as presented below.

Field Measured Physicochemical Parameters

m As expected in flowing waters, water was well oxygenated during each sampling event (Table 2C-8). Water
temperature was lowest at freshet and in September and highest in July and August.

m  Waters were slightly acidic, with pH ranging from 5.0 to 6.7 (Table 2C-8). Most values were below the
minimum CWQG-PAL and all were below the minimum CDWQG. Exceedances of the pH water quality
guidelines at this outlet was not observed in previous baseline studies (Sabina 2015).

m  Specific conductivity was similar among the sampling events ranging from 25 and 30 uS/cm, which is lower
than the measurements at Goose Lake outlet at freshet (Table 2C-8).

Conventional Parameters and Major lons

m Concentrations of TDS were higher at freshet (42 mg/L) compared to the summer (19 to 32 mg/L)
(Table 2C-8).

m Total alkalinity and hardness were similar among the sampling events (Table 2C-8). Total alkalinity ranged
from 5.6 to 6.4 mg/L as CaCOg, indicating that the water was of high sensitivity to acid deposition. Hardness
ranged from 10 to 13 mg/L as CaCOs, which indicated that the waters were very soft. Both parameters were
lower at freshet than observed in Goose Lake or Propeller Lake outlets.

m  Waters were low in suspended solids, with TSS concentrations ranging from <3 mg/L at freshet and in July
to 7.4 and 7.7 mg/L in August and September (Table 2C-8). Turbidity values were below 1 NTU except for
September (1.9 NTU). Samples collected in September showed some variability between duplicates (nhotable
RPDs for 12% of the parameters) with some parameters in the duplicate sample unexpectedly high
(e.g., TSS, turbidity, TP, total metals; Appendix 2A, Table 2A-4).

m  Most of the organic carbon occurred as DOC, with concentrations slightly lower in September (3.1 mg/L
compared to 4.3 to 5.1 mg/L in the other sampling events) (Table 2C-8).

m Dominant ions were bicarbonate, calcium, magnesium, and sulphate (Table 2C-8). Concentrations were
lower than in the Goose Lake and Propeller Lake outlets.
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Nutrients

m Nitrate and total ammonia concentrations were higher at freshet (0.023 mg-N/L and 0.022 mg-NI/L,
respectively) (Table 2C-8). Nitrite was not detected at any sampling event. All concentrations were below
water quality guidelines.

m  Concentrations of TN and TKN were highest in September (0.42 mg-N/L) and lowest in August
(0.27 mg-N/L) (Table 2C-8).

m  Concentrations of TP were variable among the sampling events, ranging from 0.0052 mg-P/L in July to 0.016
mg-P/L in September (Table 2C-8). Based on median TP concentrations, the outlet was considered to be
oligotrophic to mesotrophic (CCME 2004).

Total Metals

m Total metal concentrations were generally less than DL or within five times the DL with the exception of
aluminum, arsenic, barium, cobalt, copper, iron, manganese, nickel, silicon, strontium, and sulphur
(Table 2C-8).

m  Concentrations of most metals were highest at freshet and lowest in September (Table 2C-8). In general,
concentrations were lower than observed at the other lake outlets.

m  Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
aluminum. Total aluminum concentrations ranged from 6.6 to 12 pg/L (Table 2C-8). Aluminum
concentrations in two samples with pH <6.5 were higher than the CWQG-PAL. Exceedances were not
observed in previous baseline studies at this lake outlet (Sabina 2015).

Radium-226 and Cyanide

m Radium-226 and cyanide were not detected in any sample (Table 2C-8).

2.5 Results - Compiled Baseline Dataset (2010 to 2018)

The compiled baseline data are provided in Appendix 2D Tables 2D-1 to 2D-12 (lakes) and Appendix 2E

Tables 2E-1 to 2E-6 (lake outlets), with data excluded from calculation of summary statistics highlighted in grey.
Summary statistics are provided in Appendix 2D Tables 2D-13 to 2D-18 (lakes) and Appendix 2E Tables 2E-7 to
2E-9 (outlets). Time series plots are provided in Appendix 2F (lakes) and Appendix 2G (outlets).

2.51 Goose Lake

Baseline water quality samples were collected in Goose Lake between 2010 and 2018 from various areas

(i.e., West Bay, Central Basin, Southeast Basin, and Tail; Figure 2-1) as per the schedule presented in Table 2-4.
Results for under-ice and open-water conditions for these sampling areas are provided in Appendix 2D Tables
2D-1 and 2D-7 with summary statistics in Tables 2D-13 to 2D-16 and time series plots in Appendix 2F.

Field Measured Physicochemical Parameters

Water column profiles of temperature and dissolved oxygen were measured during under-ice conditions in 2011,
2012, 2013, and 2018 and during open-water conditions in 2011, 2015, 2017, and 2018. Profiles of pH and
specific conductivity were only measured in 2017 (open-water only) and 2018. Discussion of these parameters
focused on field measurements taken from the depth at which chemistry samples were collected.
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During under-ice conditions the field profiles indicated that some stratification occurred within the water column.
Other observations of the physicochemical parameters were as follows:

Water temperature ranged from approximately 0°C below the ice layer to 2.5°C near the lake bottom.
Thermal stratification was more prevalent in deep areas (e.g., the Central Basin, with total depth of 9.2 m, in
2011 was stratified to about 4 m, after which temperature remained uniform at approximately 2.5°C; Rescan
2012a).

Dissolved oxygen concentration was highest below the ice layer (e.g., 16 mg/L; 100% saturation) and
decreased with depth (e.g., 12 mg/L; 80% saturation). The deep area of Central Basin sampled in 2011 was
stratified to about 4 m below the ice surface, and stable after that to approximately 8 mg/L or 60% saturation
(Rescan 2012a). Similarly, Goose Lake Tail in 2012 was stratified, with near 100% oxygen saturation near
ice surface and declining to 13% at the bottom (Rescan 2012b). Dissolved oxygen concentrations at sample
depth ranged from 7.9 to 16 mg/L (median = 14 mg/L) and were all above the minimum CWQG-PAL

(Table 2D-16). Deep areas had concentrations at the bottom that were often below the guideline. Low levels
of dissolved oxygen near the water-sediment interface are common in Arctic lakes under-ice, and are a
result of oxygen depletion from decomposition and respiration in the water-sediment interface and a lack of
mixing or aeration due to ice cover (CCME 1999).

Field-measured pH at sample depth ranged from pH 6.0 to 7.9 (median = pH 6.7), with approximately half of
the samples below the minimum CWQG-PAL and CDWQG (Table 2D-16). Field profiles of pH were
measured in 2018 only and were consistent throughout the water column (Section 2.4.1).

Field-measured specific conductivity at sample depth ranged from 81 to 151 uS/cm (median = 96 uS/cm)
and were slightly higher at the West Bay area (Tables 2D-13 and 2D-16). Specific conductivity profiles were
measured in 2018 only and no discernable stratification was evident (Section 2.4.1).

During open-water conditions, the field profiles generally followed similar patterns among sampling areas. Other
observations of the physicochemical parameters were as follows:

Water temperature profiles indicated that Goose Lake was vertically well mixed, and temperatures varied
seasonally (Rescan 2012a, 2012b, 2014, 2015, Golder 2018b).

Dissolved oxygen concentration was uniform throughout the water column, with the exception of deep areas
(Rescan 2012a, 2012b, 2014, 2015, Golder 2018b). A slight decline in dissolved oxygen concentration was
apparent near the lake bottom at Goose Tail in 2011 and 2013. Dissolved oxygen concentrations at the
sample depth ranged from 8.3 and 13 mg/L (median of 9.7 mg/L) and were overall above the minimum
CWQG-PAL (Table 2D-16).

Field-measured pH at the sample depth were slightly acidic to neutral, ranging from pH 5.7 to 7.3 (median =
pH 6.5), with 55% of the samples below the minimum CWQG-PAL and 79% of samples below the minimum
CDWQG (Table 2D-16). Water column profiles of pH measured in 2017 and 2018 indicated that pH was
consistent throughout the water column (Golder 2018b; Section 2.4.1).

Field-measured specific conductivity values at the sample depths were slightly lower than during under-ice
conditions, and ranged from 21 to 64 pS/cm (median = 41 uS/cm) (Table 2D-16). Specific conductivity
profiles measured in 2017 and 2018 showed no discernable stratification (Golder 2018b; Section 2.4.1).
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Conventional Parameters and Major lons

Concentrations of conventional parameters and major ions were generally slightly higher during under-ice
compared to open-water conditions and at West Bay compared to the other sampling areas in Goose Lake
(Table 2D-16). The higher concentrations at West Bay are largely driven by the 2018 results at BRP-31, which is
located west of the West Bay stations sampled prior to 2018.

During under-ice conditions, conventional parameters were characterized as follows:

m  Concentrations of TDS ranged from 27 to 91 mg/L, with an overall median of 47 mg/L (Table 2D-16).
Concentrations were higher in West Bay (median = 89 mg/L, Table 2D-13) compared to Central Basin
(median = 41 mg/L, Table 2D-14) and Southeast Basin (median = 54 mg/L, Table 2D-15).

m Total alkalinity ranged from 4.8 to 11 mg/L as CaCOs, with an overall median of 8.4 mg/L as CaCOs, which
indicated that the waters were of high sensitivity to acid deposition (Table 2D-16).

m Hardness varied among sampling areas, with the highest median values in West Bay (44 mg/L as CaCOs)
compared to the other areas (23 mg/L as CaCOs in Central Basin and 25 mg/L as CaCOs in Southeast
Basin) (Tables 2D-13 to 2D-15). The overall median hardness was 25 mg/L as CaCOs, indicating that the
water was very soft (Table 2D-16).

m  Waters were low in suspended solids, with TSS concentrations lower than the DL (i.e., <3 mg/L) in all
samples and turbidity values were below or near 1 NTU.

m  Most of the organic carbon occurred as DOC, with overall median concentration across sampling areas of
5.4 mg/L (Table 2D-16).

m Dominant ions were sulphate (overall median = 12 mg/L), bicarbonate (overall median = 9.7 mg/L), chloride
(overall median = 5.2 mg/L), calcium (overall median = 5.2 mg/L), and magnesium (overall median = 2.8
mg/L) (Table 2D-16). As expected from the TDS and hardness results, median concentrations of several
ions were higher in West Bay: calcium, chloride, magnesium, reactive silica, sodium, and sulphate (Tables
2D-13 to 2D-15).

During open-water conditions, conventional parameters were similar among years and generally similar among
sampling events, with a few exceptions as discussed below:

m  Concentrations of TDS ranged from 12 to 50 mg/L, with an overall median of 33 mg/L (Table 2D-16). Median
TDS concentrations were lowest in Central Basin and Southeast Basin (26 and 29 mg/L respectively) and
highest in West Bay (37 mg/L) (Tables 2D-13 to 2D-15).

m  Total alkalinity was similar among sampling areas with an overall median of 4.2 mg/L as CaCOgs, indicating
high sensitivity to acid deposition (Table 2D-16).

m Hardness was also similar among sampling areas with an overall median of 16 mg/L as CaCOs, indicating
that the water was very soft (Table 2D-16).

m  Waters were low in suspended solids, with TSS concentrations that were lower than the DL (i.e., <3 mg/L) in
majority of the samples, with the highest detected concentration of 3.7 mg/L; turbidity values were below or
near 1 NTU (Table 2D-186).

m  Most of the organic carbon occurred as DOC, with overall median concentration across sampling areas of
4.2 mg/L (Table 2D-16).
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Dominant ions were sulphate (overall median = 7.6 mg/L), bicarbonate (overall median = 5.1 mg/L), chloride
(overall median = 3.6 mg/L), calcium (overall median = 3.5 mg/L), and magnesium (overall median = 1.9
mg/L) (Table 2D-16). Concentrations were generally similar among sampling areas and years, with the
exception of sulphate, which had slightly higher concentrations in 2018 (median in 2018 = 8.8 mg/L,

Table 2C-6) compared to a maximum concentration of 6.0 mg/L prior to 2017, Tables 2D-2, 2D-4, and 2D-6).

All detected concentrations were lower than the associated CWQG-PAL and CDWQG (Table 2D-16).

Nutrients

With the exception of nitrite (which was not detected in most samples), nitrogen-based nutrients were detected in
most samples during under-ice conditions and in less than half of the samples during open-water conditions
(Table 2D-16). Detected concentrations of nitrogen-based nutrients were generally higher during under-ice
conditions but all concentrations were lower than the applicable water quality guidelines. Concentrations of
phosphorus-based nutrients were also slightly higher during open-water compared to under-ice conditions.
Nutrient concentrations were generally similar among sampling areas within Goose Lake with the exceptions
noted below.

During under-ice conditions, nutrients were characterized as follows:

Concentrations of nitrate ranged from <0.005 to 0.094 mg-N/L, with an overall median of 0.025 mg-N/L
(Table 2D-16). Concentrations were higher in West Bay in 2018 (median = 0.090 mg-N/L, Table 2C-2)
compared to other sampling areas or years (maximum concentration = 0.040 mg/L, Tables 2D-1, 2C-3, and
2C-5).

Overall median concentration of total ammonia was 0.027 mg-N/L, and slightly higher in 2018 (median =
0.032 mg-N/L, Table 2C-6) than in previous years (0.0094 to 0.026 mg-N/L, Tables 2D-1, 2D-3, and 2D-5).

Overall median TKN concentration was 0.28 mg-N/L; concentrations measured in 2018 were slightly higher
(0.23 to 0.36 mg-N/L, Table 2C-6) than those measured in previous years (0.21 to 0.29 mg-N/L, Tables
2D-1, 2D-3, and 2D-5). Total nitrogen was only measured in 2018; median concentration was 0.34 mg-N/L.

Nitrite and orthophosphate concentrations were below DLs in all samples.

Median TP concentration of total phosphorus was 0.0032 mg-P/L, and concentrations were similar among
years (Tables 2D-1, 2D-3, and 2D-5), with the exception of one high value (0.040 mg-P/L) measured in West
Bay in 2013 (Appendix 2F).

Chlorophyll a concentrations were higher in 2018 (median = 0.72 pg/L and range = 0.37 to 0.94 ug/L,
Table 2C-6) than in previous years (0.12 to 0.35 pg/L, Tables 2D-1, 2D-3, and 2D-5).

Based on the TKN®, TP, and chlorophyll a median concentrations in different areas across the lake, Goose
Lake was classified as oligotrophic (Vollenweider 1970) or ultra-oligotrophic (CCME 2004).

During open-water conditions, nutrients were generally similar among years and characterized as follows:

Nitrate, nitrite, and total ammonia were lower than DLs in most samples. Maximum detected concentrations
were 0.21 mg-N/L for nitrate, 0.0065 mg-N/L for nitrite, and 0.061 mg-N/L for total ammonia (Table 2D-16).

5 Used as a surrogate for TN.

50



July 2019 18114181-047-RPT-Rev0

m  Overall median TKN concentration was 0.20 mg-N/L (Table 2D-16). There was a wider range of
concentrations measured in 2018 compared to previous years. Total nitrogen was only measured in 2017
and 2018; overall median concentration was 0.21 mg-N/L.

m  Concentrations of TP ranged from 0.0013 to 0.0092 mg-P/L with an overall median of 0.0038 mg-P/L
(Table 2D-16). There was a wider range of concentrations measured in 2017 and 2018 compared to
previous years (Appendix 2F). One high value (0.039 mg-P/L) was measured in West Bay in 2015 (Appendix
2F).

m Orthophosphate concentrations were below DL in almost all samples; the highest detected concentration
was 0.0030 mg-P/L (Table 2D-16).

m  Chlorophyll a concentrations ranged from 0.14 to 0.90 pg/L with an overall median of 0.50 pg/L (Table
2D-16). Concentrations were highest in 2017 (0.70 to 0.90 pg/L) compared to the other years (0.16 to 0.67
pg/L) (Tables 2D-4 to 2D-6, Appendix 2F).

m Basedonthe TN, TP, and chlorophyll a median concentrations in different areas across the lake, Goose
Lake was classified as oligotrophic (Vollenweider 1970 and CCME 2004).

Total Metals

Goose Lake had generally low metal concentrations, with most values either below DL or near the DL. Detected
concentrations of metals were slightly higher under-ice compared to open-water conditions for most areas. Metals
concentrations can be higher during under-ice conditions due to natural process like solute exclusion during ice
formation, changes in redox chemistry, increased remineralization, and decrease biological uptake (CCME 1999).

The discussion below focuses on metals that were identified in Section 2.4.1 as having median concentrations
that were greater than five times the DL (i.e., aluminum, arsenic, barium, cobalt, copper, iron, manganese, nickel,
silicon, and strontium®). The rationale is that DLs in 2018 were generally lower than in previous years (Table 2-8),
and therefore this list includes metals that may have overall median concentrations that are outside the range of
analytical uncertainty (i.e., five times the DL).

The metals results are summarized as follows:

m Median concentrations of the metals listed above were higher during under-ice conditions, with the exception
of aluminum, cobalt, and iron, which were higher during open-water conditions (Table 2D-16).

m Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
aluminum and copper (Table 2D-16).

m Total aluminum concentrations in Goose Lake ranged from 4.6 to 70 pg/L (Table 2D-16). Total aluminum
concentrations were above the CWQG-PAL in 32% of the samples during under-ice conditions and in 48% of
the samples during open-water conditions (Table 2D-16). The aluminum guideline is pH-dependent and is
5 pg/L for samples with pH <6.5 and 100 pg/L for samples with pH 26.5 (CCME 1999). The guideline
exceedances occurred for the samples with pH <6.5, which had total aluminum concentrations of 6.3 to
21 pg/L, or 1.3 to 4.2 times the CWQG-PAL (Tables 2D-1 to 2D-6).

8 Sulphur was removed from this list because it was only analyzed in 2018, and sulphate is a more appropriate parameter to assess future risks to aquatic and human receptors in the AEMP.
Sulphate is discussed with the major ions.
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m Total copper concentrations ranged from 1.2 to 5.1 pg/L (Table 2D-16). Total copper concentrations were
greater than the chronic CWQG-PAL of 2 ug/L in 68% of the samples during under-ice conditions and in 5%
of the samples during open-water conditions (Table 2D-16). The exceedances occurred in water samples
from throughout the lake during under-ice conditions and in three samples collected in West Bay
(Table 2D-2).

m Concentrations of most metals were similar across sampling years, with the exception that West Bay in 2018
during under-ice conditions had higher concentrations of some metals (i.e., barium, cobalt, manganese,
nickel, strontium).

Radium 226 and Cyanide

m Radium-226 was only measured during open-water conditions. Radium-226 was infrequently detected, with
a maximum detected concentration of 0.048 Bg/L (Table 2D-16).

m Cyanide was infrequently detected with a maximum detected concentration of 0.0029 mg/L in West Bay. All
detected concentrations of cyanide were lower than the associated guideline of 0.005 mg/L (CCME 1999).

2.5.2 Goose Lake Outlet

Goose Lake outlet was sampled during freshet and summer conditions in 2011, 2012, 2013 and 2018. Water
quality samples were also collected in 2017 during summer conditions only. Results are provided in Appendix 2E
Tables 2E-1 (freshet) and 2E-2 (summer) with summary statistics in Table 2E-7 and time series plots in
Appendix 2G.

Field Measured Physicochemical Parameters

Physicochemical parameters measured in the field at the outlet of Goose Lake were characterized as follows:

m  Water was well oxygenated at each sampling event (Table 2E-7). Water temperature varied with season and
ranged from 2°C to 7°C (freshet) and from 4°C to 22°C (summer).

m Insitu measurements of pH were collected in 2011, 2017, and 2018. In general, pH was lower in 2018 than
in previous years (Appendix 2G). Overall, field-measured pH was circumneutral, with lower values at freshet
(overall median = pH 6.2) compared to summer (overall median = pH 6.9) (Table 2E-7). pH was below the
minimum CWQG-PAL in half of the measurements, and below the minimum CDWQG in all of the freshet
measurements and half of the summer measurements (Table 2E-7).

m Laboratory-measured pH was generally slightly lower than field-measured pH with the exception of 2018
when laboratory-measured values were slightly higher (Tables 2E-1 and 2E-2). Overall median values were
the same at freshet and in the summer (Table 2E-8). One value (pH 6.0 at 2018 freshet) was below the
minimum CWQG-PAL and most values were below the minimum CDWQG.

m In 2011, specific conductivity was lower at freshet than in the summer, ranging from 22 to 27 pS/cm
(Tables 2E-1 and 2E-2, Appendix 2G). Specific conductivity was higher in 2017 and 2018, with higher
concentrations at freshet (46 pS/cm) compared to the summer (33 to 40 uS/cm).
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Conventional Parameters and Major lons

Median TDS concentration was slightly higher during freshet (33 mg/L) than summer (26 mg/L), but the
range of concentrations was similar (i.e., 19 to 44 mg/L).

Total alkalinity was slightly higher during freshet (median = 4.5 mg/L as CaCOz) and more variable (3.5 to
13 mg/L as CaCOs) compared to the summer (median = 3.8 mg/L as CaCOgs, range = 3.3 t0 4.4 mg/L as
CaCO:s). These results indicate that the waters are of high sensitivity to acid deposition.

Hardness was similar between freshet (median = 13 mg/L as CaCOgs) and summer (median = 12 mg/L as
CaCO0:s) but variable with values ranging from 8.7 to 19 mg/L as CaCOs throughout the year. These results
indicate that the waters were very soft.

Waters were low in suspended solids, with TSS concentrations below the DL (i.e., <3 mg/L) in all samples
and turbidity values below 1 NTU.

Most of the organic carbon occurred as DOC, with slightly higher median concentrations observed at freshet
(5.2 mg/L) compared to the summer (4.0 mg/L).

Dominant ions were bicarbonate, calcium, chloride, magnesium, and sulphate. Concentrations were similar
between freshet and summer, although more variable in freshet.

Sulphate concentrations appeared to be slightly increasing over time, with the lowest concentration in freshet
2011 (2.9 mg/L), and the highest in freshet 2018 (8.9 mg/L) (Table 2E-1, Appendix 2G). This pattern was
also observed in the other outlets.

All detected concentrations were lower than the associated CWQG-PAL and CDWQG.

Nutrients

Nitrate and total ammonia were infrequently detected (Table 2E-7). Maximum detected concentrations were
higher during freshet (0.027 mg-N/L and 0.025 mg-N/L, respectively) than in the summer (0.015 mg-N/L and
0.0091 mg-N/L). Nitrite was not detected in any sample.

Median concentrations of TN and TKN were slightly higher during freshet (0.31 mg-N/L and 0.24 mg-N/L,
respectively) than in the summer (0.23 mg-N/L and 0.21 mg-N/L, respectively) (Table 2E-7).

Concentrations of TP were higher during freshet (median = 0.0060 mg-P/L) than in the summer (median =
0.0033 mg-P/L) (Table 2E-7). Based on TP concentrations, the outlet ranged from ultra-oligotrophic to
oligotrophic (CCME 2004).

Total Metals

Median concentrations of total metals were generally less than DL or within five times the DL with the
exception of aluminum, arsenic, barium, cobalt, copper, iron, manganese, nickel, silicon, strontium and
sulphur (Table 2E-7).

Median concentrations of the above metals were generally within a factor of two between freshet and
summer with the exception of aluminum, cobalt, and manganese.

= OQverall median total aluminum concentrations were 32 mg/L at freshet and 8.5 mg/L in the summer
(Table 2E-7).
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= Overall median total cobalt concentrations were 0.65 mg/L at freshet and 0.13 mg/L in the summer
(Table 2E-7).

= Overall median total manganese concentrations were 12 mg/L at freshet and 4.3 mg/L in the summer
(Table 2E-7).

m Concentrations of total metals were generally similar among sampling years, with the exception of aluminum
(lower in 2018), manganese and silicon (higher concentrations at 2018 freshet), and strontium (higher
concentrations in 2013) (Appendix 2G).

m Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
aluminum (Table 2E-7).

m  Total aluminum concentrations ranged from 6.3 to 40 pg/L (Table 2E-7). Aluminum concentrations in three
samples from 2018 freshet and summer with pH <6.5 were higher than the pH-dependent CWQG-PAL of
5 pg/L. Total aluminum concentrations in these samples were 15 pg/L (June), 12 pg/L (July), and 7.3 pg/L
(August), which were therefore between 1.5 and 3 times higher than the CWQG-PAL.

Radium-226 and Cyanide
m Radium-226 not detected in any sample; DLs ranged from 0.0057 to 0.0071 Bg/L (Table 2E-7).

m Cyanide was infrequently detected; maximum detected concentration was 0.0024 mg/L in a sample collected
in August 2011 (Table 2E-2).

253 Propeller Lake

Baseline water quality samples were collected at Propeller Lake South Basin under-ice conditions in 2011 and
2012 and open-water conditions in 2011, 2012, 2013, and 2015. In 2015, an area within the North Basin was also
sampled during open-water conditions (Figure 2-2). Water quality samples were not collected at Propeller Lake in
2017 or 2018. Water quality data collected at Propeller Lake under-ice and open-water conditions are provided in
Appendix 2D Tables 2D-8 and 2D-10 with summary statistics in Table 2D-17 and time series plots in

Appendix 2F.

Field Measured Physicochemical Parameters

Water column profiles of temperature and dissolved oxygen were measured in 2011 and 2012 under-ice and
between 2011 and 2015 during open-water conditions. Specific conductivity and pH were not measured at
Propeller Lake.

During under-ice conditions, the field profiles indicated that some stratification occurred within the water column:

m  Water temperature ranged from approximately 0°C near the ice-water interface to 2.5°C near lake bottom
(Rescan 2012a, 2012b).

m Dissolved oxygen concentration was near saturation below the ice layer and the lowest near lake bottom
(Rescan 2012a, 2012b). Dissolved oxygen concentrations were generally above the minimum CWQG-PAL
of 6.5 mg/L, with values lower than the guidelines near the sediment interface. Low levels of dissolved
oxygen near the water-sediment interface are common in Arctic lakes under-ice conditions and are a result
of oxygen depletion from decomposition and respiration in the water-sediment interface and a lack of mixing
or aeration due to ice cover (CCME 1999).
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During open-water conditions the field profiles indicated that the water column was well mixed vertically:
m  Water temperature ranged from 10°C to 16°C and varied by season (Rescan 2012a, 2012b, 2014, 2015).

m  Water was well oxygenated, with dissolved oxygen concentrations consistently above the minimum
CWQG-PAL of 6.5 mg/L (Rescan 2012a, 2012b, 2014, 2015).

Conventional Parameters and Major lons

Concentrations of conventional parameters and major ions were generally slightly higher during under-ice
compared to open-water conditions (Table 2D-17). Specific conductivity and pH were not measured in the field;
only data from the laboratory analysis are available and are included in the summaries below.

During under-ice conditions, conventional parameters were characterized as follows (Table 2D-17):

m Laboratory-measured pH ranged from 6.6 to 7.1, with a median value of 6.8. Most values were below the
minimum CDWQG of pH 7.0.

m Laboratory-measured specific conductivity ranged from 18 to 31 uS/cm, with a median of 23 pS/cm.
m  Concentration of TDS ranged from 14 to 26 mg/L, with median of 22 mg/L.

m Total alkalinity ranged from 4.5 to 6.5 mg/L as CaCOs, with median of 5.4 mg/L as CaCOs indicating high
sensitivity to acid deposition.

m Hardness ranged from 7.9 to 12 mg/L as CaCOs, with median of 9.6 mg/L as CaCOs, indicating that the
water was very soft.

m  Waters were low in suspended solids; TSS concentrations were lower than the DL (i.e., <3 mg/L) in all
samples and turbidity values were below 1 NTU.

m Concentrations of TOC ranged from 3.2 to 4.6 mg/L with median concentration of 4.0 mg/L. Dissolved
organic carbon was not measured.

m Dominant ions were bicarbonate (median = 5.4 mg/L), sulphate (median = 3.4 mg/L), calcium (median =
1.8 mg/L), chloride (median = 1.2 mg/L), and magnesium (1.2 mg/L).

During open-water conditions, conventional parameters were characterized as follows (Table 2D-17):

m Laboratory-measured pH ranged from 6.7 to 6.9, with a median value of 6.8. All values were less than the
lower bound CDWQG of pH 7.0.

m Laboratory-measured specific conductivity ranged from 16 to 25 uS/cm, with a median of 21 pS/cm.
m  Concentration of TDS ranged from 12 to 19 mg/L, with median of 18 mg/L.

m Total alkalinity ranged from 3.0 to 3.8 mg/L as CaCOs, with median of 3.4 mg/L as CaCOs, indicating high
sensitivity to acid deposition.

m Hardness ranged from 6.3 to 9.1 mg/L as CaCOs, with median of 8.1 mg/L as CaCOgs, indicating that the
water was very soft.

m Waters were low in suspended solids; TSS was generally not detected, with a maximum detected
concentration of 4 mg/L (DL = 3 mg/L) and turbidity values were below 1 NTU.
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Concentrations of TOC ranged from 2.9 to 3.4 mg/L with median concentration of 3.3 mg/L. Dissolved
organic carbon was not measured.

Dominant ions were bicarbonate (median = 3.4 mg/L), sulphate (median = 3.1 mg/L), chloride (median =
1.9 mg/L), calcium (median = 1.7 mg/L), and magnesium (median = 0.91 mg/L).

All detected concentrations were lower than the associated CWQG-PAL and CDWQG (Table 2D-17).

Nutrients

Detected concentrations of nitrate and total ammonia were slightly higher under-ice compared to open-water
conditions. TKN was detected in all samples and concentrations were similar between under-ice and open-water
conditions. Total phosphorus concentrations were slightly higher during open-water compared to under-ice
conditions.

During under-ice conditions, nutrients were characterized as follows (Table 2D-17):

Nitrate was infrequently detected; the maximum detected concentration was 0.027 mg-N/L. Total ammonia
was frequently detected, with concentrations ranging from 0.014 to 0.027 mg-N/L and a median of 0.021 mg-
N/L. Nitrite was not detected in any samples. All detected concentrations were below water quality
guidelines.

The concentration of TKN ranged from 0.11 and 0.18 mg-N/L, with a median of 0.17 mg-N/L. Total nitrogen
was not measured.

Total phosphorus concentration ranged from 0.0021 to 0.0031 mg-P/L, with a median of 0.0023 mg-P/L.
Chlorophyll a was measured once in 2012, at a concentration of 0.078 pg/L.

Based on the TKN, TP, and chlorophyll a median concentrations, Propeller Lake was classified as
oligotrophic (Vollenweider 1970) or ultra-oligotrophic (CCME 2004)

During open-water conditions, nutrients were characterized as follows:

Nitrate and total ammonia were infrequently detected; maximum detected concentration of nitrate was
0.0074 and of total ammonia was 0.0061 mg/L. Nitrite was not detected in any sample. All detected
concentrations were below water quality guidelines.

Concentrations of TKN ranged from 0.16 to 0.20 mg-N/L, with a median of 0.18 mg-N/L. Total nitrogen was
not measured in any sample.

Total phosphorus concentration ranged from 0.0025 to 0.0094 mg-P/L, with a median of 0.0035 mg-P/L.
Chlorophyll a was measured once in 2013, at a concentration of 0.14 pg/L.

Based on the TKN, TP, and chlorophyll a median concentrations, Propeller Lake was classified as
oligotrophic (Vollenweider 1970) or ultra-oligotrophic (CCME 2004)
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Total Metals

m Median concentrations of total metals were generally less than DL or within five times the DL with the
exception of arsenic, barium, lead, manganese, nickel, and strontium (Table 2E-8). Fewer metals are
included in this list for Propeller Lake than for Goose Lake because the DLs are higher in this dataset
(i.e., DLs applicable to 2011 to 2015 in Table 2-8). Aluminum, boron, copper, and iron were detected
frequently (except boron during open-water conditions) but had median concentrations that were within five
times the DLs for those metals (Table 2D-17).

m Median concentrations of the above metals were generally within a factor of two between under-ice and
open-water conditions with the exception of total lead. Overall median total lead concentrations were
0.27 pg/L during under-ice conditions and <0.05 pg/L during open-water conditions (maximum detected
concentration of 0.23 pg/L, Table 2D-17).

m Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
chromium (Table 2D-17).

m Total chromium concentrations ranged from <0.1 to 1.5 pg/L (Table 2D-17). Chromium concentration in one
sample from August 2012 was 1.5 ug/L, which is 1.5 times higher than the CWQG-PAL of 1 ug/L. This value
appears to be anomalous?; the field duplicate had chromium concentration below the DL of 0.1 pg/L and the
next highest concentration measured in this lake was 0.29 pg/L in April 2011 (Table 2D-8).

Radium-226 and Cyanide

m Radium-226 was not measured in any sample from Propeller Lake (Table 2D-17).
m Cyanide was detected in 2011 under open-water conditions (i.e., 0.0023 and 0.0024 mg/L) (Table 2D-9).
254 Propeller Lake Outlet

Propeller Lake outlet was sampled during freshet and summer conditions in 2011, 2012, and 2013 (Table 2-5).
Water quality samples were also collected in 2018 during freshet only. Results are provided in Appendix 2E
Tables 2E-3 (freshet) and 2E-4 (summer) with summary statistics in Table 2E-8 and time series plots in
Appendix 2G.

Field Measured Physicochemical Parameters

Field physicochemical parameters measured at the outlet of Propeller Lake were characterized as follows:

m  Water was well oxygenated at each sampling event (Table 2E-8). Water temperatures varied with season
and ranged from 1°C to 6°C (freshet) and from 6°C to 14°C (summer).

m Insitu measurements of pH were collected in 2011 and 2018. In general, pH was lower in 2018 than in 2011
(Appendix 2G). Overall, field-measured pH was circumneutral, with slightly lower values at freshet (overall
median = pH 6.8) compared to summer (overall median = pH 7.4) (Table 2E-8). pH was below the minimum
CWQG-PAL at the 2018 freshet (pH 5.7) (Table 2E-3).

m Laboratory-measured pH was slightly lower than field-measured pH, with overall median values of pH 6.6 at
freshet and pH 6.8 in the summer (Table 2E-8). One value (pH 6.0 at 2018 freshet) was below the minimum
CWQG-PAL and most values were below the minimum CDWQG.

m  Specific conductivity was similar between freshet and summer conditions in 2011, ranging from 17 to
21 puS/cm. Specific conductivity at freshet was higher in 2018 (34 uS/cm) compared to 2011 (18 uS/cm)
(Table 2E-3).

7 Rescan (2012b) suggested that the high concentrations observed in this sample was possibly the result of a fleck of particulate material in the sample, or due an analytical error.
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Conventional Parameters and Major lons

Concentrations of TDS, major ions, and TOC were generally higher at freshet than in the summer, whereas total
alkalinity and hardness were similar.

Overall median TDS concentrations were 22 mg/L at freshet and 16 mg/L in the summer (Table 2E-8).
Concentration of TDS was highest at the 2018 freshet (33 mg/L as CaCOs) (Table 2E-3).

Overall median total alkalinity was 5.0 mg/L as CaCOs at freshet and 3.9 mg/L as CaCOs in the summer,
indicating that the waters were of high sensitivity to acid deposition (Table 2E-8). Total alkalinity was highest
at the 2018 freshet (8.1 mg/L as CaCO3) (Table 2E-3).

Overall median hardness was 10 mg/L as CaCOs at freshet and 8 mg/L as CaCOs in the summer, which
indicated that these waters were very soft (Table 2E-8). Hardness was highest at the 2018 freshet (13 mg/L
as CaCO:s) (Table 2E-3).

Waters were low in suspended solids, with most TSS concentrations were lower than the DL (i.e., <3 mg/L)
and turbidity values were below 1 NTU (Table 2E-8). Maximum detected TSS concentration was 3.3 mg/L in
2012 freshet (Table 2E-3).

Overall median TOC concentrations were 3.9 mg/L at freshet and 2.8 mg/L in the summer (Table 2E-8).
Dissolved organic carbon was only measured in 2017 and 2018. From these results, most of the organic
carbon occurred as DOC (Table 2E-8).

Dominant ions were bicarbonate, calcium, chloride, magnesium, and sulphate (Table 2E-8). Overall median
concentrations were higher at freshet. For example, median bicarbonate concentration was 5.9 mg/L at
freshet and 3.9 mg/L in the summer.

Chloride and sulphate concentrations appeared to be slightly increasing over time (Appendix 2G). Chloride
concentration was lowest at 2011 freshet (0.79 mg/L) and highest in summer 2013 (2.2 mg/L) (1.9 mg/L at
2018 freshet) (Tables 2E-3 and 2E-4). Similarly for sulphate, the lowest concentration was measured in
summer 2011 (2.3 mg/L), and the highest at 2018 freshet (6.1 mg/L) (Tables 2E-3 and 2E-4). This pattern
was also observed in the other outlets for sulphate but not for chloride.

All detected concentrations were lower than the associated CWQG-PAL and CDWQG.

Nutrients

Median nitrate concentration was lower during freshet (0.020 mg-N/L) than in summer (0.057 mg-N/L)
(Table 2E-8). Total ammonia was infrequently detected (maximum detected concentration = 0.017 mg-N/L at
freshet). Nitrite was not detected in any sample. All concentrations were below water quality guidelines.

Median TKN concentrations were slightly higher during freshet (median = 0.19 mg-N/L) than in summer
(0.12 mg-N/L) (Table 2E-8). Total nitrogen was only measured in the 2018 freshet sample, at 0.25 mg-N/L.

Concentration of TP ranged from 0.0025 to 0.0041 mg-P/L and was similar between freshet (median =
0.0038 mg-P/L) and summer (0.0035 mg-P/L) (Table 2E-8). Based on median concentration, the outlet was
ultra-oligotrophic (CCME 2004).

58



July 2019 18114181-047-RPT-Rev0

Total Metals

m Median concentrations of total metals were generally less than DL or within five times the DL with the
exception of aluminum, arsenic, barium, boron, copper, iron, manganese, nickel, silicon, and strontium
(Table 2E-8).

m Median concentrations of the above metals were generally within a factor of two between freshet and
summer with the exception of total manganese. Overall median total manganese concentrations were
6.8 mg/L at freshet and 1.4 mg/L in the summer (Table 2E-8).

m Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
aluminum and cadmium (Table 2E-8).

m  Total aluminum concentrations ranged from 5.7 to 22 pg/L (Table 2E-8). Aluminum concentration in one
sample from the 2018 freshet was 7.2 ug/L with a corresponding field pH of 5.7. Therefore, the total
aluminum concentration in this sample was 1.4 times higher than the pH-dependent CWQG-PAL of 5 pg/L.

m Total cadmium was only detected in one sample in July 2013 at a concentration of 1.2 pg/L (Table 2E-4).
The CWQG-PAL for this metal is hardness-dependent; at a hardness of 9 mg/L as CaCOs, the
corresponding acute and chronic CWQG-PAL are 0.18 and 0.04 pg/L, respectively. However, the detected
concentration of cadmium at Propeller outlet was considered to be anomalous (Rescan 2014a). Cadmium
was not detected in any other sample from 2011 to 2013 (DL = 0.01 pg/L) or in 2018 (DL = 0.005 ug/L)
(Tables 2E-3 and 2E-4).

Radium-226 and Cyanide

m Radium-226 was only analyzed in one sample during the 2018 freshet; reported concentration was <0.0057
Bq/L (Table 2E-8).

m Cyanide was infrequently detected; maximum detected concentration was 0.0030 mg/L during the 2011
freshet (Table 2E-3).

2.5.5 Reference B Lake

Baseline water quality samples were collected at Reference B Lake during under-ice conditions in 2011, 2013,
and 2018 and open-water conditions in 2010, 2011, 2013, 2017, and 2018 (Figure 2-3). Water quality data
collected at Reference B Lake under-ice and open-water conditions are provided in Appendix 2D Tables 2D-11
and 2D-12 with summary statistics in Table 2D-18 and time series plots in Appendix 2F.

Field Measured Physicochemical Parameters

Water column profiles of water temperature and dissolved oxygen were measured at each station throughout the
baseline dataset, while profiles of pH and specific conductivity were only measured in 2017 (open-water
conditions only) and 2018.

During under-ice conditions, water temperature and dissolved oxygen indicated that some stratification occurred
within the water column, while pH and specific conductivity were consistent through the water column. Other
observations on physicochemical parameters were as follows:

m Some temperature increase with depth was evident, ranging from approximately 0°C near the ice-water
interface to 3.5°C near lake bottom (Rescan 2012a, 2014).
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Dissolved oxygen declined gradually throughout the water column to minimum values near the bottom.
Dissolved oxygen concentration below the ice was 13.5 mg/L (April 2011) and 15.9 mg/L (April 2013) and
declined towards the bottom to lowest values of 1.4 mg/L (April 2011) and 4.3 mg/L (April 2013), respectively
(Rescan 2012a, 2014). Dissolved oxygen concentration was above the minimum CWQG-PAL in the upper
portion of the water column and below the minimum guideline near the lake bottom. Low levels of dissolved
oxygen near the water-sediment interface are common in Arctic lakes during winter, and are a result of
oxygen depletion from decomposition and respiration at the water-sediment interface and a lack of mixing or
aeration due to ice cover (CCME 1999).

Field-measured pH values at the depth at which the chemistry samples were collected (1 m) were slightly
acidic to neutral, ranging from pH 6.4 to 6.8 (median = pH 6.6), with one sample (April 2018) below the
minimum CWQG-PAL and all values were below the minimum CDWQG (Tables 2D-11 and 2D-18).

Field-measured specific conductivity at the sample depth was consistently near 80 uS/cm (Tables 2D-11 and
2D-18).

During open-water conditions, the field profiles indicated that Reference B Lake was not stratified. Other
observations of the physicochemical parameters were:

Water was well oxygenated, with dissolved oxygen concentrations ranging from 8.3 to 12 mg/L (median of
10 mg/L) and were all above the minimum CWQG-PAL of 6.5 mg/L (Rescan 2011, 2012a, 2014, Golder
2018b).

With slightly acidic to neutral pH, ranging from 6.0 to 7.3 (median = 6.6), with 40% of the samples below the
minimum CWQG-PAL and 64% of samples the minimum CDWQG (Tables 2D-12 and 2D-18).

Field-measured specific conductivity was slightly lower than under-ice conditions and ranged from 11 to
29 pS/cm (median of 25 uS/cm, Table 2D-18).

Conventional Parameters and Major lons

Concentrations of conventional parameters and major ions were generally slightly higher during under-ice
compared to open-water conditions (Table 2D-18). Within seasons, concentrations were generally similar among
years, with the exceptions noted below.

During under-ice conditions, conventional parameters were characterized as follows (Table 2D-18):

TDS concentration ranged from 19 to 43 mg/L, with median of 37 mg/L. Concentrations of TDS were slightly
higher in 2018 (i.e., 33 to 43 mg/L, with a median of 42 mg/L) than in previous years (maximum
concentration = 27 mg/L in 2013) (Table 2D-11).

Total alkalinity ranged from 9.4 to 14 mg/L as CaCOs, with median of 14 mg/L as CaCOs indicating moderate
sensitivity to acid deposition.

Hardness ranged from 12 to 23 mg/L as CaCOs, with median of 23 mg/L as CaCOs, indicating that the water
was very soft. Hardness was slightly higher in 2018 (23 mg/L as CaCOs) compared to previous years (12 to
16 mg/L as CaCOs) (Table 2D-11).

Waters were low in suspended solids; TSS concentrations were lower than the DL (i.e., <3 mg/L) in all
samples and turbidity values were below 1 NTU.
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m Dominant ions were bicarbonate (median = 17 mg/L), sulphate (median = 10 mg/L), calcium (median =
3.9 mg/L), and magnesium (3.2 mg/L). Concentrations appeared to increase slightly over time. For example,
bicarbonate concentration was 9.4 mg/L in 2011, 12 mg/L in 2013, and median of 17 mg/L in 2018
(Tables 2D-11, 2C-7).

During open-water conditions, conventional parameters were characterized as follows (Table 2D-18):
m TDS concentration ranged from <10 to 44 mg/L, with median of 21 mg/L.

m Total alkalinity ranged from 4.5 to 6.7 mg/L as CaCOs, with median of 6.0 mg/L as CaCOs, indicating high
sensitivity to acid deposition.

m Hardness ranged from 6.1 to 12 mg/L CaCOs, with median of 11 mg/L as CaCOs, indicating that the water
was very soft.

m Waters were low in suspended solids; TSS was generally not detected, with a maximum detected
concentration of 4 mg/L (DL = 3 mg/L) and turbidity values were below 1 NTU.

m Most of the organic carbon occurred as DOC, ranging from 2.6 to 3.7 mg/L with median concentration of
3.3 mg/L.

m Dominant ions were bicarbonate (median = 7.3 mg/L), sulphate (median = 4.1 mg/L), calcium (median =
1.8 mg/L), and magnesium (median = 1.5 mg/L). Concentrations were slightly higher in 2018 compared to
previous years. For example, median bicarbonate concentration in 2018 was 7.7 mg/L (Table 2C-7)
compared to 4.5 to 7.0 mg/L in previous years (Table 2D-11).

All detected concentrations were lower than the associated CWQG-PAL and CDWQG (Table 2D-18).

Nutrients

Nitrate and nitrite concentrations were below the DL in most samples. Total ammonia was detected during under-
ice conditions, but less often during open-water conditions (Table 2D-18). TP, TN, and TKN were frequently
detected in both seasons, with TN and TKN concentrations higher during under-ice conditions (Table 2D-18). All
concentrations were below the applicable water quality guidelines. Concentrations were generally similar across
years with the exceptions noted below.

During under-ice conditions, nutrients were characterized as follows (Table 2D-18):

m  Median concentration of total ammonia was 0.046 mg-N/L. The highest concentration was measured in 2011
(0.081 mg-N/L) (Table 2D-11) but otherwise the range of concentrations was similar across years.

m Nitrate was infrequently detected; maximum detected nitrate concentration was 0.077 mg-N/L.

m  Median concentration of TKN was 0.30 mg-N/L. Total nitrogen was only measured in 2018, with a median
concentration of 0.32 mg-N/L (Table 2C-7).

m Median concentration of TP was 0.0035 mg-P/L, with concentrations ranging from 0.0029 and
0.0057 mg-P/L.

m  Chlorophyll a concentration ranged from 0.18 to 0.47 pg/L, with a median of 0.20 pg/L.

m Based on median concentrations of TN, TP, and chlorophyll a, Reference B Lake was classified as
oligotrophic (Vollenweider 1970) or ultra-oligotrophic (CCME 2004).
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During open-water conditions, nutrients were characterized as follows (Table 2D-18):

m Nitrate and total ammonia were not frequently detected; maximum detected concentrations were
0.080 mg-N/L and 0.055 mg-N/L, respectively. Median TN concentration was 0.24 mg-N/L.

m Median concentration of TP was 0.0039 mg-P/L, with concentrations ranged from 0.0023 to 0.0064 mg-P/L.

m  Chlorophyll a concentrations ranged from 0.24 to 1.1 pg/L, with a median of 0.50 pg/L. The highest
concentrations were measured in 2017 (range of 0.8 to 1.1 ug/L), compared to 0.24 to 0.65 ug/L in other
years (Table 2D-11).

m Based on median concentrations of TN, TP, and chlorophyll a, Reference B Lake was classified as
oligotrophic (Vollenweider 1970) or ultra-oligotrophic (CCME 2004).

Total Metals

Reference B Lake had generally low metal concentrations, with most values either below DL or near the DL. The
discussion below focuses on metals that were identified in Section 2.4.5 as having median concentrations that
were greater than five times the DL (i.e., aluminum, arsenic, barium, cobalt, copper, iron, manganese, nickel,
silicon, and strontium?®). The rationale is that DLs in 2018 were generally lower than in previous years (Table 2-8),
and therefore this list includes metals that may have overall median concentrations that are outside the range of
analytical uncertainty (i.e., five times the DL).

The metals results are summarized as follows (Table 2D-18):

m Median concentrations of the metals listed above were higher during under-ice conditions, with the exception
of aluminum and iron, which were higher during open-water conditions.

m Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
aluminum during open-water conditions.

m Total aluminum concentrations ranged from 0.8 to 18 pg/L (Table 2D-18). Total aluminum concentrations
were greater than the pH-dependent CWQG-PAL in two samples during open-water conditions with pH <6.5.
Concentrations in these samples were 9.7 pg/L (August 2018) and 5.2 ug/L (September 2018)

(Table 2D-12). Therefore, the total aluminum concentrations in these samples were up to 1.9 times higher
than the CWQG-PAL of 5 ug/L.

m Concentrations of most metals were either similar across sampling years or slightly lower in more recent
baseline studies (i.e., 2017 and 2018) (Appendix 7F).

Radium 226 and Cyanide

m Radium-226 was only measured during open-water conditions in 2018. Radium-226 was detected in July
and August with concentrations of 0.012 Bg/L (DL of 0.0069 Bg/L) and 0.0058 Bg/L (DL of 0.0033 Bq/L,
respectively (Table 2D-12).

m Cyanide was infrequently detected; maximum detected concentration was 0.0042 mg/L in a sample collected
in August 2011 (Table 2D-12).

8 Sulphur was removed from this list because it was only analyzed in 2018, and sulphate is a more appropriate parameter to assess future risks to aquatic and human receptors in the AEMP.
Sulphate is discussed with the major ions.
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2.5.6 Reference B Lake Outlet

The outlet of Reference B Lake was sampled during freshet and summer conditions in 2011, 2012, 2013 and
2018. Water quality samples were also collected in 2017 during summer conditions only. Results are provided in
Appendix 2E Tables 2E-5 (freshet) and 2E-6 (summer) and with summary statistics in Table 2E-9 and time series
plots in Appendix 2G.

Field Measured Physicochemical Parameters

Dissolved oxygen and water temperature were measured at each sampling event, but pH and specific
conductivity were measured in situ only in 2018. Field physicochemical parameters measured at the outlet of
Reference B Lake were characterized as follows:

m  Water was well oxygenated during each sampling event. Water temperature was not always lowest at
freshet, ranging from <1°C to 15°C, but the highest temperatures were recorded in July and August
(maximum = 24°C, Table 2E-6).

m Field-measured pH was only measured in 2018 at freshet and in 2017 and 2018 during the summer. Values
indicated that the waters were slightly acidic to alkaline during the summer, with pH ranging from pH 6.2 to
7.1 (Table 2E-9). One pH value was below the minimum CWQG-PAL and most values below the minimum
CDWQG.

m During freshet, field-measured pH was very low at pH 5.0. Although likely compromised due to holding time
exceedance?, laboratory-measured pH in the chemistry sample from this outlet at freshet was higher at
pH 6.8 (Table 2E-5). Field pH was lower at the 2018 freshet across the three AEMP lake outlets sampled
(pH 5.0 to 5.7) compared to other freshet sampling events (i.e., 2011, pH 6.8) (Tables 2E-1 to 2E-6).

m Laboratory-measured pH was generally higher than field-measured pH, ranging from 6.5 to 7.1 at freshet
and 6.6 to 7.1 during the summer (Table 2E-9).

m  Specific conductivity was slightly lower during freshet (11 to 26 puS/cm) than during the summer (21 to
30 uS/cm) (Table 2E-9).

Conventional Parameters and Major lons

Concentrations of TDS, total alkalinity, hardness, total organic carbon, and some major ions were variable among
years. Within a year, concentrations at freshet were generally lower than in the summer. However, across years,
the concentration ranges were generally similar between freshet and summer (i.e., ranges overlapped between
seasons).

m Overall median TDS concentrations were 27 mg/L at freshet and 28 mg/L in the summer (Table 2E-9).

m Overall median total alkalinity was 5.8 mg/L as CaCOs at freshet and 6.5 mg/L as CaCOs in the summer,
indicating that the waters were of high sensitivity to acid deposition (Table 2E-9). The highest values were
measured in summer 2011 (Appendix 2G).

m  Overall median hardness was 9.3 mg/L as CaCOs at freshet and 11 mg/L as CaCOs in the summer, which
indicated that these waters were very soft (Table 2E-9).

9 pH is unstable and has a holding time of 15 minutes. Therefore, laboratory-measured pH should be used with caution.
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Waters were low in suspended solids, with overall median TSS concentration of <3 mg/L at freshet and
3.3 mg/L in the summer (Table 2E-9). Overall median turbidity values were 0.4 NTU at freshet and 1.1 NTU
in the summer.

Overall median TOC concentration was 4.1 mg/L at freshet, and 4.9 mg/L in the summer. The highest values
were measured in summer 2011 (Appendix 2G). Dissolved organic carbon was only measured in 2017 and
2018. From these results, most of the organic carbon occurred as DOC (Table 2E-9).

Dominant ions were bicarbonate, calcium, magnesium, and sulphate. Overall median concentrations were
lower at freshet than in the summer (Table 2E-9). For example, median bicarbonate concentration was
6.4 mg/L at freshet and 7.1 mg/L in the summer. As with total alkalinity, bicarbonate concentrations were
highest in summer 2011 (Appendix 2G).

Sulphate concentrations appeared to be slightly increasing over time, with the lowest concentration in
summer 2011 (0.52 mg/L), and the highest in summer 2018 (5.4 mg/L) (Table 2E-6, Appendix 2G). This
pattern was also observed in the other outlets. Generally, sulphate concentrations were lower in Reference B
Lake outlet than in the other outlets (Appendix 2G).

All detected concentrations were lower than the associated CWQG-PAL and CDWQG.

Nutrients

Nitrate was infrequently detected (maximum detected concentration = 0.023 mg-N/L at freshet) (Table 2E-8).
Total ammonia in half of the samples at freshet, and most of the samples in the summer. Median total
ammonia concentrations were higher in summer (0.012 mg-N/L) than at freshet (0.0052 mg-N/L). Nitrite was
not detected in any sample. All concentrations were less than water quality guidelines.

Median TKN concentrations were higher in the summer (0.42 mg-N/L) than at freshet (0.30 mg-N/L)
(Table 2E-8). Total nitrogen was only measured in one sample at freshet (0.36 mg-N/L in 2018) and four
samples in the summer (0.27 to 0.79 mg-N/L).

Concentrations of TP were variable among years, although generally higher in the summer compared to at
freshet. Overall median TP concentration was 0.0066 mg-P/L at freshet and 0.011 mg-P/L in the summer.

Based on TP concentrations, the outlet was considered to be oligotrophic at freshet and mesotrophic in the
summer (CCME 2004).

Total Metals

Median concentrations of total metals were generally less than DL or within five times the DL with the
exception of aluminum, arsenic, barium, cobalt, copper, iron, manganese, nickel, and strontium (Table 2E-9).

Median concentrations of the above metals were generally within a factor of two between freshet and
summer with the exception of total iron. Overall median total iron concentrations were 55 mg/L at freshet and
218 mg/L in the summer (Table 2E-9).

Concentrations of total metals were less than the applicable water quality guidelines, with the exception of
aluminum and iron (Table 2E-9).
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m Total aluminum concentrations ranged from 6.2 to 53 pg/L (Table 2E-9). Aluminum concentrations in two
samples (June and August 2018) with pH <6.5 were lower than the pH-dependent CWQG-PAL of 5 ug/L.
Total aluminum concentrations in these samples were 12 pg/L (June) and 8.8 pg/L (August), which were
2.4 times and 1.8 times higher than the CWQG-PAL.

m Total iron concentrations ranged from 40 to 1,190 pg/L (Table 2E-9). Iron concentrations exceeded the
CWQG-PAL and CDWQG in three samples collected in September 2012, July 2013, and August 2017
(Table 3E-6). Total iron concentrations in these samples ranged from 711 to 1,190 ug/L, which were
2.4 times and 4.0 times higher than the CWQG-PAL and CDWQG of 300 pg/L.

Radium-226 and Cyanide
m Radium-226 was not detected in any sample; DLs ranged from 0.0067 to 0.0086 Bg/L (Table 2E-9).

m Cyanide was not detected in any sample; DLs ranged from 0.001 to 0.005 mg/L (Table 2E-9).

2.6 Baseline Dataset Evaluation

As stated in Section 2.1, the objective of this report is to evaluate the compiled baseline dataset for the AEMP,
according to the following three questions:

m Sampling area compatibility: Based on the compiled baseline dataset for water quality, can the sampling
areas be compared to evaluate statistical differences between exposure and reference areas, with minimal
potential confounding factors?

m Suitability of baseline data to support the AEMP design: Is the compiled baseline dataset suitable for
conducting the BACI statistical analysis for water quality?

m Sufficiency of baseline data to support normal range calculations: Are the compiled baseline data
sufficient to support normal range calculations for water quality?

The evaluation focused on the three sampling areas in Goose Lake relevant to the AEMP (i.e., West Bay, Central
Basin, Southeast Basin), Reference B Lake, and Propeller Lake. Goose Lake and the downstream Propeller Lake
are expected to be the most impacted by the Project, with any effects manifesting in Goose Lake before Propeller
Lake. Reference B Lake was considered a suitable reference area to support the statistical design of the AEMP
because it has similar physical and chemical features to Goose Lake and is located outside the influence of future
Project activities (Rescan 2012a).

2.6.1 Sampling Area Compatibility

Overall, water quality was generally similar between Goose and Reference B lakes. Some parameters appeared
to be naturally elevated in Goose Lake relative to Reference B Lake, including chloride (under-ice and open-water
conditions), chlorophyll a (under-ice conditions), and several total metals (aluminum, copper, nickel, and strontium
during under-ice and open-water conditions, and barium, cobalt and manganese during open-water conditions).
Median and 95" percentile concentrations of total manganese were higher in Reference B Lake compared to
Goose Lake. However, the 95™ percentile concentrations of these parameters are relatively low overall, and
consistent with concentrations found in other Arctic lakes. Therefore, the slight differences in concentrations of
these parameters are not expected to confound the interpretation of effects in future AEMP statistical analyses in
terms of influencing biological communities to varying degrees in the two lakes. However, they may result in
statistically significant control-impact comparisons. This issue is minimized by the use of the BACI statistical
design, which evaluates changes in exposure areas over time relative to changes in reference areas, rather than
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directly comparing concentrations between lakes. The BACI analysis does not require identical baseline water
quality in reference and exposure lakes and, combined with visual evaluation of trends and normal range
comparisons, will assist with identifying whether Goose Lake water quality during construction and operations is
changing relative to both baseline and reference conditions. Based on the above evaluation, water quality in
Goose Lake and Reference B Lake are considered compatible.

There are limited data in Propeller Lake during under-ice and open-water conditions. Duplicate samples were
collected from one or two stations in two years for under-ice conditions and four years for open-water conditions,
for a total of 4 under-ice samples and 8 open-water samples. In addition, samples were collected between 2011
and 2015, when detection limits for metals were higher, and not all parameters were analyzed (e.g., TN, reactive
silica). Therefore, the compiled baseline dataset for Propeller Lake is not sufficient to allow for comparisons to
Goose and Reference B lakes. As stated in Section 1.3.3, current water quality predictions suggest that a mine-
related influence on Propeller Lake water quality is not expected until close to the end of operations/closure, and
additional baseline data can be collected prior to this period.

2.6.2 Suitability of Baseline Data to Support the AEMP Design

To answer the question of suitability of baseline data to support the AEMP design (i.e., BACI), the number of
stations per sampling area and the number of sampling years were reviewed. The existing dataset was
considered suitable if there were data for at least five stations in each sampling area in the same years for both
exposure and reference areas. Five stations per sampling area are necessary to achieve sufficient power to
detect a two standard deviation difference between exposure and reference areas in a control-impact analysis
(Environment Canada 2012), and experience on other northern monitoring programs has shown that five stations
per sampling area results in an appropriate level of sensitivity to detect mine-related effects in a BACI analysis
(De Beers 2019).

The compiled baseline dataset for Goose Lake is considered suitable to support a BACI statistical design as
proposed in the AEMP design (Sabina 2017a), because there is at least one year of paired exposure and
reference data for under-ice conditions and two years of paired data for open-water conditions (Table 2-9). For
Goose Lake Southeast Basin, one year of data (2018) would be suitable to support a BACI design. However,
including an area with only three stations in the analysis would be unlikely to substantially affect the power of the
analysis, suggesting that both 2017 and 2018 data could be included in the BACI analysis for Goose Lake
Southeast Basin.

Insufficient data are available in Propeller Lake to support a BACI statistical design because only one or two
stations have been sampled to date. However, as stated in Section 2.6.1, additional baseline data can be
collected during mine construction and operations to fill this data gap.

There is only one year with data from five stations during under-ice conditions for both exposure and reference
areas (i.e., 2018), which may result in excessive sensitivity of the BACI analysis, because the baseline data do
not incorporate year-to-year variation. This issue can be minimized by selecting appropriate action level criteria,
which do not trigger solely based on BACI analysis results, but also incorporate normal ranges or potentially other
effect criteria. Additional under-ice baseline data can also be collected prior to construction (i.e., in 2020). More
data are available for open-water conditions, with two years of data from at least five stations per sampling area.
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Table 2-9: Summary of Number of Exposure and Reference Stations Sampled for Under-ice Water Quality between
2011 and 2018

Exposure Areas \ Reference Area
Goose Lake West Goose Lake Goose Lake Propeller Reference B
Bay Central Basin Southeast Basin Lake Lake
(GLWB) (GLCB) (GLSE) (PLSB) (REFB)
Under-ice
2011 1 1@ - 1@ 1@
2012 1 1 - 1@ -
2013 1 1 - - 1
2018 5 5 5 -
Open-water
2010 - - - - 1@
2011 1 1 - 1@ 1
2012 1 1 - 1@ -
2013 1 1 1 1@ 1
2015 - - - 1@ -
2017 5 5 3 - 5
2018 10®) 5 5 - 5
- = not available.

(a) Samples were collected from two depths (near surface and mid-depth) within the same station.
(b) Includes BRP-31 and BRP-29, but excludes deep station BRP-29-6.
Note: Shading indicates years with paired data with sufficient number of stations to support the BACI statistical design

2.6.3 Sufficiency of Baseline Data to Support the Normal Range Calculations

Generally, water quality data collected in Goose Lake were similar among sampling areas. Some variability was
observed at Goose Lake West Bay area during under-ice conditions, with slightly higher concentrations of some
parameters (i.e., TDS, hardness, calcium, chloride, magnesium, reactive silica, sodium, sulphate, nitrate, and
some total metals [barium, cobalt, manganese, nickel, strontium]), but concentrations were low, with median and
95t percentile concentrations varying less than two-fold among lake areas (Tables 2D-13 to 2D-17). Based on
these results, normal ranges can be calculated on the pooled data for the entire Goose Lake.

The compiled baseline dataset is considered sufficient to support normal range calculations for Goose Lake. This
conclusion is based on the number of samples available (Table 2-10). Available sample sizes for Goose Lake
range from 15 to 24 (under-ice) to 51 to 68 (open-water), which are sufficient to calculate seasonal normal ranges.
Data are limited for Reference B Lake, with sufficient number of samples for normal range calculation available for
the open-water season (21 to 29 samples), but not for ice-cover (5 to 8 samples). Some samples may not have
results for all parameters, due to either some not being analyzed or the result being excluded from data analysis
following the QC evaluation. Available sample size for each water quality parameter for each sampling area is
detailed in Tables 2D-13 to 2D-17.

Additional baseline data will be needed to characterize seasonal and interannual trends in water quality in
Propeller Lake, where sample sizes of up to 8 samples/season are currently available (Table 2-10). These data
can be collected during mine construction and operations, as part of the AEMP.
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Table 2-10: Number of Samples Available for Selected Water Quality Parameters
Under-ice Conditions Open-water Conditions

Reference Reference
Exposure Areas Exposure Areas
Area Area

Parameter Group

Goose Propeller ReferenceB  Goose Propeller Reference B

Lake Lake Lake Lake Lake Lake
Field Measured Parameters
- pH and specific conductivity 15 0 5 58 0 25
Conventional Parameters
fotal akalinty, T0S, T8, T00. | 24 4 8 68 8 29
-  DOC 15 0 5 68 0 25
Major lons
- Bicarbonate, calcium, chloride,
fluoride, magnesium, potassium, 24 4 8 68 8 29
sodium, sulphate
- Reactive silica 15 0 5 58 0 25
Nutrients
- yri:trfz\)tst,1 Sétgiaz,téotal ammonia, TKN, 24 4 8 68 8 29
- TN 15 0 5 58 0 25
- TP 24 4 8 68 8 27
- TDP 15 4 5 58 8 25
- Chlorophyll a 20 1 5 51 1 22
Total Metals
e oo | 2 | 4 | s | @ | & | =
- Arsenic 24 4 8 68 8 27
- Cobalt 17 4 5 62 8 21
- Mercury 15 4 5 58 8 25
- Zinc 17 4 5 61 8 21

DOC = dissolved organic carbon; TDP = total dissolved phosphorus; TDS = total dissolved solids; TKN = total Kjeldahl nitrogen; TN = total
nitrogen; TOC = total organic carbon; TP = total phosphorus; TSS = total suspended solids.
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3.0 SEDIMENT QUALITY
3.1 Introduction and Objectives

This section summarizes available baseline sediment quality data collected for the Project from 2010 to 2018.
Consistent with data used in the EIA for the Project, this baseline synthesis supports the AEMP and is focused on
data collected since 2010. Sediment quality data collected in Goose, Propeller, and Reference B Lakes were
considered relevant to the AEMP design update.

As discussed in Section 1.2, the overall objective of this synthesis report is to support the AEMP design update
and meet Water Licence commitments. To address this objective for sediment quality, the baseline dataset was
compiled and evaluated in consideration of the following questions:

m Sampling area compatibility: Based on review of the compiled baseline dataset for sediment quality, can
the sampling areas be compared to evaluate the statistical differences between exposure and reference
areas, with minimal potential confounding factors?

m Suitability of baseline data to support the AEMP design: Is the compiled baseline dataset suitable for
conducting the BACI statistical analysis for sediment quality?

m Sufficiency of baseline data to support normal range calculations: Are the compiled baseline data
sufficient to support normal range calculations for sediment quality?

The baseline synthesis for sediment quality provides relevant summarized information in a concise format to
support the AEMP design update. In responding to the questions listed above, comments and commitments made
during the Water Licence regulatory review process relevant to sediment quality are addressed.

3.2 Data Availability

Sediment quality data were collected from lakes either within or close to the AEMP study area in 2010, 2011,
2012, 2013, 2017, and 2018. Data from lakes relevant to the AEMP were reviewed for this synthesis report
(Table 3-1; Figures 3-1 to 3-3). Specifically, data collected from Goose, Propeller, and Reference B Lakes prior to
2018 (Rescan 2011; 2012a; 2012b; 2014a; Golder 2018b) were reviewed and, where appropriate, combined with
data collected in 2018 to form the compiled baseline dataset for the AEMP (Appendix 3A; Appendix 3B).

Sediment data were also collected from various lake outlets and streams within the study area in 2011, 2012, and
2013 (Appendix 3B). These baseline data are summarized in Appendix 3B and presented in Figures 3-1 to 3-3.
However, sediment sampling stations in lake outlets are not included in the current AEMP design (Sabina 2017a)
and are therefore not discussed further in this report.

In response to the development of the AEMP design (Sabina 2017a), sampling station locations were reviewed,
and adjustments were made to minimize potential confounding factors such as water depth, sediment total
organic carbon (TOC) content, and particle size distribution. The potential location of the dewatering discharge to
Goose Lake also influenced the location of sampling stations in the West Bay of Goose Lake in 2017 (one
candidate location: BRP-31) and 2018 (two candidate locations: BRP 29, BRP-31). The Goose Lake Near-Inflow
area (BRP-29) was not part of the AEMP design but was sampled in 2018 to provide supplemental pre-
construction sediment data for the West Bay, given that the potential location of the dewatering effluent discharge
has not been finalized. Six stations were sampled near the inflow, with one station situated in a localized deep-
water area. Sediment data from the five shallow stations are included in the data analysis and interpretation. The
sediment sample data collected from the deep station (BRP-29-6) is presented in Appendix 3A (Table 3A-1);
however, an interpretation of the results for this station is not included.
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Additional information on sampling stations is provided in Section 1.3.3.

Table 3-1: Sediment Quality Data Availability for the Back River Project, 2010 to 2018

Year 2010 2011 2012 2013 2017 2018
Sampling Month August August August July August August
Goose (West Goose (West
Goose (West Goose (West
Lakes | A Bay, Centre GB(:;S%S%?? Bay, Centre Bayéacsiﬁntre Baé'ai;ntre
akes / Areas Basin and Tail s | Basin and Tail ' '
Sampled @ Reference B ) Basin and Tail) ) Southeast Southeast
Reference B Reference B : :
Propell Propeller Proell Basin) Basin)
ropelier ropetier Reference B Reference B
Source Rescan 2011 | Rescan 2012a | Rescan 2012b | Rescan 2014a | Golder 2018b | Current report

(a) Only areas relevant to this baseline synthesis are listed. Goose Tail has been included for information purposes only. This area is not
included in the AEMP design (Sabina 2017a).
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3.3 Methods
3.3.1 Field and Laboratory Methods
3.3.1.1 Recent Data (2018 Sampling Program)

The 2018 sediment sampling program was conducted in parallel with the benthic invertebrate community and
water quality sampling programs. Samples were collected between 8 and 15 August 2018 to coincide with the
timing of previous sediment programs. Sediment samples were collected from four areas within Goose Lake
(West Bay [BRP-31], Centre Basin [BRP-32], Southeast Basin [BRP-33], Goose Lake Near Inflow (West Bay)
[BRP-29]) and one area in Reference B Lake (BRP-40) (Figures 3-1 and 3-3). Collection of one sample from
Reference B Lake (BRP-40-5) was delayed until 25 August 2018 due to broken sampling equipment. Sampling
areas and stations were consistent with those presented in the AEMP design (Sabina 2017a) or reflected
commitments made to ECCC during the Water Licence Application process regarding the 2018 sampling
program. Samples were collected from five stations within each area, located at least 20 m apart (Table 3-2)10.
Stations were standardized to the extent possible with respect to substrate and depth (target water depth range:
3.0 to 4.5 m). The actual depth range sampled across areas in Goose Lake in 2018 was 2.5 to 5.5. A comparable
depth range was sampled in Reference Lake B (3.0 to 5.5 m).

Unlike previous years, two areas in Goose Lake West Bay (BRP-31 and BRP-29) were sampled in 2018 to
characterize baseline conditions in candidate near-field exposure areas for the dewatering discharge. The
planned location of the dewatering discharge in the West Bay of Goose Lake has yet to be finalized. Within area
BRP-29, located close to the Goose Lake inflow, sediment quality data collected at the deep-water station (BRP-
29-6) are presented in this report to characterize sediment quality in the isolated deep location. The deep-station
data were not subject to further analysis or interpretation because the station will not be carried forward to the
AEMP design update.

Sediment quality sample collection was consistent with methods outlined in the AEMP design (Sabina 2017a) and
commitments made to ECCC during the Water Licence Application process regarding the 2018 sampling
program. Efforts were made to also maintain consistency with sampling programs prior to 2017 in support of the
FEIS. Appropriate procedures for sample collection, preservation, and handling were detailed in specific work
instructions provided to the field crews. These procedures were consistent with guidance provided by the Metal
Mining Technical Guidance for Environmental Effects Monitoring (MMTGD; Environment Canada 2012) and
CCME (2011).

10 Samples were collected from six stations within the Goose Lake Near Inflow area (BRP-29); one of the six stations was a deep-water station.
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Table 3-2: 2018 Sediment Sample Stations in Goose Lake and Reference B Lake

UTM (NAD 83, Zone 13V)

Sampling Area Station ID Depth Sampled (m)
Easting Northing

BRP-31-1 432144 7269882 351045
BRP-31-2 432106 7269869 251035
éoé’s_es'i")"ke West Bay BRP-31-3 432063 7269858 3.0104.0
BRP-31-4 432006 7269866 351045
BRP-31-5 431959 7269875 351045
BRP-32-1 433690 7270849 4.0105.0
| BRP-32-2 433681 7270890 4.0105.0
g;s;;?ke Central Basin BRP-32-3 433673 7270944 451055
BRP-32-4 433652 7270835 4.0105.0
BRP-32-5 433653 7270898 351045
BRP-33-1 434315 7270028 351045
| BRP-33-2 434298 7270044 5.010 6.0
éoé’s_esgike Southeast Basin BRP-33-3 434296 7270005 4.0105.0
BRP-33-4 434245 7270038 451055
BRP-33-5 434259 7270081 451055
BRP-40-1 442059 7258574 3.0t04.0
BRP-40-2 442030 7258588 3.0t04.0
(F;e;e;i"(;e B Lake BRP-40-3 441989 7258602 451055
BRP-40-4 441978 7268645 3.0t04.0
BRP-40-5 441990 7258699 351045
BRP-20-1 431310 7269936 351045
BRP-20-2 431372 7270000 451055
Goose Lake Near Inflow BRP-20-3 431338 7269973 3.0t04.0
(BRP-29) BRP-29-4 431405 7269945 2.6103.6
BRP-20-5 431522 7269909 3.0t04.0

BRP-29-6 431440 7269961 26.0 10 27.0

UTM = Universal Transverse Mercator.

Sediment quality samples were collected using an Ekman grab (bottom sampling area of 0.023 m?). Each
replicate sample consisted of a composite of at least three grabs, to achieve the required sample volume. When
collecting Ekman grab samples, only grabs with closed jaws, adequate penetration depth, and an intact sediment
surface were retained. The top 2 cm of sediment from each grab was sampled and homogenized before this
sediment was transferred either into a laboratory supplied pre-labelled wide-mouth plastic jar (nutrients, metals) or
zip-lock bags (particle size analysis, total organic carbon). Field observations were recorded on the field
datasheet and a photograph was taken of each composite sample for visual documentation (photographs of
representative samples are provided in Appendix 3C). Samples were refrigerated at 4°C to 10°C prior to being
shipped to an accredited analytical laboratory for subsequent analysis.
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3

3111

Laboratory Methods (2018)

Samples collected during the 2018 program were shipped to ALS, a Canadian Association for Laboratory
Accreditation Inc. (CALA) accredited analytical laboratory, and analyzed for the following parameters:

particle size distribution;

total nitrogen;

total organic carbon (TOC); and

total metals (aluminum, antimony, arsenic, barium, beryllium, bismuth, boron, cadmium, calcium, chromium,
cobalt, copper, iron, lead, lithium, magnesium, manganese, mercury, molybdenum, nickel, phosphorus,
potassium, selenium, silver, sodium, strontium, thallium, tin, titanium, uranium, vanadium and zinc).

ALS laboratory reports are provided in Appendix 3D.

3

3.1.2

Historical Data (1998 to 2017)

Field and laboratory methods for sediment quality sampling prior to 2017 are provided by Rescan (2011; 2012a;
2012b; 2014a). Corresponding information for the 2017 sampling program is provided by Golder (2018).

3

3.1.2.1

Field Methods
A summary of field sampling methods employed between 2010 and 2018 is provided in Table 3-3.

Table 3-3: Compiled Sediment Quality Baseline Dataset: Summary of Field Methods for Each Sampling Year

Sampling Year 2010 2011 2012 2013 2017 2018
Sampling Month August August August July August August
Goose Goose Goose Goose Goose
Lakes Sampled® Reference B Reference B Reference B
Propeller Reference B Reference B
Propeller Propeller
Goose: Goose:
2.7-4.8 Goose: 2.6-7.1® Goose: Goose:
Depth (m) Reference B: Reference B: 2.8-4.5 Reference B: 2.9-4.4 2.5-6.00
0-5.1 4.4-45 Propeller: 4.9 Reference B: Reference B:
Propeller: 7.6-7.8 Propeller: 3-3.7 3-55
7.5-7.7 8.1
Sampling Method Ekman Ekman Ekman Ekman Petite Ponar Ekman
(0.023 m?) (0.023 m?) (0.023 m2) (0.023 m?) (0.023 m2) (0.023 m?)
Numper of 3 grab samples 3 composite 3 grab samples | 3 grab samples 5 composite 5 composite
Replicates samples samples® samples
Nl:)rgrbgregf”gtae bs 1 grab 2 grabs 1 grab 1 grab 3to5grabs® | 3to5 grabs®
Area Sampled per 0.023 0.046 0.023 0.023 0.069 to 0.115 | 0.069 to 0.115
Replicate (m?)
H(;rézrogeiﬁgﬁ)(laed Top 2 cm Top 2-3cm Top 2-3cm Top 2 cm Top 5cm Top 2 cm
Field Duplicate No No No No Yes Yes
Laboratory ALS ALS ALS ALS ALS ALS

ALS = ALS Environmental Laboratory,
(a) Only lakes relevant to the AEMP design (Sabina 2017a) are listed.

(b) Includes Goose Lake Tail samples at a depth of 6.6 to 7.1m.
(c) BRP-29-6 not included (depth 26 to 27m)

(d) Only 3 composite samples were collected at BRP-33 (Goose Lake Southeast Basin).
(e) Target was three grabs, but up to five grabs were collected if needed to meet sample volume requirements.
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With respect to sample collection and analysis methods, data collected prior to 2018 were generally comparable
to the recently collected 2018 data; however, the following differences were noted between years and lakes.

m In 2013, sampling was conducted in July, while in every other year, sampling was conducted in August. This
is unlikely to affect results of among-year comparisons, because sediment quality varies little by month or
season.

m In 2017, sampling was conducted with a Petite Ponar grab sampler, while in every other year, sampling was
conducted with an Ekman grab sampler. Both samplers sampled the same bottom area.

m In 2017, the top 5 cm was retained for analysis, while in every other year, the top 2-3 cm was retained.
Under baseline conditions, this difference is unlikely to affect comparisons.

m In 2010, 2012 and 2013, replicate samples comprised of only one grab sample, while in every other year,
each replicate was a composite sample of multiple grab samples (i.e., a larger surface area was sampled).

The area sampled in Propeller Lake has been consistently deeper than in either Goose Lake or Reference B Lake
(i.e., 7.5 and 8.1 m [Propeller] compared to 2.5 to 7.1 in Goose Lake!! and 3.0 to 5.5 m in Reference B Lake. The
effect of this difference may be exhibited in variation in particle size distribution or TOC content, which are
discussed below in Section 3.5.

3.3.1.2.2 Comparison of Laboratory Methods

Samples collected during the baseline programs were shipped to ALS. Between 2010 and 2018, most parameters
were analyzed by standard methods published by internationally recognized agencies such as the Canadian
Society of Soil Science (CSSS), the Soil Science Society of America (SSSA), the International Organization for
Standardization (ISO) and the US EPA.

Laboratory methods employed between 2010 and 2018 were consistent among baseline reports and were
consistent with the AEMP design, with the following exceptions:

m Particle size analysis: A discrepancy was noted between the particle size analytical method stated in the
AEMP design (PSA-3 Sieve-SK/PSA-pipet+Gravel-SK [sieve+pipette]); based on the Soil Survey
Investigations Report Number 51 (SSIR-51) Method 3.2.1 and the method applied in 2017 (PSA-3/PSA-3-SK
- Particle Size - pipette removal) based on Forestry Canada (1991). The method stated in the AEMP design
is recommended by the MMTGD (Environment Canada 2012).

m  pH: Prior to 2014, methods varied between the Edmonton and Vancouver laboratories, with the Vancouver
location following the BC Environmental Laboratory Manual (BC MOE 2007) and Edmonton following CSSS
protocols.

m  Mercury: Methods varied among years, with 2010 samples analyzed using US EPA 245.7 and samples in
subsequent years analyzed using US EPA 200.2.

m Total carbon: Methods varied among years, with 2011 to 2013 samples analyzed using the SSSA (Sparks
et al. 1996) method, while in 2010, 2017 and 2018 total carbon was analyzed using CSSS (Carter 2008)
method.

1 Except for BRP-29-6; sampled at 27m in 2018
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m  Sulphur: Methods varied among years, with 2010 samples analyzed using the SSSA method and samples
in subsequent years analyzed using ISO 15178:2000.

m Total cyanide: Methods varied among years, with 2011 samples analyzed using EPA method 9010 and
samples in subsequent years analyzed using the procedures adapted from CCME, EPA Method 9013A and
ISO Method 14403:2002.

m  WAD cyanide: Methods varied among years, with 2011 samples being analyzed using an ALS in house
method and samples in subsequent years analyzed using the procedures adapted from CCME, EPA Method
9013A and American Public Health Association (APHA) Method 4500-CN.

As can be typical of sediment quality datasets that span several 8 to 10 years or more, analytical detection limits
in the compiled Sabina baseline dataset tended to be higher in the data collected earlier, compared to more
recent sampling events (Table 3-4). The observed decrease in some detection limits over time is mainly due to
advances in analytical technologies. However, in any given year, detection limits can be raised in response to
sample matrix effects or high concentrations of test analytes.

Table 3-4: Summary of Detection Limits Reported in Baseline Sampling Programs, 2010 to 2018

Parameter

Physical and Other

pH pH 0.1 0.1 0.1 0.1 0.1 0.1
Alkalinity, total (as CaCOs) % 0.8 - - - - -
Total cyanide mg/kg - 3 3 0.05 - -
Weak-acid dissociable cyanide ma/kg - 3 3 0.05 - -
Particle Size and Moisture

Moisture % 0.1 0.25 0.25 0.25 0.50 -
% Gravel (>2 mm) % 0.1 0.1 0.1 0.1 - 1.0
% Sand (2.0 mm to 0.063 mm) % 0.1 0.1 0.1 0.1 - 1.0
% Sand (2.0 mm to 0.05 mm) % - - - - 1.0 1.0
% Silt (0.063 mm to 4 pm) % 0.1 0.1 0.1 0.1 - 1.0
% Silt (0.05 mm to 2 um) % - - - - 1.0 1.0
% Clay (<4 um) % 0.1 0.1 0.1 0.1 - 1.0
% Clay (<2 ym) % - - - - 1.0 1.0
Carbon and Nitrogen Content

Total inorganic carbon % 0.1 - - - - -
Total organic carbon % 0.1 0.1 0.1 0.1 0.05 0.05
Total carbon % 0.1 - - - - -
Total nitrogen % - 0.02 0.02 0.02 0.02 0.02
Available ammonium (as N) mg/kg 1 1 1 1 - -
Nitrate (as N) ma/kg 2.5 2 2 2 - -
Nitrite (as N) mg/kg 0.5 0.4 0.4 0.4 - -
Available phosphate (as P) ma/kg 2 2 2 2 - -
Metals

Aluminum (Al) ma/kg 50 50 50 50 50 50
Antimony (Sb) mg/kg 0.1 0.1 0.1 0.1 0.1 0.1
Arsenic (As) ma/kg 0.05 0.05 0.05 0.05 0.10 0.10
Barium (Ba) mg/kg 0.5 0.05 0.5 0.5 0.50 0.50
Beryllium (Be) ma/kg 0.2 0.5 0.2 0.2 0.1 0.1
Bismuth (Bi) mg/kg 0.2 0.2 0.2 0.2 0.2 0.2
Boron (B) ma/kg - - - - 5.0 5.0

78



July 2019

18114181-047-RPT-Rev0

Table 3-4: Summary of Detection Limits Reported in Baseline Sampling Programs, 2010 to 2018

Parameter

Cadmium (Cd) mg/kg 0.1 0.1 0.05 0.05 0.02 0.02
Calcium (Ca) ma/kg 50 50 50 50 50 100
Chromium (Cr) mg/kg 0.5 0.5 0.5 0.5 0.5 0.5
Cobalt (Co) ma/kg 0.1 0.1 0.1 0.1 0.1 0.1
Copper (Cu) mg/kg 0.5 0.5 0.5 0.5 0.5 0.5
Iron (Fe) ma/kg 50 50 50 50 50 50
Lead (Pb) mg/kg 0.5 0.5 0.5 0.5 0.5 0.5
Lithium (Li) ma/kg 1 1 5 5 0.50 2
Magnesium (Mg) mg/kg 20 20 20 20 20 20
Manganese (Mn) ma/kg 1 1 1 1 1 1
Mercury (Hg) mg/kg 0.005 0.005 0.005 0.005 0.005 0.005
Molybdenum (Mo) ma/kg 0.5 0.5 0.5 0.5 0.1 0.1
Nickel (Ni) mg/kg 0.5 0.5 0.5 0.5 0.5 0.5
Phosphorus (P) ma/kg 50 50 50 50 50 50
Potassium (K) mg/kg 100 100 100 100 50 100
Selenium (Se) ma/kg 0.2 0.2 0.2 0.2 0.2 0.2
Silver (Ag) mg/kg 0.1 0.1 0.1 0.1 0.1 0.1
Sodium (Na) mg/kg 100 100 100 100 50 100
Strontium (Sr) mg/kg 0.5 0.5 0.5 0.5 0.5 0.5
Sulphur (S) mg/kg 100 100 500 500 1000 -
Thallium (TI) mg/kg 0.05 0.05 0.05 0.05 0.05 0.05
Tin (Sn) ma/kg 2 2 2 2 2 2
Titanium (Ti) mg/kg 1 1 1 1 1 1
Uranium (U) ma/kg 0.05 0.05 0.05 0.05 0.05 0.05
Vanadium (V) mg/kg 2 0.2 0.2 0.2 0.2 0.2
Zinc (Zn) ma/kg 1 1 1 1 2 2
Zirconium (Zr) mg/kg - - - - 1 -

- = not analyzed, CaCOj; = calcium carbonate, mg/kg = milligrams per kilogram (dry weight), N = nitrogen, P = phosphorus
Note: The lowest detection limit is given if there were multiple data sets with different detection limits in a single year.

3.3.2 Quality Assurance and Quality Control
3.3.2.1 Recent Data (2018)

QA encompasses management and technical practices designed to generate quality data and QC is a specific
aspect of the QA process that incorporates internal techniques used to measure and assess data quality. QA/QC
procedures described in the AEMP design (Sabina 2017a) were followed during the 2018 sampling program.
QA/QC procedures, assessment criteria, and the QC results are presented in detail in Appendix 3E, and a brief
summary is provided below.

3.3.2.1.1

QA procedures included the use of trained personnel, following standard methods and approved specific work
instructions for sample collection, chain of custody forms and a CALA certified laboratory for sample analysis. QC
procedures included a review of field data and assessment of QC sample data. Four duplicate samples were
collected and analyzed in 2018; equivalent to 13% of the total 2018 sampling effort. Concentrations of all
parameters in duplicate samples differed by less than 35% compared to the original sample, with the exception of
BRP-32-1. When concentrations were above five times the detection limit (DL) in the original and duplicate
samples, only 1.3% of the results from the duplicate sample had an RPD of greater than 35% compared to the

Field Program and QC Samples
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original sample. The field QA/QC assessment concluded that sediment quality data collected in 2018 were
considered adequate to meet the needs of this Project.

3.3.2.1.2 Laboratory Methods

Laboratory QA/QC undertaken by ALS included the analysis of laboratory replicates, method blanks, and
reference samples (a certified reference standard, spike or control standard), as applicable and as per CALA
standard operating procedures. Laboratory data from ALS were reviewed upon receipt to verify that specified ALS
DQOs were met. The laboratory QA/QC assessment concluded that sediment quality data collected in 2018 were
considered adequate to meet the needs of this Project.

3.3.2.2 Historical Data (1998 to 2017)

QA/QC procedures implemented in the 2010, 2011, 2012, 2013, and 2017 sampling programs are documented in
the respective baseline reports (Rescan 2011; 2012a; 2012b; 2014a; Golder 2018b). No QA/QC issues were
highlighted by the authors for these sampling programs.

3.3.2.2.1 Field Program and QC Samples

Chain of custody forms were employed for all sampling years to track samples sent to the analytical laboratory.
Additional review of the relevant baseline reports indicated that analytical holding times (i.e., up to fourteen days
for moisture content and cyanide) were met for most parameters in sediment quality samples, except for moisture
content (2010 and 2013), organic and inorganic carbon (2010), total carbon (2010), available phosphate (2010),
and total cyanide and WAD cyanide (2011, 2012, 2013, and 2015).

Duplicate samples were collected in 2017 to characterize within-station variation. The results of the 2017
duplicate sediment samples collected in Goose Lake indicated that none of the results differed by more than 35%
in the duplicate sample compared to the original sample. Therefore, the results of this program are determined to
be adequate to meet the needs of the program.

3.3.2.2.2 Laboratory Methods

Laboratory QA/QC undertaken by ALS included the analysis of laboratory replicates, method blanks, and
reference samples (a certified reference standard, spike or control standard), as applicable and as per CALA
standard operating procedures. Laboratory data from ALS were reviewed to verify that specified ALS DQOs were
met. The laboratory QA/QC concluded that sediment quality data collected from 2010 to 2017 were considered
adequate to meet the needs of this Project.

3.3.3 Data Analysis Methods
3.3.3.1 2018 Sampling Event

Sediment quality data collected in 2018 are summarized and presented in Appendix 3A, in the form of summary of
statistics calculated for each lake area (i.e., mean, median, minimum, maximum, and sample count [n]). Data
were compared to the Canadian Sediment Quality Guidelines for the Protection of Aquatic Life (CCME 1999);
specifically, Interim Sediment Quality Guidelines (ISQG) and the Probable Effect Levels (PEL) (Table 3-5). The
percentage of samples above these guidelines was also documented in Appendix 3A, Table 3A-2. With respect to
interpretation of guideline exceedances, CCME (2001) indicates that at concentrations below the ISQG, adverse
biological effects are not expected to occur, while at concentrations above the ISQG adverse biological effects
may occur. At concentrations above the PEL, adverse biological effects are likely, but not certain, to occur.
Consequently, the ISQG represents a conservative benchmark that is not necessarily indicative of adverse effects
to sediment biota.
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Sediment quality data were also evaluated by comparing median concentrations calculated for sampling areas
(Appendix 3F). Sediment parameters with differences greater than a factor of two between sampling areas were
identified. This comparison applied to parameters with and without sediment quality guidelines.

Spatial trends in the 2018 data were visually examined to identify spatial patterns for the Goose Lake sampling
areas and Reference B Lake. A focus was placed on parameters with sediment quality guidelines (i.e., the metals
in Table 3-5) and supporting parameters (e.g., substrate, TOC).

Table 3-5: Applicable Canadian Sediment Quality Guidelines for the Protection of Freshwater Aquatic Life

Canadian Council of Ministers of the Environment Sediment Quality Guidelines @

Parameter Interim Sediment Quality Guideline Probable Effect Level

(Sle]€)) ((=19)]

Total Metals

Arsenic mg/kg dw 59 17

Cadmium mg/kg dw 0.6 35

Chromium mg/kg dw 37.3 20

Copper mg/kg dw 35.7 197

Lead mg/kg dw 35 91.3

Mercury mg/kg dw 0.17 0.486

Zinc mg/kg dw 123 315

mg/kg dw = milligrams per kilogram dry weight.
(a) CCME (2001).

3.3.3.2 Compilation and Review of Pre-Development Dataset

Sediment quality data collected by ERM between 2010 and 2015 were obtained and uploaded to the EQuIS
database as received!?. Sediment quality data collected by Golder in 2017 and 2018 that had undergone QA/QC
as described in Section 3.3.2 were uploaded to the EQuIS database by ALS. The compiled dataset was reviewed
for completeness, organized, and underwent some validation checks, which included a subset!? of data being
checked against hard copy report, and checking ALS laboratory QC results. Baseline reports for sampling years
prior to 2017 and associated field sheets were reviewed and relevant data such as GPS location and depth were
obtained.

The focus of this baseline data summary is on lake data collected within areas relevant to the AEMP design.
Therefore, data compiled for lake inflows/outlets and streams, collected from 2010 to 2013, were not summarized
statistically but the individual station data were compared to applicable sediment guidelines in Appendix 3B.
These data are provided for information purposes and for completeness, but are not discussed further consistent
with the objectives of the synthesis report.

12 The data provided by ERM was used as received with limited additional review and QA/QC.

13 Approximately 10% of the data was checked against hard copy reports.
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3.3.3.3 Evaluation of Compiled Data for Goose Lake, Reference B Lake, and
Propeller Lakes

Data collected by ERM (2010 to 2015) and Golder (2017 and 2018) were summarized by calculating the following
statistics: mean, median, minimum, maximum, standard deviation, standard error, 95" percentile, sample size,
number of non-detects, percentage of values above the sediment quality guidelines (Appendix 3B).
Concentrations below DLs were replaced with half the value of the DL for the calculation of the mean, standard
deviation, standard error and 95" percentile. Duplicate samples were not included in the calculations.

Sediment quality data for each of the lake sampling areas were presented graphically in Appendix 3G, to support
visual spatial comparisons of sampling areas and interpretation of temporal trends*4. With respect to the
compilation of particle size distribution data, these data were re-calculated as % fines and % sand fractions to
facilitate temporal comparisons. In addition, a particle size comparison, provided in Appendix 3H, was undertaken
to address the discrepancy in the 2017 methods and evaluate potential implications for the AEMP dataset.
Results indicated that the differences between samples analyzed by the PSA-pipet+Gravel-SK method
recommended by the MMTGD (Environment Canada 2012) and those analyzed by the PSA-3 method
implemented in 2017, were either within the range of variability to be expected from duplicate sediment samples,
or did not substantially affect the interpretation of the particle size distribution data for the AEMP. Thus,
comparisons of % fines and % sand fractions between years is valid.

3.34 Baseline Dataset Evaluation Approach

The following approach was taken to address the three questions for sediment quality stated in Section 3.1
related to (1) sampling area compatibility, (2) suitability of baseline data to support the AEMP design, and (3)
sufficiency of baseline data to support normal range calculations.

3.34.1 Sampling Area Compatibility

To further focus the evaluation, the following steps were performed to identify a subset of parameters of interest
with the largest magnitude of difference between sampling areas, as presented in Appendix 3F.

1) Median concentrations for sampling areas in Goose, Reference B, and Propeller Lakes were compared and
parameters with differences greater than a factor of two between areas were identified for further evaluation.

2) For parameters with differences greater than a factor of two between sampling areas, 95th percentile values
were compared to identify parameters of interest for further evaluation. Those parameters with RPDs greater
than 35% and more than 5 times the RDL (i.e., outside of analytical variability for sediment quality) were
identified as parameters of interest for the evaluation of sampling area compatibility.

A summary of area to area comparisons where parameters of interest were identified is provided below.
Parameters identified during Step 1 are listed in plain text and parameters of interest identified in Step 2 are listed
in bold text (“>" signs indicate which area has greater concentrations).

m Goose Lake West Bay > Reference B Lake: cyanide, nitrate, nitrite, available phosphate, arsenic, beryllium,
mercury, uranium

m Reference B Lake > Goose Lake West Bay: sand

14 For parameters measured in the 2018 sampling program.
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m Goose Lake Central Basin > Reference B Lake: cyanide, nitrate, nitrite, available phosphate, arsenic,
beryllium, cobalt, mercury, molybdenum, uranium

m Reference B Lake > Goose Lake Central Basin: sand

m Reference B Lake > Goose Lake Southeast Basin: TOC, nitrogen, available ammonium, cadmium,
copper, selenium

m Reference B Lake > Goose Lake Tail: TOC, nitrogen, available ammonium, cadmium, selenium
m Goose Lake Tail > Reference B Lake: available phosphate

m Propeller Lake > Reference B Lake: available phosphate, cyanide, mercury

m Reference B Lake > Propeller Lake: sand, gravel

Based on this comparison, the following parameters of interest were identified: sand, TOC, nitrogen, available
ammonium and the metals arsenic, cadmium, cobalt, copper, mercury, molybdenum, uranium. To assess
sampling area compatibility, these parameters were assessed further by comparing physical characteristics
between sampling areas, reviewing sediment quality guideline exceedances, and visually evaluating spatial and
temporal trends in the compiled baseline dataset.

3.34.2 Suitability of Baseline Data to Support the AEMP Design

To answer the question of suitability of baseline data to support a potential BACI comparisons in the updated
AEMP design, the number of stations per sampling area was reviewed, as well as the number of years each area
was sampled. The dataset was considered suitable if there were data for at least five stations in each sampling
area in the same year for both exposure and reference areas.

3.34.3 Sufficiency of Baseline Data to Support Normal Range Calculations

To answer the question of sufficiency of baseline data to support normal range calculations, the number of
samples collected in exposure and reference areas was summarized and reviewed. There is no guidance on the
minimum number of samples required to calculate a normal range; therefore, professional judgement was applied
to evaluate whether the number of available samples was sufficient. Sample sizes of close to 20, based on data
collected during at least two years, were considered adequate for normal range calculation.

3.4 Results — 2018 Sampling Program

2018 summary statistics for Goose Lake, Reference B Lake, and Propeller Lake, screened against applicable
sediment quality guidelines, are provided in Appendix 3A. Further evaluation of the 2018 dataset to identify spatial
patterns within Goose Lake and between Goose Lake and Reference B Lake is provided below for parameters
with sediment quality guidelines and supporting parameters (e.g., substrate, TOC).

341 Goose Lake
3411 Particle Size

Sediment particle size in late Summer/Fall 2018 was consistent for the sampling areas within Goose Lake except
for the Southeast Basin (GLSE) (Figure 3-4). Particle size distributions in Goose Lake West Bay and Central
Basin were similar with a high percentage of fines, while Goose Lake Southeast Basin had a lower proportion of
fines.

83



July 2019 18114181-047-RPT-Rev0

Figure 3-4: Percent Fine Sediments in Areas Sampled in Goose Lake and Reference B Lake, August 2018

100 1
90 [ |
80
70
60

50

Fines (%)

40 A

30

20 A

10 A

Goosel Lake GooselLa ke Goose Il_a ke Goosle Lake Referlence B
West Bay  West Bay Central Basin Southeast Basin  Lake
(BRP-29) (BRP-31)

3.4.1.2 Nutrients and Organic Carbon

Total organic carbon content and nitrogen concentration were variable in Goose Lake and followed similar spatial
patterns across areas (Figure 3-5 and Figure 3-6). In general, TOC and nitrogen concentrations were the highest
in Goose Lake West Bay (3.5% to 12%), then Goose Lake Central Basin (4.9% to 6.5%), with the lowest range
reported for the Goose South East (1.0% to 3.9%). This TOC distribution was expected because the Southeast
Basin sediments had a lower proportion of fine sediments compared to other areas sampled in Goose Lake.
Goose Lake West Bay was more variable in TOC than other areas. Most of the samples from the West Bay
contained between 8% to 12% TOC, but two samples from BRP-31 had lower TOC, close to 4%.

Figure 3-5: Total Organic Carbon in Areas Sampled in Goose Lake and Reference B Lake, August 2018
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Figure 3-6: Total Nitrogen in Areas Sampled in Goose Lake and Reference B Lake, August 2018

3413 Metals

Concentrations of metals at Goose Lake stations sampled in 2018 were below sediment quality guidelines, with
the exception of the following guideline exceedances (Appendix 3A, Table 3A-2):

m  Arsenic concentrations in samples from Goose Lake West Bay and Central Basin exceeded the 1ISQG
(Figure 3-7). Concentrations at 20% of the stations at Goose Lake West Bay and 40% of the stations at
Goose Lake Central Basin also exceeded the PEL up to a maximum of 1.7 times. Arsenic concentrations at
two stations from Goose Lake Southeast Basin exceeded the ISQG by a factor of 1.3 but were below the
PEL.

m  Copper concentrations in all samples from Goose Lake West Bay and the Central Basin exceeded the 1ISQG
up to a maximum of 4.3 times (Figure 3-7) but were below the PEL. Copper concentrations at one sample
from Goose Lake Southeast Basin exceeded the ISQG.

# Goose Lake West Bay also had exceedances of the ISQG for cadmium (2.3 times) and zinc (1.1 times) in
two BRP-29 samples (Figure 3-7).

Naturally elevated concentrations of arsenic, chromium, copper, and zinc have also been observed in sediments
from other northern Canadian lakes. The occurrence of ISQG exceedances for several metals and the occasional
arsenic PEL exceedance in the 2018 sediment data is consistent with observations made by Puznicki (1997) in an
overview of sediment chemistry in lakes of the Northwest Territories (NT). The author reported that arsenic and
nickel concentrations frequently exceeded ISQGs (>70% of samples) and occasionally PELs (>15% of samples);
other metals also occasionally exceeded ISQGs (i.e., cadmium, chromium, copper, lead, mercury, zinc). These
findings are consistent with the exceedances for Goose Lake documented above under baseline conditions.
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The West Bay and the Central Basin tended to have higher metal concentrations compared to the Southeast
Basin; approximately half of the metals analyzed in 2018 had higher median concentrations at West Bay and the
Central Basin (Figures 3-7; Appendix 3A, Table 3A-2). This finding is consistent with the observed particle size
distribution with Goose Lake, in that sandier sediments with a lower percentage of fines were prevalent in Goose
Lake Southeast Basin compared to the other areas sampled that were predominantly fine sediments. It is well
documented that finer-grained sediments tend to have a higher affinity for metals and offer more binding sites for
metals; thus, they are often highly correlated with metal concentrations (EC 2012).

Within Goose Lake West Bay some variability was observed between the two areas sampled, as shown for
arsenic, cadmium, cobalt, copper, lead, molybdenum, and zinc in Figures 3-7. For these metals, higher
concentrations were reported for BRP-29 near the inflow to Goose Lake relative to BRP-31 located farther into the
West Bay. Sediments in both areas were dominated by fine sediments and had similar TOC content. Differences
in sediment concentrations in some metals between these Goose Lake West Bay sampling areas most likely
reflects natural variability and potentially the influence of the upstream watershed via the inflow to Goose Lake.
Although for some metals such as arsenic, Goose Lake Central Basin had comparable concentrations to BRP-29,
indicating that the underlying geology of Goose Lake likely also has an influence on baseline sediment
concentrations.

For other metals analyzed in 2018, metals concentrations were similar (i.e. within 2x median) between the areas
sampled within Goose Lake West Bay (Appendix 3A; Appendix 3F).

86



July 2019 18114181-047-RPT-Rev0

Figure 3-7: Concentrations of Select Metals in Areas Sampled in Goose Lake and Reference B Lake, August 2018

Note: Hollow symbols represent results that were less than the detection limit.
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Figure 3-7: Concentrations of Select Metals in Areas Sampled in Goose Lake and Reference B Lake, August 2018
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Figure 3-7: Concentrations of Select Metals in Areas Sampled in Goose Lake and Reference B Lake, August 2018

Note: Hollow symbols represent results that were less than the detection limit.
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3.4.2 Reference B Lake
3421 Particle Size

2018 sediments collected in Reference B Lake contained a high percentage of fines and therefore were
comparable to the Goose Lake Areas sampled in 2018, with the exception of the Southeast Basin which
contained a mix of sand and fines (Figure 3-4).

3.4.2.2 Nutrients and Organic Carbon

TOC in Reference B Lake was higher than the range reported for Goose Lake, ranging from 9.5% to 16%
(Figure 3-5). Median concentrations of TOC were similar to Goose Lake West Bay but were more than two times
the median TOC in the Central and Southeast basins of Goose Lake (Appendix 3F, Table 3F-1). A similar spatial
pattern was observed for total nitrogen (Figure 3-6).

3423 Metals

Concentrations in sediments sampled in Reference B Lake in 2018 were below applicable sediment quality
guidelines, except for copper, which exceeded the ISQG by a factor of two (Figure 3-7) (Appendix 3A,

Table 3A-2). Sediments from Goose Lake areas with predominantly fine sediments were also above the copper
ISQG under baseline conditions.

Median concentrations in Reference B Lake were comparable to Goose Lake West Bay (within a factor of two)
(Appendix 3F, Table 3F-1), except for mercury where Reference Lake B sediments were more than two times
lower than the West Bay sediments (Figure 3-7). Mercury concentrations in both areas were, however, well below
the CCME I1SQG of 0.17 mg/kg. Reference B Lake median concentrations were also comparable to Goose Lake
Central Basin concentrations, with the exception of arsenic, cobalt and molybdenum, which were more than two
times higher in Goose Lake Central Basin and boron and cadmium, which were more than two times higher in
Reference B Lake (Figures 3-7; Appendix 3F). Median concentrations at Reference B Lake were comparable to
Goose Lake Southeast Basin.

3.4.3 2018 Data Review Conclusion

The above evaluation of the 2018 sediment data for Goose and Reference B Lakes and the findings of the QC
assessment indicate that the quantity and quality of data collected from Reference B Lake in 2018 meet the
objectives of baseline sampling to support the AEMP. The data are therefore suitable for inclusion in the compiled
AEMP baseline dataset.

3.5 Results - Review of the Compiled Baseline Dataset

The compiled data are presented as summary statistics screened against applicable sediment quality guidelines
in Appendix 3B, and graphically for each sampling area in Appendix 3G.

3.5.1 Goose Lake

Four main areas have been sampled in Goose Lake since 2011: West Bay, Central Basin, Southeast Basin and
the Tail area, for a reasonably consistent suite of sediment parameters including particle size, nutrients and
organic carbon, and metals (Figure 3-1; Appendix 3B).
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3511 Particle Size

Sediments in Goose Lake West Bay and Central Basin have consistently been reported to have a high
percentage of fines (2010-2018 median 92% and 93% respectively). Likewise for the two years sampled,
sediments in the Southeast Basin have consisted of a mixture of fines and sand (Figures 3-8 and 3-9). The grain
size distribution in the Goose Lake Tail appeared to be less consistent; sediments at this location comprised a mix
of fines and sand in 2011 and 2012, but finer sediments were sampled in 2013. Percent gravel was consistently
low within Goose Lake areas (<£3%).

Figure 3-8: Percent Fines in Areas Sampled in Goose Lake, Propeller Lake and Reference B Lake, 2010 to 2018

Figure 3-9: Percent Sand in Areas Sampled in Goose Lake, Propeller Lake and Reference B Lake, 2010 to 2018
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3.5.1.2 Nutrients and Organic Carbon

Total organic carbon and nitrogen were both variable in Goose Lake and followed similar spatial and temporal
patterns (Figures 3-10 and 3-11). Within Goose Lake, % TOC and % nitrogen were the highest in Goose Lake
West Bay (median 9.3% and 0.75% respectively), consistent with predominantly fine sediments sampled in the
bay. Even though finer sediments have also been sampled in the Central Basin, % TOC and % nitrogen were
consistently lower than the West Bay, although higher than values reported for sandier sediments in the
Southeast basin (median TOC = 1.5%) and the Tail area (median TOC = 0.15%). Available phosphate was similar
in areas sampled in Goose Lake from 2011 to 2013 (Figure 3-12).

Figure 3-10: Total Organic Carbon in Areas Sampled in Goose Lake, Propeller Lake and Reference B Lake, 2010 to
2018

Figure 3-11: Total Nitrogen in Areas Sampled in Goose Lake, Propeller Lake and Reference B Lake, 2010 to 2018
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Figure 3-12: Available Phosphate in Areas Sampled in Goose Lake, Propeller Lake and Reference B Lake, 2010 to
2018

Note: Hollow symbols represent results that were less than the detection limit

3.51.3 Metals

Concentrations of metals at Goose Lake stations were below sediment quality guidelines, with the exception of
the following guideline exceedances (Appendix 3B, Table 3B-2):

m Arsenic concentrations in all samples from the West Bay and Central Basin exceeded the 1ISQG
(Figure 3-13). Concentrations at 29% of the West Bay stations and 26% of the Central Basin stations were
also above the PEL by factors of 1.8 and 1.5, respectively. At two Southeast Basin stations (in 2018) arsenic
concentrations exceeded the ISQG by a factor of 1.3 but they were below the PEL. Concentrations in three
Goose Lake Tail stations in 2013 exceeded the ISQG by up to a maximum of 2.9 times; one station was
equal to the PEL.

m Cadmium concentrations at 25% of the West Bay stations and 11% of the Central Basin stations exceeded
the 1ISQG by a maximum of 2.3 times but were below the PEL (Figure 3-13).

m  Chromium concentrations at 16% of the Central Basin stations and 22% of the samples from Goose Lake
Tail exceeded the ISQG by a factor of 1.1 (Figure 3-13) but they were below the PEL.

m Copper concentrations at stations in the West Bay and Central Basin exceeded the ISQG by factors of 4.6
and 3.3, respectively (Figure 3-13). Copper concentrations at 25% of the Southeast Basin stations and 44%
of the Goose Lake Tail stations were also above the 1ISQG by factors of 1.1 and 2.3, respectively. Copper
concentrations in Goose Lake were below PEL.

m Zinc concentrations at three West Bay stations were above the ISQG by a factor of 1.2 but were below the
PEL (Figure 3-13).
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In general, sediment quality guidelines were exceeded more frequently and by a greater magnitude under
baseline conditions in the West Bay and Central Basin areas, where finer sediments were more prevalent,
compared to sandier sediments in the Southeast Basin and Goose Lake Tail. Sediment particle-size is a key
factor in determining the distribution of metals in lake sediments, with a propensity for a number of metals to
preferentially accumulate in finer sediments, such as silt and clay. As well as sediment texture, TOC content can
also influence metal concentrations in sediments, with higher metals concentrations typically aligned with higher
TOC values. The West Bay and Central Basins also tended to have higher TOC values compared to the other
Goose Lake sampling areas.
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Figure 3-13: Concentrations of Selected Metals in Areas Sampled in Goose Lake, Propeller Lake and Reference B Lake, 2010 to 2018
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Figure 3-13: Concentrations of Selected Metals in Areas Sampled in Goose Lake, Propeller Lake and Reference B Lake, 2010 to 2018

Note: Hollow symbols represent results that were less than the detection limit
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3.5.2 Propeller Lake

Sediments in Propeller Lake were sampled from 2011 to 2013, for a reasonably consistent suite of sediment
parameters, including particle size, nutrients and organic carbon, and metals (Figure 3-2).

3521 Particle Size

Sediments at stations sampled in Propeller Lake between 2011 and 2013 consistently had a high percentage of
fines (median = 82%) and low percentage of sand (median = 18%) (Figures 3-8 and 3-9). Percent gravel was
consistently low (<0.1%).

3.5.2.2 Nutrients and Organic Carbon

Total organic carbon and nitrogen followed similar temporal patterns at Propeller Lake stations sampled between
2011 and 2013 (Figures 3-10 and 3-11). Percent TOC in Propeller Lake was similar to Goose Lake Central Basin
and percent nitrogen was similar to Goose Lake West Bay and Central Basin areas. The concentration of
available phosphate at Propeller Lake (2011 to 2013 median = 58 mg/kg) was approximately 6.6 times Goose
Lake West Bay or Central Basin 2011 to 2013 median values (Figure 3-12).

3.5.2.3 Metals

Concentrations at Propeller Lake stations were below sediment quality guidelines under baseline conditions, with
the exception of the following guideline exceedances (Appendix 3B, Table 3B-2):

m Arsenic concentrations at one station was above the ISQG by a factor of 1.1 but was below the PEL
(Figure 3-13).

m Copper concentrations at all stations were above the ISQG by a factor of 1.4 but were below the PEL
(Figure 3-13).

Concentrations of most metals in Propeller Lake were similar to concentrations at Goose Lake West Bay and
Central Basin (i.e., within the same range), with the exception of arsenic, molybdenum, and nickel, where median
concentrations were different by more than 2 times (Appendix 3B).

3.5.3 Reference B Lake

Sediments in Reference B Lake were sampled from 2010 to 2018, for a reasonably consistent suite of sediment
parameters, including particle size, nutrients and organic carbon, and metals (Figure 3-3). Reference B Lake was
sampled within in a similar area from 2010 to 2013 for the purpose of collecting data to support the FEIS. In
accordance with the AEMP design (Sabina 2017a) a reference area was established for sampling to support the
AEMP in 2017. Based on these results and in discussion with ECCC, the AEMP reference area was adjusted in
2018 to target sampling fine sediment substrates, in order to better match most sampling areas in Goose Lake,
thus optimizing the sampling design.

3.5.3.1 Particle Size

Between 2010 and 2013, sediments sampled from Reference B Lake contained a mix of fines and sand, similar to
Goose Lake Tail samples in 2011 and 2012. The Reference B Lake sediments did, however, have a higher
proportion of sand than other Goose Lake areas sampled during that time period (Figures 3-8 and 3-9). The
AEMP sampling stations established in Reference B Lake in 2017 and 2018 contained a higher percent fines,
consistent with samples collected from Goose Lake West Bay and Central Basin, but were less comparable to
Goose Lake Southeast, which had sandier sediments.
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3.5.3.2 Nutrients

Total organic carbon and nitrogen were variable at Reference B Lake from 2010 to 2018 (Figure 3-10 and
Figure 3-11). Lower % TOC and % nitrogen values were reported for the sandier sediments sampled in 2012 and
2013 compared to values reported in 2017 and 2018 when finer sediments were sampled.

Available phosphate was sampled in Reference B Lake from 2010 to 2013 (median = 2 mg/kg) (Figure 3-12). In
comparison to Goose or Propeller Lakes, concentrations of available phosphate are much lower in Reference B
Lake.

3.5.3.3 Metals

Concentrations at Reference B Lake stations were below sediment quality guidelines, with the exception of the
following guideline exceedances (Appendix 3B, Table 3B-2):

m  Arsenic concentrations at 36% of the stations were above the ISQG by a factor of 2.5 but were below the
PEL (Figure 3-13).

m  Copper concentrations at 64% of the stations were above the ISQG by a factor of 2.5 but were below the
PEL (Figure 3-13).

The following differences greater than a factor of two between areas were identified between median Reference B
metal concentrations and corresponding median concentrations for Goose and Propeller Lake areas (“>" signs
indicate which area has greater concentrations; Appendix 3F, Table 3F-2):

m Goose Lake West Bay > Reference B Lake: arsenic, beryllium, mercury, uranium

m Goose Lake Central Basin > Reference B Lake: arsenic, beryllium, cobalt, mercury, molybdenum, uranium
m Reference B Lake > Goose Lake Southeast Basin: cadmium, copper, selenium

m Reference B Lake > Goose Lake Tail: cadmium, selenium

m Propeller Lake > Reference B Lake: mercury

3.6 Baseline Dataset Evaluation

As stated in Section 3.1, the objective of this report is to evaluate the compiled baseline dataset for the AEMP, as
guided by the following three questions:

m Sampling area compatibility: Based on the compiled baseline dataset, can the sampling areas be
compared to evaluate the statistical differences between exposure and reference areas, with minimal
potential confounding factors?

m Suitability of baseline data to support the AEMP design: Is the compiled baseline dataset suitable for
conducting the BACI statistical analysis for sediment quality?

m Sufficiency of baseline data to support normal range calculations: Are the compiled baseline data
sufficient to support normal range calculations?

The evaluation focused on the three sampling areas in Goose Lake relevant to the AEMP (i.e., West Bay, Central
Basin, Southeast Basin), Reference B Lake, and Propeller Lake.

98



July 2019 18114181-047-RPT-Rev0

3.6.1 Sampling Area Compatibility

Sampling areas within Goose, Propeller, and Reference B Lakes were found to be compatible for the purpose of
the AEMP. This conclusion was based on review of the results of the compiled baseline data evaluation for
sediment quality (Section 3.5) and the following evaluation of parameters of interest identified in Section 3.3.4.
Both Goose and Reference B Lakes have been sufficiently characterized under baseline conditions to support the
AEMP design update.

Sediments in Goose Lake West Bay and Central Basin were compatible with Reference B Lake sediments
as sampled in 2017 and 2018, in that all three areas had predominantly fine sediments. Particle size in
Goose Lake Southeast Basin was more compatible with the Reference B Lake area sampled prior to 2017,
where a mix of fines and sand were present. Overall, within-lake variability in particle size observed for
Goose Lake was comparable to that observed in Reference Lake.

For TOC, Goose and Reference B Lakes were generally considered compatible but there was some
variability between sampling areas. TOC was more variable in Goose Lake West Bay and Reference B Lake
compared to the Central and Southeast basins. Also, although limited to two years, Southeast Basin tended
to be lower in TOC than the other sampling areas.

Although sediments were similar in particle size and TOC, under baseline conditions, some metals of interest
in Goose Lake West Bay and Central Basin were higher than Reference B Lake (i.e., arsenic, cadmium,
cobalt, copper, mercury, molybdenum and uranium). Naturally higher concentrations in Goose Lake could be
due to proximity of this lake to the Project. As such, Goose Lake could be more mineralogically enriched
compared to areas farther away from the Project. Some metals, such as arsenic, are known to be associated
with gold deposits. For a number of metals of interest, concentration ranges were more similar between
Reference B Lake and Goose Lake Southeast Basin than between Reference Lake B and the other Goose
Lake areas. This observed variability in sediment metal concentrations within Goose Lake under baseline
conditions could reflect variability in the underlying geology.

Mine-related influence on Propeller Lake water quality is not expected until closer to the end of
operations/closure, and additional baseline data can be collected prior to this period for further characterization.
Based on the review of the results of the compiled baseline data sampling areas in Propeller and Reference B
Lakes were compatible. The area sampled in Reference B Lake since 2017 and the Propeller Lake sampling area
had predominantly fine sediments. TOC in Propeller Lake was within the lower range of Reference B Lake and
metals of interest were also present at comparable concentrations.

Overall, Goose Lake West Bay, Goose Lake Central Basin, and Propeller Lake are compatible with Reference B
Lake. Noted differences in sediment quality between Goose and Reference B Lake areas are within the range of
variability observed between sampling areas within Goose Lake under baseline conditions, and so are not
expected to confound the interpretation of effects in future AEMP statistical analyses. The use of the BACI
statistical design, which evaluates changes in exposure areas over time relative to changes in reference areas,
will assist in identifying whether Goose Lake sediment quality during construction and operations is changing
relative to both baseline and reference conditions.
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3.6.2 Suitability of Baseline Data of Support the AEMP Design

To answer the question of suitability of baseline data to support the AEMP design (i.e., BACI), the number of
stations per sampling area and the number of sampling years were reviewed. The existing dataset was
considered suitable if there were data for at least five stations in each sampling area in the same years for both
exposure and reference areas (Table 3-6). Five stations per sampling area are necessary to achieve sufficient
power to detect a two standard deviation difference between exposure and reference areas in a control-impact
analysis (Environment Canada 2012), and experience on other northern monitoring programs has shown that five
stations per sampling area results in an appropriate level