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EXECUTIVE SUMMARY

In 2019, Baffinland Iron Mines Corporation (Baffinland) undertook a fifth consecutive year of environmental effects
monitoring (EEM) at Milne Port as part of the Marine Environmental Effects Monitoring Program (MEEMP) and
Aquatic Invasive Species (AlS) monitoring program for the Mary River Project. This report reflects concordance with
Project Certificate (PC) No. 005 issued by the Nunavut Impact Review Board to Baffinland for Condition No. 76,
which stipulates “The Proponent shall develop a comprehensive Environmental Effects Monitoring Program to
address concerns and identify potential impacts of the Project on the marine environment”, No. 87 “The Proponent
shall develop a detailed monitoring program at a number of sites over the long term to evaluate changes to marine
habitat and organisms and to monitor for non-native introductions resulting from Project-related shipping”, and No.
126 “The Proponent shall design monitoring programs to ensure that local users of the marine area in communities
along the shipping route have the opportunity to be engaged throughout the life of the Project in assisting with
monitoring and evaluating potential Project-induced impacts and changes in marine mammal distributions”. In
addition, eight other PC conditions are addressed in this report, and each will be identified within the relevant
section.

Marine Environmental Effects Monitoring Program

The MEEMP was developed in 2015 following completion of marine baseline studies in Milne Port during 2013 and
2014. Study components for the 2019 MEEMP included marine water quality; physical oceanography; hydrology
and geomorphology; sediment quality; benthic infauna’; substrate, macroflora and benthic epifauna?; fish; and
tissue chemistry. The MEEMP sampling design is based on the Metal Mining Technical Guidance for Environmental
Effects Monitoring (Environment Canada 2012) and includes statistical approaches to detecting potential Project-
induced impacts on the marine environment. In general, the MEEMP study design and data collection methodology
followed the same approach utilized in previous years, in addition to modifications made in 2018, to provide technical
continuity and repeatability of the program and to allow for inter-annual comparisons of the multi-year dataset.

Several program modifications were introduced in 2019 in consultation with the Marine Environment Working Group
(MEWG) in order to improve ability to detect potential Project-related changes through time. Modifications included
(i) increased spatial coverage of vertical physical profiles of water quality parameters, including samples taken north
of Ragged Island, in Eclipse Sound; (ii) a background review of potential sea level rise in Nunavut to complement
empirical measurements of water levels; (iii) a background review of hydrology and geomorphology in Phillips Creek
Estuary to assess the potential for natural sediment redistribution at the head of Milne Inlet; (iv) increasing sampling
intensity for benthic infauna and sediment from four transects with 5 stations to five transects with 15 stations each
to improve statistical power; (v) adding sculpin (Myoxocephalus sp.) to fish tissue sampling; (vi) introduction of fyke
nets to the fish sampling program to assess its potential as a replacement for Fukui trapping; and, (vii) submission
of Hiatella arctica specimens for age analysis in addition to the tissue (body burden) analysis.

Marine Water Quality

To satisfy PC Conditions No. 89 and 99(a), the marine water quality component involved the collection of discrete
water quality samples at four sampling stations near the effluent discharge point in Milne Port (distributed in a radial
design) to monitor for potential changes in water quality due to site drainage and operational discharges (including
iron ore stockpile run-off). Overall, results indicate that the construction and operation of Milne Port does not

" Infauna — organisms living in the substrate of the seafloor (e.g. polychaete worms, clams).
2 Epifauna — motile and sessile organisms living on the seafloor substrate (e.g. sea stars, crab).
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appear to have negatively affected water quality to date, as measured concentrations were generally
consistent with previous years, and within thresholds in the CCME water quality guidelines for the
protection of marine aquatic life.

In 2019, reported analytical results for conventional water quality parameters — major ions, nutrients, metals,
hydrocarbons, and polycyclic aromatic hydrocarbons (PAHs) — were generally within ranges observed during
previous MEEMP sampling programs (2015 to 2018) and no exceedances of Canadian Council of Ministers of
Environment (CCME) water quality guidelines were noted. Hydrocarbons and PAHs were measured at
concentrations less than analytical detection limits in 2019, consistent with results from previous programs.
Collectively, measured concentrations of metals and organics were either not detected or were present at low
concentrations, such that adverse impacts to the biota inhabiting Milne Inlet are not expected.

Increased iron deposition in the marine environment as a result of the Project is an issue of concern for local Inuit.
Since CCME marine water quality guidelines for iron have not been developed, the MEEMP compared 2019 data
to those collected during previous MEEMP programs performed between 2015 and 2018 to investigate whether
changes in effluent quality have been observed over time. Lab analyses showed that levels of iron in water samples
collected in 2019 are within the range of concentrations observed between 2015 and 2018.

The fecal coliform bacteria results in 2019 indicated that fecal coliform concentrations were mostly below detection
limits and did not exceed 2 CFU/100 mL, suggesting that the treated effluent discharge collection system is effective
at limiting ingress to the marine environment.

Physical Oceanography

The physical oceanography component involved several different field and desktop studies. Sampling was
conducted vertically throughout the water column to characterize features and monitor for annual changes,
satisfying PC Condition No. 89. Water column parameters, such as conductivity, temperature, dissolved oxygen,
turbidity and chlorophyll-a, were measured at sampling stations in Milne Inlet, between Milne Port and Eclipse
Sound. Additionally, continuous monitoring of other physical parameters, such as current speed and water levels,
was conducted at three locations in Milne Inlet, two near Milne Port and one at Bruce Head, in part to provide
additional empirical data for validating the ballast water dispersion model. Lastly, to satisfy PC Conditions No. 1 and
83, multi-year water level data from the Milne Port tide gauge was used in combination with literature review of sea
level rise and land uplift/subsidence rates in Nunavut to assess the potential for sea level rise near Milne Port.

An analysis of multi-year tide gauge data indicated no discernible trend (positive or negative) in sea level rise in the
three year water level dataset for Milne Port Ore Dock tide gauge. Literature review of land uplift/subsidence rates
in Nunavut indicates that the Milne Port area will undergo land uplift (glacial rebound) in the next 100 years,
effectively lowering the sea levels by approximately 64 cm to 74 cm.

Measurements of current speed and direction in Milne Inlet, near Bruce Head and Milne Port, indicate flows are
weak (i.e., <15 cm/s), primarily wind driven, and oriented along the channel. The relation of current speed to wind
events suggest that the upper water column in Milne Inlet is mixed primarily by winds. Vertical profiling of the water
column showed seasonal differences in stratification — a feature which refers to the division of the water column into
layers with different densities caused by differences in temperature or salinity, or both. Stratification is important
because it inhibits vertical transfer of dissolved chemicals and particulates between layers and thus affects how, for
example, nutrients are distributed between surface and bottom waters. At the Ore Dock, fluctuations in salinity from
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near zero to estuarine suggest that Phillips Creek and other sources of freshwater inflows (e.g., melting sea ice)
form a freshwater lens at the head of Milne Inlet each summer, which persists until inflows weaken around late
August. Freshwater inflow is an important factor in establishing stratification (i.e., little mixing between surface and
deeper waters) in Milne Inlet each year, persisting throughout the entire inlet, with the lower bound of the pycnocline
(area of greatest temperature and salinity change) approximately 20 m deep. Following the establishment of
stratification, oscillations in temperature and salinity measurements at mid-water column near Milne Port suggest
that winds play a large role in surface mixing. Below the pycnocline, the temperature and salinity in Milne Inlet is
generally constant.

Turbidity is another important aspect of water quality because it can negatively impact aquatic life. For example,
high turbidity levels can block light to aquatic plants or smother aquatic organisms. Vertical profiling indicated that
overall, the water in Milne inlet was fairly clear throughout the water column; turbidity levels were slightly elevated
at the surface, likely due to freshwater input and surface run-off and also towards the bottom, possibly due to the
proximity of the instrument to seafloor sediment. Dissolved oxygen (DO) indicates the amount of oxygen in water
available to living aquatic organisms. The DO concentrations are constantly fluctuating, influenced by processes
such as diffusion and aeration, photosynthesis, respiration and decomposition. In Milne Inlet in 2019, DO
concentrations ranged from 6.6 mg/L to 12.2 mg/L, corresponding to saturations ranging from 57% to 104%,
indicating that oxygen is generally available within ranges that support ecological productivity.

Chlorophyll-a is a photosynthetic pigment and, in marine systems, measures the amount of algae, specifically
phytoplankton, growing in the water. It is an important water quality parameter because too much algae in the water
can be a sign of eutrophication, which can negatively affect ecosystems through, for example, hypoxia, toxic algal
blooms, and foam events (Perez-Ruzafa et al. 2019). Typically, for the Arctic Ocean, low surface chlorophyll-a is
indicated by concentrations of 0 mg/m? to 0.7 mg/m?® and high surface chlorophyll-a is indicated by concentrations
0.7 mg/m? to 30 mg/m? (Ardyna et al. 2013). In Milne Inlet in 2019, chlorophyll-a concentrations were on the lower
side, ranging from 0 mg/m? to 0.9 mg/m?3, showing evidence of primary productivity with little risk of eutrophication.

Hydrology and Geomorphology

The hydrology and geomorphology component involved a desktop review of available data for Phillips Creek
(i.e., review of literature, historical imagery, and hydrological and sediment data), in order to characterize natural
sedimentation patterns and depositional variability in the delta at the head of Milne Inlet. This was done to satisfy
PC Condition No. 83(a), which stipulates identification and monitoring the effects of sediment redistribution
associated with the construction and operation of Milne Port. Overall, results indicate that the construction and
operation of Milne Port does not appear to have negatively affected hydrology and geomorphology to date,
as measured parameters were generally consistent with previous years, or were within the range of natural
variability.

Results indicate that the Phillips Creek delta is a dynamic environment characterized by spatial and temporal
variability in sediment deposition. Like typical Arctic streams, most sediment transport on Phillips Creek occurs
during the spring freshet, with summer rainstorms triggering additional pulses of transport. The amount and size of
sediment routed down the river channel and deposited on the delta every year depends on a variety of factors,
including the amount of snowpack, the magnitude and duration of the snowmelt period, and sediment supply from
stream banks, slope failures, and other sources. The size of sediment collected along the West Transect from
2014-2017 as part of the MEEMP sampling program has been variable over time; results of this review suggest this
is unlikely a result of Milne Port activities but, rather, a trend expected in a naturally dynamic depositional
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environment. Additionally, movement of Phillips Creek over time is apparent on the historical imagery. Channel
migration between 1982 and 2016 was observed on the segment of Phillips Creek stretching from the mouth
approximately 2.5 km upstream. A shift of the primary channel from the eastern to the western end of the delta
appears to have resulted in the westward progression of a nearby spit.

Marine Sediment Quality

The sediment quality component satisfies PC Conditions No. 83(a) and 99(a) and involved collection of sediment
samples along four transects, including three transects (West, East, and Northwest) surveyed in previous years
(2014-2018) in addition to the creation of a new Northeast transect to account for potential future changes to Milne
Port infrastructure. The radial gradient sampling design enables monitoring effects as a function of distance from
the Ore Dock (potential point source), in consideration of potential contaminant issues (e.g., ore dust, hydrocarbon
deposition) and/or physical impacts (sediment re-suspension and transportation) in the marine environment.
Overall, results indicate that the construction and operation of Milne Port does not appear to have
negatively affected sediment quality to date, as measured parameters were generally consistent with
previous years, within thresholds in the interim CCME sediment quality guidelines, or not attributable to
Project activities.

Analysis of the physical and chemical composition of sediments were conducted on samples collected from a total
of 44 stations, as well as at two additional non-transect stations added for consistency to previous MEEMP
programs. In general, concentrations of metals, volatile organic compounds, hydrocarbons, and polycyclic aromatic
hydrocarbons were determined to be less than applicable sediment quality guidelines, with few exceptions.
Statistical correlation analysis of spatial trends did not suggest that sediment metal concentrations were
accumulating at elevated levels in closer proximity to the Ore Dock relative to other locations sampled within Milne
Inlet.

Minor exceedances of sediment quality guidelines were noted for arsenic and nickel but are not considered to be
Project-related, as these metals tended to increase with greater distance away from the Ore Dock. Similarly,
exceedances were noted for a few organic constituents, but these were rare, small in magnitude (i.e., not considered
to be at levels that would represent harm to the aquatic environment), and were not concentrated around the Ore
Dock in a way that would suggest a significant point source.

Sediment grain size, particularly the percentage of fines, is an important measure of sediment quality because
metals tend to accumulate to a greater degree in finer sediments as a result of both physical and chemical factors
(e.g., increased surface area to volume ratio). Comparison of the percentage of fine sediment over time along the
transects did not indicate statistically significant changes in fines content between 2014 and 2019.

Importantly, increased iron content in sediments — flagged as of concern to local Inuit due to the potential for
increased deposition of iron ore in the form of dust or in runoff from storage stockpiles as a result of the
Project — were rarely observed at concentrations greater than those observed during the 2014 baseline
characterization program.

Benthic Infauna

To satisfy PC Condition 99a, c, the benthic infauna component involved collection of samples from 32 stations along
four transects (East, West, Northeast and Northwest), each co-located with a sediment sampling station. Samples
were collected as a composite of three grabs from each station, using a standard Ponar or Van Veen grab, and
sent to Biologica Environmental Services for sorting and taxonomic identification (to the lowest practical taxonomic
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level). Overall, the results of the benthic infauna survey in 2019 indicated that construction and operation
of Milne Port does not appear to have negatively affected benthic infaunal communities, which continue to
be diverse and well established.

Sampling in Milne Inlet revealed a high degree of spatial variability in invertebrate community indices, which is
common in marine benthic habitats. Invertebrate density and richness were not significantly lower in 2019 relative
to 2018 and, where a statistically significant difference was identified, 2019 values were greater. Furthermore, there
were no indications of compromised functional status of the communities located closer to the Ore Dock, as each
of the sites generally had strong representation of major taxonomic groups and similar relative proportions of major
taxa (i.e., polychaetes, bivalves, malacostracan crustaceans, and ostracods).

Substrate, Macroflora & Benthic Epifauna

The study of substrate, macroflora, and benthic epifauna fulfills PC Condition No. 99a,c and consisted of underwater
video monitoring within ten belt transects permanently installed on the sea floor; five transects were established in
the Project exposure area and the other five in a nearby reference area. Underwater video was post-processed by
a qualified marine biologist and analyzed to record percent (%) cover of substrate type and benthic macroflora,
according to the classification system outlined in the 2017 MEEMP report (Golder 2018), as well as taxonomic
identification of benthic epifauna down to the lowest practical taxonomic level and their abundance (counts and %
cover). Overall, the results of the substrate, macroflora and benthic epifauna surveys in 2019 indicated that
construction and operation of Milne Port does not appear to have negatively affected benthic communities.

Similar species were found in the belt transect surveys in 2018 and in 2019. More green algae (Chlorophyta) was
observed in 2019 compared to 2018, but there were fewer recorded Laminaria sp. Clams were the dominant
taxonomic group among all stations analyzed for relative abundance, while brittle stars (Ophiuridae) and
unclassified bivalves (Bivalvia indet.) were present at every station. Observed differences between survey years
are considered minor and are likely due to natural variability or within the range of error due to survey methodology.
Again, observations reveal no evidence of spatial or temporal trends that might be associated with the construction
and operation of Milne Port.

Fish

To satisfy PC Condition No. 99b, ¢, 113, and 114, sampling was conducted throughout the Milne Port area to assess
relative abundance and health condition of Arctic char and other fish species. Multiple sampling methodologies
were employed in order to target different species and habitat types, including gill net, Fukui trap, fyke net, angling
and beach seine. Collected fish were identified to species and measured for length/weight before being released.
Incidental fish mortalities were retained for condition, age, sex, stomach content, and metals in tissue (body burden)
analyses. The similarities in observed species and relative abundance across years suggests the
construction and operation of Milne Port has not triggered detectable changes in local fish communities to
date; further, similarities in the length to weight relationships across years indicate that site operations
have not compromised fish condition.

Fish captures in 2019, as in 2018, were higher relative to previous years which is attributed to the increased length
of the sampling program, and thus higher effort. Relative taxonomic composition of fish captures did not materially
change from previous sampling years, with Arctic char (Salvelinus alpinus), fourhorn sculpin (Myoxocephalus
quadricornis) and shorthorn sculpin (Myoxocephalus scorpius) still comprising over 99% of the total catch. Two

vi
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other species were caught, a single sandlance and a single ninespine stickleback, the latter representing the first
occurrence of this species in MEEMP surveys.

A total of thirteen fish taxa were captured or observed throughout all MEEMP and AIS surveys in 2019; eight of
these taxa were observed incidentally during surveys of other components, indicating that dedicated fish survey
methods are not fully characterizing the fish populations in Milne Port and underscoring the importance of employing
a range of sampling techniques to fully characterize the species and age groups of fish in Milne Port.

Fyke nets were introduced in 2019 as a possible alternative passive fishing method to Fukui traps to address the
low captures observed in that method. Fyke nets captured a total of 12 fish, representing three species, including
an Arctic char — representing the first time in MEEMP surveys this species was caught outside of gill net efforts.
Catch Per Unit Effort (CPUE) for fyke nets was higher than Fukui traps, indicating this method may be a suitable
replacement.

The length to weight relationships were compared between 2017, 2018 and 2019 for Arctic char, fourhorn sculpin
and shorthorn sculpin, and no statistically significant differences were found between any of the sample years. Fish
of a certain size class are within a consistent weight class in each survey year, indicating there has been no change
in fish condition over this time period. The shellfish H. arctica was collected as a supplement to fish tissue collection.
Shellfish ranged in age from 7 years to 69 years with an average age of 28.1 years — this is consistent with the
documented age range published in the literature (Sejr et al. 2002).

Tissue Chemistry

To satisfy PC Conditions No. 113 and 114, a total of 47 tissue samples from Arctic Char were collected in 2019 for
analysis of total metals concentrations. Overall, the results of the tissue chemistry analysis in 2019 indicated
that construction and operation of Milne Port do not appear to have negatively affected fish health.
Concentrations of iron and other metals in tissue were consistent with concentrations in previous survey
and baseline years.

Arsenic, calcium, sodium, strontium, and titanium concentrations in Arctic Char tissue were statistically significantly
greater in 2019 relative to 2018. Mean values were considered to assess consistency over time, but statistical
comparisons were not performed for 2019 relative to historical data. Variance in concentrations of arsenic, cadmium,
chromium, copper, iron, mercury and zinc have been observed in Arctic Char tissues since baseline years and
samples in 2019 were generally consistent with historical data. A total of 80 tissue samples were collected from the
clam H. arctica in 2019 for analysis of total metals concentrations and, in general, concentrations of most metals
were statistically significantly greater in 2019 relative to 2018, with some exceptions. Observed increases in metals
concentrations in both species are not considered Project-related and more likely reflect natural geologic sources
or atmospheric deposition from further afield.

A total of 35 tissue samples from sculpin were collected in 2019 for analysis of total metals concentrations; however,
prior to 2019, incidental sculpin mortalities were not retained for tissue chemistry analysis such that no 2018 sculpin
data are available for comparison.

Metals concentrations were consistently and notably greater in H. arctica relative to both fish species, occasionally
by orders of magnitude. This is attributable to between species differences in habitat preferences, feeding
modalities, and ability to metabolize/excrete pollutants. There is no indication that these concentrations of metals
are affecting fish health.

vii
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As mentioned above, local Inuit have raised concerns regarding the potential for increased iron deposition in the
marine environment as a result of the Project and subsequent uptake in the food web. No CCME guidelines exist
for iron in fish tissues; instead, this was investigated by comparing iron concentrations in Arctic char tissue samples
through time. Iron concentrations in Arctic char tissue measured in 2019 were not statistically significantly different
from 2018 and were slightly lower, but consistent, with those reported in previous years (2010-2017); as such,
evidence continues to suggest that Project operations are not leading to an accumulation of iron in the marine food
web.

No samples (i.e., Arctic Char, sculpin or H. arctica) collected in 2018 or 2019 exceeded the Canadian Food
Inspection Agency commercial consumption guideline of 0.5 mg/kg wwt mercury.

Aquatic Invasive Species Monitoring Program

The AIS monitoring program was developed in 2015 as part of the MEEMP to establish baseline data and provide
early warning of potential AlIS and non-indigenous species (NIS) introductions in Milne Port, thereby meeting PC
Conditions No. 87, 89, and 91. Components of the AIS monitoring program targeted lower trophic levels, including
zooplankton, benthic infauna, macroflora and benthic epifauna, encrusting epifauna, and fish. Sampling
methodology for the AIS monitoring program generally followed the approach of previous years (2014-2018) with
several modifications made in 2019, including added emphasis on the identification of NIS, considerable expansion
of the benthic infauna sampling program and the addition of a fifth transect for underwater towed video to account
for potential impacts of the newly constructed Freight Dock.

Zooplankton

The zooplankton component involved collection of samples at Milne Port (6 stations) and at Ragged Island
(4 stations) using a combination of vertical and horizontal oblique tows. All zooplankton samples were preserved in
5% formalin and submitted to Biologica for taxonomic identification and enumeration. No NIS or AIS taxa were
identified in zooplankton samples from Milne Port and Ragged Island.

Of the 43 zooplankton taxa identified in samples collected during the 2019 AIS/NIS monitoring survey, three taxa
had not been previously observed during previous monitoring or baseline surveys. At Milne Port, new species
identified were Hybocodon prolifer - a hydroid cnidarian from the Family Tubulariidae; and Onisimus glacialis - a
species of amphipod. At Ragged Island, an unidentified zooplankton species from the genus Obelia was observed;
Obelia, or wine glass hydroids, are a globally common taxon and unidentified hydroids have previously been
observed on the Ore Dock in Milne Port (Golder 2019b).

Each newly observed taxa was cross-checked against both global and domestic databases of marine invasive
species. None of the taxa were identified as a globally recognized invasive species (Molnar et al. 2008) nor were
they identified as an invasive species in Canada according to the National Risk Assessment for Introduction of
Aquatic Nonindigenous Species to Canada by Ballast Water (Casas-Monroy et al. 2014). Both specimens flagged
at Milne Port have wide distributions that include the Canadian Arctic and Baffin Island (WoRMS 2020) while the
taxon flagged at Ragged Island contains at least one species with a known occurrence in the Canadian Arctic.

viii
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Benthic Infauna

Benthic infauna samples collected as part of the MEEMP were also used for AIS/NIS monitoring, with the same
methodologies and analytical approaches used for both programs. Sampling as part of the benthic infauna AIS/NIS
program in 2019 represented a considerable increase in sampling locations compared to previous years. Prior to
2018, AIS/NIS samples were collected at 8 locations in Milne Port and the two Ragged Island locations. Fifteen
locations were added in 2018, while in 2019, benthic invertebrate samples were collected from thirty-two stations
in Milne Port and two stations at Ragged Island. The majority of identified taxa in benthic infauna samples
collected in Milne Port and Ragged Island were not considered NIS or AlS. Potential NIS taxa were identified
in 2019, however further review of natural ranges and vectors of introduction are required to confirm NIS
or AIS status.

The benthic infauna species list developed during previous studies was updated and examined for presence of new
species identified in 2019. Taxa that had not been previously identified in Milne Inlet were further investigated to
determine if their known ranges and distributions included Canadian Arctic, north Atlantic or Arctic waters. In
addition, taxa were compared against a global invasive species database (Molnar et al. 2008), as well as a known
invasive species list within the National Risk Assessment for Introduction of Aquatic Nonindigenous Species to
Canada by Ballast Water (Casas-Monroy et al. 2014). Any taxa identified as potentially non-indigenous were sent
to Philippe Archambault’s Benthic Ecology Lab (Université Laval, Quebec) for independent verification.

A total of 58,374 organisms were estimated in 2019 surveys at Milne Inlet, which included 587 organisms at Ragged
Island. These were identified to represent at least 319 different taxa, including 41 unique taxa that were not identified
in previous surveys at Milne Port and Ragged Island. Of newly identified taxa, 39 were found only at Milne Port and
2 only at Ragged Island.

New taxa observations included a spionid polychaete identified as Marenzelleria viridis, confirmed via independent
verification by the aforementioned Archambault lab. This species is listed in the Global Database and the National
Risk Assessment as a species of concern for Canadian and Arctic waters, with a primary invasion vector through
ballast water (Molnar et al. 2008, Casas-Monroy et al. 2014). Specimen collection records for M. viridis, and under
the superseded name Scolecolepides viridis indicate historical occurrences outside the natural range in the North
Atlantic and Arctic Oceans, including the Canadian Arctic and Baffin Island (Cusson 2018, GBIF 2020, Miller et al.
2014). Further review of collection records around Baffin Island is needed to determine if this species is a recent
invader in Milne Port.

Macroflora and Benthic Epifauna

The macroflora and benthic epifauna component involved data collection via underwater video surveys along the
length of each of the four previously established AIS/NIS transects, plus an additional transect established in 2019
to the east of the newly constructed Freight Dock. No NIS or AIS taxa were identified among the macroflora and
benthic epifauna species observed in surveys in Milne Port. However, the identification of taxa to the
species level was limited by the survey methodology for many taxa observed.

The addition of high definition (HD) video footage in 2019 helped facilitate the identification of two new taxa of
epifaunal invertebrates that have not been previously recorded during AIS underwater video surveys in 2014
through 2018. One of the new taxa, Cephalopoda - which includes squid and octopus - includes three species
known to occur in Baffin Bay (Gardiner and Dick 2010), while the second taxa observed was prickleback fish (Family
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Stichaeidae) potentially of the genus Lumpenus. A total of six distinct macroflora taxa were observed, all of which
have been recorded in previous surveys.

Each newly observed taxa was also cross-checked against a global database of marine invasive species and none
of the taxa were identified as a globally-recognized invasive species (Molnar et al. 2008) or an invasive species in
Canada according to the National Risk Assessment for Introduction of Aquatic Nonindigenous Species to Canada
by Ballast Water (Casas-Monroy et al. 2014). All taxa that were not identified to the species level had at least one
representative species with a native distribution that includes Arctic waters.

Encrusting Epifauna

The encrusting epifauna component involved the deployment of settlement baskets and associated settlement
plates deployed on the east side of the Ore Dock (total deployment period of ~12 months); the settlement basket
and plates on the west side of the Ore Dock were not recoverable in 2019 as the deployment rope was severed by
winter ice break-up, and the settlement plates and basket were lost. No NIS or AIS taxa were identified in
encrusting epifauna samples from Milne Port. Further review of natural ranges and vectors of introduction
are required to confirm NIS status.

As in 2018, colonization appeared to be minimal. However, in 2019, there appeared to be increases in abundance
and number of taxa observed, as well as a larger proportion of organisms in adult life stages relative to 2018. A
total of 2,317 encrusting epifauna from 22 unique taxa were identified in 2019, the majority of which were bryozoans
of the Order Cyclostomatida

Three new encrusting epifauna taxa were identified during the 2019 AIS/NIS surveys, two identifiable to the species
level - Circeis armoricana, a sabellid worm, and Patinella verrucaria, a colonial bryozoan - and one identifiable to
the Cnidarian genus Gonothyraea. None of the newly observed encrusting epifauna taxa were identified as invasive
species, with literature review confirming known Arctic distributions for each (e.g., Casas-Monroy et al. 2014,
Sirenko et al. 2020).

Fish
The fish component of the AIS/NIS program involved cross-checking all fish taxa observed in MEEMP and AIS
surveys against a global database of marine invasive species (Molnar et al. 2008). None of the taxa were

identified as a globally recognized invasive species. Each fish was also researched independently to
confirm their known distributions, and all species had confirmed ranges that included the Arctic Ocean.

One new taxa was added to the AIS/NIS survey record from ROV surveys, an unidentified eelpout (Zoarcidae
indet.), although at least one genus in this Family has been recorded in previous MEEMP surveys. In addition,
several species observed in 2019 had been absent from the ROV record for several years, including the common
lumpfish (Cyclopterus lumpus), seen only in 2014, and a fish doctor (Gymnelus viridis), recorded in 2013 and 2015.

Ship Hull Monitoring

To address PC Condition No. 91, ship hull biofouling monitoring was included in the AIS/NIS program for the first
time in 2018 and repeated in 2019. No NIS or AIS taxa were flagged among the biofouling species observed
on the ship hulls during surveys.
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The program consisted of conducting underwater video surveys of the hulls of five ore carriers berthed at the Ore
Dock using an ROV-based underwater video system. Surveys were conducted along the hulls of the ore carriers
covering a representative range of depths of the submerged hulls. Much of the effort was focused on areas of the
hull where biofouling was most likely to occur (e.g., chain lockers, bulbous bow and stem, sea-chain grating, stern
tube, rope guard, propeller nose cone and blades, rudder side, bottom, leading and trailing edges). The collected
video recordings were later examined by qualified biologists to identify potential biofouling species to the lowest
practical taxonomic level.

Most of the ships’ surfaces below the waterline were found free of biofouling, where observations were made.
Exceptions were small areas of the sterns of four ships, where some amounts of colonization by aquatic organisms
— predominantly barnacles - were found. The taxonomic resolution of biofouling organisms did not improve in the
second year of monitoring, despite the inclusion of a high-resolution camera. Many taxa were not resolved to
species level due to the difficulty of identification without a specimen.

Inuit Participant Interviews

To address PC No. 126, upon completion of the MEEMP and AIS/NIS surveys local participants were asked to
collectively take part in an end of season interview to provide feedback on the program by answering a series of
questions. The questionnaire was used to assess Participant opinions on the methodology, data collection and
presentation, and equipment, as well as to receive feedback on any perceived gaps, concerns or recommendations
for future programs. No changes in fish populations, abundances or health, as well as no new or unusual fish since
the beginning of Operations at Milne Port were reported by Inuit Participants in the 2019 MEEMP and AIS Program
during post-season interviews. Responses to questions during the Participant interviews included suggestions and
requests for adjustments to the program; for example, requests for increased training in sampling methodology and
in the use of sampling equipment, recommendations for sampling locations and methodologies, and a specific
request for changes to the fish sampling program to allow for donation of fish tissue to the local community. All
suggestions and requests provided by program participants will be considered during program planning for the 2020
MEEMP and AIS program.
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D>*DGHC>NoC 2019-T< <ALy bNPLYoS B>y D> > DoC Ad*o*Mo-< 2015 <L 2018.
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AcPeaC.  BLIGEBD>So® <IN N> H<I > DS 2019-TC 2018-T>*oc <L, <Lo  aS\>rPnobdc
LA NLE BAY>MLC, 2019-TC aN>NE AMAa®\D> >*DC. <AL 5 0™, a sa A%Ya*Ch B> D% > IGe o°
Qo BSa M0 ANCPYG? booa P>V oS DYGCH*C>IoS AKNA*IS, <Do AgD><c ACH> N D>o M=o
QL <RPI<N® DLIC (A9, <AL PeDS D>LIGE ).

beAtDS, AV APPDAS 4Lo PLYC 4o<C b Lo TD>CAC

B>AAT® b Do, AN AP*Do®, <L BLC IL<C b Mo TH>Co® Acn<b®D® Acn <1 a >a AN IS
aN>N 99a,c <r<oobPts ALTC <reP>PNIC bBrNAT™ deo© bNaP>Ya® Cnlb< Ao<oC AcyDrPLY oS C-cLAS
bN*g >N N*PCP> P>*D AcndT < CdN>IIC P> C-cLA® boC*oC. ALTE <IrcPP AcnIYc >*D®
CADT>Conrlf <L <reD>no<oN® >NNEdS ben Do Lo BLioS, Letod AccDnoslc J#P>LY®
NNG*PLY® MEEMP D>o-<bI" (Golder 2018), <L > AB>*Do* AcC®*¢a-5 1€ DLYo< <IN AB>CD*CH*IM< <L
ArANPa oo (ANPC>YE <L >N+NtdS). CLA*0S, boA L aP>¥C bea LioS, *M¥C AP®Do® ‘Lo BLvC
<Ao<dC b TPCo® bB>AMAGC™ 2019-TC asaA®YY® hayP<e-cdo*lot Lo I>E*NNe™* PJdo©
APRSASTS ADSPEDI < DY b DY <D™ BLYo.

LNSCME DLV CALDP®DC bN=oD>V¥o® B>ANAGTS 2018-TC <L 2019-TC.  <MAg®hAS DU*De
B>AYD>C DRI 2019-TC  2018-TD>™MoC, Pr<do  <MAPog®hAS  <PDCC> DD Laminaria  sp.
< ULY*CHB>E Y P> BMAMDYGS AN Mg, <P D<o << AL Ao cD>*CDIL> <D<
CALP>cD>*D B>ANAADY 5 CaC. BDAYDIC <A e S B>ANAGS IS P> TPINYINC L5 ATNCD>¥E >
LI BECI N >R 54 AL®b® CHLPLo*d B>MATSIS GUPDLI®. A, MY B>ra>Nb > D
P € Clo s boAcP>aP>Yo® A¥NB* Db hayD>o*LoS <L <> *NC>o-*L oS P=U<oS APLSA®.

ABoOAC

Acn<no<od Acn<ClC asaAdNIS al>AC 99b,c, 113, <L 114, D*DGAGT D D>*DC P=YdaC ASAD<
b CMoC BTN AMda e <L <ro<db*CAcLa*MC boA Lo ABSAC M5 ABLAC
BPLNYGE DDIGAGTSIS <DPCPP>*DE <MDt Abo o AclyDiots bAT<ONS, AcD><oNe
LENC>NS  <prepedNe©, BNC>¥E  ABLAS  AcCnYP>HCP>*DC boA D™ =0 D>PDGE 5N
CPa*N/D>BLAc*C §3dC>a<h® 5Nt DPG*DS ABOAS AYDPLBC DD b>rN <M boA*a* N,
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DP>PS, LUNSMMC L csMMC, <P<LRMC Asc™S, Lo NAS NMPeo (NM<e<D) b>ANNE,
LA DBAYDCPPDC ADBOAT <L Al Ao I <C BPP>o-C bB>A AT oS adaA®D® hayP><-cdo L <L
<A>ECFNCPoL PUdeS APKAE <IN NEbPLLE Abo>0 <ol NP-oJ; <'Lotba®, LA o e
CPo*M*0° <'Lo PSdLA*o*M*0° PPP>oc bBPANCCPo*l*0® adaA®’Y AP <PBC*N“NoP>v©
boAcCT BTN N*MLS ABOAS boA*0* 0",

ABLCPIC 2019-T, 2018-TNDS, dN*o P> P>*DC DPPoc dod®*DoP*oc ANCP<Lo JdoPo®h\®
>*DCAcH 1, CAL*al-> Aalvc®\>obc >*IC.  AccPnosnS Abo¥aC ACTCHC /< >N
DP>oC <oJ®*DaC Bb>ANAGT TS, ABSAC P 0%, bavAS <L aA*a®N™® a V&S bavAS 99%-%J<H5N° Ac
bNC>N 5 CoC. L5P* <P S ABOAS ACHCD> >*DC, IC>P* DD (eel) <L ICD>I® Abo5<IE®, P
Yo <>< 50 CAL*a A“Do* MEEMP-T< oA AT bC>v,

b0l 13 ASOAS AYD>CD>*DC Ay > 5"C MEEMP-5*CIS <L AIS-TS B>M Ao 2019-T'; 8-%U3C
ABOO¥aC BrYPNC BDPRNACTTE Mo AclYPNoS,  aonaA®NC ABoHYe BPPNACTIC <ID®CPNC
GoPPL S CMLC ABOAS Mg Poo® PU<oS AN C <L ALLADNN A 5o <AL >*DGAT IS
<ID*C>o<* Do Acn<dn ' Cio< oM b oA DG ADHAS L5 P> P<or AKNTAME,

Fyke L°NCP>NS <D®CPP>*DS 2019-TC W< M® Aboscno<so Fuki LSNC>NoS <MASC5<I*Do®
ABSPC>BCia o ID%oN' CAL*aADo®.  Fyke LSNCPNC 12-0° ABocP>®DC, AMAC <pfepeDs
AB5ONE, AP0 ABSAE - PSec®<D>Y® MEEMP-TS BD>r\AcSoS ACPCD>c >*D% L NC>NS I o
<DO%*oNt. AC®CPNC <Do AC®*CPatNeore fyke LSNCP>NoS d“N*a N> P>*D* Fukui L*NC>Na>*LoC,
asa A< 50 ABC AD>T*N>a*L oS ID*C> <<,

CPo*c <'Lo PILA* ' boA*c* Do H6*C>c P>*DC Id o o 2017, 2018 <'Lo> 2019 ABL*A*D0S,
bavio® <L aA*c®NP a've oS bavioS, <L aN>YnotdS <A eobo< D>AMCDC JdvotC
acDA*a Mg DPD>oC D>*DCANMDYTT. ABOAS Ac Mo IM oS <IRPYA S DILA o o¢ Do >PD>TC
B>MAGTTS, asaARN®  WLUSTBHMLE ABLHAS boA*ony o C<daoc D>P>SoC. < LG HAS
bNC>D>*D AclYD> 5N ABOAS o P g bNTAATSIC. < ILYAS DPDMC 7-0-C 69- 05 DPD>bc > MAC
<ACP>PU* 5J 28.1-0° DP>B*DC - <YL NNGIDPLIC P> o< D>bLLTC (Sejr et al. 2002).

o P*C boAcP o Ic

Acn<no<oJ Acn<S1C a5a AN boAMYn<db5e< aN>NoS 113 <L 114, bNol< 47 A S5PAS o P o
>* DG C>a-<I* Do bNC> B>*DC 2019-T< b>rL o<1 b 5N KA bNPLYo-C. CLA*.0S, boA*La > o P*MC
boACP T 0 BPBAFCPV 2019-TC aanaA*’CP*I° ha 7P o Lo d'Lo I NCPo*L PJdo A*KA®
ADAPEDMt D bUIY D ABOAS d*odb CAcCLe 0. bNILYS KAS PP KAS oP oo
<M CPCCAMC BNPLYAC BPPo € <oJ®Do© bB>ANAG 0 <'Lo P 7PV 0°.

<Pt (Arsenic), P><¢/<1- (calcium), AN< (sodium), YDPaTL (strontium), <tL> CANe-<* (titanium) bNPLYS A 5t AC
TP alN>InotdS <o ®hbec > >®DC 2019-TC 2018-T>*o . [PI<LNE al>Ne AALPYD> D>*DC
DBAMAT<L s A g g€ D<50C doJ*<-c<NoC, PP/<do ai>PAo*dS boA*a*K>o* = 55 b >
2019-1¢ a\>NLS/NN%*boS AV D>HILIaC. <TpP> oS¢ bN/LYc* D>do>L <Io* (Arsenic), b<T<tt (cadmium),
dPr<tt (chromium), N4°, ©°JAASD® <tL> p** (zinc) o>pY> B>*D A 5*AC P 0¢ CAL**ULo P*cD>¥cnosIC
D>PD>S 5 <L B>*DGAGS oS 2019-TC <RSPy aN>NLS/NN%*boS AY>>*PLY oS, bN"LNS 80-0° o P c*
>*OG>Co<®Do* bN®AACD>®DS <tilio® 2019-TC bP>rc<LHMS bN“0NS KAS bNPLYE <L, bNPLYoC
CLA®G 5 C®bY™ K4S aN>Pna*dS < o®hbec > >*DC 2019-TC 2018-TD>*LaS, A NS AN HNe. b>py>C
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AFA=dsa™Me WA bNPLYS CLA*0C ABo¥a S AALPYD>PDS Acn<sIMMLC <L ARCHAD>Y® AMo® Ado®
D>Y%*ba® /b DM 54 Ao,

bN"ol€ 35-0* o-Por® B*IG>C>o<I*Da* ba ¥o-c bNENC>FDE 2019-T€ BRI ME bN“ M AT bNPLIS; Pr<lor,
¢2o<IJS 2019, ba YAS D5JG#DT <<KCB>C B> P g boAcD T 08 b>M*CHo-<I*sNt CALa < 2018-
M€ ba¥5.0% &N>A/NN®HAS Lol B> b.oAa h>a™ s 55,

NAC bNPLIE <ML D>*CAM <L a ™ oNt IMda®\>¥c CLAC b D>*aS, bdN*dS <*Ma*>a*d<.
ARCDN® <doa2aC ABOAS <AL <A og*C ALy eo®, oAb C*C* oS, <L NrNe
<= Legbia ot ASCHDoC. QA AP TPCH=D®  bNLYcS LA o€ <D¥oHLC  AboOAS
o <Ib*CAcLo* >oC.

>bePLo*L DS diaS, oac S AbAS AMLSNM g B>ANNC>DS LM <I*PLo>MC N4 << Acn<IT<
AVo® <L on7DBC*DoL* oM. CCME-I® Lt CPBA*CHHD® NAYoC ADDHAC oP o PP<o, Clea
B>AECD> DD b oA*a N> *L 6% C>< o WA bNPLYC A 5PAC P M =gC. LA bNPLYC ABSPAC o P =gC
D>*DCHC> > 2019-TC a\>rno?dS <A oo bod > DS 2018-T> o <L ITNYo*RN>GN >*DE,
Pr<o <'Pr<sobt, Bo<bD>r/>c B®*Doc DP>oC <Jod®Doc (2010-2017); CAL*a S, BD>rL*a®*D™ A AcnT€
<> *N“NG < A'NCP>* o *Lo bN <IN o A T« CnP>TP>CA® on b C*C*~ 0"

B>DG>CIYa (40, A A0, badsac B> 3+4-C bNC>Ib B>*D% 2018-7< 2019-T 56« >*LC>No-b*Do-
baClC P B>MANIT o DALNDYo* Ny D>o-<I%Do0¢ Lt CI>h =0 0.5 mg/kg wwt o JFADI,

CLoTB>CPBr<D< BLYo* NPNCH>Yo* bB>ANAG

CLo TD>CP>A DS DLio® NPNCDYo® (AISH B>AAT® N\*PCD>D>*D® 2015-TC Acly><50 MEEMP-IC
N*PNo<IoNE PLelMyD>¥oS  aN>Ne?/NN®bat <L B>ANN< oMt AIS-bIA*an<dc>oc <L
CLo TD>C>Do? DLio® (NIS) P=UdoS ANA~I<®*Do?, CLA*a I NP>NILYC Acn<IC a5a A*dCSIC
boAYN b o D>YoS aN>NES 87, 89, <L 91, AclyD>NC AIS-T* BD>MAGS oS DELHPDC IN~a*h>Yo®
TPNARD T D>V, AcP><5N® DLIGE <IH<IC As<o<dbC®DE, AL dL<dC b™MabeC*D, AP®DS, <L
ABOAS, DPDGACTSIC GUPDLIY® AIS B>MAGSIS LeBeCP*D® DP>C dord® Do ID*C>HC*II (2014-2018)
BYLNYeS IUPPLICC>IL<o0 2019-T, AcP<oN' Acr<oN® asaA®lo® NIS-TC, <IMeP<IR<® oM >LiYg®
o< Dot B>*DGATSTC Lo Acl<sNt CocL™o® bNegD>io® ALD< AL<oS o D%CH> <TAcD>PNM®
<D D>DIA*an D> oNE oC* NayD>I® Dry>¥ oS APNSASMC.

FP¥NS ALB>< A><g-°D€

FPNNE ALD< A<la<Da® bN®AACD>®DC >PIGHC>a<I®Da® PJ<doS APKSAMC (GO Nealann “bDPHA%\C) Al €<
(PCLE BBPRASADYC) D% oN° CLAo™® d-1° <L No- € o DANG". CLC™ MPINE ALD< A><1aCD o D DGAGC
APLCP>*DC 5% b b eD%* D> < (formalin) Do >CP><_0 > Biologica-d* 0 Ao P>*CP>o*L o bD>ra<1HN®
NNG>P>_50 5. NIS-I* AIS-T-5°¢< BL¥o® bBAcP*DC PYC ALD< ADdeDo* B*IGHCPVoc P=Jdoc
A*bSATC Lo AlTc*o €.

43 TPNS ALD< A<D AcCny> >*DC B>DOG>N® bNCYE 2019 AIS/NIS bB>ANAGTS, C<da LS ALAC
B>AY D> DU P o<IJS B>ANAGTC DR 56 C P>V oS BMANLME, PU<oS ANSAME, oCC DL
BN > >*DC Hybocodon prolifer - AP®*Da-**L*D% Tubulariidae; <'L_>, Onisimus glacialis - \Da-¢ B>LIGE <.
A0S, AccnyDPL=PED® [PINS ALD>< A5<IgCDa <AL BLIC b>rYD>c >D% Opelia, Obelia, CL*d<,
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0aN]TE CALP>YC <L AcCnlYDrPL™ D by D>*PYLIC DYGCPC>Y 0% APKNAME in PU<oC APKNSATC
(Golder 2019b).

<D oCE B>AYD>NE BLIGE S B>ANPCPPb b C > 0a N<ITE oo DM b C>Y [ Do CLoT>C>*1eDe
NP>NY>Yo® BLY oS, acDA*a M a 5a A®CDH > 5o NWATC AcCny>rLYC CLo T>C> <D NPNC>C
B>LYoS (Molnar et al. 2008) ba. CI=5*¢-< ba.CI'< >_n<a o T* >R AT® NP>NY>NC CLoT>C>*DC o-¥No°
DI<W<< AL* o< A¥o® (Casas-Monroy et al. 2014). CLT® BLYC a 5a A “N®C>>*DC P=UYdaS AKNA M
a Ir<®/Lc AcD><oNE ba C>< DPD>*C*D o< <L PP*C M (WoRMS 2020) BLYAS a sa A*dCN®C>ILIC
AT ACHPPLLATE bBrLYDA D ACH®C® ba CI' < >PB>*C™II €.

BLVC ALP< 9040 > bcC*D<

BLYa® ALD< <50 > bC* D B>*IG>NE bNCH> > AcPYD><_50 MEEMP <ID*C>c D>V bI>AAGSIC
AIS/NIS-c, <I"p**Pegt <IDBC>Ya® <AtL_> B>ANAGSIS <ID*C>Vo* CLA® 0 b>ANAG S oS D >*DC, B>*DIGAGC
AcPyD><50 BLYC ALD< <5<oS > bC*DoC AIS/NIS-1¢ 2019-I< <AMAg®hbec >YC B>*DICAMD> Ve D>PD>oC
o ®*’L¥oD>*Loc. /2ao<1Jc 2018, AIS/NIS B>*DG>NGt bNPAACD>®DC 8-0-C AgD>VaC P=J<doC APKSAC <L_>
LSP%aC AMc*TS AogD>VoC. 15 AoD>¥C AcYD>c >*DC 2018-TS, 2019-T, BLYC ALD>< <I5<dof > bC*DoC
B>*DC>NC b >*DC 32-0-° BI>PRAA S PU<IaC APKSASTC <L 5 L5P%aC BB>ANA S Al C. CLo*CebYy
BBAYDYC PLVAC P*DGUCPB VoS bNCHVYoC P=UdaS ANATC 'L Alc*o< NIS Bi<s-gc AIS-
“JorOayB>Yc, NIS BLYeDA*andES  bBAYDCP*DC 2019-TS, PPdo  PrPc*bac A*To< Ave*
adaA®YdYP> V< NIS P><<H*¢< AlIS boA*Lo**0oC.

DL ALD< <5< > C*D o NNGHALE P2 o<IUS BB>MATSTS Ay > D> D*C> >*D <L
B>APCD>< 5N oCa® DLYo® bR >*D 6 2019-TC. BLIC DAY >DC P=J<daC B> CD>bo- >*DC
B>ra<IHNY D>ALY>TMC ol NP>NPLo S AcP><5NP ba CMe BPB>*C®INE, DI a o< < *N® >R 5+g¢
DP>®C®IMS ALM =g, AclYD>Y®, DLIC boA*a*\D>o* M 6%C> P> pa WT< CLo T>C>*M<D NP o¢
b CP>Y[ Do (Molnar et al. 2008), <L CLo-T>CP>*<D< >LIC NP oS NNG*ILYo ba CI'< >_n<aSo1¢
B>AAGTE NPNCHYE ALST>CAS CLoTD>CP>M D DI<5v<I< AL* o< A¥a* (Casas-Monroy et al. 2014). D>L<c
B>AYNC CLo TD>CP> g o< <> *NC> >*D< b>rLAA™ I (Philippe Archambault's Benthic Ecology Lab)
(P DA, d<AY) @ ba A*CPo <N,

bN* oM< 58,374 BLIGE *Cbio*Lo® ac > CHCH>>*D 2019-TC B>MAYLC P=U<doS, Ac><5N° 587 >LIGE ©
AT TC, C<d<319-%N0* DLIGE © <A og-b > DLV, AcD><5NE 41 <A D BLIC AcCnly D> >eDe
’So<JC DPP>SoC BbPrNAcSoC PHIdoS ANAMTC T o. oC® AcCnyD>y® DliYoS, 39 P=Udo<
ANSAMT DA > >*DC <L L Al DAa .

oCoc DLYgS b>MD>YoS AcPC (spionid polychaete) Marenzelleria viridis-“J<oN®, B>MyD>IC AMTEdC
asaAYAct IS P2o<lot DB>ID>B>vdS Archambault oB>MAATS.  Cla DLY® NNGHC>ILY® pa W< C
bACDYTS D®I%PIL S <L baClc Don<da®drt b>MMAcTE BLI® AL SC>o™ ot baClc <L
DP>®C*IMC ALM =g, NP>NYD>ab® oo BI<Iv<C ALMNJS (Molnar et al. 2008, Casas-Monroy et al. 2014).
>* DG C>a<I* Do bN®AAGTT< NN®b>NCE viridis- 19, <L > <A“N*C>rLa*LJ< Scolecolepides viridis-T< a.sa A%/
CALDBEC*LALE P CoS AMo® AD®DC NP>NoScc DI a™oc <N <L DP>SC*IMC AL*eo<,
AcD><5N DPB>SC*D% AL <L PP*CD>_>* (Cusson 2018, GBIF 2020, Miller et al. 2014). PrsPyD>*bc-So-*L
bN%*AAGS 1S NNFL>NE PPHC 5% baC o< b>rYD>rA<Ib®D%® DLI%® NPLSLMC PU<daS APNAMEC.
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<APNE APHDAS AL ALD< 4o<dC b Le b C*D< PLVAS

MR APPDAC <L <o ALD< <5<IC b HC* D BLYo® b>MATSoS Ac D> bNTAA< SN AL>< A 5<lo-©
<LReD>PNAIS CPa*PNJS Do PCLAS GPCP> B>*D AIS/NIS- 0 bN=&-, AcP>< 5N bN*a-*b e N*PCD> >*D<
2019-T ba*a*LoS oC* NayP>v¥c D>PYD>YoS AR4.  NIS-I°¢ AIS-1-5°6C BPLY¥C AcCayD> P> 1D <* ¥oC
AP*Da < A'Lo ALP< 40o<dC b *LabcC*D BLYe® bPAAC S P=UdoC ANA TS, PPdo, AcCnYyP>a*re
BLYAS ag00° P'cbeP>*D® bP>ARAG I GUPPBLYIC Ao BPLYo® bD>AYD>V.oC.

Acrlo® P> AD>ANTIS LRD>PC>I 2019-TC AcCH > LP % oCo® DLicS ALD< <5<C
b e HC* Dot NNG>ID> D>HL DS AIS ALD< As<o <'ReP>notdS B>MMAGH®N=SMS 2014-< 2018-1°.
Ac LS oC® BLI®, Cephalopoda - <Mfa® o D>B*DC AcD><5N° - AN AMAC BLIC CALDBC*DC PP+ 5<
AL*Lo< (Gardiner and Dick 2010), Dtc<l BLY® b>py> >*D% LD AB_>* (Stichaeidae-o-C) IC>I><D<5N*
DLIGE UNKD>N®  (genus Lumpenus). bN=olfS <ThaeC <M CDE QMIE AP®DS bAYD> >*DS, CLT®
NNG>I>IL >*DC B> AGD>HCe >*DoC.

Do BEAYBATDE BLIAT BANFCDro PP 5aNTS b CP>Y*dS  D*d*PLé o ALTD>CAS
CloT>C>Do% <o ac DA BLIAS AcCnyP> >DS CL> 0 (Molnar et al. 2008) > 3¢
CLoeTB>C>DS BLYVAS baClrc Letod ballre Bon<a®dlDot B>MMACTS NPDoS ALTCAS
CLo T>CP>D.o¢ ba CS DI <INKTS AL o> *Dr< (Casas-Monroy et al. 2014). BLY>*CS AcCny>reD<
ACP>PBLoA 520 AcHBC>*D BLigt CLeo THChH* oo AcP>< o BP>*C*II< ALSo <.

b ALP< 9o<dC b L b C*D PLYASC

B ALD< <IH<IC DMaHC*DC DLio® bP>AATTE Ac?bCe >*DC Siot <L o<o<I*D o ba*a o€
DYGCHCI>Y 0 ANAD>< (N0l AcyD>ILa>NC ~12 C*PoS); > <L D=™LAS A*La ™o DYGC*C>Y "
APNSAD>< DNPNCD>o® <R > 2019-TC < oa® AGCH> > PJAS /SI<N*N-N, CAL IS <ID>ry> >*DC.
NIS ><<5=¢-< AIS PLYAS AcCnyP>P>*FDC b ALP< 4o<dC b *LebC*DC PL¥e< P*DG*CP>VoC PJ<o©
APRSASTE, PIPYP>tbooe P> AT o< Avo® 'L CAd™LSoB¥c AYDYn<dbie<d®DC adaA‘e<dor< NIS-I<
boA LoD,

2018-TDC, BLY oS AccP>no®Ch oI DY D%, PY<la, 2019-TC, <M <I%¢Liyc >*D ACHD>So-* o D>LIAC
DAY, <AL MAT®HNAC DLIGE S A*a D>®DC 2018-ND<5N0. NN 2,317 b <ILH<IC b LabeC*D< 22-
gt <II>MCDat BLIC B>pY > D> 2019-TC, Mo ®hAS PSS ><oNE

AL b DLIAC AcCAyD>c >*DC 2019-TC AIS/NIS-0° B>AAN-LME, L9 AcCa®DC BLIa< - Circeis
armoricana, *dN\P*, 'L Patinella verrucaria, P*J5c® - <L CP>Y/®* AcC°a®D® Cnidarian genus Gonothyraea.
acDA=a N bCC b>AYDIGC b DLio< AcCnyD>c >*D Clo T>C>*Ma-** o< >bcLla* PrPo*d<
A ARC>< o DPD>SC*D b Cia>NC (A5, Casas-Monroy et al. 2014, Sirenko et al. 2020).

Abo*

AB 5% B>MAGTE AIS/NIS bB>AP<IHC > A5 5*Co® b>AY>YeS MEEMP-TC <L AIS bP>A\Ag-So-C
a5 b CP>YHdS D*I*PLic® ALT>CAS CLoST>C> Do (Molnar et al. 2008). a.cDA*a*r< BLVAC
AcCaYP>o b P> MO pa NI bnCP>Y*d" D*d*’L¥c* ALT>CAS CLoTD>CP Mo*M*0°. <D0 AboOAS
BBAECH> B CP>TYC ACHIB>BCH N ada AT ore bBALY> oM< e I*ULP>bHCia*<, <'Lo Ao CE
e APCPP*I° LB Cio < AP o0 PPP>*C*II < Cnp=.
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ACBP® oC® DLI® AcyD>¥® AIS/NIS B>MACSIS NNGRCALY® ROV-TS bD>rNAGSaoS, AcCnayD>rLsreds
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STUDY LIMITATIONS

Golder Associates Inc. (Golder) has prepared this document in a manner consistent with that level of care and skill
ordinarily exercised by members of the engineering and science professions currently practicing under similar
conditions in the jurisdiction in which the services are provided, subject to the time limits and physical constraints
applicable to this document. No warranty, express or implied, is made.

This document, including all text, data, tables, plans, figures, drawings and other documents contained herein, has
been prepared by Golder for the sole benefit of Baffinland Iron Mines Corporation (Baffinland). The Executive
Summary was translated into Inuktitut by Rhoda Kayakjuak of Ugausiit Communication Services and provided by
Baffinland to Golder. In the event of discrepancies in information or interpretation, the English version shall prevail.
This report represents Golder’s professional judgement based on the knowledge and information available at the
time of completion. Golder is not responsible for any unauthorized use or modification of this document. All third
parties relying on this document do so at their own risk.

The factual data, interpretations, suggestions, recommendations and opinions expressed in this document pertain
to the specific project, station conditions, design objective, development and purpose described to Golder by
Baffinland, and are not applicable to any other project or station location. In order to properly understand the factual
data, interpretations, suggestions, recommendations and opinions expressed in this document, reference must be
made to the entire document.

This document, including all text, data, tables, plans, figures, drawings and other documents contained herein, as
well as all electronic media prepared by Golder are considered its professional work product and shall remain the
copyright property of Golder. Baffinland may make copies of the document in such quantities as are reasonably
necessary for those parties conducting business specifically related to the subject of this document or in support of
or in response to regulatory inquiries and proceedings. Electronic media is susceptible to unauthorized modification,
deterioration and incompatibility and therefore no party can rely solely on the electronic media versions of this
document.
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1.0 INTRODUCTION

Baffinland Iron Mines Corporation (Baffinland) completed the fifth consecutive year of environmental effects
monitoring (EEM) for the Mary River Project (hereafter, “the Project”). This report presents the results for the 2019
Marine Environmental Effects Monitoring Program (MEEMP) and Aquatic Invasive Species (AIS) monitoring
programs conducted in Milne Inlet during the open-water season. Both programs were originally developed in 2015
following completion of marine baseline studies in Milne Port (the Port) during 2010, 2013 and 2014. The MEEMP
and AIS monitoring programs are intended to provide a primary means to identify and quantify Project-related
changes in the marine environment. Where such change occurs, the programs assist in identifying appropriate
modifications to, or mitigation of, Project operational activities to avoid and/or minimize adverse effects on the
marine environment. Results from the MEEMP and AIS monitoring programs also provide information to the
Nunavut Impact Review Board (NIRB) to support its yearly review of the Mary River Project.

1.1 Project Context

The Mary River Project is an operating iron ore mine located in the Qikigtaaluk Region of North Baffin Island,
Nunavut (Figure 1-1). Baffinland is the owner and operator of the Project. The operating Mine Site is connected to
a port at Milne Inlet (Milne Port) via the 100-km long Milne Inlet Tote Road. Undeveloped components of the Project
include a South Railway connecting the Mine Station to a future port at Steensby Inlet (Steensby Port).

Project Certificate (PC) No. 005, amended by the Nunavut Impact Review Board (NIRB) on 27 May 2014, authorizes
Baffinland to mine up to 22.2 million tonnes per annum (Mtpa) of iron ore from Deposit No. 1. Of this 22.2 Mtpa of
ore, the Company is currently authorized to transport 18 Mtpa by rail to Steensby Port for year-round shipping
through the Southern Shipping Route (via Foxe Basin and Hudson Strait), and 4.2 Mtpa by truck to Milne Port for open
water shipping through the Northern Shipping Route using chartered ore carrier vessels. A Production Increase to
ship 6.0 Mtpa from Milne Port was approved for 2018 and 2019. Shipping of ore from Milne Inlet during the early
revenue phase (ERP) began in 2015 and is expected to continue for the life of the Project (20+ years). During the
first year of ERP Operations in 2015, Baffinland shipped approximately 900,000 tonnes via 13 ore carrier voyages.
The amount of ore shipped during the 2019 open-water season reached approximately 5.86 million tonnes via 81
return ore carrier voyages.
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1.2 Background

As a part of regulatory commitments, Baffinland has developed and implemented a multi-parameter Environmental
Effects Monitoring (EEM) program for the marine environment, collectively referred to as the MEEMP. The MEEMP
was designed to evaluate potential Project-related effects on the marine environment as predicted in the Final
Environmental Impact Statement (FEIS; Baffinland 2013) and FEIS Addendum (Baffinland 2013). Potential effects
on the marine environment may include:

Changes in water and sediment quality (e.g., ore dust, hydrocarbon leaks, wastewater, and site runoff)

Changes in marine habitat and biota from contaminant sources (e.g., ore dust, hydrocarbon leaks, wastewater,
and site runoff)

Physical perturbations caused by shipping (sediment re-suspension and transportation)

The MEEMP includes monitoring of marine water and sediment quality, marine invertebrates, marine vegetation,
and fish and fish habitat. The MEEMP sampling design is based on the Metal Mining Environmental Effects
Monitoring (EEM) guidelines (Environment Canada 2012) and includes statistical approaches for detecting potential
Project-induced impacts on the marine environment. Aquatic Invasive Species (AIS) and Non-Indigenous Species
(NIS) monitoring is an integral component of the MEEMP. It is designed to address the potential risks of invasive
species introductions to the marine environment from ship ballast water and hull biofouling in accordance with
existing Terms and Conditions of the Project Certificate (as applicable).

Sikumiut Environmental Management Ltd. (SEM) was originally retained by Baffinland to design and implement the
MEEMP. The MEEMP program was first implemented in 2014. Monitoring efforts in 2014 focused primarily on
further characterization of baseline conditions in Milne Port. Environmental effects monitoring was completed by
SEM in 2015 and 2016. Golder completed environmental effects monitoring in 2017 and 2018, which included
modifications to 2014-2016 MEEMP and AIS sampling design to better address the objectives of the programs.
Following the 2018 program, further modifications to the 2017-2018 MEEMP and AIS sample design were made to
address recommendations from the 2018 MEEMP report based on input from the Marine Environment Working
Group (Golder 2019a).

1.3  Objectives

This report presents the results of the MEEMP and AlS monitoring programs conducted at Milne Port and in Milne
Inlet during the 2019 open-water season. The physical oceanography component of the program is presented in a
separate report, included as Appendix L. The background review of hydrology and geomorphology in Phillips Creek
Estuary is also presented in a separate report, included as Appendix M.

In accordance with existing Terms and Conditions of Project Certificate No. 005, Baffinland is responsible for the
establishment and implementation of the MEEMP, which comprises EEM studies that are conducted over a defined
time period with the following objectives:

Assess the accuracy of effects predictions in the FEIS (Baffinland 2012) and Addendum 1 (Baffinland 2013).
Assess the effectiveness of Project mitigation measures.
Verify compliance of the Project with regulatory requirements, Project permits, standards and policies.

Identify unforeseen adverse effects and provide early warnings of undesirable changes in the environment.
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Improve understanding of local environmental processes and potential Project-related cause-and-effect
relationships.

Provide feedback to the applicable regulators (e.g. NIRB) and advisory bodies (e.g. Marine Environment
Working Group or MEWG) with respect to:

Potential adjustments to existing monitoring protocols or monitoring framework to allow for the most
scientifically defensible synthesis, analysis and interpretation of data.

Project management decisions requiring modification of operational practices where and when necessary.

The MEEMP was developed in consideration of the anticipated and potential Project-related impacts to the marine
environment as identified in the 2012 FEIS and 2014 ERP Addendum, as well as monitoring requirements outlined
in the following PC Conditions:

Condition No. 76 — ‘The Proponent shall develop a comprehensive Environmental Effects Monitoring Program
to address concerns and identify potential impacts of the Project on the marine environment.’

Condition No. 1 and 83 — ‘GPS/tidal gauge monitoring of sea levels and storm surges. Install tidal gauges at
Steensby and Milne Port to monitor seas levels and storm surges.’

Condition No. 83 (a) — ‘To identify potential for and conduct monitoring to identify effects of sediment
redistribution associated with construction and operation of the Milne Port.’

Condition No. 84 — ‘The Proponent shall update its sediment redistribution modeling once ship design has
been completed and sampling should be undertaken to validate the model and to inform sampling sites and
the monitoring plan.’

Condition No. 85 — ‘The Proponent shall develop a monitoring plan to verify its impact predictions associated
with sediment redistribution resulting from propeller wash in shallow water locations along the shipping route.
If monitoring detects negative impacts from sediment redistribution, additional mitigation measures will need
to be developed and implemented.’

Condition No. 86 — ‘Prior to commercial shipping or iron ore, use more detailed bathymetry collected from
Steensby and Milne Inlets to model anticipated ballast water discharges from ore carriers. This information
should be used to update ballast water discharge impact predictions and sampling should be conducted to
validate the model.’

Condition No. 87 — “The Proponent shall develop a detailed monitoring program at a number of sites over the
long term to evaluate changes to marine habitat and organisms and to monitor for non-native introductions
resulting from Project-related shipping. This program needs to be able to detect changes that may have
biological consequences and should be initiated several years prior to any ballast water discharge into
Steensby Inlet and Milne Inlet to collect sufficient baseline data and should continue over the life of the Project.’

Condition No. 89 — ‘The Proponent shall develop and implement an effective ballast water management
program that may include the treatment and monitoring of ballast water discharges in a manner consistent with
applicable regulations and/or exceed those regulations if they are determined to be ineffective for providing
the desired and predicted results. The ballast water management program shall include, without limitation, a
provision that requires ship owners to test their ballast water to confirm that it meets the salinity requirements
of the applicable regulations prior to discharge at the Milne Port, and a requirement noting that the Proponent,
in choosing shipping contractors will, whenever feasible, give preference to contractors that use ballast water
treatment in addition to ballast water exchange.’
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m Condition No. 91 — ‘The Proponent shall develop a detailed monitoring plan for Steensby Inlet and Milne Inlet
for fouling that complies with all applicable regulatory requirements and guidelines as issued by Transport
Canada, and includes sampling areas on ships where antifouling treatment is not applied such as the areas
where non-native species are most likely to occur.’

m Condition No. 99 (a) — ‘Establish shipping season, inter-annual baseline in Steensby Inlet and Milne Inlet that
enables effective monitoring of physical and chemical effects of ballast water releases, sewage outfall, and
bottom scour by ship props, particularly downslope and downstream from the docks. This shall include the
selection and identification of physical, chemical, and biological community/indicator components. The
biological indicators shall include both pelagic and benthic species but with emphasis on relatively sedentary
benthic species (e.g., sculpins).’

m  Condition No. 99 (b) (ii) — ‘The collection of additional baseline data in Milne Inlet on narwhal, bowhead and
anadromous Arctic char abundance, distribution ecology and habitat use.’

m  Condition No. 113 — ‘The Proponent shall conduct monitoring of marine fish and fish habitat, which includes
but is not limited to, monitoring for Arctic char stock size and health condition in Steensby Inlet and Milne Inlet,
as recommended by the Marine Environment Working Group.’

m Condition No. 114 — ‘In the event of the development of a commercial fishery in the Steensby Inlet area or
Milne Inlet-Eclipse Sound areas, the Proponent, in conjunction with the Marine Environment Working Group,
shall update its monitoring program for marine fish and fish habitat to ensure that the ability to identify Arctic
char stock(s) potentially affected by Project activities and monitor for changes in stock size and structure of
affected stocks and fish health (condition, taste) is maintained to address any additional monitoring issues
identified by the MEWG relating to the commercial fishery.’

m Condition No. 126 — ‘The Proponent shall design monitoring programs to ensure that local users of the marine
area in communities along the shipping route have opportunity to be engaged throughout the life of the Project
in assisting with monitoring and evaluating potential Project-induced impacts and changes in marine mammal
distributions.

1.4 Valued Ecosystem Components and Thresholds

The Valued Ecosystem Components (VECs) on which effects were assessed in the FEIS and monitored during the
MEEMP studies were Marine Water and Sediment Quality, Marine Fish Habitat and Arctic Char Health. The
assessment predicted that Project activities may result in localized changes above threshold values (Level-ll-
magnitude) for Water and Sediment Quality and Arctic Char Health VECs, confined within the LSA. It was predicted
that changes would not exceed thresholds (Level-I-magnitude) for the Marine Fish Habitat VEC. All predicted
residual environmental effects were rated as “Not Significant” since they were confined to the LSA (Baffinland 2012
and 2013).

Criteria used to determine effect magnitude thresholds for the Water and Sediment Quality VECs were Canadian
Council of Ministers of Environment (CCME) Guidelines for the Protection of Aquatic Life (Table 1-1) or baseline
concentrations if they exceeded guidelines prior to start of Project activities. CCME guidelines for water quality were
also used to determine effect magnitude thresholds for the Arctic Char Health VEC (Table 1-2). Thresholds for effect
magnitude on the Fish Habitat VEC were established as a reduction in productive capacity measured as a proportion
of lost or altered habitat to the total area of the LSA (Table 1-3) (Baffinland 2012 and 2013). For certain parameters
where no guidelines or quality criteria exist (e.g., sediment percent fines, sediment iron concentrations and benthic
community abundance), the MEEMP uses a significance criterion of two standard deviations of the baseline year
as a threshold (Baffinland 2016).
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Table 1-1: Criteria for Determination of the Magnitude of Effect on Water and Sediment Quality (Baffinland 2012)

Level Descriptor Criteria

Not Assessed (Level 0) Negligible | Water/sediment quality change not expected to be detectable

Level | Low Water/sediment quality change may be detectable but would remain
within CCME guidelines

Level Il Moderate Water/sed_lme.nt quality change within an order of magnitude of the
CCME guidelines

. Water/sediment quality change greater than an order of magnitude
Level ll High above the CCME guidelines

Table 1-2: Criteria for Determination of the Magnitude of Effect on Arctic Char Health Due to Changes in Water Quality

(from Baffinland 2012)

Level Descriptor Criteria
Not Assessed (Level 0) Negligible | Water quality change within CCME guidelines
Level | Low Water quality change is from 1 to 10 times the CCME guidelines
Level ll Moderate | Water quality change is from 10 to 100 times the CCME guidelines
Level lll High Water quality change is more than 100 times the CCME guidelines

Table 1-3: Criteria for Determination of the Magnitude of Effect on Marine Fish Habitat (from Baffinland 2012)

Level Descriptor | Criteria
Not Assessed (Level 0) Negligible | Less than 1% reduction in productive capacity
Level | Low Between 1% and 10 % reduction in productive capacity
Level Il Moderate | Between 10% and 20% reduction in productive capacity
Level lll High More than 20% reduction in productive capacity
1.5 Study Area

The 2019 MEEMP and AlIS field surveys were conducted primarily within the Local Study Area (LSA) for the Marine
Environment as defined® in the FEIS and Addendum (Baffinland 2012; 2013). The LSA includes all of Milne Port
(Assomption Harbour) and extends north up to 4 km from the existing terminal (spanning the full width of Milne Inlet
at the northern boundary) (Figure 1-1). The southeast boundary of the LSA ends at the confluence of Milne Inlet
with Phillips Creek.

5 The LSA includes all marine waters where there exists a reasonable potential for direct measurable effects from Project activities on the
marine environment.

[«>)
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Following feedback provided from MEWG members and local Inuit during the 2016 community workshops,
additional AIS/NIS and physical oceanographic monitoring was conducted north of the LSA boundary extending to
Ragged Island and Eclipse Sound in 2019. This represented the third consecutive year of sampling at Ragged
Island which aimed at detecting potential Project effects from ore carriers when anchored in this area.

2.0 STUDY DESIGN
21 MEEMP (2014-2018)

The MEEMP was designed to evaluate potential Project-related impacts on the marine environment as predicted in
the FEIS and FEIS Addendum (Baffinland 2012; 2013). The MEEMP design has continually evolved since its
inception, based on refinements to the program that have been identified through consultation with regulatory
agencies and Inuit organizations and recommendations made in previous survey years. The original sampling
design for the MEEMP (Baffinland 2016; SEM 2015) was based on a radial gradient transect design extending out
from the Ore Dock (Figure 2-1), which represents a potential point source for contaminants (e.g., ore dust,
hydrocarbon release, wastewater, and site runoff) and physical perturbations (e.g., sediment re-suspension and
transportation). The radial pattern was designed to detect potential Project-related effects based on a gradient of
key components with numerical indicators (e.g., metal concentrations in sediment) along a series of transects with
increasing distance from the point source.

The initial MEEMP design (excluding AIS monitoring) included the following study components:
m  Marine sediment quality
m Benthic epifauna and epiflora dive surveys

m Fish

Water quality was added to the MEEMP in 2015 to monitor for potential changes in water quality associated with
site drainage and treated effluent discharges to the marine environment (including iron ore stockpile run-off). Four
water quality stations were established near the site discharge point for compliance monitoring; one station next to
the site discharge point, and three stations located slightly offshore to the northeast, north and northwest of the
source.

In 2017, monitoring of sea levels (using a tidal gauge) and vertical physical profiles of physical oceanographic
parameters at Milne Port were added to the MEEMP. In 2018, this was expanded to include physical oceanographic
monitoring throughout Milne Inlet including two sites at Milne Port and one at Bruce Head, and additional vertical
physical profiles at select times and locations throughout Milne Inlet.

In 2018, the number of sediment samples analyzed for hydrocarbon concentrations was reduced from three
samples to one sample at each station, as hydrocarbon concentrations had been below detection limits (DL) in all
samples to date. Additionally, in 2018 two new sediment sampling stations were added along the East Transect to
account for future expansion (e.g., the Freight Dock completed in 2019; Golder 2019a, Golder 2020).
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The 2014 to 2017 MEEMP study design did not include a benthic infauna sampling program. Changes to the benthic
community were instead evaluated using epifauna® and epiflora’ as indicators using towed underwater video
transect surveys. The use of epifauna and epiflora as effect indicators deviated from the standard EEM methodology
(Environment Canada 2010; 2012) and presented a number of disadvantages, including 1) high temporal and
spatial variability due to the transient nature of most epifaunal species, 2) typical low resolution of video survey data
compared to laboratory analysis for species identification, enumeration and substrate classification, and 3) difficulty
in distinguishing between live epiflora (e.g. kelp) and dead vegetation debris using video survey methods, which
can result in inaccurate data reporting. As such, with input from the MEWG, benthic infaunal sampling was added
to the MEEMP in 2018.

Additionally, in 2018, towed video surveys for benthic epifauna and epiflora were not conducted along the full
transect lengths; instead, the study design was changed to follow a Before-After-Control-lmpact (BACI) approach
with five belt transects (1 m x 5 m plots) permanently installed on the seabed in each of the Exposure (Impact) and
Reference (Control) areas; monitoring was conducted using a remotely operated vehicle (ROV) underwater video
system. Taxonomic data was also used to inform the AIS/NIS program.

Prior to 2018, fish tissue sampling was limited to incidental Arctic char mortalities, which fluctuated from year to
year and did not always yield enough samples for a meaningful statistical analysis. In 2018, a local shellfish species,
Hiatella arctica, was added to the MEEMP as an additional effects indicator for the fish health sampling program in
case finfish species (Arctic char or sculpins) were sampled in insufficient numbers to adequately support statistical
analyses. H. arctica are a resident species in the Project area, easily identifiable and measurable in the field, and
are fairly abundant in the study area (Golder 2018). Measurement endpoints included tissue (body burden) analysis.
No additional licensing or permit was required for shellfish sample collection.

In 2017, fish sampling was limited to a two-week period in August, which may not have been representative of the
entire open-water shipping season (late July to mid-October). In 2018, fish sampling was conducted throughout the
duration of the MEEMP program (over four weeks, from the end of July to the end of August) for better
representation of the shipping season. Fishing methods included gill netting and Fukui traps, with angling added in
2017, and beach seines added in 2018.

5 benthic invertebrates living on the substrate
" marine vegetation attached to the substrate (e.g. kelp)
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211 Modifications to the MEEMP (2019)
The 2019 MEEMP study design considered the following:

MEEMP 2014 to 2018 results
Feedback from MEWG and Regulators on the 2018 MEEMP report and the MEEMP program to-date
EEM guidance from Environment and Climate Change Canada (Environment Canada 2012)

Sampling requirements for any future expansions of Port infrastructure or any increase in Milne Port operations
and shipping activities

Based on the above, the following changes to the MEEMP study design occurred in 2019:

Vertical physical profiles of water quality parameters including temperature, salinity, conductivity, turbidity, pH,
chlorophyll-a, and dissolved oxygen were taken north of Ragged Island in Eclipse Sound in August and
September 2019.

Increased spatial coverage of vertical physical profiles of conductivity/salinity, temperature and depth (i.e. CTD
profiles) near Milne Port following deployment and recovery of Physical Oceanographic moorings in 2019.

Background review of potential sea level rise in Nunavut to provide context to ongoing continuous monitoring
of water levels at Milne Port Ore Dock in the open-water season.

Background review of hydrology and geomorphology in Phillips Creek Estuary to assess the potential for
natural sediment redistribution at the head of Milne Inlet.

Following the results of a power analysis (Golder 2019c) requested by the MEWG, benthic infauna and
sediment sampling stations were changed to a larger radial gradient design increasing from four transects with
5 stations to five transects with 15 stations each to improve statistical power and the ability to detect
Project-related effects. Unlike in previous years, separate AIS stations were not sampled due to the expansion
of the benthic sampling program (Figure 2-2).

A fifth transect (Northeast Transect) was added to the 2019 MEEMP. The new transect extended offshore
from between the existing Ore Dock and the Freight Dock at an angle to the Northeast to a distance of
approximately 2,100 m, corresponding to a water depth of approximately 120 m. Consistent with the other
transect locations, targeted sediment and benthic sampling stations were proposed at 15 stations along the
northeast transect.

The North Transect was renamed the “Northwest Transect” to clearly differentiate it from the Northeast
transect. Both the Northwest and Northeast transects included a distance and depth gradient for consideration
in the EEM analyses, whereas the East, West and Coastal transects only include a distance gradient due to
their positioning along the 15 m depth contour.

In previous years, 3 subsamples were taken at each benthic infauna sampling station. In 2019, the three
subsamples were composited into a single sample for each station.

Benthic infauna and sediment samples were collected using a standard Ponar grab and a Van Veen grab,
increasing the sample volumes and surface areas. Due to the large volume of the Van Veen grab, each of the
triplicate grabs was split in the field and half of the sample retained.

10
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m  Fish tissue sampling included sculpin (Myoxocephalus sp.), due to the number of incidental mortalities being
sufficient to support analyses. Sculpin were identified as a potential target species for body burden analysis
during the early stages of the MEEMP; however, low catch rates and limited recaptures suggested that their
population size in the LSA was too low to support lethal fish collection for subsequent tissue analysis.

m Instead of collecting length and weight measurements of Hiatella arctica samples in the field, H. arctica
specimens were submitted for age analysis in addition to the tissue (body burden) analysis.

m  Fyke nets were introduced to the fish sampling program to determine the capture efficiency of the method in
Milne Port and assess its potential as a replacement for Fukui trapping.

Other components of the 2019 MEEMP program remained unchanged from previous years (2014-2018).

1"
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2.2 AIS Monitoring (2014-2018)

The AIS monitoring program was designed to detect for the potential introduction of non-indigenous species from
ballast water discharges and/or hull biofouling. The AIS monitoring program is largely based on a Before-After
experimental design that focuses on areas with the highest likelihood of marine invasion. The AIS Monitoring
Program is conducted at a surveillance level for AIS and NIS, where detection of a single invasive species is the
threshold for the triggering of adaptive management measures (e.g., species rapid response plans) and/or potential
corrective actions (e.g., measures to eradicate the AlS), if deemed feasible. The AIS/NIS monitoring program
consists of data collected across multiple trophic levels (marine vegetation, zooplankton, benthic invertebrates and
fish) to establish a comprehensive inventory of existing marine biota in the Project area that is intended to serve as
a point of reference for any new species (i.e. NIS) identified over time, and to evaluate potential changes in
community structure that may be linked to NIS introductions. Marine organisms identified during baseline studies in
2008, 2010 and 2013 also contributed to the AIS/NIS inventory. AIS/NIS monitoring is recommended to be
conducted annually until results of ballast water sampling are deemed satisfactory to recommend reducing the
frequency of monitoring in the receiving environment.

Since ballast water releases occur at the anchorages and the Ore Dock in Milne Port, AIS/NIS sampling conducted
to date has largely focused in southern Milne Inlet. Baseline AlS surveys were conducted in 2014 to enhance marine
flora and fauna inventories collected during baseline sampling in 2008 and 2013. AIS monitoring undertaken in
2015 and 2016 focused on identification of organisms not previously detected during the baseline program
(as primary indicators of invasion). Equivalent AIS monitoring was conducted in Milne Port area during 2017,
although the program was expanded to include AlS sampling at Ragged Island in response to public concern over
ships potentially discharging ballast water while occupying anchorage sites in this area. It is noted that no ballast
water is to be discharged at Ragged Island by any Project-related vessel.

In 2018, in accordance with monitoring requirements outlined in PC Condition No. 91., ROV-based underwater
video surveys were conducted of several ore carrier ship hulls to assess for potential biofouling and transport of
non-native species by Project vessels originating from outside Canadian waters.

Several of the benthic infaunal sampling stations (15-25 m strata) that were part of the 2014-2017 AIS monitoring
program were relocated in 2018 to new locations along the three MEEMP transects (Figure 2-2). The benthic
infauna samples collected along the North, West and East transects were used as an effects indicator for the EEM
program as well as monitoring for the AlS program.

221 Modifications to the AIS program (2019)
The following modifications were made to the AIS program in 2019:

m Following recommendations from the 2018 MEEMP and AIS Program Report (Golder 2019a), a new high
definition (HD) camera was attached to the ROV to improve taxonomic identification capability.

m Following the results of a power analysis (Golder 2019c), benthic infauna sampling stations as part of the
MEEMP were changed to a larger radial gradient design increasing from four transects with five stations to
five transects with fifteen stations each. As in previous years, three subsamples were taken at each station,
although in 2019, the subsamples were composited.

m Following recommendations from MEWG, emphasis was added to reporting to highlight the AIS monitoring
program included monitoring for all NIS, not just AlS.

m In 2019, no sampling occurred at the AIS specific stations, due to the significant expansion of the benthic
sampling program. A greater number of stations were sampled for identification of benthic infauna. AIS/NIS
status was determined for all infauna identified in benthic sampling.

m A new AIS towed video survey transect was added east of the new Freight Dock at Milne Port to account for
potential changes in shipping rates in Milne Port.

13
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3.0 MATERIALS AND METHODS

The 2019 MEEMP and AIS field monitoring programs were conducted over nine weeks between 24 July and 6
October by a five-person field team composed of Golder biologists, local Inuit researchers, and a local Inuit vessel
operator from Pond Inlet, NU. Sampling was conducted from a 28-foot aluminum vessel (field vessel) and an
11-foot zodiac tender vessel based at the Milne Port facility. Physical oceanography monitoring was conducted from
Ocean Group tugboats and the icebreaker MSV Botnica.

3.1 MEEMP
311  Water Quality

Water quality samples were collected during six sampling events between 26 August and 1 October 2019 to monitor
for potential changes in water quality associated with site drainage and treated effluent discharges to the marine
environment. Samples were typically collected weekly over this period; however, an unexpected health and safety
incident disrupted the 2019 sampling schedule, such that on-water sampling was not possible for approximately a
week of the program resulting in a slight change in the sampling program from previous years. Consequently, two
sampling events were completed during the last week of August (i.e., on 26 August and 29 August 2019) and no
sampling was conducted the week of 16 September 2019.

Water quality samples were collected at four sampling stations that were previously monitored from 2015-2018
(SEM 2016; SEM 2017a; Golder 2018, Golder 2019a): one station was situated directly offshore of the marine
discharge point for treated effluent and collected site drainage (i.e., Source) while the remaining three stations were
located approximately 250 m offshore of the outfall location to the northwest (WNE), north (North), and northeast
(ENE), respectively (Figure 3-1; Table 3-1). The treated effluent and site drainage discharge system consists of an
upland pipe that terminates in a collection ditch on the upper foreshore. The ditch runs downslope to a marine
discharge point located on the beach east of the existing Ore Dock. During sampling, discharge water was observed
flowing from the pipe into the collection ditch, where it permeated the ground prior to reaching the shoreline
(i.e., water was not observed to be flowing directly into the marine receiving environment during the sampling
events).

Table 3-1: Marine Water Quality Sampling Locations

Station Name Easting (m) Northing (m)
ENE 17W 503874 7976517
North 17W 503725 7976612
WNW 17W 503540 7976599
Source 17W 503662 7976403

Notes: UTM = Universal Transverse Mercator; m = meter.

14
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Water sampling at each station was conducted from the field vessel using a 5.0 L Niskin sampling bottle. Samples
were collected from approximately 0.5 to 1 m below the surface due to the relatively shallow depth and lack of
stratification at the sampling stations. Samples were preserved in the field according to laboratory instructions and
kept refrigerated until they were shipped (within 48 h of sample collection) on ice in coolers to ALS Environmental
Laboratories (ALS), an accredited analytical laboratory. Samples for dissolved metals analyses were field-filtered
using laboratory supplied 0.45 micrometer filters prior to preservation. Laboratory analyses of water samples were
conducted by ALS and included general chemistry, nutrients, major ions, total and dissolved metals, coliforms, and
hydrocarbons. Laboratory analytical results are presented in Appendix B-1.

3.1.1.1 Data Analysis

Water quality results were screened against the Canadian Council of Ministers of the Environment (CCME) water
quality guidelines for the protection of aquatic life for marine environments (CCME 2014). For parameters without
an applicable CCME water quality guideline (e.g. iron), concentrations were compared to the range of water
concentrations reported in previous years (i.e., 2015-2018). Mean, minimum and maximum concentrations were
calculated for each sampling station over the six sampling events. For statistical calculations, the value of the
reported detection limit (DL) was conservatively used for measurements that were reported to be below the
analytical DL.

3.1.2 Physical Oceanography

In-field measurements of physical oceanographic parameters were supported through three subsurface tautline
moorings deployed in Milne Inlet, one at Bruce Head and two near Milne Port, and a tide gauge deployed at Milne
Port (Figure 3-1). Vertical physical profiles of conductivity, temperature and depth (CTD) were taken adjacent to the
moorings at select times to characterize through water column conditions. Additionally, CTD profiles were taken
around an ore carrier vessel while berthed at Milne Port Ore Dock and along a transect from Milne Port to Ragged
Island. Along the Milne Port to Ragged Island transect, additional parameters including turbidity, fluorescence
(chlorophyll-a), and dissolved oxygen were measured to better characterize the physiochemical properties of the
marine environment important for biological productivity (profiles are shown in Figure 3-1).

All measurements were taken within the open-water season, early August to late September. The moorings were
designed to provide a time series of instrument depth, current speed and direction through the water column, and
conductivity, salinity and temperature at select depths.

A tide gauge was deployed at Milne Port Ore Dock in 2019 for the third consecutive year. Following previous years
protocol, a survey of the deployed location to reference the water levels to a common datum was completed. The
gauge was designed to provide a time series of water surface elevations and conductivity, salinity and temperature
near surface. Multi-year data from the Milne Port tide gauge, in combination with a literature review of sea level rise
and land uplift/subsidence rates in Nunavut, was conducted to assess the potential for sea level rise near Milne
Port.

More detailed methodology of the Physical Oceanography Program are presented in Appendix L.
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3.1.3 Background Hydrology and Geomorphology

A review of Phillips Creek hydrology and geomorphology was undertaken to characterize natural patterns of
sedimentation in the vicinity of the Phillips Creek delta. The purpose of the review was to contextualize changes to
sediment size observed in the 2014-2017 MEEMP sediment samples over the West Transect and to assess any
potential natural variability in the depositional environment near the Phillips Creek delta. The review included:

m Aliterature review of arctic hydrology and geomorphology.

® An analysis of geomorphic change along Phillips Creek from approximately 17.5 km upstream of its mouth to
the delta using air photos and satellite imagery collected between 1982 and 2016.

m A high-level analysis of available Phillips Creek discharge data.

m A high-level analysis of sediment size data along the West Transect collected during the MEEMP sediment
sampling program between 2014 and 2017.

m A discussion of the findings of the literature review, historical imagery analysis, and data review and
implications for sediment quality sampling.

More detailed methodology of the Background Review of Hydrology and Geomorphology in Phillips Creek Estuary
is presented in Appendix M.

314 Sediment Quality

As described in Section 2.0, the EEM sampling design for sediment quality and benthic infauna (specific methods
provided in Section 2.1.1) was based on a radial gradient transect design extending from the Ore Dock. Fifteen
sediment and benthic stations were targeted along each of the five proposed transects, as shown previously in
Figure 3-2 . Sampling stations were positioned at increasing distances from the point source (i.e., the Ore Dock)
along each of the five transects. Three transects (East, West, and Coastal) were arranged along the 15 metre (m)
water depth contour to reduce the confounding influence of depth on sediment and associated biota. The 15 m
depth contour is unaffected by winter ice scour and was previously associated with relatively higher species counts
and increased species diversity for both marine flora and fauna (SEM 2015; Baffinland 2016). The fourth transect
(Northwest Transect) extended directly offshore of the existing Ore Dock to a distance of 2,000 m, corresponding
with a water depth of approximately 100 m. A fifth transect (Northeast Transect) was added in 2019. The Northeast
transect extended offshore from a point between the existing Ore Dock and the Freight Dock, and extended at a
Northeast angle to a maximum distance of 2,100 m, corresponding to a water depth of approximately 120 m. The
Northwest and Northeast transects included both a distance and depth gradient for consideration in the EEM
analysis.

An unexpected health and safety incident disrupted the 2019 sampling schedule, such that only a subset of the
targeted sediment and benthic infauna stations were sampled, and no samples were collected along the Coastal
Transect. Sediment quality samples collected along the four remaining transects are depicted in Figure 3-2. Along
each of these four transects, between 10 and 12 stations were sampled for sediment chemistry analyses. The
coordinates, depths and approximate distance from Ore Dock of each station sampled are shown in Table 3-2.
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In addition to the 44 transect stations sampled as part of the 2019 MEEMP, samples from two additional stations
(SE18-1 and SE18-2) were also collected and submitted for chemical analyses. These two stations were added for
consistency with previous MEEMP programs but were not part of the updated radial gradient sampling design. They
were sampled to allow direct comparison of 2019 results to those sampled from the same locations in 2018.

Table 3-2: Sediment Sampling Locations Sampled in 2019

UTM Coordinates (Zone 17W) Approximate Lateral
Distance Along Water Depth (m)
Transect (m)

Station Name

Easting Northing

East Transect

SE-1 503907 7976716 11 12
SE-2 504046 7976688 144 10
SE-3 504106 7976701 201 19
SE-4 504192 7976679 289 14
SE-5 504301 7976637 404 15
SE-6 504396 7976654 494 19
SE-7 504487 7976680 582 17
SE-8 504558 7976731 651 16
SE-9 504651 7976767 745 18
SE-10 504754 7976769 848 19
SE-11 504840 7976731 933 20
Northeast Transect

SNE-1 503834 7976806 8 29
SNE-2 503908 7976942 158 52
SNE-3 503946 7977081 301 57
SNE-4 504018 7977219 456 67
SNE-5 504071 7977356 603 82
SNE-6 504136 7977487 749 90
SNE-7 504187 7977629 900 98
SNE-8 504249 7977761 1045 102
SNE-9 504302 7977890 1190 104
SNE-10 504377 7978053 1364 105
SNE-11 504430 7978181 1503 121
Northwest Transect

SNW-1 503305 7976766 15 37
SNW-2 503268 7976895 148 50
SNW-3 503269 7977038 289 62
SNW-4 503264 7977196 447 67
SNW-5 503272 7977363 613 72
SNW-6 503254 7977502 753 75
SNW-7 503270 7977662 912 80
SNW-8 503282 7977780 1029 85
SNW-9 503288 7977911 1160 88
SNW-10 503283 7978046 1295 91
West Transect

SW-1 503148 7976588 17 17
SW-2 503055 7976532 100 21
SW-3 502961 7976473 210 22
SW-4 502878 7976439 300 16
SW-5 502768 7976398 417 17
SW-6 502677 7976449 486 15
SW-7 502593 7976480 561 18
SW-8 502486 7976524 663 18
SW-9 502372 7976525 786 14
SW-10 502264 7976521 884 21
SW-11 502154 7976496 996 19
SW-12 502040 7976484 1110 20
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UTM Coordinates (Zone 17W) Approximate Lateral

Station Name Distance Along Water Depth (m)

Easting Northing Transect (m)

Additional Non-transect Stations
SE18-1 503425 7976692 Not on transect 17
SE18-2 503647 7976729 Not on transect 26

Notes: UTM = Universal Transverse Mercator; m = meter.

Sediment samples were collected using either a standard Ponar grab sampler (area of 0.05 m?) or a Van Veen grab
sampler (area of 0.1 m2). At each station, multiple grab samples were collected by lowering the sediment sampler
in adjacent deployment positions to obtain a sufficient volume of surficial sediments for the selected analyses. Each
grab sample was examined for acceptability based on the following criteria:

m The sampler was fully closed
m There was adequate penetration depth (i.e., sediment volume greater than 25% full)

m the sample did not appear overfilled or disturbed, and the sample did not appear to have been collected on an
angle

m the sampler did not appear to be leaking sediment at a substantial rate (i.e., the top of the sediment profile did
not appear to be sloping inwards)

Upon acceptance, the top 5 cm of sediment from each grab sample was removed from the center of the grab
(i.e., sediment from the side and bottom of the grab was not collected) using a stainless-steel spoon and transferred
to a stainless-steel bowl. Sediment samples from composite grabs were homogenized using the stainless-steel
spoon until the colour and texture were consistent throughout the sample. Aliquots of homogenized sediments from
each station were then transferred to clean, laboratory supplied sampling containers. Terra Core® samples® were
also taken from the homogenized sediments and placed into laboratory-supplied vials containing methanol to
preserve samples destined for analysis of volatile organic compounds (VOCs).

Additional information, including the number of unsuccessful grabs, sediment appearance and odour (if any),
presence of debris in sample, presence of live organisms in sample, and deviations from the planned sampling
program, were recorded on field data sheets (Appendix C-1). The date, time, transect name, station number, and
global positioning system (GPS) coordinates of each sample were recorded. All sampling gear was cleaned with
brushes and biodegradable laboratory-grade detergent between sample collections. Sediment sub-samples were
stored on ice in coolers prior to shipment to the analytical laboratory (within 48 h of sample collection) for the
following analyses:

m  moisture and pH

m grain size

m  extractable metals

m total organic carbon (TOC) and total inorganic carbon (TIC)

m hydrocarbons (extractable petroleum hydrocarbons [EPHs], volatile organic compounds [VOCs] and polycyclic
aromatic hydrocarbons [PAHSs]).

8 The Terra Core sampler is a single-use transfer tool, designed to extract sediment samples and transfer them to the appropriate containers
for in-field chemical preservation.
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3.14.1 Data Analysis

Analytical results were compiled, and descriptive statistics (e.g., mean and standard deviation [SD]), were
performed for each station. Concentrations of metals and hydrocarbons were compared to CCME Interim Sediment
Quality Guidelines (ISQGs) and Probable Effect Level (PELs) for the protection of aquatic life in the marine
environment (CCME 2014). In addition, metals and hydrocarbons were compared to British Columbia Working
Quality Guidelines for sediment (BC MOE 2017), and the National Oceanic and Atmospheric Administration (NOAA)
sediment benchmarks (Buchman 2008), following feedback received from MEWG.

A Spearman Rank Correlation analysis was conducted to determine if there were statistically significant
relationships (P < 0.05) between sediment metal concentrations and the sampled distance from the Ore Dock along
each Transect. For the analysis, concentrations below the laboratory DLs were substituted with half the DL.

Principal Component Analysis (PCA) was conducted on sediment physical and chemical variables of samples. PCA
is an ordination technique that examines ecological distances (differences or similarities) between samples and
allows plotting of high dimensional data in two or three-dimensional graphs, with the distances between the samples
in the graphs representing the degree of similarity or difference in chemistry. For the analysis, concentrations below
the laboratory DLs were substituted with half the DL; all concentrations were transformed into their square roots.
Variables for which all concentrations were below DLs (e.g., hydrocarbons, volatile organic compounds) were
excluded from the PCA. The PCA was conducted in the statistical environment R v. 3.6.1 (R 2019), using the
package FactoMiner (Le et al. 2008).

Fines content (i.e., sum of clay and silt fractions) was analyzed separately for the 2019 data and the combined
2014-2019 data to assess spatial and temporal gradients, respectively. Both analyses were conducted using
general linear modelling. The model for the 2019 data included main effects of distance from transect origin,
transect, and the possible interaction between the two variables. The model for the 2014-2019 data included main
effects of distance from transect origin, year (as a categorical variable), transect, and all possible interactions among
the three variables. The effect of distance was modeled as a second-degree orthogonal polynomial to account for
the non-linearity in percent fines relative to distance from transect origin. Model residuals were examined to identify
departures from linear regression assumptions—normality, homoscedasticity (equal variances), and linearity in
predictors. No outliers were identified in the analyses; therefore, all applicable data were used in the models.
Following the 2019 linear regression, multiple comparisons were performed to assess differences in fines content
at consecutive distances along each transect individually. Following the multi-year linear regression, multiple
comparisons were performed at the following covariate values: distances of 0 m, 500 m, 1,000 m, and 1,500 m.
The model results were compared between years within each distance-transect combination. Tukey’s honest
significant difference (HSD) procedure was used in pairwise comparisons to correct for Family-wise error rate, and
in 2019, Holm-Sidak method was used for P-value adjustments.

The analysis of iron concentrations in sediments was performed in a similar manner to the analysis of fines content.
However, the model also included a main effect of percent fines. Fines and iron concentrations were transformed
using natural logarithms, and the effect of distance was modeled as a second-degree orthogonal polynomial. One
outlier value was removed during the 2019 analysis based on examination of residuals—the value was from the SE
Transect (at 144 m). Three outlier values were removed during the multi-year analysis based on examination of
residuals—all values were from the East Transect, one in 2016 (120 m) and two in 2019 (144 m and 289 m). All
outliers were shown on the plots depicting raw values and model predictions. Multiple comparisons were performed
for observed fines content at each transect-distance combination (or combination of transect-distance-year for the
multi-year comparison) for each of the models. The comparisons for 2019 assessed differences between
consecutive distances along each individual transect based on the observed iron and fines values, whereas
comparisons for the multi-year analysis assessed differences among years based on the observed fines values at
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each distance-transect combination. In the calculation of multiple comparisons based on observed fines content, all
estimates were adjusted to mean natural log-transformed fines for each transect-distance combination. The analysis
of both fines and iron concentration were performed in the statistical environment R v.3.6.1 (R 2019), using the
packages “car” (Fox and Weisberg 2019), “emmeans” (Length 2020), and “multcomp” (Hothorn et al. 2008).
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3.1.5 Benthic Infauna

As described in Section 2.0, the EEM sampling design for benthic infauna was based on a radial gradient transect
design extending from the Ore Dock. Fifteen sediment stations were targeted along each of the five proposed
transects, as shown previously in Figure 3-2.

An unexpected health and safety incident disrupted the 2019 sampling schedule, such that only a subset of the
targeted benthic infauna stations were sampled, and no samples were collected along the Coastal Transect. Benthic
infauna samples were collected from 32 stations along four transects (East, West, Northeast and Northwest) and
were each co-located with a sediment sampling station (Figure 3-2; Table 3-3).

Benthic infauna samples were collected as a composite of three grabs from each station using a standard Ponar
grab or Van Veen sampler with an area of 0.05 m? or 0.1 m?, respectively. Due to the large volume of the Van Veen
sampler, each grab was split using a field splitter constructed specifically for the purpose of this program. One half
of each Van Veen grab was retained and composited for each grab sample to standardize the area of grab samples
obtained using different devices (i.e., ¥z of Van Veen [0.1 m?] = full Ponar grab [0.05 m?]). Each benthic grab sample
was examined for acceptability using the criteria outlined in Section 3.1.4.

Upon acceptance, each of the three replicate grab samples from each station (once standardized for consistent
grab area) were combined and transferred to an aluminum sieving table. The composite material from each station
(i.e., made up of 3 replicates/station) was gently rinsed through a 0.5 mm mesh sieve with filtered seawater and
preserved in pre-labeled 1 L wide-mouth high-density polyethylene (HDPE) sample jars containing 10% buffered
formalin solution. Larger organisms were removed during the rinsing process using forceps and preserved in
separate jars to avoid crushing the organisms with hard substrate material. The containers were then sealed and
inverted several times to promote homogenization with the formalin. Containers were labeled internally
(water-resistant labels) and externally. Samples were sent to Biologica Environmental Services (Biologica) for
sorting and taxonomic identifications (to the lowest practical taxonomic levels).

Table 3-3: Benthic Infauna Sampling Station Locations.

UTM Coordinates (Zone 17W) Approximate

Station Name Easting Northing Distance along D(er:;h
Transect (m)

East Transect

BE-1 503907 7976716 11 12
BE-2 504046 7976688 144 10
BE-3 504106 7976701 201 19
BE-4 504192 7976679 289 14
BE-5 504301 7976637 404 15
BE-6 504396 7976654 494 19
BE-7 504487 7976680 582 17
BE-8 504558 7976731 651 16
Northeast Transect

BNE-1 503834 7976806 8 29
BNE-2 503908 7976942 158 52
BNE-3 503946 7977081 301 57
BNE-4 504018 7977219 456 67
BNE-5 504071 7977356 603 82
BNE-6 504136 7977487 749 90
BNE-7 504187 7977629 900 98
BNE-8 504249 7977761 1045 102
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UTM Coordinates (Zone 17W) Approximate Depth

(m)

Station Name Distance along

Easting Northing

Transect (m)

Northwest Transect

BNW-1 503305 7976766 15 37
BNW-2 503268 7976895 148 50
BNW-3 503269 7977038 289 62
BNW-4 503264 7977196 447 67
BNW-5 503272 7977363 613 72
BNW-6 503254 7977502 753 75
BNW-7 503270 7977662 912 80
BNW-8 503282 7977780 1029 85
West Transect

BW-1 503148 7976588 17 17
BW-2 503055 7976532 100 21
BW-3 502961 7976473 210 22
BW-4 502878 7976439 300 16
BW-5 502768 7976398 417 17
BW-6 502677 7976449 486 15
BW-7 502593 7976480 561 18
BW-8 502486 7976524 663 18

Notes: UTM = Universal Transverse Mercator; m = meter.

3.1.5.1 Data Analysis

Taxonomic identifications provided by Biologica (Appendix E-1) were used to calculate community indices to assess
the benthic community at the various sampling stations. Community indices that were calculated included: density,
species richness, Simpson’s Diversity Index, Evenness, and the relative abundance of dominant taxa. Prior to
calculating indices, the taxonomy data provided by Biologica were first pre-screened and adjustments made:

m Species from several major taxa groups were excluded from the dataset before data analysis because these
are meiofauna and not reliably retained on 500 um mesh, or not strictly benthic invertebrates.

m Eliminated groups, not expected to have significant direct exposure to sediments, included invertebrates from
Calanoida, Copepoda, Hyperiidae, Nematoda, and the fish Zoarcidae and Cottidae.

Organism Density

Total invertebrate density was calculated as the number of organisms per square metre (org/m?2) for each
station. This calculation was based on the bottom area of the grab sampler used. Because grab samples collected
with the Van Veen grab sampler (area of 0.1 m?) were split in half, and due to the fact that the area of the standard
Ponar grab sampler represents half the volume of the Van Veen grab sampler, the surface area used in this
calculation was 0.05 m2, regardless of which sampler was used. This area was multiplied by 3 to account for the
three replicate grab samples that were combined at each station. As a result, organism density was calculated using
the following equation:

number of organisms per station
(sampler area x 3 replicates)
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Species Richness

Richness is the total number of unique taxa per station. Richness provides an indication of the diversity of benthic
invertebrates in an area; a higher richness value typically indicates a more healthy and balanced community.
Because the three replicate grab samples from each station were combined prior to taxonomy, the richness metric
indicated the variety of taxa on a station-wide basis (i.e., station richness) rather than the average number of taxa
per individual grab (i.e., replicate richness).

Simpson’s Diversity Index

Simpson’s Diversity Index (SDI) measures the proportional distribution of organisms in the community. The SDI
takes into account the variety of taxonomic groups and also how evenly the total density is distributed among these
groups. Certain conditions may favour one organism over another, resulting in the community being dominated by
a few taxa, which is reflected in decreased diversity (Simpson 1949). The SDI values range between zero and one,
where lower values indicate a less diverse community and higher values indicate a more diverse community. The
SDI was calculated using the formula provided by Krebs (Krebs 1999):

S
SDI=1-— Z(pi)2
i=1
Where:
= SDI = Simpson'’s diversity index
= S = the total number of taxa

= pi = the proportion of the it taxon

Simpson’s Evenness Index

Simpson’s Evenness Index (SEI) is a measure of how evenly the total invertebrate density is distributed among the
taxa present at the station. The SEl is included along with the SDI to provide context as to whether taxonomic
richness or the distribution of total density among taxa is driving the SDI values. The SEl is also expressed as a
value between one and zero, with one representing high evenness (i.e., equal numbers of all taxa present in a
sample) and zero representing low evenness (i.e., a high degree of dominance by one or a few organisms). The SEI
values were calculated using the following formula (Smith and Wilson 1996):

S
SEL=1/) (/S
i=1
Where:
= SEI = Simpson’s evenness index
= S = the total number of taxa

= p; = the proportion of the it" taxon

Statistical Evaluation

Benthic infauna total density was analyzed separately for the 2019 data and the combined 2018-2019 data to
assess spatial and temporal gradients, respectively. Both analyses were conducted using general linear modelling.
The model for the 2019 data included main effects of distance from transect origin, transect, and the possible
interaction between the two variables, and percent fines. The model for the 2018-2019 data included main effects
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of distance from transect origin, year (as a categorical variable), transect, and all possible interactions among the
three variables. Total density and percent fines were transformed using natural logarithms to meet statistical
assumptions in both models. Model residuals were examined to identify departures from linear regression
assumptions — normality, homoscedasticity (equal variances), and linearity in predictors (lack of structure in
residuals). Three outlier values were removed during the 2019 analysis based on examination of residuals—two
values were from the BNE Transect (900 m and 1,045 m) and one value was from the BE Transect (144 m). No
outliers were identified in the 2018-2019 analysis, therefore all applicable data were used in the model. All outliers
were shown on the plots depicting raw values and model predictions. Multiple comparisons were performed for fines
content at each transect-distance combination (transect-distance-year for the multi-year comparison) for each of
the models.

Following the 2019 linear regression, multiple comparisons were performed to assess differences in benthic infauna
total density at consecutive distances along each transect individually, based on observed fines values. Following
the multi-year linear regression, multiple comparisons were performed to assess differences among years based
on the observed fines values at each distance-transect combination; comparisons were made at the following
standardized covariate values: distances of 50 m, 300 m, 500 m, 800 m, and 1,000 m. In the multiple comparison
tests based on observed fines content, all estimates were adjusted to mean natural log-transformed fines for each
distance-transect combination. The model results were compared between years within each distance-transect
combination. Tukey’s honest significant difference (HSD) procedure was used to adjust multiple comparisons test
results for Family-wise error rate, and in 2019, Holm-Sidak method was used for P-value adjustments.

The analysis for benthic infauna richness was performed in a similar manner to the analysis of benthic infauna total
density. Fines were transformed using natural logarithms in both models, and the effect of distance was modeled
as a second-degree orthogonal polynomial for the 2019 model. Two outlier values were removed during the 2019
analysis based on examination of residuals—one value was from the BE Transect (144 m) and one was from the
BNE Transect (900 m). One outlier value was removed during the 2018—2019 analysis based on examination of
residuals—the value was from the BE Transect (144 m).

The analyses for benthic infauna Shannon Diversity Index (SDI) and Shannon Evenness Index (SEI) were
performed in a similar manner to the analysis of benthic infauna total density and richness, except they were only
examined for the 2019 data. For both models, fines and distance were transformed using natural logarithms. For
the model examining SDI, four outlier values were removed based on examination of residuals—two values were
from the BE Transect (11 m and 144 m) and two values from the BW Transect (561 m and 663 m). For the model
examining SEI, one outlier value was removed based on examination of residuals—the value was from the BNE
Transect (900 m). Multiple comparisons were not performed for either SDI or SEI as neither distance nor the
interactions that included distance significantly explained variation in SDI, and none of the explanatory variables or
their interaction significantly explained variation in SEIl. The analyses of benthic fauna total density, richness, SDI,
and SEI were performed in the statistical environment R v.3.6.1 (R 2019).

3.1.6 Substrate, Macroflora, and Benthic Epifauna

Epibenthic studies within the 2019 program consisted of underwater video monitoring of benthic epifauna and
macroflora communities within permanent belt transects installed on the sea floor. Ten belt transects (1 m x5 m
rectangular plots with clearly demarcated boundaries to allow for study repeatability and count accuracy) were
permanently installed on the sea floor, five in the Project exposure area and five in a reference area (Table 3-4;
Figure 3-3). Each belt transect was made of two 1-m-long, 5-cm-diameter aluminum pipes filled with concrete
connected by two 5-m-long steel chains attached to the both ends of the pipes. The chains were marked at 1-m
intervals to allow for accurate area measurements and species scaling. The belt transects were deployed from the
field vessel in water depths of approximately 5 to 15 m. An underwater video camera mounted on an ROV was
used to verify that the belt transects were positioned properly.
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Substrate, benthic macrofloral and epifaunal communities were surveyed within each belt transect using the
underwater video system consisting of one high resolution video camera (1080p, added to the MEEMP program in
2019) and one standard resolution camera (NTSC standard definition with 3x optical zoom) mounted on a
lightweight Seamor Chinook 300F industrial-grade inspection ROV equipped with spotlights, integrated
pressure/depth sensor and magnetic compass. The video camera on the ROV was connected via umbilical to a
video monitor set-up on the deck of the field vessel, where video data was recorded on an external hard drive. The
ROV was operated by a trained, subcontracted ROV technician (Andy Clark - Ocean Dynamics Inc.) using manual
and automatic thruster, tilt, pitch and heading controls built into a top-side deck-mounted control box.

Underwater video was post-processed by a qualified marine biologist. The recorded underwater video footage was
analyzed frame by frame to record percent (%) cover of substrate type and benthic macroflora, according to the
classification system outlined in the 2017 MEEMP report (Golder 2018). The analysis included taxonomic
identification of benthic epifauna down to the lowest practical taxonomic level and their abundance (counts and %
cover).

Table 3-4: Belt Transect Locations
UTM Coordinates (17W) Average

Area Station Condition

Easting (m) Northing (m) Depth (m)

TP-1 502828 7976382 98 i(iaclltdrlréoved; chains pushed together in the
Milne Port TP-2 503039 7976480 9.8 Belt moved; pipes too close together
the o TP-3 504208 7976659 124 | Belt obscured
TP-4 504363 7976611 12 Good condition
TP-5 504802 7976731 12.1 Good condition
TP-6 506562 7979114 10 Redeployed in 2019, belt twisted and
moved, unable to use
) First deployment failed. Second deployment
ieference TP-7 506774 7979170 10.9 successful
rea TP-8 | 506957 7979457 11 | Good condition
TP-9 506997 7979599 10.9 Belt moved minimal amount
TP-10 506584 7979115 8 Belt moved minimal amount
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3.1.7 Fish

3.1.7.1 Permitting

The following scientific data collection permits were obtained prior to the start of the 2019 fish sampling program:
m Fisheries and Oceans Canada (DFO) Licence to Fish for Scientific Purposes Permit # S-19/20-1033-NU

m DFO Animal Use Protocol Permit # FWI-ACC-2019-42

m Nunavut Research Institute Scientific Research Licence # 02 020 19R-M

Copies of the permits are provided in Appendix G-1.

3.1.7.2 Fish Surveys

Fish sampling was conducted in the Milne Port area from 26 July 2019 to 3 September 2019 using both active
(angling, gill netting, beach seine) and passive (Fukui traps, fyke nets) capture methods (Figure 3-4). Fish sampling
locations and methods were consistent with those in previous years, with the addition of fyke net sampling in 2019.
The effort was spread over five weeks to capture as much of the open-water season conditions as possible (between
late July and mid-October). All incidental mortalities were retained and processed as described in Section 3.1.7.3.

3.1.7.21 Angling

Angling (jigging and trolling) was conducted over a total of six days between 26 July and 27 August to characterize
bottom and demersal fish communities in the LSA (Table 3-5) with a total effort of 3 hours and 42 minutes. The
duration of sampling was activity-dependent; with a single trolling event occurring for 36 minutes, and jigging
occurring between 10 and 46 minutes (n=6). Sampling start and end positions were recorded using a Garmin GPS
and logged in a field notebook. Jigging occurred from a stationary position with one or two rods and lines deployed
from the field vessel. Baited hooks or spoon lures (flashers) were allowed to hit the bottom, then flicked upward to
attract bottom fish. Trolling occurred along a pre-determined depth contour where lines with flashers were cast over
the side of the field vessel and spooled in towards the field vessel at a known depth to attract pelagic fish.

Table 3-5: Summary of 2019 Fish Sampling - Angling (Jigging and Trolling)

Fishing Type Station UTM Coordinates (Zone 17W) Duration (hour:min)
Name Easting Northing
Jigging ANO1 26 July 2019 501695 7976247 0:46
Jigging ANO2 24 August 2019 506745 7979140 0:33
Jigging ANO3 24 August 2019 503367 7976675 0:40
Trolling ANO4 25 August 2019 503119 7976509 0:36
Jigging ANO5 26 August 2019 503066 7976481 0:15
Jigging AN06 27 August 2019 505005 7976607 0:42
Jigging ANO7 27 August 2019 504973 7976603 0:10
Total effort 3:42
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3.1.7.2.2 Gill Netting

Standardized monofilament floating gill nets were used to sample shallow (i.e., up to 15 m deep) subtidal areas for
characterization of pelagic fish communities present in the Milne Port area. A total of 20 gill net sets occurred from
27 July to 29 August 2019 (Table 3-6). Each gill net consisted of six panels with each panel measuring 15.2 m in
length and 2.4 m in width, with mesh sizes of each panel consisting of 2.5 cm, 3.8 cm, 5.1 cm, 6.4 cm, 7.6 cm and
10.2 cm. The gill nets were deployed in a shore-perpendicular orientation (smallest mesh size closest to shore) and
suspended just below the water surface and were checked every two hours for fish presence over the duration of
deployment. Sampling locations were recorded using a Garmin GPS and logged in a field notebook. Total soak
durations ranged from 2 hours to 9 hours and 59 minutes with an average soak duration of 5 hours and 27 minutes.
Exceptions included gill net sets GNO5 and GNO7, which were deployed for 28 hours and 58 minutes and 24 hours
and 40 minutes, respectively. Total sampling effort for gill net sampling was 151 hours and 54 minutes.

Table 3-6: Summary of 2019 Fish Sampling - Gill Net
UTM Coordinates (Zone 17W)

Station Total Number
Name Start | End Duration of
Easting Northing ‘ Easting Northing (hour:min)  Checks!

GNO1 27 July 2019 502737 7976240 | 502769 7976314 9:59 5
GNoO02 27 July 2019 502586 7976253 | 502616 7976325 8:52 5
GNO3 27 July 2019 502809 7976339 | 502809 7976385 7:03 3
GNo04 27 July 2019 503183 7976557 | 503110 7976560 6:06 3
GNO5 28 July 2019 504481 7976499 | 504423 7976561 28:582 2
GNO06 28 July 2019 504573 7976633 | 504519 7976684 3:51 1
GNO7 28 July 2019 504574 7976663 | 504505 7976612 24:407 0
GNO08 22 August 2019 503055 7976431 | 503061 7976522 6:00 2
GNO09 22 August 2019 502968 7976342 | 502963 7976417 6:05 2
GN10 26 August 2019 502913 7976294 | 502888 7976364 2:00 0
GN11 27 August 2019 504749 7976618 | 504786 7976690 5:55 2
GN12 27 August 2019 505122 7976649 | 505053 7976679 6:00 2
GN13 27 August 2019 504376 7976458 | 504424 7976523 6:00 2
GN14 28 August 2019 503150 7976492 | 503112 7976565 5:45 2
GN15 28 August 2019 502524 7976253 | 502566 7976316 4:55 2
GN16 28 August 2019 502917 7976275 | 502882 7976359 4:50 2
GN17 28 August 2019 503027 7976386 | 502973 7976445 4:45 2
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UTM Coordinates (Zone 17W)

Station Total Number
I Start End Duration of
(hour:min)  Checks'
Easting Northing ‘ Easting Northing
GN18 29 August 2019 505205 7977616 | 505107 7977584 3:25 1
GN19 29 August 2019 505171 7977204 | 505074 7977200 3:25 1
GN20 29 August 2019 505158 7976961 | 505069 7976971 3:20 1
Total Effort 98:16

Notes: ' Number of checks represents the number of times the field team checked the net and sampled fish with the net remaining in the same
location. 2A H&S incident occurred that interfered with the field team’s ability to check gill nets 28 July 2019. Nets were pulled as early
as possible after the incident.

3.1.7.2.3

Seine nets were used to sample fish in near shore habitat in Milne Port on 30 August 2019 in three sampling events
(Table 3-7). Sampling was conducted using a 1.5 m by 9 m seine net with a 5 mm mesh. Sampling effort took a
total of 16 minutes to sample areas ranging from 315 m2 to 630 m2 at an approximate average depth of 1 m.
Sampling locations were recorded using a Garmin GPS and logged in a field notebook.

Seine Netting

Table 3-7: Summary of 2019 Fish Sampling - Seine Net

UTM Coordinates (Zone 17W)

Total Area Total
Duration Sampled Start End Duration
(hour:min) (m?) (hour:min)
Easting Northing Easting Northing
SNO1 30 August 2019 0:04 315 503151 | 7976474 | 503129 | 7976445 0:04
SNO2 | 30 August 2019 0:07 612 503123 | 7976452 | 503059 | 7976428 0:07
SNO3 | 30 August 2019 0:05 630 | 5030194 | 7976374 | 502968 | 7976324 0:05
Total Effort 0:16
3.1.7.2.4 Fukui Traps

Fukui traps were used to sample demersal fish in the Milne Port area from 22 August 2019 to 3 September 2019
(Table 3-8). Sampling was conducted with sets consisting of three traps connected with a line, each trap measuring
61 cm x 46 cm x 20 cm, with 1.25 cm stretch mesh, and equipped with a bait container. Fukui traps were modified
in 2019 using the ‘sinker’ method described in Bergshoeff et al. (2019). raps were baited with Arctic char and
deployed for several days at each station. Deployment time ranged from 46 hours and 27 minutes to 164 hours and
20 minutes, with a mean deployment time of 94 hours and 6 minutes. Traps were periodically checked (normally
every day) and, upon retrieval, bait containers were refilled if necessary, prior to redeployment. There were 18 Fukui
trap stations in total. Fishing locations were recorded using a Garmin GPS and logged in a field notebook.
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Table 3-8: Summary of 2019 Fish Sampling - Fukui Traps

UTM Coordinates (Zone 17W) Duration
Easting ‘ Northing (hour:min)
FTO1 22 August 2019 24 August 2019 503133 7976517 52:40
FT02 22 August 2019 24 August 2019 503002 7976443 49:59
FTO3 22 August 2019 24 August 2019 503173 7976526 51:58
FT04 22 August 2019 24 August 2019 503041 7976441 51:14
FTO5 22 August 2019 24 August 2019 502937 7976416 46:27
FTO6 22 August 2019 24 August 2019 503080 7976475 48:18
FTO7 24 August 2019 27 August 2019 503039 7976490 69:15
FTO8 24 August 2019 27 August 2019 503073 7976542 68:54
FTO09 24 August 2019 27 August 2019 502961 7976470 67:40
FT10 24 August 2019 27 August 2019 503105 7976498 67:15
FT11 24 August 2019 27 August 2019 503197 7976541 67:29
FT12 24 August 2019 27 August 2019 503037 7976475 67:05
FT13 27 August 2019 3 September 2019 505111 7976711 164:15
FT14 27 August 2019 3 September 2019 504841 7976646 164:20
FT15 27 August 2019 3 September 2019 504656 7976710 164:20
FT16 27 August 2019 3 September 2019 504599 7976690 164:17
FT17 27 August 2019 3 September 2019 504506 7976601 164:15
FT18 27 August 2019 3 September 2019 504369 7976534 164:10
Total Effort 1,693:51
3.1.7.2.5 Fyke Nets

In 2019, fyke net sampling was added to the fish sampling program to test the effectiveness of this method
compared to Fukui traps, as the latter sampling technique obtained consistently low catch rates during previous
survey years. Fyke nets were used to sample fish in near shore habitat in Milne Port from 28 August to 2 September
2019 (two sampling events in total). Total sampling effort was 233 hours and 15 minutes (Table 3-9). Sampling was
conducted using a 4 m two-chamber fyke net consisting of 40 mm mesh. The net was placed so the 0.9 m diameter
mouth was perpendicular to the shore and the 9 m length wing panels were oriented in a wide V-shape extending
outwards from the net opening. Fyke nets were set in nearshore habitat in the subtidal area west of the Ore Dock
during low tide with the wing panels running from a minimum water depth of 0.2 m to a maximum of 1.5 m. Nets
were checked daily during low tide.
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Table 3-9: Summary of 2019 Fish Sampling — Fyke Nets

UTM Coordinates (Zone 17W) Duration
Easting Northing (hour:min)
FNO1 28 August 2019 | 2 September 2019 503049 7976434 117:10
FNO2 28 August 2019 | 2 September 2019 503012 7976394 116:05
Total Effort 233:20
3.1.7.2.6 Incidental Fish Observations

During surveys for other components of the MEEMP, fish species were incidentally captured (i.e., in benthic infauna
samples, zooplankton tows) or observed (i.e., during ROV surveys). All incidental captures and observations were
recorded and presented in this report. Additionally, as part of the monitoring of offsetting habitat in Milne Port,
additional ROV surveys were performed to assess fish usage of the coarse rock habitat; fish observed in this footage
were also included in the incidental fish observations and the AIS/NIS analysis.

3.1.7.3 Fish Processing

All fish collected were transferred to buckets with seawater prior to processing. Representative photographs were
taken for each species. Fish were identified to species, or lowest practical taxonomic level, measured for length and
weight, and directly released or returned to buckets to allow for recovery if visibly stressed prior to release to the
approximate area of capture. Incidental mortalities were retained for tissue (body burden), stomach content,
condition, and age analysis. Mortalities were individually wrapped in aluminum foil, labelled and frozen. Frozen fish
were shipped to Biologica for further analysis.

Prior to tissue collection for analysis (Section 3.1.8.1), fish were sexed and examined for lesions and tumors. Internal
organs were removed and stored in formalin for stomach content analysis, heads were removed for removal of
otoliths, and the body set aside for tissue collection.

During stomach content analysis the stomach was separated from the intestines anterior of the pyloric caecae and
the intestines discarded. A longitudinal incision was made with a scalpel, avoiding damage to the contents, revealing
the food bolus. Prior to dissection of the bolus, percent fullness and percent digestion were assessed. At this time,
stomach fullness was estimated by considering two factors: the degree of distention of the stomach, and the weight
of the bolus relative to the size of the fish. The bolus was dissected, working anterior-posterior, and its identifiable
components weighed to the nearest 0.0001g. Prey items were identified to the lowest practicable taxonomic level
(species when possible). Digested and unidentifiable material were categorized (e.g., unidentified parts, digested
tissue, non-food, etc.). Each identifiable unit (taxon or category) was placed in small drops of water on a petri dish
to prevent desiccation during the identification process. All prey categories (taxa and unidentifiable categories) were
blotted and weighed to the nearest 0.01 mg of wet weight (wwt).

For fish aging, the sagittal otoliths were removed from each fish head, cleaned and stored in water. Whole otoliths
were mounted and polished, if necessary. Aging was performed by counting the number of annuli on each otolith
visible under compound microscope. Detailed methodologies for stomach content analysis and aging are available
in Appendix G-3.
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3.1.7.31 Shellfish aging

Hiatella arctica (wrinkled rock borer) were collected as a supplement to fish health monitoring (Section 3.1.7.3).
Data for shellfish condition was collected from the same stations as sediment and benthic invertebrate samples.
The first five to ten shellfish specimens found in benthic infauna sample grabs were collected for analysis.
Specimens were wrapped in damp cloth and aluminum foil, frozen, and sent to Biologica where they were shucked,
and shells were retained for age analysis. For aging analysis, shells were sectioned through the umbo rim and
polished using progressively finer grit sandpaper. Polished shells were etched in a 1% hydrochloric acid for 1 min,
rinsed and dried. An acetate peel was made of the polished umbo surface. Peels were examined using a dissecting
microscope to count continuous growth lines to determine the age of the shell. Detailed shellfish aging methods are
described in Appendix F-4.

3.1.74 Data Analysis

Summary statistics and regressions for each species were calculated using Microsoft Excel. Relative abundance,
length frequency distributions, Length-age relationship (von Bertalanffy growth model, Ricker 1975), weight-length
relationships, and major taxa composition in stomach contents were plotted using SigmaPlot version 14.0.
Weight-length relationships were only calculated for fish species captured in large enough numbers (=8) to make
the regression statistically significant and meaningful. SYSTAT version 13 and R 3.6.3 were used to compare the
relationship interaction between sample years by multiplicative ANCOVA. If a significant interaction between sample
years and the log-transformed length covariate was found (P < 0.05), the EEM guidance on potential removal of the
interaction was followed (Section 8.3.3.2.5, Environment Canada 2012). That is, simplification of the multiplicative
model to an additive ANCOVA was based on the R? values of the multiplicative and the additive ANCOVAs and
removal of influential points.
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3.1.8 Tissue Chemistry
3.18.1 Fish

A total of 47 Arctic char and 35 sculpin (i.e., Myoxocephalus sp.) incidental mortalities were collected from six
different gill nets and one fyke net (Table 3-10), and processed according to the steps described in Section 3.1.7.3
above. Due to fish condition upon arrival at the lab, species were not able to be determined for sculpin, therefore,
all sculpin incidental mortalities were grouped as Myoxocephalus sp. Tissue samples for Arctic char were collected
by removing a portion of muscle and skin with a clean knife (which was rinsed between samples) and wrapping the
samples in new food-grade aluminum foil to be placed in clean labeled bags. Muscle tissue samples for sculpin
were collected using a tissue punch to collect a muscle tissue plug. Muscle tissue samples from both Arctic char
and sculpin were wrapped in aluminum foil and frozen as soon as possible and delivered in a cooler with ice packs
to Bureau Veritas Labs (BV Labs) in Burnaby, BC for metals in tissue (body burden) analysis. BV Labs then removed
the skin from the samples and analyzed the muscle tissue samples for moisture content and metals concentrations
(wet weight) by atomic spectroscopy by ICP-MS. The certificates of analysis and chain of custody documents
between Biologica and BV Labs are provided in Appendix G-4-1 and Appendix G-4-2. Laboratory methods are
described in Section 3.1.7.3 and Appendix G-4-1.

Table 3-10: Fish Survey Stations in Milne Port Area where Arctic Char and Sculpin Species were Retained for Metals
Analysis in 2019

UTM Coordinates (Zone 17W) Number of Number of

Sample Date

Station Name (2019) Start End Arctic Char Sculpin
Easting Northing Easting Northing Collected Collected

GNO1 27 July 502737 | 7976240 | 502769 | 7976314 3 0
GNO03 27 July 502809 | 7976339 | 502809 | 7976385 4 0
GNO04 27 July 503183 | 7976557 | 503110 | 7976560 0 1
GNO05 29 July 504481 | 7976499 | 504423 | 7976561 22 24
GNo7 29 July 504574 | 7976663 | 504505 | 7976612 15 10
GNO09 22 August 502968 | 7976342 | 502963 | 7976417 2 0
FNO02 2 September 503012 | 7976394 - - 1 0
TOTAL 47 35

3.1.8.2 Shellfish

A total of 80 H. arctica were collected from 19 sediment and benthic invertebrate sampling stations (Table 3-11),
and processed according to the steps outlined in Section 3.1.7.3.1 above. Tissue samples, comprised of whole
body tissues were then sent to BV Labs for metals analysis. Similar to the process outlined for finfish, BV Labs
analyzed the tissue samples for moisture content and metals concentrations (wet weight) by atomic spectroscopy.
The certificate of analysis and chain of custody between Biologica and BV Labs and the raw data, are provided in
Appendix F-1 and Appendix F-2. Achieved DLs for fish species and H. arctica are presented in Table 3-12.
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Table 3-11: Sediment and Benthic Invertebrate Sampling Stations in Milne Port Area where Hiatella arctica were
Retained for Metal Analysis in 2019

Staon  Sample Date (2019) Ly et Coaetad
BW-1 27 September 503148 7976588 17 5
BW-2 27 September 503055 7976532 21 5
BW-3 27 September 502961 7976473 22 5
BW-4 27 September 502878 7976439 16 5
BW-5 28 September 502768 7976398 17 5
BW-6 28 September 502677 7976449 15 5
BW-7 28 September 502593 7976480 18 5
BW-8 28 September 502456 7976524 18 5
BNW-1 29 September 503305 7976766 37 2
BNE-1 2 October 503834 7976806 29 1
BNE-4 4 October 504018 7977219 67 1
BNE-5 4 October 504071 7977356 82 1
BE-1 22 September 503907 7976716 12 5
BE-3 23 September 504106 7976701 19 5
BE-4 23 September 504192 7976679 14 5
BE-5 24 September 504301 7976637 15 5
BE-6 24 September 504396 7976654 19 5
BE-7 24 September 504487 7976680 17 5
BE-8 25 September 504558 7976731 16 5
TOTAL 80

Note: H. arctica stations correspond to sediment and benthic sampling stations.
UTM = Universal Transverse Mercator.

Table 3-12: Detection Limits for Metal Concentration in Arctic Char, Sculpin, and Hiatella arctica Tissue Samples from
the Milne Port Area, 2018 and 2019.

Arctic Char Sculpin Hiatella arctica
Parameter 2018 Parameter 2019 Parameter 2018
mg/kg wwt ] mg/kg wwt ] mg/kg wwt ]
Aluminum 0.2 0.2 Aluminum 0.5 Aluminum 0.4-1 0.5
- - - Antimony 0.002 Antimony 0.002 0.002
Arsenic 0.004 0.004 Arsenic 0.005 Arsenic 0.004-0.006 0.005
Barium 0.01 0.01 Barium 0.01 Barium 0.01 0.01
- - - - - Beryllium 0.002 0.002
- - - Bismuth 0.0013 Bismuth 0.002 0.0013
Boron 0.2 0.2 Boron 0.2 Boron 0.2 0.2
Cadmium 0.001 0.001 Cadmium 0.0013 Cadmium 0.001-0.002 0.0013
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Arctic Char Sculpin Hiatella arctica
Parameter 2018 2019 Parameter 2019 Parameter 2018
mg/kg wwt D] DL mg/kg wwt D] mg/kg wwt D]
Calcium 2 2 Calcium 4 Calcium 4 4
Chromium 0.01 0.01 Chromium 0.025 Chromium 0.01-0.04 0.025
Cobalt 0.0013 0.0013 | Cobalt 0.0013 Cobalt 0.004 0.0013
Copper 0.01 0.01 Copper 0.013 Copper 0.02-0.01 0.013
Iron 0.25 0.25 Iron 0.25 Iron 0.6 0.25
Lead 0.001 0.001 Lead 0.0013 Lead 0.004-0.01 0.0013
Magnesium 04 0.4 Magnesium 04 Magnesium 04 04
Manganese 0.01 0.01 Manganese 0.01 Manganese 0.01 0.01
Mercury 0.002 0.002 Mercury 0.013 Mercury 0.001 0.013
- - - Molybdenum 0.008 Molybdenum | 0.004-0.008 0.008
Nickel 0.01 0.01 Nickel 0.01 Nickel 0.04 0.01
Phosphorus 2 2 Phosphorus 2 Phosphorus 2 2
Potassium 2 2 Potassium 2.5 Potassium 4 2.5
Selenium 0.01 0.01 Selenium 0.01 Selenium 0.01-0.02 0.01
Silver 0.001 0.001 Silver 0.0013 Silver) - 0.0013
Sodium 2 2 Sodium 25 Sodium 4 25
Strontium 0.01 0.01 Strontium 0.013 Strontium 0.01-0.02 0.013
Thallium 0.0004 0.0004 | Thallium 0.0004 Thallium 0.0004 0.0004
Tin 0.02 0.02 Tin 0.02 Tin 0.02 0.02
Titanium 0.02 0.02 Titanium 0.13 Titanium®@ - 0.13
Uranium 0.0004 0.0004 Uranium 0.0004 Uranium 0.0004 0.0004
- - - - - Vanadium 0.02 0.02
Zinc 0.04 0.04 Zinc 0.2 Zinc 0.1-0.2 0.2

Notes: (a) Metals not analyzed in 2018.

n= all fish processed for tissue metals, mg/kg wwt = milligrams per kilogram wet weight, DL = reportable detection limit; SD = standard
deviation of the sample; < = less than.

3.1.8.3

Descriptive Statistics

Data Analysis

Descriptive statistics (i.e., sample size, mean, median, standard deviation [SD], standard error [SE], minimum, and
maximum values) were calculated for 2019 metals concentrations in Arctic Char, sculpin, and H. arctica. Any
concentrations reported below the DL were substituted with half the value of the DL for qualitative (i.e. boxplots)
and quantitative (i.e., statistical) assessments. Descriptive statistics were also calculated for historical samples of
Arctic Char from 2010, 2013 and 2015 to 2018 (Appendix G-4 Table 1), and from H. arctica from 2018.

Comparisons were made between Arctic Char and H. arctica data collected in 2019 relative to 2018. The lack of
data from sculpin in 2018 prevented a similar comparison for sculpin.

38



27 August 2020 1663724-197-R-Rev0-24000

Tissue chemistry data were presented visually using boxplots, where the median value is indicated within each box
and the first and third quartiles are represented by the lower and upper bounds of each box, respectively. Lower
and upper fences were calculated as 1.5 times the interquartile range beyond the first and third quartile.
Observations outside the fences were plotted as individual points. Whiskers were extended to the minimum and
maximum values within the data set that fell within the fences. Any metals that were below DL were plotted at half
the value of the DL, with a horizontal line plotted to indicate the DL value and an open circle to represent the sample
below the DL (with the number of samples below DL indicated beside open circle). The best visual representation
of the data, either raw/non-transformed data or log10-transformed data, are presented. Outliers were removed from
datasets and were not included in boxplots and were recorded as outliers (Appendix G-4 Table 2 for fish and
Appendix F Table 1 for H. arctica).

Statistical Comparisons

For Arctic Char and H. arctica, differences in mean metals concentrations between 2018 and 2019 were assessed
using analysis of variance (ANOVA). When the assumptions of ANOVA were not met (i.e., the residuals of the data
after being fit to the model were not normally distributed nor had equal variance between groups), the data were
log-transformed, and the ANOVA was re-run. If, after being log-transformed, the assumptions of ANOVA were still
not met, a non-parametric Kruskal-Wallis (K-W) test was used.

Statistical comparisons (i.e., ANOVA or K-W) were not completed for metals that had at least 50% of the samples
below DL. This was the case for 13 metals for Arctic Char tissues (i.e., aluminum, antimony, barium, beryllium,
bismuth, boron, lead, chromium, molybdenum, silver, tin, uranium, vanadium) and one metal for H. arctica
(i.e., silver). No statistical comparison was completed for H. arctica for titanium because this parameter was not
reported in 2018.

The magnitude of differences between 2019 and 2018 metals concentrations were calculated by expressing the
difference as a percentage of the 2018 concentrations as follows:

Magnitude = 22212722018 , 10

%2018

Where:
%2019 is the mean of the 2019 concentrations, and
%2018 is the mean of the 2018 concentrations

If the statistical comparison was conducted on log-transformed data, then the percent difference was calculated
using geometric means. If the statistical comparison between years was conducted using the K-W test, the data
were not considered to be normally distributed and the percent difference was calculated using medians. As the
Kruskal-Wallis test is a non-parametric method for testing whether samples originate from the same distribution
(i.e., it is not a comparison of sample medians), there were instances where the K-W test was significant, but no
differences in magnitude of difference were observed.

Metals concentrations with a difference of magnitude less than 40% were considered practically similar and within
the laboratory margin of error. Therefore, only significant differences with magnitudes of difference greater than
40% were considered notable.
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Comparison to Guidelines

Mercury concentrations in fish and H. arctica muscle tissue were compared to the Canadian Food Inspection
Agency (CFIA) commercial guideline of 0.5 milligrams per kilogram wet weight (mg/kg wwt) (CFIA 2014).

3.2 AIS/NIS

Zooplankton, benthic infauna and encrusting epifauna samples were sent to Biologica for taxonomic identification
and enumeration, where specimens were identified to the lowest possible taxonomic level. For all trophic levels, the
list of identified taxa was compared to the taxa inventory from previous survey years and any taxa that had not been
identified during previous AIS/NIS and MEEMP surveys in Milne Inlet were assessed further through literature
review to determine if their known distributions and ranges included north Atlantic, Arctic and/or Canadian Arctic
waters.

Sources for the literature review included the World Register of Marine Species (WoRMS 2020), the Global
Biodiversity Information Facility (GBIF 2020), Encyclopedia of Life (EOL 2020), SealLifeBase (Palomares and Pauly
2019), Marine Species Identification Portal (ETI1 2020), National Centers for Coastal Ocean Science (NCCOS 2020),
the Arctic Register of Marine Species (ARMS) compiled by the Arctic Ocean Diversity (ArcOD, Sirenko et al. 2020)
and Arctic species inventories published or accessed through the Ocean Biogeographic Information System (OBIS
2020). These taxa were also compared against a global invasive species database (Molnar et al. 2008), the National
Exotic Marine and Estuarine Species Information System (NEMESIS; Fofonoff et al. 2020), as well as a known
invasive species list within the National Risk Assessment for Introduction of Aquatic Nonindigenous Species to
Canada by Ballast Water (Casas-Monroy et al. 2014).

Species were not always identified to the species level due to a variety of limitations. Species descriptions are often
based on adult samples, and immature specimens may lack the features present in the adult that are required for
specific identification (Steinerstauch 2019, pers. comm.). Fragmented samples, or samples damaged during
collection, may also be missing identifying features that would be used to determine species. Incomplete species
records and descriptions also lead to limitations in specific identification (Steinerstauch 2019, pers. comm.).

3.21 Zooplankton

Zooplankton samples were collected at Milne Port and at Ragged Island using a combination of vertical and
horizontal oblique tows (Table 3-13; Figure 3-5). Vertical hauls were conducted at six sampling stations in the Milne
Port area, and four stations at Ragged Island. Vertical hauls were conducted by lowering a 0.3 m diameter (64 um
mesh size) or 0.5 m (250 ym mesh size) plankton net to 1 to 3 m above the bottom and then raising the net by hand
to the surface at a rate of approximately 1 m/s (visually estimated). Three replicate hauls were conducted at each
station and combined into a single composite sample following methodology from previous years (SEM 2017a;
Golder 2018, 2019a). Unlike previous surveys, a zooplankton sample was not collected alongside an anchored ore
carrier during ballast exchange due to loss of the plankton net while sampling.

Horizontal oblique tows were conducted along six transects in Milne Port consistent with the studies conducted in
2018, plus at two new locations at Ragged Island. Horizontal oblique tows were conducted by towing a 0.3 m
diameter (64 um mesh size) or 0.5 m diameter net (250 ym mesh size) at a speed of approximately 8-10 km/h for
a period of at least ten minutes per tow. Tows were conducted near the surface in a sinusoidal fashion by means
of regular transitions in tow speed (1-minute towing, 1-minute idling), which allowed the weighted net to periodically
sink and rise during active sampling. This helped to avoid sampling only in the upper few metres of the water
column. The sinusoidal oblique tow approach was used to help catch a more representative sample of zooplankton

40



27 August 2020 1663724-197-R-Rev0-24000

in the water column and to catch faster moving larvae (e.g., fish larvae, larger crustaceans). Transects were towed
in sections to allow for clearing of the plankton net, samples were collected as a single composite sample for each
transect. Between each tow, the nets and bottles were flushed down with sea water on the outside of the net to
rinse the entire sample down into the dolphin bottle, or by using a spray bottle. The spray bottle was filled with sea
water through the net mesh to exclude organisms. Once the sample was transferred to the sample bottle, water
was splashed or sprayed on the outside of the net to rinse any remaining sample out the bottom. All zooplankton
samples were preserved in 5% formalin and submitted to Biologica for taxonomic identification and enumeration.

Table 3-13: Zooplankton sampling locations in 2019

UTM Coordinates

S':zg]oen Sampling Date UTM Zone Start ‘

Easting Northing ‘ Easting Northing
Milne Port
Horizontal tows
ZH-01 31 August 2019 17W 502484 7976593 502278 7977327
ZH-02 31 August 2019 17W 502888 7976532 502527 7977169
ZH-03 31 August 2019 17W 502999 7976642 502425 7977013
ZH-04 31 August 2019 17W 503604 7976846 502995 7977281
ZH-05a* 31 August 2019 17W 504360 7978026 503850 7977723
ZH-05b* 31 August 2019 17W 503850 7977723 502767 7977657
ZH-06 31 August 2019 17W 502247 7976849 503673 7977153
Vertical tows
ZV-01 30 August 2019 17W 502768 7976524 n/a n/a
ZV-02 30 August 2019 17W 502866 7976548 n/a n/a
ZV-03 30 August 2019 17W 503028 7976580 n/a n/a
ZV-04 30 August 2019 17W 503570 7976801 n/a n/a
ZV-05 30 August 2019 17W 503793 7976782 n/a n/a
ZV-06 30 August 2019 17W 502576 7976603 n/a n/a
Ragged Island
Horizontal tows
ZH-07 1 September 2019 17X 533913 8042529 533300 8041988
ZH-08 1 September 2019 17X 534073 8041851 533466 8041329
Vertical tows
BR1 1 September 2019 17X 533494 8043032 n/a n/a
BR2 1 September 2019 17X 533668 8042953 n/a n/a
BR3 1 September 2019 17X 532428 8042298 n/a n/a
BR4 1 September 2019 17X 532336 8042130 n/a n/a

* Plankton net was lost during transect ZH-05, following the first interval. The sample from the first interval was retained as ZH-05a and the tow
was completed with a different net (collected as ZH05b)

3.2.2 Benthic Infauna

Benthic infauna collected from sediment grabs were analyzed for taxonomic composition (identified to the lowest
practical taxonomic levels) and abundance by Biologica (Section 3.1.5). Two additional samples were collected at
Ragged Island, near the anchorages (Table 3-14). After completing the literature review and inventory/database
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comparisons, any taxa identified as potentially non-indigenous were sent to Philippe Archambault’s Benthic Ecology
Lab (Université Laval, Quebec) for independent verification.

Table 3-14: Benthic Infauna Sampling Stations at Ragged Island

UTM Coordinates (Zone 17X)

Sample Date Depth (m)
Easting Northing
BR-1 1 September 2019 533494 8043032 5
BR-4 1 September 2019 532336 8042130 20

3.2.2.1 Data Analysis

A taxa accumulation curve was calculated for samples collected in Milne Inlet and Ragged Island to compare
sampling effort with previous AIS/NIS monitoring surveys and to provide an estimate of the effort required to fully
characterize the benthic infauna community. The non-parametric species estimator Chao 2 was calculated for 2019
following the methods used in SEM 2017a). Chao 2 provides an estimate of species diversity in a population based
on presence/absence in a sample set. The difference between the estimated number of species and the observed
provides an indication of how many species are needed to fully characterize the community, or how effectively the
community is represented in the samples. During taxonomic identification, some specimens were not identifiable,
but were identified to the lowest possible taxonomic level (e.g. Macoma sp.). These specimens may have been
non-unique, a species that had already been identified (e.g. Macoma balthica) or a unique species within the same
genus. In the accumulation curve and Chao 2 analyses, it was assumed that all taxonomic designations were
representative of unique taxa and were included in the analysis, which may have resulted in an over-estimate of
the expected number of taxa within an infinite number of samples.

3.23 Macroflora and Benthic Epifauna

Macroflora and benthic epifauna data were collected using underwater video surveys conducted along the length
of each of the four previously established AIS transects, plus an additional transect established in 2019 to the east
of the Freight Dock (Table 3-15) using the ROV. The collected underwater video footage was examined to
identify macrofloral and epifaunal species to the lowest practical taxonomic level and to determine AIS/NIS status.
Data recorded included presence only, rather than enumeration, since relative abundance of species was not of
interest for the AIS/NIS monitoring program (Appendix J). Macroflora and benthic epifauna observed using ROV
of the belt transects described in Section 3.1.6 were also examined.

Underwater video was post-processed by a qualified marine biologist. The recorded underwater video footage was
analyzed frame by frame to record benthic macroflora and epifauna. Taxonomic identification was made for all
observed flora and fauna down to the lowest practical taxonomic level.
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Table 3-15: AIS Transect Locations

UTM Coordinates (17W)

Stalllt:;on Start End Depth Range (m)
\ Northing Easting

AIS01 26 August 2019 502723 7976246 502771 7976555 0.2-33

AIS02 - 502948 7976316 502849 7976582 Not sampled

AlS02a* | 24 August 2019 502923 7976572 502894 7976401 3-31

AIS03 22 August 2019 503086 7976429 503005 7976622 2-34

AlIS04 24 August 2019 503554 7976429 503565 7976843 0.8-35

AIS05** | 24 August 2019 504068 7976533 504051 7976819 1-35

*AlS02a was sampled in 2019 instead of the established AIS02 transect to avoid an iceberg present in the transect path
**New transect in 2019

3.24 Encrusting Epifauna

During the 2019 field season, Golder recovered settlement baskets initially deployed by SEM in August 2016 on
the west and east sides of the Ore Dock, adjacent to the caisson (Figure 3-5). The baskets were originally retrieved
by Golder in September 2017 then immediately redeployed due to the limited amount of colonization present. In
addition, five settlement plates were attached to the baskets to provide additional surface area for colonization. The
settlement baskets and plates were subsequently recovered in August 2018 and processed for taxonomic analysis
prior to being redeployed for the winter. On 29 August 2019, Golder recovered the settlement baskets and plates
deployed on the east side of the Ore Dock (total deployment period of ~12 months) and these were processed for
subsequent taxonomic analysis. The settlement basket and plates on the west side of the Ore Dock were not
recoverable in 2019 as the deployment rope was severed by winter ice break-up and the settlement plates and
basket were lost.

In 2018, the recovered settlement baskets and plates exhibited low levels of colonization. Following consultation,
the taxonomist recommended submission of the unprocessed settlement baskets (whole rocks) and settlement
plates directly to the laboratory rather than the scraped epifaunal samples in order to improve the taxonomic
identification. In line with the recommendation, the sediment plates and all rocks in the settlement baskets were
preserved in 10% formalin as a single composite sample to preserve sample integrity. The composite sample was
submitted to Biologica for taxonomic identification and enumeration. Laboratory methodology for sample analysis
is presented in Appendix K-1.

Table 3-16: Settlement Basket Recovery Locations

Locati Sample UTM Coordinates (Zone 17W)  peployment  Retrieval Deployment
ocation _
Name Easting ‘ Northing Date Date Period

East Ore 13 August 29 August

Dock SBEO-1 503229 7976590 2018 2019 12 months
Settlement baskets

West Ore 13 August 29 August

Dock SBWO-1 503346 7976648 2018 2019* \?vri]r?t grlates lost over

* Attempted retrieval date of SBWO-1

3.2.5 Fish

Fish collected as part of the MEEMP and AIS program during fish surveys (Section 3.1.7), observed in underwater
video surveys (Section 3.1.6), or captured incidentally as part of other survey methods were identified to the lowest
practical taxonomic level and used to update the AIS/NIS fish database.
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3.2.6 Ship Hull Monitoring

A ship hull biofouling monitoring was included in the AIS/NIS program for the first time in 2018 and repeated in
2019. The program consisted of conducting underwater video surveys of the hulls of five ore carriers berthed at the
Ore Dock using an ROV-based underwater video system. Surveys were conducted along the hulls of the ore carriers
covering a representative range of depths of the submerged hulls (Table 3-17). Much of the effort was focused on
areas of the hull where biofouling was most likely to occur (e.g., chain lockers, bulbous bow and stem, sea-chain
grating, stern tube, rope guard, propeller nose cone and blades, rudder side, bottom, leading and trailing edges).
The collected video recordings were later examined by qualified biologists to identify potential biofouling species to
the lowest practical taxonomic level.

Table 3-17: Ship Hull Monitoring Surveys

Date Vessel Maximum depth (m)
22 August 2019 Nordic Oasis 13.6
22 August 2019 Golden Enterprise 6.5
24 August 2019 NS Yakutia 5.6
25 August 2019 Golden Bull 10.1
26 August 2019 Sagar Samrat 2.7
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3.3 Quality Management
3.3.1 Field QA/QC

The overall goal of the program was to collect quality data, which was achieved through consistent application of
quality assurance/quality control (QA/QC) measures, including diligent and thorough data collection, regular
communication amongst data recorders, and attention to detail during data entry.

Field staff were trained to be proficient in standardized sampling procedures, data recording using standardized
forms, and equipment operations applicable to the monitoring program. All field work was completed according to
specified instructions and established technical procedures for standard sample collection, preservation, handling,
storage, and shipping protocols. Preliminary interpretation of the records and data QA/QC was carried out in the
field to ensure the data collected met client specifications for quality and documentation of liability controls. At the
end of the field survey, data were entered and organized in a database for subsequent analysis and interpretation.
Field data recorded in notebooks was transferred to an electronic database.

A thorough QA/QC check of the data during the data analysis stage was conducted. The QA/QC measures in place
included a multi-tiered technical review team that reviewed all data for consistency of methods and results and
independently tested random data samples for quality.

General QA/QC tasks completed during the survey included, but were not limited to, the following:

m Preparing geo-referenced field maps for use during the surveys to accurately document the location of any
observations.

m Preparing Project-specific data collection forms to ensure a comprehensive and accurate field data collection
process.

m Collecting geo-referenced coordinates in the field for comparison with field maps to confirm the location of
documented observations.

m Maintaining adequate photo documentation to illustrate the various features and species observed during field
surveys, and to be kept for subsequent review and reporting.

m Collating and reviewing field data collected among observers to ensure consistent methods and calibrate
observer estimates (e.g., estimation of substrate and vegetation cover in quadrat sampling).

m Reviewing all data and reports for accuracy (e.g., species identification) and consistency (e.g., measurement
units).

m  Allowing regular communications between the Project Manager and field staff.
m  Quality Control (duplicate) samples were collected in the field.

m Accredited laboratories were selected for sample analysis. Performance quality of selected laboratories were
verified through Golder’s internal vendor approval and assessment procedures.

m Field data sheets were reviewed by the field supervisor at the end of each day for completeness and accuracy.

m  Chain-of-custody documentation were used to track sample shipments to the individual subcontractor
laboratories.

m Samples were packaged and shipped to the laboratory in accordance with required holding times and storage
conditions.
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Laboratory QA/QC included verification of recommended sample holding times and the analysis of laboratory
control samples, laboratory duplicates, and spiked samples to assess precision and accuracy of analytical methods.
Laboratory QA/QC reports were reviewed upon receipt to confirm that the laboratory data quality objectives (DQOs)
had been met and that the appropriate QA/QC information had been reported.

3.3.2 MEEMP

3.3.2.1 Water Quality

Quality assurance/quality control measures were implemented to reduce possible contamination of the collected
water samples. Industry standard sampling protocols were followed including collection, handling and shipping
procedures. Samples were collected in laboratory-sterilized water bottles including collection and analysis of travel
and field blanks. For field blanks, sample containers were filled with de-ionized water in the laboratory and then
processed in the field in the same manner as the collected samples (i.e., uncapped, treated with preservative, re-
capped). Field blanks were analyzed to identify potential sources of contamination during field sampling. For travel
blanks, sample containers were filled with de-ionized water in the laboratory and then remained sealed in the field,
allowing for an assessment of contamination during transport and storage periods.

Laboratory QA/QC for water samples included the analysis of laboratory control samples, method blanks, laboratory
duplicates, and spiked samples to assess precision and accuracy of analytical methods. Laboratory QA/QC reports
were reviewed upon receipt to confirm that the laboratory data quality objectives (DQOs) had been met and that
the appropriate QA/QC information had been reported.

3.3.2.2 Physical Oceanography

Where applicable, instruments were factory calibrated prior to deployment and pre-deployment checks and on-site
calibrations were done as necessary. Quality assurance/quality control checks of the data following recovery were
performed on- and off-site and included:

m  Checking the instrument for physical damage and/or biofouling;

m Reviewing time series measured by the instruments, including various diagnostic parameters;
m  Checking the instrument clock for drift during the deployment;

m  Checking internal recorder and file status; and

m Plotting and viewing the time series data.

During the 2018 physical oceanographic monitoring program (Golder, 2018b), the combination of reduced horizontal
component in earth’s magnetic field coupled with the presence of iron ore at Milne Port introduced significant errors
to the calibration parameters computed for the Acoustic Doppler Current Profiler (ADCP) compass in the Milne Port
area. As a result, several corrective measures were taken in attempt to better reconcile current direction in 2019:

m In conjunction with manufacturer recommendations, it was determined that the factory compass calibration
settings, computed at a more southern latitude, would be used in place of locally determined calibration
parameters.
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All frames on the subsurface moorings were equipped with a Plexiglas fin and a swivel so that the frame could
freely rotate and align with current direction, even during weak current speeds. Additionally, all ADCPs were
positioned such that the northward beam was in line with the fin.

A up-looking Nortek Signature 500 kHz ADCP was installed on the Bruce Head mooring. The Nortek Signature
series has a much greater tilt sensor accuracy than other ADCPs which leads to greater overall heading
accuracy. Additionally, the Nortek Signature series are built, and factory calibrated in Oslo Norway (60 degrees
North).

The present techniques used to measure currents in Milne Inlet follow industry standards for measuring currents at
high Northern latitudes. Additionally, Golder has followed the same approach to successfully measure currents in
the Beaufort Sea (69-74 degrees North). In future deployments, ADCP instruments will undergo a post-calibration
spin using a compass calibration table and satellite GPS at a location off-site. The location will be chosen to best
reduce the interference of local magnetic effects (i.e. ore). Additionally, Nortek Signature series instruments will be
added to the Milne Port moorings. It should be noted that while these practices will help reduce compass errors,
they will not eliminate them. As discussed, the far northern latitude combined with a fluctuating geomagnetic field
around Baffin Island and scarcity of overhead satellites makes the use of magnetic and satellite compasses
challenging.

More detail around instrument calibration and data processing procedures is presented in Appendix L.

3.3.2.3 Sediment Quality

To confirm sample integrity, the following QA/QC measures were undertaken:

Samples were collected and processed by qualified experienced personnel.
Samples were collected in such a way that no foreign material was introduced to the sample.
Sample handling or contact with contaminated materials/surfaces was minimized.

Samples were placed in appropriate clean containers in such a way that no material of interest was lost due
to adsorption, degradation, or volatilization.

Sufficient sediment volumes were collected so that required detection limits could be met, and quality control
samples analyzed.

Equipment including the grab sampler, stainless steel bowls and spoons were washed with laboratory-grade
biodegradable detergent between each station to prevent cross-contamination. Equipment was rinsed with
seawater at the sample site between grab samples.

Field duplicates were sampled from four randomly selected replicate samples (approximately 10% of total
number of stations). Field duplicates were blind sample (identified as Duplicate A to D) collected from the
same discrete homogenized grab sample (a split sample) as the “original” sample. To assess variability
between field duplicates, the Relative Percent Difference (RPD) was calculated as follows:

sample — duplicate

RPD=< )XlOO

(sample + duplicate) /2
In accordance with the BC Field Sampling Manual (BC MOE 2013) and CCME (2016), an RPD value of >50%
was used to identify differences between original and duplicate samples. Values less than five times the
Method Detection Limit (MDL) were not included in the RPD calculations because analytical variability near
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the MDL is higher and does not provide a good measure of variability associated with the collection of field
samples.

m Field data sheets were reviewed by the field supervisor at the end of each day for completeness and accuracy.

m Chain-of-custody documentation were used to track sample shipments to the individual subcontractor
laboratories.

m Samples were packaged and shipped to the laboratory in accordance with holding times and storage
conditions in an effort for analysis targets to be met.

Laboratory QA/QC for sediment samples included recommended sample holding times and the analysis of
laboratory control samples, method blanks, laboratory duplicates, and spiked samples to assess precision and
accuracy of analytical methods. Laboratory QA/QC reports were reviewed upon receipt to confirm that the laboratory
data quality objectives (DQOs) had been met and that the appropriate QA/QC information had been reported.

3.3.24 Benthic Infauna

Field QA/QC procedures are discussed in Section 3.3.1. Biologica laboratory QA/QC measures included an
assessment of sorting recovery, identification error, and precision/accuracy of sub-sampling. The taxonomic
laboratory identified organisms to the lowest practical taxonomic level. Laboratory procedures included sample
sorting measures, spot-checks, preliminary counting of major groups, and collaborative identification to accurately
identify species to their lowest taxonomic level. Results of QA/QC measures implemented by the taxonomic
laboratory are reported in Appendix E-1.

Benthic data were checked and no obvious signs of error in sample analyses were found. Incidental organisms,
such as meiofauna, including copepod and nematode species, were removed from benthic analysis because these
species often fall through the 500 ym mesh sieve used to separate benthic infauna from sediments in the field.
Numbers of these species collected within samples would not be representative of the true population numbers at
each station and would otherwise bias station comparisons of total abundance, relative abundance, and species
diversity.

Biologica developed a subsampling strategy that maximized the detection of large and rare individuals while also
enumerating smaller organisms. Large organisms (>1 cm) were first sorted, enumerated, and removed from the
whole sample. The remaining debris was then spread evenly on a Caton grid and subsampled via sequential
quadrat sorting. The subsample was sorted until a minimum of 400 organisms were counted.

3.3.25 Substrate, Macroflora and Epifauna

Underwater video was viewed in real-time to ensure appropriate depth and visual representation of the sea bottom
features. Video footage from each survey was post-processed by a marine biologist with local Arctic experience.
Epibenthic organisms were identified to the lowest practical taxonomic level using a variety of species identification
keys and databases. A subset of images used to identify organisms was checked by a second observer and local
Arctic biology specialists to confirm species identifications.
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3.3.2.6 Fish
The following QA/QC measures were implemented by field staff during the fish sampling activities.
m  Specific Working Instructions (SWIs) were reviewed and followed by all field members.

m Prior to fishing activities, all field members were briefed on sampling protocol/methods and made aware of
their role in data collection. Each activity was performed at each station/location in the same manner to
maintain consistency throughout the field program.

m Data were collected in Project-specific notebooks and were reviewed by the team lead at the end of each day
to ensure quality and completeness. The notebook pages were scanned and saved on an external hard drive
at the field office as a backup.

m Fish identification was recorded to species. Any identification that was questionable in the field was verified
using fish field guides.

m Field instruments such as digital weigh scales were appropriately cleaned and calibrated prior to use.

m All data recorded in field notebooks were entered into Microsoft Excel and verified accurate and complete by
a second team member. These documents were saved to the desktop then saved to an external hard drive as
a backup.

m All samples were kept on ice, in a fridge or freezer, where appropriate, and labeled (station, date, time,
samplers, and contents). All samples were shipped appropriately wrapped and kept on ice in coolers with
appropriate documentation for receivers and sent with chain of custody forms.

Quality control methodologies by Biologica and BV Labs are described in Appendix F and Appendix G.

3.3.2.7 Tissue Chemistry

Quality assurance and quality control (QA/QC) procedures were applied during field sampling, data entry and
sample shipping, laboratory analyses, data analyses, and report preparation.

Standard laboratory protocols were followed at Biologica during sample processing prior to sample analyses, to
support accurate measurements and avoid cross-contamination among samples.

Laboratory QA/QC at BV labs included analysis of a series of method blanks, certified reference materials, and
duplicate samples run in parallel. The chemistry dataset was visually assessed for outliers using scatterplots and
erroneous values were corrected, if possible (i.e., values were identified as data entry errors). Statistical analyses
and tables containing data summaries and statistical results were independently reviewed and verified by a second
individual with appropriate technical qualifications.

3.3.3 AIS/NIS

3.33.1 Zooplankton

Zooplankton collection was standardized to minimize the introduction of sampling error during sample collection.
Nets were rinsed using the same rinsing techniques and samples were subject to the same preservation methods
to ensure consistency. Zooplankton analysis was conducted by Biologica Environmental Services Ltd., which
identified organisms down to the lowest practical taxonomic level. Results of QA/QC measures implemented by the
taxonomic laboratory are reported in Appendix H.
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Data were checked thoroughly, and no errors or omissions were found. Species distributions within each collected
sample are believed to be representative of the zooplankton community at each sampling location.

3.3.3.2 Benthic Infauna

The same field and laboratory QA/QC procedures were used during collection and analysis of benthic invertebrate
communities for AlIS Program as those used for the MEEMP. These methods are discussed in sections 3.3.2.1,
3.3.2.3,and 3.3.24.

3.3.3.3 Macroflora and Benthic Epifauna

The same QA/QC measures described in Section 3.3.2.4 were used during underwater video surveys along the
AIS transects. Epibenthic organisms were identified to the lowest practical taxonomic level using a variety of species
identification books in coordination with the benthic infauna data; a subset of images used to identify organisms
was checked by a second observer to confirm species identifications.

3.3.34 Encrusting Epifauna

QA/QC procedures for the encrusting epifauna sample collection are discussed in Section 3.2.4.

3.3.3.5 Fish

QA/QC measures for fish data collection are described in Section 3.3.2.6.

3.3.3.6 Ship Hull Monitoring

Video documented during the ship hull monitoring surveys was viewed in real-time to verify that all representative
areas of the ship were surveyed and ensure appropriate visual representation of the recorded locations. Field notes
were taken during the survey. Video footage from each survey was post-processed by a qualified marine biologist
with local Arctic experience. Biofouling or encrusting organisms were identified to the lowest practical taxonomic
level where possible using a variety of species identification keys and databases. A subset of images was checked
by a second qualified observer (marine biologist) to confirm quality of observations.

3.4 Inuit Participant Interviews

Upon completion of the MEEMP and AIS/NIS surveys, Participants in the program were asked to collectively take
part in an end of season interview to provide feedback on the program by answering a series of questions. The
questionnaire was used to assess Participant opinions on the methodology, data collection and presentation, and
equipment, as well as to receive feedback on any perceived gaps, concerns or recommendations for future
programs. Questions were broad and open-ended, related to topics including program design, reporting and future
participation. A summary of the interview is provided in Appendix N.
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4.0 RESULTS

4.1 MEEMP
4.1.1 Water Quality

Water quality laboratory results are presented in Appendix B-2. Summary statistics (mean, maximum, and
minimum) for key parameters included during the 2019 water quality program are presented in Table 4-1. Measured
concentrations were determined to be less than applicable CCME water quality guidelines (WQGSs) in each of the
2019 samples collected from the four water quality stations. Summary statistics for the five monitoring years
between 2015 and 2019 are provided in Appendix B, Table B-3, with annual summaries for key parameters
presented in Table 4-2. Measured concentrations were within similar ranges to those measured during the previous
2015 to 2018 MEEMP sampling programs, with the exception of total aluminum and copper, as discussed further
below for conventional parameters, nutrients, and trace metals.

4.1.1.1 QA/QC Results

Most chemical analyses on surface water samples were completed within the sample hold time requirements. Hold
time exceedances were limited to:

m pH during each of the six sampling events

m measurements of fecal coliform by membrane filtration in five out of the six sampling events

m nitrate and nitrite for samples taken on 29 August 2019, 2 September 2019 and 9 September 2019
m  Turbidity for samples taken on 29 August 2019 and 1 October 2019.

m Total suspended solids for samples taken on 23 September 2019

Although exceedances of sample hold time requirements have been documented, the hold times for the parameters
in question are relatively short. Given the remote location of the site, such exceedances were unavoidable. The
data should still be comparable to previous yearly measurements as similar issues with hold time exceedances
have been encountered.

ALS is certified by the Canadian Association for Laboratory Accreditation (CALA) for the analyses conducted. The
analytical laboratory also incorporated and reported the results of internal QA/QC checks. These were used to
assess the reliability, accuracy, and reproducibility of the data. Reports from the laboratory are provided in Appendix
B-1 and were reviewed by Golder.

The data reported by the laboratory were considered reliable based on the following QA/QC results:

m Analytical blanks were generally measured at concentrations less than the analytical detection limit, with the
following exceptions®:

= Conductivity (samples dated 1 October 2019). The result reported was 52.3 uS/cm, while the detection
limit reported is 2 uS/cm. This was not considered a data quality issue as measured conductivity in field
samples were substantially greater than this value and, as a result, interpretation of conductivity results

9 These parameters with method blank exceedances were not key parameters and, thus, these exceedances were not considered to have
had a considerable impact on the interpretation of the report results.
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would not have been significantly impacted based on this small amount of background conductivity
identified in the blanks.

Vanadium (samples dated 23 September 2019). The result reported was 0.0084 mg/L, while the detection
limit reported is 0.0005 mg/L. This suggests that vanadium samples collected on this date may have been
biased high. As vanadium was not identified at elevated concentrations in samples, this was not considered
a major data quality issue.

Sodium (samples dated 9 September 2019). The result reported was 3 mg/L, whereas the detection limit
is 2.5 mg/L. As the value is only marginally greater than the detection limit, this was not considered a major
data quality issue.

Aluminum and manganese (samples dated 28 August 2019). The aluminum result reported was
0.415 mg/L, while the detection limit is 0.005 mg/L. This was considered for the interpretation of the results
and was not determined to have impacted interpretation of aluminum results. The manganese result
reported was 0.00041 mg/L, while the detection limit is 0.0002 mg/L. As the value is only marginally over
the detection limit this was not considered a major data quality issue.

Laboratory duplicate RPDs fell within the DQOs set by the laboratory
Laboratory spike samples fell within the DQOs set by the laboratory, with the following exceptions '°:

During the 23 September 2019 sampling event, boron marginally exceeded the laboratory DQO (80-120%)
in one laboratory control sample, as percent recovery was 128%.

During the 2 September and 29 August 2019 sampling event, sulphur did not meet the laboratory DQO
(80-120%) in laboratory control samples, as percent recovery was 78%.

Analytical results for reference materials fell within the target specified by the laboratory, with the following
exception:

During the 26 August 2019 sampling event, total yttrium measured in the reference material was greater
than the DQO (70-130%), with measured percent recovery 134%. As the exceedance was marginal in
magnitude, this was not identified as a significant data quality issue.

Matrix spike results fell within the DQOs set by the laboratory, with the following exceptions:

Matrix spike recovery could not be accurately calculated due to high analyte background in the sample for
total and dissolved boron, calcium, magnesium, potassium, rubidium, strontium, sulfur, sodium. This was
related to the elevated concentrations for these parameters in Site sediments relative to the amount that
was spiked into the matrix, rather than a data quality issue.

From the field blanks collected during the field program, measured concentrations were generally less than
the analytical detection limit, with the following exceptions":

Turbidity levels were 0.12 NTU

Ammonia was measured at 0.0062 mg/L, whereas the detection limit was <0.005 mg/L

0 The laboratory did not consider these discrepancies to be problematic as they occurred with less than 10% of the analytes tested and
percentages were only slightly outside of DQO.

" These low-level detects were not considered to represent a significant data quality issue.
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41.1.2 Conventional Parameters

The pH in surface water samples collected in 2019 ranged from 7.9 to 8.2 (Table 4-1) and so was within the CCME
WQG range for marine waters (7.0 to 8.7). The 2019 pH values were also within ranges previously reported in 2015
(7.5 to 7.9; SEM 2016), 2016 (7.7 to 7.9; SEM 2017a), 2017 (7.0 to 8.0; Golder 2018), and 2018 (7.9 to 8.1; Golder
2019a) (Table 4-2). Salinity concentrations ranged from 6400 mg/L to 31,500 mg/L in 2019 reflective of a brackish
to fully saline environment (Table 4-1). Total suspended solids (TSS) were low, with most samples <2 mg/L
(19 of 24 collected samples) and a maximum concentration of 2.9 mg/L in a sample collected from ENE on
29 August. Turbidity levels were similarly low (<0.1 NTU to 0.67 NTU). Both TSS and turbidity levels in 2019 were
below CCME WQGs (Table 4-1) and within previously observed annual MEEMP ranges from 2015 to 2018
(Table 4-2).

41.1.3 Nutrients

As reported in 2017 and 2018, nitrate concentrations in 2019 were below detection (<0.5 mg/L) (Table 4-1). In 2015
and 2016, nitrate concentrations were detected, but were orders of magnitude below the long term CCME WQG of
200 mg/L (SEM 2016, 2017a). Ammonia concentrations were also mostly below detection in 2019 (<0.0005 mg/L)
and where detected, were within the concentration range measured between 2015 and 2018 (Appendix B-3). Nitrite
concentrations measured in 2019 were also below detection (<0.1 mg/L) except for the sample collected from the
Source station on 9 September 2019 that measured 0.12 mg/L.

Fecal coliform bacteria in 2019 were generally less than the analytical detection limit, with the exception of nine
samples with fecal coliform bacteria concentrations that ranged from 1 CFU/100mL to 2 CFU/100 mL (Table 4-1).
Fecal coliform levels were below detection in 2018 (Golder 2019a), and were low in 2017, ranging from between
1 and 2 CFU/100 mL (Table 4-2; Golder 2018). Fecal coliform bacteria were not tested for in 2015 or 2016
(SEM 2016; SEM 2017a).

4.1.1.4 Metals

Measured total and dissolved metal concentrations were less than applicable CCME WQGs at each of the four
sampling stations over the six sampling events conducted in 2019. Several metals (total concentrations) were below
detection limits'2 in each of the 2019 samples (Appendix B-2). Additionally, dissolved concentrations of aluminum,
chromium, iron, lead, mercury, nickel, thallium, and zirconium were below detection limits in each of the 2019
samples, indicating that measured total concentrations were primarily associated with the particulate phase.

In 2017 and 2018, total arsenic and cadmium concentrations were less than analytical detection limits. In 2019, the
laboratory was able to improve its limit of detection for total arsenic from 2 pg/L to 0.4 pg/L and total cadmium from
0.05 pg/L to 0.01 pg/L. These analytical improvements resulted in detectable concentrations for these two metals
in 2019, but at concentrations lower than previously reported detection limits and applicable CCME WQGs.

Total mercury concentrations previously exceeded the CCME long-term WQG (0.016 ug/L) at each of the stations
sampled on 30 August 2015 (concentrations ranged from 0.023 ug/L to 0.025 ug/L; Table 4-1). Concentrations were
less than the analytical detection limits and CCME WQG during each of the other sampling events performed in
2015 (SEM 2016), as well as during each of the sampling events performed in 2016, 2017, and 2018. In 2019, a
similar trend was observed, as measured concentrations of mercury were less than the detection limit, with the

12 Total antimony, beryllium, bismuth, cesium, chromium, cobalt, gallium, phosphorus, rhenium, selenium, silicon, silver, tellurium, thorium, tin,
titanium, tungsten, and yttrium.
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exception of a single sample collected at the Source station on 26 August 2019 (0.005 ug/L), which had measured
concentrations that were less than the CCME long-term WQG.

The 2019 mean (1.74 pg/L) and maximum (11.0 ug/L) total copper concentrations were greater than those observed
in 2017 (0.61 pg/L and 0.97 ug/L, respectively) and 2018 (0.56 ug/L and 0.88 ug/L, respectively). In 2015 and 2016,
detection limits for total copper were elevated and all measurements were reported as <20 ug/L, so temporal
comparisons cannot be conducted to those years. Although CCME WQGs are not available for copper in marine
waters, the province of British Columbia (BC) recommends a long-term guideline of 2 pg/L and a short-term
guideline of 3 pg/L in marine waters. During the 2019 sampling event, measured total copper concentrations were
greater than 2 pg/L during two of the six sampling events (i.e., 3 of 4 samples collected on 23 September; 1 of 4
samples collected on 1 October). For these samples, between 22% and 53% of the total concentration was present
in the dissolved phase, suggesting that at least half of the reported total concentration was likely present in
particulate form, which may not be as bioavailable for uptake by aquatic biota. The mean total copper concentration
was below the BC long-term WQG of 2 ug/L, although 4 of the 24 collected samples did exceed the recommended
short-term guideline of 3 ug/L.

Total aluminum and iron concentrations in samples collected in 2019 ranged from <5 pg/L to 334 pg/L and from
<10 ug/L to 20 ug/L, respectively (Table 4-1). Although there are no CCME WQGs for aluminum and iron in marine
waters, 2019 aluminum concentrations were within annual ranges previously reported for the MEEMP for all but
one sample, i.e., WNW on 2 September. Comparison of total (334 pg/L) and dissolved (<5 pg/L) aluminum
concentrations in the sample taken from the WNW station on 2 September suggested that elevated particulates in
the sample may have resulted in higher aluminum concentrations, despite this sample having low turbidity
(0.65 NTU) and TSS concentrations (<2.0 mg/L).

The detection limits for iron during MEEMP studies in 2015 and 2016 (<500 ug/L) were considerably higher than
detection limits achieved during the 2017, 2018, and 2019 sampling programs (<10 pg/L), thereby precluding
comparison of the 2019 data to pre-2017 data. The maximum total iron concentration in 2019 (20 ug/L) was
substantially lower than the highest iron concentration of 290 ug/L measured during a 2017 September storm event
when TSS was elevated. Dissolved iron concentrations were less than the analytical detection limit of 10 pg/L in
each of the samples collected in 2019, indicating that for most samples, a substantial portion of the reported total
concentration was likely present in particulate form, and likely less bioavailable for uptake by aquatic biota.

4.1.1.5 Hydrocarbons

Hydrocarbons and PAHs were less than the analytical detection limits in each of the samples collected during the
2019 MEEMP. Hydrocarbons have consistently been less than detection limits throughout the MEEMP during
sampling in 2019, 2018, 2017, 2016 and 2015 (SEM 2016; SEM 2017a; Golder 2018, Golder 2019a).
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Table 4-1: Water Quality Summary Statistics for Each Sampling Location over Six Sampling Events in 2019.
CCME Marine WQG for Protection of

Parameter Aquatic Life Source
Short Term Long Term Mean Min
Physical
pH — 7.0-8.7 8.03 7.96 8.14 8.02 7.96 8.13 8.04 7.93 8.20 8.03 7.96 8.13
(SF?SI.:DI;Y — — 20.4 10.4 31.5 21.4 12.8 30.7 19.9 6.4 31.3 21.2 12.4 31.3
TSS (mglL) <2§a@g L above <‘Za“;§’g L above 12 <2 2 <2 <2 <2 12 < 22 18 <2 2.9
(T,\‘l‘;ﬂc)“ty <ga"(';;’r§3r?(‘j’e <ﬁa"ggrgfr?(‘j’e 028 | 015 | 049 | 031 | <010 | 065 | 028 | 0413 0.46 041 | <010 | 067
Nutrients (mg/L)
Hi)”ate (@s 1500 200 <050 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
Bacteria (CFU/100 mL)
reeal - - 1.58 0 <10 | 1.42 0 <10 | 1.25 0 <10 167 0 <10
Total Metals (ug/L)
Aluminum — — 10 <5 14 62 5 334 16 6 48 13 <5 26
Arsenic — 12.5 1 0.5 1.6 1 0.6 1.5 1 <0.4 1.6 1 0.6 15
Cadmium — 0.12 0.026 0.013 0.041 0.029 0.013 0.040 0.026 | <0.010 0.046 0.026 0.012 0.041
Chromium — 1.5 (Cr(VI)) <0.50 <0.50 <0.50 | <0.50 <0.50 <0.50 0.30 <0.50 0.54 <0.50 <0.50 0.50
Copper — — 3.14 <0.50 11.00 0.88 <0.50 1.74 1.43 <0.50 4.60 1.51 <0.50 5.33
Iron — — 14 <10 19 10 <10 20 11 <10 16 15 <10 20
Mercury — 0.016 0.003 | <0.005 | 0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 <0.005 | <0.005 | <0.005
Silver 7.5 — <0.10 <0.10 <0.10 | <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
PAHSs (pg/L)
Naphthalene | — 1.4 <005 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Notes: (a) = Guidelines taken from CMME Marine WQG for the protection of Aquatic Life (http://ceqg-rcqe.ccme.ca/download/en/221 ); Bold Font = indicates an exceedance from the guideline;
CCME = Canadian council of ministers of the environment; WQG = water quality guidelines; Min = minimum; Max = maximum; — = no guideline available; NR = not recorded; PSU = practical

salinity unit; TSS = Total suspended solid; mg/L = milligrams per liter; < = less than; N = Nitrogen; CFU = colony forming unit; Cr(VI) = hexavalent chromium; PAH = polycyclic aromatic hydrocarbon;
pg/L = micrograms per liter; mL = milliliter.
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Table 4-2: Water Quality Summary Statistics for 2015, 2016, 2017, 2018, and 2019 at all Sampling Locations.

Parameter CCME Marine WQG for
Protection of Aquatic Life

Short Term Long Term

Physical
Salinity (ppt) — Within 10% NR NR NR NR NR NR 13.9 4.1 24.4 8.8 5.4 19.3 20.7 6.4 315
backgIound
ppt
pH — 7.0-8.7 7.83 7.52 7.91 7.85 7.67 7.94 7.77 7.01 8.00 8.00 7.90 8.10 8.03 7.93 8.20
TSS (mg/L) <25 mg/L <5 mg/L 1.2 0.5 2.2 1.6 1.0 3.0 4.2 <2.0 25.5 1.4 1.0 4.3 1.3 <2.0 2.9
above above

background | background
Turbidity <8 NTU <2 NTU 0.23 0.05 0.92 0.43 0.10 0.99 1.06 0.27 9.60 0.73 0.19 2.52 0.32 <0.10 0.67
(NTU) above above

background | background
Nutrients (mg/L)
Nitrate | 1500 | 200 | 004 | 003 | 016 | 016 | 005 | 058 | <050 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
Bacteria (CFU/100 mL)
Fecal — — NR NR NR NR NR NR 1.25 1.00 2.00 | <1.00 | <1.00 | <1.00 | 1.48 0.00 <10.00
Coliform
Total Metals (ug/L)
Aluminum — — NR <50 50 16 9 25 25 8 142 18 8 48 25 <5 334
Arsenic — 12.5 <10 <10 <10 <10 <10 <10 <2 <2 <2 <2 <2 <2 1 <0.4 1.6
Cadmium — 0.12 <0.01 | <0.01 | <0.01 0.016 0.013 0.018 <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | 0.027 | <0.010 | 0.046
Chromium — 1.5 (Cr[VI]) <10 <10 <10 <10 <10 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.26 <0.50 0.54
Copper — — <20 <20 <20 <20 <20 <20 0.61 0.50 0.97 0.56 | <0.25 | 0.88 1.73 <0.50 11.00
Iron — — <500 | <500 | <500 <500 <500 <500 40 10 290 20 <10 90 13 <10 20
Mercury — 0.016 0.01 0.01 0.03 <0.013 | <0.013 | <0.013 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.003 | <0.005 | 0.005
Silver 7.5 — <1 <1 <1 <1 <1 <1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
PAHSs (ug/L)
Naphthalene |  — 14 | NR | NR | NR | NR [ NR | NR | <005 <005 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Notes: (a) = Guidelines taken from CMME Marine WQG for the protection of Aquatic Life (http://ceqg-rcqe.ccme.ca/download/en/221 ); Bold Font = indicates an exceedance from the guideline;
CCME = Canadian council of ministers of the environment; WQG = water quality guidelines; Min = minimum; Max = maximum; ppt = parts per trillion; % = percentage; — = no guideline available;

NR = not recorded; NTU = nephelometric turbidity unit; TSS = Total suspended solid; mg/L = milligrams per liter; < = less than; N = Nitrogen; CFU = colony forming unit; Cr(VI) = hexavalent
chromium; PAH = polycyclic aromatic hydrocarbon; pg/L = micrograms per liter; mL = milliliter.
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4.1.2 Physical Oceanography

A summary of measured currents and physical water column properties including conductivity (i.e. salinity),
temperature, turbidity, chlorophyll-a, pH, and dissolved oxygen in Milne Inlet are presented below. More detailed
results of the Physical Oceanography Program are presented in Appendix L.

41.2.1 Currents

Analysis of current speed and direction measured continuously at Bruce Head and near Mine Port between early
August and late September indicate that flows in Milne Inlet are generally oriented along channel and primarily wind
driven. The strongest depth average current speeds coincide with sustained northerly wind events. Overall, currents
in Milne Inlet are weak, with current speeds generally less than 15 cm/s. More detailed site-specific results are
summarized below:

m Bruce Head: The mid-water column flows are dominantly from southerly directions and take on a bimodal
direction near the seabed, coming from the northeast and southwest near the bed. Overall, the currents at
Bruce Head are oriented along channel. In general, the depth average currents at Bruce Head are between
5-10 cm/s but peak as high as 15 cm/s.

m Milne Port 01: The surface currents show a dominant north-south direction (i.e. tidal ebb/flood). At depth the
Milne Port 01 currents become unimodal and are dominantly from the south direction with a slight turning to
from the southwest near bed. In general, the depth average currents at Milne Port 01 are between 5-10 cm/s
but peak as high as 15 cm/s during wind events.

4.1.2.2 Salinity and Temperature

Analysis of salinity and temperature measured (i) continuously at the moorings and (ii) on select days with vertical
profiles in Milne Inlet, between Milne Port to Eclipse Sound collectively indicate that Milne Inlet is stratified (i.e.
temperature and salinity gradient) with the pycnocline depth from surface to -20 m in early August and -15 m to
-40 m in later September. During September, as the air temperature cools and wind events increase in intensity,
the upper layer of water above the pycnocline becomes well mixed. Below the pycnocline, temperature and salinity
are relatively constant. However, during strong and/or sustained northerly and southerly wind events the surface
and mid-water column can mix below the depth of the pycnocline, particularly at the head of Milne Inlet near Milne
Port. More detailed site-specific results are summarized below:

m  Bruce Head: Sensor depth was approximately -44 m mean sea level (MSL). During the beginning of the
deployment, temperature was relatively constant between -1.3°C and -0.5°C and salinity was relatively
constant between 31 practical salinity unit (PSU) and 32 PSU. From the end of August onwards, temperature
showed fluctuations between -0.5°C and 2°C and salinity showed fluctuations between 30 PSU and 32 PSU.
The increase in temperature and salinity fluctuations is due to a deepening of the pycnocline towards the
instrument depth and is driven by increased wind mixing near the surface in late August and early September
and dropping air temperatures. Both factors act to de-stratify the upper water column.

m Milne Port 01: Sensor depth was approximately -45 m MSL. During the beginning of the deployment,
temperature was relatively constant between -1.2°C and 0°C and salinity was relatively constant between
31 PSU and 32 PSU. From the end of August onwards, temperature showed fluctuations between -0.5°C and
3.5°C and salinity showed fluctuations between 30 PSU and 32 PSU. Again, the increased temperature and
salinity fluctuations are due to increased wind mixing and changing atmospheric conditions, as noted for Bruce
Head.
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Milne Port 02: Sensors were at approximate depths of -33 m MSL and -18 m MSL.

-33 m MSL: During the beginning of the deployment, temperature was relatively constant between -1°C
and 0.5°C and salinity was relatively constant between 31 PSU and 32 PSU. From the end of August
onwards, temperature showed fluctuations between -0.5°C and 2°C and salinity showed fluctuations
between 28 PSU and 31 PSU. Again, the increased temperature and salinity fluctuations are due to
increased wind mixing and changing atmospheric conditions, as noted for Bruce Head.

-18 m MSL.: During the beginning of the deployment, temperature was relatively constant between -0.5°C
and 1.3 °C and salinity was relatively constant between 30 PSU and 31.5 PSU. From the end of August
onwards, temperature showed fluctuations between -1°C and 4°C and salinity showed fluctuations
between 26.5 PSU and 30.5 PSU. The large spikes in temperature and salinity from the end of August
onwards are likely a result of intense wind mixing above the pycnocline.

Milne Port Ore Dock Tide Gauge: Sensor depth was approximately -1.5 m MSL. During the beginning of
deployment there were large fluctuations in temperature and salinity, between 1°C and 10°C and 0 PSU and
32 PSU, respectively. The increased variation in temperature and salinity in late June and early August is due
to increased freshwater inflows from sources such as Phillips Creek and melting of sea ice. From mid-July to
approximately August 24, daily and hourly fluctuations in temperature and salinity, between 2°C and 8°C and
10 PSU and 30 PSU, respectively, were observed. These fluctuations were due to wind and tidal driven mixing
near the surface. On August 24, a large wind event caused the upper water column to become well mixed,
this is seen as a large decrease in surface temperature and increase in salinity. From this point onwards, the
fluctuations in temperature and salinity at the gauge were decreased.

CTD Profiles:

In early August, the temperature at the surface was approximately 8°C and decreased rapidly to
approximately -1°C at depths of approximately -15 m to -40 m MSL. Salinity increased rapidly from 15 PSU
to 25 PSU at the surface to approximately 31 PSU at depths of approximately -20 m MSL. Below the depth
of the pycnocline, temperature and salinity were relatively constant to the seabed.

In late September, temperature was relatively uniform at approximately 2-3°C from the surface to depths
of approximately -15 m MSL. Salinity was relatively constant at 26 PSU to 30 PSU from the surface to
depths of approximately -15 m MSL. The uniform salinity and temperature in the upper 20 m suggest a
well-mixed layer. At the depth of the pycnocline (-15 m to -40 m MSL), temperature and salinity decreased
and increased rapidly to approximately -1°C and 31-32 PSU, respectively. Below the depth of the
pycnocline temperature and salinity were generally constant but temperature increased at depths greater
than -100 m MSL (temperature of maximum density of seawater is approximately 3-4°C).

4.1.2.3 Physiochemical Properties

Analysis of turbidity, dissolved oxygen, and chlorophyll-a measured with vertical physical profiles on select days
indicate that concentrations are determined in large part by the location of the pycnocline. In general, the
concentrations of turbidity, dissolved oxygen, and chlorophyll-a are increased above the pycnocline, where wind
mixing is intensified, and decrease below. More detailed site-specific results are summarized below:

Chlorophyll-a: In early August, Chlorophyll-a concentration increased from the surface and peaked at or just
below the pycnocline, between -17 m and -40 m MSL depending on the station. A maximum concentration of
1.3 mg/m?3 was recorded at Station 12, at -30 m MSL. Concentrations reached near zero for all stations by
depths of -60 m MSL (i.e. below the photic depth). In late September, Chlorophyll-a concentrations ranged
from 0 mg/m? to 0.9 mg/m?® and reached maximum between -8 m and -30 m MSL depending on the station.
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The maximum concentration was recorded at Ragged Island N at -8.5 m MSL. Concentrations reached near
zero for all stations by depths of -45 m MSL (i.e. below the photic depth).

m  Turbidity: Water in Milne Inlet was clear throughout the water column with elevated turbidity near the surface
(between 0 m and -10 m MSL) and the bottom of each cast. Surface turbidity values ranged between 0.3
nephelometric turbidity units (NTU) and 1.2 NTU.

m Dissolved Oxygen: In early August, a pump turn-on delay occurred and prevented the collection of useable
dissolved oxygen data. In late September, dissolved oxygen concentrations ranged from 6.6 mg/L to 12.2 mg/L
corresponding to saturations ranging from 57% to 104%. The peak for each station occurred between depths
of -25 m and -46 m MSL, with peaks generally being higher and deeper towards the head of the inlet. Below
these depths, dissolved oxygen decreased with depth.

41.3 Background Hydrology and Geomorphology

The literature review, historical imagery analysis, and analysis of Phillips Creek hydrological and sediment data
indicate that the Phillips Creek delta is a dynamic environment characterized by spatial and temporal variability in
sediment deposition. Like typical arctic streams, most sediment transport on Phillips Creek occurs during the spring
freshet. Summer rainstorms trigger additional pulses of transport. The amount and size of sediment routed down
the river channel and deposited on the delta every year depends on a variety of factors, including the amount of
snowpack, the magnitude and duration of the snowmelt period, and sediment supply from stream banks, slope
failures, and other natural sources. Sediment derived from Project-related sources, such as fugitive dust from the
tote road, ore dust, and erosion at road crossings may also contribute to the supply to Phillips Creek, although
Knight Piesold (2018) concluded that inputs of dust resulting from the project are expected to be under levels
outlined in the Canadian Council of Ministers of the Environment (CCME) water quality guidelines. Once on the
delta, coastal transport due to wave action and ice drift contribute to additional sediment reworking. The size of
sediment on the delta can be expected to change from year to year due to natural variability in hydrology, sediment
supply, and coastal depositional processes.

Sediment deposition on Phillips Creek delta is also influenced by dynamic fluvial and coastal landform evolution.
Movement of Phillips Creek over time is apparent on the historical imagery. Channel migration between 1982 and
2016 was observed on the segment of Phillips Creek stretching from the mouth to approximately 2.5 km upstream.
A shift of the primary channel from the eastern to the western end of the delta appears to have resulted in the
westward progression of a nearby spit.

The size of sediment collected along the West Transect from 2014-2017 as part of the MEEMP sampling program
has been variable over time, as can be expected in a naturally dynamic depositional environment.

More detailed results of the Background Review of Hydrology and Geomorphology in Phillips Creek Estuary are
presented in Appendix M.

41.4 Sediment Quality

Analysis of the physical and chemical composition of sediments was conducted on samples collected from a total
of 44 stations along four transects, as well as at two additional non-transect stations (18SED-01 and 18SED-02).
Results of these analyses are presented in Appendix C, where sediment parameter concentrations are compared
to sediment quality guidelines (Appendix C-3), including CCME ISQGs and PELs, BC Working sediment guidelines
(BC MOE 2017), and NOAA sediment quality benchmarks (Buchman 2008).
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Similar to previous years, the physical composition of sediments in samples collected in 2019 varied among stations
and transects (Figure 4-1). Sediment in the West (SW) and East (SE) Transects predominantly consisted of sand
and silt, while the Northern Transects (SNW and SNE) had higher proportions of fines (i.e., silt and clay), which
appeared to increase with greater distance from the Ore Dock.

4.1.4.1 QA/QC Results

Chemical analyses on sediment samples were completed within the sample hold time requirements. ALS is
certificate by CALA for the analyses conducted. The analytical laboratory also incorporated and reported the results
of internal QA/QC checks. These were used to assess the reliability, accuracy and reproducibility of the data.
Reports from the laboratory are provided in Appendix B-1 and were reviewed by Golder.

The data reported by the laboratory were considered reliable based on the following QA/QC results:
Analytical blanks were measured at concentrations less than the analytical detection limit.
Laboratory duplicates fell within the DQOs set by the laboratory

Surrogate recoveries were within the DQOs set by the laboratory, except for 1,4-difluorobenzene at station
SNW-9, where percent recovery (55.7%) was marginally lower than the DQO. This was not considered a
significant data quality issue, as report hydrocarbon concentrations were less than detection in this sample.

Analytical results for reference materials or spiked standards fell within the DQOs specified by the laboratory.

Four field duplicate samples (DUP-A, DUP-B, DUP-C and DUP-D) were collected for the purposes of this
investigation, consistent with the quality control objective (i.e., ~10% of samples). Where applicable (i.e., where
concentrations above the RDLs were reported for both the original field sample and the duplicate sample), RPDs
were calculated (see Appendix B-2). The reported RPDs were generally within the DQOs, with the following
exception:

Cadmium, with an RPD of 74%, exceeded the 50% recommended RPD allowance.

This is not considered a significant data quality issue, as cadmium concentrations were less than applicable
sediment quality guidelines in each of the samples evaluated at the Site.

A power analysis was also conducted to assess level of effect required for the ANCOVA to identify a significant in
effect during each of the spatial and temporal comparisons described in Sections 4.1.4.1 and 4.1.4.2. The results
of the power analysis are provided in Appendix O.

4.1.4.2 Correlation Analyses

Strong correlations between sediment metal concentrations and the proportion of fine-grained sediments (i.e., clay
and silt sediment fractions) have previously been identified in Milne Inlet during baseline characterization programs
(Baffinland 2013; SEM 2014; 2015), and during previous MEEMP years (2004—2018). In these studies, an
observation was made that the proportion of fine-grained sediments tended to increase with greater distance
offshore. Direct impacts to sediment quality, if any, resulting from Port operations (i.e., prop wash scouring, ore
dust, hydrocarbon leaks, wastewater, and site runoff) would be greatest in closer proximity to the Ore Dock, with
direct effects progressively decreasing with distance away from the Ore Dock. To evaluate whether this was the
case during the 2019 sediment program, a Spearman Rank Correlation analysis was undertaken to investigate
whether there was a relationship between metal concentrations measured in the sediments and distance from the
Ore Dock.
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Metal concentrations along the northern transects (i.e., Northeast and Northwest Transects) were positively
correlated with distance from the Ore Dock (Appendix C-4), suggesting that metal concentrations increased with
distance offshore. These relationships were statistically significant (P <0.05) for each of the metals analyzed except
for arsenic, cadmium, magnesium, and phosphorus. These results do not suggest that Milne Port represents a
substantial point source of metals to sediments along the northern transects. However, the influence of particle size
gradient complicates the interpretation of spatial trends, as the concentrations of many metals are known to
correlate with the fines content of sediment.

Statistically significant relationships between metal concentrations and distance from the Ore Dock were generally
not identified during the Spearman Rank Correlations along the East and West Transects, although the direction of
the relationships were typically positive (i.e., increasing metal concentrations with increasing distance from the Ore
Dock).

Overall, the results of the Spearman Rank Correlation analyses suggested that:

m Metal concentrations increase with increasing distance offshore along the northeast and northwest transects.
This may represent a physical condition whereby sediments contain increasing percentages of fine-grained
sediments in deeper offshore waters. This is consistent with results reported in previous MEEMP programs
that identified a strong relationship between metal concentrations and sediment fines.

m Significant correlations were not identified between sediment metal concentrations and distance from Ore
Dock along the West and East Transects. The West and East Transects are positioned along the 15 m depth
contour. There is less variability in sediment percent fines content along these shallower transects compared
to the northern transects because sediment samples were taken at a consistent water depth within similar
depositional environments.

m The correlation analysis did not suggest that sediment metal concentrations were accumulating at elevated
levels close to the Ore Dock relative to other locations sampled within Milne Port.
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Figure 4-1: Mean Sediment Particle Size Distribution for Stations Located Along Transects Radiating out from the Ore
Dock in Milne Port, 2019
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4.1.4.3 Principal Component Analysis

Metals, in general, tend to accumulate to a greater degree in finer sediments due to a combination of physical
(e.g. increased surface area to volume ratio) and chemical (e.g. geochemical substrate) factors (Jones and Bowser
1978; Horowitz 1991). As a result, a PCA was conducted to investigate the relationship between sediment physical
and chemical data collected during the 2019 field program. PCA takes a large data set (in this case, sediment
chemistry data) and reduces it to a small number of variables (i.e., principal components) that characterize the
variability inherent in the data set. The magnitude of concentration is less important than variability in the analysis,
which makes it useful to evaluate spatial patterns that could otherwise be missed because of the influence of
stations with highly variable sediment parameters.
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The PCA showed three components with eigenvalues >1 that accounted for 92% of the total variance. The first
component explained the highest percentage of the variance in the original data (84%). The other two principal
components accounted for the remaining 8% of the explained variance and will not be discussed further. Details of
the PCA, including the eigenvalues, loadings, scores, correlations, and quality of representation are presented in
Appendix C-5.

As depicted in Figure 4-2, PC1 positively correlated strongly with fine fractions of sediments (silt and clay), moisture,
inorganic carbon, concentrations of metals (loading coefficient 20.9) and, to a lesser extent with molybdenum
(loading coefficient = 0.73). PC1 strongly negatively correlated with sand (loading coefficient = -0.96), pH (loading
coefficient = -0.52), and, to a lesser extent with gravel (loading coefficient = -0.06).

Figure 4-2: Principal Component Analysis (PCA) of Sediment Quality at Stations Located Along Transects Radiating
out from the Ore Dock in Milne Port, 2019

PC1 and PC2 were plotted to identify where samples lie in two-dimensional ordinal space, allowing for further
interpretation of the data (Figure 4-3). The right half of Figure 4-3 represents higher silt and clay content, inorganic
carbon, and concentrations of metals, with lower pH and sand content; the left half of the figure represents higher
sand content, higher pH, and lower metal concentrations. The upper half of Figure 4-3 represents higher gravel
content; the lower half of the figure represents higher magnesium and TOC concentrations. Most stations on the
two northern transects that extend out into the inlet (SNE and SNW) are oriented on the right side of the graph,
reflective of the finer sediments and higher carbon and metal concentrations. Stations along the SE and SW
transects closer to the shore position in the left half of the graph, reflective of shallower environments with coarser
sediments, and subsequently lower metal concentrations.
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More specifically, stations along the SE Transect are located in the upper-left part of the graph indicative of higher
gravel content, whereas stations along the SW Transect are located in the lower-left part of the graph, indicative of
higher magnesium and TOC concentrations. Stations from the northern transects (SNE and SNW) position in the
right half of the graph, with higher concentrations of silt, clay, and other metals, and lower pH and sand content.
Stations along the SNE Transect are located in the upper-right part of the graph, with higher gravel content, but
also dominated by fines with lower sand, while SNW was located in the right-central part of the graph, with relatively
moderate TOC concentrations.

Figure 4-3: Principal Component Scores for Sediment Quality Stations Located Along Transects Radiating out from the
Ore Dock in Milne Port, 2019

Overall, the results of the PCA suggested that:

m There appears to be a relationship between sediment metal concentrations and the proportion of fine-grained
sediments (i.e., silt and clay). This is consistent with results reported in previous MEEMP programs that
identified a similar relationship.

m The chemical profile of sediments along the transects appear to be driven by substrate type rather than Port
activities. Similarly, the type of substrate along each transect seems to differ based on depositional forces
(i.e., coastal transects tend to have greater amounts of coarse material than deeper offshore sediments along
the northern transects), rather than Port activities.

m The PCA did not suggest that sediment metal concentrations or fine-grained sediments were accumulating at
elevated levels close to the Ore Dock relative to other locations sampled within Milne Port.
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4.1.4.4 Comparison to Sediment Quality Guidelines

Concentrations of bismuth, silver, tin, and tungsten were measured below their respective detection limits in each
of the 2019 samples, with antimony and selenium detected in less than 50% of the samples. Where detected, metal
concentrations tended to be present at greater concentrations in areas with a higher proportion of fines and were
not determined to be concentrated close to the Ore Dock (Figure 4-2 and Figure 4-3). For instance, aluminum and
iron concentrations increased with greater distance from the Ore Dock along the Northwest and Northeast Transects
(i.e., the Northern Transects), consistent with an increase in fine grained sediments with greater depth offshore
(Figure 4-4 and Figure 4-5). Concentrations for these metals were less variable along the West and East Transects,
which are situated parallel to the coast (i.e., the Coastal Transects), as these samples were collected along a similar
depth profile and were less variable in sediment grain size.

Sediment metal concentrations at stations sampled in 2019 were generally less than applicable sediment quality
guidelines, with the exceptions of arsenic and nickel (discussed below).

Measured arsenic concentrations during the 2019 MEEMP were less than applicable guidelines along the East and
West transects, but exceeded the CCME ISQG (7.24 mg/kg) at eleven stations sampled along the two Northern
Transects (Figure 4-6), specifically:

three stations along the Northwest Transect (i.e., SNW-3, -7 and -9)
eight stations along the Northeast Transect (i.e., SNE-4, -5, -6, -7, -8, -9, -10, and -11)

Concentrations in 10 of these samples (i.e., all except the SN-7 sample) also exceeded the NOAA T2 benchmark
(7.4 mg/kg; Buchman 2008) and 9 of these samples exceeded the NOAA Effects Range-Low (ERL) of 8.2 mg/kg
(Buchman 2008). Arsenic was also measured at elevated concentrations in Milne Inlet during baseline
characterization work in 2007, 2008 and 2011 (Baffinland 2012), and in 2013 and 2014 (SEM 2014; 2015).
Concentrations up to 9.0 mg/kg were measured in sediment during these baseline sampling programs. The highest
arsenic concentration (12.4 mg/kg) measured in 2019 was found at station SNE-5. As depicted in Figure 4-6, arsenic
concentrations tended to increase with greater distance from the Ore Dock along the two northern transects, which
is the opposite of what would be expected if the Ore Dock were the cause of the elevated arsenic concentrations.
The 2019 results are consistent with those reported during previous MEEMP programs (2014-2018), which
documented sporadic and marginal exceedances of arsenic ISQGs in sediments. As described above, variability in
measured concentrations of arsenic in Milne Port were well explained by the variability in percent fines (Figure 4-2),
which was shown to increase with greater distance from the Ore Dock. Overall, arsenic concentrations in 2019 were
similar to those reported in previous surveys and did not approach the CCME PEL of 41.6 mg/kg in any sample. As
a result, the low magnitude exceedances of CCME ISQGs in some samples are likely reflective of background
conditions and related to physical sediment properties (i.e., percent fines), rather than contamination caused by
Port activities.

Nickel concentrations in 2019 exceeded the T20 benchmark (15 mg/kg) at eight stations located along the Northern
Transects (Figure 4-7): 1 Northwest Transect stations (SNW-9) and seven Northeast Transect stations (SNE-5, -6,
-7,-8, -9, -10, and -11). The same seven stations from the Northeast Transect also exceeded the NOAA Threshold
Effect Level (TEL) of 15.9 mg/kg. The highest nickel concentration of 19 mg/kg was measured at station SNE-9
located in deeper waters in the inlet. CCME sediment quality guidelines are not currently available for nickel;
however, measured concentrations were less than the lower (30 mg/kg) and upper (50 mg/kg) BC Working sediment
guidelines. Concentrations of nickel in sediments have previously been measured up to 25 mg/kg during baseline
studies performed in Milne Inlet (SEM 2015), suggesting that nickel concentrations measured in 2019 were within
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the range of background concentrations for this area. Furthermore, as depicted in Figure 4-7, nickel concentrations
tended to increase with greater distance from the Ore Dock along the two northern transects, which is the opposite
of what would be expected if the Port were the cause of the elevated nickel concentrations. This is further supported
by the results of the Spearman Rank Correlation analysis and PCA, which suggest that reported nickel
concentrations were related to sediment grain size (fines), rather than Port activities.
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Figure 4-4: Sediment Aluminum Concentrations at Stations Located Along Transects Radiating out from the Ore Dock
in Milne Port, 2019
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Figure 4-5: Sediment Iron Concentrations at Stations Located Along Transects Radiating out from the Ore Dock in Milne

Port, 2019
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Figure 4-7: Sediment Nickel Concentrations at Stations Located Along Transects Radiating out from the Ore Dock in

Milne Port, 2019
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Volatile organic compounds, extractable petroleum hydrocarbons and PAHs were, with few exceptions, determined
to be less than their respective analytical detection limits in sediment samples collected in 2019 (Appendix C-3).
Stations with detectable sediment concentrations for these parameters included:

m Several PAHs were detected in sediments collected at stations SNE-1, SNW-6, SE-3, SNE-7 and SNE-8

m VOCs: benzene was detected at stations SE-6 (0.0170 mg/kg), SE-10 (0.0063 mg/kg), SE-11 (0.0079 mg/kg),
SNE-10 (0.0059 mg/kg) and SNE-11 (0.0057 mg/kg), while toluene was found in SE-6 (0.103 mg/kg), SE-11
(0.091 mg/kg), SNE-10 (0.078 mg/kg) and SNE-11 (0.09 mg/kg)

m Petroleum hydrocarbons were measured to be less than the detection limit in each of the samples analyzed.

Concentrations of acenaphthene (0.013 mg/kg) and dibenz(a,h)anthracene (0.0177 mg/kg) in SNE-1 exceeded
CCME 1SQGs of 0.00671 and 0.00622 mg/kg, respectively. Concentrations of dibenz(a,h)anthracene at stations
SNW-6 (0.0098 mg/kg), SNE-7 (0.0088 mg/kg) and SNE-8 (0.0076 mg/kg) also marginally exceeded the CCME
ISQG and the BC Working lower guideline of 0.00622 mg/kg. Other organic compounds measured in sediments
sampled during the 2019 sediment program did not exceed sediment quality guidelines and benchmarks.

Interpretation of the few ISQG exceedances for organics must acknowledge the high degree of conservatism in the
individual ISQGs for PAHs. These guidelines are among the most conservative sediment quality guidelines in the
world, have high uncertainty, and are suitable only for use as conservative screening values (i.e., the ISQG is
intended to represent a concentration below which adverse biological effects are rarely expected to occur). CCME
PELs are intended to represent concentrations above which adverse effects are predicted to occur frequently, based
on a concurrence data set with sediment chemical concentration and benthic invertebrate effects data from other
sites. Notably, the Federal Contaminated Sites Action Plan (FCSAP) guidance for working harbours (FCSAP 2018)
recommends use of PEL over ISQG for screening primary contaminants of potential concern, as screening with
ISQGs is considered overly conservative and does not always correlate well with observed effects under field
conditions (FCSAP 2018). Both sediment organic and inorganic parameters measured in 2019 were less than
CCME PEL guidelines in each of the collected sediment samples.

4.1.4.5 EEM — Content of Fines
2019: Spatial Comparison

Based on the observed relationship between total sediment metals and percent fines, the percentage of fines at
stations sampled in 2019 were analyzed using a general linear model, with main effects of distance from transect
origin, transect, and their interaction. The effect of distance was modeled as a second-degree polynomial to
account for the non-linearity in percent fines relative to distance from transect origin. The model explained 79% of
the data variability, and the two-way interaction was statistically significant (P=0.001), indicating differences in the
relationship between fines and distance at different transects (Table 4-3).

Overall, the Northeast and Northwest Transects had slightly higher fines content at each distance, compared to the
East and West Transects. The spatial relationships determined from the linear regression analysis were:
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m Along the East Transect, percent fines were generally lower than observed along the northern transects and
did not increase significantly between distances extending from the Ore Dock (Figure 4-8; Table 4-4).

m Along the Northeast Transect, percent fines were consistently higher at each distance compared to the
transects running along the coast (Figure 4-8; Table 4-4). Estimates of fines along the Northeast Transect
increased significantly between distances from 0 m to 900 m from the Ore Dock (Table 4-4).

m Along the Northwest Transect, percent fines were slightly higher at each distance compared to the coastal
transects, but the increasing relationship between fines content and distance from the Ore Dock was less
pronounced compared to the Northeast Transect and was not statistically significant (Figure 4-8; Table 4-4).

m Along the West Transect, percent fines were generally lower and more similar to the East Transect than to the
Northwest and Northeast transects. There was high variability in fines content along the West transect, and
fines increased significantly between distances ranging from 0 m to 400 m from the Ore Dock, followed by a
significant decrease in fines at distances between 900 m and 1,200 m from the Ore Dock (Table 4-4), which
could be related to sedimentation patterns resulting from the outflow of Phillips Creek (i.e., deposition of
fine-grained riverine sediments).

Figure 4-8: Observed (Points) and Estimated (Lines) Percent Fines in Sediment Relative to Sampling Distance along
Transects in 2019. Grey Ribbons are 95% Confidence Intervals.
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Table 4-3: ANOVA Summary of Percent Fines in Sediments by Transect in 2019

Parameter
Distance from transect origin 17.60 <0.001
0.793 Transect 28.99 <0.001
Distance x Transect 5.26 0.001

Notes: Adj. R?= Adjusted R squared value; Df= degrees of freedom. Distance was modeled as a second-degree orthogonal polynomial.

Table 4-4: Comparison of Percent Fines between Consecutive Distances along each Transect in 2019

Distance from Origin (m)

Transect P-Value

' Northeast Northwest
100-0 1.000 0.001 0.001 0.526
200 -100 1.000 0.002 0.001 0.497
300 - 200 1.000 0.002 <0.001 0.463
400 - 300 0.965 0.006 <0.001 0.428
500 - 400 0.499 0.057 <0.001 0.414
600 — 500 0.426 0.998 <0.001 0.516
700 - 600 0.747 0.709 <0.001 0.923
800 - 700 0.921 0.055 <0.001 1.000
900 - 800 0.974 0.012 0.018 1.000
1,000 - 900 0.990 0.006 0.743 0.999
1,100 - 1,000 0.995 0.004 1.000 0.993
1,200 - 1,100 0.998 0.003 1.000 0.978

Notes: Significant P-values (<0.05) are indicated in bold

2014-2019: Temporal Comparison

The percentages of fines at sediment stations sampled during the 2014-2018 and 2019 MEEMP programs were
also evaluated using a general linear model, with main effects of distance from transect origin, year (as a categorical
variable), transect, and all possible interactions. The effect of distance was modeled as a second-degree polynomial
to account for the non-linearity in percent fines relative to distance from transect origin. The model explained 70%
of the data variability. The only statistically significant interaction indicated that there were differences in the
relationship between fines and distance along different transects (P <0.001), but not among years (Table 4-5).
There were comparable relationships between fines and distance across years within each transect (Figure 4-9).
Overall, the results of the linear regression suggest that sediment fines content has not changed significantly
between 2014 and 2019 for the sediment transect locations investigated (Table 4-6).
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For three of the four transects the following distance-based trends were noted. Comparison of trends between years
was not possible for the Northeast Transect because 2019 was the first year that this transect was sampled.

East Transect—fines generally increased with distance from the Ore Dock during each of the MEEMP years,
with small interannual differences in the relationship (Figure 4-9). Estimates of fines content did not vary
significantly between years at any distance from the Ore Dock and, while variability between years was
recorded, there did not appear to be any statistically significant interannual differences between distances
within this transect (Table 4-6). Overall, no consistent interannual trend was detected at the East Transect
origin or anywhere along the transect.

Northwest Transect (North Transect in pre-2019 MEEMP years)—all six years had a similar pattern of
increasing fines with distance from the transect origin up to approximately 1,000-1,500 m, followed by a slight
decrease or stabilization in fines content (Figure 4-9). There were no statistically significant differences
between years at any of the distances evaluated along the Northwest Transect (Table 4-6).

West Transect—fines were generally low at the Ore Dock and 1,500 m from the Ore Dock, but increased from
the Ore Dock up to a distance of between 500 m and 1,000 m from the Ore Dock (Figure 4-9), potentially as
a result of the outflow of Phillips Creek, followed by a decreasing trend to 1,500 m from the Ore Dock. There
were no statistically significant differences between years at any of the distances along the West Transect
(Table 4-6).

Figure 4-9: Observed (Points) and Estimated (Lines) Percent Fines in Sediment Relative to Sampling Distance along
Transects, 2014 to 2019.
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Table 4-5: ANOVA Summary of Percent Fines in Sediments by Year and Transect

Adj. R? Parameter Df F value P-value
Distance from transect origin 2 22.61 <0.001

Year 5 0.48 0.791

Transect 2 94.2 <0.001

0.699 Distance x Year 10 1.76 0.089
Distance x Transect 4 8.79 <0.001

Year x Transect 10 0.79 0.638

Distance x Year x Transect 20 1.17 0.311

Notes: Adj. R?>= Adjusted R squared value; Df= degrees of freedom. Distance was modeled as a second-degree orthogonal polynomial.

Table 4-6: Multiple Comparisons of Percent Fines between Years, within Distance/Transect Combinations

and U 3 e O =2 S :

rig 014 0 016 0 018 019
East Transect
0 a a a a a a
500 a a a a a a
1,000 a a a a a a
1,500 a a a a a a
North Transect
0 a a a a a a
500 a a a a a a
1,000 a a a a a a
1,500 a a a a a a
West Transect
0 a a a a a a
500 a a a a a a
1,000 a a a a a a
1,500 a a a — a —

Notes: Years that do not share letters (within every distance in each transect) are significantly different from each other. Increasing letters
represent an increase in values: “a” is the lowest estimated fines value, “b” representing is the second lowest, and so on. Grey shading depicts
significant, increasing trends between consecutive years, and underlined letters represent significant, decreasing trends between consecutive
years. “—” represents a distance where temporal comparisons could not be made, as samples were at the given distance over the specific

sampling period.
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4.1.4.6 EEM—Iron Concentrations

Increases in iron content over time could represent a Project-related effect due to the potential for release of iron
ore in the form of dust or in runoff from storage stockpiles. Additionally, iron ore could be released to the marine
environment during loading of the ore onto vessels at the Port. Given that the iron ore consists primarily of iron
(>65%; FEIS; Baffinland 2013), monitoring for changes in the concentration of this element in sediments over time
is an important component of the MEEMP. To further evaluate sediment iron concentrations in Milne Inlet, a spatial
comparison of the 2019 transect data was undertaken as described below. A comparison of sediment iron data
collected by the MEEMP between 2014 and 2019 was also conducted to evaluate temporal trends and is also
described below.

Spatial Comparison

To evaluate the potential for iron ore dust and runoff to impact the marine environment, sediment iron concentrations
were analyzed using a general linear model, with main effects of distance from transect origin, transect, and the
interaction between the two variables. In addition, a main effect of percent fines was also assessed, to account for
the strong relationship between these two variables (Figure 4-10). Iron content and percent fines were natural-log
transformed to make the relationships linear. Since non-linearity still remained in the relationship between
natural-log transformed iron content and distance, the effect of distance was modeled as a second-degree
polynomial. The model explained 79% of the data variability, and the two-way interaction was statistically significant
(P=0.005), indicating differences in the relationship between iron and distance along different transects
(Table 4-7). Percent fines was also a statistically significant explanatory variable of iron content (P <0.001).

Figure 4-10: Relationship between Iron Concentration and Fines Content in Sediment in 2019. Grey Ribbon is 95%
Confidence Interval.
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Table 4-7: ANOVA Summary of Iron Content in Sediments by Transect

Adj. R? Parameter Df F value P-value
Distance from transect origin 2 9.48 0.001
Transect 3 7.32 0.001
0.927
Distance x Transect 6 3.99 0.005
Fines 1 64.75 <0.001

Notes: Adj. R2= Adjusted R squared value; Df= degrees of freedom. Iron content and fines were log-transformed prior to analysis, and distance
was modeled as a second-degree orthogonal polynomial.

There was substantial variability in iron concentrations observed between transects in 2019 (Figure 4-11; Table 4-
8). Overall, iron content was similar between transects closer to the Existing Ore Dock (< 300 m from transect origin)
and only increased significantly with distance from the Ore Dock along the Northeast Transect (i.e., up to 800 m
from the transect origin at the Ore Dock). The spatial relationships determined from the linear regression analysis
were:

m Coastal Transects (East and West)—iron concentrations did not increase significantly with distance from the
Ore Dock.

m Northern Transects (Northeast and Northwest)—iron concentrations increased significantly with distance
from the Ore Dock along the Northeast transect between 0 m and 800 m from the transect origin, before
stabilizing at approximately 900 m from the Ore Dock. Along the Northwest Transect, iron concentrations
increased slightly with distance from the Ore Dock; however, the relationship was not determined to be
statistically significant (Figure 4-11; Table 4-8).

Figure 4-11: Observed (Points) and Estimated (Lines) Iron Content in Sediment Relative to Sampling Distance along
Transects in 2019. Grey Ribbons are 95% Confidence Intervals.

77



27 August 2020 1663724-197-R-Rev0-24000

Table 4-8: Comparison of Iron Content between Consecutive Distances along each Transect in 2019

Transect P-Value

Distance from Origin (m)

Northeast
100 - 0 0.820 1.000 0.010 0.959
200 - 100 0.846 1.000 0.007 0.983
300 — 200 0.898 1.000 0.005 0.997
400 - 300 0.979 1.000 0.003 1.000
500 - 400 1.000 1.000 0.001 1.000
600 - 500 1.000 1.000 0.001 1.000
700 - 600 0.974 0.999 <0.001 0.566
800 - 700 0.912 1.000 0.001 0.129
900 - 800 0.870 1.000 0.022 0.103
1,000 — 900 0.845 1.000 0.587 0.130
1,100 - 1,000 0.830 1.000 1.000 0.168
1,200 - 1,100 0.820 1.000 1.000 0.206

Notes: Significant P-values are indicated in bold

Temporal Comparison

To evaluate temporal trends in sediment iron concentrations collected during the MEEMP between 2014 and 2019,
sediment samples were analyzed using a general linear model, with main effects of distance from transect origin,
year (as a categorical variable), transect, and all possible interactions between the three variables, in addition to a
main effect of percent fines (Figure 4-12). Iron content and percent fines were natural-log transformed to make the
relationships linear. Because non-linearity still remained in the relationship between natural-log transformed iron
content and distance, the effect of distance was modeled as a second-degree polynomial.

The model explained 92% of the data variability, and two-way interactions were statistically significant, indicating
differences in the relationship between iron and distance along different transects (P <0.001) and in the relationship
between iron and year along different transects (P=0.006; Table 4-9). The three-way interaction was not statistically
significant (P=0.137). Log-transformed percent fines was a statistically significant explanatory variable of iron
content (P <0.001).

Interpretation of the regression analysis results presented in Table 4-13 and Table 4-10 are provided below. Overall,
statistically significant increases in iron content in sediments at concentrations greater than those observed during
the 2014 baseline characterization program were only observed along the East Transect at 500 m and 1,000 m
from the Ore Dock. Similar to the West Transect, iron concentrations year-over-year along these coastal transects
(15 m depth profile) were determined to be more variable than the Northwest offshore transect. It is unclear whether
elevated concentrations observed along the East Transect suggest an upward trend, or whether it is simply reflective
of this high natural variability. Further monitoring is likely required to differentiate between these two possibilities.
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Coastal Transects

Along the East Transect, significant changes in iron concentrations were observed between 2014 and 2019. These
changes are described below at 0 m, 500 m, 1,000 m, and 1,500 m distances from the Ore Dock.

East Transect (0 m): Measured sediment iron concentrations in 2017 and 2018 were significantly greater than
concentrations measured by the MEEMP between 2014 and 2016. In contrast, results reported in 2019 were
not determined to be significantly different than results reported between 2014 and 2016, or relative to the
2017 and 2018 results.

East Transect (500 m): Measured sediment iron concentrations in 2017, 2018 and 2019 were determined to
be significantly greater than concentrations measured between 2014 and 2016.

East Transect (1,000 m): Measured sediment iron concentrations in 2017 and 2018 were not determined to
be significantly greater than baseline concentrations measured in 2014 but were significantly greater than
concentrations measured in 2015 and 2016. Concentrations measured in 2019 were not determined to be
significantly different than 2017 and 2018 but were significantly greater than 2014 results.

East Transect (1,500 m): Measured iron concentrations in 2015, 2016, 2017, and 2018 were not determined
to be significantly different from baseline concentrations reported in 2014. Unfortunately, as sampling stations
were not collected at this distance from the Ore Dock during the 2019 program, comparisons to 2019 values
could not be performed.

These results suggest variability in iron concentrations among years along the East Transect, but do not definitively
suggest increased iron concentrations over time resulting from Port activities. Sediments collected close to the Ore
Dock did not have significantly greater fines-adjusted iron concentrations than baseline conditions reported in 2014.
Concentrations of iron were significantly greater than 2014 results at 500 m and 1,000 m from the Ore Dock in 2019;
however, 2019 concentrations were not significantly greater than those over the past two MEEMP sediment
programs (2017 and 2018). It is unclear whether the observed differences in iron concentrations at 500 m and 1,000
m from the Ore Dock reflect an upward trend related to Port operations, or whether they are simply reflective of the
variable sediment conditions in this area of Milne Inlet. Further monitoring is likely required to differentiate between
these two possibilities.

Along the West Transect, similar to the East Transect, sediment iron trends showed higher variability year over year
than along the Northwest Transect, and a variety of statistical differences between years were identified, as detailed
in Figure 4-13 and Table 4-10. However, measured iron concentrations collected in 2019 were not determined to
be statistically different than those measured in 2014, suggesting measured concentrations in 2019 were similar to
background.

Northwest Transect

Interannual changes in iron concentrations (at observed fines content values) were not observed at any of the four
tested distances between 2014 and 2019 along the Northwest Transect (Table 4-10; Figure 4-13), suggesting that
measured concentrations were similar to background conditions measured in 2014.
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Figure 4-12: Relationship between Iron Concentration and Fines Content in Sediment, 2014-2019. Grey Ribbon is 95%
Confidence Interval.

Table 4-9: ANOVA Summary of Iron Content in Sediments by Year and Transect

Adj. R?

0.916

Parameter Df F value P-value
Distance from transect origin 2 3.45 0.039
Year 5 35.7 <0.001
Transect 2 451 <0.001
Distance x Year 10 1.18 0.327
Distance x Transect 4 19.1 <0.001
Year x Transect 10 2.88 0.006
Distance x Year x Transect 20 1.46 0.137
Fines 1 43.95 <0.001

Notes: Adj. R?= Adjusted R squared value; Df= degrees of freedom. Distance was modeled as a second-degree orthogonal polynomial; fines

and iron content were natural log-transformed prior to analysis.
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Figure 4-13: Observed (Points) and Estimated (Lines) Iron Content in Sediment Relative to Sampling Distance along

Transects, 2014-2019.

Table 4-10: Multiple Comparisons of Iron Content between Years, within Distance/Transect Combinations (Adjusted to

Mean Fines)
I :
rig 0 0 0 0 0 019
East Transect
0 a ab ab b b ab
500 a a a b b b
1,000 ab a a bc bc c
1,500 ab a ab ab b —
North Transect
0 a a a a a a
500 a a a a a a
1,000 a a a a a a
2,000 a a a a a a
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and U 0
orig 014 0 016 0 018 019
West Transect
0 a a a a a a
500 bc a ab bc c c
1,000 abc a ab abc c bc
1,500 ab a ab — b —

Notes: Years that do not share letters (within every distance in each transect) are significantly different from each other. Increasing letters
represent an increase in values: “a” is the lowest estimated fines value, “b” representing is the second lowest, and so on. Grey shading
depicts significant, increasing trends between consecutive years, and underlined letters represent significant, decreasing trends between
consecutive years. Multiple comparisons were performed on iron concentrations adjusted to mean log-transformed percent fines within
each transect. “—” represents a distance where temporal comparisons could not be made, as samples were at the given distance over
the specific sampling period.

415 Benthic Infauna
4.15.1 QA/QC Results

Field sieved and preserved benthic community samples were submitted to the Biologica Environmental Laboratory
(Victoria, BC) for enumeration and identifications. Detailed discussion of quality assurance and quality control
procedures used in the benthic invertebrate taxonomy program are discussed in the Biologica data report in
Appendix E-1. The following laboratory QA/QC procedures were employed by Biologica to validate the results
reported:

m Sorting efficiency checks were performed on 50% of samples (n = 16). This involved resorting 25% of the
sample debris and comparing the results to the original sort results. The sorting efficiency QC checks were
reported to be 98.7% accurate and exceeded the data quality objective of >95% in each of the samples
investigated.

m  Samples were completely re-sorted when sorting efficiency fell below 95%.

As a result, the quality assurance and quality control program performed by the laboratory did not identify any data
quality issues.

A power analysis was also conducted to assess level of effect required for the ANCOVA to identify a significant
effect during each of the spatial and temporal comparisons. The results of the power analysis are provided in
Appendix O.

4.1.5.2 Community Studies

Benthic invertebrate infauna samples were collected from 32 stations arranged along four transects (East, West,
Northeast, and Northwest) extending out from the Ore Dock. Detailed results of the taxonomic analysis of benthic
infauna are available in Appendix E-2. The laboratory report provided by Biologica is provided in Appendix E-1.
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Benthic Invertebrate Community Indices

Benthic invertebrate community indices used to evaluate the communities along the four transects that extended
out from the Existing Ore Dock are depicted in Figure 4-14 to Figure 4-17. An evaluation of total density, species
richness, SDI, and SEI for the coastal and northern transects are provided below.

Total Density—Densities were generally greater and more variable along the East and West coastal transects
(4,441 to 26,842 org/m?) compared to the Northwest and Northeast Transects that extended further out into
deeper waters within the inlet (871 to 9,612 org/m?) (Figure 4-14).

Species Richness—Richness (i.e., number of unique taxa) along the coastal transects (East and West
Transects) ranged from 17 to 78 taxa, with a mean of 62 taxa between both transects (Figure 4-15; Appendix
E-2, Table 3). Richness was lower along the northern transects that extended offshore into Milne Port from
the Ore Dock (19 to 67 taxa), with a means of 54 taxa for the Northwest Transect and 51 for the Northeast
transect.

Simpson’s Diversity Index—SDI was generally higher for the northern transects compared to the coastal
transects (Figure 4-16). SDI was greater than 0.90 at each of the stations investigated along the Northwest
and Northeast Transects. Along the East and West Transects, SDI values averaged 0.88 and 0.89,
respectively. The lowest SDI values were observed at stations BE-2 (0.69) and BW-7 (0.77).

Simpson’s Evenness Index—SEI| values indicated that evenness was somewhat variable along the four
transects, but was generally lower along the East and West transects (0.07 to 0.25) when compared to the
Northeast and Northwest transects (0.21 to 0.58) (Figure 4-17). The lowest evenness was observed at stations
BE-1 (0.09) and BE-7 (0.07) along the East Transect.
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Figure 4-14: Total Density of Benthic Infauna for Sampling Stations along Coastal and Northern Transects Extending
from the Ore Dock, Milne Port, 2019.
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Figure 4-15: Total Richness of Benthic Infauna for Sampling Stations along Coastal and Northern Transects Extending

from the Ore Dock, Milne Port, 2019.
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Figure 4-16: Diversity of Benthic Infaunal Communities from Sampling Stations along Coastal and Northern Transects
Extending from the Ore Dock, Milne Port, 2019.
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Figure 4-17: Evenness of Benthic Infaunal Communities from Sampling Stations along Coastal and Northern Transects
Extending from the Ore Dock, Milne Port, 2019.
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Relative Densities of Benthic Invertebrate Taxa

Benthic communities sampled at stations along the four transects were dominated by four major taxonomic groups
in descending order: Polychaeta, Malacostraca, Bivalvia, and Ostracoda (Figure 4-18). Similar to 2018, benthic
communities identified in 2019 were dominated by polychaetes, with percent relative abundance values ranging
between 17% and 88%. The polychaete genus Pholoe spp., accounted for 26.7% of total density across the
transects. Other dominant taxa included malacostracans (1%—58%), bivalves (1%—23%), and ostracods
(0%—21%).
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Figure 4-18: Relative Density of Major Benthic Infaunal Taxa from Sampling Stations Extending from the Ore Dock,

Milne Port, 2019
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Total Density
2019: Spatial Comparison

The total density of benthic infauna was analyzed using a linear regression model, with main effects of distance
from transect origin, transect, and the interaction between the two variables. Additionally, a main effect of percent
fines was also used to account for the ecological relationship between these two variables. Total density and percent
fines were natural-log transformed to meet data assumptions and make the relationship linear. The model explained
75% of the data variability. Distance and transect, but not their interaction, were statistically significant (P=0.006
and P <0.001, respectively), indicating a significant effect of distance and transect, but no differences in the
relationship between total density and distance among transects (Table 4-11). Log-transformed percent fines was
also a statistically significant explanatory variable of benthic infauna total density (P=0.029).

Table 4-11: ANOVA Summary of Benthic Infauna Total Density by Transect (2019)

Adj. R? Parameter Df F value P-value |
Distance from transect origin 1 9.57 0.006
Transect 3 23.96 <0.001
0.753
Distance x Transect 3 1.64 0.211
Fines 1 5.54 0.029

Notes: Adj. R2= Adjusted R squared value; Df= degrees of freedom. Total density and percent fines were natural-log transformed prior to analysis.

Along the East and West coastal transects, benthic invertebrates were present in higher densities compared to the
Northeast and Northwest Transects (Figure 4-19). Although the coastal transects had no significant relationship
between total density and distance from transect origin (Figure 4-19), both the Northwest and Northeast Transects
had slopes that significantly decreased with increasing distance along each transect (P=0.025 and P=0.006,
respectively). Along the Northeast Transect, the estimated decrease in density was 0.134 organisms/m? for every
100 m increment in distance from the Ore Dock. Along the Northwest transect, the estimated decrease was 0.098
organisms/m? for every 100 m increment in distance from the Ore Dock.

Of the four transects, only the East Transect had a positive slope, indicating that total density increased with
distance from transect origin, although this trend was not statistically significant and the magnitude of the increase
was low (i.e., an increase of 0.01 organisms/m? for every 100 m increment from transect origin; Table 4-12; Figure
4-19).
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Figure 4-19: Observed (Points) and Estimated (Lines) Benthic Infauna Total Density Relative to Sampling Distance
along Transects in 2019. Grey Ribbons are 95% Confidence Intervals.

Table 4-12: Significance of Slopes of Effect of Distance on Benthic Infauna Total Density along each Transect in 2019

Transect Estimate (on Natural Log Scale) SE P-Value
East 0.0001 0.0005 0.842
West 0.0001 0.0005 0.842
Northeast -0.0013 0.0006 0.025
Northwest -0.0010 0.0003 0.006

Notes: Significant P-values are indicated in bold
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2018-2019: Temporal Comparison

The total density of benthic infauna was analyzed using a general linear model, with main effects of distance from
transect origin, year (as a categorical variable), transect, and all possible interactions between the three variables.
Additionally, a main effect of percent fines was included to account for the ecological relationship between these
two variables. Total density and percent fines were natural-log transformed to make the relationship linear and meet
the assumptions of residual normality and homoscedasticity. The model explained 75% of the data variability, and
the three-way interaction was statistically significant, indicating differences in the relationship between total density
and distance along different transects between years (P=0.045; Table 4-13). Log-transformed percent fines was a
statistically significant explanatory variable of benthic infauna total density (P=0.005).

Table 4-13: ANOVA Summary of Benthic Infauna Total Density by Year and Transect

Adj. R? Parameter Df F value P-Value \
Distance from transect origin 1 41.60 <0.001
Year 1 2.44 0.124
Transect 2 72.67 <0.001
0.753 Distance x Year 1 0.00 0.996
Distance x Transect 2 11.92 <0.001
Year x Transect 2 0.73 0.485
Distance x Year x Transect 2 3.28 0.045
Fines 1 8.62 0.005

Notes: Adj. R2= Adjusted R squared value; Df= degrees of freedom. Total density and fines were natural-log transformed prior to analysis.

Significant interannual differences in benthic infauna total density were not observed between 2018 and 2019
(when adjusted to mean percent fines) along any of the four transects (Figure 4-20; Table 4-14). Samples were not
collected beyond 800 m along the East or West Transect, or beyond 1,000 m along the North Transect in 2019 and,
therefore, evaluation of annual differences beyond these distances were not possible.
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Figure 4-20: Observed (Points) and Estimated (Lines) Benthic Infauna Total Density Relative to Sampling Distance
along Transects in 2018 and 2019.

Table 4-14: Comparison of Benthic Infauna Total Density between Years at Distances along each Transect in 2018 and
2019.

Sampling Year

Transect and Distance from Origin (m)

East Transect

50 a a
300 a a
500 a a
800 a a
West Transect

50 a a
300 a a
500 a a
800 a a
North Transect

50 a a
300 a a
500 a a
1,000 a a

Notes: Years that do not share letters (within every distance in each transect) are significantly different from each other. Increasing letters
represent an increase in values: “a” is the lowest estimated total density value, “b” representing is the second lowest, and so on.
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Species Richness
2019: Spatial Comparison

The richness of benthic infauna was analyzed using a linear regression model, with main effects of distance from
transect origin, transect, and the interaction between the two variables. Additionally, a main effect of percent fines
was included to account for the ecological relationship between these two variables. Percent fines was natural-log
transformed to make the relationships linear, and the effect of distance was modeled as a second-degree polynomial
to account for the non-linearity remaining in the relationship between richness and distance. The model explained
71% of the data variability, and the two-way interaction was statistically significant (P=0.001), indicating differences
in the relationship between richness and distance between transects (Table 4-15). Log-transformed percent fines
was not a statistically significant explanatory variable of benthic infauna richness (P=0.971).

Table 4-15: ANOVA Summary of Benthic Infauna Richness by Transect

Adj. R? Parameter Df F value P-value |
Distance from transect origin 2 2.89 0.083
Transect 3 4.98 0.012
0.708
Distance x Transect 6 712 0.001
Fines 1 0.001 0.971

Notes: Adj. R2= Adjusted R squared value; Df= degrees of freedom. Fines were natural-log transformed and distance was modeled as a second-
degree orthogonal polynomial prior to analysis.

Along the East Transect, richness increased slightly with greater distance from the Ore Dock (Figure 4-21), but a
significant difference between consecutive distances was only estimated for the comparison between 200 m and
300 m from the Ore Dock (Table 4-16). Along the Northeast Transect, richness was comparable across sampling
stations, except for a low value recorded 900 m from the Existing Ore Dock, which was identified as an outlier. As
a result, richness did not change significantly between consecutive distances along the Northeast Transect
(Figure 4-21,Table 4-16). Along the coastal West Transect, observed richness increased slightly, but not
significantly, between 0 m and 300 m (Figure 4-21), before decreasing significantly between 300 m and 500 m,
500 m and 600 m, and between 600 m and 700 m from the Ore Dock (Table 4-16). On the Northwest Transect,
richness showed a slight decreasing trend with distance from the Ore Dock (Figure 4-21), but there were no
significant changes between consecutive distances extending from the Existing Ore Dock (Table 4-16). Overall,
benthic infauna richness was similar between distances, and only decreased significantly with greater distance from
the Ore Dock along the West Transect.
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Figure 4-21: Observed (Points) and Estimated (Lines) Benthic Infauna Richness Relative to Sampling Distance along
Transects in 2019. Grey Ribbons are 95% Confidence Intervals.

Table 4-16: Comparison of Benthic Infauna Richness between Consecutive Distances along each transect in 2019

Distance from Transect
Origin (m) West Northeast Northwest
220-0 0.154 0.200 0.982 1.000
300-200 0.038 0.992 0.994 0.980
500-300 0.485 0.002 1.000 0.457
600-500 1.000 <0.001 0.996 0.034
700-600 0.996 0.001 0.946 0.058

Notes: Significant P-values are indicated in bold.
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2018-2019: Temporal Comparison

The richness of benthic infauna was analyzed using a linear regression model, with main effects of distance from
transect origin, year (as a categorical variable), transect, and all possible interactions between the three variables.
Additionally, a main effect of percent fines was used to account for the ecological relationship between these two
variables. Percent fines was natural-log transformed to make the relationship linear. The model explained 51% of
the data variability, and the three-way interaction was statistically significant, indicating interannual differences in
the relationship between richness and distance along different transects (P=0.011; Table 4-17). Log-transformed
percent fines was a statistically significant explanatory variable of benthic infauna richness (P=0.014).

Table 4-17: ANOVA Summary of Benthic Infauna Richness by Year and Transect

Adj. R? Parameter Df F value P-value |
Distance from transect origin 1 14.04 <0.001
Year 1 8.33 0.006
Transect 2 10.65 <0.001
Distance x Year 1 1.56 0.218
0.512
Distance x Transect 2 5.24 0.008
Year x Transect 2 0.93 0.399
Distance x Year x Transect 2 4.90 0.011
Fines 1 6.46 0.014

Notes: Adj. R2= Adjusted R squared value; Df= degrees of freedom. Fines was natural log-transformed prior to analysis.

Along the East Transect, significant differences were observed between 2018 and 2019, with significant increases
in observed richness (at observed fines content values) at 500 m and 800 m from the dock (Figure 4-22,
Table 4-18). Stations were not sampled for benthic invertebrates beyond 800 m from the dock in 2019, and thus,
multiple comparisons could not be calculated at a farther distance. Along the West Transect, changes in species
richness were observed between 2018 and 2019, with significant increases in observed richness (adjusted to mean
percent fines fines) at 50 m and 300 m from the Ore Dock (Figure 4-22, Table 4-18). Stations were not sampled for
benthic invertebrates beyond 800 m from the Ore Dock in 2019, and thus, multiple comparisons could not be
calculated at a farther distance. Along the Northwest Transect, significant interannual changes in richness (adjusted
to mean percent fines) were not identified at any of the four tested distances between 2018 and 2019 (Figure 4-22,
Table 4-18). Overall, these results indicate that interannual increases in benthic infauna richness were observed on
the East Transect at 500 m and 800 m, and on the West Transect at 50 m and 300 m, between 2018 and 2019, but
there were no observed changes in benthic fauna richness along the Northwest Transect during this time period.
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Figure 4-22: Observed (Points) and Estimated (Lines) Benthic Infauna Richness Relative to Sampling Distances along
transects in 2018 and 2019.

Table 4-18: Comparison of Benthic Infauna Richness between Years and Distances along each Transect in 2018 and
2019.

Sampling Year

Transect and Distance from Origin (m)

East Transect
50

300

500

800

West Transect
50

300

500

800

North Transect
50

300

500

1,000 a a

Notes: Years that do not share letters (within every distance in each transect) are significantly different from each other. Increasing letters

represent an increase in values: “a” is the lowest estimated richness value, “b” representing is the second lowest, and so on. Bold depicts
significantly higher levels of benthic infauna richness at a specific distance, among transects.
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Simpson’s Diversity Index
2019: Spatial Comparison

The 2019 benthic infauna Simpson’s Diversity Index (SDI) was analyzed using a general linear model, with main
effects of distance from transect origin, transect, and the interaction between the two variables. Additionally, a main
effect of percent fines was used to account for the ecological relationship between these two variables. Percent
fines were natural-log transformed to make the relationships linear. The model explained 56% of the data variability,
and the interaction between distance and transect was statistically significant (P=0.001; Table 4-19). That is, the
model found a significant difference in the relationships between SDI and distance among transects. The effect of
log-transformed percent fines was not significant (P=0.5).

Table 4-19: ANOVA Summary of Benthic Infauna Simpson’s Diversity Index by Transect in 2019

Adj. R? Parameter Df F value P-value |
Distance from transect origin 1 0.22 0.642
Transect 3 6.85 0.002
0.562
Distance x Transect 3 8.61 0.001
Fines 1 0.38 0.545

Notes: Adj. R2= Adjusted R squared value; Df= degrees of freedom. Distance and percent fines were natural-log transformed prior to analysis.

Variability in SDI values were relatively low along the northern transects, with SDI values ranging between 0.91 and
0.96 along the Northeast Transect, and between 0.92 and 0.95 along the Northwest Transect (Figure 4-23). Along
the West Transect, SDI decreased slightly with distance from the Ore Dock, while at the East Transect, SDI
increased with distance from the Ore Dock (Figure 4-23, Table 4-19). Although the Northeast and Northwest
transects did not have significant relationship between total densities and distance from transect origin (Table 4-20;
Figure 4-23), both the East and West Transects exhibited significant slopes. These included an increasing slope
along the East Transect (P=0.009, an increase of 0.015 in SDI value per each 100 m increment in distance) and a
decreasing slope along the West Transect (P=0.001, a decrease of 0.025 in SDI value per each 100 m increment
in distance).

Overall, benthic infauna SDI was generally similar between the Northwest and Northeast transects, where distance
from the Ore Dock did not affect SDI values. The East and West transects had opposite trends with distance — an
increase of SDI with distance along the East Transect and a decrease of SDI along the West transect.

97



27 August 2020 1663724-197-R-Rev0-24000

Figure 4-23: Observed (Points) and Estimated (Lines) Benthic Infauna Simpson’s Diversity Index Relative to Sampling
Distance along Transects in 2019. Grey Ribbons are 95% Confidence Intervals.

Table 4-20: Significance of Slopes of Effect of Distance on Benthic Infauna SDI along each Transect in 2019

Transect Estimate SE P-Value
East 1.528 x 10+ 5.323 x 10 0.009
West -2.517 x 10 6.466 x 10 0.001
Northeast -2.758 x 10°® 3.633 x 10 0.456
Northwest -1.326 x 10 3.084 x 10 0.966

Notes: Significant P-values are indicated in bold

Simpson’s Evenness Index
2019: Spatial Comparison

The 2019 benthic infauna SEI was analyzed using a general linear model, with main effects of distance from transect
origin, transect, and the interaction between the two variables. Additionally, a main effect of percent fines was used
to account for the ecological relationship between these two variables. Percent fines were natural-log transformed
to make the relationships linear. The model explained 86% of the data variability, and the two-way interaction was
statistically significant (P=0.002), indicating differences in the relationship between SEI and distance between
transect (Table 4-21). Log-transformed percent fines was not a statistically significant explanatory variable of
benthic infauna richness (P=0.257).
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Table 4-21: ANOVA Summary of Benthic Infauna Shannon Evenness Index by Transect in 2019

Adj. R? Parameter Df F value P-Value \
Distance from transect origin 2 1.48 0.253
Transect 3 18.79 <0.001
0.858
Distance x Transect 6 5.41 0.002
Fines 1 0.37 0.257

Notes: Adj. R2= Adjusted R squared value; Df= degrees of freedom. Fines were natural-log transformed and distance was modeled as a second-
degree orthogonal polynomial.

Along the East Transect, SEI values increased slightly with distance from the Ore Dock between 0 m and 100 m,
then remained stable for the remaining distances assessed. Significant differences among consecutive distances
were not identified for this transect (Figure 4-24; Table 4-22). Along the Northeast Transect, SEl increased slightly
to a distance of ~500 m from the Ore Dock, then decreased slightly to a value similar to the that observed closer to
the Ore Dock. Along the Northwest Transect, SEI remained stable up to approximately 500 m from the Port, then
increased significantly (Table 4-22). Along the West Transect, SEI decreased with distance from the Ore Dock
(Figure 4-24). Overall, benthic infauna SEI along the four transects followed varying spatial patterns—increasing
with distance (East Transect), parabolic (Northeast and Northwest Transects), and decreasing with distance (West
Transect). Differences in evenness between distance increments were not significantly different from each other
along the four transects, with the exception of the station located furthest from the Existing Ore Dock along the
Northwest Transect (Table 4-22). These results do not suggest that benthic infaunal evenness was impacted by
Port operations.

Figure 4-24: Observed (Points) and Estimated (Lines) Benthic Infauna Shannon Evenness Index Relative to Sampling
Distances along Transects in 2019. Grey Ribbons are 95% Confidence Intervals.
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Table 4-22: Comparison of Benthic Infauna SEI Values between Consecutive Distances along each transect in 2019

Distance from Origin (m) Tran:lii:heast Northwest
200-0 0.465 0.799 0.060 0.435
300 — 200 0.194 0.385 0.107 0.761
500 — 300 0.734 0.348 0.461 1.000
600 — 500 1.000 0.968 0.981 0.052
700 - 600 1.000 0.998 0.276 0.011

Notes: Significant P-values are indicated in bold.

4.1.6 Substrate, Macroflora, and Benthic Epifauna

Detailed information on video observation of each belt is presented in Appendix D and summarized below. Ice
movement in 2019 following spring breakout in Milne Port was notably greater compared to previous years. Icebergs
and large pieces of ice were present throughout the summer, the ice frequently grounding with the tides in the area
of the belt transects. Five of the belt transects, TP01, TP02, TP03, and TP06, were either not fully spread, moved
or obscured by the substrate, likely due to ice scour, which substantially altered their perceivable area; these belts
were included in the analysis, but only presence data, rather than enumeration, were collected for benthic epifauna.
Belt transects TP09 and TP10, although moved, retained enough shape to extrapolate reasonable benthic epifauna
counts.

Observed substrate in the belt transects consisted of predominantly fines and covered from 65% (TP09) to 100%
(TPO2, TPO6) of the total transect area. The other observed substrate types were shell debris (from 1% to 6%),
mixed cobbles and boulders (1% to 33%).

Taxonomic resolution of macroflora and benthic epifauna was relatively coarse for stations in Milne Port area in
2019 as a result of poor visibility due to suspended particles in the water column. Despite this, taxonomic
identification was improved compared to previous years through the addition of HD ROV videos in tandem with the
standard definition versions. Relative abundance of macroflora was largely dominated by unidentified algae
(Figure 4-25) and taxonomic resolution of identifiable taxa was limited to Phylum, except for brown bladed kelp
(Laminaria sp.) and encrusting coralline algae (Family Corallinophycidae). Due to poor visibility, algae in TP06 were
exclusively classified as unidentifiable algae. TP02 was dominated by brown algae (Phaeophyceae) and green
algae (Chlorophyceae). Laminaria sp. was only observed at TP07 and TP10 in small quantities while encrusting
coralline algae was present TP03, TP07, and TP09. Brown algae (Phaeophyceae), green algae (Chlorophyceae),
and red algae (Rhodophyceae) were present in most belt transects, with the most dominant brown algae found at
TP02 and TP03 and the most dominant green algae found at TP01 and TP02.
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Figure 4-25: Relative abundance (%) of Macroflora observed in belt transects, 2019

Total abundance (taxonomic groups/station) of epifauna are presented in Figure 4-26 (top). TP02, TP03, and TP09
had the highest abundance of taxonomic groups (8), followed by TP01 and TPO7 (7), then TP04, TP08, and TP10
(6). The lowest abundance was found at TP06 (2 taxonomic groups).

Clams were the dominant taxonomic group among all stations analyzed for relative abundance (Figure 4-26
(bottom)). Brittle stars (Ophiuridae) and unclassified bivalves (Bivalvia indet.) were present at every station
(Appendix J). Sea urchins were most prevalent at TP04 and TP05 but absent from TP10. Organisms only present
at one station in the relative abundance analysis included cone worms and a shrimp (TP10), a sea spider (TP04),
and a sculpin (TP08).
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Figure 4-26: Total abundance (taxonomic groups/station) of epifauna (top) and relative abundance (%) of taxonomic
groups (bottom) at each belt transect, 2019.

4.1.7 Fish Surveys
41.7.1 Catch Data

A total of 279 fish belonging to five Arctic species groups were captured during active fish sampling undertaken in
2019. Fish species captured in the Milne Port area for all fishing methods are shown in Figure 4-27. As in previous
survey years (SEM 2016a; SEM 2017a; Golder 2018), Arctic char (Salvelinus alpinus, 37.6%), fourhorn sculpin
(Myoxocephalus quadricornis, 38.0%) and shorthorn sculpin (M. Scorpius, 23.7%) were among the most abundant
fish species caught, comprising 99.3% of the total catch in 2019. A single northern sandlance (Ammodytes dubius)
and a single ninespine stickleback (Pungitius pungitius) made up the remainder of identified species with each with
a relative abundance of 0.36% each (Appendix A, Photos 23-28).
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Figure 4-27: Fish Species Captured by Method in Milne Port Area During 2019 Fish Surveys

Species captured in previous sampling years, for all sampling methods combined, is presented in Table 4-23. The
most commonly captured species in 2019 is comparable to previous sampling and baseline years.

Table 4-23: Total Fish Catch Data by Species for all Sampling Methods Combined in Milne Inlet. 2010 — 2019

Common Name Taxonomic ID 2010 2013 2014 2015 2016 | 2017 2018 2019
Arctic Char Salvelinus alpinus 11 6 3 67 157 23 169 105
Arctic Sculpin Myoxocephalus scorpioides 0 0 4 1 0 9 3 0
Shorthorn Sculpin Myoxocephalus scorpius 50 4 9 8 18 45 78 66
Fourhorn Sculpin Myoxocephalus quadricornis 7 3 39 13 18 40 147 106
Arctic Staghorn Sculpin | Gymnocanthus tricuspis 3 0 0 0 0 0 0
Longhorn Sculpin Myoxocephalus octodecemspinosus 0 2 4 2 0 0 0
Arctic Hookear Sculpin | Artediellus atlanticus 0 0 5 1 0 0 0 0
Unidentified Sculpin Cottidae 0 0 0 12 0 0 3 0
Greenland Cod Gadus macrocephalus 4 0 1 0 0 0 0 0
Common Lumpfish Cyclopterus lumpus 0 0 1 0 0 0 0 0
Fishdoctor Gymnelis viridis 0 1 0 3 0 0 0 0
Fourline Snakeblenny Eumesogrammus parecisus 0 0 1 2 2 0 0 0
Sandlance Ammodytes spp. 0 0 0 0 0 1 1 1
Artic Cod Arctogadus glacialis 0 0 0 0 0 0 1 0
Ninespine Stickleback Pungitius pungitius 0 0 0 0 0 0 0 1
Unidentified Species - 0 0 0 0 0 0 1 0
Total species caught 5 5 9 10 5 5 8 5
Total fish captures 75 16 67 111 197 | 118 | 403 279
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Table 4-24 presents Catch Per Unit Effort (CPUE) for all species of fish captured and all methods used in 2019.
Beach seine sampling obtained the highest CPUE (15.86 + SD 7.75 fish/h) and Fukui traps had the lowest
(0.0074 + SD 0.0147 fish/h). Gill nets were the most successful sampling method in 2019 (N = 252) which was also
found in 2018 (N = 376). Gill nets, Fukui traps, and fyke nets sampled the highest number of fish species (N = 3) in
2019. A single ninespine stickleback was captured during beach seine sampling, which had not been observed in
past sampling years, although the species is known to occur in brackish Arctic environments.

Table 4-24: Total Fish Catch Records and Catch per Unit Effort (CPUE) Presented by Sampling Method in 2019

N (Fish Counts) CPUE

Species Mean+SD  Total Range (fish/h) M?f?:h;‘h?o
Angling
Shorthorn sculpin/ All species 0-1 | o014x038 | 1 | 0-600 | 086%227
Gill net!
Avrctic char 0-44 5.20 £ 10.37 104 0-2.08 0.48 £ 0.62
Fourhorn sculpin 0-31 4.60+7.97 92 0-3.67 0.57 £ 0.85
Shorthorn sculpin 0-13 2.80 + 3.96 56 0-217 0.42 + 0.66
All species 0-77 12.60 + 18.27 252 0-6.33 1.47 £ 1.58
Beach Seine
Shorthorn sculpin 0-2 1.00 £ 1.00 3 0-24.00 10.86 £ 12.16
Ninespine stickleback 0-1 0.33+0.58 1 0-15.00 5.00 + 8.66
All species 1-2 1.33+0.58 4 9.00 - 24.00 15.86 £7.75
Fukui traps
Shorthorn sculpin 0-1 0.06 £ 0.24 1 0 - 0.006 0.0003 + 0.0014
Fourhorn sculpin 0-4 0.44 + 0.98 8 0-0.059 0.0067 + 0.0149
Northern sandlance 0-1 0.06 + 0.24 1 0 - 0.006 0.0003 £ 0.0014
All species 0-4 0.56 £ 0.98 10 0-0.059 0.0074 £ 0.0147
Fyke Nets
Avrctic char 0-1 0.5+0.71 1 0-0.009 0.0043 + 0.0061
Fourhorn sculpin 2-4 3.00 £ 1.41 6 0.017 - 0.034 0.0258 + 0.0123
Shorthorn sculpin 2-3 2.50+£0.71 5 0.017 - 0.026 0.0215 + 0.0062
All species 4-8 6.00 £ 2.83 12 0.034 - 0.069 0.0515 + 0.0246

" Extended deployments occurred for two gill netting efforts.

41.711 Angling

A single shorthorn sculpin was the only fish collected during angling surveys in 2019 (Table 4-24). This species was
the most abundant fish caught in angling surveys in 2017 and 2018 (Figure 4-28). The mean Catch Per Unit Effort
(CPUE) for shorthorn sculpin in 2019 angling (0.86 fish/h + 2.27 SD) was comparable to the CPUE for shorthorn
sculpin in 2018 (0.69 fish/h = 1.25 SD). Due to a single fish being caught across all angling efforts, overall mean
CPUE for all species was lower in 2019 than in previous survey years. Effort in 2019 (3 h 42 min) was less than
2018 (9 h 47 min) where three species and 13 individuals were captured. In all years, the most abundant species
captured by angling has consistently been shorthorn sculpin.
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Figure 4-28: Total Catch and Catch Per Unit Effort (CPUE) for Angling in the Milne Port Area (2017 to 2019).

41.71.2 Gill Netting

As in previous years, gill nets proved to be the most effective method for fish collection and yielded the highest
number of fish caught (N = 252), although CPUE remains variable between sample years (Table 4-24, Figure 4-29).
Fish species caught using gill nets consisted primarily of Arctic char (n = 104), fourhorn sculpin and shorthorn
sculpin, with Arctic char the most commonly captured species, similar to previous years (Figure 4-28). In all survey
years prior to 2019, gill nets were the only sampling method capable of capturing Arctic char. Fourhorn sculpin were
the second most captured species recorded in gillnet sampling (n = 92), followed by shorthorn sculpin (n = 56). No
other species were recorded in gill net sampling in 2019. Mean CPUE in 2019 was greatest for fourhorn sculpin at
(0.57 fish/h + 0.85 SD), followed by Arctic char (0.48 fish/h £ 0.62 SD) and shorthorn sculpin at (0.42 fish/h £ 0.66
SD) (Table 4-24, Figure 4-29). Individuals captured in 2019 (N = 252) were the second highest amount after 2018
(N = 376).
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Figure 4-29: Total Catch and Catch Per Unit Effort (CPUE) for Gill Net Sampling in the Milne Port Area (20103 to 2019)

3 CPUE for 2010 sampling not presented due to missing effort data.
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41.71.3 Beach Seines

In terms of CPUE, beach seines were the most effective fish sampling method with a mean CPUE of 15.86 + 7.75
fish/h. Despite the relatively high CPUE, beach seine netting is limited to sampling of nearshore subtidal habitats
with small substrate (i.e. sand and gravel) and captured fish are generally small and occasionally not identifiable to
species (Appendix G-2). In 2019, a total of four fish were captured during beach seine sampling, including three
shorthorn sculpin and a single ninespine stickleback (Table 4-24). CPUE for beach seine sampling was 10.86 fish/h
(x 12.16) for shorthorn sculpin and 5.00 fish/h (x 8.66) for ninespine stickleback (Figure 4-30).

12 25
I Fourbiorm Sculgin
10 4 B Sharfham Soulpin 20
I Cifer Soulpin
I Hine=pine E'.idﬁlutudq
= 2 4 H Lnknown Spocins =
& £ 15 1
5 .. :
£ S 0
= 4 O
2 *
0 - 0
20138 2015 201 2015
Survey Year

Figure 4-30: Total Catch and Catch Per Unit Effort (CPUE) for Beach Seine Sampling in the Milne Port Area (2018 to
2019)

41.71.4 Fukui Traps

Total catch and mean CPUE for Fukui trap sampling were low in 2019, although both were greater than that
recorded in 2018 (Figure 4-31). A total of 10 fish representing three species were collected in the Fukui traps. Similar
to 2017, this included shorthorn sculpin, fourhorn sculpin and sandlance. Given the increased sampling effort due
to extended deployment times, relative abundance, indicated by mean CPUE, was low for all species (Table 4-24).
The highest CPUE was for fourhorn sculpin (N = 8), with 0.0067 fish/h (£ 0.0149 SD). CPUE for shorthorn sculpin
(N = 1) and northern sandlance (N = 1) was 0.0003 fish/h (+ 0.0014 SD). CPUE for Fukui trap sampling remained
low compared to other survey methods in the Milne Port area with the greatest CPUE occurring in 2014 and 2015
(0.030 fish/h).
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Figure 4-31: Total Catch and Catch Per Unit Effort (CPUE) for Fukui Trap Sampling in the Milne Port Area (20134 to

2019).

41.71.5

Fyke Nets

Fyke net surveys were introduced to the sampling program in 2019 to test as a possible replacement for Fukui trap
surveys. Fyke nets were shown to be more effective than Fukui traps at capturing fish, with a mean CPUE of 0.051
+ 0.025 fish/h (Figure 4-32). A total of 12 fish from three species groups were captured during fyke net efforts, with
fourhorn and shorthorn sculpin the most abundant species recorded (Table 4-24). A single juvenile Arctic char was
also captured during fyke net sampling, the only instance where char were captured outside of gill net efforts.

14

12 A
10 A

Total Catch

R

B Fourhorn Sculpin
= Shorthorn Sculpin
I Arctic Char

2019

0.06

0.05

0.04 4

0.03 4

CPUE (Fish/h)

0.02

0.01 -

0.00

Survey Year

Figure 4-32: Total Catch and Catch Per Unit Effort (CPUE) for Fyke Net Sampling in the Milne Port Area (2019).

4 CPUE for 2013 not presented due to a lack of effort data.
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The majority of fishing efforts in 2019 were concentrated in the shallow (i.e., up to 15 m deep) subtidal areas
adjacent to sandy beaches largely within 1 km of the west side of the Ore Dock and within 1.5 km of the east side
of the Existing Ore Dock (Figure 3-4). Observed fish species and their relative abundance levels were generally
consistent with that observed during previous years. There was no apparent correlation between a CPUE and
sample location in Milne Port, which may indicate that fish presence in the vicinity of the Existing Ore Dock and the
offset habitat is consistent with fish presence throughout the rest of Milne Port (Assomption Harbour).

41.7.1.6 Incidental Fish Observations

In addition to the fish captured in the active fish sampling described above, incidental observations of fish occurred
in other sampling as part of the MEEMP and AIS programs. A summary of fish collections and observations is
presented in Table 4-25. At least one fish was captured or observed in benthic infauna samples (Section 4.1.5),
zooplankton samples (Section 4.2.1), fish stomachs (Section 4.1.7.3) and in ROV surveys (Sections 4.1.6, 4.2.3
and 4.2.6).

A total of thirteen fish taxa were captured or observed throughout all MEEMP and AIS/NIS surveys, eight of which
were not seen in the fish collection component. Arctic char and ninespine stickleback were captured in fish surveys
but were not captured or observed in any other method. Benthic infauna samples included two juvenile fish, one an
indeterminate species in the Family Zoarcidae (eelpouts) and the other an indeterminate sculpin species (Cottidae).
A single larval fish in zooplankton samples was identified as an indeterminate cod (Gadidae). Stomachs of incidental
mortalities of Arctic char and sculpin species contained whole body and parts of indeterminate sculpin as well as
unidentifiable fish tissue. The greatest number observed fish taxa occurred in review of ROV footage. Many fish in
ROV surveys were not resolved to species level due to poor camera angle, camera motion, visibility in the water
column and fish behaviour limiting the ability to observe the fish in detail. Four taxa observed in ROV surveys were
not observed in any of the other survey methods.

Table 4-25: Summary of Fish Observations by Method During 2019 MEEMP and AIS/NIS Surveys at Milne Port

Order Subf Common sSurvey Method
- ubfamily Fishing | Benthic Fish 2
Family Name Efforts' | Infauna ‘ Zooplankton Stomachs ROV
Gadiformes
Gadidae - Gadidae indet, | U"KnOWN X X
Cod
Gasterosteiformes
. Pungitius Ninespine
Gasterosteidae ) pungitius Stickleback X
Perciformes
Zoarcidae Gyr_n_n(_elus Fish Doctor X
viridis
Zoarcidae - Zoarcidae indet. Unidentified X X
Eelpout
. Unidentified
Ammodytidae - Ammodytes sp. Sandlance X X
Stichaeidae - _St|chae|dae Eelblenny X
indet. sp. 1
. . Stichaeidae Unknown
Stichaeidae - indet. Prickleback X
Salmoniformes
Salmonidae Salmoninae Salvgllnus Arctic Char X
alpinus
Scorpaeniformes
Cottidae ) Cyclopterus Common X
lumpus lumpfish
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Common Survey Method
Subfamily Benthic Fish 2
pEL Efforts’ | Infauna ‘ CA2EI UL Stomachs e
. ) Myoxocephalus Fourhorn
Cottidae quadricornis Sculpin X X
. ) Myoxocephalus Shorthorn
Cottidae Scorpius Sculpin X X
Cottidae . Cottidae indet. | OnKNOWN X X
Sculpin
} ) ) Unknqwn X X
Species

Notes: 'Fishing efforts include angling, gill nets, Fukui traps, fyke nets and seine nets. 2ROV includes underwater video surveys of offset habitat,
ship hulls, AIS transects, and belt transects

4.1.7.2 Fish Length and Weight

A total of five species of fish were captured in 2019. Summary statistics for fish lengths and weights were calculated
for Arctic char, fourhorn sculpin, and shorthorn sculpin caught at Milne Port in 2019, excluding species with sample
sizes too small (N = 1; ninespine stickleback, northern sandlance) for comparison (Table 4-26). Arctic Char lengths
ranged from 126 mm to 840 mm (mean length = 439 mm, SD = 127.9 mm) while weights ranged from 19 g to
6809 g (mean weight = 1200 g, SD = 1034.3 g).

Table 4-26: Length and Weight Summary Statistics for All Fish Captured in Milne Port Area, 2019

Length (mm)

Arctic Char 105 126 840 439 127.9
Fourhorn sculpin 106 142 310 217 41.7
Ninespine stickleback’ 1 38 - - -
Northern sandlance’ 1 168 - - -
Shorthorn sculpin 66 56 405 180 63.3
Weight (g)

Arctic Char 105 19 6,809 1,200 1,034.3
Fourhorn sculpin 106 25 310 116 72.9
Ninespine stickleback’ 1 1 - - -
Northern sandlance’ 1 20 - - -
Shorthorn sculpin 66 2 832 98 140.6

Notes: ' Statistics not calculated for sample size of one.

Fourhorn sculpin length ranged from 142 mm to 310 mm (N = 106) showing a small distribution for a large sample
size. In contrast, shorthorn sculpin had a larger distribution of length, ranging from 56 mm to 405 mm with a smaller
sample size (N = 66). Of the two sculpin species identified in 2019, shorthorn sculpin were found to have both the
smallest (2 g) and highest (832 g) weight of all sculpin sampled representing the largest range. Conversely, the
largest mean weight (116 g) of the two species was found within fourhorn sculpin sampled in 2019.

In addition to Arctic char and the two species of sculpin, a single ninespine stickleback with a length of 38 mm and
weight of 1 g and a single northern sandlance with a length of 168 mm and 20 g were captured.
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The length frequency distribution of Arctic char captured in 2019 is similar to 2018 with a unimodal center of
distribution between 400 mm to 500 mm. Including Arctic char, three species of fish captured have sample sizes
larger than three and are presented in Figure 4-33. Fourhorn and shorthorn sculpin both have a center of distribution
between 150 mm and 250 mm and are unimodal, with shorthorn sculpin having a wider distribution.

Arctic Char Fourhom Sculpin Shorthorn Sculpin
N =105 N =106 N =66

M Class

[}_ [ |
0 200 400 00 800 O 200 400 600 800 O 200 400 600 800

Length (rmm)
Figure 4-33: Length Frequency Distribution for Fish Species (where N>3) captured in Milne Port Area, 2019

Weight-length regression was performed on all species with three or more weight and length data points (i.e., Arctic
char, fourhorn sculpin, and shorthorn sculpin). The 2017 and 2018 regression curves were superimposed on the
plots of 2019 data to visualize changes in length-weight relationships between the most recent three years
(Figure 4-34). The regression for Arctic char had a high R?value (0.960), indicating a good fit for the Arctic char
data. The 2017 and 2018 regressions were both similar to 2019, despite a much smaller sample size in 2017
(N =23) and larger size in 2018 (N = 156) compared to 2019 (N=106). Data did not meet the assumption of normality
for ANCOVA; however, many data sets with non-normal residuals are still suitable for analysis, particularly if the
assumption of heteroscedasticity is met (Sokal and Rohlf 2012). As the assumption of heteroscedasticity was met,
and the magnitudes of difference between years were small, the test results were considered reliable. For Arctic
char, the weigh-length relationship was not significantly different between 2018 and 2019 (P-value of the ANCOVA
interaction = 0.32115, year effect = 0.059).

The sample size for fourhorn sculpin was smaller in 2019 compared to 2018 (N = 106 and 146, respectively) but
significantly larger than 2017 (N = 28, Figure 4-34). The 2019 regression was found to be very similar to 2018 but
predicted lower weights for lengths of 200 mm or higher compared to 2017. However, the 2019 relationship had a
higher R? (0.895) compared to the 2018 (0.874) and 2017 (0.658) regression. A significant interaction was observed
between years 2018 and 2019; however, the regression slopes of the full and reduced models were considered
practically similar and it was appropriate to proceed with the ANCOVA (Barrett et al. 2010) (P-value of the ANCOVA
interaction = 0.049', year effect = 0.848).

The weight-length regressions for shorthorn sculpin did not differ significantly between 2018 and 2019. The 2017
regression predicted lower weights for fish approximately 300 mm and above compared to both 2019 and 2018.
Sample sizes were comparable between 2019 (N = 66) and 2018 (N = 77) but lower in 2017 (N = 20). The visual
difference between 2018 and 2019 compared to 2017 may be explained by the absence of sufficient numbers of
individuals less than 200 mm and no shorthorn sculpin sampled that were greater than 350 mm during 2017
sampling. Therefore, it is likely that the visual difference in the length-weight regressions between these years were
due to sampling limitations. The length-weight relationship was not significantly different between 2018 and 2019
(P-value of the ANCOVA interaction = 0.749'7, year effect = 0.133).

' Seven outliers identified (studentized residual values >|3.5|) and removed from ANCOVA analysis.
'® Three outliers identified (studentized residual values >|3.5|) and removed from ANCOVA analysis.
7 Three outliers identified (studentized residual values >|3.5|) and removed from ANCOVA analysis.
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Figure 4-34: Weight-Length Plots and Regression for Fish Species Captured (N>3) in Milne Port Area in 2019 With
Previous Regression Curves for Comparison.

A total of 76 incidental fish mortalities were collected in 2019 including 46 Arctic char and 30 sculpin'®. Estimated
ages of 46 Arctic char incidental mortalities were determined in lab and compared to the body length of each fish in
order to determine the relationship between size and age in Arctic char at Milne Port. Visually, a slight relationship
is observed in plotted data but the variation is not described through regression analysis of body length and age for
Arctic char incidental mortalities (R2 = 0.271, Figure 4-35), indicating body size is not a good predictor for Arctic
char age in the Milne Port area.

900
L = 92.288 x A06224
2
R“=0.2708
800 + N =46 A
v Female )
7001 A Male v
@® Unknown
fé\ 600
£
£ 500 ~
o
c
[}
— 400 A
300 -
200 +
100 T T T T T T T T

2 4 6 8 10 12 14 16 18 20
Age (Years)
Figure 4-35: Age-Length Relationship of Arctic Char Incidental Mortalities from the Milne Port Area, 2019

8 Sculpin mortalities include both fourhorn and shorthorn species.
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Conversely, estimated ages of 30 sculpin incidental mortalities, including both fourhorn and shorthorn species, were
determined in lab and compared to the body length of each fish in order to assess the relationship between size
and age in sculpin collected at Milne Port. Visually, a stronger relationship is observed for sculpin, compared to
Arctic char, where the data is more accurately described through regression analysis of body length and age for
sculpin incidental mortalities (R2 = 0.759; Figure 4-36). This indicates that body size is a fairly accurate predictor for
sculpin age in the Milne Port area.
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Figure 4-36: Age-Length Relationship of Sculpin Species Incidental Mortalities from the Milne Port Area, 2019

4.1.7.3 Sex, Age and Stomach Content
41.7.3.1 Arctic Char

Forty-seven incidental mortalities of Arctic char were retained for aging and stomach content analysis. Mortalities
were composed of fish damaged during gillnet retrievals at GN-01, GN-03, GN-04, GN-05, GN-06, GN-07, GN-09
and during fyke net effort FN-02. Ages of incidental mortalities ranged from 4 to 19 years, with a mean of 12 years
(3.0 SD; Table 4-27). Age range and mean were comparable to those of incidental mortalities in 2018 (5 to 17
years, mean of 11, Golder 2019a) and to previous survey years. Due to degradation and damage to some fish
during transportation, sex was not determinable for all fish, therefore summary of characteristics based on age are
not reflective of the full sample set. Mean age in fish identifiable as female (n=7) was 13.6 compared to 11.9 in
males (n=10). A higher average age in females was also observed in 2018 (Golder 2019a). As in 2018, females
were on average longer than males; however, in 2019 males were heavier on average, largely due to a single male
weighing over 6 kg. Detailed results of analysis of Arctic char incidental mortalities in 2018 are in Appendix G-3.
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Table 4-27: Summary of Characteristics of Arctic Char Incidental Mortalities, 2019

N* Min Max Mean | SD
Age (years)
All 47 4 19 12.0 3.0
Female 7 10 16 13.6 22
Male 10 7 17 11.9 3.0
Length (mm)
All 47 208 787 425.9 128.8
Female 7 345 673 511.4 100.9
Male 10 335 787 485.1 132.5
Weight (g)
All 47 110 6,480 1,147.7 1,112.7
Female 7 490 2320 1,579.0 649.1
Male 10 617.3 6,480 1,876.7 1750.7

*Note: Sex was not determinable for all fish, therefore male and female totals are not equal to total incidental mortalities

In the analysis of stomach contents of Arctic char incidental mortalities, approximately 35% of the total stomach
contents, by weight, was indeterminate or unidentifiable material. A summary of the relative composition of the
major taxa groups identifiable in stomach contents, by total weight is presented in Figure 4-37. The most abundant
of the classifiable tissue was indeterminate crustacean tissue. This tissue, at 41% of the total weight of stomach
contents, was composed of various parts lacking features that would resolve identification further. Of the identifiable
taxa, amphipods were the most abundant taxa by weight at 15% of the total stomach contents and the second most
abundant by individual with 1,612 specimens. Calanoids were the most abundant by individuals (1,773), but only
accounted for 2.6% of the total weight. In contrast, fish species accounted for 4% of the weight, with an abundance
of only 9 individuals. The Order Mysida was the third largest recognizable taxa with 121 individuals, accounting for
1.6% of the total weight. A single juvenile decapod and parts of an unidentifiable gastropod together accounted for
less than 1% of the total weight and were excluded from Figure 4-37. As in previous years, the majority (93%) of
the identifiable tissue were of the Subfamily Crustacea, indicating the importance of this taxa group to Arctic char
in Milne Port. Additionally, a high number (97) of the identifiable taxa were planktonic compared to nine epibenthic
taxa and one benthic taxon, reflecting the preferred feeding mode of the pelagic Arctic char.
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Figure 4-37: Composition of Major Taxa in the Stomach Contents of Arctic Char Incidental Mortalities, 2019. Indet.
Crustacea = Indeterminate Crustaceans

Stomach fullness in incidental mortalities ranged from 10% to 100% (Table 4-28). Arctic char mortalities from
GN-01 had stomachs ranging from 75% to 100% (full stomachs). The dominant identifiable stomach contents in the
fish were indeterminate Themisto species and other indeterminate crustaceans. Mortalities from the third gillnet set
(GN-03) had stomachs that ranged from 25% to 75% full, with the dominant taxa being indeterminate crustaceans
and fish species. Other dominant taxa included Themisto sp. and Calanus sp. Stomach fullness in fish from GN-05
ranged from 10% to 100%, with identifiable taxa dominated by indeterminate crustaceans, as well as indeterminate
Lysianassoidea, Calanoida, Amphipoda and Hyperiidea. Stomach contents in fish from GN-07 ranged between
10% and 75%, and were dominated by indeterminate crustaceans, aside from one specimen, where Mysida were
dominant. Mortalities from GN-09 had stomachs that were 50% and 75% full, and stomach contents were primarily
composed of unidentifiable crustaceans, Themisto sp., and indeterminate Mysida.

A single Arctic char incidental mortality occurred in one of the fyke net sets. The stomach of this fish was primarily
unidentifiable tissue and indeterminate crustaceans. Stomach fullness was 25%.

Table 4-28: Summary of Arctic Char Incidental Mortality Stomach Characteristics, 2019
Stomach  Stomach Material

Sample ID  Catch Effort Salz:‘;?e d Weight Fullness Di!:,(:;/f)ted Domsi?:r?\talglf?gi?/\ll);?g?t;(a in
19-072-133 GN-01 27-Jul-19 34.6 100 75 Arthropoda (Crustacea indet.)
19-072-134 GN-01 27-Jul-19 27.6 75 75 Arthropoda (Themisto sp.)
19-072-135 GN-01 27-Jul-19 53.3 75 75 Arthropoda (Themisto sp.)
19-072-136 GN-03 27-Jul-19 40.3 50 100 Arthropoda (Crustacea indet.)

114



27 August 2020

1663724-197-R-Rev0-24000

Date Stor!lach SLTTES N_Iaterial Dominant Identifiable Taxa in
Sample ID  Catch Effort Sampled Weight FuI(th)ess D"J(E/f)ted Stomach (by Weight)
19-072-137 GN-03 27-Jul-19 71.2 75 75 Arthropoda (Crustacea indet.)
19-072-138 GN-03 27-Jul-19 113 25 100 Chordata (Pisces indet.)
19-072-139 GN-03 27-Jul-19 36.5 25 75 Arthropoda (Crustacea indet.)
19-072-140 GN-05 29-Jul-19 14.4 50 100 Arthropoda (Calanoida indet.)
19-072-141 GN-05 29-Jul-19 7.83 75 75 Arthropoda (Crustacea indet.)
19-072-142 GN-05 29-Jul-19 121 25 75 Arthropoda (Lysianassoidea indet.)
19-072-143 GN-05 29-Jul-19 7.04 75 100 Arthropoda (Amphipoda indet.)
19-072-144 GN-05 29-Jul-19 4.88 50 100 Arthropoda (Crustacea indet.)
19-072-145 GN-05 29-Jul-19 12.3 100 75 Arthropoda (Crustacea indet.)
19-072-146 GN-05 29-Jul-19 424 75 75 Arthropoda (Crustacea indet.)
19-072-147 GN-05 29-Jul-19 13.3 25 100 Unidentifiable tissue
19-072-148 GN-05 29-Jul-19 36.0 50 100 Arthropoda (Crustacea indet.)
19-072-149 GN-05 29-Jul-19 717 25 100 Arthropoda (Crustacea indet.)
19-072-150 GN-05 29-Jul-19 35.9 25 100 Arthropoda (Crustacea indet.)
19-072-151 GN-05 29-Jul-19 104 50 75 Arthropoda (Crustacea indet.)
19-072-152 GN-05 29-Jul-19 13.8 75 75 Arthropoda (Crustacea indet.)
19-072-153 GN-05 29-Jul-19 15.5 75 75 Arthropoda (Crustacea indet.)
19-072-154 GN-05 29-Jul-19 16.0 75 75 Arthropoda (Crustacea indet.)
19-072-155 GN-05 29-Jul-19 12.8 50 75 Arthropoda (Hyperiidea indet.)
19-072-156 GN-07 29-Jul-19 5.74 25 100 Arthropoda (Mysida indet.)
19-072-157 GN-07 29-Jul-19 6.51 50 100 Arthropoda (Crustacea indet.)
19-072-158 GN-07 29-Jul-19 12.2 75 75 Arthropoda (Crustacea indet.)
19-072-159 GN-07 29-Jul-19 18.9 10 100 Arthropoda (Crustacea indet.)
19-072-160 GN-07 29-Jul-19 24.4 10 100 Arthropoda (Crustacea indet.)
19-072-161 GN-07 29-Jul-19 15.0 50 100 Arthropoda (Crustacea indet.)
19-072-162 GN-07 29-Jul-19 11.8 75 75 Arthropoda (Crustacea indet.)
19-072-163 GN-05 29-Jul-19 12.6 25 100 Arthropoda (Crustacea indet.)
19-072-164 GN-05 29-Jul-19 19.9 25 100 Arthropoda (Calanoida indet.)
19-072-165 GN-05 29-Jul-19 17.0 50 100 Arthropoda (Crustacea indet.)
19-072-166 GN-05 29-Jul-19 10.6 25 100 Unidentified tissue
19-072-167 GN-05 29-Jul-19 27.2 10 100 Arthropoda (Crustacea indet.)
19-072-168 GN-05 29-Jul-19 21.8 75 100 Arthropoda (Hyperiidea indet.)
19-072-169 GN-07 29-Jul-19 15.1 50 100 Arthropoda (Crustacea indet.)
19-072-170 GN-07 29-Jul-19 8.27 10 100 Unidentified tissue
19-072-171 GN-07 29-Jul-19 38.4 25 100 Unidentified tissue
19-072-172 GN-07 29-Jul-19 85.5 75 100 Arthropoda (Crustacea indet.)
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Date Stor!\ach SLTTES Material Dominant Identifiable Taxa in

Sample ID  Catch Effort Sampled Weight FuI(th)ess D"J(E/f)ted Stomach (by Weight)

19-072-173 GN-07 29-Jul-19 10.9 50 75 Arthropoda (Crustacea indet.)
19-072-174 GN-07 29-Jul-19 12.8 50 75 Arthropoda (Crustacea indet.)
19-072-175 GN-07 29-Jul-19 15.4 75 75 Arthropoda (Crustacea indet.)
19-072-176 GN-07 29-Jul-19 22.2 25 75 Arthropoda (Crustacea indet.)
19-072-177 GN-09 22-Aug-19 18.7 50 50 Arthropoda (Mysis sp.)

19-072-178 GN-09 22-Aug-19 8.79 25 75 Arthropoda (Crustacea indet.)
19-072-179 FN-02 02-Sep-19 1.22 25 100 Arthropoda (Crustacea indet.)

4.1.7.3.2 Sculpin

Thirty incidental mortalities of sculpin (unidentified Myoxocephalus sp.) were retained for aging and stomach content
analysis. Mortalities were composed of fish damaged during gillnet retrievals at GN-04, GN-05, GN-06, and GN-07.
Ages of incidental mortalities ranged from 4 to 8 years, with a mean of 6.1 years (x1.1 SD; Table 4-29). Sculpin
were not retained for age analysis in 2018. Due to degradation and damage to some fish during transportation, sex
was not determinable for all fish, therefore summary of characteristics based on age are not reflective of the full
sample set. Of the identifiable sculpin, 19 were female and 6 were male. Mean ages in fish identifiable as female
was 6.5 compared to 6.2 in males. Females were on average slightly longer than males. Weights of sculpin
incidental mortalities are not presented due to a perceived error in the data where the majority of sculpin appeared
to have unrealistically small weights (<10 g). Detailed results of analysis of sculpin incidental mortalities in 2018 are
in Appendix G-3-4.

Table 4-29: Summary of Characteristics of Sculpin (Myoxocephalus sp.) Incidental Mortalities, 2019

N* Min Max Mean ) \
Age
All 30 4 8 6.1 1.1
Female 19 5 8 6.5 0.8
Male 6 5 7 6.2 0.8
Length (mm)
All 30 144 290 237.5 41.8
Female 19 197 290 255.0 23.8
Male 6 173 280 237.7 35.0

*Note: Sex was not determinable for all fish, therefore male and female totals are not equal to total incidental mortalities;
Summary statistics are not presented for sculpin weights due to an error in the results indicating unrealistic weights

In the analysis of stomach contents of sculpin incidental mortalities, approximately 51% of the total stomach
contents by weight was indeterminate or unidentifiable material. This included the presence of 200 eggs that were
not able to be taxonomically resolved. Other non-food material was found in stomach contents but not included in
the weight measurements. Non-food material included a mix of sand, leaves, filamentous algae, other plant material,
wood fragments and polychaete tubes. A summary of the relative abundances of the major taxa groups identifiable
in stomach contents by total weight is presented in Figure 4-38.
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The most abundant of the classifiable tissue was fish tissue. This tissue, at 27% of the total weight of stomach
contents, was composed of various parts lacking features that would resolve identification further and three
individuals whose taxonomic description could not be resolved further than indeterminate Cottidae. Amphipods
were the second most abundant taxa by weight at 12% of the total stomach contents, and the most abundant by
individuals, with 81 intact individuals counted in the stomach contents, although only two were identifiable to genus,
the remaining amphipod tissue was unidentifiable parts. Indeterminate pectanariid polychaetes of the Subclass
Sedentaria were the next most abundant by weight at 7.5% of the total weight, with six intact individuals.
Indeterminate crustacean parts represented only about 1% of the total weight. Parts from an unidentifiable Errantian
polychaete, an individual and parts of a Philomedes sp. of ostracod, an individual and parts of the bivalve Musculus
discors, and a single indeterminate individual from the Phylum Acanthocephala were together less than 1% of the
total weight of stomach contents. Identifiable taxa were all benthic species aside from a single parasitic species,
reflecting the preferred feeding mode of sculpin.
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Figure 4-38: Abundance of Major Taxa in the Stomach Contents of Sculpin (Myoxocephalus sp.) Incidental Mortalities,
2019. Indet. Crustacea = Indeterminate Crustaceans

Stomach fullness in incidental mortalities ranged from 10% to 100% (Table 4-30). The single sculpin mortality from
GN-04 all had a full stomach (100%). The dominant identifiable stomach contents in the sculpin in GN-04 were
parts and intact specimens of indeterminate Cottidae and other indeterminate fish. Also in the stomach were
indeterminate Errantian polychaetes of the Family Nereididae and Lysianassoidean amphipods. Stomach fullness
in sculpin from GN-05 ranged from 10% to 100%, with identifiable taxa dominated by indeterminate crustaceans,
as well as indeterminate Amphipoda (including indeterminate Lysianassoidea, Oedicerotidae, and Atylus sp.),
indeterminate Polychaeta (including indeterminate Pectinariidae) and indeterminate fish species. Two incidental
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mortalities from GN-07 had stomachs that were 25% and 50% full. The specimen with a 25% full stomach had no
identifiable tissue in the stomach contents. The specimen with the half full stomach ingested indeterminate
crustaceans and amphipods.

Table 4-30: Summary of Sculpin (Myoxocephalus sp.) Incidental Mortality Stomach Characteristics, 2019
Stomach Stomach Material

Sample ID Sa?naéfe d Weight Fullness Digested el Ide"tiﬁw;?gﬁ;(a I SiErEE D (27
(¢) (%) (%)
19-072-180 | GN-04 | 27-Jul-19 31.0 100 100 Chordata (Cottidae indet.)
19-072-181 | GN-05 | 29-Jul-19 1.07 10 100 Unidentified tissue
19-072-182 | GN-05 | 29-Jul-19 1.24 50 100 Arthropoda (Amphipoda: Lysianassoidea indet.)
19-072-183 | GN-05 | 29-Jul-19 0.99 25 100 Arthropoda (Amphipoda indet.)
19-072-184 | GN-05 | 29-Jul-19 1.81 10 100 Unidentified tissue
19-072-185 | GN-05 | 29-Jul-19 0.62 25 100 Arthropoda (Crustacea indet.)
19-072-186 | GN-05 | 29-Jul-19 1.08 10 100 Arthropoda (Crustacea indet.)
19-072-187 | GN-05 | 29-Jul-19 4.73 50 100 Unidentified tissue
19-072-188 | GN-05 | 29-Jul-19 6.05 50 100 Arthropoda (Amphipoda indet.)
19-072-189 | GN-05 | 29-Jul-19 5.15 50 100 Unidentified tissue
19-072-190 | GN-05 | 29-Jul-19 4.64 50 100 Unidentified tissue
19-072-191 | GN-05 | 29-Jul-19 4.39 25 100 Annelida (Polychaeta: Pectinariidae indet.)
19-072-192 | GN-05 | 29-Jul-19 9.22 25 100 Annelida (Polychaeta: Pectinariidae indet.)
19-072-193 | GN-05 | 29-Jul-19 4.03 75 100 Arthropoda (Crustacea indet.)
19-072-194 | GN-05 | 29-Jul-19 5.07 25 100 Arthropoda (Crustacea indet.)
19-072-195 | GN-05 | 29-Jul-19 7.20 50 100 Arthropoda (Amphipoda: Atylus sp..)
19-072-196 | GN-05 | 29-Jul-19 10.9 75 100 Arthropoda (Amphipoda: Oedicerotidae indet.)
19-072-197 | GN-07 | 29-Jul-19 2.05 25 100 Unidentified tissue
19-072-198 | GN-07 | 29-Jul-19 2.86 50 100 Arthropoda (Crustacea indet.)
19-072-199 | GN-05 | 29-Jul-19 8.49 50 100 Arthropoda (Crustacea indet.)
19-072-200 | GN-05 | 29-Jul-19 5.28 75 100 Annelida (Polychaeta: Pectinariidae indet.)
19-072-201 | GN-05 | 29-Jul-19 8.30 50 100 Annelida (Polychaeta indet.)
19-072-202 | GN-05 | 29-Jul-19 16.3 100 75 Arthropoda (Amphipoda: Oedicerotidae indet.)
19-072-203 | GN-05 | 29-Jul-19 17.2 100 75 Arthropoda (Amphipoda indet.)
19-072-204 | GN-05 | 29-Jul-19 13.0 100 75 Arthropoda (Amphipoda indet.)
19-072-205 | GN-05 | 29-Jul-19 5.65 75 50 Annelida (Polychaeta: Pectinariidae indet.)
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Stomach Stomach Material

Sample ID Date Weight Fullness Digested Dominant Identlflablg Taxa in Stomach (by
Sampled 7 X Weight)
(%) (%)
19-072-206 | GN-05 | 29-Jul-19 8.97 25 100 Unidentified tissue
19-072-207 | GN-05 | 29-Jul-19 19.3 100 100 Chordata (Pisces indet.)
19-072-208 | GN-05 | 29-Jul-19 3.90 25 100 Arthropoda (Crustacea indet.)
19-072-209 | GN-05 | 29-Jul-19 7.56 25 100 Unidentified tissue

41.7.4 Shellfish Aging

Specimens of the bivalve Hiatella arctica (wrinkled rock borer) were collected as a supplement to fish condition
monitoring. Analysis included specimen aging and tissue chemistry (Section 4.1.8.4). Shellfish were collected from
the same stations as the sediment and benthic invertebrate samples, where H. arctica were present. A maximum
of five intact specimens were found at sampled stations, with the majority of collections occurring at stations along
the eastern and western transects at depths less than 25 m (Table 3-11). A summary of the ages of collected
shellfish ages, by station and transect is presented in Table 4-31.

Table 4-31: Summary of Shellfish Age Based on Transect Location, Milne Port, 2019

Station Station Depth (m) Collected (Analyzed)* Min

Eastern Transect

BE-1 12 5 13 29 19 6.8
BE-3 19 5 10 58 38.6 20.7
BE-4 14 5 16 51 31.2 14.8
BE-5 15 5 8 31 234 9.7
BE-6 19 5 14 52 29 15.2
BE-7 17 5 9 40 23.2 15.0
BE-8 16 5 13 56 33.6 20.0
Total 35 8 58 28.3 15.3
Western Transect

BW-1 17 5 14 55 27.8 16.0
BW-2 21 5 7 30 20.4 8.8

BW-3 22 5(4) 9 45 19.3 17.2
BW-4 16 5 26 69 42.8 16.9
BW-5 17 5 38 51 44 6.1

BW-6 15 5 21 35 274 6.2
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Station Station Depth (m) Collected (Analyzed)* Min

BW-7 18 5 16 27 21.2 47
BW-8 18 5(4) 10 18 12.5 3.7
Total: 40(38) 7 69 27.5 14.7
Northeastern Transect

BNE-1 29 1 - - 59 -
BNE-4 67 1 - - 11 -
BNE-5 82 1 - - 34 -
Total 3 11 59 34.7 24.0

Northwestern Transect

BNW-1 37 2(0) nd nd nd nd
Total 2(0) nd nd nd nd
Totals 80(76) 7 69 28.1 15.2

* Four shells were not able to be aged due to shells being broken at the hinge or the shell being too small to cut (<1.5 cm, <100 mg). nd = no
data

Thirty-five H. arctica were collected from the Eastern Transect. The ages of these bivalves ranged from 8 years to
58 years, with a mean age of 28.3 years (SD 15.3 years, Table 4-31). Mean age on the Western transect was
similar at 27.5 years (SD 14.7 years), however the age range was greater, between 7 and 69 years. A total of forty
H. arctica were collected from the western transect, but only 38 were analyzed for age due to shell damage along
the hinge structure.

H. arctica have been found at depths of up to 175 m. However, the prominent depth range for this species is
estimated to be between 15 and 25 m (Sejr et al. 2002). This was apparent in the collections from the northeastern
and northwestern transects that were along a deeper gradient (29 m to 102 m) than the western and eastern
transects (between 10 m and 22 m). Only five specimens were collected from these two transects, and all were
collected at the shallower depths along the transect range (Table 4-31). Two of the collected specimens were unable
to be aged due to the small size of the bivalve (less than 1.5 cm). The three remaining specimens, all from the
northeastern transect were aged to 11, 34 and 59 years.

41.8 Tissue Chemistry

All parameters are plotted as box plots in Appendix G-4, Figure G-4.1 to Figure G-4.32 for fish species and Appendix
F-5, Figure F-5.1 to Figure F-5.32 for Hiatella arctica.
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4.1.81 Laboratory QA/QC Results

In general, analytical QC data from BV Labs were within acceptable limits, with some sample heterogeneity issues
identified in two fish samples and two H. arctica samples. Relative percent difference (RPD) exceeded QC limits
due to sample heterogeneity in: Arctic Char sample GN-01-1 19-072-133 (calcium, manganese and strontium had
RPDs between duplicates of 91%, 50%, and 84%, respectively); Arctic Char sample GN7-P6 19-072-085 (calcium,
manganese and strontium had RPDs between duplicates of 112%, 58%, and 114%, respectively); H. arctica sample
BE-8 SA19-072-085 (cobalt and manganese had RPDs between duplicates of 67%, and 97%); H. arctica sample
BW-5 SA19-072-111 (antimony, barium, cobalt and manganese had RPDs between duplicates of 75%, 53%, 41%
and 46%, respectively). Sample heterogeneity issues are not unusual with biological samples due to inherent
variability of biological tissues (i.e., they are not a uniform matrix); therefore, the data were considered acceptable.

Recovery for matrix spikes were outside of QC limits for two Arctic char samples and one H. arctica sample: Arctic
Char sample GN-01-1 19-072-133 (silver recovery of 44%); Arctic Char sample GN7-P6 19-072-085 (silver recover
of 48%); H. arctica sample BW-7 SA19-072-121 was outside recovery QC limits for vanadium, however it was
suspected to be a result of lab interference and no recovery was reported. With the exception of the vanadium
matrix spike issue, all QC were deemed to meet acceptability criteria. Overall, analytical data reported by BV Labs
were considered reliable. Quality control results from BV Labs are provided in Appendix F for shellfish data and
Appendix G-4 for fish tissue.

4.1.8.2 Arctic Char
Descriptive Statistics

A total of 47 tissue samples from Arctic Char were collected in 2019 for analysis of total metals concentrations
(Table 4-32). The 2019 data were compared to Arctic Char metals concentrations from 2018 (n=26). Means and
standard deviations were calculated for all metals above DLs. The following metals were below DL in Arctic Char
tissue samples collected in both 2018 and 2019, preventing between year comparisons: antimony, beryllium,
bismuth, molybdenum, and vanadium (Appendix G-4, Table 3). Only one sample was above DL for barium, boron,
tin and uranium in 2018; therefore, between year comparisons were also not completed for these parameters.
Detailed results of metal analysis for each Arctic Char tissue sample are presented in Appendix G-4-3.

Table 4-32: Descriptive Statistics for Detected Metal Concentration in Arctic Char Muscle Tissue Samples from the
Milne Port Area, 2018 and 2019.

Parameter 2018 (n=26) 2019 (n=47)

mg/kg wwt DL Mean n>DL(a) DL Mean
Aluminum 8 0.2 0.4 0.2 45 0.2 0.7 1.4
Arsenic 26 0.004 0.527 0.218 47 0.004 | 0.799 0.374
Barium 1 0.01 0.01 N/A 16 0.01 0.02 0.01
Boron 1 0.2 0.2 N/A 0 0.2 N/A N/A
Cadmium 25 0.001 0.006 0.006 45 0.001 0.006 0.005
Calcium 26 2 87 45 47 2 164 118
Chromium 13 0.01 0.02 0.01 35 0.01 0.02 0.01
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Parameter 2018 (n=26) 2019 (n=47)
mg/kg wwt DL Mean n>DL(a) DL Mean

Cobalt 26 0.0013 0.0049 0.0015 47 0.0013 | 0.0049 | 0.0022
Copper 26 0.01 0.51 0.09 47 0.01 0.41 0.09
Iron 26 0.25 4.36 0.74 47 0.25 4.49 2.74
Lead 10 0.001 0.002 0.001 40 0.001 | 0.002 0.001
Magnesium 26 0.4 282 12 47 0.4 303 22
Manganese 26 0.01 0.09 0.02 47 0.01 0.10 0.04
Mercury 26 0.002 0.043 0.016 47 0.002 | 0.052 0.025
Nickel 21 0.01 0.02 0.01 37 0.01 0.01 0.004
Phosphorus 26 2 2992 105 47 2 2877 187
Potassium 26 2 4411 159 47 2 3978 438
Selenium 26 0.01 0.34 0.04 47 0.01 0.40 0.08
Silver 2 0.001 0.001 0.001 0 0.001 N/A N/A
Sodium 26 2 501 96 47 2 711 233
Strontium 26 0.01 0.20 0.11 47 0.01 0.48 0.26
Thallium 26 0.0004 0.0031 0.0008 47 0.0004 | 0.0025 | 0.0010
Tin 1 0.02 0.04 N/A 4 0.02 0.026 0.005
Titanium 26 0.02 0.12 0.02 47 0.02 0.49 0.03
Uranium 1 0.0004 0.0006 N/A 6 0.0004 | 0.0006 | 0.0002
Zinc 26 0.04 5.66 0.91 47 0.04 7.63 2.84

Notes: (a) Indicates the number of samples with concentrations above the detection limit. n= all fish processed for tissue metals, mg/kg wwt =
milligrams per kilogram wet weight, DL = reportable detection limit; SD = standard deviation of the sample; < = less than.
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Statistical Comparisons

Differences in mean metals concentrations in Arctic Char between 2019 and 2018 were assessed using ANOVA or
K-W tests for 18 metals (i.e. those metals with >50% of samples >DL in 2018 and 2019; Table 4-33).

Significant differences were identified for concentrations of arsenic, calcium, copper, magnesium, potassium,
selenium, sodium, strontium, thallium, and titanium between years in Arctic Char tissue between 2018 and 2019
(Table 4-33). Of these, only arsenic (43%), calcium (72%), sodium (43%), strontium (146%), and titanium (290%)
were notable (i.e., magnitude >40%) with 2019 metals concentrations being significantly greater than the
concentrations measured in 2018.

Raw data were not compiled for years prior to 2018, nor were data available for all metals. In some instances,
sample sizes were small (e.g. less than 5 samples available). Mean values have been considered herein to assess
consistency over time, but statistical comparisons were not performed for 2019 relative to historical data (Table 4-
34). Relatively large variance in arsenic concentrations has been observed in Arctic Char tissues since baseline
years (range of 0.51 mg/kg wwt to 1.38 mg/kg wwt) and samples in 2019 were consistent with historical data
(i.e concentrations generally fell within the measured range of values reported since 2010), despite a statistically
significant increase in arsenic concentrations in 2019 versus 2018. Cadmium, chromium, mercury and zinc
concentrations in 2019 also were generally consistent with the ranges of concentrations reported since baseline
surveys in 2010. Copper concentrations, which showed a significant but small magnitude decrease since 2018,
were generally consistent with historical data, but there might be a slight downward trend in mean concentrations
in recent years. Similarly, iron concentrations did not change significantly between 2018 and 2019, but a slight
downward trend in mean concentrations has been noted in recent years.

Comparison to Guidelines

No Arctic Char tissue samples exceeded the CFIA commercial consumption guideline of 0.5 mg/kg wwt for mercury
(CFIA 2014) in 2018 or 2019.
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Table 4-33: Statistical Comparisons of Detected Metal Concentrations in Arctic Char Sampled in the Milne Port Area, 2018 and 2019.

Shapiro-

Parameter Outlier Wilk Levene's Test Ma.gnitude
removed?(@ Test Test P-Value 2019 2018 (% difference)

Arsenic ANOVA Y 0.159 0.481 <0.001 46 26 0.754 0.527 0.0473 43
Cadmium ANOVAqg N 0.164 0.108 0.501 47 26 -2.3551 -2.4227 <0.0001 17
Calcium ANOVA g Y 0.414 0.686 <0.001 46 26 2.1353 1.8991 0.0366 72
Cobalt K-W N - - 0.519 47 26 0.00430 0.00465 - -8
Copper ANOVA Y 0.052 0.549 <0.001 46 26 0.407 0.508 0.0065 -20
Iron K-W N - - 0.178 47 26 3.95 4.36 - -9
Magnesium K-W N - - <0.001 47 26 301 285 - 6
Manganese ANOVA g Y 0.059 0.484 0.660 46 26 -1.026 -1.035 0.0064 2
Mercury K-W N - - 0.203 47 26 0.0423 0.0379 - 12
Nickel K-W N - - 0.427 47 26 0.013 0.014 - -7
Phosphorus K-W N - - 0.004 47 26 2900 3000 - -3
Potassium K-W N - - <0.001 47 26 4060 4390 - -8
Selenium K-W N - - <0.001 47 26 0.375 0.330 - 14
Sodium K-W N - - <0.001 47 26 700 489 - 43
Strontium K-W N - - <0.001 47 26 0.433 0.176 - 146
Thallium K-W N - - <0.001 47 26 0.00216 0.00294 - -26
Titanium K-W N - - <0.001 47 26 0.486 0.125 - 290
Zinc K-W N - - 0.002 47 26 6.95 5.475 - 27

Notes: n = sample size; LSM = least squared mean; MSE = mean squared error

N = no; - = not applicable. Values in bold indicate significant differences.
(a) Outliers are presented in Appendix G-4-6 Table 2.
(b) Substituted for median when data were analyzed using the K-W test

; K-W = Kruskal Wallis test; ANOVA = Analysis of Variance; log=data log10 transformed prior to analysis; Y = yes;
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Table 4-34: Summary of Detected Metal Concentrations (mg/kg wwt) in Arctic Char Incidental Mortality Tissue Samples in the Milne Port Area (2010 to 2018).

2010 (n=11) 2013 (n=6) 2015 (n=5) 2016 (n=13) 2017 (n=2) | 2018 (n=26) 2019 (n=47)

Health Canada

LU Guidelines

Mean SD Mean SD Mean| SD Mean SD Mean SD | Mean SD Mean SD
Arsenic - 0.82 0.17 0.61 0.12 1.38 0.9 0.97 0.21 0.81 0.40 0.51 | 0.24 | 0.799 0.374
Cadmium - 0.01 <0.01 | <0.05 | <0.01 | <0.05 | <0.01 | <0.05 | <0.01 0.01 <0.01 | 0.01 | 0.01 | 0.006 0.005
Chromium - 0.59 0.90 <0.5 | <0.01 <0.5 | <0.01 <0.5 | <0.01 | <0.01 | <0.01 | 0.02 | 0.01 0.02 0.01
Copper - 0.85 0.27 1.06 0.26 0.55 0.20 1.63 1.18 0.56 0.12 048 | 0.13 | 0.41 0.09
Iron - 9.90 5.03 <15 <0.01 <15 | <0.01 8.38 3.19 6.00 0.14 420 | 1.07 | 4.49 2.74
Mercury 0.50 0.05 0.03 0.03 0.01 0.04 0.01 0.04 0.02 0.06 0.04 0.04 | 0.02 | 0.052 0.025
Zinc - 6.20 0.80 9.20 1.96 6.92 1.71 7.18 1.27 5.84 0.54 545 | 140 | 7.63 2.84
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4.1.8.3 Sculpin
Descriptive Statistics

A total of 35 tissue samples from sculpin were collected in 2019'° for analysis of total metals concentrations
(Table 4-27). Means and standard deviations were calculated for all metals with results above DLs (Table 4-35).
Beryllium and vanadium were below DLs in all sculpin samples collected in 2019 (Appendix G-4 -Table 4). Detailed
results of metal analysis for all sculpin samples collected in 2019 are presented in Appendix G-4-4. No sculpin were
sent for analysis of metal concentrations in tissues in historical surveys.

Table 4-35: Descriptive Statistics for Metal Concentrations in Sculpin Muscle Tissue Samples in the Milne Port Area,
2019

Parameter 2019 (n=35)

n>DL® DL Mean SD
Aluminum 30 0.5 2.9 2.4
Antimony 15 0.002 0.0024 0.0003
Arsenic 30 0.005 1.796 1.076
Barium 30 0.01 0.15 0.09
Bismuth 26 0.0013 0.003 0.001
Boron 23 0.2 0.3 0.1
Cadmium 30 0.0013 0.0367 0.0338
Calcium 30 4 2234 1205
Chromium 21 0.025 0.052 0.035
Cobalt 30 0.0013 0.0122 0.0041
Copper 30 0.013 0.590 0.207
Iron 30 0.25 9.91 4.63
Lead 30 0.0013 0.0185 0.0115
Magnesium 30 04 281 45
Manganese 30 0.01 0.36 0.16
Mercury 30 0.013 0.143 0.053
Molybdenum 4 0.008 0.010 0.002
Nickel 30 0.01 0.03 0.01
Phosphorus 30 2 2784 698
Potassium 30 2.5 2860 344
Selenium 30 0.01 0.51 0.08
Silver 3 0.0013 0.0017 0.0006
Sodium 30 2.5 1262 197
Strontium 30 0.013 13.99 8.213
Thallium 29 0.0004 0.0010 0.0004
Tin 19 0.02 0.15 0.31
Titanium 30 0.13 0.48 0.16
Uranium 30 0.0004 0.0045 0.0041
Zinc 30 0.2 18 3.9

Notes: a) Indicates the number of specimens with concentrations above detection limit;

n= all fish processed for tissue metals, mg/kg wwt = milligrams per kilogram wet weight, DL = reportable detection limit; SD = standard

deviation of the sample; < = less than.

'® Prior to 2019, incidental sculpin mortalities were not retained for tissue chemistry analysis; no 2018 sculpin data are available.
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Comparison to Guideline

No sculpin tissue samples exceeded the CFIA commercial consumption guideline of 0.5 mg/kg wwt for mercury
(CFIA 2014).

4.1.8.4 Hiatella arctica
Descriptive Statistics

A total of 80 tissue samples were collected from H. arctica in 2019 for analysis of total metals concentrations (Table
4-28). The 2019 data were compared to H. arctica metals concentrations from 2018 (n=24). Means and standard
deviations were calculated for all metals above DLs. Silver and titanium were not analyzed in 2018 and tellurium
was not analyzed in 2019; therefore, only 2019 data are presented for these metals silver and titanium, and tellurium
data is not included. Antimony and tin concentrations were above DL in most samples analyzed in 2019
(n=79; Table 4-36). In general, concentrations of most metals in H. arctica appeared greater in 2019 relative to
2018, with some exceptions (e.g., cadmium, potassium and strontium; Appendix F-5, Figures F-5.1 to
F-5.37). Detailed results of metal analysis for each H. arctica tissue sample are presented in Appendix F-6.

Table 4-36: Descriptive Statistics for Detected Metals in Hiatella arctica Tissue Samples in the Milne Port Area, 2018
and 2019.

Parameter 2018 (n=24) 2019 (n=80)
n>DL @ DL | SD n>DL® DL Mean SD

Aluminum 24 0.4-1 516 196 80 0.5 909 355
Antimony 24 0.002 0.006 0.002 79 0.002 0.018 0.006
Arsenic 24 0.004-0.006 2.440 0.684 80 0.005 2.930 1.032
Barium 24 0.01 9.20 5.23 80 0.01 10.7 6.33
Beryllium 24 0.002 0.033 0.011 80 0.002 0.051 0.020
Bismuth 24 0.002 0.007 0.002 80 0.0013 0.012 0.004
Boron 24 0.2 6.0 1.4 80 0.2 8.9 2.7
Cadmium 24 0.001-0.002 0.684 0.474 80 0.0013 0.502 0.217
Calcium 24 4 5570 2544 80 4 7905 4261
Chromium 24 0.01-0.04 1.53 0.55 80 0.025 2.66 1.03
Cobalt 24 0.004 0.785 0.391 80 0.0013 1.222 0.747
Copper 24 0.02-0.01 2.11 0.40 80 0.013 2.32 0.55
Iron 24 0.6 1330 512 80 0.25 2338 1034
Lead 24 0.004-0.01 0.739 0.349 80 0.0013 1.264 0.492
Magnesium 24 04 2640 1073 80 04 4126 1625
Manganese 24 0.01 90 75 80 0.01 137 136
Mercury 24 0.001 0.027 0.015 80 0.013 0.033 0.014
Molybdenum 24 0.004-0.008 0.263 0.104 80 0.008 0.372 0.191
Nickel 24 0.04 1.54 0.50 80 0.01 2.13 0.65
Phosphorus 24 2 1195 257 80 2 1395 546
Potassium 24 4 1432 268 80 2.5 1247 240
Selenium 24 0.01-0.02 1.17 0.17 80 0.01 1.39 0.27
Silver® - - - - 80 0.0013 | 0.0058 | 0.0036
Sodium 24 4 4110 1246 80 2.5 4159 869
Strontium 24 0.01-0.02 21.5 9.23 80 0.013 19.9 134
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et 2018 (n=24) 2019 (n=80)
n>DL @ DL " Mean SD n>DL® DL Mean

Thallium 24 0.0004 0.0136 | 0.0075 80 0.0004 | 0.0228 | 0.0107
Tin 20 0.02 0.05 0.07 79 0.02 0.07 0.06
Titanium® ] ] ] - 80 0.13 34.4 14.8
Uranium 24 0.0004 0.1254 | 0.0303 80 0.0004 | 0.2034 | 0.0724
Vanadium 24 0.02 2.41 0.90 80 0.02 3.91 1.32
Zinc 24 0.1-0.2 11 1.8 80 0.2 14 2.3

Notes: (a) Indicates the number of specimens with concentrations above detection limit;
(b) Metals not analyzed in 2018.
n = total number of Hiatella arctica processed for tissue metals, mg/kg wwt = milligrams per kilogram wet weight, DL = reportable
detection limit; SD = standard deviation of the sample; - = not applicable or not available.

Statistical Comparisons

Differences in mean metals concentrations of H. arctica tissue between 2019 and 2018 were assessed using
ANOVA or K-W tests for 29 metals (i.e., those metals with >50% of samples >DL in 2018 and 2019; Table 4-37).

Significant differences were identified between years for concentrations of all metals except barium, phosphorus,
sodium and strontium in H. arctica tissue (Table 4-37). Of these, aluminum (81%), antimony (181%), beryllium
(51%), bismuth (71%), boron (47%), calcium (40%), chromium (76%), cobalt (51%), iron (76%), lead (67%),
magnesium (58%), manganese (53%), thallium (77%), tin (85%), uranium (57%) and vanadium (62%) were notable
(i.e., magnitude >40%) with 2019 metals concentrations being significantly greater than the concentrations
measured in 2018.

Comparison to Guideline

No H. arctica samples exceeded the CFIA commercial consumption guideline for fish tissue of 0.5 mg/kg wwt for
mercury (CFIA 2014).
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Table 4-37: Statistical Comparisons of Detected Metal Concentrations in Hiatella arctica Sampled in the Milne Port Area, 2018 and 2019.

Parameter Outlier Shapiro-Wilk Levene's Test LSM®@ Ma.gnitude
Values Test Test P-Value 2019 2018 2019 2018 (% difference)

Moisture (%) K-W - - - <0.001 80 24 77.5 81.45 - -5
Metals (mg/kg wwt)

Aluminum ANOVAIog 2370 0.605 0.565 <0.001 79 24 2.934 2.678 0.028 81
Antimony ANOVAg 0.0424 0.679 0.469 <0.001 79 24 -1.761 -2.210 0.017 181
Arsenic ANOVAIeg - 0.076 0.367 0.024 80 24 0.444 0.372 0.018 18
Barium ANOVAg - 0.526 0.585 0.219 80 24 0.962 0.890 0.062 18
Beryllium ANOVA 0.1460 0.661 0.053 <0.001 79 24 0.0497 | 0.0330 | 0.0002 51
Bismuth ANOVAg 0.0248 0.930 0.534 <0.001 79 24 -1.951 -2.184 0.017 71
Boron ANOVAIog 16.70 0.514 0.695 <0.001 79 24 0.929 0.762 0.014 47
Cadmium K-W - - - 0.004 80 24 0.448 0.560 - -20
Calcium ANOVAIeg 27000 0.576 0.562 0.001 79 24 3.847 3.701 0.039 40
Chromium ANOVAg 7.34 0.430 0.652 <0.001 79 24 0.402 0.155 0.025 76
Cobalt ANOVAIeg - 0.649 0.925 0.002 80 24 0.019 -0.160 0.057 51
Copper K-W - - - 0.099 80 24 2.230 2.015 - 11

Iron ANOVAIog 7000 0.826 0.585 <0.001 79 24 3.336 3.091 0.033 76
Lead ANOVA 3.420 0.530 0.128 <0.001 79 24 1.237 0.739 0.170 67
Magnesium ANOVAg - 0.775 0.669 <0.001 80 24 3.586 3.388 0.027 58
Manganese ANOVAg - 0.637 0.608 0.045 80 24 1.970 1.785 0.153 53
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LSM®@

Parameter Outlier Shapiro-Wilk Levene's Ma.gnitude
Values Test Test 2019 | 2018 2019 2018 (% difference)
Mercury K-W - - - 0.013 80 24 0.0300 | 0.0227 - 32
Molybdenum ANOVAIog - 0.091 0.513 0.002 80 24 -0.475 | -0.611 0.035 37
Nickel ANOVA 4.26 0.246 0.248 <0.001 79 24 2.11 1.54 0.35 37
Phosphorus K-W - - - 0.275 80 24 1225 1190 - 3
Potassium ANOVAIog - 0.817 0.260 0.002 80 24 3.088 3.148 0.007 -13
Selenium K-W - - - <0.001 80 24 1.40 1.21 - 15
Sodium K-W - - - 0.832 80 24 4205 3955 - 6
Strontium ANOVAIog 80.1, 89.9 0.051 0.159 0.104 78 24 1.230 1.294 0.028 -14
Thallium ANOVAIog 0.0636 0.160 0.150 <0.001 79 24 -1.674 | -1.922 0.035 77
Tin K-W - - - <0.001 80 24 0.0600 | 0.0325 - 85
Uranium ANOVAg - 0.846 0.110 <0.001 80 24 -0.717 | -0.914 0.020 57
Vanadium ANOVA - 0.874 0.087 <0.001 80 24 3.91 2.41 1.53 62
Zinc ANOVA - 0.060 0.238 <0.001 80 24 13.7 11.3 4.86 21

n = sample size; LSM = least squared mean; MSE = mean squared error; K-W = Kruskal Wallis test; ANOVA = Analysis of Variance; log=data log10 transformed prior to analysis; - = not applicable.

Values in bold indicate significant differences.
a) Substituted for median when data were analyzed using the K-W test
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4.2 AIS/NIS
4.21 Zooplankton

Taxonomic data of zooplankton collected from seven stations in Milne Port and four stations at Ragged Island are
presented in Appendix H-2. Zooplankton taxa presence in 2019 is presented along with presence/absence of the
2019 taxa from sample years since 2014 in Table 4-38. A complete presence/absence table is presented in
Appendix H-3. A list of newly observed taxa in Milne Port, defined as taxa identified during the 2019 survey that had
not been observed previously in MEEMP surveys since 2014 or in baseline surveys is provided in Table 4-39, along
with a brief description of the known geographic distribution of each taxon or its status as AIS/NIS.

Of the 43 zooplankton taxa identified in samples collected during the 2019 AIS monitoring survey, three taxa had
not been previously observed during AIS monitoring or baseline surveys (Table 4-39).

Table 4-38: Zooplankton Taxa Presence in Milne Inlet During AIS Monitoring in 2019 compared to previous survey years
(2014-2018)

Taxa 2014 2015 2016 2017 2018 2019
Acartia longiremis X X X X X
Aeginopsis laurentii** X X X
Aglantha digitale X X X X
Balanomorpha indet.** X X
Bivalvia indet. X X X X X X
Calanoida indet. X X X X X X
Calanus finmarchicus X X X X X X
Calanus glacialis X X X X X X
Calanus hyperboreus X X X X X X
Cladocera indet. X
Clione limacina X X X X
Cnidaria indet. X X X X
Echinoidea indet. X X X X X X
Euphysa sp. X X X
Fritillaria sp. X X X X
Gadidae indet. X X X
Hybocodon prolifer X
Isopoda indet.** X X X
Limacina helicina X X X X
Microcalanus sp. X X X
Microsetella norvegica X X X X X X
Obelia sp. X
Oikopleura sp. X X X X
Oithona similis X X X X X X
Onisimus glacialis X
Parasagitta elegans X X X X
Polychaeta indet. X X X X X X
Pseudocalanus sp. X X X X X X
Themisto libellula X X X

Notes: Taxa identified to the lowest practical taxonomic level; presence/absence for previous years taken from SEM 2015, 2016, 2017a, Golder
2018, Golder 2019a. **=taxa not identified in 2014 through 2017 but identified during baseline studies in 2008 or 2010 (Baffinland 2012;
SEM 2017a); indet.= indeterminate (taxa could not be identified beyond the taxonomic level listed); sp.=species. High taxonomic levels
presented for taxa not previously identified to a lower taxonomic level (e.g. Crustacea indet. omitted due to large numbers of crustacean
taxa identified to species level, Cottidae indet. presented due to lack of sculpins identified to species level).
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In 2019, zooplankton samples contained three taxa that were not identified in previous years during MEEMP, AIS
and baseline surveys (Table 4-39). Two taxa were identified to species level and one was only identifiable to genus
level. New species identified were Hybocodon prolifer, a hydroid cnidarian from the Family Tubulariidae and
Onisimus glacialis, a species of amphipod. Both species were identified in samples from Milne Port. Although 2019
represented the first observation of O. glacialis in Milne Port, an identified species from the same genus was
observed during baseline surveys in Milne Port. At Ragged Island, an unidentified zooplankton species from the
genus Obelia was observed in zooplankton samples. Obelia or wine glass hydroids, are a globally common taxon.
Unidentified hydroids have previously been observed on the Ore Dock in Milne Port (Golder 2019b).

Each newly observed taxa was cross-checked against a global database of marine invasive species and none of
the taxa were identified as a globally-recognized invasive species (Molnar et al. 2008) or an invasive species in
Canada according to the National Risk Assessment for Introduction of Aquatic Nonindigenous Species to Canada
by Ballast Water (Casas-Monroy et al. 2014). In addition to these databases, each new taxon was researched
independently in the literature for their known habitats and distributions for signs of taxa that may be considered
non-native to the Arctic region. None of the newly observed zooplankton taxa in 2019 could be identified as non-
native to the Arctic, despite not being previously identified in Milne Port (Table 4-39). Further review of natural
ranges and vectors of introduction are required to confirm NIS status. Both taxa identified to the species level have
wide distributions that include the Canadian Arctic and Baffin Island (WoRMS 2020). The taxon identifiable to only
the genus level (Obelia) contains at least one species with a known occurrence in the Canadian Arctic.

Table 4-39: Newly Observed Zooplankton Taxa Identified in Milne Inlet in 2019
Taxa Common Name Description

Hybocodon prolifer
(medusa stage)

Species of hydroid cnidarians within the Family Tubulariidae.

Hydroid cnidarian Global distribution, including Canadian Arctic and Baffin Island.

Genus of cnidarian within the Family Hydrozoa. Globally common
and containing species with Canadian Arctic distributions.

Obelia sp.*

(medusa stage) Wine glass hydroid

Species of amphipod. Distributed throughout the Arctic and
Northwest Atlantic, including the Canadian Arctic Archipelago.
Unidentified species from the same genus were observed during
baseline surveys.

Onisimus glacialis Amphipod

*indicates taxa identified only at Ragged Island and not at Milne Port

A total of 475,409 organisms were estimated from samples collected at Milne Port and Ragged Island in 2019.
Adjusted for the total volume of water sampled during each vertical haul and oblique tow, the mean density?° of
organisms for each area and sampling method was 3,573 + 1,201 (SD) organisms/m?2 in vertical hauls at Milne Port,
769 = 1111 (SD) organisms/m3 in oblique tows at Milne Port, 2,480 + 1,775 (SD) organisms/m? in vertical hauls at
Ragged Island, and 39 £ 6 (SD) organisms/m3 in oblique tows at Ragged Island (Figure 4-39). Higher zooplankton
density in vertical hauls compared to the oblique tows was consistent with previous sampling years and likely a
result of differences in the depth strata targeted by each sampling method. In general, zooplankton density, taxa
richness and overall community composition in 2019 were comparable to previous AlS monitoring years.

20 Calculated as the average density per sampling method + one standard deviation of the mean
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Figure 4-39: Mean Density of Zooplankton Collected in Oblique Tows and Vertical Hauls, Milne Port and Ragged Island,
2019. Error bars represent one standard deviation.

A taxa accumulation curve was calculated for samples collected in 2019 to compare sampling effort with previous
AIS monitoring surveys in Milne Port and to provide an estimate of the effort required to fully characterize the
zooplankton community (Figure 4-40). The taxa accumulation curve for the 2019 AlS sampling effort reached an
asymptote at approximately fifteen samples, after which no new taxa were identified in any additional samples up
to a total of twenty-one. The taxa accumulation curve for the 2019 AIS sampling effort is very similar to that observed
for the 2017 and 2018 AIS sampling efforts (Golder 2018, 2019a), suggesting that the sampling effort in 2019
captured a proportion of the overall zooplankton community that was sufficient to describe the general zooplankton
community structure.
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Figure 4-40: Taxa Accumulation Curve for Zooplankton, Milne Inlet, 2019.

The non-parametric species estimator Chao 22! was calculated for 2019 following the methods used in SEM 2017a,
Golder 2018 and Golder 2019a. For samples collected in 2019, the Chao 2 calculation provided an estimate of 47.5
taxa observed, which exceeded the actual observed number of taxa (43) by 10% (Table 4-40). The discrepancy
between the observed and expected number of zooplankton taxa was smaller than in 2018, but similar to the
discrepancy observed during previous AIS monitoring in 2017 and 2014. The relatively low discrepancy between
the observed and expected number of taxa suggests that the zooplankton sampling effort in 2019 was sufficient to
characterize the overall zooplankton community.

Table 4-40: Chao 2 Species Estimates for Zooplankton Samples Collected in Milne Inlet (2014-2019)

Year Sobs Q1 Q2 S % S1exceeds Sobs
2014 34 7 6 38.1 12
2015 40 10 6 48.3 21
2016 37 8 5 434 17
2017 44 8 9 47.6 8
2018 44 10 6 52.3 19
2019 43 9 9 475 10

Notes: Values for 2014 through 2018 taken from SEM 2017a, Golder 2018 and Golder 2019a. S.us= # of taxa observed; Q= # of species
occurring in only one sample; Q= # of species occurring in two samples; Si= # of taxa expected to be observed based on Chao 2
estimate

4.2.2

Sampling as part of the benthic infauna AIS/NIS program in 2019 represented a significant increase in sampling
locations compared to previous years. Prior to 2018, AIS/NIS samples were collected at 8 locations in Milne Port

Benthic Infauna

2! Chao 2 calculation: S1=Sgps+(Q1%/2Qy)
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and the two Ragged Island locations. Fifteen locations were added in 2018. In 2019, benthic invertebrate samples
were collected from thirty-two stations in Milne Port and two stations at Ragged Island (Figure 3-2 and Figure 3-5).
Benthic infauna and any incidental epifauna were identified to the lowest possible taxonomic level (Appendix E) and
the presence/absence of each taxa compared to taxonomic data from baseline and previous MEEMP and AIS
surveys (Appendix |). The program taxa list was also updated to include any new or updated accepted species
names for any previously identified species.

A total of 58,374 organisms were estimated in 2019 surveys at Milne Inlet, which included 587 organisms at Ragged
Island. These were identified to represent at least 319 different taxa, including 41 unique taxa that were not identified
in previous surveys at Milne Port and Ragged Island (Table 4-41). Of newly identified taxa, 39 were found only at
Milne Port and 2 only at Ragged Island. Approximately 70% of the new taxa were identified to the species level,
15% only to the genus level and 15% represented the first observations of higher taxonomic levels in Milne Inlet.

Some of the newly observed species represented the first occurrences where a specimen in a previously observed
higher taxonomic level was able to be identified to the species level. In previous years, specimens from the genera
Aglaophamus, Pionosyllis, Aceroides, Clymenura, Pygospio, Nymphon and Polycirrus were identified but were not
resolved to the species level. Eupyrgus scaber is the first species identified in the Order Molpadiida - in previous
surveys, specimens remained as indeterminate in the Order. Similarly, Siphonodentalium lobatum represents the

first identifiable species in the Family Gadilidae.
Table 4-41: Newly Observed Benthic Infauna Taxa Identified at Milne Port and Ragged Island in 2019

Phylum - _
Class/Order Family Taxa Description
Annelida
Pf)lychelleta/ Paraonidae Aricidea (Strelzovia) Polychaete worm with a type locality in the Arctic Ocean.
Cirratulida antennata
Polychaeta/ Maldanidae Clvmenura polaris* Arctic species with a distribution that includes the Canadian
Not Assigned Y P Arctic and Baffin Island.
Polvchaetal Polychaete species with a distribution that includes the
y . Maldanidae Petaloproctus tenuis | North Atlantic and Canadian Arctic, with observations at
Not Assigned )
Baffin Island.
Polvchaetal Adlaophamus Polychaete species with a distribution that includes the
y ) Nephtyidae glaop . North Atlantic and Canadian Arctic, with observations at
Phyllodocida malmgreni* )
Baffin Island.
Polychaeta/ . Polychaete species with a distribution throughout the North
Phyllodocida Nephtyidae Nephthys paradoxa Atlantic and Arctic Oceans, including the Canadian Arctic.
Polvchaeta/ Genus containing at least one representative species with a
y . Phyllodocidae Eumida sp. native distribution within the Canadian Arctic Ocean,
Phyllodocida . . )
including Baffin Island.
Species range includes the north western Atlantic,
Polychaeta/ . - . . . o . '
. Polynoidae Harmothoe rarispina | specimens collected in Canadian Arctic, including Baffin
Phyllodocida . . -
Island (under synonymized name Lagisca rarispina).
Polychaeta/ . Sphaerodoropsis . . .
Phyllodocida Sphaerodoridae biserialis Canadian Arctic species of polychaete.
Polychaeta/ Svllidae Exogone naidina Widespread distribution, including the Arctic Ocean, the
Phyllodocida y g Canadian Arctic and Baffin Island.
Polvchaeta/ Polychaete species with a distribution that includes the
y . Syllidae Pionosyllis compacta* | North Atlantic and Canadian Arctic, with observations at
Phyllodocida Baffin Island
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Phylum
Class/Order

Family

Taxa

Description

Only described species in genus. Very limited description
Polychaeta/ Fabriciidae Pseudofabricia sp. nr. | for the species indicates possible endemism to the
Sabellida aberrans** Mediterranean Sea, but indications of specimens collected
in the Black Sea and in the North Sea. Sent for verification.
Various undescribed species observed previously in Milne
Polychaeta/ . . .
. Sabellidae Dialychone sp. 1 Inlet. Specimen has features that do not match any
Sabellida . L
described species in the genus.
Polvchaetal North Atlantic and Arctic Oceans including the Canadian
Y . Sabellidae Euchone analis Arctic and Baffin Island, with a type locality in the
Sabellida . . .
Greenlandic portion of the Arctic Ocean.
Polychaeta/ Sabellidae Sabellidae sp. 3 Unlqu.e sabellld. specimen lacking features that match any
Sabellida described species.
Polych.aeta/ Sabellidae Sabellidae sp. 4 Unlqu.e sabellld. specimen lacking features that match any
Sabellida described species.
Records include North Atlantic and Arctic Oceans, including
Polvchaeta/ Canadian Arctic and Baffin Island, Listed as invasive to
s iznida Spionidae Marenzelleria viridis* | areas outside of East Coast North America. Invasive to the
P Baltic and North Seas, vector is ballast water and
sediments (locally by currents).
Polychaeta/ Spionidae Pvaospio elegans* Documented range includes the North Atlantic and Arctic
Spionida P ygosp 9 Oceans, including the Canadian Arctic and Baffin Island.
Polychaeta/ Ampharetidae Ampharete borealis Documented range includes the North Atlantic and Arctic
Terebellida P P Oceans, including the Canadian Arctic and Baffin Island.
Described range does not extend beyond New England, but
Polychaeta/ Ampharetidae Sosane sp. nr. wireni there are potential specimen collections around
Terebellida P p- nf- Scandinavia and Greenland under a former name. Sent for
verification.
Polychaeta/ Terebellidae Polveirrus medusa* Documented range includes the North Atlantic and Arctic
Terebellida Y Oceans, including the Canadian Arctic and Baffin Island.
Arthropoda
Malacostraca/ Acanthonotozom Acanthonotozoma First observation of .the Family in AIS/NIS su_rveys. .
Amphiooda atidae inflatum Documented range includes the North Atlantic and Arctic
phip Oceans, including the Canadian Arctic.
Malacostraca/ Oedicerotidae Aceroides latipes* Documented range includes the North Atlantic and Arctic
Amphipoda P Oceans, including the Canadian Arctic and Baffin Island.
Malacostraca/ Uristidae Anonvx laticoxae Documented range includes the North Atlantic and Arctic
Amphipoda y Oceans, including the Canadian Arctic and Baffin Island.
Malacostraca/ Leuconidae Leucon nasica Widespread distribution, including the Arctic Ocean, the
Cumacea Canadian Arctic and Baffin Island.
Ostracod Family with global distribution, contains
Ostracoda/ . . . representative species with distributions in the North
Podocopida Cytheridae Cytheridae indet. Atlantic and Arctic Oceans, including the Canadian Arctic
and Baffin Island.
Pycnogonida/ . S Documented range includes the North Atlantic and Arctic
Pantopoda Nymphonidae Nymphon hirtipes Oceans, including the Canadian Arctic and Baffin Island.
Bryozoa
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Phylum
Class/Order

Family

Description

Gymnolaemata/
Cheilostomatida

Escharellidae

Escharella sp.

Genus containing at least one representative species with a
native distribution within the Canadian Arctic Ocean,
including Baffin Island, distribution in the Northwest Atlantic
and, Arctic Ocean.

Genus with some representation in the North West Atlantic,
but specimens collected from New England area only, two

gtecrl]ggsz:tt;; Oncousoeciidae Oncousoecia sp. species have arctic distributions, but European
y arctic/Barents Sea/Svalbard area (O. diastoporides and O.

canadensis). Sent for verification.
Genus containing species common to the North West

Stenolaemata/ - . . . .

. Tubuliporidae Tubulipora sp. Atlantic, and Arctic Oceans, at least one representative

Cyclostomatida . ,
species collected from Baffin Island.

Chordata

Actinopterygii/

Sculpin Family new to benthic samples, however

Scorpaeniformes Cottidae Cottidae indet. representative species of sculpin are regularly captured as
P part of the fish program of the MEEMP.
Actln.opterygu/ Zoarcidae Zoarcidae indet. Glot.)aII)./ W|.des.pread Family of fish, include species with
Perciformes Arctic distributions.
Cnidaria
Anthozoa/ Actiniarian (anemone) Family containing at least one
Actiniaria Edwardsiidae Edwardsiidae indet. | representative species with a native distribution within the
North Atlantic and Arctic Oceans, including Baffin Bay.
Hvdrozoal Hydrozoan Family containing at least one representative
y Corynidae Corynidae indet.*** species with a native distribution within the Canadian Arctic,
Anthoatheca . . . )
including collections at Baffin Island.
Hvdrozoal Hydrozoan genus containing at least one representative
Lg tothecata Lafoeidae Lafoea sp. species with a native distribution within the North Atlantic
P and Arctic Oceans, including Baffin Island.
Echinodermata
First observation of a species within the Order in AIS/NIS
Holothuroidea/ Eupvraidae Eupvraus scaber surveys. Documented range includes the North Atlantic and
Molpadiida Pyra pyrg Arctic Oceans, including the Canadian Arctic and Baffin
Island.
Obhiuroidea/ First observation of the Family in AIS/NIS surveys.
P L Ophiopyrgidae Ophiopleura borealis | Canadian Arctic species, observations include at Baffin
Ophiurida
Island.
Mollusca
Gastropod:.a/ Philinidae Philininae indet. Subfamily VYIth limited descriptions of ranges. Globally
Cephalaspidea representative taxa.
Gastropoda/ Buccinidae Buccinum ciliatum Documented range includes the North Atlantic and Arctic
Neogastropoda Oceans, including the Canadian Arctic and Baffin Island.
Gastronoda/ Limpet species with a documented range that includes the
p. Lottidae Erginus rubellus*** North Atlantic and Arctic Oceans, including the Canadian
Not assigned .
Arctic and Baffin Island.
Scaphopoda/ Gadilidae Siphonodentalium Documented range includes the North Atlantic and Arctic
Gadilida lobatum Oceans, including the Canadian Arctic and Baffin Island.
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Phylum . o
Class/Order Family Description
Nemertea
Pilidiophora/ Lineidae Lineus s Globally distributed genus, with at least one representative
Heteronemertea P- species with North Atlantic or Arctic Ocean distribution.

Notes: Taxa identified to the lowest practical taxonomic level; *=First species designation of previously observed genus; **=Specimens initially
designated as Pseudofabricia sp. nr. fabricia were identified in 2018 samples as well but assigned a possible alternative identification of
Manayunkia aesturiana; ***= New species observed only at Ragged Island. sp.=species; Taxa listed as "sp. 1” or “sp. A" indicate
provisional taxa identified as unique that do not match a described species. High taxonomic levels presented only for taxa not previously
identified to a lower taxonomic level. Taxa information sources: Casas-Monroy et al. 2014, Cusson 2018, Degan and Faulwetter 2019,
DFO 2019, EOL 2020, ETI 2020, Fofonoff et al. 2020, GBIF 2020, Golder 2019a, Goldsmit 2016, Miller et al. 2014, Molnar et al. 2008,
NCCOS 2020, OBIS 2011, 2016, Palomares and Pauly 2019, Read and Fauchald 2020, Sirenko et al. 2020, Stewart et al. 1985,
WoRMS 2020

A taxa accumulation curve was calculated for samples collected in Milne Inlet and Ragged Island to compare
sampling effort with previous AIS/NIS monitoring surveys and to provide an estimate of the effort required to fully
characterize the benthic infauna community (Figure 4-41). The curve reaching an asymptote would be an indication
that sampling was sufficient to fully characterize the benthic infaunal community. In 2018, the asymptote was
reached at 58 out of 71 samples, at 351 taxa. In 2019, the accumulation curve did not reach an asymptote, indicating
the samples collected were not sufficient to fully characterize biodiversity of the benthic infaunal community in Milne
Port and Ragged Island, despite an increase in sample locations and sample volumes.
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Figure 4-41: Taxa Accumulation Curve for Benthic Infauna Collected at Milne Inlet, 2019

The non-parametric species estimator Chao 2 was calculated for 2019 following the methods in SEM 2017a (Table
4-42). For samples collected in 2019, the Chao 2 calculation provided an estimate of 411.1 taxa to be expected
within samples, compared to the observed number of 319. The estimate exceeded the observed by 29%.
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Table 4-42: Chao 2 Species Estimates for Benthic Infauna Samples Collected in Milne Inlet (2013, 2015 through 2019)

Year Sobs Q: Q: \ Sz %Sz Exceeds Sobs
2013 188 70 27 278.7 48
2015 181 56 25 246.3 36
2016 218 59 38 263.8 21
2017 235 92 47 324.0 38
2018 346 81 35 439.7 27
2019 319 89 43 411.1 29

Notes: Values for 2013, 2015 through 2018 taken from SEM 2017a, Golder 2018 and Golder 2019a. Squs= # of taxa observed; Q= # of species
occurring in only one sample; Q= # of species occurring in two samples; Si= # of taxa expected to be observed based on Chao 2
estimates

4.2.2.1 Taxa Verifications

The majority of newly observed taxa were known in Arctic habitats, or had representative species with Arctic
distributions. However, during the 2019 AIS/NIS survey program, a number of species were identified as potentially
non-indigenous to the region, or to Arctic waters. Fauna of the Canadian Arctic are not thoroughly described, and
marine surveys have not been exhaustive, therefore it is possible that a species not described as from the region
may represent a first observation within a native range and not the introduction of a non-native species, or it may
represent a record of a new species.

Species that were determined as potentially non-indigenous or invasive were flagged for secondary taxonomic
review by Biologica. Additionally, independent verifications of the samples were made by Philippe Archambault’s
Benthic Ecology Lab at Université Laval (Laval; Quebec), in order to confirm the presence of any non-indigenous
species. Additional samples were also sent for verification where new species descriptions existed or there was
uncertainty on the identification, whether or not the species were of concern as non-indigenous or invasive species.
Specimens identified as Nereimyra aphroditoides and Streptospinigera niuguut were sent for confirmation due to
the taxonomic description for these species being updated. Additionally, specimens of Rhodine loveni from samples
in 2019, were sent to gain clarity on the identification due to specimens of this species being tentatively identified
as R. gracilior in 2018.

42211 Pseudofabricia sp. nr. aberrans

In 2018, a sabellid polychaete worm was found in benthic infaunal samples and tentatively identified as a
Pseudofabricia species (Golder 2019a). P. aberrans is the only described species in the genus, and it has a defined
range limited to the Mediterranean Sea (Giangrande and Cantone 1990, WoRMS 2020). However, specimens
identified as P. aberrans, as well as unidentified specimens from the Pseudofabricia genus, have been identified in
waters around the United Kingdom and the Black Sea (OBIS 2020). P. aberrans is not listed as an invasive species
or a species of concern in Canadian or Arctic waters (Molnar et al. 2008, Casas-Monroy et al. 2014).

Only a limited description exists for P. aberrans, and polychaete surveys in the Canadian Arctic are not exhaustive.
In 2018, it was determined the specimens were possibly a cryptic species related to P. aberrans, or that the range
on record was incomplete. As the samples collected from Milne Port matched the species description of P. aberrans,
a temporary identification of Pseudofabricia sp. nr. aberrans was assigned to those specimens, indicating an
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inconclusive identification near to P. aberrans. The samples were sent for independent verification and a tentative
alternative identification of Manayunkia aesturiana was assigned (Golder 2019a), although the identification was
uncertain.

Biologica taxonomists again identified Pseudofabricia sp. nr. aberrans in benthic samples from MEEMP and AIS
surveys in 2019. Seven adults and two juveniles were found in samples BNW-4 (corresponding approximately to
2018 sample location SN-3, a location where P. aberrans was tentatively identified in 2018), BNE-3, BNE-4,
BNE-5 and BNE-8. Specimens from 2019 samples were sent to Laval for independent verification of the
identification. Laval identified the specimens as Fabricia sabella, however, in the taxonomic record this is considered
an unaccepted name for Fabricia stellaris. F. stellaris (and F. sabella) have documented distributions that include
the Canadian Arctic, with specimen collections made at Baffin Island.

42.2.1.2 Marenzelleria viridis

Specimens of a spionid polychaete identified as Marenzelleria viridis were found in two benthic samples in 2019.
Unidentified species from this genus have been identified previously in benthic samples prior to 2019 (2016, 2017
and 2018). M. viridis is described as native to east coast North America from Nova Scotia to Delaware, with a
probable native range that includes waters around Newfoundland to Chesapeake Bay (Fofonoff et al. 2020). This
species is listed in the Global Database as invasive to areas outside of East Coast North America (Molnar et al.
2008). It is also listed in the National Risk Assessment as a potential invader to Canadian waters, including the
Arctic region (Casas-Monroy et al. 2014). The primary invasion vector is considered to be transport through ballast
water and sediments and, once established, locally by currents (Molnar et al. 2008). Introduced to California,
Scotland, the North Sea, and the Baltic Sea, M. viridis reaches high densities, in some locations replacing native
infauna and altering sediment characteristics (Molnar et al. 2008, Fofonoff et al. 2020). Once established,
management is considered highly difficult, being irreversible or impossible to contain or confine (Molnar et al. 2008).

However, there is uncertainty surrounding the AIS status of this species in Canadian waters. Notably, Casas-Monroy
et al. (2014) describes this species as a potential invader to the Atlantic, which is part of this species’ described
natural range (Fofonoff et al. 2020). Specimen collection records for M. viridis also indicate a potentially wider range,
or historical occurrences outside the natural range in the North Atlantic and Arctic Oceans, including the Canadian
Arctic and Baffin Island (Cusson 2018, WoRMS 2020). Additionally, under the former identification for this species,
Scolecolepides viridis, multiple specimens have been collected in the Canadian Arctic in the 1970s and 1980s
(GBIF 2020, Miller et al. 2014).

These specimens were sent to Laval for verification. Laval confirmed the identification of Marenzelleria viridis.

4.2.2.1.3 Sosane sp. nr. wireni

A terebellid polychaete worm was identified in 2019 samples that matched the identification of Sosane wireni — a
species with a distribution limited to New England. However, specimen collection records indicate this species may
have extensively been collected in Scandinavian waters, Western Greenland, and the Laptev Sea, including under
the former name Sosanopsis wireni (GBIF 2020, WoRMS 2020). Other species within the genus Sosane have Arctic
or North Atlantic distributions. S. bathyalis is distributed within the European Arctic, S. sulcate and S. wahrbergi
have North Atlantic and Scandinavian distributions, and S. cinctus is distributed through the North Atlantic. No
specimens from any species within the Sosane or Sosanopsis genera have been recorded in previous MEEMP or
AIS surveys at Milne Port.
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Due to the similarities to the species description of S. wireni, specimens from 2019 samples are being referred to
as Sosane sp. nr. wireni, prior to confirmation of identification. The specimens have been sent for independent
verification at Laval. S. wireni is not listed on any of the available databases on invasive species or species of
concern.

42.21.4 Monocorophium sp.

In baseline surveys and subsequent survey years, an amphipod was identified as Monocorophium insidiosum — a
tube building gammarid amphipod that is a well-known fouling invasive species with a wide global distribution that
is possibly non-indigenous to the Canadian Arctic (Molnar et al. 2008). The northern extent of the range of this
species is unknown and it is considered cryptogenic on the North American east coast, although it may be
considered native to parts of the northern Atlantic Ocean (Palomares and Pauly 2019, NIMPIS 2018, Molnar et al.
2008). Vectors for introduction and spread include biofouling of ship hulls and hard substrates in harbours and ports
and, possibly, also through accidental transplant (Fofonoff et al. 2020, Molnar et al. 2008).

In 2019, specimens tentatively identified as M. insidiosum from samples in the 2017 and 2018 AIS/NIS programs
at Milne Port were sent for independent taxonomic verification by Philippe Archambault’s Benthic Ecology Lab at
Université Laval. Review suggested that the M. insidiosum identified in those years may have been
Crassicorophium bonelli, although the identification was considered uncertain by Biologica (Golder 2019a,
MacDonald 2020, Pers. Comm.). No record was found of this species in Arctic waters during review, indicating that
if this was the accepted identification of the specimens from 2017 and 2018, it would indicate the potential presence
of a non-indigenous species.

An unknown species of gammarid amphipod was again identified from the Monocorophium genus in 2019 benthic
infauna samples. No species within this genus have known distributions that include Arctic waters, and in addition
to M. insidiosum, two other species in this genus (M. acherusicum and M. sextonae) are also considered invasive
(Molnar et al. 2008). These specimens again were sent to Laval for verification. Additionally, a third-party lab
specializing in identification of amphipods is being sought to gain clarity on the identification of these specimens.

42.21.5 Oncousoecia sp.

Among bryozoan species identified in 2019 AIS benthic infauna samples was an unidentified species from the
genus Oncousoecia. This genus includes species with ranges that extend into the North West Atlantic; however,
recent specimen collection records within this region are solely from the New England area (WoRMS 2020). Two
species within this genus (O. diastoporides and O. canadensis; WoRMS 2020) have distributions that include Arctic
waters, but are limited to the European Arctic (i.e., the Barents Sea and Svalbard). A record of collection exists for
O. diastoporides in Greenland, however, the identification was made from a preserved sample collected in 1875,
and no recent records exist (GBIF 2020). No species within the genus Oncousoecia are listed on any of the available
databases on invasive species or species of concern. These specimens were sent for independent verification at
Laval.

4.2.3 Macroflora and Benthic Epifauna

Five transects were surveyed for aquatic invasive macroflora and benthic epifauna. Four transects were re-surveyed
from 2018, with one additional transect added to incorporate the area around a new Freight Dock constructed in
Milne Port in 2019. Due to the presence of an iceberg on Transect AlS02, the transect location was adjusted for
2019 surveys. The adjusted transect path was referred to as AlS02a.
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A total of six distinct macroflora taxa were observed during AIS underwater video surveys in Milne Port in 2019
(Table 4-43, Appendix J). Only one species was recorded in 2019 that was not seen in the 2018 surveys,
Desmarestia sp., a brown filamentous alga. However, this species was recorded in AlS surveys from 2014-2017.

The thirty-seven distinct epifauna taxa recorded from AIS and belt transect underwater video surveys and Fukui
trap samples in Milne Port in 2019 included epifauna, fish, and plankton (Table 4-43, Appendix J). Supported by
the inclusion of high definition (HD) video footage in 2019, eleven new taxa, not previously recorded during AIS
underwater video surveys in 2014 through 2018, have been identified. These new taxa included two unidentified
cephalopods (Cephalopoda indet.) (Appendix A; Photo 46), an unidentified worm of the Phylum Annelida, an
unidentified shrimp from the Crangonidae Family (Appendix A; Photo 41), an unidentified crustacean (Crustacean
indet.), an unidentified amphipod (Amphipoda indet.), a moon snail of the Naticidae Family, a tunicate (Polycarpa
sp.) (Appendix A; Photo 39), and mud scallops (Similipecten greenlandicus) (Appendix A; Photo 40). Many of the
new taxa identifications were based on a review of benthic infauna samples collected in 2019 (Appendix E) and on
distributions demonstrated in literature. Members of the Cephalopoda Class have been identified as being in the
Arctic, with several possible species identified in Baffin Bay (Gardiner and Dick 2010). P. pomaria, S. greenlandicus,
and at least one Naticidae species have been documented in the Canadian Arctic as well (Golder 2018, WoRMS
2020, E-Fauna BC 2020).

Several species observed in 2019 had been absent from the ROV record for several years, including the blunt gaper
(Mya truncata), a bivalve seen only in 2013, and two other taxa desribed in Section 1.1.1. The use of HD video
footage has also led to a resolved classification of one polychaete worm identified in 2018, Pectinariidae (ice cream
cone worm); in 2019, with the higher video resolution and coroboration with benthic infauna data, the Pectinariidae
was identified as Cistenides granulata.

A literature review was performed for all taxa identified in ROV surveys, including AlS transects, belt transects and
ship hull surveys to determine their known habitats and distributions for signs of taxa that may be considered non-
native to the Arctic region. Each newly observed taxa was also cross-checked against a global database of marine
invasive species and none of the taxa were identified as a globally-recognized invasive species (Molnar et al. 2008)
or as an invasive species in Canada, according to the National Risk Assessment for Introduction of Aquatic
Nonindigenous Species to Canada by Ballast Water (Casas-Monroy et al. 2014). All taxa that were not identified to
the species level had at least one representative species with a native distribution that includes Arctic waters (Table
4-43).
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Table 4-43: AIS/NIS Surveys Macroflora and Benthic Epifauna, 2019

Phylum Famil Taxa Description

Class/Order y Common Name P
Annelida
Polychaeta/ Pectinariidae Cistenides granulate* Small scallop species with verified distribution near Baffin Island and seen in benthic infauna
Terebellida Ice cream cone worm data during MEEMP surveys in Milne Port.
Polychaeta/ Terebellidae Pista maculata Polychaete worm species with verified distribution near Baffin Island and seen in benthic infauna
Terebellida Fiber tube worm data during MEEMP surveys in Milne Port.
Polychaeta/ Unidentified feather duster worm; Family with at least one representative species with a native
Sabellid Sabellidae Sabellidae indet. distribution within the Canadian Arctic Ocean, including Baffin Island. Several species seen in

abellida benthic infauna data during MEEMP surveys in Milne Port.
Unidentified ring worm*; Phylum with at least one representative species with a native

distribution within the Canadian Arctic Ocean, including Baffin Island.

Arthropoda

Malacostraca/
Amphipoda

Amphipoda indet.*

Unidentified amphipod; Order with at least one representative species with a native distribution
within the Canadian Arctic Ocean, including Baffin Island. Several species seen in the benthic
infauna data during MEEMP surveys in Milne Port.

Malacostraca/

Crangonidae

Crangonidae indet.*

Unidentified shrimp; Family with at least one known representative species with a native
distribution within the Canadian Arctic Ocean, including Baffin Island. At least one species seen

Perciformes

Decapoda in the benthic infauna data. During MEEMP surveys in Milne Port.
Pycnogonida/ Nvmphonidae Nymphon sp. Genus with known species in the Canadian Arctic, including Baffin Island. Seen in previous
Pantapoda ymp Sea spider MEEMP surveys in Milne Port.

. * Unidentified arthropod; Clade with at least one known species in the Canadian Arctic; at least
Crustacea Crustacea indet. one species seen in the benthic infauna data during MEEMP surveys in Milne Port.
Chlorophyta
. . . Unidentified green algae; Phylum with known species in the Canadian Arctic. Previously

identified in the MEEMP program in Milne Port.

Chordata
Actinopterygii/ . . . * Unidentified cod, juvenile; Family with several known species at Baffin Island and several
Gadiformes Gadidae Gadidae indet. species caught in the fish surveys during MEEMP surveys in Milne Port.
Actinopterygii/ Zoarcidae Gymnelus viridis Prickleback species with known distribution including Baffin Island; seen in previous MEEMP
Perciformes Fish doctor surveys in Milne Port.
Actinopterygii/ Zoarcidae Zoarcidae indet * Unidentified eelpout; Family with at least one known representative species with a native

distribution within the Canadian Arctic Ocean, including Baffin Island.
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Phylum

Family

Taxa

Description

Class/Order
Actinopterygii/

Common Name

Unidentified eelblenny, potentially of the genus Lumpenus, with at least one known native

Perciformes Stichaeidae Stichaeidae indet. sp. 1. representative species with distribution in the Canadian Arctic.

Actinopterygii/ . . . . . Unidentified prickleback; Family with at least one known representative species with a native

Perciformes Stichaeidae Stichaeidae indet. distribution within the Canadian Arctic Ocean, including Baffin Island.

Actinopterygii/ . Cyclopterus lumpus Small fish species with known distribution in Baffin Island; seen in previous MEEMP surveys in

. Cyclopteridae X .
Scorpaeniformes Common lumpfish Milne Port.
Actinopterygii/ . Myoxocephalus sp. Unidentified sculpin; Genus with known species in Baffin Island and in the MEEMP fish surveys
. Cottidae ) S
Scorpaeniformes Sculpin in Milne Port.
Ascidiacea/ . Polycarpa sp.* Sea squirt previously noted to be in the Canadian Arctic in the 2018 MEEMP program in Milne
. . Styelidae .

Stolidobranchia Tunicate Port.

Ascidiacea/ . . . Unidentified tunicate (sea squirt); Family with at least one representative species with a known

Stolidobranchia Styelidae Styelidae indet. distribution in the Canadian Arctic.

Unidentified fish.

Cnidaria

Anthozoa/ Actiniaria indet Unidentified sea anemone; Order with at least one known representative species with a native

Actiniaria : distribution within the Canadian Arctic, including Baffin Island.

Hvdrozoa Hvdrozoa indet.t Unidentified hydromedusa; Class with at least one known representative species identified in the

y y ) benthic infauna data during MEEMP surveys in Milne Port.

Unidentified cnidarian; Phylum with several known representative species with a native
distribution within the Canadian Arctic, including Baffin Island.

Ctenophora

Unidentified ctenophore; Phylum with several known representative species with a native
distribution within the Canadian Arctic, including Baffin Island. Seen previously in MEEMP ROV
surveys in Milne Port .

Echinodermata

Asteroidea/

Solasteridae

Crossaster pappuosus

Many-armed sea star seen in previous MEEMP surveys in Milne Port.

Velatida Common sun star
Asteroidea Asteroidea indet Unidentified sea star; Class with at least one known representative species with a native
: distribution within the Canadian Arctic, including Baffin Island.
Crinoidea/ B ticrinini .
rinol e? Bourgueticrinidae ourgue |cr|.n|n|a sp Crinoid genus seen in previous MEEMP surveys in Milne Port.
Comatulida Sea lily
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Phylum

Family

Taxa

Description

Class/Order

Common Name
Strongylocentrotus

Echinoi S

¢ !no!dea/ Strongylocentrotidae droebachiensis Urchin species seen in previous MEEMP surveys in Milne Port.
Echinoida .

Green sea urchin
o - . Unidentified sea urchin; Class with at least one known representative species with a native

Echinoidea - Echinoidea indet. distribution within the Canadian Arctic, including Baffin Island.
Holothuroidea Holothuroidea indet. Unidentified sea cucumber; seen in previous MEEMP surveys in Milne Port.
Ophiuroidea/ o Ophiura sarsii . . . . o
Ophiurida Ophiuridae Brittle star Brittle spar species seen in previous MEEMP surveys in Milne Port.
Mollusca
Bivalvia/ . . Hiatella arctica . . . Lo
Adepedonta Hiatellidae Wrinkled rock borer Clam species seen in previous MEEMP surveys in Milne Port.
Blv.a Ivial Myidae Mya truncata Clam species seen in previous MEEMP surveys in Milne Port.
Myidea Blunt gaper
Bivalvia/ Chl islandi

|vaIV|.a Pectinidae amys islandica Scallop species seen in previous MEEMP surveys in Milne Port.
Pectinida Iceland scallop
Bivalvia/ . Pectinidae indet. . o . . -
Pectinida Pectinidae Unidentified scallop Unidentified scallop seen in previous MEEMP surveys in Milne Port.
Bivalvia/ Propeamussiidae Similipecten greenlandicus* | Scallop species with known distribution in the Canadian Arctic. Identified based on benthic
Pectinioida P Mud scallop infauna data from MEEMP surveys in Milne Port.
Bivalvia/ Arctica islandi

va v!a Arcticidae fefica istandica Clam species seen in previous MEEMP surveys in Milne Port.
Venerida Ocean quahog

. . . - Unidentified bivalve; Class with several known representative species with a native distribution
Bivalvia - Bivalvia indet. within the Canadian Arctic, including Baffin Island.
Cephalopoda . Cephalopoda indet.* _lJnldentlfled cephalop_od; Phylum with at least ten native representatives in the Canadian Arctic,

including three in Baffin Island.

Gastropoda/ . Cephalaspidea indet.t Unidentified bubble snail; Order with at least one native representative in the Canadian Arctic; at
Cephalapidea P P ’ least one species identified in benthic infauna data during MEEMP surveys in Milne Port.
Gastropoda/ Naticidae Naticidae indet * Unidentified moon snail; Family with at least one native representative in the Canadian Arctic; at
Littorinimorpha ’ least one species identified in benthic infauna data during MEEMP surveys in Milne Port.
Gast da/ Bucci dat

as rop.o a Buccinidae uecinum undatum Whelk species seen in previous MEEMP surveys in Milne Port.
Not assigned Common whelk
Gastropoda/ Clinonidae Clione limacina Small sea slug seen in previous MEEMP surveys in Milne Port.
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Phylum

Family

Taxa

Description

Class/Order
Not assigned

Common Name
Sea angel

Gastropoda/

Limacina helicina

Not assigned Limacinidae Sea butterfly Small sea snail seen in previous MEEMP surveys in Milne Port.
Unidentified gastropod; Family with at least one native representative in the Canadian Arctic,

Gastropoda Gastropoda indet.t including Baffin Island; at least one species identified in benthic infauna data during MEEMP
surveys in Milne Port.

Ochrophyta

Phaeophyceae/ . Desmarestia sp. . . . -

. Desmarestiaceae ) Filamentous brown algae seen in previous MEEMP surveys in Milne Port.

Desmarestiales Acid weed

Phaeophyceae/ Fucaceae Fucus sp. Small brown algae seen in previous MEEMP surveys in Milne Port.

Fucales Rockweed

Phagophyceae/ Costariaceae AgarLllm cribosum Large bladed brown algae seen in previous MEEMP surveys in Milne Port.

Laminariales Sieve kelp

Phagophyceael Lamanariaceae Laminaria sp. Large bladed brown algae seen in previous MEEMP surveys in Milne Port.

Laminariales Kelp

Unidentified brown algae; Phylum with known species in the Canadian Arctic. Previously
identified in the MEEMP program in Milne Port.

Rhodophyta

Florideophyceae Gigartinales Chondrus crispus Small red algae species seen in previous MEEMP surveys in Milne Port.

Irish moss

Florideophyceae

Corallinophycidae indet.

Unidentified encrusting coralline algae; Class seen previously in 2018 MEEMP ROV surveys in
Milne Port.

Unidentified red algae; Phylum with known species in the Canadian Arctic. Previously identified
in the MEEMP program in Milne Port.

Notes: Taxa identified to the lowest practical taxonomic level; *=First record of specimen in ROV surveys; **=First record of specimen in MEEMP and AIS/NIS program; '=specimen only seen in
belt transects; sp.=species; High taxonomic levels presented only for taxa not previously identified to a lower taxonomic level. Taxa information sources: Appendix G-2, Appendix E, E-
Fauna BC 2020, EOL 2020, Gardiner and Dick 2010, WoRMS 2020
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424 Encrusting Epifauna

Only the settlement basket and settlement plates on the east side of the Ore Dock were analyzed in 2019. The
settlement basket and plates on the western side of the Ore Dock were lost when the tether that attached the
settlement baskets to the Ore Dock was severed just below the water line, presumably due to interactions with the
sea ice during the winter break-up period. The settlement plates were found washed up on shore and were therefore
unusable, while the settlement baskets were not recovered.

A total of 2,317 encrusting epifauna from twenty-two unique taxa were identified from settlement baskets and
settlement plates recovered from the existing Ore Dock in 2019 (Table 4-44, Appendix K-2). The majority of
encrusting epifauna collected were bryozoans of the Order Cyclostomatida, which included a total of 1,570 adults
unidentifiable to the species level. An additional 264 adult Cyclostomatidan bryozoans were identified to be the
species Patinella verrucaria. Other bryozoans identified included unknown species from the genera Alcyonidium
and Bowerbankia, and a single unidentifiable individual from the Suborder Ascophora.

The next most abundant taxa were barnacles of the arthropodan Suborder Balanomorpha (species undetermined),
of which a total of 302 juveniles were observed. Other arthropods included copepods of the Order Harpacticoida
(n=3) and unidentified amphipods (n=2).

Each epifauna taxa identified to species was cross-checked against global databases of marine invasive species
and none of the taxa were identified as a globally-recognized invasive species (Molnar et al. 2008, Fofonoff et al.
2020), or as invasive species in Canada according to the National Risk Assessment for Introduction of Aquatic
Nonindigenous Species to Canada by Ballast Water (Casas-Monroy et al. 2014). New taxa observations from 2019
were also reviewed to determine their known natural distributions and confirm that these species have ranges that
extend into the Arctic or North Atlantic near Baffin Island and are not potentially non-indigenous.

New taxa observations in 2019 included the sabellid worm, Circeis armoricana. In 2018 AIS/NIS surveys,
unidentified species within this genus were observed. C. armoricana has a limited description, but records indicate
the species is present in Arctic and North Atlantic waters (WoRMS 2020, GBIF 2020, Sirenko et al. 2020). The most
common of the identifiable bryozoans was the colonial species Patinella verrucaria. This species has a described
range that includes the Canadian Arctic, with specimen records from Baffin Island, Devon Island and Ellesmere
Island, as well as Western Greenland (GBIF 2020, WoRMS 2020). Unidentified species from the Cnidarian genus
Gonothyraea were also observed on settlement substrates. Gonothyraea is a genus of hydrozoan cnidarians with
a global distribution. At least one species within the genus has a described range and collection records within the
Canadian Arctic, including Baffin Bay and Davis Strait (GBIF 2020). Additionally, new observations included
unidentifiable individuals from the cnidarian hydrozoan Family Tubulariidae. Tubulariidae includes species with
Arctic distributions, including Hybocodon prolifer, a species observed for the first time in MEEMP and AIS/NIS
zooplankton surveys in 2019 (Section 4.2.1).
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Table 4-44: Epifauna Taxa Identified from Settlement Baskets and Plates in Milne Port, 2019

Total Abundance

Description

Annelida

Nereimyra aphroditoides* 2 5 Poly.chaete worm, known to be distributed in the Canadian and Greenlandic part of the Arctic Ocean, including
Baffin Island.

Pholoe minuta* 1 2 Small bristle worm, known to be distributed in the Arctic Ocean, including Baffin Island.

Harmothoe imbricata* 2 1 Scale worm, widely distributed in the northern hemisphere, including the Canadian Arctic.

Polynoinae indet. 2 Polychaete Subfamily, with representative species in the Arctic Ocean, including Baffin Island.

Circeis armoricana*! 88 8 5 Calcareous tube dwelling sabellid worm, known to be distributed in the Arctic Ocean.

Leaena ebranchiata* 2 2 Terebellid worm, known to be distributed in the Arctic Ocean, including Baffin Island.

Terebellidae indet. 1 Polychaete Family, with representative species in the Arctic Ocean, including Baffin Island.

Arthropoda

Harpacticoida indet.* 3 Order of copepods; global distribution.

Balanomorpha indet.* 302 Unidentified barnacles; global distribution.

Amphipoda indet.* 2 Unidentified amphipods; global distribution.

Bryozoa

Ascophora indet.* 1 Suborder of bryozoan species; global distribution.

Alcyonidium sp.* 4 Genus of colonial bryozoan species; known to be distributed in the North Atlantic and Arctic Oceans.

Bowerbankia sp.* 1 Genus of colonial bryozoan species; known to be distributed in the North Atlantic and Arctic Oceans.

Patinella verrucaria*! 264 Colonial bryozoan, known to be distributed in the Arctic Ocean, including Baffin Island.

Cyclostomatida indet. 1,570 Order of colonial bryozoan species; globally distributed.

Mollusca

Hiatella arctica* 23 Qomen name: wrinkled rock-borer; species of saltwater clam native to the Arctic; adult specimens observed
in previous surveys.

Mya truncata* 2 Common name: truncate softshell; species of saltwater clam known to be distributed in the Arctic Ocean.
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Total Abundance

‘ 0 Description
Musculus sp.* 2 Genus of mussels, globally distributed.
Mytilidae indet. 1 Mussel Family; globally distributed.
Propeamussiidae indet.* 1 Scallop Family; globally distributed.
Bivalvia indet. 5 Mollusc Class; globally distributed.
Gastropoda indet.* 1 3 Mollusc Class; globally distributed.
Cnidaria
Tubulariidae indet. * 1 Hydrozoan Family; globally distributed.
Gonothyraea sp.* 9 Genus of hydrozoans, globally distributed.
Other
Stolidobranchia indet.* 1 Unidentified Ascidian tunicate; global distribution.
Ascidiacea indet.* 1 Unidentified Ascidian tunicate; global distribution.
Nemertea indet.* 1 Unidentified Nemertean worm,; global distribution.
Invertebrate indet. 1 Unknown immature invertebrate larvae.

A= adult; I= intermediate (has adult features but not of typical reproductive size); J= juvenile, L= Larvae.

*= Unique taxa

"New taxa observation for MEEMP and AIS/NIS surveys in 2019

Taxa information sources: WoRMS 2020, ETI 2019, Degan and Faulwetter 2019, Golder 2019a, DFO 2019
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4.2.5 Fish

One new taxa was added to the AIS/NIS survey record from ROV surveys, an unidentified eelpout (Zoarcidae
indet.), although at least one genus in this Family has been recorded in 2019 and previous MEEMP surveys. Several
species observed in 2019 had been absent from the ROV record for several years: common lumpfish (Cyclopterus
lumpus), seen only in 2014, and a fish doctor (Gymnelus viridis), recorded in 2013 and 2015 (Appendix A; Photo
44).

The use of HD video footage has also led to a resolved classification of one fish identified in 2018 as an unidentified
prickleback (Stichaeidae indet.). In the 2019 surveys, a fish within the same Family was observed and, through
increased video resolution, was identified as potentially belonging to the genus Lumpenus sp. (Appendix A; Photo
43). Although this fish is thought to be the slender eelblenny (Lumpenus fabricii) due to distribution, there is not
enough information at this time to confirm to species level and the identification was kept at Stichaeidae indet. sp.
1, indicating a fish with the Family that was distinct from other indeterminate specimens.

All fish taxa observed in MEEMP and AIS/NIS surveys were cross-checked against a global database of marine
invasive species and none of the taxa were identified as a globally-recognized invasive species (Molnar et al. 2008)
or an invasive species in Canada according to the National Risk Assessment for Introduction of Aquatic
Nonindigenous Species to Canada by Ballast Water (Casas-Monroy et al. 2014). In addition to these databases,
each fish was researched independently in the literature for their known habitats and distributions for signs of taxa
that may be considered non-native to the Arctic region. Fish that were not identified to the species level were
confirmed that the identified higher level taxa had at least one representative species with a distribution that included
Arctic waters (Table 4-45).

Table 4-45: Known Distributions of Fish Identified in MEEMP and AIS/NIS Surveys in Milne Port, 2019

Order
Family

Subfamily Description

Gadiformes

Unknown Family including at least three species known to be
Gadidae - Gadidae indet. distributed in the Canadian and Greenlandic part of the
Cod . . . .
Arctic Ocean, including Baffin Island.

Gasterosteiformes

Punaitius Ninespine A ray-finned fish, known to be distributed in Hudson Bay
Gasterosteidae - g. . . P and Hudson Strait. Sporadically, observed around the
pungitius Stickleback .
southern portion of Baffin Island.

Perciformes

A ray-finned fish, known to be distributed in the Hudson

Zoarcidae Gymhglus Fish Doctor | Strait and around Baffin Island. Recorded in previous
viridis
MEEMP surveys.
Zoarcidae ) Zoarcidae Unidentified | Family including species in the Canadian and Greenlandic
indet. Eelpout part of the Arctic Ocean, including Baffin Island.
. o Family with species records in the Arctic Ocean, including
. Unidentified ) . .
Ammodytidae - Ammodytes sp. Sandlance Baffin Island and Greenland. Observed in previous

MEEMP surveys.
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Order Subfamily Taxa Common Description
Name

Family

Stichaeidae A fish in the prickleback Family, species distributed in the
Stichaeidae - Eelblenny | Hudson Strait, Hudson Bay, and around Baffin Island.

indet. sp. 1. Observed in previous MEEMP and AIS/NIS surveys.
Stichaeidae i Stichaeidae Unknown | Prickleback Family includes species with described ranges
indet. Prickleback | that include the Canadian Arctic and Baffin Island.
Salmoniformes
. A ray-finned fish distributed throughout the Hudson Strait,
Salvelinus

Salmonidae Salmoninae albinus Arctic Char | Hudson Bay and Baffin Island. Previously been observed
P in MEEMP and AIS/NIS surveys.

Scorpaeniformes

Cvelopterus Common A ray-finned fish known to be distributed in the Hudson
Cottidae - ylump Us lumbfish Strait and around the southern portion of Baffin Island.
P P Previously observed in MEEMP surveys.

Mvoxocephalus | Fourhomn A ray-finned fish in the sculpin Family distributed in the
Cottidae - yuadricgrnis Sculoin Hudson Bay, Hudson Strait, and around Baffin Island.
q P Previously observed in MEEMP surveys.

Mvoxocephalus | Shorthom A ray-finned fish in the sculpin Family distributed in the
Cottidae - y scor ipus Sculoin Hudson Bay, Hudson Strait, and around Baffin Island.
P P Previously observed in MEEMP surveys.

Cottidae - Cottidae indet. Usr,mmn A ray-finned fish in the sculpin Family.

Unknown
Species

4.2.6 Ship Hull Monitoring

Six video surveys were conducted using ROVs alongside five ore carriers docked in Milne Port between 22 and 26
August 2019 (Table 4-46). A total of 113 minutes of video footage of the ship hulls was collected, which was
analyzed to assess the presence or absence of aquatic invasive species. Nordic Oasis had an apparently small
amount of biofouling barnacles on the stern hull at 4.9 m depth. The encrusting barnacles could only be identified
to the Suborder Balanomorpha (Steinerstauch 2020, pers. Comm.). Golden Bull also had small traces of encrusting
barnacles on its rudder at 8.3 m. Golden Enterprise and Sagar Samrat had a larger presence of biofouling
organisms. Golden Enterprise had several large patches of encrusting barnacles (Balanomorpha indet.) from 1.2 m
to 3.2 m on the rudder and hull. Another biofouling organism was observed at 1.2 m but could not be positively
identified (Figure 4-42). Sagar Samrat was observed with encrusting barnacles in the water intake port and on the
stern of the ship from 0.9 m to 1.2 m. The carrier was also observed to have collected small unidentifiable debris in
a hole on the stern of the ship at 1.3 m. NS Yakutia had no visible signs of biofouling along the bow and stern
sections.
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Figure 4-42: Golden Enterprise hull with encrusting barnacles and unidentified biofouling organism (black arrow) from

ROV footage.

Table 4-46: Ship hull biofouling monitoring effort in 2019.

Carrier

Location of
survey

Maximum
depth (m)

Survey effort
(min:sec)

Evidence of biofouling

Barnacles observed on dock

22 A t 201 Nordi i t ti 13. 12:
ugust 2019 ordic Oasis | Stern section 3.6 09 side of the hull
Barnacles observed on the
Golden rudder and on hull;
22 August 2019 . St ti 6.5 24:35 e
ugus Enterprise ern section Unidentified biofouling
organism observed on hull
Bow section 5.3 13:24 No signs of biofouling
24 August 2019 | NS Yakutia
Stern section 5.6 22:54 No signs of biofouling
25 August 2019 | Golden Bull Stern section 101 27:10 Barnacles observed on hull
26 August 2019 | Sagar Samrat | Stern section 2.7 13:14 Barnacles observed in the

water intake port
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4.3 Inuit Participant Interviews

A broad summary of responses to questions in the end of season interview is available in Appendix N. Responses
included suggestions for improvements to the program, such as increased training in use of program equipment for
participants, adjustments to sampling locations to better target fish species, changes to fish handling procedures to
reduce fish injury, and suggested locations for increased sampling efforts. Other responses included suggestions
of changes to the sampling program, including the recommendation of a modification to the tissue sampling program
component. It was noted that fish tissue sampling should not require the submission of the full fish body and it was
requested that in future programs, tissue collection be performed in the field and the remaining tissue be donated
to the local community for consumption, rather than submission of the full intact fish to the lab. Respondents also
noted that they had observed no changes in fish populations, abundances or health, as well as no new or unusual
fish since the beginning of Operations at Milne Port.

5.0 DISCUSSION

The 2019 MEEMP and AIS field programs were impacted by ice conditions in Milne Port as icebergs and large
pieces of ice persisted throughout the summer. Ice movements limited access to some regular sample locations,
impacted fishing efforts, and caused the transect for one of the ROV surveys to be adjusted. Ice movements were
also presumably responsible for disturbance of belt transects and the loss of a deployed settlement basket.

5.1 MEEMP
5.1.1 Water Quality

The collection of water samples was added to the MEEMP in 2015 to monitor for potential effects on water quality
associated with site drainage and treated effluent discharges to the marine environment. Since 2015, samples have
been collected near the discharge location and at three other nearby locations. Sampling has typically involved five
discrete sampling events at each of the four stations between August and October. In 2019, water quality results
were obtained over six discrete sampling events at each of the four sampling stations.

In 2019, reported analytical results for conventional water quality parameters, major ions, nutrients, metals,
hydrocarbons, and PAHs, were generally within concentration ranges observed during previous MEEMP sampling
programs (2015 to 2018), and did not exceed applicable CCME water quality guidelines. Hydrocarbons and PAHs
were measured at concentrations less than analytical detection limits in 2019, consistent with results from previous
programs. An exception to the finding of consistent water quality was identified for total copper, where the 2019
mean and maximum concentrations were higher than those observed in previous years. Although CCME WQGs
are not available for copper in marine waters, British Columbia recommends a long-term guideline of 2 pg/L and
the mean total copper concentration for the 2019 open water season was below the long-term guideline. There
were individual values measured above 2 ug/L; however, between 22% and 53% of the total concentration was
present in the dissolved phase suggesting that at least half of the reported total concentration was likely present in
particulate form, and thus likely less bioavailable for uptake by aquatic biota. The cause of the elevated copper
concentrations are currently a source of uncertainty; monitoring of water quality within the study area will continue
in 2020. Monitoring results remain within original FEIS predictions, which forecasted no significant residual effects
on water quality but indicated the potential for minor localized increases in TSS, nutrient, metal, and hydrocarbon
concentrations.

153



27 August 2020 1663724-197-R-Rev0-24000

Increased iron deposition in the marine environment as a result of the Project is an issue of concern for local Inuit.
Lab analyses show that levels of iron in water samples collected in 2019 are within the range recorded between
2014 and 2018. These results show no evidence of compromised water quality as a result of iron ore deposition
and are aligned with original FEIS predictions.

The fecal coliform bacteria results in 2019 indicated that fecal coliform concentrations were mostly below detection
limits and did not exceed 2 CFU/100 ml. Thus, monitoring in 2019 suggested that the treated effluent discharge
collection system is effective at limiting ingress to the marine environment.

Hydrocarbons were consistently measured at concentrations less than detection limits during MEEMP sampling in
2019, which suggests that land-based discharge does not represent a point source of hydrocarbon contamination
to the marine environment.

5.1.2 Physical Oceanography

Measurements of current speed and direction in Milne Inlet, near Bruce Head and Milne Port, indicate flows are
weak (i.e., <15 cm/s), primarily wind driven, and oriented along channel; the relation of current speed to wind events
suggests that the upper water column in Milne Inlet is mixed primarily by winds.

Continuous monitoring of near-surface and mid-water column temperature and salinity at Milne Port from mid-July
through September indicate that the head of Milne Inlet is strongly influenced by freshwater inflows and winds, and
to a lesser extent tide. At the Ore Dock, fluctuations in salinity from near zero to something resembling an estuarine
salinity suggest that Phillips Creek and other sources of freshwater inflows (e.g., melting sea ice) form a freshwater
lens at the head of Milne Inlet each summer. This lens persists through July and into August until the freshwater
inflows weaken. It is likely that this freshwater inflow is an important factor in establishing stratification?2 (i.e., little
mixing between surface and deeper waters) in Milne Inlet each year, persisting throughout the entire inlet, with the
lower bound of the pycnocline (area of greatest temperature and salinity change) approximately 20 m deep.
Following the establishment of stratification, oscillations in temperature and salinity measurements at mid-water
column near Milne Port suggest that winds play a large role in surface mixing.

On August 24, a large wind event caused the upper water column to become well mixed, this is seen as a large
decrease in surface temperature and increase in salinity. From this point onwards, the fluctuations in temperature
and salinity at the gauge were decreased. Further, CTD profiles in September showed the depth of the pycnocline
deepened to near 40 m and the upper water column became well-mixed. The deepening of the pycnocline is driven
by increased wind mixing near the surface in late August and early September and dropping air temperatures.
Below the pycnocline, the temperature and salinity in Milne Inlet is generally uniform. These observations indicate
that the upper water column of Milne Inlet undergoes an annual mixing event in the late fall before ice-on and that
the freshwater (i.e. lower salinity water) measured near the surface in August becomes homogenously mixed year
over year.

A review of multi-year tide gauge data and land uplift/subsidence rates in Nunavut was carried out to better inform
the potential for sea-level rise at Milne Port. There was no discernible trend, positive or negative, with respect to
sea level rise in the three year water level dataset for the Milne Port Ore Dock tide gauge. However, literature

22 gtratification refers to the division of the water column into layers with different densities caused by differences in temperature or salinity, or
both. Stratification is important because it inhibits vertical transfer of dissolved chemicals and particulates between layers and thus affects
how, for example, nutrients are distributed between surface and bottom waters.

154



27 August 2020 1663724-197-R-Rev0-24000

indicates Nunavut is expected to undergo land uplift (post-glacial rebound) in the next 100 years, effectively lowering
sea levels by approximately 64 cm to 74 cm.

Turbidity is another important aspect of water quality because it can negatively impact aquatic life. For example,
high turbidity levels can block light to aquatic plants or smother aquatic organisms. Vertical profiling indicates that
overall, the water in Milne inlet was fairly clear throughout the water column; turbidity levels are slightly elevated at
the surface, likely due to freshwater input and surface run-off and also towards the bottom, possibly due to the
proximity of the instrument to seafloor sediment. Monitoring results remain within original FEIS predictions, which
forecasted no significant residual effects on water quality but indicated the potential for minor localized changes.

Dissolved oxygen (DO) indicates the amount of oxygen available to living aquatic organisms. Dissolved oxygen
concentrations are constantly in flux, as they are continually affected by processes such as diffusion and aeration,
photosynthesis, respiration and decomposition. In Milne Inlet, DO concentrations range from 6.6 mg/L to 12.2 mg/L,
corresponding to saturations ranging from 57% to 104%, indicating that oxygen is generally available within ranges
that support ecological productivity. Chlorophyll-a is a photosynthetic pigment and, in marine systems, measures
the amount of algae, specifically phytoplankton, growing in the water. It is an important water quality parameter
because too much algae in the water can be a sign of eutrophication, which can negatively affect ecosystems
through, for example, hypoxia, toxic algal blooms, and foam events (Perez-Ruzafa et al. 2019). Typically, for the
Arctic Ocean, low surface chlorophyll-a is indicated by concentrations of 0 mg/m?® - 0.7 mg/m® and high surface
chlorophyll-a is indicated by concentrations of 0.7 mg/m?to 30 mg/m? (Ardyna et al. 2013). In Milne Inlet, chlorophyll-
a concentrations are on the lower side, ranging from 0 mg/m? to 0.9 mg/m?3, showing evidence of primary productivity
with little risk of eutrophication.

More detailed discussion of the Physical Oceanography Program results are presented in Appendix L.

51.3 Background Hydrology and Geomorphology

The deltaic environment and landforms near the Phillips Creek mouth into Milne Inlet are highly variable with
complex depositional patterns that are further reworked by coastal processes. Within the period of available air
photo records (1982-2016), the delta was reworked by natural geomorphic processes including sediment
deposition, migration, and avulsion of Phillips Creek and the westward extension of a coastal spit on its eastern
side. Sediment composition at any given location is expected to change due to this reworking.

The amount and size of sediment that is deposited by Phillips Creek on the delta in Milne Inlet is expected to change
from year to year due to annual variability in the sediment load (caused by the flow rate, sediment supply, proximity
to the active mouth of Phillips Creek, and proximity to the extent of the river sediment plume in any given year),
coastal factors at the Phillips Creek delta, the rate of melt and subsequent presence of material dropped from
floating ice, and the depth of wave-related stirring of seabed sediments during the open water period. The SW
transect that crosses into the Phillips Creek mouth measures sediments in a highly variable deltaic environment
with coastal and fluvial processes affecting the sedimentation. These processes create spatial and temporal
variabilities that are larger than the size/area of the sampler (approximately 225 cm?). Therefore, the measured
sediment size percentages for the 2014 to 2017 samples are reasonable and within the expected range of natural
variability. This implies that the conclusions from Golder (2018a), specifically that there had been a significant
increase in the percentage of fines, is no longer valid. The observed changes in fines between 2014 and 2017
represent short term variation that is within natural norms.

More detailed discussion of the Background Review of Hydrology and Geomorphology in Phillips Creek Estuary are
presented in Appendix M.
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514 Sediment Quality

Similar to previous years, the physical composition of sediments collected in 2019 varied among stations and
transects. Sediment along the coastal West and East Transects predominantly consisted of sand and silt, while the
northern transects (Northwest and Northeast) had higher proportions of fines (i.e., silt and clay), which appeared to
increase with greater distance from the Ore Dock. In 2019, concentrations of metals, volatile organic compounds,
hydrocarbons, and PAHs in sediments sampled within the vicinity of the Ore Dock and along radial transects out
into Milne Inlet, were determined to be less than applicable sediment quality guidelines. The only exceptions were
arsenic and nickel (metals), as well as acenaphthene and dibenz[a,h]anthracene (organic constituents). With
respect to arsenic and nickel, the infrequent and minor exceedances of conservative sediment quality guidelines
suggested that measured sediment concentrations would not represent harm to the aquatic environment.
Furthermore, these metals are not associated with ore processing at Mary River (Baffinland 2012) and the observed
concentrations likely reflect regional background concentrations.

The assessment of sediment quality, primarily with respect to sediment metals, indicated that Port operations did
not significantly impact Milne Inlet sediment quality in 2019. Evidence for this conclusion comes from an analysis of
confounding influence of sediment grain size on sediment chemistry, regional background concentrations of metals
above conservative guidelines (i.e., arsenic and nickel), additional context from comparisons to sediment guidelines
not directly applicable within this jurisdiction (i.e., BC lower SQGs and NOAA benchmarks), and the assessment or
iron.

Sediment Metals

The results of Spearman Rank Correlation analyses and PCA performed on 2019 sediment transect data suggested
a strong relationship between metal concentrations and the proportion of fine-grained sediments (i.e., clay and silt
sediment fractions), consistent with baseline observations in Milne Inlet (Baffinland 2013; SEM 2014; 2015) and
observations made in previous MEEMPs (2014-2018). These analyses did not suggest that sediment metal
concentrations were accumulating at elevated levels close to the Ore Dock relative to other locations sampled within
Milne Port. Additionally, arsenic and nickel concentrations tended to increase with greater distance from the Ore
Dock along the two northern transects, which is the opposite of what would be expected if the Ore Dock represented
a significant point source of arsenic and nickel to Milne Inlet sediments.

Due to the observed relationship between sediment grain size, particularly the percentage of fines, and total metal
concentrations, it was considered important to assess whether spatial and temporal changes in sediment percent
fines content have occurred that might be related to Port operations. The results of general linear modeling indicated
that no statistically significant differences were observed between years (2014-2019) at any of the distances
evaluated along the transects extending out from the Ore Dock, suggesting that sediment percent fines have not
been significantly impacted by Port operations relative to 2014 pre-Project conditions.

Importantly, iron concentrations were flagged as a concern by local Inuit due to the potential for increased
deposition of iron ore in the form of dust or in runoff from storage stockpiles as a result of the Project. Marine
sediment guidelines for iron are not currently available and, as such, the sediment data for iron were evaluated
spatially and temporally along the transects using general linear modeling. Overall, increased iron content in
sediments at concentrations greater than those observed during the 2014 baseline characterization program were
rarely observed (i.e., only along the coastal East Transect at distances of 500 m and 1,000 m from the Ore Dock).
Similar to the coastal West Transect, iron concentrations year-over-year along the coastal East Transect were
determined to be more variable than the northern offshore transects. Monitoring of sediment quality within the study
area will continue in 2020 to continue to evaluate the noted variability and the potential for Project-related effects.
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Sediment Organic Constituents

For organic constituents, exceedances of sediment quality guidelines were rare and small in magnitude.
Concentrations were generally low and not concentrated at a specific location (e.g., closer to the Ore Dock) and,
as such, are not indicative of a specific point source. Interpretation of the few CCME ISQG exceedances for
organics should acknowledge the high degree of conservatism in the individual ISQGs for PAHs. These guidelines
have high uncertainty and are suitable only for use as conservative screening values (i.e., the ISQG is intended to
represent a concentration below which adverse biological effects are rarely expected to occur). CCME PELs are
intended to represent concentrations above which adverse effects are predicted to occur frequently, based on a
concurrence data set with sediment chemical concentration and benthic invertebrate effects data from other sites.
Notably, the FCSAP guidance for working harbours (FCSAP 2018) recommends use of PEL over ISQG for
screening primary contaminants of potential concern, as screening with ISQGs is considered overly conservative
and does not always correlate well with observed effects under field conditions (FCSAP 2018). In consideration of
the above, the low-level concentrations of hydrocarbons identified in 2019 do not warrant management concern,
though further monitoring is recommended to determine whether measured concentrations are an indication of an
increasing trend.

515 Benthic Infauna

Benthic infauna sampling was introduced to the MEEMP in 2018 and, therefore, 2019 represents only the
second year of sampling such that there is limited historical monitoring data against which to make
comparisons. Similar to 2018, the 2019 benthic communities were dominated by polychaetes, with percent relative
abundance values ranging between 17% and 88%. Other dominant taxa included crustaceans of the Class
Malacostraca (1%—58%), bivalves (1%—23%), and seed shrimp (ostracods) (0%—21%).

Community indices (i.e., density, richness, SDI and SEI) were used to compare community composition along the
four transects sampled and to look for differences between transects. The results suggested that benthic
invertebrate density and richness were typically greater along the coastal transects (East and West Transects)
relative to the results observed along the northern transects (Northeast and Northwest). The results of the linear
regression analyses did not suggest that benthic invertebrate densities were lower closer to the Ore Dock, as
densities were determined to either decrease with greater distance away from the Ore Dock (northern transects),
or relationships were not determined to be significant (coastal transects). Furthermore, statistically significant
temporal changes in benthic invertebrate densities were not observed between the 2018 and 2019 sampling
programs along the coastal (East, West) or Northwest Transects. The Northeast Transect was sampled for the first
time in 2019 and, therefore, temporal comparisons were not possible.

Species richness along the coastal East Transect was determined to be significantly lower between 200 m and 300
m from the Ore Dock relative to other stations sampled along the Transect. However, this statistically significant
effect appeared to have minor ecological relevance because richness was greater at these stations in 2019 relative
to the 2018 results. Additionally, effects were not observed at these stations in other community indices assessed,
suggesting that the pattern is unlikely to represent a meaningful ecological alteration related to Port activities.

Overall, the results of the benthic infauna survey in 2019 do not indicate impairment of benthic communities related
to the construction and operation of Milne Port. This is in line with FEIS predictions of no significant adverse residual
effects to Arctic char habitat. At most stations, density and richness were variable, however, few statistically
significant differences were observed spatially along the transects. Invertebrate density and richness were not
significantly lower in 2019 relative to 2018 and, where a statistically significant difference was identified, 2019 values
were greater. Furthermore, there were no indications of compromised functional status of the communities located
closer to the Ore Dock; each of the sites generally had strong representation of major taxonomic groups and the
relative proportions of major taxa (i.e., polychaetes, bivalves, malacostracan crustaceans, and ostracods) were
similar.
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5.1.6 Substrate, Macroflora and Benthic Epifauna

Underwater video surveys using belt transects were used for the monitoring effects on epibenthic communities
(macroflora and epifauna) for the second time in 2019. Similar species were found in the belt transect surveys in
2018 and in 2019. More green algae (Chlorophyta) was observed in 2019 compared to 2018, but there were fewer
recorded Laminaria sp. Additionally, relatively fewer brittle stars were observed in the 2019 surveys compared to
2018. Clam siphon holes were also observed in high numbers in two belt transects where no holes were observed
in 2018 (TP09 and TP10). These differences were relatively minor between survey years and are likely due to
natural variability or within the range of error due to survey methodology.

Six of the ten permanently established belt transects were moved or obscured, possibly due to ice scour in the 2019
ROV surveys and four were unusable for enumeration data. This pattern is exacerbated from 2018, where only one
transect (one of the four unusable in 2019) was deemed unusable due to belt movement. Given the apparent
propensity for the permanent belt transects to be heavily influenced by ice movement, it is anticipated that with no
change in the setting of the transects, they are likely to be similarly influenced in future years. Currently the belt
transects are placed and examined for suitability by an ROV. It is suggested that an alternative method is considered
for setting the belt transects and complete the benthic surveys to ensure that all belts are usable. This could provide
opportunities to increase the taxonomic resolution of identifications and offer the potential for specimen collection
to gain clarity on species identifications.

51.7 Fish

Fishing efforts in 2019 yielded captures greater than previous sample years apart from 2018, likely a reflection of
greater sampling efforts in 2018 and 2019 following an increase in the length of the fish sampling program. Relative
taxonomic composition of fish captures did not materially change from previous sampling years, with fourhorn
sculpin, shorthorn sculpin and Arctic char comprising over 99% of the total catch. Two other species were caught,
a single sandlance and a single ninespine stickleback, the latter representing the first occurrence of this species in
MEEMP surveys.

As in previous years, the highest total captures were realized using gill nets: 252 fish, representing 90% of the total
catch. CPUE in gill net sampling was lower than in 2018, but comparable to previous years. Beach seines were the
most effective method of capture in terms of CPUE; however, this method is limited by the necessity for sampling
to occur in nearshore areas and in only a few locations in Milne Port, targeting small and juvenile fish. Short
deployment times and limited sampling locations for beach seining led to considerably smaller total yields, despite
a high CPUE, compared to other survey methods and excluded larger species that are present in Milne Port.
Repeatedly surveying the suitable locations would potentially lead to multiple recaptures of the same individuals,
subsequently misrepresenting the population in the nearshore area. Fukui traps remain the least effective method,
in terms of fish caught per hour, although CPUE and total catch increased since 2018. Fyke nets were introduced
in 2019 as a possible alternative passive fishing method to Fukui traps to address the low captures observed in that
method. Fyke nets captured a total of 12 fish, representing three species, including an Arctic char, the first time in
MEEMP surveys this species was caught outside of gill net efforts. CPUE for fyke nets was considerably higher
than Fukui traps, indicating this method may be a suitable replacement.

A total of 13 fish taxa were captured or observed throughout all MEEMP and AIS/NIS surveys in 2019. Eight of
these taxa were observed incidentally in components of the MEEMP and AIS/NIS surveys other than fishing efforts,
indicating that dedicated fish survey methods are not fully characterizing the fish populations in Milne Port. Arctic
char and ninespine sculpin were captured in fish collection surveys but were not captured or observed in any other
method. Incidental captures in benthic infauna and zooplankton samples included larval and juvenile fish, age
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groups that are largely lacking in other fish survey methods. These differences between methodologies indicate the
importance in a range of sampling techniques to fully characterize the species and age groups of fish in Milne Port.

ROV methods had the greatest number of fish taxa observations, including four taxa not observed in any other
method. However, these fish were often not resolved to species level due to poor camera angle, camera motion,
visibility in the water column and fish behavior limiting the ability to observe the fish in detail.

The length to weight relationships were compared between 2017, 2018 and 2019 for the three most abundant fish
species, Arctic char, fourhorn sculpin and shorthorn sculpin. No significant differences in the length-to-weight
relationships were found between any of the sample years. Fish of a certain size class are within a consistent weight
class in each survey year, indicating there has been no change in fish condition over this time period. Project effects
are not impacting fish health through a notable change in body condition.

Results of the 2019 Arctic char age to length relationships was consistent with previous findings that length is not
an accurate predictor of age for the individuals sampled due to a large amount of variation in fish body length within
age groups. Conversely, the age to length relationship for sculpin species was found to be much more accurate,
with length being a good predictor of age for the fourhorn and shorthorn sculpins incidentally collected in 2019.

The shellfish H. arctica was collected as a supplement to fish tissue collection. Shellfish ranged in age from 7 years
to 69 years with an average age of 28.1 years. H. arctica is a relatively long-lived bivalve species, and specimens
have been collected with ages estimated at over 125 years (Sejr et al. 2002). The ages of H. arctica collected at
Milne Port in 2019 represented a range of ages that fit within the expected range.

Fish sampling efforts and ROV surveys completed in 2019 showed comparable presence and composition of
species within the Milne Port area compared to previous years, including baseline sampling. This suggests that
there has not been a notable change in fish communities associated with the construction and operation of Milne
Port. Fish survey results were consistent with FEIS predictions of no significant adverse residual effects on marine
fish habitat and populations of Arctic char in Milne Inlet from Project construction and operation.

5.1.8 Tissue Chemistry

Arsenic, calcium, sodium, strontium, and titanium concentrations in Arctic Char tissue were significantly greater in
2019 relative to 2018; however, notably, concentrations of copper and iron both showed a trend of slightly decreased
mean concentrations since 2010. Relatively large variance in metal concentrations have been observed in Arctic
char tissues since baseline years, and samples in 2019 were generally within range of measured values reported
since 2010. Documented increases in these metals in char tissue is unlikely to be Project-related, since (i) these
metals are either not associated with iron ore processing (i.e., strontium) or present in the ore in very low
concentrations (i.e., arsenic, calcium, sodium, titanium) compared to iron23 (Baffinland 2012) and (ii) the generally
pristine nature of Milne Inlet water and sediment quality has been demonstrated by extensive data collection in
baseline studies (SEM 2015) and over the course of the MEEMP (i.e., during the period of 2014 to 2019). Therefore,
the observed metals concentrations are believed to be less a reflection of local anthropogenic inputs in Milne Inlet,
and more likely a product of natural geologic sources (e.g., contaminants mobilized from nearby watersheds, such
as Phillips Creek) or atmospheric deposition, as has been demonstrated for metals and other contaminants
(e.g., Kamman et al. 2005, Young et al. 2007).

23 The chemical composition of the ore dust is 65% iron, on average (Baffinland 2012).
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Sculpin metals concentrations could not be compared to previous years data, as 2019 was the first year sculpin
tissue chemistry was analyzed. Sculpin metals concentrations were generally similar, but slightly greater, than those
measured in Arctic Char in 2019.

For H. arctica, metals concentrations were significantly greater in 2019 compared to 2018 for all metals except
barium, phosphorus, sodium, and strontium. Many metals exhibit strong associations with finer sediments (i.e., clay
minerals), and would be expected to be enriched in areas with greater deposition of riverine silt-clays. The elevated
metals concentrations in 2019 may also partially be explained by the reproductive status of the clams at the time of
sampling. Biota that release a large portion of their body mass through reproductive output (i.e., spawning) can also
reduce their body burdens of contaminants through a commensurate loss of contaminant mass. While this could
account for observed interannual differences (i.e., if sampling occurred post-spawn in 2018, but pre-spawn in 2019),
reproductive status of the clams is not known from the 2018 or 2019 sampling periods.

Tissue metals concentrations in H. arctica were consistently greater than concentrations measured in either Arctic
Char or sculpin; numerous metals were measured at concentrations at least one order of magnitude greater in H.
arctica relative to both fish species (e.g., antimony [Figure G-3, Appendix G and Figure F-5.3], boron [Figure G-8,
Appendix G and Figure F-5.8]). Iron was measured at concentrations approximately two orders of magnitude greater
in clams than fish (Figure G-14, Appendix G and Figure F-5.15). H. arctica is a filter-feeding infaunal species and
is closely associated with bottom sediments; therefore, these organisms filter large quantities of water, making H.
arctica more prone to exposure and accumulation of a variety of natural and anthropogenic contaminants relative
to pelagic species such as Arctic char.

In as much as species are capable of bioaccumulating various contaminants from the environment, they are also
capable and physiologically adapted to eliminate contaminants from their bodies (i.e., through excretion, before or
after metabolic modification). While fish are capable of metabolizing several classes of contaminants through the
Mixed Function Oxygenase (MFO) system (e.g., McMaster et al. 1991) or biochemical equivalent, many bivalves
have a limited ability to metabolically modify and eliminate contaminants. This may, in whole or in part, explain
observed differences in the measured concentrations of metals between species.

No samples (i.e., Arctic Char, sculpin or H. arctica) collected in 2018 or 2019 exceeded the CFIA commercial
consumption guideline of 0.5 mg/kg wwt mercury.

Tissue chemistry monitoring results remain well within original FEIS predictions, which indicated the potential for
non-significant, low magnitude effects on char health and condition.

5.2 AIS/NIS

To address PC Condition No. 87 the AIS/NIS program monitors for non-native introductions resulting from Project-
related shipping through the assessment of all taxa identifications made through all program components

5.21 Zooplankton

A total of three new zooplankton taxa were identified during the 2019 AIS/NIS surveys; two identifiable to the species
level, while one was only identifiable to genus. None of the newly observed zooplankton taxa were identified as
taxa of concern or invasive species. Furthermore, a literature review of known geographic distributions for each
taxon confirmed that each new species was known to occur in the Canadian Arctic, including Baffin Island. The
taxon that was identified to genus was determined to be globally distributed and contained at least one species
known to occur in the Canadian Arctic, suggesting that those specimens could also be native to the Arctic. Further
review of natural ranges and vectors of introduction are required to confirm NIS status.

160



27 August 2020 1663724-197-R-Rev0-24000

Taxa collected during the AIS/NIS monitoring surveys should continue to be compared to the best available literature
(e.g., check for additions to the Canadian and global invasive species databases on an annual basis) to confirm the
geographic ranges of known invasive species.

5.2.2 Benthic Infauna

Sampling locations for the benthic infauna component were increased in order to improve ability to detect potential
Project-related changes. In 2019, benthic infauna samples were collected from 32 stations in Milne Port and 2 at
Ragged Island for analysis of the species present and to update the AIS/NIS taxa database. All taxa were identified
to the lowest practicable taxonomic level.

A total of 58,374 organisms were estimated in 2019 samples, representing 319 different taxa, including 41 unique
taxa that were not identified in previous surveys at Milne Port and Ragged Island. The majority of the new taxa were
identifiable to the species level, while approximately 30% were only identified to genus or a higher taxonomic level.
New taxa identifications included species that were resolved from identifications made to higher taxonomic levels
in previous surveys. An analysis of the available literature indicated that all but five of the identified taxa had
described ranges or collection records that included Arctic waters, including the Canadian Arctic, or were north
Atlantic species with unknown northern limits that presumably could have ranges that extended into the Canadian
Arctic.

The AIS/NIS program is conducted at a surveillance level and designed to flag potential invasive or non-indigenous
species. The following five examples serve as evidence that this program is functioning as intended:

A sabellid polychaete worm was tentatively identified as Pseudofabricia sp. nr. aberrans. This taxon was also
identified in 2018 and sent for independent review due to the defined range for this species being limited to
the Mediterranean Sea (Giangrande and Cantone 1990, WoRMS 2020). P. aberrans is not considered an
invasive species or a species of concern in Canadian or Arctic waters (Molnar et al. 2008, Casas-Monroy et
al. 2014). A tentative alternative identification of Manayunkia aesturiana was assigned in 2018 (Golder 2019a),
although the identification was uncertain. Specimens from 2019 samples were again sent to Laval for
independent verification. Laval identified the specimens as Fabricia sabella, an unaccepted name for Fabricia
stellaris. Neither F. sabella nor F. stellaris have been identified in previous surveys at Milne Port, but both have
documented distributions that include the Canadian Arctic, with specimen collections made at Baffin Island.
Overall conclusion: species is not considered AIS, further review is required to determine NIS status.

A spionid polychaete was identified as Marenzelleria viridis and independent verification confirmed the
identification. This species is listed in the Global Database and the National Risk Assessment as a species of
concern for Canadian and Arctic waters, with a primary invasion vector through ballast water (Molnar et al.
2008, Casas-Monroy et al. 2014). Once established, management is considered highly difficult, being
irreversible or impossible to contain or confine (Molnar et al. 2008). Specimen collection records for M. viridis,
and under the superseded name Scolecolepides viridis indicate historical occurrences outside the natural
range in the North Atlantic and Arctic Oceans, including the Canadian Arctic and Baffin Island (Cusson 2018,
GBIF 2020, Miller et al. 2014). Further review of collection records around Baffin Island is needed to determine
if this species is a recent invader in Milne Port. Overall conclusion: Species was verified through
independent review to be a taxa flagged as potentially invasive. Taxonomic record indicates potential
existing presence in Arctic prior to operations at Milne Port. Further review is required to determine if
presence in Milne Port is recent and/or whether species is established.
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A terebellid polychaete worm was identified in 2019 samples that was similar to the description for Sosane
wireni, a species with a taxonomic description limited to New England. Samples were classified as Sosane sp.
nr. wireni, pending independent verification at Laval. S. wireni is not considered an invasive species or a
species of concern in Canadian or Arctic waters (Molnar et al. 2008, Casas-Monroy et al. 2014) and specimen
collection records exist for this species, and under the superseded name Sosanopsis wireni, in Scandinavian
waters, Western Greenland and the Laptev Sea. Overall conclusion: Not considered invasive to Arctic
waters, but waiting on independent verification of species identification.

An unknown species of gammarid amphipod was identified from the Monocorophium genus in 2019 benthic
infauna samples. No species within this genus have known distributions that include Arctic waters, and three
species within this genus (M. insidiosum, M. acherusicum and M. sextonae) are considered invasive (Molnar
et al. 2008). These specimens were sent to Laval for verification. Overall conclusion: Independent
verification of the genus, and resolving the identification to species level, are required to make a
determination of NIS or AIS status.

A bryozoan was identified as an indeterminate species from the genus Oncousoecia. There are no recent
specimen collections in Arctic waters and species within this genus with described ranges that include Arctic
waters are limited to the European Arctic, the Barents Sea and Svalbard (WoRMS 2020). No species within
the genus Oncousoecia are listed on any of the available databases on invasive species or species of concern.
These specimens were sent for independent verification at Laval. Overall conclusion: Independent
verification of the genus and resolving of the identification to species level is required to make a
determination of NIS or AIS status.

Unlike 2018, in 2019 the taxa accumulation curve did not reach an asymptote, indicating that in each sample
collected, at least one unique taxon was identified that was not present in any other sample, and that sampling was
not sufficient to fully characterize the benthic infaunal community. This is likely a product of a shift in sampling
design. In previous years, samples were collected in triplicate and each replicate was treated as a separate sample
in the accumulation curve, which may have overestimated sampling efficiency. In contrast, in 2019, samples were
taken as a composite of three collections using a standard Ponar or Van Veen grab, resulting in larger sample
volumes compared to previous years, and subsequently, more organisms per sample; additionally, substrate
penetration is greater with the standard Ponar and Van Veen compared to the petite Ponar, which may have
increased the collection of organisms generally present in deeper sediments. Due to time and weather constraints
benthic samples were collected at only 34 of the proposed 77 sampling stations, which also may have precluded
the curve from reaching an asymptote. The increased number of stations were part of a revision to the MEEMP
design resulting from a power analysis of the benthic sampling program indicating the sampling power required to
detect a £ 2 SD change in benthic invertebrate densities and abundances (Golder 2019c)

Additionally, the Chao 2 estimator indicated a discrepancy of 29% between the estimated number of species and
the observed number. While the discrepancy between the estimated and observed values is within range of
discrepancies observed in previous benthic surveys since 2013 in Milne Port, the discrepancy is relatively high. A
discrepancy of 29% suggests that samples collected as part of the MEEMP and AIS program represent
approximately 70% of the community, indicating taxa richness is not being fully characterized by the sampling
method. This discrepancy may be reduced by sampling all proposed sample locations in future surveys.
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5.2.3 Macroflora and Benthic Epifauna

Underwater video surveys along the length of each of the four previously established AlS transects, as well as one
additional transect establish in 2019, were analyzed for presence of macroflora and epifauna species. One
macroflora taxa of brown algae (Desmarestia sp.) was identified in the 2019 survey that had not been previously in
the 2018 survey. Desmarestia is a globally distributed genus with representative species found in Arctic waters,
including the Canadian Arctic and collections at Baffin Island, additionally species in this genus have been observed
during previous MEEMP underwater video surveys in 2017 (Golder 2018).

Two epifauna taxa that had not been previously observed during AIS/NIS surveys were identified in the 2019
AIS/NIS survey. One of the new taxa, Cephalopoda, which includes squid and octopus, has been identified as likely
locally distributed after literature searches confirmed several species from this Order are present in the Canadian
Arctic, including three species known to occur in Baffin Bay (Gardiner and Dick 2010). The second taxa observed
was a prickleback fish (Family Stichaeidae), potentially of the genus Lumpenus, further discussed in Section 1.1.1.

Macroflora and benthic epifauna taxa identified in all underwater video survey methods or captured as part of
MEEMP surveys were reviewed for their described distributions. All identified taxa had natural ranges that included
Arctic waters, or for higher level taxa, had at least one representative species with Arctic distributions.

Taxa collected during the MEEMP and AIS/NIS monitoring surveys should continue to be compared to the best
available literature (e.g., check for additions to the Canadian and global invasive species databases on an annual
basis) to confirm the geographic ranges of known invasive species.

5.2.4 Encrusting Epifauna

Analysis of settlement substrate for the AIS program occurred for the second time in 2019. As in 2018, colonization
appeared to be minimal, however, an apparent increase in abundance was noted in 2019 compared to 2018. In
contrast to 2018, a large proportion of the organisms were in adult stages. An overall increase in total number of
encrusting organisms and taxa was also observed.

Three new encrusting epifauna taxa were identified during the 2019 AIS/NIS surveys; two identifiable to the species
level (Circeis armoricana and Patinella verrucaria), while one was only identifiable to genus (Gonothyraea). An
additional new taxonomic identification in encrusting epifaunal samples was made to the Family level, although,
identifications within this Family were made to the species level as new taxa in zooplankton samples in 2019, and
therefore the Family Tubulariidae was not considered as a new taxon for the AIS/NIS analysis in epifaunal samples.

None of the newly observed encrusting epifauna taxa were identified as taxa of concern or invasive species.
Furthermore, a literature review of known geographic distributions for each taxon confirmed that each new species
was known to occur in Arctic and North Atlantic waters, including the Canadian Arctic and Baffin Island.

Taxa collected during the AIS/NIS monitoring surveys should continue to be compared to the best available literature
(e.g., check for additions to the Canadian and global invasive species databases on an annual basis) to confirm the
geographic ranges of known invasive species.

Due to the loss of the western Ore Dock settlement baskets and plates, substrate was only analyzed from one set
of settlement baskets. The low number of deployed settlement baskets and plates is insufficient to characterize
settlement in Milne Port. Therefore, the lost set will be replaced, and additional sets will be deployed at other
locations in Milne Port.
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5.2.5 Fish

All fish taxa observed in MEEMP and AIS/NIS surveys were cross-checked against a global database of marine
invasive species and none of the taxa were identified as a globally recognized invasive species. Each fish was also
researched independently to confirm their known distributions. All fish species had confirmed ranges that included
the Arctic Ocean, and higher fish taxa had at least one representative species with a distribution that included Arctic
waters.

Taxa collected during the AIS/NIS monitoring surveys should continue to be compared to the best available literature
(e.g., check for additions to the Canadian and global invasive species databases on an annual basis) to confirm the
geographic ranges of known invasive species.

5.2.6 Ship Hull Monitoring

In addition to PC No. 87, this monitoring component also specifically addresses PC No. 91. Ship hull monitoring
was conducted for the second time in 2019. Underwater video surveys were conducted over the hulls of five ore
carriers berthed alongside the Ore Dock. Most of the ships’ surface below the waterline was found free of biofouling.
Exceptions were small areas of the sterns of four ships; Nordic Oasis, Golden Enterprise, Golden Bull, and Sagar
Samrat, where some amounts of colonization by aquatic organisms were found. On those four ships, this included
barnacles of indeterminate species. A biofouling organism was also found on Golden Enterprise, but, along with the
barnacles, could not be identified due to the taxonomic resolution requiring the collection of physical samples.

Survey lengths were shorter in 2019 compared to 2018 and were primarily concentrated on the stern sections of
the vessels. Moreover, the taxonomic resolution of biofouling organisms did not improve in the second year of
monitoring, despite the inclusion of a high-resolution camera. Many taxa were not resolved to species level due to
the difficulty of identification of encrusting taxa without a specimen. Identifications could be improved in future years
by having a biologist with local Arctic fauna knowledge present with the ROV operator when videos are collected to
direct the operator to focus on specimens of interest and perform in-situ taxonomic identification. Alternatively,
specimen collection could be performed by divers along the hulls, however, these surveys occur in an active
shipping port, where diving on a berthed vessel may be severely hazardous.

Taxa collected during the AIS/NIS monitoring surveys should continue to be compared to the best available literature
(e.g., check for additions to the Canadian and global invasive species databases on an annual basis) to confirm the
geographic ranges of known invasive species.

5.3 Inuit Participant Interviews

No changes in fish populations, abundances or health, as well as no new or unusual fish since the beginning of
Operations at Milne Port were reported by Inuit Participants in the 2019 MEEMP and AIS Program during
post-season interviews. Responses to questions during the Participant interviews included suggestions and
requests for adjustments to the program. Responses included requests for increased training in sampling
methodology and in the use of sampling equipment, recommendations for sampling locations and methodologies,
and a specific request for changes to the fish sampling program to allow for donation of fish tissue to the local
community. All suggestions and requests provided by program participants will be considered during program
planning for the 2020 MEEMP and AIS program.
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6.0 CONCLUSION AND RECOMMENDATIONS

The MEEMP has been designed to meet the objectives of the various conditions associated with Project Certificate
005, as well as to evaluate whether Project activities have impacted the marine environment over time. Original
FEIS predictions indicated the potential for low magnitude changes in some ecological parameters, such as water
quality and Arctic char tissue chemistry, but characterised these as not significant. Overall, monitoring data align
with these predictions, as observed changes are typically minor and either within established guidelines or
consistent with baseline levels. Thus, monitoring to date suggests that mitigation measures are functioning as
intended and that Project activities are being managed in a way that has not adversely affected the marine
ecosystem. Moving forward, continued monitoring of all MEEMP components is recommended to ensure continuity
in established time series (e.g., sediment quality) or to better characterize baseline data (e.g., sculpin tissue
chemistry).

The main conclusions and recommendations based on the results of the 2019 MEEMP studies are as follows:
= Water Quality

= Todate, construction and operation of Milne Port does not appear to have negatively affected water quality,
as measured concentrations were generally consistent with previous years and less than CCME water
quality guidelines.

= Lab analyses have not revealed a trend of increased levels of iron in water samples collected between
2014 and 2019.

= Monitoring results remain within original FEIS predictions, which forecasted no significant residual effects
on water quality but indicated the potential for minor localized increases in TSS, nutrient, metal, and
hydrocarbon concentrations.

= Relevant to PC No. 76, 89, 99(a)

= |t is recommended that the water quality sampling program continue in 2020 to continue to monitor for
potential changes in water chemistry resulting from Site operations.

m Physical Oceanography

= To date, construction and operation of Milne Port does not appear to have negatively affected the physical
oceanography of Milne Inlet, as physical properties of the water column were consistent with applicable
parameters in previous survey years (i.e., DO, turbidity, chlorophyll-a) and are within ranges that support
ecological productivity.

= Stratification of the water column is seasonal. The surface freshwater layer present in August begins to
mix with deeper waters by September, aided by strong wind events; this enables transfer of particulates,
such as nutrients, between surface and deeper layers.

= There was no discernible trend, positive or negative, with respect to sea level rise in the three year water
level dataset for the Milne Port Ore Dock tidal gauge. However, literature indicates Nunavut is expected to
undergo land uplift (post-glacial rebound) in the next 100 years, effectively lowering sea levels by
approximately 64 cm to 74 cm.

= It is recommended that oceanographic data collection of water levels, currents, and physical
(i.e. temperature and salinity) and physiochemical (i.e. turbidity, pH, DO, Chl-a) water properties continue
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in 2020 in order to improve spatial and temporal resolution of the physical oceanographic data in Milne
Inlet which, in turn, provides support for marine-based EEM programs and ballast water model validation.

Relevant to PC No. 1, 76, 83, 89
Background Hydrology and Geomorphology

The sediment transport and deposition within Phillips Creek delta at Milne Inlet has a high natural variability
and is controlled/influenced by coastal and river factors at the same time. This, in turn, creates high
variability in how sediments are distributed over time and space. These factors are more variable and have
a much larger influence on the deposition patterns, compared to local Port activities.

Golder recommends that the sediment sampling program continue annually as planned to further
evaluate potential changes in sediment chemistry and composition, and to confirm results of
hydrodynamic and sediment transport modelling.

Sediment Quality

To date, construction and operation of Milne Port does not appear to have negatively affected sediment
quality, as measured concentrations were low and generally consistent with previous years.

Minor exceedances of sediment quality guidelines were noted for arsenic and nickel but are not considered
to be Project-related as these metals tended to increase with greater distance away from the Ore Dock.
Similarly, exceedances were noted for a few organic constituents but these were rare, small in magnitude
(i.e., not considered to be at levels that would represent harm to the aquatic environment), and were not
concentrated around the Ore Dock in a way that would suggest a specific point source.

Comparison of the percentage of fine sediment over time indicates no statistically significant changes in
fines content between 2014 and 2019.

Increased iron content in sediments at concentrations greater than those observed during the 2014
baseline characterization program were rarely observed.

Monitoring results largely remain within original FEIS predictions, which forecasted no significant residual
effects on sediment quality but indicated the potential for minor localized increases in nutrient, metal, or
hydrocarbon concentrations that would not exceed CCME sediment quality guidelines

Relevant to PC No. 76, 83(a), 99(a)

Itis recommended that the sediment sampling program continue in 2020 to continue to monitor for potential
changes in sediment chemistry resulting from Site operations.

Benthic Infauna

To date, construction and operation of Milne Port does not appear to have negatively affected benthic
infaunal communities, which continue to be diverse and well established.

Sampling in Milne Inlet revealed a high degree of spatial variability in invertebrate community indices,
which is common in marine benthic habitats

Levels of community density and richness were higher in 2019 relative to 2018 and few statistically
significant differences were observed spatially along the transects.
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Relevant to PC No. 76, 99

It is recommended that the benthic infauna sampling program continue in 2020 to continue to monitor for
potential changes in benthic communities resulting from Site operations.

Substrate, Macroflora and Benthic Epifauna

To date, construction and operation of Milne Port does not appear to have negatively affected substrate,
macroflora, and benthic epifauna — differences observed between 2018 and 2019 were minor and in line
with expected natural variability.

Disturbances to the belt transects, potentially due to ice movements resulted in four transects being
unusable for enumeration data collection. Visibility in the water limited the ability to resolve taxonomic
identifications despite the increased resolution of the camera on the ROV.

It is recommended that substrate, macroflora and epifauna surveys continue in 2020 to continue to monitor
for potential changes in benthic communities resulting from Site operations.

Relevant to PC No. 76, 99

Fish

To date, construction and operation of Milne Port does not appear to have negatively affected fish
community structure or body condition

Presence and diversity data collected in 2019 was comparable to previous years, including baseline years.

Weight-length relationships indicate there has been no change in fish condition over the years sampled
(2017-2019)

High number of taxa incidentally observed during surveys of other components indicate dedicated fish
survey methods are not fully characterizing the fish populations in Milne Port and underscore the
importance of using a range of sampling techniques.

Monitoring results align with original FEIS predictions, which forecasted that the Project would have no
significant effects on marine fish habitat nor would it affect the size of Arctic char populations

Relevant to PC No. 99, 113, 114
It is recommended that fish sampling continue in 2020 with the following modifications:
increased trolling effort to target pelagic species observed by ROV; and,

replace Fukui nets with fyke nets to improve sampling efficiency.

Tissue Chemistry

Monitoring results remain well within original FEIS predictions, which indicated the potential for non-
significant, low magnitude effects on char health and condition that are expected to be reversible

Statistically significant elevations in tissue concentrations of metals were noted for the clam H. arctica and,
to a lesser extent, Arctic char in 2019 relative to concentrations in 2018.
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For Arctic char, samples in 2019 were generally within range of measured values reported since 2010
though concentrations of copper and iron have shown a slight downward trend since 2010.

Observed increases in metal concentrations in Arctic char tissues between 2018 and 2019 are not
considered Project-related because the metals that were elevated are not materially associated with
iron ore; as such, reported changes more likely reflect natural geologic sources or atmospheric
deposition from further afield.

Metals concentrations were consistently and notably greater in H. arctica relative to both fish species,
occasionally by orders of magnitude. This is attributable to between species differences in habitat
preferences, feeding modalities, and ability to metabolize/excrete pollutants. There is no indication that
these concentrations of metals are affecting fish health.

Relevant to PC No. 113, 114
It is recommended that the fish tissue sampling program continue in 2020, with the following modifications:

qualitative documentation of reproductive status of H. arctica, such as presence of roe or spawn
residue, to contextualize body burden results; and,

rather than relying on incidental mortalities, adjust sampling to target minimum sample sizes of sentinel
species (i.e., H. arctica and sculpin). Arctic Char would be retained as an opportunistically sampled
species.

The key findings and recommendations for the AIS/NIS program are as follows:
General

AIS/NIS program satisfies PC No. 87, 89, and 91

Detection is conducted at a surveillance level and designed to flag potential invasive or non-indigenous
species. Based on the number of specimens flagged and sent for independent verification, the program
appears to be functioning as intended.

It is recommended that:

sampling across multiple trophic levels continues in 2020 and that all flagged specimens continue to
be screened for known geographic ranges and AIS/NIS status; and,

the inventory of known species documented in Milne Inlet continues to be built.
Zooplankton

Three new taxa were identified in zooplankton samples, which were cleared as non-invasive through
literature review and comparisons to global and domestic databases.

Benthic Infauna

Despite adjusting study design to increase sample size, field crews were only able to sample approximately
half of the proposed stations; as such, 2019 sampling was insufficient to fully statistically characterize the
benthic infaunal community at Milne Port.
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A total of 41 new taxa were identified in benthic infauna; of these, eight taxa were flagged for further review.
Independent verifications are incomplete due to ongoing lab closures in response to the COVID-19
pandemic. Prior to closure, Laval was able to confirm the identification of the invasive Marenzelleria viridis.
Further review is required to confirm the AIS status of this species in Milne Inlet determine if presence of
this species in Milne Port represents a recent invasion and/or whether species is established.

Moving forward, the following recommendations are proposed:

increase field resources to ensure all proposed locations are sampled to more accurately characterize
the infaunal community at Milne Port;

continued use of an outside lab to confirm identifications of flagged specimens; and,

further review performed on the invasive spionid polychaete Marenzelleria viridis to determine the risk
of invasion, its known range and confirm its historic collection records in the Canadian Arctic.

Macroflora and Benthic Epifauna

Improved resolution of the ROV camera resulted in resolved identifications of species found in previous
years.

All identified macroflora and benthic epifauna species had natural ranges that included Arctic waters, or
for higher level taxa, had at least one representative species with Arctic distributions.

Moving forward, the following recommendations are proposed:

A biologist with local Arctic fauna knowledge be present with the ROV operator when videos are
collected to direct the operator to focus on specimens of interest and perform in-situ taxonomic
identifications.

Encrusting Epifauna

An overall increase in the total number of encrusting organisms and taxa was observed in 2019 compared
to previous years.

Three new encrusting epifauna taxa were identified, all with natural ranges that included Arctic waters or,
for higher level taxa, at least one representative species with Arctic distribution.

Following the loss of one of two sets of settlement baskets and plates, it is recommended the lost
deployment be replaced, and additional settlement baskets be placed at other locations in Milne Port so
that settlement of encrusting epifauna can be better characterized.

Fish

All fish taxa identified in MEEMP and AIS/NIS surveys were reviewed to determine their described
distributions; all had natural ranges that included Arctic waters or, for higher level taxa, at least one
representative species with Arctic distributions.

It is recommended that a biologist with local Arctic fauna knowledge be present with the ROV operator
when videos are collected to direct the operator to focus on specimens of interest and perform in-situ
taxonomic identifications.
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m  Ship Hull Monitoring

= Small areas of biofouling were noted on the sterns of four ore carriers through underwater video. Biofouling
organisms included barnacles of an undetermined species and an unidentified taxon.

= Moving forward, the following recommendations are proposed:

— A biologist with local Arctic fauna knowledge be present with the ROV operator when videos are
collected to direct the operator to focus on specimens of interest and perform in-situ taxonomic
identifications.

m Inuit Participant Interviews

= Post-season interviews revealed no observed changes in fish populations, abundances or health, as well
as no new or unusual fish since the beginning of Operations at Milne Port.

= Participants highlighted concerns and suggestions for improvements to the program, including changes
to the methodology for processing incidental fish mortalities to reduce waste of the unused fish tissue.

® Recommendations from Inuit Participant interviews included requests for increased training in program
equipment and sampling procedures.

= In planning for the 2020 field programs, suggestions and concerns expressed in the interviews will be
considered and applied where possible.

= Relevant to PC No. 126.
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7.0 CLOSURE

We trust this information is sufficient for your needs at this time. Should you have any questions or concerns,
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APPENDIX A

Photo Log




Appendix A: Site Photos 1663724

Water Quality

Photo 1 — Golder Bruce Head mooring with an up-looking Nortek Signature 500 kHz ADCP, a down-
looking TRDI Sentinel Workhorse 300 kHz ADCP, an RBR CTD, and a XEOS Kilo Iridium beacon deployed
in August 2019

Photo 2 - Recovery of the Golder Bruce Head mooring in September 2019




Text 1663724

Sediment Quality

Photo 3 - Sediment sample from SE18-1, collected on 21 September 2019 using a standard Ponar

Photo 4 - Golder staff processing sediment sample 18-1 using a Van Veen on 21 September 2019




Text 1663724

Photo 5 - Sediment sample from SE-5, collected on 23 September 2019 using a weighted Ponar

Benthic Infauna

Photo 6 - A-frame field splitter being used to split a benthic sample collected using the Van Veen grab
sampler




Text 1663724

Photo 7 - Benthic sample split using the A-frame field splitter

Photo 8 - Benthic invertebrates following sieving of sample BNE-2, collected 2 October 2019




Text 1663724

Photo 9 — Benthic invertebrates following sieving of sample BE-1, collected 22 September 2019

Photo 10 - Benthic invertebrates following sieving of sample BE-7, collected 24 September 2019




Text 1663724

Photo 11 - Fish (Zoarcidae indet.) in benthic invertebrate sample following sieving of sample BE-7,
collected 24 September 2019

Photo 12 — Part of a Pandalus sp. specimen, a genus of shrimp observed in benthic sample BNW-3,
collected on 1 October 2019
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Photo 13 — Branching bryozoan attached to a bivalve shell in benthic sample BNE-6, collected 5 October
2019

Photo 14 - Sea cucumber (Myriotrochus rinkii) and a cumacean (red arrow) in benthic sample BW-7,
collected 28 September 2019
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Photo 15 — Bubble snail Cylichna alba in benthic infauna sample BW-6, collected 27 September 2019

Photo 16 — Encrusting bryozoans and an unidentified calcareous tube worm on a rock observed in
benthic sample BNW-4, collected 1 October 2019
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Fish

Photo 17 - Fyke net (FN-02) deployed near Milne Port Ore Dock in August 2019

Photo 18 - Sandlance captured in Fukui traps during fish sampling at Milne Port Ore Dock in August 2019

9
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Photo 19 Shorthorn sculpin caught in gill nets as part of fish sampling at Milne Port in August 2019

Photo 20 Fourhorn sculpin captured during gill net sampling at Milne Port in July 2019
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Photo 21 - Arctic char captured during gill net sampling at Milne Port in July 2019

Photo 22 — Arctic char collected during gill net sampling at Milne Port in July 2019

1"
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Photo 23 - Ninespine stickleback captured during seine net sampling at Milne Port in August 2019

Tissue Chemistry

Photo 24 - Hiatella arctica collected from station BE-7 for tissue analysis on 24 September 2019

12



Text 1663724

Photo 25 — Hiatella arctica collected from station BNE-4 for tissue analysis on 4 October 2019

Encrusting Epifauna

Photo 26 — Encrusting epifaunal growth on settlement plates and settlement basket (SBEO-1) retrieved
from eastern side of Milne Port Ore Dock in August 2019
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Photo 27 - Settlement basket (SBEO-1) retrieved from eastern side of the Milne Port Ore Dock in August
2019

Photo 28 — Settlement plates from western side of Milne Port Ore Dock (SBWO-1) found washed up on
shore in August 2019
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ROV Surveys

Photo 29 - Seamor Chinook 300F ROV video system used to undertake underwater video surveys of
offset habitat along Milne Port Ore Dock in August 2019

Photo 30 — Topside view of underwater video survey of offset habitat along Transect 7 (T7) on east side of
Milne Port Ore Dock in August 2019
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Photo 31 - Bladed kelp observed on west side of Milne Port Ore Dock (T1) in August 2019

Photo 32 - Thick algal cover on coarse rock on west side of Milne Port Ore Dock (T2) in August 2019
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Photo 33 - Siphons of Hiatella arctica observed in sand next to bladed kelp covered offset habitat on west
side of Milne Port Ore dock (T1) in August 2019

Photo 34 - Scallop observed on coarse rock habitat on west side of Milne Port Ore Dock (T1) in August
2019
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Photo 35 - Crinoid observed on coarse rock on west side of Milne Port Ore Dock (T1) in August 2019

Photo 36 — Crinoid recorded on AIS transect
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Photo 37 - Crinoid and tunicate (Polycarpa pomeria) recorded in AIS transect T4-2

Photo 38 - Mud scallops (Similipecten greenlandicus) recorded in T3
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Photo 39 - Crangonidae sp. recorded on T1

Photo 40 - Scallops (Chlamys sp.) recorded in T3
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Photo 41 - Eelblenny (Stichaeidae indet. sp. 1) recorded in T5

Photo 42 - Fish doctor (Gymnelus viridis) recorded in AlS transect T4-2
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Photo 43 - Sculpin recorded on belt transect TP03

Photo 44 - Sculpin observed resting on offset habitat during ROV surveys on East Side (T7) of Milne Port
Ore Dock in August 2019
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Photo 45 - Same sculpin observed moving to cover during ROV surveys on East Side (T7) of Milne Port
Ore Dock in August 2019

Photo 46 - Cod observed resting on offset habitat during ROV surveys on East Side (T7) of Milne Port Ore
Dock in August 2019
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Photo 47 - Opossum shrimp observed along North East Side (T7) of Milne Port Ore Dock in August 2019

Photo 48 - Fourhorn sculpin observed hiding in between boulders on coarse rock habitat on west side of
Milne Port Ore Dock (T1) in August 2019
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Photo 49 — Unidentified cephalopod recorded on T5

Ship Hull Monitoring

Photo 50 - Barnacles on the hull of Sagar Samrat
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Photo 51 - Barnacles on the hull of the Golden Enterprise

Photo 52 - Barnacles on the intake port on Sagar Samart
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Photo 53 - Unknown debris in the intake port on Sagar Samart
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Water Quality Analysis Data
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ALS ENVIRONMENTAL ANALYTICAL REPORT 06-SEP-19 16:57 (MT)

Version: FINAL

Sample ID L2337246-1 L2337246-2 L2337246-3 L2337246-4
Description Seawater Seawater Seawater Seawater
Sampled Date 26-AUG-19 26-AUG-19 26-AUG-19 26-AUG-19
Sampled Time 09:15 09:00 08:45 09:30
Client ID SOURCE-1 WNW-1 NORTH-1 ENE-1
Grouping Analyte
SEAWATER
Physical Tests Conductivity (uS/cm) 47300 46300 47100 47100
PH (pH) 7.97 7.97 7.97 7.98
Salinity (psu) 315 30.7 313 313
Total Suspended Solids (mg/L) 20 <2.0 <2.0 20
Turbidity (NTU) 0.15 0.15 0.13 <0.10
Anions and Alkalinity, Total (as CaCO3) (mg/L) 112 112 112 112
Nutrients
Ammonia, Total (as N) (mg/L) <0.0050 <0.0050 <0.0050 <0.0050
Bromide (Br) (mg/L) 53.6 59.5 58.7 57.2
Chloride (CI) (mg/L) 15400 16900 16800 16200
Fluoride (F) (mg/L) <1.0 1.0 <1.0 <1.0
Nitrate (as N) (mg/L) <0.50 <0.50 <0.50 <0.50
Nitrite (as N) (mg/L) <0.10 <0.10 <0.10 <0.10
Total Kjeldahl Nitrogen (mg/L) 0.139 0.116 0.091 0.088
Sulfate (SO4) (mg/L) 2100 2330 2300 2220
Organic / Total Organic Carbon (mg/L) 1.96 1.77 1.72 1.13
Inorganic Carbon
Total Metals Aluminum (Al)-Total (mg/L) 0.0142 0.0068 0.0056 <0.0050
Antimony (Sb)-Total (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Arsenic (As)-Total (mg/L) 0.00162 0.00153 0.00158 0.00152
Barium (Ba)-Total (mg/L) 0.0095 0.0093 0.0095 0.0095
Beryllium (Be)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Bismuth (Bi)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Boron (B)-Total (mg/L) 334 305 3.10 277
Cadmium (Cd)-Total (mg/L) 0.000041 0.000039 0.000046 0.000034
Calcium (Ca)-Total (mg/L) 402 386 306 366
Cesium (Cs)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Chromium (Cr)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Cobalt (Co)-Total (mgiL) <0.000050 <0.000050 <0.000050 <0.000050
Copper (Cu)-Total (mg/L) <0.00050 0.00081 0.00127 <0.00050
Gallium (Ga)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Iron (Fe)-Total (mg/L) 0.018 <0.010 <0.010 <0.010
Lead (Pb)-Total (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Lithium (Li)-Total (mg/L) 0.144 0.130 0.129 0.122
Magnesium (Mg)-Total (mg/L) 972 964 967 083
Manganese (Mn)-Total (mg/L) 0.00079 0.00100 0.00084 0.00070
Mercury (Hg)-Total (mg/L) 0.0000050 <0.0000050 | <0.0000050 | <0.0000050
Molybdenum (Mo)-Total (mg/L) 0.0109 0.0106 0.0106 0.0103

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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Version: FINAL

Sample ID L2337246-1 L2337246-2 L2337246-3 L2337246-4
Description Seawater Seawater Seawater Seawater
Sampled Date 26-AUG-19 26-AUG-19 26-AUG-19 26-AUG-19
Sampled Time 09:15 09:00 08:45 09:30
Client ID SOURCE-1 WNW-1 NORTH-1 ENE-1
Grouping Analyte
SEAWATER
Total Metals Nickel (Ni)-Total (mg/L) <0.00050 0.00054 0.00060 0.00057
Phosphorus (P)-Total (mgiL) <0.050 <0.050 <0.050 <0.050
Potassium (K)-Total (mg/L) 432 410 408 423
Rhenium (Re)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Rubidium (Rb)-Total (mg/L) 0.117 0.111 0.113 0.115
Selenium (Se)-Total (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Silicon (Si)-Total (mg/L) <1.0 <1.0 <1.0 <1.0
Silver (Ag)-Total (mg/L) <0.00010 <0.00010 <0.00010 <0.00010
Sodium (Na)-Total (mg/L) 9470 9000 9170 9300
Strontium (Sr)-Total (mg/L) 750 757 7.46 7.40
Sulfur (S)-Total (mg/L) 1070 1060 1090 1050
Tellurium (Te)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Thallium (Tl)-Total (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Thorium (Th)-Total (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Tin (Sn)-Total (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Titanium (Ti)-Total (mg/L) <0.0050 <0.0050 <0.0050 <0.0050
Tungsten (W)-Total (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Uranium (U)-Total (mg/L) 0.00293 0.00276 0.00288 0.00270
Vanadium (V)-Total (mg/L) 0.00157 0.00142 0.00140 0.00142
Yttrium (Y)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Zinc (Zn)-Total (mg/L) <0.0030 <0.0030 <0.0030 0.0034
Zirconium (Zr)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Dissolved Metals Dissolved Mercury Filtration Location LAB LAB LAB LAB
Dissolved Metals Filtration Location LAB LAB LAB LAB
Aluminum (Al)-Dissolved (mg/L) <0.0050 <0.0050 <0.0050 <0.0050
Antimony (Sb)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Arsenic (As)-Dissolved (mg/L) 0.00154 0.00148 0.00157 0.00149
Barium (Ba)-Dissolved (mg/L) 0.0076 0.0077 0.0078 0.0080
Beryllium (Be)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Bismuth (Bi)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Boron (B)-Dissolved (mg/L) 371 355 3.25 3.02
Cadmium (Cd)-Dissolved (mg/L) 0.000028 0.000023 0.000025 0.000024
Calcium (Ca)-Dissolved (mg/L) 361 367 360 359
Cesium (Cs)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Chromium (Cr)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Cobalt (Co)-Dissolved (mgiL) <0.000050 <0.000050 <0.000050 <0.000050
Copper (Cu)-Dissolved (mg/L) 0.00025 0.00055 0.00081 0.00020

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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Sample ID L2337246-1 L2337246-2 L2337246-3 L2337246-4
Description Seawater Seawater Seawater Seawater
Sampled Date 26-AUG-19 26-AUG-19 26-AUG-19 26-AUG-19
Sampled Time 09:15 09:00 08:45 09:30
Client ID SOURCE-1 WNW-1 NORTH-1 ENE-1
Grouping Analyte
SEAWATER
Dissolved Metals Gallium (Ga)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Iron (Fe)-Dissolved (mg/L) <0.010 <0.010 <0.010 <0.010
Lead (Pb)-Dissolved (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Lithium (Li)-Dissolved (mg/L) 0.145 0.135 0.117 0.112
Magnesium (Mg)-Dissolved (mg/L) 1120 1070 1060 1030
Manganese (Mn)-Dissolved (mg/L) 0.00043 0.00067 0.00051 0.00043
Mercury (Hg)-Dissolved (mg/L) <0.0000050 | <0.0000050 | <0.0000050 | <0.0000050
Molybdenum (Mo)-Dissolved (mg/L) 0.0101 0.0100 0.0103 0.0101
Nickel (Ni)-Dissolved (mg/L) <0.00050 <0.00050 0.00050 <0.00050
Phosphorus (P)-Dissolved (mg/L) <0.050 <0.050 <0.050 <0.050
Potassium (K)-Dissolved (mg/L) 358 347 358 349
Rhenium (Re)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Rubidium (Rb)-Dissolved (mg/L) 0.107 0.105 0.110 0.108
Selenium (Se)-Dissolved (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Silicon (Si)-Dissolved (mg/L) <1.0 <1.0 <1.0 <1.0
Silver (Ag)-Dissolved (mg/L) <0.00010 <0.00010 <0.00010 <0.00010
Sodium (Na)-Dissolved (mg/L) 10600 10500 10700 11100
Strontium (Sr)-Dissolved (mg/L) 6.88 6.64 7.04 6.79
Sulfur (S)-Dissolved (mg/L) 973 932 916 928
Tellurium (Te)-Dissolved (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Thallium (T1)-Dissolved (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Thorium (Th)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Tin (Sn)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Titanium (Ti)-Dissolved (mgiL) <0.0050 <0.0050 <0.0050 <0.0050
Tungsten (W)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Uranium (U)-Dissolved (mg/L) 0.00263 0.00280 0.00277 0.00264
Vanadium (V)-Dissolved (mg/L) 0.00133 0.00124 0.00133 0.00130
Ytrium (Y)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Zinc (Zn)-Dissolved (mg/L) <0.0010 0.0011 0.0018 <0.0010
Zirconium (Zr)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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Sample ID L2337246-1 L2337246-2 L2337246-3 L2337246-4
Description Seawater Seawater Seawater Seawater
Sampled Date | 26-AUG-19 26-AUG-19 26-AUG-19 26-AUG-19
Sampled Time 09:15 09:00 08:45 09:30
Client ID SOURCE-1 WNW-1 NORTH-1 ENE-1
Grouping Analyte
WATER
Bacteriological Coliform Bacteria - Fecal (CFU/100mL) <1 <1 <1 <1
Tests
Hydrocarbons EPH10-19 (mg/L) <0.25 <0.25 <0.25 <0.25
EPH19-32 (mg/L) <0.25 <0.25 <0.25 <0.25
LEPH (mg/L) <0.25 <0.25 <0.25 <0.25
HEPH (mg/L) <0.25 <0.25 <0.25 <0.25
Surrogate: 2-Bromobenzotrifluoride (%) 96.5 98.4 87.7 98.2
Polycyclic Acenaphthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Aromatic
Hydrocarbons
Acenaphthylene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Acridine (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Anthracene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benz(a)anthracene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benzo(a)pyrene (mg/L) <0.0000050 | <0.0000050 | <0.0000050 | <0.0000050
Benzo(b&j)fluoranthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benzo(b+j+k)fluoranthene (mg/L) <0.000015 <0.000015 <0.000015 <0.000015
Benzo(g,h,perylene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benzo(k)fluoranthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Chrysene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Dibenz(a,h)anthracene (mg/L) <0.0000050 | <0.0000050 | <0.0000050 | <0.0000050
Fluoranthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Fluorene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Indeno(1,2,3-c,d)pyrene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
1-Methylnaphthalene (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
2-Methylnaphthalene (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Naphthalene (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Phenanthrene (mg/L) <0.000020 <0.000020 <0.000020 <0.000020
Pyrene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Quinoline (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Surrogate: Acridine d9 (%) 102.0 105.2 104.8 102.5
Surrogate: Chrysene d12 (%) 93.2 102.3 98.3 105.9
Surrogate: Naphthalene d8 (%) 08.8 99.3 98.6 101.4
Surrogate: Phenanthrene d10 (%) 101.2 105.4 103.5 100.0

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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QC Samples with Qualifiers & Comments:

QC Type Description Parameter Qualifier Applies to Sample Number(s)
Matrix Spike Boron (B)-Dissolved MS-B L2337246-1, -2, -3, -4
Matrix Spike Calcium (Ca)-Dissolved MS-B L2337246-1, -2, -3, -4
Matrix Spike Magnesium (Mg)-Dissolved MS-B L2337246-1, -2, -3, -4
Matrix Spike Potassium (K)-Dissolved MS-B L2337246-1, -2, -3, -4
Matrix Spike Rubidium (Rb)-Dissolved MS-B L2337246-1, -2, -3, -4
Matrix Spike Strontium (Sr)-Dissolved MS-B L2337246-1, -2, -3, -4
Matrix Spike Sulfur (S)-Dissolved MS-B L2337246-1, -2, -3, -4
Matrix Spike Boron (B)-Total MS-B L2337246-1, -2, -3, -4
Matrix Spike Calcium (Ca)-Total MS-B L2337246-1, -2, -3, -4
Matrix Spike Magnesium (Mg)-Total MS-B L2337246-1, -2, -3, -4
Matrix Spike Potassium (K)-Total MS-B L2337246-1, -2, -3, -4
Matrix Spike Rubidium (Rb)-Total MS-B L2337246-1, -2, -3, -4
Matrix Spike Strontium (Sr)-Total MS-B L2337246-1, -2, -3, -4
Matrix Spike Sulfur (S)-Total MS-B L2337246-1, -2, -3, -4
Matrix Spike Sodium (Na)-Dissolved MS-B L2337246-1, -2, -3, -4
Matrix Spike Sodium (Na)-Total MS-B L2337246-1, -2, -3, -4
Matrix Spike Yttrium (Y)-Total RM-H L2337246-1, -2, -3, -4

Qualifiers for Individual Parameters Listed:

Qualifier Description
MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.
RM-H Reference Material recovery was above ALS DQO. Non-detected sample results are considered reliable. Other results, if reported,

have been qualified.

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

ALK-TITR-VA Seawater  Alkalinity Spec by Titration (Seawater) APHA 2320 Alkalinity

This analysis is carried out using procedures adapted from APHA Method 2320 "Alkalinity". Total alkalinity is determined by potentiometric titration to a
pH 4.5 endpoint. Bicarbonate, carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total alkalinity values.

ANIONS-C-BR-IC-VA Seawater  Bromide by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

ANIONS-C-CL-IC-VA Seawater  Chloride by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

ANIONS-C-F-IC-VA Seawater  Fluoride by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

ANIONS-C-NO2-IC-VA Seawater  Nitrite in Seawater by IC EPA 300.1 (mod)

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography”. Nitrite is
detected by UV absorbance.

ANIONS-C-NO3-IC-VA Seawater  Nitrate in Seawater by IC EPA 300.1 (mod)

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography”. Nitrate is
detected by UV absorbance.

ANIONS-C-SO4-IC-VA Seawater  Sulfate by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

CARBONS-C-TOC-VA Seawater TOC by combustion (seawater) APHA 5310B TOTAL ORGANIC CARBON (TOC)
This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)".

EC-C-PCT-VA Seawater  Conductivity (Automated) (seawater) APHA 2510 Auto. Conduc.

This analysis is carried out using procedures adapted from APHA Method 2510 "Conductivity". Conductivity is determined using a conductivity
electrode.

EPH-ME-FID-VA Water EPH in Water BC Lab Manual
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EPH is extracted from water using a hexane micro-extraction technigue, with analysis by GC-FID, as per the BC Lab Manual. EPH results include
PAHSs and are therefore not equivalent to LEPH or HEPH.

FCOLI-MF-ENV-VA Water Fecal coliform by membrane filtration APHA METHOD 9222

This analysis is carried out using procedures adapted from APHA Method 9222 "Membrane Filter Technique for Members of the Coliform Group".
Coliform bacteria is enumerated by culturing and colony counting. A known sample volume is filtered through a 0.45 micron membrane filter. The test
involves an initial 24 hour incubation of the filter with the appropriate growth medium, positive results require further testing (up to an additional 48
hours) to confirm and quantify the total coliform. This method is used for non-turbid water with a low background bacteria level.

HG-DIS-C-CVAFS-VA Seawater  Diss. Mercury in Seawater by CVAFS PUGET SOUND PROTOCOLS, EPA 245.7

This analysis is carried out using procedures adapted from "Recommended Guidelines for Measuring Metals in Puget Sound Marine Water, Sediment,
and Tissue Samples" prepared for the United States Environmental Protection Agency and the Puget Sound Water Quality Authority, 1995. The
procedures may involve preliminary sample treatment by filtration (EPA Method 3005A) and involves a cold-oxidation of the acidified seawater sample
using bromine monochloride prior to reduction of the sample with stannous chloride. Instrumental analysis is by cold vapour atomic fluorescence
spectrophotometry or atomic absorption spectrophotometry (EPA Method 245.7).

HG-TOT-C-CVAFS-VA Seawater  Total Mercury in Seawater by CVAFS PUGET SOUND PROTOCOLS, EPA 245.7

This analysis is carried out using procedures adapted from "Recommended Guidelines for Measuring Metals in Puget Sound Marine Water, Sediment,
and Tissue Samples" prepared for the United States Environmental Protection Agency and the Puget Sound Water Quality Authority, 1995. The
procedure involves a cold-oxidation of the acidified seawater sample using bromine monochloride prior to reduction of the sample with stannous
chloride. Instrumental analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption spectrophotometry (EPA Method
245.7).

LEPH/HEPH-CALC-VA Water LEPHs and HEPHs BC MOE LEPH/HEPH
LEPHw and HEPHw are measures of Light and Heavy Extractable Petroleum Hydrocarbons in water. Results are calculated by subtraction of
applicable PAH concentrations from EPH10-19 and EPH19-32, as per the BC Lab Manual LEPH/HEPH calculation procedure.

LEPHw = EPH10-19 minus Acenaphthene, Acridine, Anthracene, Fluorene, Naphthalene and Phenanthrene.

HEPHw = EPH19-32 minus Benz(a)anthracene, Benzo(a)pyrene, Fluoranthene, and Pyrene.
MET-D-F-HMI-CCMS-VA Seawater  Diss. Metals in Seawater by CRC ICPMS APHA 3030B/EPA 6020B (mod)
Seawater samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS (HMI Mode).

MET-T-HB-F-HMI-MS-VA Seawater  Tot Metals in Seawater by CRC ICPMS (BC) EPA 200.2/6020B (mod)

Seawater samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS (HMI Mode). This method is compliant with digestion
requirements of the British Columbia Environmental Laboratory Manual.

NA-D-CCMS-VA Seawater  Diss. Sodium in Seawater by CRC ICPMS APHA 3030B/EPA 6020B (mod)
Seawater samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

NA-T-CCMS-VA Seawater  Total Sodium in Seawater by CRC ICPMS EPA 200.2/6020B (mod)
Seawater samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

NH3-F-VA Seawater Ammonia in Seawater by Fluorescence J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

This analysis is carried out, on sulfuric acid preserved samples, using procedures modified from J. Environ. Monit., 2005, 7, 37 - 42, The Royal Society
of Chemistry, "Flow-injection analysis with fluorescence detection for the determination of trace levels of ammonium in seawater”, Roslyn J. Waston et
al.

PAH-ME-MS-VA Water PAHSs in Water EPA 3511/8270D (mod)

PAHSs are extracted from water using a hexane micro-extraction technique, with analysis by GC/MS. Because the two isomers cannot be readily
separated chromatographically, benzo(j)fluoranthene is reported as part of the benzo(b)fluoranthene parameter.

PH-C-PCT-VA Seawater  pH by Meter (Automated) (seawater) APHA 4500-H pH Value
This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH
electrode.
It is recommended that this analysis be conducted in the field.

SALINITY-CALC-VA Seawater  Salinity by conductivity meter APHA 2520B

Salinity is determined by the APHA 2520B Electrical Conductivity Method. Salinity is a unitless parameter that is roughly equivalent to grams per Litre.
ALS applies the unit of psu (practical salinity unit) to indicate that salinity values are derived from the Practical Salinity Scale.

SI-D-CCMS-VA Seawater Diss. Silicon in Seawater by CRC ICPMS APHA 3030B/EPA 6020B (mod)
Seawater samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

SI-T-CCMS-VA Seawater  Total Silicon in Seawater by CRC ICPMS EPA 200.2/6020B (mod)
Seawater samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.
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TKN-C-F-VA Seawater TKN in Seawater by Fluorescence APHA 4500-NORG D.

This analysis is carried out using procedures adapted from APHA Method 4500-Norg D. "Block Digestion and Flow Injection Analysis". Total Kjeldahl
Nitrogen is determined using block digestion followed by Flow-injection analysis with fluorescence detection.

TSS-C-VA Seawater  Total Suspended Solids by Gravimetric APHA 2540 D

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended
Solids (TSS) is determined by filtering a sample through a glass fibre filter. TSS is determined by drying the filter at 104 degrees celsius.

TURBIDITY-C-VA Seawater  Turbidity by Meter in Seawater APHA 2130 Turbidity
This analysis is carried out using procedures adapted from APHA Method 2130 "Turbidity". Turbidity is determined by the nephelometric method.

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:

17-739036

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.

mg/kg - milligrams per kilogram based on dry weight of sample.

mg/kg wwt - milligrams per kilogram based on wet weight of sample.

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight of sample.

mg/L - milligrams per litre.

< - Less than.

D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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Client: GOLDER ASSOCIATES LTD.
3795 Carey Road, Second Floor
Victoria BC V8Z 6T8

Contact: Arman Ospan
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
EPH-ME-FID-VA Water
Batch R4778471
WG3147801-2  LCS
EPH10-19 106.4 % 70-130 03-SEP-19
EPH19-32 102.1 % 70-130 03-SEP-19
WG3147801-1 MB
EPH10-19 <0.25 mg/L 0.25 03-SEP-19
EPH19-32 <0.25 mg/L 0.25 03-SEP-19
Surrogate: 2-Bromobenzotrifluoride 86.4 % 60-140 03-SEP-19
FCOLI-MF-ENV-VA Water
Batch R4781088
WG3145490-1 MB
Coliform Bacteria - Fecal <1 CFU/100mL 1 28-AUG-19
PAH-ME-MS-VA Water
Batch R4778494
WG3147801-2 LCS
Acenaphthene 106.0 % 60-130 03-SEP-19
Acenaphthylene 108.7 % 60-130 03-SEP-19
Acridine 107.1 % 60-130 03-SEP-19
Anthracene 116.4 % 60-130 03-SEP-19
Benz(a)anthracene 1235 % 60-130 03-SEP-19
Benzo(a)pyrene 108.6 % 60-130 03-SEP-19
Benzo(b&j)fluoranthene 101.7 % 60-130 03-SEP-19
Benzo(g,h,i)perylene 113.9 % 60-130 03-SEP-19
Benzo(k)fluoranthene 104.2 % 60-130 03-SEP-19
Chrysene 117.4 % 60-130 03-SEP-19
Dibenz(a,h)anthracene 115.0 % 60-130 03-SEP-19
Fluoranthene 114.2 % 60-130 03-SEP-19
Fluorene 107.5 % 60-130 03-SEP-19
Indeno(1,2,3-c,d)pyrene 120.5 % 60-130 03-SEP-19
1-Methylnaphthalene 108.9 % 60-130 03-SEP-19
2-Methylnaphthalene 107.8 % 60-130 03-SEP-19
Naphthalene 106.3 % 50-130 03-SEP-19
Phenanthrene 1134 % 60-130 03-SEP-19
Pyrene 114.9 % 60-130 03-SEP-19
Quinoline 116.1 % 60-130 03-SEP-19

WG3147801-1 MB
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
PAH-ME-MS-VA Water
Batch R4778494
WG3147801-1  MB
Acenaphthene <0.000010 mg/L 0.00001 03-SEP-19
Acenaphthylene <0.000010 mg/L 0.00001 03-SEP-19
Acridine <0.000010 mg/L 0.00001 03-SEP-19
Anthracene <0.000010 mg/L 0.00001 03-SEP-19
Benz(a)anthracene <0.000010 mg/L 0.00001 03-SEP-19
Benzo(a)pyrene <0.000005C mg/L 0.000005  03-SEP-19
Benzo(b&j)fluoranthene <0.000010 mg/L 0.00001 03-SEP-19
Benzo(g,h,i)perylene <0.000010 mg/L 0.00001 03-SEP-19
Benzo(k)fluoranthene <0.000010 mg/L 0.00001 03-SEP-19
Chrysene <0.000010 mg/L 0.00001 03-SEP-19
Dibenz(a,h)anthracene <0.000005( mg/L 0.000005  03-SEP-19
Fluoranthene <0.000010 mg/L 0.00001 03-SEP-19
Fluorene <0.000010 mg/L 0.00001 03-SEP-19
Indeno(1,2,3-c,d)pyrene <0.000010 mg/L 0.00001 03-SEP-19
1-Methylnaphthalene <0.000050 mg/L 0.00005 03-SEP-19
2-Methylnaphthalene <0.000050 mg/L 0.00005 03-SEP-19
Naphthalene <0.000050 mg/L 0.00005 03-SEP-19
Phenanthrene <0.000020 mg/L 0.00002 03-SEP-19
Pyrene <0.000010 mg/L 0.00001 03-SEP-19
Quinoline <0.000050 mg/L 0.00005 03-SEP-19
Surrogate: Acridine d9 94.4 % 60-130 03-SEP-19
Surrogate: Chrysene d12 102.9 % 60-130 03-SEP-19
Surrogate: Naphthalene d8 103.2 % 50-130 03-SEP-19
Surrogate: Phenanthrene d10 104.3 % 60-130 03-SEP-19
ALK-TITR-VA Seawater
Batch R4782219
WG3147604-4 DUP L2337246-1
Alkalinity, Total (as CaCO3) 112 112 mg/L 0.1 20 01-SEP-19
WG3147604-3 LCS
Alkalinity, Total (as CaCO3) 101.7 % 70-130 01-SEP-19
WG3147604-1 MB
Alkalinity, Total (as CaCO3) <1.0 mg/L 1 01-SEP-19

ANIONS-C-BR-IC-VA Seawater
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
ANIONS-C-BR-IC-VA Seawater
Batch R4778997
WG3147681-3 DUP L2337246-1
Bromide (Br) 53.6 58.8 mg/L 9.2 20 29-AUG-19
WG3147681-2 LCS
Bromide (Br) 99.4 % 85-115 29-AUG-19
WG3147681-1 MB
Bromide (Br) <5.0 mg/L 5 29-AUG-19
ANIONS-C-CL-IC-VA Seawater
Batch R4778997
WG3147681-3 DUP L2337246-1
Chloride (CI) 15400 16900 mg/L 8.9 20 29-AUG-19
WG3147681-2 LCS
Chloride (CI) 101.3 % 90-110 29-AUG-19
WG3147681-1 MB
Chloride (CI) <50 mg/L 50 29-AUG-19
ANIONS-C-F-IC-VA Seawater
Batch R4778997
WG3147681-3 DUP L2337246-1
Fluoride (F) <1.0 1.0 RPD-NA mg/L N/A 20 29-AUG-19
WG3147681-2 LCS
Fluoride (F) 102.9 % 90-110 29-AUG-19
WG3147681-1 MB
Fluoride (F) <1.0 mg/L 1 29-AUG-19
ANIONS-C-NO2-IC-VA Seawater
Batch R4778997
WG3147681-3 DUP L2337246-1
Nitrite (as N) <0.10 0.10 RPD-NA mg/L N/A 20 29-AUG-19
WG3147681-2 LCS
Nitrite (as N) 97.1 % 90-110 29-AUG-19
WG3147681-1 MB
Nitrite (as N) <0.10 mg/L 0.1 29-AUG-19
ANIONS-C-NOS-IC-VA Seawater
Batch R4778997
WG3147681-3 DUP L2337246-1
Nitrate (as N) <0.50 <0.50 RPD-NA  mg/L N/A 20 29-AUG-19
WG3147681-2 LCS
Nitrate (as N) 99.5 % 90-110 29-AUG-19

WG3147681-1 MB
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Test

Matrix Reference Result Qualifier Units RPD

Limit

Analyzed

ANIONS-C-NOS-IC-VA

Batch R4778997

WG3147681-1 MB
Nitrate (as N)

ANIONS-C-SO4-IC-VA

Batch R4778997
WG3147681-3 DUP
Sulfate (SO4)

WG3147681-2 LCS
Sulfate (SO4)

CARBONS-C-TOC-VA

Batch R4783295
WG3147851-3 DUP
Total Organic Carbon

WG3147851-2 LCS
Total Organic Carbon

WG3151113-4 LCS
Total Organic Carbon

WG3147851-1 MB
Total Organic Carbon

WG3151113-3 MB
Total Organic Carbon

WG3147851-4 MS
Total Organic Carbon
EC-C-PCT-VA
Batch R4782219

WG3147604-4 DUP
Conductivity

WG3147604-1 MB
Conductivity

HG-DIS-C-CVAFS-VA

Batch R4782391
WG3151041-2  LCS
Mercury (Hg)-Dissolved

WG3151041-1 MB
Mercury (Hg)-Dissolved

WG3151041-4 MS
Mercury (Hg)-Dissolved

Seawater

<0.50 mg/L

Seawater

L2337246-1
2100 2310 mg/L 9.6

101.6 %

Seawater

L2337246-1
1.96 1.30 J mg/L 0.66

103.3 %

94.0 %

<0.50 mg/L

<0.50 mg/L

L2337246-2
109.4 %

Seawater

L2337246-1
47300 47200 uS/cm 0.2

<2.0 uS/cm

Seawater

92.4 %

NP
<0.000005C mg/L

L2337246-1
92.3 %

Seawater

0.5

20

90-110

80-120

80-120

0.5

0.5

70-130

10

80-120

0.000005

70-130

29-AUG-19

29-AUG-19

29-AUG-19

04-SEP-19

04-SEP-19

04-SEP-19

04-SEP-19

04-SEP-19

04-SEP-19

01-SEP-19

01-SEP-19

04-SEP-19

04-SEP-19

04-SEP-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
HG-TOT-C-CVAFS-VA Seawater
Batch R4779571
WG3149837-2 LCS
Mercury (Hg)-Total 100.7 % 80-120 01-SEP-19
WG3149837-1 MB
Mercury (Hg)-Total <0.000005C mg/L 0.000005  01-SEP-19
MET-D-F-HMI-CCMS-VA Seawater
Batch R4778932
WG3146595-3 DUP L2337246-2
Aluminum (Al)-Dissolved <0.0050 <0.0050 RPD-NA mg/L N/A 20 30-AUG-19
Arsenic (As)-Dissolved 0.00148 0.00147 mg/L 0.8 20 30-AUG-19
Barium (Ba)-Dissolved 0.0077 0.0077 mg/L 0.1 20 30-AUG-19
Beryllium (Be)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 30-AUG-19
Bismuth (Bi)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 30-AUG-19
Boron (B)-Dissolved 3.55 3.39 mg/L 4.8 20 30-AUG-19
Cadmium (Cd)-Dissolved 0.000023 0.000027 mg/L 16 20 30-AUG-19
Calcium (Ca)-Dissolved 367 354 mg/L 3.6 20 30-AUG-19
Cesium (Cs)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 30-AUG-19
Chromium (Cr)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 30-AUG-19
Cobalt (Co)-Dissolved <0.000050 <0.000050 RPD-NA mg/L N/A 20 30-AUG-19
Copper (Cu)-Dissolved 0.00055 0.00052 mg/L 5.0 20 30-AUG-19
Gallium (Ga)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 30-AUG-19
Iron (Fe)-Dissolved <0.010 <0.010 RPD-NA mg/L N/A 20 30-AUG-19
Lead (Pb)-Dissolved <0.000050 <0.000050 RPD-NA mg/L N/A 20 30-AUG-19
Lithium (Li)-Dissolved 0.135 0.122 mg/L 10 20 30-AUG-19
Magnesium (Mg)-Dissolved 1070 1050 mg/L 1.9 20 30-AUG-19
Manganese (Mn)-Dissolved 0.00067 0.00065 mg/L 3.3 20 30-AUG-19
Molybdenum (Mo)-Dissolved 0.0100 0.00980 mg/L 2.0 20 30-AUG-19
Nickel (Ni)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 30-AUG-19
Phosphorus (P)-Dissolved <0.050 <0.050 RPD-NA mg/L N/A 20 30-AUG-19
Potassium (K)-Dissolved 347 347 mg/L 0.1 20 30-AUG-19
Rhenium (Re)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 30-AUG-19
Rubidium (Rb)-Dissolved 0.105 0.104 mg/L 1.3 20 30-AUG-19
Selenium (Se)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 30-AUG-19
Silver (Ag)-Dissolved <0.00010 <0.00010 RPD-NA mg/L N/A 20 30-AUG-19
Strontium (Sr)-Dissolved 6.64 6.73 mg/L 15 20 30-AUG-19

Sulfur (S)-Dissolved 932 922 mg/L 1.1 20 30-AUG-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-D-F-HMI-CCMS-VA Seawater
Batch R4778932

WG3146595-3  DUP L2337246-2

Tellurium (Te)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 30-AUG-19
Thallium (TI)-Dissolved <0.000050 <0.000050 RPD-NA mg/L N/A 20 30-AUG-19
Thorium (Th)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 30-AUG-19
Tin (Sn)-Dissolved <0.0010 <0.0010 RPD-NA mg/L N/A 20 30-AUG-19
Titanium (Ti)-Dissolved <0.0050 <0.0050 RPD-NA mg/L N/A 20 30-AUG-19
Tungsten (W)-Dissolved <0.0010 <0.0010 RPD-NA mg/L N/A 20 30-AUG-19
Uranium (U)-Dissolved 0.00280 0.00273 mg/L 2.5 20 30-AUG-19
Vanadium (V)-Dissolved 0.00124 0.00127 mg/L 1.8 20 30-AUG-19
Yttrium (Y)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 30-AUG-19
Zinc (Zn)-Dissolved 0.0011 <0.0010 RPD-NA mg/L N/A 20 30-AUG-19
Zirconium (Zr)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 30-AUG-19

WG3146595-2 LCS

Aluminum (Al)-Dissolved 97.6 % 80-120 30-AUG-19
Antimony (Sb)-Dissolved 96.6 % 80-120 30-AUG-19
Arsenic (As)-Dissolved 97.1 % 80-120 30-AUG-19
Barium (Ba)-Dissolved 100.0 % 80-120 30-AUG-19
Beryllium (Be)-Dissolved 93.8 % 80-120 30-AUG-19
Bismuth (Bi)-Dissolved 101.3 % 80-120 30-AUG-19
Boron (B)-Dissolved 90.3 % 80-120 30-AUG-19
Cadmium (Cd)-Dissolved 101.6 % 80-120 30-AUG-19
Calcium (Ca)-Dissolved 94.4 % 80-120 30-AUG-19
Cesium (Cs)-Dissolved 104.7 % 80-120 30-AUG-19
Chromium (Cr)-Dissolved 100.0 % 80-120 30-AUG-19
Cobalt (Co)-Dissolved 99.8 % 80-120 30-AUG-19
Copper (Cu)-Dissolved 97.3 % 80-120 30-AUG-19
Gallium (Ga)-Dissolved 102.0 % 80-120 30-AUG-19
Iron (Fe)-Dissolved 99.8 % 80-120 30-AUG-19
Lead (Pb)-Dissolved 97.5 % 80-120 30-AUG-19
Lithium (Li)-Dissolved 92.1 % 80-120 30-AUG-19
Magnesium (Mg)-Dissolved 97.2 % 80-120 30-AUG-19
Manganese (Mn)-Dissolved 99.1 % 80-120 30-AUG-19
Molybdenum (Mo)-Dissolved 100.5 % 80-120 30-AUG-19
Nickel (Ni)-Dissolved 102.4 % 80-120 30-AUG-19

Phosphorus (P)-Dissolved 93.7 % 80-120 30-AUG-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-D-F-HMI-CCMS-VA Seawater
Batch R4778932
WG3146595-2 LCS
Potassium (K)-Dissolved 101.0 % 80-120 30-AUG-19
Rhenium (Re)-Dissolved 100.7 % 80-120 30-AUG-19
Rubidium (Rb)-Dissolved 98.9 % 80-120 30-AUG-19
Selenium (Se)-Dissolved 104.9 % 80-120 30-AUG-19
Silver (Ag)-Dissolved 104.2 % 80-120 30-AUG-19
Strontium (Sr)-Dissolved 102.0 % 80-120 30-AUG-19
Sulfur (S)-Dissolved 99.7 % 80-120 30-AUG-19
Tellurium (Te)-Dissolved 108.6 % 80-120 30-AUG-19
Thallium (TI)-Dissolved 98.1 % 80-120 30-AUG-19
Thorium (Th)-Dissolved 92.8 % 80-120 30-AUG-19
Tin (Sn)-Dissolved 98.0 % 80-120 30-AUG-19
Titanium (Ti)-Dissolved 96.4 % 80-120 30-AUG-19
Tungsten (W)-Dissolved 97.1 % 80-120 30-AUG-19
Uranium (U)-Dissolved 91.2 % 80-120 30-AUG-19
Vanadium (V)-Dissolved 97.7 % 80-120 30-AUG-19
Yttrium (Y)-Dissolved 95.4 % 80-120 30-AUG-19
Zinc (Zn)-Dissolved 102.2 % 80-120 30-AUG-19
Zirconium (Zr)-Dissolved 96.9 % 80-120 30-AUG-19
WG3146595-1  MB LF
Aluminum (Al)-Dissolved <0.0050 mg/L 0.005 30-AUG-19
Antimony (Sb)-Dissolved <0.0010 mg/L 0.001 30-AUG-19
Arsenic (As)-Dissolved <0.00040 mg/L 0.0004 30-AUG-19
Barium (Ba)-Dissolved <0.0010 mg/L 0.001 30-AUG-19
Beryllium (Be)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Bismuth (Bi)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Boron (B)-Dissolved <0.30 mg/L 0.3 30-AUG-19
Cadmium (Cd)-Dissolved <0.000010 mg/L 0.00001 30-AUG-19
Calcium (Ca)-Dissolved <1.0 mg/L 1 30-AUG-19
Cesium (Cs)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Chromium (Cr)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Cobalt (Co)-Dissolved <0.000050 mg/L 0.00005 30-AUG-19
Copper (Cu)-Dissolved <0.00020 mg/L 0.0002 30-AUG-19
Gallium (Ga)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19

Iron (Fe)-Dissolved <0.010 mg/L 0.01 30-AUG-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-D-F-HMI-CCMS-VA Seawater
Batch R4778932
WG3146595-1  MB LF
Lead (Pb)-Dissolved <0.000050 mg/L 0.00005 30-AUG-19
Lithium (Li)-Dissolved <0.020 mg/L 0.02 30-AUG-19
Magnesium (Mg)-Dissolved <1.0 mg/L 1 30-AUG-19
Manganese (Mn)-Dissolved <0.00010 mg/L 0.0001 30-AUG-19
Molybdenum (Mo)-Dissolved <0.00010 mg/L 0.0001 30-AUG-19
Nickel (Ni)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Phosphorus (P)-Dissolved <0.050 mg/L 0.05 30-AUG-19
Potassium (K)-Dissolved <1.0 mg/L 1 30-AUG-19
Rhenium (Re)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Rubidium (Rb)-Dissolved <0.0050 mg/L 0.005 30-AUG-19
Selenium (Se)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Silver (Ag)-Dissolved <0.00010 mg/L 0.0001 30-AUG-19
Strontium (Sr)-Dissolved <0.010 mg/L 0.01 30-AUG-19
Sulfur (S)-Dissolved <5.0 mg/L 5 30-AUG-19
Tellurium (Te)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Thallium (TI)-Dissolved <0.000050 mg/L 0.00005 30-AUG-19
Thorium (Th)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Tin (Sn)-Dissolved <0.0010 mg/L 0.001 30-AUG-19
Titanium (Ti)-Dissolved <0.0050 mg/L 0.005 30-AUG-19
Tungsten (W)-Dissolved <0.0010 mg/L 0.001 30-AUG-19
Uranium (U)-Dissolved <0.000050 mg/L 0.00005 30-AUG-19
Vanadium (V)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Yttrium (Y)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
Zinc (Zn)-Dissolved <0.0010 mg/L 0.001 30-AUG-19
Zirconium (Zr)-Dissolved <0.00050 mg/L 0.0005 30-AUG-19
WG3146595-4 MS L2337246-1
Aluminum (Al)-Dissolved 99.7 % 70-130 30-AUG-19
Antimony (Sb)-Dissolved 105.5 % 70-130 30-AUG-19
Arsenic (As)-Dissolved 92.0 % 70-130 30-AUG-19
Barium (Ba)-Dissolved 84.8 % 70-130 30-AUG-19
Beryllium (Be)-Dissolved 90.4 % 70-130 30-AUG-19
Bismuth (Bi)-Dissolved 80.4 % 70-130 30-AUG-19
Boron (B)-Dissolved N/A MS-B % - 30-AUG-19

Cadmium (Cd)-Dissolved 87.0 % 70-130 30-AUG-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-D-F-HMI-CCMS-VA Seawater
Batch R4778932
WG3146595-4  MS L2337246-1
Calcium (Ca)-Dissolved N/A MS-B % - 30-AUG-19
Cesium (Cs)-Dissolved 99.5 % 70-130 30-AUG-19
Chromium (Cr)-Dissolved 99.2 % 70-130 30-AUG-19
Cobalt (Co)-Dissolved 91.7 % 70-130 30-AUG-19
Copper (Cu)-Dissolved 83.7 % 70-130 30-AUG-19
Gallium (Ga)-Dissolved 97.3 % 70-130 30-AUG-19
Iron (Fe)-Dissolved 93.5 % 70-130 30-AUG-19
Lead (Pb)-Dissolved 82.0 % 70-130 30-AUG-19
Lithium (Li)-Dissolved 80.6 % 70-130 30-AUG-19
Magnesium (Mg)-Dissolved N/A MS-B % - 30-AUG-19
Manganese (Mn)-Dissolved 98.4 % 70-130 30-AUG-19
Molybdenum (Mo)-Dissolved 101.0 % 70-130 30-AUG-19
Nickel (Ni)-Dissolved 87.5 % 70-130 30-AUG-19
Phosphorus (P)-Dissolved 108.1 % 70-130 30-AUG-19
Potassium (K)-Dissolved N/A MS-B % - 30-AUG-19
Rhenium (Re)-Dissolved 89.2 % 70-130 30-AUG-19
Rubidium (Rb)-Dissolved N/A MS-B % - 30-AUG-19
Selenium (Se)-Dissolved 90.6 % 70-130 30-AUG-19
Silver (Ag)-Dissolved 87.3 % 70-130 30-AUG-19
Strontium (Sr)-Dissolved N/A MS-B % - 30-AUG-19
Sulfur (S)-Dissolved N/A MS-B % - 30-AUG-19
Tellurium (Te)-Dissolved 81.1 % 70-130 30-AUG-19
Thallium (TI)-Dissolved 84.0 % 70-130 30-AUG-19
Thorium (Th)-Dissolved 93.3 % 70-130 30-AUG-19
Tin (Sn)-Dissolved 91.8 % 70-130 30-AUG-19
Titanium (Ti)-Dissolved 104.5 % 70-130 30-AUG-19
Tungsten (W)-Dissolved 95.4 % 70-130 30-AUG-19
Uranium (U)-Dissolved 86.5 % 70-130 30-AUG-19
Vanadium (V)-Dissolved 101.1 % 70-130 30-AUG-19
Yttrium (Y)-Dissolved 105.3 % 70-130 30-AUG-19
Zinc (Zn)-Dissolved 81.3 % 70-130 30-AUG-19

Zirconium (Zr)-Dissolved 104.2 % 70-130 30-AUG-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-D-F-HMI-CCMS-VA Seawater
Batch R4781998
WG3146595-3  DUP L2337246-2
Antimony (Sb)-Dissolved <0.0010 <0.0010 RPD-NA  mg/L N/A 20 31-AUG-19
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4781998
WG3147689-3 DUP L2337246-1
Aluminum (Al)-Total 0.0142 0.0118 mg/L 18 20 31-AUG-19
Antimony (Sb)-Total <0.0010 <0.0010 RPD-NA  mg/L N/A 20 31-AUG-19
Arsenic (As)-Total 0.00162 0.00160 mg/L 1.2 20 31-AUG-19
Barium (Ba)-Total 0.0095 0.0093 mg/L 1.8 20 31-AUG-19
Beryllium (Be)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 31-AUG-19
Bismuth (Bi)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 31-AUG-19
Boron (B)-Total 3.34 3.09 mg/L 7.7 20 31-AUG-19
Cadmium (Cd)-Total 0.000041 0.000031 J mg/L 0.000010 0.00002 31-AUG-19
Calcium (Ca)-Total 402 404 mg/L 0.5 20 31-AUG-19
Cesium (Cs)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 31-AUG-19
Chromium (Cr)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 31-AUG-19
Cobalt (Co)-Total <0.000050 <0.000050 RPD-NA  mg/L N/A 20 31-AUG-19
Copper (Cu)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 31-AUG-19
Gallium (Ga)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 31-AUG-19
Iron (Fe)-Total 0.018 0.018 mg/L 0.8 20 31-AUG-19
Lead (Pb)-Total <0.000050 <0.000050 RPD-NA mg/L N/A 20 31-AUG-19
Lithium (Li)-Total 0.144 0.132 mg/L 9.0 20 31-AUG-19
Magnesium (Mg)-Total 972 992 mg/L 2.0 20 31-AUG-19
Manganese (Mn)-Total 0.00079 0.00083 mg/L 4.7 20 31-AUG-19
Molybdenum (Mo)-Total 0.0109 0.0106 mg/L 3.0 20 31-AUG-19
Nickel (Ni)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 31-AUG-19
Phosphorus (P)-Total <0.050 <0.050 RPD-NA mg/L N/A 20 31-AUG-19
Potassium (K)-Total 432 424 mg/L 1.7 20 31-AUG-19
Rhenium (Re)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 31-AUG-19
Rubidium (Rb)-Total 0.117 0.115 mg/L 1.5 20 31-AUG-19
Selenium (Se)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 31-AUG-19
Silver (Ag)-Total <0.00010 <0.00010 RPD-NA  mg/L N/A 20 31-AUG-19
Strontium (Sr)-Total 7.50 7.66 mg/L 2.1 20 31-AUG-19

Sulfur (S)-Total 1070 1110 mg/L 3.7 20 31-AUG-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4781998

WG3147689-3  DUP L2337246-1

Tellurium (Te)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 31-AUG-19
Thallium (TI)-Total <0.000050 <0.000050 RPD-NA mg/L N/A 20 31-AUG-19
Thorium (Th)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 31-AUG-19
Tin (Sn)-Total <0.0010 <0.0010 RPD-NA  mg/L N/A 20 31-AUG-19
Titanium (Ti)-Total <0.0050 <0.0050 RPD-NA  mg/L N/A 20 31-AUG-19
Tungsten (W)-Total <0.0010 <0.0010 RPD-NA  mg/L N/A 20 31-AUG-19
Uranium (U)-Total 0.00293 0.00274 mg/L 6.7 20 31-AUG-19
Vanadium (V)-Total 0.00157 0.00148 mg/L 55 20 31-AUG-19
Yttrium (Y)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 31-AUG-19
Zinc (Zn)-Total <0.0030 <0.0030 RPD-NA  mg/L N/A 20 31-AUG-19
Zirconium (Zr)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 31-AUG-19

WG3147689-2 LCS

Aluminum (Al)-Total 103.4 % 80-120 31-AUG-19
Antimony (Sb)-Total 104.1 % 80-120 31-AUG-19
Arsenic (As)-Total 103.2 % 80-120 31-AUG-19
Barium (Ba)-Total 102.0 % 80-120 31-AUG-19
Beryllium (Be)-Total 96.8 % 80-120 31-AUG-19
Bismuth (Bi)-Total 117.9 % 80-120 31-AUG-19
Boron (B)-Total 95.5 % 80-120 31-AUG-19
Cadmium (Cd)-Total 105.6 % 80-120 31-AUG-19
Calcium (Ca)-Total 93.7 % 80-120 31-AUG-19
Cesium (Cs)-Total 93.2 % 80-120 31-AUG-19
Chromium (Cr)-Total 104.4 % 80-120 31-AUG-19
Cobalt (Co)-Total 105.5 % 80-120 31-AUG-19
Copper (Cu)-Total 108.1 % 80-120 31-AUG-19
Gallium (Ga)-Total 101.1 % 80-120 31-AUG-19
Iron (Fe)-Total 99.9 % 80-120 31-AUG-19
Lead (Pb)-Total 105.3 % 80-120 31-AUG-19
Lithium (Li)-Total 100.6 % 80-120 31-AUG-19
Magnesium (Mg)-Total 101.1 % 80-120 31-AUG-19
Manganese (Mn)-Total 104.2 % 80-120 31-AUG-19
Molybdenum (Mo)-Total 95.0 % 80-120 31-AUG-19
Nickel (Ni)-Total 107.9 % 80-120 31-AUG-19
Phosphorus (P)-Total 104.5 % 80-120 31-AUG-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4781998
WG3147689-2 LCS
Potassium (K)-Total 105.4 % 80-120 31-AUG-19
Rhenium (Re)-Total 104.5 % 80-120 31-AUG-19
Rubidium (Rb)-Total 106.8 % 80-120 31-AUG-19
Selenium (Se)-Total 106.3 % 80-120 31-AUG-19
Silver (Ag)-Total 99.7 % 80-120 31-AUG-19
Strontium (Sr)-Total 96.3 % 80-120 31-AUG-19
Sulfur (S)-Total 99.5 % 80-120 31-AUG-19
Tellurium (Te)-Total 110.9 % 80-120 31-AUG-19
Thallium (TI)-Total 114.0 % 80-120 31-AUG-19
Thorium (Th)-Total 92.2 % 80-120 31-AUG-19
Tin (Sn)-Total 95.9 % 80-120 31-AUG-19
Titanium (Ti)-Total 100.7 % 80-120 31-AUG-19
Tungsten (W)-Total 104.6 % 80-120 31-AUG-19
Uranium (U)-Total 101.0 % 80-120 31-AUG-19
Vanadium (V)-Total 101.8 % 80-120 31-AUG-19
Yttrium (Y)-Total 99.5 % 80-120 31-AUG-19
Zinc (Zn)-Total 104.1 % 80-120 31-AUG-19
Zirconium (Zr)-Total 95.6 % 80-120 31-AUG-19
WG3147689-1  MB
Aluminum (Al)-Total <0.0050 mg/L 0.005 31-AUG-19
Antimony (Sb)-Total <0.0010 mg/L 0.001 31-AUG-19
Arsenic (As)-Total <0.00040 mg/L 0.0004 31-AUG-19
Barium (Ba)-Total <0.0010 mg/L 0.001 31-AUG-19
Beryllium (Be)-Total <0.00050 mg/L 0.0005 31-AUG-19
Bismuth (Bi)-Total <0.00050 mg/L 0.0005 31-AUG-19
Boron (B)-Total <0.30 mg/L 0.3 31-AUG-19
Cadmium (Cd)-Total <0.000010 mg/L 0.00001 31-AUG-19
Calcium (Ca)-Total <1.0 mg/L 1 31-AUG-19
Cesium (Cs)-Total <0.00050 mg/L 0.0005 31-AUG-19
Chromium (Cr)-Total <0.00050 mg/L 0.0005 31-AUG-19
Cobalt (Co)-Total <0.000050 mg/L 0.00005 31-AUG-19
Copper (Cu)-Total <0.00050 mg/L 0.0005 31-AUG-19
Gallium (Ga)-Total <0.00050 mg/L 0.0005 31-AUG-19

Iron (Fe)-Total <0.010 mg/L 0.01 31-AUG-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4781998
WG3147689-1 MB
Lead (Pb)-Total <0.000050 mg/L 0.00005 31-AUG-19
Lithium (Li)-Total <0.020 mg/L 0.02 31-AUG-19
Magnesium (Mg)-Total <1.0 mg/L 1 31-AUG-19
Manganese (Mn)-Total <0.00020 mg/L 0.0002 31-AUG-19
Molybdenum (Mo)-Total <0.00010 mg/L 0.0001 31-AUG-19
Nickel (Ni)-Total <0.00050 mg/L 0.0005 31-AUG-19
Phosphorus (P)-Total <0.050 mg/L 0.05 31-AUG-19
Potassium (K)-Total <1.0 mg/L 1 31-AUG-19
Rhenium (Re)-Total <0.00050 mg/L 0.0005 31-AUG-19
Rubidium (Rb)-Total <0.0050 mg/L 0.005 31-AUG-19
Selenium (Se)-Total <0.00050 mg/L 0.0005 31-AUG-19
Silver (Ag)-Total <0.00010 mg/L 0.0001 31-AUG-19
Strontium (Sr)-Total <0.010 mg/L 0.01 31-AUG-19
Sulfur (S)-Total <5.0 mg/L 5 31-AUG-19
Tellurium (Te)-Total <0.00050 mg/L 0.0005 31-AUG-19
Thallium (TI)-Total <0.000050 mg/L 0.00005 31-AUG-19
Thorium (Th)-Total <0.00050 mg/L 0.0005 31-AUG-19
Tin (Sn)-Total <0.0010 mg/L 0.001 31-AUG-19
Titanium (Ti)-Total <0.0050 mg/L 0.005 31-AUG-19
Tungsten (W)-Total <0.0010 mg/L 0.001 31-AUG-19
Uranium (U)-Total <0.000050 mg/L 0.00005 31-AUG-19
Vanadium (V)-Total <0.00050 mg/L 0.0005 31-AUG-19
Yttrium (Y)-Total <0.00050 mg/L 0.0005 31-AUG-19
Zinc (Zn)-Total <0.0030 mg/L 0.003 31-AUG-19
Zirconium (Zr)-Total <0.00050 mg/L 0.0005 31-AUG-19
WG3147689-4  MS L2337246-2
Aluminum (Al)-Total 114.7 % 70-130 31-AUG-19
Antimony (Sb)-Total 110.7 % 70-130 31-AUG-19
Arsenic (As)-Total 95.0 % 70-130 31-AUG-19
Barium (Ba)-Total 111.2 % 70-130 31-AUG-19
Beryllium (Be)-Total 93.5 % 70-130 31-AUG-19
Bismuth (Bi)-Total 84.1 % 70-130 31-AUG-19
Boron (B)-Total N/A MS-B % - 31-AUG-19

Cadmium (Cd)-Total 95.5 % 70-130 31-AUG-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4781998
WG3147689-4  MS L2337246-2
Calcium (Ca)-Total N/A MS-B % - 31-AUG-19
Cesium (Cs)-Total 103.8 % 70-130 31-AUG-19
Chromium (Cr)-Total 109.4 % 70-130 31-AUG-19
Cobalt (Co)-Total 95.7 % 70-130 31-AUG-19
Copper (Cu)-Total 91.0 % 70-130 31-AUG-19
Gallium (Ga)-Total 112.0 % 70-130 31-AUG-19
Iron (Fe)-Total 104.1 % 70-130 31-AUG-19
Lead (Pb)-Total 87.2 % 70-130 31-AUG-19
Lithium (Li)-Total 86.0 % 70-130 31-AUG-19
Magnesium (Mg)-Total N/A MS-B % - 31-AUG-19
Manganese (Mn)-Total 106.6 % 70-130 31-AUG-19
Molybdenum (Mo)-Total 111.7 % 70-130 31-AUG-19
Nickel (Ni)-Total 91.6 % 70-130 31-AUG-19
Phosphorus (P)-Total 120.5 % 70-130 31-AUG-19
Potassium (K)-Total N/A MS-B % - 31-AUG-19
Rhenium (Re)-Total 103.6 % 70-130 31-AUG-19
Rubidium (Rb)-Total N/A MS-B % - 31-AUG-19
Selenium (Se)-Total 94.6 % 70-130 31-AUG-19
Silver (Ag)-Total 97.7 % 70-130 31-AUG-19
Strontium (Sr)-Total N/A MS-B % - 31-AUG-19
Sulfur (S)-Total N/A MS-B % - 31-AUG-19
Tellurium (Te)-Total 93.8 % 70-130 31-AUG-19
Thallium (TI)-Total 85.7 % 70-130 31-AUG-19
Thorium (Th)-Total 108.4 % 70-130 31-AUG-19
Tin (Sn)-Total 100.9 % 70-130 31-AUG-19
Titanium (Ti)-Total 113.5 % 70-130 31-AUG-19
Tungsten (W)-Total 104.0 % 70-130 31-AUG-19
Uranium (U)-Total 94.8 % 70-130 31-AUG-19
Vanadium (V)-Total 1115 % 70-130 31-AUG-19
Yittrium (Y)-Total 134.3 RM-H % 70-130 31-AUG-19
Zinc (Zn)-Total 87.7 % 70-130 31-AUG-19
Zirconium (Zr)-Total 125.7 % 70-130 31-AUG-19

NA-D-CCMS-VA Seawater
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
NA-D-CCMS-VA Seawater
Batch R4781993
WG3146595-3  DUP L2337246-2
Sodium (Na)-Dissolved 10500 10500 mg/L 0.4 20 31-AUG-19
WG3146595-2 LCS
Sodium (Na)-Dissolved 107.9 % 80-120 31-AUG-19
WG3146595-1 MB LF
Sodium (Na)-Dissolved <25 mg/L 25 31-AUG-19
WG3146595-4 MS L2337246-1
Sodium (Na)-Dissolved N/A MS-B % - 31-AUG-19
NA-T-CCMS-VA Seawater
Batch R4782044
WG3147689-3 DUP L2337246-1
Sodium (Na)-Total 9470 9470 mg/L 0.0 20 01-SEP-19
WG3147689-2 LCS
Sodium (Na)-Total 105.6 % 80-120 01-SEP-19
WG3147689-1  MB
Sodium (Na)-Total <25 mg/L 25 01-SEP-19
WG3147689-4 MS L2337246-2
Sodium (Na)-Total N/A MS-B % - 01-SEP-19
NH3-F-VA Seawater
Batch R4778812
WG3147853-3  DUP L2337246-1
Ammonia, Total (as N) <0.0050 <0.0050 RPD-NA mg/L N/A 20 30-AUG-19
WG3147853-2 LCS
Ammonia, Total (as N) 98.8 % 85-115 30-AUG-19
WG3147853-1 MB
Ammonia, Total (as N) <0.0050 mg/L 0.005 30-AUG-19
PH-C-PCT-VA Seawater
Batch R4782219
WG3147604-2 CRM VA-PH7-BUF
pH 7.00 pH 6.9-7.1 01-SEP-19
WG3147604-4  DUP L2337246-1
pH 7.97 7.98 J pH 0.01 0.3 01-SEP-19
SI-D-CCMS-VA Seawater
Batch R4781993
WG3146595-3  DUP L2337246-2
Silicon (Si)-Dissolved <1.0 <1.0 RPD-NA mg/L N/A 20 31-AUG-19

WG3146595-2 LCS
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SI-D-CCMS-VA Seawater

Batch R4781993
WG3146595-2 LCS
Silicon (Si)-Dissolved 109.6 % 80-120 31-AUG-19

WG3146595-1 MB LF
Silicon (Si)-Dissolved <1.0 mg/L 1 31-AUG-19

WG3146595-4 MS L2337246-1
Silicon (Si)-Dissolved 103.0 % 70-130 31-AUG-19
SI-T-CCMS-VA Seawater

Batch R4782044

WG3147689-3 DUP L2337246-1
Silicon (Si)-Total <1.0 <1.0 RPD-NA mg/L N/A 20 01-SEP-19

WG3147689-2 LCS
Silicon (Si)-Total 113.0 % 80-120 01-SEP-19

WG3147689-1 MB
Silicon (Si)-Total <1.0 mg/L 1 01-SEP-19

WG3147689-4 MS L2337246-2
Silicon (Si)-Total 105.2 % 70-130 01-SEP-19
TKN-C-F-VA Seawater

Batch R4784195

WG3147855-3 DUP L2337246-1
Total Kjeldahl Nitrogen 0.139 0.103 J mg/L 0.036 0.1 05-SEP-19

WG3147855-2 LCS
Total Kjeldahl Nitrogen 116.2 % 75-125 05-SEP-19

WG3147855-1 MB
Total Kjeldahl Nitrogen <0.050 mg/L 0.05 05-SEP-19

WG3147855-4 MS L2337246-2
Total Kjeldahl Nitrogen 119.3 % 70-130 05-SEP-19
TSS-C-VA Seawater

Batch R4781410

WG3149580-2 LCS
Total Suspended Solids 109.7 % 85-115 31-AUG-19

WG3149580-1 MB
Total Suspended Solids <2.0 mg/L 2 31-AUG-19
TURBIDITY-C-VA Seawater

Batch R4774794

WG3146523-2 CRM VA-FORM-40
Turbidity 104.6 % 85-115 29-AUG-19

WG3146523-3 DUP L2337246-2
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
TURBIDITY-C-VA Seawater

Batch R4774794

WG3146523-3  DUP L2337246-2

Turbidity 0.15 0.13 J NTU 0.020 0.2 29-AUG-19

WG3146523-1 MB

Turbidity <0.10 NTU 0.1 29-AUG-19
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Legend:

Limit ALS Control Limit (Data Quality Objectives)
DUP  Duplicate

RPD Relative Percent Difference

N/A Not Available

LCS Laboratory Control Sample

SRM  Standard Reference Material

MS Matrix Spike

MSD  Matrix Spike Duplicate

ADE  Average Desorption Efficiency

MB Method Blank

IRM Internal Reference Material

CRM Certified Reference Material

CCV  Continuing Calibration Verification
CVS  Calibration Verification Standard
LCSD Laboratory Control Sample Duplicate

Sample Parameter Qualifier Definitions:

Qualifier Description

J Duplicate results and limits are expressed in terms of absolute difference.

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

RM-H Reference Material recovery was above ALS DQO. Non-detected sample results are considered reliable. Other results,

if reported, have been qualified.
RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit.
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Workorder: L2337246

Hold Time Exceedances:

Report Date: 06-SEP-19

Page 19 of 19

Sample
ALS Product Description ID Sampling Date Date Processed Rec. HT Actual HT  Units Qualifier
Physical Tests
pH by Meter (Automated) (seawater)
1 26-AUG-19 09:15 01-SEP-19 10:27 0.25 145 hours EHTR-FM
2 26-AUG-19 09:00 01-SEP-19 10:27 0.25 145 hours EHTR-FM
3 26-AUG-19 08:45 01-SEP-19 10:27 0.25 146 hours EHTR-FM
4 26-AUG-19 09:30 01-SEP-19 10:27 0.25 145 hours EHTR-FM
Bacteriological Tests
Fecal coliform by membrane filtration
1 26-AUG-19 09:15 28-AUG-19 14:25 30 53 hours EHTR
2 26-AUG-19 09:00 28-AUG-19 14:25 30 54 hours EHTR
3 26-AUG-19 08:45 28-AUG-19 14:25 30 54 hours EHTR
4 26-AUG-19 09:30 28-AUG-19 14:25 30 53 hours EHTR

Legend & Qualifier Definitions:

EHTR-FM: Exceeded ALS recommended hold time prior to sample receipt. Field Measurement recommended.
EHTR: Exceeded ALS recommended hold time prior to sample receipt.
EHTL: Exceeded ALS recommended hold time prior to analysis. Sample was received less than 24 hours prior to expiry.

EHT: Exceeded ALS recommended hold time prior to analysis.
Rec. HT: ALS recommended hold time (see units).

Notes*:

Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes.

Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is
used for calculation purposes. Samples for L2337246 were received on 28-AUG-19 09:30.

ALS recommended hold times may vary by province. They are assigned to meet known provincial and/or federal government
requirements. In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the
US EPA, APHA Standard Methods, or Environment Canada (where available). For more information, please contact ALS.

The ALS Quality Control Report is provided to ALS clients upon request. ALS includes comprehensive QC checks with every analysis to
ensure our high standards of quality are met. Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this
Work Order.



Chrom Perfect Chromatogram Report

ALS Sample ID: L2337246-1
Client Sample ID: SOURCE-1
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The BC EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing hydrocarbon
products that may be present in your sample.

The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and three n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.

A "-L-" in the sample ID denotes a low level sample. A "-S-" denotes a silica gel cleaned sample.
Note: This chromatogram was produced using GC conditions that are specific to the ALS Canada EPH method.

Refer to the ALS Canada EPH Hydrocarbon Library for a collection of chromatograms from common reference
samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.

Printed on 9/3/2019 8:35:02 AM Page 1 of 1



Chrom Perfect Chromatogram Report

ALS Sample ID: L2337246-2
Client Sample ID: WNW-1
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The BC EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing hydrocarbon
products that may be present in your sample.

The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and three n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.

A "-L-" in the sample ID denotes a low level sample. A "-S-" denotes a silica gel cleaned sample.
Note: This chromatogram was produced using GC conditions that are specific to the ALS Canada EPH method.

Refer to the ALS Canada EPH Hydrocarbon Library for a collection of chromatograms from common reference
samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.

Printed on 9/3/2019 8:35:06 AM Page 1 of 1



Chrom Perfect Chromatogram Report

ALS Sample ID: L2337246-3
Client Sample ID: NORTH-1
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The BC EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing hydrocarbon
products that may be present in your sample.

The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and three n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.

A "-L-" in the sample ID denotes a low level sample. A "-S-" denotes a silica gel cleaned sample.
Note: This chromatogram was produced using GC conditions that are specific to the ALS Canada EPH method.

Refer to the ALS Canada EPH Hydrocarbon Library for a collection of chromatograms from common reference
samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.

Printed on 9/3/2019 8:35:08 AM Page 1 of 1



Chrom Perfect Chromatogram Report

ALS Sample ID: L2337246-4
Client Sample ID: ENE-1
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The BC EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing hydrocarbon
products that may be present in your sample.

The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and three n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.

A "-L-" in the sample ID denotes a low level sample. A "-S-" denotes a silica gel cleaned sample.
Note: This chromatogram was produced using GC conditions that are specific to the ALS Canada EPH method.

Refer to the ALS Canada EPH Hydrocarbon Library for a collection of chromatograms from common reference
samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.

Printed on 9/3/2019 8:35:12 AM Page 1 of 1
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GOLDER ASSOCIATES LTD. Date Received: 03-SEP-19
ATTN: Arman Ospan Report Date: 12-SEP-19 11:33 (MT)

3795 Carey Road, Second Floor Version: FINAL
Victoria BC V8Z 6T8

Client Phone: 250-881-7372

Certificate of Analysis

Lab Work Order #: L2340208

Project P.O. #: NOT SUBMITTED
Job Reference: 1663724/24000
C of C Numbers: 17-739034

Legal Site Desc:

Amber Springer, B.Sc
Account Manager

[This report shall not be reproduced except in full without the written authority of the Laboratory.]

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700
ALS CANADA LTD  Part of the ALS Group  An ALS Limited Company
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ALS ENVIRONMENTAL ANALYTICAL REPORT 12-SEP-19 11:33 (MT)

Version: FINAL

Sample ID L2340208-1 L2340208-2 L2340208-3 L2340208-4
Description Seawater Seawater Seawater Seawater
Sampled Date | 29-AUG-19 29-AUG-19 29-AUG-19 29-AUG-19
Sampled Time 09:30 10:00 09:15 09:45
Client ID SOURCE-2 WNW-2 NORTH-2 ENE-2
Grouping Analyte
SEAWATER
Physical Tests Conductivity (uS/cm) 46300 44000 44400 46700
PH (pH) 8.00 8.01 8.01 8.01
Salinity (psu) 30.9 29.2 29.5 31.2
Total Suspended Solids (mg/L) <2.0 <2.0 <2.0 2.9
Turbidity (NTU) 0.18 <0.10 0.24 0.64
Anions and Alkalinity, Total (as CaCO3) (mg/L) 116 115 116 117
Nutrients
Ammonia, Total (as N) (mg/L) 0.0161 0.0053 <0.0050 0.0051
Bromide (Br) (mg/L) 59.1 55.1 55.3 62.1
Chloride (CI) (mg/L) 17300 16100 16000 17800
Fluoride (F) (mg/L) 1.1 <1.0 <1.0 1.1
Nitrate (as N) (mg/L) <0.50 <0.50 <0.50 <0.50
Nitrite (as N) (mg/L) <0.10 <0.10 <0.10 <0.10
Total Kjeldahl Nitrogen (mg/L) 0.100 0.131 0.113 0.090
Sulfate (SO4) (mg/L) 2400 2230 2250 2510
Organic / Total Organic Carbon (mg/L) 1.15 1.06 1.14 1.19
Inorganic Carbon
Total Metals Aluminum (Al)-Total (mg/L) <0.0050 0.0050 0.0094 0.0261
Antimony (Sb)-Total (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Arsenic (As)-Total (mg/L) 0.00136 0.00129 0.00137 0.00139
Barium (Ba)-Total (mg/L) 0.0081 0.0083 0.0077 0.0087
Beryllium (Be)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Bismuth (Bi)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Boron (B)-Total (mg/L) 4.09 3.01 3.91 4.13
Cadmium (Cd)-Total (mg/L) 0.000034 0.000040 0.000030 0.000030
Calcium (Ca)-Total (mg/L) 354 351 365 383
Cesium (Cs)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Chromium (Cr)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Cobalt (Co)-Total (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Copper (Cu)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Gallium (Ga)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Iron (Fe)-Total (mg/L) <0.010 <0.010 <0.010 0.020
Lead (Pb)-Total (mg/L) <0.000050 <0.000050 <0.000050 0.000061
Lithium (Li)-Total (mg/L) 0.151 0.141 0.141 0.159
Magnesium (Mg)-Total (mg/L) 992 985 975 1050
Manganese (Mn)-Total (mg/L) 0.00069 0.00087 0.00078 0.00148
Mercury (Hg)-Total (mg/L) <0.0000050 <0.0000050 | <0.0000050 <0.0000050
Molybdenum (Mo)-Total (mg/L) 0.0102 0.00965 0.00937 0.0103

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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ALS ENVIRONMENTAL ANALYTICAL REPORT 12-SEP-19 11:33 (MT)

Version: FINAL

Sample ID L2340208-1 L2340208-2 L2340208-3 L2340208-4
Description Seawater Seawater Seawater Seawater
Sampled Date 29-AUG-19 29-AUG-19 29-AUG-19 29-AUG-19
Sampled Time 09:30 10:00 09:15 09:45
Client ID SOURCE-2 WNW-2 NORTH-2 ENE-2
Grouping Analyte
SEAWATER
Total Metals Nickel (Ni)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Phosphorus (P)-Total (mg/L) <0.050 <0.050 <0.050 <0.050
Potassium (K)-Total (mg/L) 355 338 331 364
Rhenium (Re)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Rubidium (Rb)-Total (mg/L) 0.0894 0.0877 0.0881 0.0961
Selenium (Se)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Silicon (Si)-Total (mg/L) <1.0 <1.0 <1.0 <1.0
Silver (Ag)-Total (mg/L) <0.00010 <0.00010 <0.00010 <0.00010
Sodium (Na)-Total (mg/L) 9610 9080 8860 9730
Strontium (Sr)-Total (mg/L) 712 6.60 6.75 730
Sulfur (S)-Total (mg/L) 857 844 847 952
Tellurium (Te)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Thallium (Tl)-Total (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Thorium (Th)-Total (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Tin (Sn)-Total (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Titanium (Ti)-Total (mg/L) <0.0050 <0.0050 <0.0050 <0.0050
Tungsten (W)-Total (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Uranium (U)-Total (mg/L) 0.00288 0.00277 0.00268 0.00290
Vanadium (V)-Total (mg/L) 0.00110 0.00100 0.00101 0.00113
Yttrium (Y)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Zinc (Zn)-Total (mg/L) <0.0030 <0.0030 <0.0030 <0.0030
Zirconium (Zr)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Dissolved Metals Dissolved Mercury Filtration Location LAB LAB LAB LAB
Dissolved Metals Filtration Location LAB LAB LAB LAB
Aluminum (Al)-Dissolved (mg/L) <0.0050 <0.0050 <0.0050 <0.0050
Antimony (Sb)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Arsenic (As)-Dissolved (mg/L) 0.00153 0.00139 0.00143 0.00150
Barium (Ba)-Dissolved (mg/L) 0.0085 0.0084 0.0082 0.0082
Beryllium (Be)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Bismuth (Bi)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Boron (B)-Dissolved (mg/L) 3.62 3.40 3.40 3.54
Cadmium (Cd)-Dissolved (mg/L) 0.000038 0.000038 0.000040 0.000035
Calcium (Ca)-Dissolved (mg/L) 378 379 383 396
Cesium (Cs)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Chromium (Cr)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Cobalt (Co)-Dissolved (mgiL) <0.000050 <0.000050 <0.000050 <0.000050
Copper (Cu)-Dissolved (mg/L) <0.00020 0.00027 <0.00020 <0.00020

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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Sample ID L2340208-1 L2340208-2 L2340208-3 L2340208-4
Description Seawater Seawater Seawater Seawater
Sampled Date 29-AUG-19 29-AUG-19 29-AUG-19 29-AUG-19
Sampled Time 09:30 10:00 09:15 09:45
Client ID SOURCE-2 WNW-2 NORTH-2 ENE-2
Grouping Analyte
SEAWATER
Dissolved Metals  Gallium (Ga)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Iron (Fe)-Dissolved (mg/L) <0.010 <0.010 <0.010 <0.010
Lead (Pb)-Dissolved (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Lithium (Li)-Dissolved (mg/L) 0.164 0.148 0.150 0.152
Magnesium (Mg)-Dissolved (mg/L) 1090 1070 1090 1110
Manganese (Mn)-Dissolved (mg/L) 0.00051 0.00063 0.00044 0.00075
Mercury (Hg)-Dissolved (mg/L) <0.0000050 <0.0000050 | <0.0000050 <0.0000050
Molybdenum (Mo)-Dissolved (mg/L) 0.0106 0.0103 0.00995 0.0107
Nickel (Ni)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Phosphorus (P)-Dissolved (mg/L) <0.050 <0.050 <0.050 <0.050
Potassium (K)-Dissolved (mg/L) 350 341 347 361
Rhenium (Re)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Rubidium (Rb)-Dissolved (mg/L) 0.104 0.0976 0.100 0.104
Selenium (Se)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Silicon (Si)-Dissolved (mg/L) <1.0 <1.0 <1.0 <1.0
Silver (Ag)-Dissolved (mg/L) <0.00010 <0.00010 <0.00010 <0.00010
Sodium (Na)-Dissolved (mg/L) 9200 8620 8760 9570
Strontium (Sr)-Dissolved (mg/L) 732 7.26 711 7.63
Sulfur (S)-Dissolved (mg/L) 990 932 942 1010
Tellurium (Te)-Dissolved (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Thallium (T1)-Dissolved (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Thorium (Th)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Tin (Sn)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Titanium (Ti)-Dissolved (mgiL) <0.0050 <0.0050 <0.0050 <0.0050
Tungsten (W)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Uranium (U)-Dissolved (mg/L) 0.00347 0.00313 0.00285 0.00312
Vanadium (V)-Dissolved (mg/L) 0.00130 0.00124 0.00125 0.00127
Ytrium (Y)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Zinc (zn)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Zirconium (Zr)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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Sample ID L2340208-1 L2340208-2 L2340208-3 L2340208-4
Description Seawater Seawater Seawater Seawater
Sampled Date | 29-AUG-19 29-AUG-19 29-AUG-19 29-AUG-19
Sampled Time 09:30 10:00 09:15 09:45
Client ID SOURCE-2 WNW-2 NORTH-2 ENE-2
Grouping Analyte
WATER
Bacteriological Coliform Bacteria - Fecal (CFU/100mL) <10 PERR <10 ik <10 PERR <10 PEnR
Tests
Hydrocarbons EPH10-19 (mg/L) <0.25 <0.25 <0.25 <0.25
EPH19-32 (mg/L) <0.25 <0.25 <0.25 <0.25
LEPH (mg/L) <0.25 <0.25 <0.25 <0.25
HEPH (mg/L) <0.25 <0.25 <0.25 <0.25
Surrogate: 2-Bromobenzotrifluoride (%) 88.8 82,5 94.9 91.6
Polycyclic Acenaphthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Aromatic
Hydrocarbons
Acenaphthylene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Acridine (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Anthracene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benz(a)anthracene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benzo(a)pyrene (mg/L) <0.0000050 | <0.0000050 | <0.0000050 | <0.0000050
Benzo(b&j)fluoranthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benzo(b+j+k)fluoranthene (mg/L) <0.000015 <0.000015 <0.000015 <0.000015
Benzo(g,h,perylene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benzo(k)fluoranthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Chrysene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Dibenz(a,h)anthracene (mg/L) <0.0000050 | <0.0000050 | <0.0000050 | <0.0000050
Fluoranthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Fluorene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Indeno(1,2,3-c,d)pyrene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
1-Methylnaphthalene (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
2-Methylnaphthalene (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Naphthalene (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Phenanthrene (mg/L) <0.000020 <0.000020 <0.000020 <0.000020
Pyrene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Quinoline (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Surrogate: Acridine d9 (%) 102.8 96.7 101.1 101.8
Surrogate: Chrysene d12 (%) 99.3 93.1 99.1 95.8
Surrogate: Naphthalene d8 (%) 94.2 91.7 975 94.7
Surrogate: Phenanthrene d10 (%) 102.5 97.7 104.1 100.2

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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QC Type Description Parameter Qualifier Applies to Sample Number(s)
Method Blank Aluminum (Al)-Total B L2340208-1, -2
Method Blank Manganese (Mn)-Total B L2340208-1, -2
Laboratory Control Sample Sulfur (S)-Total MES L2340208-1, -2, -3, -4
Matrix Spike Boron (B)-Dissolved MS-B L2340208-1, -2, -3, -4
Matrix Spike Calcium (Ca)-Dissolved MS-B L2340208-1, -2, -3, -4
Matrix Spike Magnesium (Mg)-Dissolved MS-B L2340208-1, -2, -3, -4
Matrix Spike Potassium (K)-Dissolved MS-B L2340208-1, -2, -3, -4
Matrix Spike Rubidium (Rb)-Dissolved MS-B L2340208-1, -2, -3, -4
Matrix Spike Strontium (Sr)-Dissolved MS-B L2340208-1, -2, -3, -4
Matrix Spike Sulfur (S)-Dissolved MS-B L2340208-1, -2, -3, -4
Matrix Spike Boron (B)-Total MS-B L2340208-1, -2, -3, -4
Matrix Spike Boron (B)-Total MS-B L2340208-1, -2
Matrix Spike Calcium (Ca)-Total MS-B L2340208-1, -2, -3, -4
Matrix Spike Calcium (Ca)-Total MS-B L2340208-1, -2
Matrix Spike Magnesium (Mg)-Total MS-B L2340208-1, -2, -3, -4
Matrix Spike Magnesium (Mg)-Total MS-B L2340208-1, -2
Matrix Spike Potassium (K)-Total MS-B L2340208-1, -2, -3, -4
Matrix Spike Potassium (K)-Total MS-B L2340208-1, -2
Matrix Spike Rubidium (Rb)-Total MS-B L2340208-1, -2, -3, -4
Matrix Spike Rubidium (Rb)-Total MS-B L2340208-1, -2
Matrix Spike Strontium (Sr)-Total MS-B L2340208-1, -2, -3, -4
Matrix Spike Strontium (Sr)-Total MS-B L2340208-1, -2
Matrix Spike Sulfur (S)-Total MS-B L2340208-1, -2, -3, -4
Matrix Spike Sulfur (S)-Total MS-B L2340208-1, -2
Matrix Spike Sodium (Na)-Dissolved MS-B L2340208-1, -2, -3, -4
Matrix Spike Sodium (Na)-Total MS-B L2340208-1, -2, -3, -4

Qualifiers for Individual Parameters Listed:

Qualifier Description

B Method Blank exceeds ALS DQO. Associated sample results which are < Limit of Reporting or > 5 times blank level are considered
reliable.

MES Data Quality Objective was marginally exceeded (by < 10% absolute) for < 10% of analytes in a Multi-Element Scan / Multi-Parameter
Scan (considered acceptable as per OMOE & CCME).

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

PEHR Parameter Exceeded Recommended Holding Time On Receipt: Proceed With Analysis As Requested.

RRV Reported Result Verified By Repeat Analysis

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

ALK-TITR-VA Seawater  Alkalinity Spec by Titration (Seawater) APHA 2320 Alkalinity

This analysis is carried out using procedures adapted from APHA Method 2320 "Alkalinity". Total alkalinity is determined by potentiometric titration to a
pH 4.5 endpoint. Bicarbonate, carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total alkalinity values.

ANIONS-C-BR-IC-VA Bromide by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

ANIONS-C-CL-IC-VA Seawater  Chloride by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

ANIONS-C-F-IC-VA EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

ANIONS-C-NO2-IC-VA EPA 300.1 (mod)

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography". Nitrite is
detected by UV absorbance.

Seawater

Seawater

Fluoride by IC (seawater)

Seawater  Nitrite in Seawater by IC
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ANIONS-C-NO3-IC-VA Seawater  Nitrate in Seawater by IC EPA 300.1 (mod)

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography". Nitrate is
detected by UV absorbance.

ANIONS-C-S04-IC-VA Seawater  Sulfate by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

CARBONS-C-TOC-VA Seawater  TOC by combustion (seawater) APHA 5310B TOTAL ORGANIC CARBON (TOC)
This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)".

EC-C-PCT-VA Seawater  Conductivity (Automated) (seawater) APHA 2510 Auto. Conduc.

This analysis is carried out using procedures adapted from APHA Method 2510 "Conductivity". Conductivity is determined using a conductivity
electrode.

EPH-ME-FID-VA Water EPH in Water BC Lab Manual

EPH is extracted from water using a hexane micro-extraction technigue, with analysis by GC-FID, as per the BC Lab Manual. EPH results include
PAHSs and are therefore not equivalent to LEPH or HEPH.

FCOLI-MF-ENV-VA Water Fecal coliform by membrane filtration APHA METHOD 9222

This analysis is carried out using procedures adapted from APHA Method 9222 "Membrane Filter Technique for Members of the Coliform Group".
Coliform bacteria is enumerated by culturing and colony counting. A known sample volume is filtered through a 0.45 micron membrane filter. The test
involves an initial 24 hour incubation of the filter with the appropriate growth medium, positive results require further testing (up to an additional 48
hours) to confirm and quantify the total coliform. This method is used for non-turbid water with a low background bacteria level.

HG-DIS-C-CVAFS-VA Seawater  Diss. Mercury in Seawater by CVAFS PUGET SOUND PROTOCOLS, EPA 245.7

This analysis is carried out using procedures adapted from "Recommended Guidelines for Measuring Metals in Puget Sound Marine Water, Sediment,
and Tissue Samples" prepared for the United States Environmental Protection Agency and the Puget Sound Water Quality Authority, 1995. The
procedures may involve preliminary sample treatment by filtration (EPA Method 3005A) and involves a cold-oxidation of the acidified seawater sample
using bromine monochloride prior to reduction of the sample with stannous chloride. Instrumental analysis is by cold vapour atomic fluorescence
spectrophotometry or atomic absorption spectrophotometry (EPA Method 245.7).

HG-TOT-C-CVAFS-VA Seawater  Total Mercury in Seawater by CVAFS PUGET SOUND PROTOCOLS, EPA 245.7

This analysis is carried out using procedures adapted from "Recommended Guidelines for Measuring Metals in Puget Sound Marine Water, Sediment,
and Tissue Samples" prepared for the United States Environmental Protection Agency and the Puget Sound Water Quality Authority, 1995. The
procedure involves a cold-oxidation of the acidified seawater sample using bromine monochloride prior to reduction of the sample with stannous
chloride. Instrumental analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption spectrophotometry (EPA Method
245.7).

LEPH/HEPH-CALC-VA Water LEPHs and HEPHs BC MOE LEPH/HEPH
LEPHw and HEPHw are measures of Light and Heavy Extractable Petroleum Hydrocarbons in water. Results are calculated by subtraction of
applicable PAH concentrations from EPH10-19 and EPH19-32, as per the BC Lab Manual LEPH/HEPH calculation procedure.

LEPHw = EPH10-19 minus Acenaphthene, Acridine, Anthracene, Fluorene, Naphthalene and Phenanthrene.

HEPHw = EPH19-32 minus Benz(a)anthracene, Benzo(a)pyrene, Fluoranthene, and Pyrene.
MET-D-F-HMI-CCMS-VA Seawater  Diss. Metals in Seawater by CRC ICPMS APHA 3030B/EPA 6020B (mod)
Seawater samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS (HMI Mode).

MET-T-HB-F-HMI-MS-VA Seawater  Tot Metals in Seawater by CRC ICPMS (BC) EPA 200.2/6020B (mod)

Seawater samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS (HMI Mode). This method is compliant with digestion
requirements of the British Columbia Environmental Laboratory Manual.

NA-D-CCMS-VA Seawater Diss. Sodium in Seawater by CRC ICPMS APHA 3030B/EPA 6020B (mod)
Seawater samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

NA-T-CCMS-VA Seawater  Total Sodium in Seawater by CRC ICPMS EPA 200.2/6020B (mod)
Seawater samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

NH3-F-VA Seawater Ammonia in Seawater by Fluorescence J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

This analysis is carried out, on sulfuric acid preserved samples, using procedures modified from J. Environ. Monit., 2005, 7, 37 - 42, The Royal Society
of Chemistry, "Flow-injection analysis with fluorescence detection for the determination of trace levels of ammonium in seawater", Roslyn J. Waston et
al.

PAH-ME-MS-VA Water PAHSs in Water EPA 3511/8270D (mod)

PAHSs are extracted from water using a hexane micro-extraction technique, with analysis by GC/MS. Because the two isomers cannot be readily
separated chromatographically, benzo(j)fluoranthene is reported as part of the benzo(b)fluoranthene parameter.

PH-C-PCT-VA Seawater  pH by Meter (Automated) (seawater) APHA 4500-H pH Value
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This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH
electrode.
It is recommended that this analysis be conducted in the field.

SALINITY-CALC-VA Seawater  Salinity by conductivity meter APHA 2520B

Salinity is determined by the APHA 2520B Electrical Conductivity Method. Salinity is a unitless parameter that is roughly equivalent to grams per Litre.
ALS applies the unit of psu (practical salinity unit) to indicate that salinity values are derived from the Practical Salinity Scale.

SI-D-CCMS-VA Seawater  Diss. Silicon in Seawater by CRC ICPMS APHA 3030B/EPA 6020B (mod)
Seawater samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

SI-T-CCMS-VA Seawater  Total Silicon in Seawater by CRC ICPMS EPA 200.2/6020B (mod)
Seawater samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

TKN-C-F-VA Seawater  TKN in Seawater by Fluorescence APHA 4500-NORG D.

This analysis is carried out using procedures adapted from APHA Method 4500-Norg D. "Block Digestion and Flow Injection Analysis". Total Kjeldahl
Nitrogen is determined using block digestion followed by Flow-injection analysis with fluorescence detection.

TSS-C-VA Seawater  Total Suspended Solids by Gravimetric APHA 2540 D

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended
Solids (TSS) is determined by filtering a sample through a glass fibre filter. TSS is determined by drying the filter at 104 degrees celsius.

TURBIDITY-C-VA Seawater  Turbidity by Meter in Seawater APHA 2130 Turbidity
This analysis is carried out using procedures adapted from APHA Method 2130 "Turbidity". Turbidity is determined by the nephelometric method.

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:

17-739034

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.

mg/kg - milligrams per kilogram based on dry weight of sample.

mg/kg wwt - milligrams per kilogram based on wet weight of sample.

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight of sample.

mg/L - milligrams per litre.

< - Less than.

D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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Client: GOLDER ASSOCIATES LTD.
3795 Carey Road, Second Floor
Victoria BC V8Z 6T8

Contact: Arman Ospan
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
EPH-ME-FID-VA Water
Batch R4782815
WG3151323-2 LCS
EPH10-19 110.1 % 70-130 06-SEP-19
EPH19-32 108.8 % 70-130 06-SEP-19
WG3151323-1 MB
EPH10-19 <0.25 mg/L 0.25 06-SEP-19
EPH19-32 <0.25 mg/L 0.25 06-SEP-19
Surrogate: 2-Bromobenzotrifluoride 92.6 % 60-140 06-SEP-19
FCOLI-MF-ENV-VA Water
Batch R4789068
WG3150854-3 DUP L2340208-1
Coliform Bacteria - Fecal <10 <10 RPD-NA  CFU/100mL N/A 65 03-SEP-19
WG3150854-4 MB
Coliform Bacteria - Fecal <1 CFU/100mL 1 03-SEP-19
PAH-ME-MS-VA Water
Batch R4782199
WG3151323-2 LCS
Acenaphthene 103.1 % 60-130 04-SEP-19
Acenaphthylene 104.2 % 60-130 04-SEP-19
Acridine 97.1 % 60-130 04-SEP-19
Anthracene 108.8 % 60-130 04-SEP-19
Benz(a)anthracene 110.4 % 60-130 04-SEP-19
Benzo(a)pyrene 104.8 % 60-130 04-SEP-19
Benzo(b&j)fluoranthene 92.3 % 60-130 04-SEP-19
Benzo(g,h,i)perylene 111.0 % 60-130 04-SEP-19
Benzo(k)fluoranthene 107.0 % 60-130 04-SEP-19
Chrysene 114.9 % 60-130 04-SEP-19
Dibenz(a,h)anthracene 110.9 % 60-130 04-SEP-19
Fluoranthene 109.4 % 60-130 04-SEP-19
Fluorene 102.9 % 60-130 04-SEP-19
Indeno(1,2,3-c,d)pyrene 114.1 % 60-130 04-SEP-19
1-Methylnaphthalene 104.0 % 60-130 04-SEP-19
2-Methylnaphthalene 98.7 % 60-130 04-SEP-19
Naphthalene 101.6 % 50-130 04-SEP-19
Phenanthrene 110.1 % 60-130 04-SEP-19
Pyrene 111.0 % 60-130 04-SEP-19

Quinoline 113.6 % 60-130 04-SEP-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
PAH-ME-MS-VA Water
Batch R4782199
WG3151323-1  MB
Acenaphthene <0.000010 mg/L 0.00001 04-SEP-19
Acenaphthylene <0.000010 mg/L 0.00001 04-SEP-19
Acridine <0.000010 mg/L 0.00001 04-SEP-19
Anthracene <0.000010 mg/L 0.00001 04-SEP-19
Benz(a)anthracene <0.000010 mg/L 0.00001 04-SEP-19
Benzo(a)pyrene <0.000005C mg/L 0.000005  04-SEP-19
Benzo(b&j)fluoranthene <0.000010 mg/L 0.00001 04-SEP-19
Benzo(g,h,i)perylene <0.000010 mg/L 0.00001 04-SEP-19
Benzo(k)fluoranthene <0.000010 mg/L 0.00001 04-SEP-19
Chrysene <0.000010 mg/L 0.00001 04-SEP-19
Dibenz(a,h)anthracene <0.000005( mg/L 0.000005  04-SEP-19
Fluoranthene <0.000010 mg/L 0.00001 04-SEP-19
Fluorene <0.000010 mg/L 0.00001 04-SEP-19
Indeno(1,2,3-c,d)pyrene <0.000010 mg/L 0.00001 04-SEP-19
1-Methylnaphthalene <0.000050 mg/L 0.00005 04-SEP-19
2-Methylnaphthalene <0.000050 mg/L 0.00005 04-SEP-19
Naphthalene <0.000050 mg/L 0.00005 04-SEP-19
Phenanthrene <0.000020 mg/L 0.00002 04-SEP-19
Pyrene <0.000010 mg/L 0.00001 04-SEP-19
Quinoline <0.000050 mg/L 0.00005 04-SEP-19
Surrogate: Acridine d9 104.3 % 60-130 04-SEP-19
Surrogate: Chrysene d12 100.9 % 60-130 04-SEP-19
Surrogate: Naphthalene d8 97.8 % 50-130 04-SEP-19
Surrogate: Phenanthrene d10 108.6 % 60-130 04-SEP-19
ALK-TITR-VA Seawater
Batch R4794411
WG3155352-4 DUP L2340208-1
Alkalinity, Total (as CaCO3) 116 116 mg/L 0.3 20 10-SEP-19
WG3155352-3 LCS
Alkalinity, Total (as CaCO3) 102.6 % 70-130 10-SEP-19
WG3155352-1 MB
Alkalinity, Total (as CaCO3) <1.0 mg/L 1 10-SEP-19

ANIONS-C-BR-IC-VA Seawater
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
ANIONS-C-BR-IC-VA Seawater
Batch R4790392
WG3155452-3  DUP L2340208-1
Bromide (Br) 59.1 60.3 mg/L 2.0 20 08-SEP-19
WG3155452-2 LCS
Bromide (Br) 99.2 % 85-115 08-SEP-19
WG3155452-1 MB
Bromide (Br) <5.0 mg/L 5 08-SEP-19
ANIONS-C-CL-IC-VA Seawater
Batch R4790392
WG3155452-3 DUP L2340208-1
Chloride (CI) 17300 17600 mg/L 1.7 20 08-SEP-19
WG3155452-2 LCS
Chloride (CI) 99.9 % 90-110 08-SEP-19
WG3155452-1 MB
Chloride (CI) <50 mg/L 50 08-SEP-19
ANIONS-C-F-IC-VA Seawater
Batch R4790392
WG3155452-3  DUP L2340208-1
Fluoride (F) 1.1 1.1 mg/L 5.3 20 08-SEP-19
WG3155452-2 LCS
Fluoride (F) 105.1 % 90-110 08-SEP-19
WG3155452-1 MB
Fluoride (F) <1.0 mg/L 1 08-SEP-19
ANIONS-C-NO2-IC-VA Seawater
Batch R4790392
WG3155452-3  DUP L2340208-1
Nitrite (as N) <0.10 <0.10 RPD-NA mg/L N/A 20 08-SEP-19
WG3155452-2 LCS
Nitrite (as N) 103.7 % 90-110 08-SEP-19
WG3155452-1 MB
Nitrite (as N) <0.10 mg/L 0.1 08-SEP-19
ANIONS-C-NOS-IC-VA Seawater
Batch R4790392
WG3155452-3 DUP L2340208-1
Nitrate (as N) <0.50 <0.50 RPD-NA mg/L N/A 20 08-SEP-19
WG3155452-2 LCS
Nitrate (as N) 100.4 % 90-110 08-SEP-19

WG3155452-1 MB
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Test Matrix Reference

Result Qualifier Units RPD

Limit

Analyzed

ANIONS-C-NOS-IC-VA Seawater

Batch R4790392

WG3155452-1 MB
Nitrate (as N)

ANIONS-C-S04-IC-VA Seawater

Batch R4790392
WG3155452-3 DUP L2340208-1
Sulfate (SO4) 2400

WG3155452-2 LCS
Sulfate (SO4)

WG3155452-1 MB
Sulfate (SO4)

CARBONS-C-TOC-VA Seawater

Batch R4791408
WG3155040-2 LCS
Total Organic Carbon

WG3155040-1 MB
Total Organic Carbon

WG3155040-4 MS
Total Organic Carbon

L2340208-2

Batch R4798130
WG3156601-6  DUP L2340208-1
Total Organic Carbon 1.15

WG3156601-5 LCS
Total Organic Carbon

WG3156601-4 MB
Total Organic Carbon

EC-C-PCT-VA Seawater
Batch R4794411

WG3155352-4 DUP
Conductivity

L2340208-1
46300

WG3155352-1 MB
Conductivity

HG-DIS-C-CVAFS-VA Seawater

Batch R4783386

WG3153023-3 DUP
Mercury (Hg)-Dissolved

L2340208-1
<0.0000050

WG3153023-2 LCS

<0.50 mg/L

2430 mg/L 1.4

100.6 %

<30 mg/L

102.6 %

<0.50 mg/L

1011 %

1.02 mg/L 12

102.4 %

<0.50 mg/L

46100 uS/cm 0.4

<2.0 uS/cm

<0.000005C RPD-NA mg/L N/A

0.5

20

90-110

30

80-120

0.5

70-130

20

80-120

0.5

10

20

08-SEP-19

08-SEP-19

08-SEP-19

08-SEP-19

09-SEP-19

09-SEP-19

09-SEP-19

10-SEP-19

10-SEP-19

10-SEP-19

10-SEP-19

10-SEP-19

05-SEP-19



Quality Control Report

Workorder: L2340208 Report Date: 12-SEP-19 Page 5 of 22
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
HG-DIS-C-CVAFS-VA Seawater
Batch R4783386
WG3153023-2 LCS
Mercury (Hg)-Dissolved 97.9 % 80-120 05-SEP-19
WG3153023-1  MB LF
Mercury (Hg)-Dissolved <0.000005C mg/L 0.000005  05-SEP-19
WG3153023-4 MS L2340208-2
Mercury (Hg)-Dissolved 92.9 % 70-130 05-SEP-19
HG-TOT-C-CVAFS-VA Seawater
Batch R4783384
WG3152475-2 LCS
Mercury (Hg)-Total 97.6 % 80-120 05-SEP-19
WG3152475-1 MB
Mercury (Hg)-Total <0.000005C mg/L 0.000005  05-SEP-19
MET-D-F-HMI-CCMS-VA Seawater
Batch R4782866
WG3150871-3 DUP L2340208-1
Aluminum (Al)-Dissolved <0.0050 <0.0050 RPD-NA mg/L N/A 20 03-SEP-19
Arsenic (As)-Dissolved 0.00153 0.00155 mg/L 1.8 20 03-SEP-19
Barium (Ba)-Dissolved 0.0085 0.0087 mg/L 2.1 20 03-SEP-19
Beryllium (Be)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 03-SEP-19
Bismuth (Bi)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 03-SEP-19
Boron (B)-Dissolved 3.62 3.66 mg/L 1.0 20 03-SEP-19
Cadmium (Cd)-Dissolved 0.000038 0.000035 mg/L 9.6 20 03-SEP-19
Calcium (Ca)-Dissolved 378 402 mg/L 6.1 20 03-SEP-19
Cesium (Cs)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 03-SEP-19
Chromium (Cr)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 03-SEP-19
Cobalt (Co)-Dissolved <0.000050 <0.000050 RPD-NA mg/L N/A 20 03-SEP-19
Copper (Cu)-Dissolved <0.00020 <0.00020 RPD-NA mg/L N/A 20 03-SEP-19
Gallium (Ga)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 03-SEP-19
Iron (Fe)-Dissolved <0.010 <0.010 RPD-NA mg/L N/A 20 03-SEP-19
Lead (Pb)-Dissolved <0.000050 <0.000050 RPD-NA mg/L N/A 20 03-SEP-19
Lithium (Li)-Dissolved 0.164 0.161 mg/L 1.9 20 03-SEP-19
Magnesium (Mg)-Dissolved 1090 1120 mg/L 3.2 20 03-SEP-19
Manganese (Mn)-Dissolved 0.00051 0.00052 mg/L 1.9 20 03-SEP-19
Molybdenum (Mo)-Dissolved 0.0106 0.0109 mg/L 2.7 20 03-SEP-19
Nickel (Ni)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 03-SEP-19

Phosphorus (P)-Dissolved <0.050 0.059 RPD-NA mg/L N/A 20 03-SEP-19
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MET-D-F-HMI-CCMS-VA Seawater
Batch R4782866

WG3150871-3  DUP L2340208-1

Potassium (K)-Dissolved 350 362 mg/L 3.4 20 03-SEP-19
Rhenium (Re)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 03-SEP-19
Rubidium (Rb)-Dissolved 0.104 0.104 mg/L 0.0 20 03-SEP-19
Selenium (Se)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 03-SEP-19
Silver (Ag)-Dissolved <0.00010 <0.00010 RPD-NA mg/L N/A 20 03-SEP-19
Strontium (Sr)-Dissolved 7.32 7.54 mg/L 3.0 20 03-SEP-19
Sulfur (S)-Dissolved 990 987 mg/L 0.4 20 03-SEP-19
Thallium (TI)-Dissolved <0.000050 <0.000050 RPD-NA  mg/L N/A 20 03-SEP-19
Thorium (Th)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 03-SEP-19
Tin (Sn)-Dissolved <0.0010 <0.0010 RPD-NA mg/L N/A 20 03-SEP-19
Titanium (Ti)-Dissolved <0.0050 <0.0050 RPD-NA mg/L N/A 20 03-SEP-19
Tungsten (W)-Dissolved <0.0010 <0.0010 RPD-NA mg/L N/A 20 03-SEP-19
Uranium (U)-Dissolved 0.00347 0.00319 mg/L 8.4 20 03-SEP-19
Vanadium (V)-Dissolved 0.00130 0.00133 mg/L 1.8 20 03-SEP-19
Yitrium (Y)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 03-SEP-19
Zinc (Zn)-Dissolved <0.0010 <0.0010 RPD-NA mg/L N/A 20 03-SEP-19
Zirconium (Zr)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 03-SEP-19

WG3150871-2 LCS

Aluminum (Al)-Dissolved 97.1 % 80-120 03-SEP-19
Antimony (Sb)-Dissolved 100.1 % 80-120 03-SEP-19
Arsenic (As)-Dissolved 96.2 % 80-120 03-SEP-19
Barium (Ba)-Dissolved 91.4 % 80-120 03-SEP-19
Beryllium (Be)-Dissolved 100.1 % 80-120 03-SEP-19
Bismuth (Bi)-Dissolved 110.6 % 80-120 03-SEP-19
Boron (B)-Dissolved 95.7 % 80-120 03-SEP-19
Cadmium (Cd)-Dissolved 96.5 % 80-120 03-SEP-19
Calcium (Ca)-Dissolved 94.5 % 80-120 03-SEP-19
Cesium (Cs)-Dissolved 103.1 % 80-120 03-SEP-19
Chromium (Cr)-Dissolved 93.3 % 80-120 03-SEP-19
Cobalt (Co)-Dissolved 96.9 % 80-120 03-SEP-19
Copper (Cu)-Dissolved 98.8 % 80-120 03-SEP-19
Gallium (Ga)-Dissolved 100.7 % 80-120 03-SEP-19
Iron (Fe)-Dissolved 96.7 % 80-120 03-SEP-19

Lead (Pb)-Dissolved 107.5 % 80-120 03-SEP-19
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MET-D-F-HMI-CCMS-VA Seawater
Batch R4782866

WG3150871-2 LCS

Lithium (Li)-Dissolved 101.7 % 80-120 03-SEP-19
Magnesium (Mg)-Dissolved 92.6 % 80-120 03-SEP-19
Manganese (Mn)-Dissolved 96.9 % 80-120 03-SEP-19
Molybdenum (Mo)-Dissolved 97.0 % 80-120 03-SEP-19
Nickel (Ni)-Dissolved 99.3 % 80-120 03-SEP-19
Phosphorus (P)-Dissolved 96.6 % 80-120 03-SEP-19
Potassium (K)-Dissolved 88.5 % 80-120 03-SEP-19
Rhenium (Re)-Dissolved 101.5 % 80-120 03-SEP-19
Rubidium (Rb)-Dissolved 94.7 % 80-120 03-SEP-19
Selenium (Se)-Dissolved 100.0 % 80-120 03-SEP-19
Silver (Ag)-Dissolved 99.0 % 80-120 03-SEP-19
Strontium (Sr)-Dissolved 102.1 % 80-120 03-SEP-19
Sulfur (S)-Dissolved 93.8 % 80-120 03-SEP-19
Tellurium (Te)-Dissolved 113.7 % 80-120 03-SEP-19
Thallium (TI)-Dissolved 107.7 % 80-120 03-SEP-19
Thorium (Th)-Dissolved 107.9 % 80-120 03-SEP-19
Tin (Sn)-Dissolved 91.3 % 80-120 03-SEP-19
Titanium (Ti)-Dissolved 88.5 % 80-120 03-SEP-19
Tungsten (W)-Dissolved 104.0 % 80-120 03-SEP-19
Uranium (U)-Dissolved 106.3 % 80-120 03-SEP-19
Vanadium (V)-Dissolved 95.2 % 80-120 03-SEP-19
Yttrium (Y)-Dissolved 90.8 % 80-120 03-SEP-19
Zinc (Zn)-Dissolved 99.0 % 80-120 03-SEP-19
Zirconium (Zr)-Dissolved 90.7 % 80-120 03-SEP-19

WG3150871-1  MB LF

Aluminum (Al)-Dissolved <0.0050 mg/L 0.005 03-SEP-19
Antimony (Sb)-Dissolved <0.0010 mg/L 0.001 03-SEP-19
Arsenic (As)-Dissolved <0.00040 mg/L 0.0004 03-SEP-19
Barium (Ba)-Dissolved <0.0010 mg/L 0.001 03-SEP-19
Beryllium (Be)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Bismuth (Bi)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Boron (B)-Dissolved <0.30 mg/L 0.3 03-SEP-19
Cadmium (Cd)-Dissolved <0.000010 mg/L 0.00001 03-SEP-19

Calcium (Ca)-Dissolved <1.0 mg/L 1 03-SEP-19
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MET-D-F-HMI-CCMS-VA Seawater
Batch R4782866
WG3150871-1 MB LF
Cesium (Cs)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Chromium (Cr)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Cobalt (Co)-Dissolved <0.000050 mg/L 0.00005 03-SEP-19
Copper (Cu)-Dissolved <0.00020 mg/L 0.0002 03-SEP-19
Gallium (Ga)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Iron (Fe)-Dissolved <0.010 mg/L 0.01 03-SEP-19
Lead (Pb)-Dissolved <0.000050 mg/L 0.00005 03-SEP-19
Lithium (Li)-Dissolved <0.020 mg/L 0.02 03-SEP-19
Magnesium (Mg)-Dissolved <1.0 mg/L 1 03-SEP-19
Manganese (Mn)-Dissolved <0.00010 mg/L 0.0001 03-SEP-19
Molybdenum (Mo)-Dissolved <0.00010 mg/L 0.0001 03-SEP-19
Nickel (Ni)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Phosphorus (P)-Dissolved <0.050 mg/L 0.05 03-SEP-19
Potassium (K)-Dissolved <1.0 mg/L 1 03-SEP-19
Rhenium (Re)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Rubidium (Rb)-Dissolved <0.0050 mg/L 0.005 03-SEP-19
Selenium (Se)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Silver (Ag)-Dissolved <0.00010 mg/L 0.0001 03-SEP-19
Strontium (Sr)-Dissolved <0.010 mg/L 0.01 03-SEP-19
Sulfur (S)-Dissolved <5.0 mg/L 5 03-SEP-19
Tellurium (Te)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Thallium (TI)-Dissolved <0.000050 mg/L 0.00005 03-SEP-19
Thorium (Th)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Tin (Sn)-Dissolved <0.0010 mg/L 0.001 03-SEP-19
Titanium (Ti)-Dissolved <0.0050 mg/L 0.005 03-SEP-19
Tungsten (W)-Dissolved <0.0010 mg/L 0.001 03-SEP-19
Uranium (U)-Dissolved <0.000050 mg/L 0.00005 03-SEP-19
Vanadium (V)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Yttrium (Y)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
Zinc (Zn)-Dissolved <0.0010 mg/L 0.001 03-SEP-19
Zirconium (Zr)-Dissolved <0.00050 mg/L 0.0005 03-SEP-19
WG3150871-4 MS L2340208-2
Aluminum (Al)-Dissolved 106.4 % 70-130 03-SEP-19

Antimony (Sb)-Dissolved 105.7 % 70-130 03-SEP-19
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MET-D-F-HMI-CCMS-VA Seawater
Batch R4782866
WG3150871-4  MS L2340208-2
Arsenic (As)-Dissolved 96.3 % 70-130 03-SEP-19
Barium (Ba)-Dissolved 92.9 % 70-130 03-SEP-19
Beryllium (Be)-Dissolved 101.0 % 70-130 03-SEP-19
Bismuth (Bi)-Dissolved 90.7 % 70-130 03-SEP-19
Boron (B)-Dissolved N/A MS-B % - 03-SEP-19
Cadmium (Cd)-Dissolved 89.0 % 70-130 03-SEP-19
Calcium (Ca)-Dissolved N/A MS-B % - 03-SEP-19
Cesium (Cs)-Dissolved 102.5 % 70-130 03-SEP-19
Chromium (Cr)-Dissolved 98.6 % 70-130 03-SEP-19
Cobalt (Co)-Dissolved 91.8 % 70-130 03-SEP-19
Copper (Cu)-Dissolved 84.6 % 70-130 03-SEP-19
Gallium (Ga)-Dissolved 103.1 % 70-130 03-SEP-19
Iron (Fe)-Dissolved 98.9 % 70-130 03-SEP-19
Lead (Pb)-Dissolved 90.0 % 70-130 03-SEP-19
Lithium (Li)-Dissolved 911 % 70-130 03-SEP-19
Magnesium (Mg)-Dissolved N/A MS-B % - 03-SEP-19
Manganese (Mn)-Dissolved 101.3 % 70-130 03-SEP-19
Molybdenum (Mo)-Dissolved 103.7 % 70-130 03-SEP-19
Nickel (Ni)-Dissolved 89.3 % 70-130 03-SEP-19
Phosphorus (P)-Dissolved 115.1 % 70-130 03-SEP-19
Potassium (K)-Dissolved N/A MS-B % - 03-SEP-19
Rhenium (Re)-Dissolved 90.5 % 70-130 03-SEP-19
Rubidium (Rb)-Dissolved N/A MS-B % - 03-SEP-19
Selenium (Se)-Dissolved 93.9 % 70-130 03-SEP-19
Silver (Ag)-Dissolved 92.1 % 70-130 03-SEP-19
Strontium (Sr)-Dissolved N/A MS-B % - 03-SEP-19
Sulfur (S)-Dissolved N/A MS-B % - 03-SEP-19
Tellurium (Te)-Dissolved 87.4 % 70-130 03-SEP-19
Thallium (TI)-Dissolved 88.5 % 70-130 03-SEP-19
Thorium (Th)-Dissolved 102.6 % 70-130 03-SEP-19
Tin (Sn)-Dissolved 91.9 % 70-130 03-SEP-19
Titanium (Ti)-Dissolved 111.7 % 70-130 03-SEP-19
Tungsten (W)-Dissolved 102.0 % 70-130 03-SEP-19

Uranium (U)-Dissolved 97.5 % 70-130 03-SEP-19
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MET-D-F-HMI-CCMS-VA Seawater
Batch R4782866
WG3150871-4  MS L2340208-2
Vanadium (V)-Dissolved 103.9 % 70-130 03-SEP-19
Yttrium (Y)-Dissolved 110.2 % 70-130 03-SEP-19
Zinc (Zn)-Dissolved 87.4 % 70-130 03-SEP-19
Zirconium (Zr)-Dissolved 105.0 % 70-130 03-SEP-19
Batch R4784122
WG3150871-3 DUP L2340208-1
Antimony (Sb)-Dissolved <0.0010 <0.0010 RPD-NA mg/L N/A 20 05-SEP-19
Tellurium (Te)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4784122
WG3152142-3 DUP L2340208-1
Aluminum (Al)-Total <0.0050 <0.0050 RPD-NA  mg/L N/A 20 05-SEP-19
Antimony (Sb)-Total <0.0010 <0.0010 RPD-NA  mg/L N/A 20 05-SEP-19
Arsenic (As)-Total 0.00136 0.00146 mg/L 7.3 20 05-SEP-19
Barium (Ba)-Total 0.0081 0.0083 mg/L 2.4 20 05-SEP-19
Beryllium (Be)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Bismuth (Bi)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Boron (B)-Total 4.09 4.05 mg/L 1.1 20 05-SEP-19
Cadmium (Cd)-Total 0.000034 0.000029 mg/L 18 20 05-SEP-19
Calcium (Ca)-Total 354 345 mg/L 2.7 20 05-SEP-19
Cesium (Cs)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Chromium (Cr)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Cobalt (Co)-Total <0.000050 <0.000050 RPD-NA  mg/L N/A 20 05-SEP-19
Copper (Cu)-Total <0.00050 0.00053 RPD-NA mg/L N/A 20 05-SEP-19
Gallium (Ga)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Iron (Fe)-Total <0.010 <0.010 RPD-NA mg/L N/A 20 05-SEP-19
Lead (Pb)-Total <0.000050 <0.000050 RPD-NA mg/L N/A 20 05-SEP-19
Lithium (Li)-Total 0.151 0.144 mg/L 4.4 20 05-SEP-19
Magnesium (Mg)-Total 992 1060 mg/L 7.0 20 05-SEP-19
Manganese (Mn)-Total 0.00069 0.00076 mg/L 9.6 20 05-SEP-19
Molybdenum (Mo)-Total 0.0102 0.00966 mg/L 5.2 20 05-SEP-19
Nickel (Ni)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Phosphorus (P)-Total <0.050 <0.050 RPD-NA mg/L N/A 20 05-SEP-19

Potassium (K)-Total 355 356 mg/L 0.5 20 05-SEP-19
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MET-T-HB-F-HMI-MS-VA Seawater
Batch R4784122
WG3152142-3 DUP L2340208-1
Rhenium (Re)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Rubidium (Rb)-Total 0.0894 0.0912 mg/L 1.9 20 05-SEP-19
Selenium (Se)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Strontium (Sr)-Total 7.12 6.82 mg/L 4.3 20 05-SEP-19
Sulfur (S)-Total 857 923 mg/L 7.5 20 05-SEP-19
Tellurium (Te)-Total <0.00050 0.00051 RPD-NA mg/L N/A 20 05-SEP-19
Thallium (TI)-Total <0.000050 <0.000050 RPD-NA  mg/L N/A 20 05-SEP-19
Thorium (Th)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Tin (Sn)-Total <0.0010 <0.0010 RPD-NA  mg/L N/A 20 05-SEP-19
Titanium (Ti)-Total <0.0050 <0.0050 RPD-NA  mg/L N/A 20 05-SEP-19
Tungsten (W)-Total <0.0010 <0.0010 RPD-NA mg/L N/A 20 05-SEP-19
Uranium (U)-Total 0.00288 0.00277 mg/L 4.0 20 05-SEP-19
Vanadium (V)-Total 0.00110 0.00112 mg/L 2.6 20 05-SEP-19
Yttrium (Y)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Zinc (Zn)-Total <0.0030 <0.0030 RPD-NA  mg/L N/A 20 05-SEP-19
Zirconium (Zr)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
WG3152142-2 LCS
Aluminum (Al)-Total 95.3 % 80-120 05-SEP-19
Antimony (Sb)-Total 105.8 % 80-120 05-SEP-19
Arsenic (As)-Total 96.7 % 80-120 05-SEP-19
Barium (Ba)-Total 93.8 % 80-120 05-SEP-19
Beryllium (Be)-Total 96.4 % 80-120 05-SEP-19
Bismuth (Bi)-Total 108.6 % 80-120 05-SEP-19
Boron (B)-Total 94.0 % 80-120 05-SEP-19
Cadmium (Cd)-Total 105.6 % 80-120 05-SEP-19
Calcium (Ca)-Total 92.4 % 80-120 05-SEP-19
Cesium (Cs)-Total 104.0 % 80-120 05-SEP-19
Chromium (Cr)-Total 94.9 % 80-120 05-SEP-19
Cobalt (Co)-Total 102.5 % 80-120 05-SEP-19
Copper (Cu)-Total 101.4 % 80-120 05-SEP-19
Gallium (Ga)-Total 95.7 % 80-120 05-SEP-19
Iron (Fe)-Total 96.0 % 80-120 05-SEP-19
Lead (Pb)-Total 105.8 % 80-120 05-SEP-19
Lithium (Li)-Total 95.7 % 80-120 05-SEP-19
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MET-T-HB-F-HMI-MS-VA Seawater
Batch R4784122

WG3152142-2 LCS

Magnesium (Mg)-Total 103.2 % 80-120 05-SEP-19
Manganese (Mn)-Total 98.1 % 80-120 05-SEP-19
Molybdenum (Mo)-Total 95.5 % 80-120 05-SEP-19
Nickel (Ni)-Total 101.1 % 80-120 05-SEP-19
Phosphorus (P)-Total 91.0 % 80-120 05-SEP-19
Potassium (K)-Total 88.8 % 80-120 05-SEP-19
Rhenium (Re)-Total 106.5 % 80-120 05-SEP-19
Rubidium (Rb)-Total 100.7 % 80-120 05-SEP-19
Selenium (Se)-Total 101.6 % 80-120 05-SEP-19
Silver (Ag)-Total 101.1 % 80-120 05-SEP-19
Strontium (Sr)-Total 99.0 % 80-120 05-SEP-19
Sulfur (S)-Total 78.4 MES % 80-120 05-SEP-19
Tellurium (Te)-Total 115.2 % 80-120 05-SEP-19
Thallium (TI)-Total 105.8 % 80-120 05-SEP-19
Thorium (Th)-Total 101.5 % 80-120 05-SEP-19
Tin (Sn)-Total 99.6 % 80-120 05-SEP-19
Titanium (Ti)-Total 91.7 % 80-120 05-SEP-19
Tungsten (W)-Total 104.6 % 80-120 05-SEP-19
Uranium (U)-Total 108.0 % 80-120 05-SEP-19
Vanadium (V)-Total 94.5 % 80-120 05-SEP-19
Yttrium (Y)-Total 95.2 % 80-120 05-SEP-19
Zinc (Zn)-Total 99.1 % 80-120 05-SEP-19
Zirconium (Zr)-Total 90.3 % 80-120 05-SEP-19

WG3152142-1 MB

Aluminum (Al)-Total <0.0050 mg/L 0.005 05-SEP-19
Antimony (Sb)-Total <0.0010 mg/L 0.001 05-SEP-19
Arsenic (As)-Total <0.00040 mg/L 0.0004 05-SEP-19
Barium (Ba)-Total <0.0010 mg/L 0.001 05-SEP-19
Beryllium (Be)-Total <0.00050 mg/L 0.0005 05-SEP-19
Bismuth (Bi)-Total <0.00050 mg/L 0.0005 05-SEP-19
Boron (B)-Total <0.30 mg/L 0.3 05-SEP-19
Cadmium (Cd)-Total <0.000010 mg/L 0.00001 05-SEP-19
Calcium (Ca)-Total <1.0 mg/L 1 05-SEP-19

Cesium (Cs)-Total <0.00050 mg/L 0.0005 05-SEP-19



Quality Control Report

Workorder: L2340208 Report Date: 12-SEP-19 Page 13 of 22
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4784122

WG3152142-1  MB

Chromium (Cr)-Total <0.00050 mg/L 0.0005 05-SEP-19
Cobalt (Co)-Total <0.000050 mg/L 0.00005 05-SEP-19
Copper (Cu)-Total <0.00050 mg/L 0.0005 05-SEP-19
Gallium (Ga)-Total <0.00050 mg/L 0.0005 05-SEP-19
Iron (Fe)-Total <0.010 mg/L 0.01 05-SEP-19
Lead (Pb)-Total <0.000050 mg/L 0.00005 05-SEP-19
Lithium (Li)-Total <0.020 mg/L 0.02 05-SEP-19
Magnesium (Mg)-Total <1.0 mg/L 1 05-SEP-19
Manganese (Mn)-Total <0.00020 mg/L 0.0002 05-SEP-19
Molybdenum (Mo)-Total <0.00010 mg/L 0.0001 05-SEP-19
Nickel (Ni)-Total <0.00050 mg/L 0.0005 05-SEP-19
Phosphorus (P)-Total <0.050 mg/L 0.05 05-SEP-19
Potassium (K)-Total <1.0 mg/L 1 05-SEP-19
Rhenium (Re)-Total <0.00050 mg/L 0.0005 05-SEP-19
Rubidium (Rb)-Total <0.0050 mg/L 0.005 05-SEP-19
Selenium (Se)-Total <0.00050 mg/L 0.0005 05-SEP-19
Silver (Ag)-Total <0.00010 mg/L 0.0001 05-SEP-19
Strontium (Sr)-Total <0.010 mg/L 0.01 05-SEP-19
Sulfur (S)-Total <5.0 mg/L 5 05-SEP-19
Tellurium (Te)-Total <0.00050 mg/L 0.0005 05-SEP-19
Thallium (TI)-Total <0.000050 mg/L 0.00005 05-SEP-19
Thorium (Th)-Total <0.00050 mg/L 0.0005 05-SEP-19
Tin (Sn)-Total <0.0010 mg/L 0.001 05-SEP-19
Titanium (Ti)-Total <0.0050 mg/L 0.005 05-SEP-19
Tungsten (W)-Total <0.0010 mg/L 0.001 05-SEP-19
Uranium (U)-Total <0.000050 mg/L 0.00005 05-SEP-19
Vanadium (V)-Total <0.00050 mg/L 0.0005 05-SEP-19
Yttrium (Y)-Total <0.00050 mg/L 0.0005 05-SEP-19
Zinc (Zn)-Total <0.0030 mg/L 0.003 05-SEP-19
Zirconium (Zr)-Total <0.00050 mg/L 0.0005 05-SEP-19

WG3152142-4 MS L2340208-2

Aluminum (Al)-Total 93.4 % 70-130 05-SEP-19
Antimony (Sb)-Total 96.5 % 70-130 05-SEP-19

Arsenic (As)-Total 86.7 % 70-130 05-SEP-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4784122
WG3152142-4 MS L2340208-2
Barium (Ba)-Total 94.8 % 70-130 05-SEP-19
Beryllium (Be)-Total 99.6 % 70-130 05-SEP-19
Bismuth (Bi)-Total 82.4 % 70-130 05-SEP-19
Boron (B)-Total N/A MS-B % - 05-SEP-19
Cadmium (Cd)-Total 88.1 % 70-130 05-SEP-19
Calcium (Ca)-Total N/A MS-B % - 05-SEP-19
Cesium (Cs)-Total 99.5 % 70-130 05-SEP-19
Chromium (Cr)-Total 87.3 % 70-130 05-SEP-19
Cobalt (Co)-Total 84.9 % 70-130 05-SEP-19
Copper (Cu)-Total 78.0 % 70-130 05-SEP-19
Gallium (Ga)-Total 86.7 % 70-130 05-SEP-19
Iron (Fe)-Total 89.2 % 70-130 05-SEP-19
Lead (Pb)-Total 85.0 % 70-130 05-SEP-19
Lithium (Li)-Total 85.8 % 70-130 05-SEP-19
Magnesium (Mg)-Total N/A MS-B % - 05-SEP-19
Manganese (Mn)-Total 91.1 % 70-130 05-SEP-19
Molybdenum (Mo)-Total 95.3 % 70-130 05-SEP-19
Nickel (Ni)-Total 79.0 % 70-130 05-SEP-19
Phosphorus (P)-Total 107.1 % 70-130 05-SEP-19
Potassium (K)-Total N/A MS-B % - 05-SEP-19
Rhenium (Re)-Total 91.2 % 70-130 05-SEP-19
Rubidium (Rb)-Total N/A MS-B % - 05-SEP-19
Selenium (Se)-Total 85.1 % 70-130 05-SEP-19
Strontium (Sr)-Total N/A MS-B % - 05-SEP-19
Sulfur (S)-Total N/A MS-B % - 05-SEP-19
Tellurium (Te)-Total 90.8 % 70-130 05-SEP-19
Thallium (TI)-Total 85.0 % 70-130 05-SEP-19
Thorium (Th)-Total 93.3 % 70-130 05-SEP-19
Tin (Sn)-Total 89.8 % 70-130 05-SEP-19
Titanium (Ti)-Total 95.3 % 70-130 05-SEP-19
Tungsten (W)-Total 98.7 % 70-130 05-SEP-19
Uranium (U)-Total 86.9 % 70-130 05-SEP-19
Vanadium (V)-Total 91.9 % 70-130 05-SEP-19

Yttrium (Y)-Total 105.5 % 70-130 05-SEP-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4784122
WG3152142-4 MS L2340208-2
Zinc (Zn)-Total 75.2 % 70-130 05-SEP-19
Zirconium (Zr)-Total 95.0 % 70-130 05-SEP-19
Batch R4792950
WG3154806-3 DUP L2340208-1
Antimony (Sb)-Total <0.0010 <0.0010 RPD-NA  mg/L N/A 20 09-SEP-19
Arsenic (As)-Total 0.00136 0.00167 mg/L 2.8 20 09-SEP-19
Barium (Ba)-Total 0.0081 0.0084 mg/L 2.9 20 09-SEP-19
Beryllium (Be)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 09-SEP-19
Bismuth (Bi)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 09-SEP-19
Boron (B)-Total 4.09 3.77 mg/L 0.5 20 09-SEP-19
Cadmium (Cd)-Total 0.000034 0.000033 mg/L 16 20 09-SEP-19
Calcium (Ca)-Total 354 413 mg/L 2.9 20 09-SEP-19
Cesium (Cs)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 09-SEP-19
Chromium (Cr)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 09-SEP-19
Cobalt (Co)-Total <0.000050 <0.000050 RPD-NA  mg/L N/A 20 09-SEP-19
Copper (Cu)-Total <0.00050 0.00059 mg/L 3.6 20 09-SEP-19
Gallium (Ga)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 09-SEP-19
Iron (Fe)-Total <0.010 <0.010 RPD-NA  mg/L N/A 20 09-SEP-19
Lead (Pb)-Total <0.000050 <0.000050 RPD-NA  mg/L N/A 20 09-SEP-19
Lithium (Li)-Total 0.151 0.165 mg/L 0.5 20 09-SEP-19
Magnesium (Mg)-Total 992 1240 mg/L 3.7 20 09-SEP-19
Manganese (Mn)-Total 0.00069 0.00096 mg/L 7.7 20 09-SEP-19
Molybdenum (Mo)-Total 0.0102 0.0102 mg/L 4.4 20 09-SEP-19
Nickel (Ni)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 09-SEP-19
Phosphorus (P)-Total <0.050 <0.050 RPD-NA mg/L N/A 20 09-SEP-19
Potassium (K)-Total 355 406 mg/L 1.2 20 09-SEP-19
Rhenium (Re)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 09-SEP-19
Rubidium (Rb)-Total 0.0894 0.109 mg/L 1.0 20 09-SEP-19
Selenium (Se)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 09-SEP-19
Silver (Ag)-Total <0.00010 <0.00010 RPD-NA  mg/L N/A 20 09-SEP-19
Strontium (Sr)-Total 7.12 7.20 mg/L 1.2 20 09-SEP-19
Sulfur (S)-Total 857 1050 mg/L 2.6 20 09-SEP-19
Tellurium (Te)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 09-SEP-19
Thallium (TI)-Total <0.000050 <0.000050 RPD-NA  mg/L N/A 20 09-SEP-19
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MET-T-HB-F-HMI-MS-VA Seawater
Batch R4792950
WG3154806-3  DUP L2340208-1
Thorium (Th)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 09-SEP-19
Tin (Sn)-Total <0.0010 <0.0010 RPD-NA  mg/L N/A 20 09-SEP-19
Titanium (Ti)-Total <0.0050 <0.0050 RPD-NA  mg/L N/A 20 09-SEP-19
Tungsten (W)-Total <0.0010 <0.0010 RPD-NA mg/L N/A 20 09-SEP-19
Uranium (U)-Total 0.00288 0.00297 mg/L 0.2 20 09-SEP-19
Vanadium (V)-Total 0.00110 0.00163 mg/L 7.3 20 09-SEP-19
Yttrium (Y)-Total <0.00050 <0.00050 RPD-NA  mg/L N/A 20 09-SEP-19
Zinc (Zn)-Total <0.0030 <0.0030 RPD-NA  mg/L N/A 20 09-SEP-19
Zirconium (Zr)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 09-SEP-19
WG3154806-2 LCS
Aluminum (Al)-Total 92.9 % 80-120 09-SEP-19
Antimony (Sb)-Total 99.6 % 80-120 09-SEP-19
Arsenic (As)-Total 94.4 % 80-120 09-SEP-19
Barium (Ba)-Total 90.1 % 80-120 09-SEP-19
Beryllium (Be)-Total 96.2 % 80-120 09-SEP-19
Bismuth (Bi)-Total 97.8 % 80-120 09-SEP-19
Boron (B)-Total 92.3 % 80-120 09-SEP-19
Cadmium (Cd)-Total 99.0 % 80-120 09-SEP-19
Calcium (Ca)-Total 91.7 % 80-120 09-SEP-19
Cesium (Cs)-Total 96.0 % 80-120 09-SEP-19
Chromium (Cr)-Total 99.7 % 80-120 09-SEP-19
Cobalt (Co)-Total 98.9 % 80-120 09-SEP-19
Copper (Cu)-Total 99.2 % 80-120 09-SEP-19
Gallium (Ga)-Total 96.7 % 80-120 09-SEP-19
Iron (Fe)-Total 93.0 % 80-120 09-SEP-19
Lead (Pb)-Total 92.8 % 80-120 09-SEP-19
Lithium (Li)-Total 96.6 % 80-120 09-SEP-19
Magnesium (Mg)-Total 99.0 % 80-120 09-SEP-19
Manganese (Mn)-Total 98.9 % 80-120 09-SEP-19
Molybdenum (Mo)-Total 94.3 % 80-120 09-SEP-19
Nickel (Ni)-Total 100.6 % 80-120 09-SEP-19
Phosphorus (P)-Total 97.8 % 80-120 09-SEP-19
Potassium (K)-Total 103.7 % 80-120 09-SEP-19

Rhenium (Re)-Total 94.2 %

80-120 09-SEP-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
MET-T-HB-F-HMI-MS-VA Seawater
Batch R4792950

WG3154806-2 LCS

Rubidium (Rb)-Total 97.5 % 80-120 09-SEP-19
Selenium (Se)-Total 99.8 % 80-120 09-SEP-19
Silver (Ag)-Total 96.3 % 80-120 09-SEP-19
Strontium (Sr)-Total 90.7 % 80-120 09-SEP-19
Sulfur (S)-Total 83.2 % 80-120 09-SEP-19
Tellurium (Te)-Total 101.9 % 80-120 09-SEP-19
Thallium (TI)-Total 93.3 % 80-120 09-SEP-19
Thorium (Th)-Total 87.4 % 80-120 09-SEP-19
Tin (Sn)-Total 94.6 % 80-120 09-SEP-19
Titanium (Ti)-Total 88.8 % 80-120 09-SEP-19
Tungsten (W)-Total 90.4 % 80-120 09-SEP-19
Uranium (U)-Total 87.3 % 80-120 09-SEP-19
Vanadium (V)-Total 94.5 % 80-120 09-SEP-19
Yttrium (Y)-Total 92.1 % 80-120 09-SEP-19
Zinc (Zn)-Total 98.8 % 80-120 09-SEP-19
Zirconium (Zr)-Total 90.7 % 80-120 09-SEP-19

WG3154806-1 MB

Aluminum (Al)-Total 0.415 B mg/L 0.005 09-SEP-19
Antimony (Sb)-Total <0.0010 mg/L 0.001 09-SEP-19
Arsenic (As)-Total <0.00040 mg/L 0.0004 09-SEP-19
Barium (Ba)-Total <0.0010 mg/L 0.001 09-SEP-19
Beryllium (Be)-Total <0.00050 mg/L 0.0005 09-SEP-19
Bismuth (Bi)-Total <0.00050 mg/L 0.0005 09-SEP-19
Boron (B)-Total <0.30 mg/L 0.3 09-SEP-19
Cadmium (Cd)-Total <0.000010 mg/L 0.00001 09-SEP-19
Calcium (Ca)-Total <1.0 mg/L 1 09-SEP-19
Cesium (Cs)-Total <0.00050 mg/L 0.0005 09-SEP-19
Chromium (Cr)-Total <0.00050 mg/L 0.0005 09-SEP-19
Cobalt (Co)-Total <0.000050 mg/L 0.00005 09-SEP-19
Copper (Cu)-Total <0.00050 mg/L 0.0005 09-SEP-19
Gallium (Ga)-Total <0.00050 mg/L 0.0005 09-SEP-19
Iron (Fe)-Total <0.010 mg/L 0.01 09-SEP-19
Lead (Pb)-Total <0.000050 mg/L 0.00005 09-SEP-19

Lithium (Li)-Total <0.020 mg/L 0.02 09-SEP-19
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MET-T-HB-F-HMI-MS-VA Seawater
Batch R4792950
WG3154806-1 MB
Magnesium (Mg)-Total <1.0 mg/L 1 09-SEP-19
Manganese (Mn)-Total 0.00041 B mg/L 0.0002 09-SEP-19
Molybdenum (Mo)-Total <0.00010 mg/L 0.0001 09-SEP-19
Nickel (Ni)-Total <0.00050 mg/L 0.0005 09-SEP-19
Phosphorus (P)-Total <0.050 mg/L 0.05 09-SEP-19
Potassium (K)-Total <1.0 mg/L 1 09-SEP-19
Rhenium (Re)-Total <0.00050 mg/L 0.0005 09-SEP-19
Rubidium (Rb)-Total <0.0050 mg/L 0.005 09-SEP-19
Selenium (Se)-Total <0.00050 mg/L 0.0005 09-SEP-19
Silver (Ag)-Total <0.00010 mg/L 0.0001 09-SEP-19
Strontium (Sr)-Total <0.010 mg/L 0.01 09-SEP-19
Sulfur (S)-Total <5.0 mg/L 5 09-SEP-19
Tellurium (Te)-Total <0.00050 mg/L 0.0005 09-SEP-19
Thallium (TI)-Total <0.000050 mg/L 0.00005 09-SEP-19
Thorium (Th)-Total <0.00050 mg/L 0.0005 09-SEP-19
Tin (Sn)-Total <0.0010 mg/L 0.001 09-SEP-19
Titanium (Ti)-Total <0.0050 mg/L 0.005 09-SEP-19
Tungsten (W)-Total <0.0010 mg/L 0.001 09-SEP-19
Uranium (U)-Total <0.000050 mg/L 0.00005 09-SEP-19
Vanadium (V)-Total <0.00050 mg/L 0.0005 09-SEP-19
Yttrium (Y)-Total <0.00050 mg/L 0.0005 09-SEP-19
Zinc (Zn)-Total <0.0030 mg/L 0.003 09-SEP-19
Zirconium (Zr)-Total <0.00050 mg/L 0.0005 09-SEP-19
NA-D-CCMS-VA Seawater
Batch R4783022
WG3150871-3 DUP L2340208-1
Sodium (Na)-Dissolved 9200 9310 mg/L 1.2 20 04-SEP-19
WG3150871-2  LCS
Sodium (Na)-Dissolved 95.3 % 80-120 04-SEP-19
WG3150871-1 MB LF
Sodium (Na)-Dissolved <25 mg/L 25 04-SEP-19
WG3150871-4  MS L2340208-2
Sodium (Na)-Dissolved N/A MS-B % - 04-SEP-19

NA-T-CCMS-VA Seawater
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Test

Matrix

Reference

Result Qualifier

Units RPD

Limit

Analyzed

NA-T-CCMS-VA
Batch R4784624

WG3152142-3  DUP
Sodium (Na)-Total

WG3152142-2 LCS
Sodium (Na)-Total

WG3152142-1 MB
Sodium (Na)-Total

WG3152142-4 MS
Sodium (Na)-Total
NH3-F-VA
Batch R4790049

WG3155036-2 LCS
Ammonia, Total (as N)

WG3155036-1 MB
Ammonia, Total (as N)
PH-C-PCT-VA
Batch R4794411

WG3155352-2 CRM
pH

WG3155352-4 DUP
pH
SI-D-CCMS-VA
Batch R4783022

WG3150871-3  DUP
Silicon (Si)-Dissolved

WG3150871-2 LCS
Silicon (Si)-Dissolved

WG3150871-1 MB
Silicon (Si)-Dissolved

WG3150871-4 MS
Silicon (Si)-Dissolved
SI-T-CCMS-VA
Batch R4784624

WG3152142-3 DUP
Silicon (Si)-Total

WG3152142-2 LCS
Silicon (Si)-Total

WG3152142-1 MB

Seawater

L2340208-1
9610

L2340208-2

Seawater

Seawater

VA-PH7-BUF

L2340208-1
8.00

Seawater

L2340208-1
<1.0

LF

L2340208-2

Seawater

L2340208-1
<1.0

9390

100.6

<2.5

N/A MS-B

102.9

<0.0050

7.03

8.00 J

<1.0 RPD-NA

97.2

<1.0

93.4

<1.0 RPD-NA

99.7

mg/L 2.3

%

mg/L

%

%

mg/L

pH

pH 0.00

mg/L N/A

%

mg/L

%

mg/L N/A

%

20

80-120

25

85-115

0.005

6.9-7.1

0.3

20

80-120

70-130

20

80-120

06-SEP-19

06-SEP-19

06-SEP-19

06-SEP-19

08-SEP-19

08-SEP-19

10-SEP-19

10-SEP-19

04-SEP-19

04-SEP-19

04-SEP-19

04-SEP-19

06-SEP-19

06-SEP-19
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
SI-T-CCMS-VA Seawater
Batch R4784624
WG3152142-1 MB
Silicon (Si)-Total <1.0 mg/L 1 06-SEP-19
WG3152142-4 MS L2340208-2
Silicon (Si)-Total 96.7 % 70-130 06-SEP-19
TKN-C-F-VA Seawater
Batch R4790768
WG3155038-2 LCS
Total Kjeldahl Nitrogen 111.1 % 75-125 09-SEP-19
WG3155038-1 MB
Total Kjeldahl Nitrogen <0.050 mg/L 0.05 09-SEP-19
TSS-C-VA Seawater
Batch R4784793
WG3152457-4  LCS
Total Suspended Solids 99.7 % 85-115 05-SEP-19
WG3152457-3 MB
Total Suspended Solids <2.0 mg/L 2 05-SEP-19
TURBIDITY-C-VA Seawater
Batch R4787418
WG3155110-2 CRM VA-FORM-40
Turbidity 106.8 % 85-115 07-SEP-19
WG3155110-3 DUP L2340208-1
Turbidity 0.18 0.17 NTU 1.7 15 07-SEP-19
WG3155110-1 MB
Turbidity <0.10 NTU 0.1 07-SEP-19
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Legend:

Limit ALS Control Limit (Data Quality Objectives)
DUP  Duplicate

RPD Relative Percent Difference

N/A Not Available

LCS Laboratory Control Sample

SRM  Standard Reference Material

MS Matrix Spike

MSD  Matrix Spike Duplicate

ADE  Average Desorption Efficiency

MB Method Blank

IRM Internal Reference Material

CRM Certified Reference Material

CCV  Continuing Calibration Verification
CVS  Calibration Verification Standard
LCSD Laboratory Control Sample Duplicate

Sample Parameter Qualifier Definitions:

Qualifier Description

B Method Blank exceeds ALS DQO. Associated sample results which are < Limit of Reporting or > 5 times blank level are
considered reliable.

J Duplicate results and limits are expressed in terms of absolute difference.

MES Data Quality Objective was marginally exceeded (by < 10% absolute) for < 10% of analytes in a Multi-Element Scan /
Multi-Parameter Scan (considered acceptable as per OMOE & CCME).

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit.
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Sample
ALS Product Description ID Sampling Date Date Processed Rec. HT Actual HT  Units Qualifier
Physical Tests
Turbidity by Meter in Seawater
1 29-AUG-19 09:30 07-SEP-19 14:40 3 9 days EHTR
2 29-AUG-19 10:00 07-SEP-19 14:40 3 9 days EHTR
3 29-AUG-19 09:15 07-SEP-19 14:40 3 9 days EHTR
4 29-AUG-19 09:45 07-SEP-19 14:40 3 9 days EHTR
pH by Meter (Automated) (seawater)
1 29-AUG-19 09:30 10-SEP-19 14:47 0.25 293 hours EHTR-FM
2 29-AUG-19 10:00 10-SEP-19 14:47 0.25 293 hours EHTR-FM
3 29-AUG-19 09:15 10-SEP-19 14:47 0.25 294 hours EHTR-FM
4 29-AUG-19 09:45 10-SEP-19 14:47 0.25 293 hours EHTR-FM
Anions and Nutrients
Nitrate in Seawater by IC
1 29-AUG-19 09:30 08-SEP-19 08:51 3 10 days EHTR
2 29-AUG-19 10:00 08-SEP-19 08:51 3 10 days EHTR
3 29-AUG-19 09:15 08-SEP-19 08:51 3 10 days EHTR
4 29-AUG-19 09:45 08-SEP-19 08:51 3 10 days EHTR
Nitrite in Seawater by IC
1 29-AUG-19 09:30 08-SEP-19 08:51 3 10 days EHTR
2 29-AUG-19 10:00 08-SEP-19 08:51 3 10 days EHTR
3 29-AUG-19 09:15 08-SEP-19 08:51 3 10 days EHTR
4 29-AUG-19 09:45 08-SEP-19 08:51 3 10 days EHTR
Bacteriological Tests
Fecal coliform by membrane filtration
1 29-AUG-19 09:30 03-SEP-19 16:00 30 126 hours EHTR
2 29-AUG-19 10:00 03-SEP-19 16:00 30 126 hours EHTR
3 29-AUG-19 09:15 03-SEP-19 16:00 30 127 hours EHTR
4 29-AUG-19 09:45 03-SEP-19 16:00 30 126 hours EHTR

Legend & Qualifier Definitions:

EHTR-FM:
EHTR:
EHTL:
EHT:

Rec. HT:

Notes*:

Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes.

Exceeded ALS recommended hold time prior to sample receipt. Field Measurement recommended.

Exceeded ALS recommended hold time prior to sample receipt.
Exceeded ALS recommended hold time prior to analysis. Sample was received less than 24 hours prior to expiry.
Exceeded ALS recommended hold time prior to analysis.
ALS recommended hold time (see units).

Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is

used for calculation purposes. Samples for L2340208 were received on 03-SEP-19 13:00.

ALS recommended hold times may vary by province. They are assigned to meet known provincial and/or federal government

requirements. In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the
US EPA, APHA Standard Methods, or Environment Canada (where available). For more information, please contact ALS.

The ALS Quality Control Report is provided to ALS clients upon request. ALS includes comprehensive QC checks with every analysis to
ensure our high standards of quality are met. Each QC result has a known or expected target value, which is compared against pre-

determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this

Work Order.



Chrom Perfect Chromatogram Report

ALS Sample ID: L2340208-1
Client Sample ID: SOURCE-2
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The BC EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing hydrocarbon
products that may be present in your sample.

The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and three n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.

A "-L-" in the sample ID denotes a low level sample. A "-S-" denotes a silica gel cleaned sample.
Note: This chromatogram was produced using GC conditions that are specific to the ALS Canada EPH method.

Refer to the ALS Canada EPH Hydrocarbon Library for a collection of chromatograms from common reference
samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.

Printed on 9/6/2019 9:33:52 AM Page 1 of 1



Chrom Perfect Chromatogram Report

ALS Sample ID: L2340208-2
Client Sample ID: WNW-2
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The BC EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing hydrocarbon
products that may be present in your sample.

The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and three n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.

A "-L-" in the sample ID denotes a low level sample. A "-S-" denotes a silica gel cleaned sample.
Note: This chromatogram was produced using GC conditions that are specific to the ALS Canada EPH method.

Refer to the ALS Canada EPH Hydrocarbon Library for a collection of chromatograms from common reference
samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.

Printed on 9/6/2019 9:33:54 AM Page 1 of 1



ALS Sample ID: L2340208-3
Client Sample ID: NORTH-2
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The BC EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing hydrocarbon
products that may be present in your sample.

The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and three n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.

A "-L-" in the sample ID denotes a low level sample. A "-S-" denotes a silica gel cleaned sample.
Note: This chromatogram was produced using GC conditions that are specific to the ALS Canada EPH method.

Refer to the ALS Canada EPH Hydrocarbon Library for a collection of chromatograms from common reference
samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.

Printed on 9/6/2019 1:08:11 PM



ALS Sample ID: L2340208-4
Client Sample ID: ENE-2
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The BC EPH Hydrocarbon Distribution Report (HDR) is intended to assist you in characterizing hydrocarbon
products that may be present in your sample.

The scale at the bottom of the chromatogram indicates the approximate retention times of common petroleum
products and three n-alkane hydrocarbon marker compounds. Retention times may vary between samples, but
general patterns and distributions will remain similar.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, the
sample dilution factor, and the scale at left.

A "-L-" in the sample ID denotes a low level sample. A "-S-" denotes a silica gel cleaned sample.
Note: This chromatogram was produced using GC conditions that are specific to the ALS Canada EPH method.

Refer to the ALS Canada EPH Hydrocarbon Library for a collection of chromatograms from common reference
samples (fuels, oils, etc.). The HDR library can be found at www.alsglobal.com.

Printed on 9/6/2019 1:08:13 PM
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GOLDER ASSOCIATES LTD. Date Received: 04-SEP-19

ATTN: Arman Ospan & Phil Rouget Report Date: 11-SEP-19 14:58 (MT)
Version: FINAL

3795 Carey Road, Second Floor

Victoria BC V8Z 6T8

Client Phone: 250-888-3845

Certificate of Analysis

Lab Work Order #: L2340688

Project P.O. #: NOT SUBMITTED
Job Reference: 1663724-24000
C of C Numbers: 17-739033

Legal Site Desc:

Amber Springer, B.Sc
Account Manager

[This report shall not be reproduced except in full without the written authority of the Laboratory.]

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700
ALS CANADA LTD  Part of the ALS Group  An ALS Limited Company



L2340688 CONTD....
PAGE 2 of 8

ALS ENVIRONMENTAL ANALYTICAL REPORT 11-SEP-19 14:58 (MT)

Version: FINAL

Sample ID L2340688-1 L2340688-2 L2340688-3 L2340688-4
Description Seawater Seawater Seawater Seawater
Sampled Date 02-SEP-19 02-SEP-19 02-SEP-19 02-SEP-19
Sampled Time 09:10 09:05 09:00 09:20
Client ID SOURCE-3 WNW-3 NORTH-3 ENE-3
Grouping Analyte
SEAWATER
Physical Tests Conductivity (uS/cm) 17200 20800 10900 20200
PH (pH) 8.14 8.13 8.20 8.13
Salinity (psu) 10.4 12.8 6.4 12.4
Total Suspended Solids (mg/L) <20 <2.0 <2.0 <2.0
Turbidity (NTU) 0.49 0.65 0.46 0.67
Anions and Alkalinity, Total (as CaCO3) (mg/L) 113 116 115 115
Nutrients
Ammonia, Total (as N) (mg/L) <0.0050 0.0075 <0.0050 <0.0050
Bromide (Br) (mg/L) 18.0 205 11.0 203
Chloride (CI) (mg/L) 5410 6190 3240 6000
Fluoride (F) (mg/L) <10 <1.0 <1.0 <1.0
Nitrate (as N) (mg/L) <0.50 <0.50 <0.50 <0.50
Nitrite (as N) (mg/L) <0.10 <0.10 <0.10 <0.10
Total Kjeldahl Nitrogen (mg/L) 0.204 0.227 0.250 0.218
Sulfate (SO4) (mg/L) 718 819 411 788
Organic / Total Organic Carbon (mg/L) 1.44 1.67 1.36 1.46
Inorganic Carbon
Total Metals Aluminum (Al)-Total (mg/L) 0.0121 0.334 0.0480 0.0216
Antimony (Sb)-Total (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Arsenic (As)-Total (mg/L) 0.00054 0.00055 <0.00040 0.00061
Barium (Ba)-Total (mg/L) 0.0069 0.0067 0.0063 0.0069
Beryllium (Be)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Bismuth (Bi)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Boron (B)-Total (mg/L) 1.50 1.47 1.01 1.70
Cadmium (Cd)-Total (mg/L) 0.000015 0.000013 <0.000010 0.000020
Calcium (Ca)-Total (mg/L) 146 140 98.7 165
Cesium (Cs)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Chromium (Cr)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Cobalt (Co)-Total (mgiL) <0.000050 <0.000050 <0.000050 <0.000050
Copper (Cu)-Total (mg/L) <0.00050 0.00068 <0.00050 <0.00050
Gallium (Ga)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Iron (Fe)-Total (mg/L) 0.014 0.020 0.015 0.020
Lead (Pb)-Total (mg/L) <0.000050 0.000120 <0.000050 0.000053
Lithium (Li)-Total (mg/L) 0.054 0.052 0.033 0.063
Magnesium (Mg)-Total (mg/L) 367 354 217 431
Manganese (Mn)-Total (mg/L) 0.00113 0.00171 0.00113 0.00266
Mercury (Hg)-Total (mg/L) <0.0000050 | <0.0000050 | <0.0000050 | <0.0000050
Molybdenum (Mo)-Total (mg/L) 0.00329 0.00359 0.00205 0.00393

* Please refer to the Reference Information section for an explanation of any qualifiers detected.




L2340688 CONTD....
PAGE 3 of 8

ALS ENVIRONMENTAL ANALYTICAL REPORT 11-SEP-19 14:58 (MT)

Version: FINAL

Sample ID L2340688-1 L2340688-2 L2340688-3 L2340688-4
Description Seawater Seawater Seawater Seawater
Sampled Date 02-SEP-19 02-SEP-19 02-SEP-19 02-SEP-19
Sampled Time 09:10 09:05 09:00 09:20
Client ID SOURCE-3 WNW-3 NORTH-3 ENE-3
Grouping Analyte
SEAWATER
Total Metals Nickel (Ni)-Total (mg/L) <0.00050 0.00057 <0.00050 <0.00050
Phosphorus (P)-Total (mg/L) <0.050 <0.050 <0.050 <0.050
Potassium (K)-Total (mg/L) 114 118 69.6 134
Rhenium (Re)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Rubidium (Rb)-Total (mg/L) 0.0326 0.0334 0.0210 0.0388
Selenium (Se)-Total (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Silicon (Si)-Total (mg/L) <1.0 <1.0 <1.0 <1.0
Silver (Ag)-Total (mg/L) <0.00010 <0.00010 <0.00010 <0.00010
Sodium (Na)-Total (mg/L) 3110 3150 2030 3680
Strontium (Sr)-Total (mg/L) 226 238 1.37 268
Sulfur (S)-Total (mg/L) 270 282 168 324
Tellurium (Te)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Thallium (Tl)-Total (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Thorium (Th)-Total (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Tin (Sn)-Total (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Titanium (Ti)-Total (mg/L) <0.0050 <0.0050 <0.0050 <0.0050
Tungsten (W)-Total (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Uranium (U)-Total (mg/L) 0.00298 0.00420 0.00319 0.00322
Vanadium (V)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Yttrium (Y)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Zinc (Zn)-Total (mg/L) <0.0030 <0.0030 <0.0030 <0.0030
Zirconium (Zr)-Total (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Dissolved Metals Dissolved Mercury Filtration Location LAB LAB LAB LAB
Dissolved Metals Filtration Location LAB LAB LAB LAB
Aluminum (Al)-Dissolved (mg/L) <0.0050 <0.0050 <0.0050 <0.0050
Antimony (Sb)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Arsenic (As)-Dissolved (mg/L) 0.00047 0.00046 <0.00040 0.00058
Barium (Ba)-Dissolved (mg/L) 0.0066 0.0067 0.0059 0.0069
Beryllium (Be)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Bismuth (Bi)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Boron (B)-Dissolved (mg/L) 1.35 1.32 0.85 1.52
Cadmium (Cd)-Dissolved (mg/L) 0.000011 <0.000010 <0.000010 <0.000010
Calcium (Ca)-Dissolved (mg/L) 133 140 87.4 159
Cesium (Cs)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Chromium (Cr)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Cobalt (Co)-Dissolved (mgiL) <0.000050 <0.000050 <0.000050 <0.000050
Copper (Cu)-Dissolved (mg/L) 0.00038 0.00068 0.00031 0.00036

* Please refer to the Reference Information section for an explanation of any qualifiers detected.




L2340688 CONTD....
PAGE 4 of 8

ALS ENVIRONMENTAL ANALYTICAL REPORT 11-SEP-19 14:58 (MT)

Version: FINAL

Sample ID L2340688-1 L2340688-2 L2340688-3 L2340688-4
Description Seawater Seawater Seawater Seawater
Sampled Date 02-SEP-19 02-SEP-19 02-SEP-19 02-SEP-19
Sampled Time 09:10 09:05 09:00 09:20
Client ID SOURCE-3 WNW-3 NORTH-3 ENE-3
Grouping Analyte
SEAWATER
Dissolved Metals  Gallium (Ga)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Iron (Fe)-Dissolved (mg/L) <0.010 <0.010 <0.010 <0.010
Lead (Pb)-Dissolved (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Lithium (Li)-Dissolved (mg/L) 0.054 0.051 0.030 0.063
Magnesium (Mg)-Dissolved (mg/L) 345 335 184 427
Manganese (Mn)-Dissolved (mg/L) 0.00054 0.00066 0.00052 0.00176
Mercury (Hg)-Dissolved (mg/L) <0.0000050 | <0.0000050 | <0.0000050 | <0.0000050
Molybdenum (Mo)-Dissolved (mg/L) 0.00314 0.00317 0.00180 0.00382
Nickel (Ni)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Phosphorus (P)-Dissolved (mg/L) <0.050 <0.050 <0.050 <0.050
Potassium (K)-Dissolved (mg/L) 103 101 58.1 132
Rhenium (Re)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Rubidium (Rb)-Dissolved (mg/L) 0.0322 0.0316 0.0174 0.0396
Selenium (Se)-Dissolved (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Silicon (Si)-Dissolved (mg/L) <1.0 <1.0 <1.0 <1.0
Silver (Ag)-Dissolved (mg/L) <0.00010 <0.00010 <0.00010 <0.00010
Sodium (Na)-Dissolved (mg/L) 3170 3130 1800 3870
Strontium (Sr)-Dissolved (mg/L) 221 224 1.24 258
Sulfur (S)-Dissolved (mg/L) 276 258 150 330
Tellurium (Te)-Dissolved (mgiL) <0.00050 <0.00050 <0.00050 <0.00050
Thallium (T1)-Dissolved (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Thorium (Th)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Tin (Sn)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Titanium (Ti)-Dissolved (mgiL) <0.0050 <0.0050 <0.0050 <0.0050
Tungsten (W)-Dissolved (mg/L) <0.0010 <0.0010 <0.0010 <0.0010
Uranium (U)-Dissolved (mg/L) 0.00311 0.00406 0.00288 0.00336
Vanadium (V)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Ytrium (Y)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050
Zinc (zn)-Dissolved (mg/L) <0.0010 0.0010 <0.0010 <0.0010
Zirconium (Zr)-Dissolved (mg/L) <0.00050 <0.00050 <0.00050 <0.00050

* Please refer to the Reference Information section for an explanation of any qualifiers detected.



L2340688 CONTD....

PAGE 5 of 8
ALS ENVIRONMENTAL ANALYTICAL REPORT 11'SFP'19 14:58 (MT)
Version: FINAL
Sample ID L2340688-1 L2340688-2 L2340688-3 L2340688-4
Description Seawater Seawater Seawater Seawater
Sampled Date | 02-SEP-19 02-SEP-19 02-SEP-19 02-SEP-19
Sampled Time 09:10 09:05 09:00 09:20
Client ID SOURCE-3 WNW-3 NORTH-3 ENE-3
Grouping Analyte
WATER
Bacteriological Coliform Bacteria - Fecal (CFU/100mL) 1 1 <1 2
Tests
Hydrocarbons EPH10-19 (mg/L) <0.25 <0.25 <0.25 <0.25
EPH19-32 (mg/L) <0.25 <0.25 <0.25 <0.25
LEPH (mg/L) <0.25 <0.25 <0.25 <0.25
HEPH (mg/L) <0.25 <0.25 <0.25 <0.25
Surrogate: 2-Bromobenzotrifluoride (%) 935 100.8 95.3 94.3
Polycyclic Acenaphthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Aromatic
Hydrocarbons
Acenaphthylene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Acridine (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Anthracene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benz(a)anthracene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benzo(a)pyrene (mg/L) <0.0000050 | <0.0000050 | <0.0000050 | <0.0000050
Benzo(b&j)fluoranthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benzo(b+j+k)fluoranthene (mg/L) <0.000015 <0.000015 <0.000015 <0.000015
Benzo(g,h,perylene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Benzo(k)fluoranthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Chrysene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Dibenz(a,h)anthracene (mg/L) <0.0000050 | <0.0000050 | <0.0000050 | <0.0000050
Fluoranthene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Fluorene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Indeno(1,2,3-c,d)pyrene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
1-Methylnaphthalene (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
2-Methylnaphthalene (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Naphthalene (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Phenanthrene (mg/L) <0.000020 <0.000020 <0.000020 <0.000020
Pyrene (mg/L) <0.000010 <0.000010 <0.000010 <0.000010
Quinoline (mg/L) <0.000050 <0.000050 <0.000050 <0.000050
Surrogate: Acridine d9 (%) 103.3 110.1 108.2 100.1
Surrogate: Chrysene d12 (%) 102.1 107.8 105.4 105.8
Surrogate: Naphthalene d8 (%) 96.0 104.6 102.8 975
Surrogate: Phenanthrene d10 (%) 102.1 110.2 108.0 103.4

* Please refer to the Reference Information section for an explanation of any qualifiers detected.
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QC Samples with Qualifiers & Comments:

QC Type Description Parameter Qualifier Applies to Sample Number(s)
Laboratory Control Sample Sulfur (S)-Total MES L2340688-1, -2, -3, -4
Matrix Spike Boron (B)-Dissolved MS-B L2340688-1, -2, -3, -4
Matrix Spike Calcium (Ca)-Dissolved MS-B L2340688-1, -2, -3, -4
Matrix Spike Magnesium (Mg)-Dissolved MS-B L2340688-1, -2, -3, -4
Matrix Spike Potassium (K)-Dissolved MS-B L2340688-1, -2, -3, -4
Matrix Spike Strontium (Sr)-Dissolved MS-B L2340688-1, -2, -3, -4
Matrix Spike Sulfur (S)-Dissolved MS-B L2340688-1, -2, -3, -4
Matrix Spike Boron (B)-Total MS-B L2340688-1, -2, -3, -4
Matrix Spike Calcium (Ca)-Total MS-B L2340688-1, -2, -3, -4
Matrix Spike Magnesium (Mg)-Total MS-B L2340688-1, -2, -3, -4
Matrix Spike Potassium (K)-Total MS-B L2340688-1, -2, -3, -4
Matrix Spike Rubidium (Rb)-Total MS-B L2340688-1, -2, -3, -4
Matrix Spike Strontium (Sr)-Total MS-B L2340688-1, -2, -3, -4
Matrix Spike Sulfur (S)-Total MS-B L2340688-1, -2, -3, -4
Matrix Spike Sodium (Na)-Dissolved MS-B L2340688-1, -2, -3, -4
Matrix Spike Sodium (Na)-Total MS-B L2340688-1, -2, -3, -4
Qualifiers for Individual Parameters Listed:
Qualifier Description
MES Data Quality Objective was marginally exceeded (by < 10% absolute) for < 10% of analytes in a Multi-Element Scan / Multi-Parameter
Scan (considered acceptable as per OMOE & CCME).
MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

ALK-TITR-VA Seawater  Alkalinity Spec by Titration (Seawater) APHA 2320 Alkalinity

This analysis is carried out using procedures adapted from APHA Method 2320 "Alkalinity". Total alkalinity is determined by potentiometric titration to a
pH 4.5 endpoint. Bicarbonate, carbonate and hydroxide alkalinity are calculated from phenolphthalein alkalinity and total alkalinity values.

ANIONS-C-BR-IC-VA Seawater  Bromide by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

ANIONS-C-CL-IC-VA Seawater  Chloride by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

ANIONS-C-F-IC-VA Seawater  Fluoride by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

ANIONS-C-NO2-IC-VA Seawater  Nitrite in Seawater by IC EPA 300.1 (mod)

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography”. Nitrite is
detected by UV absorbance.

ANIONS-C-NO3-IC-VA Seawater Nitrate in Seawater by IC EPA 300.1 (mod)

This analysis is carried out using procedures adapted from EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography”. Nitrate is
detected by UV absorbance.

ANIONS-C-SO4-IC-VA Seawater  Sulfate by IC (seawater) EPA 300.1 (mod)

This analysis is carried out using procedures adapted from APHA Method 4110 B. "lon Chromatography with Chemical Suppression of Eluent
Conductivity" and EPA Method 300.0 "Determination of Inorganic Anions by lon Chromatography".

CARBONS-C-TOC-VA Seawater TOC by combustion (seawater) APHA 5310B TOTAL ORGANIC CARBON (TOC)
This analysis is carried out using procedures adapted from APHA Method 5310 "Total Organic Carbon (TOC)".

EC-C-PCT-VA Seawater  Conductivity (Automated) (seawater) APHA 2510 Auto. Conduc.

This analysis is carried out using procedures adapted from APHA Method 2510 "Conductivity". Conductivity is determined using a conductivity
electrode.

EPH-ME-FID-VA Water EPH in Water BC Lab Manual

EPH is extracted from water using a hexane micro-extraction technique, with analysis by GC-FID, as per the BC Lab Manual. EPH results include
PAHSs and are therefore not equivalent to LEPH or HEPH.
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FCOLI-MF-ENV-VA Water Fecal coliform by membrane filtration APHA METHOD 9222

This analysis is carried out using procedures adapted from APHA Method 9222 "Membrane Filter Technique for Members of the Coliform Group".
Coliform bacteria is enumerated by culturing and colony counting. A known sample volume is filtered through a 0.45 micron membrane filter. The test
involves an initial 24 hour incubation of the filter with the appropriate growth medium, positive results require further testing (up to an additional 48
hours) to confirm and quantify the total coliform. This method is used for non-turbid water with a low background bacteria level.

HG-DIS-C-CVAFS-VA Seawater  Diss. Mercury in Seawater by CVAFS PUGET SOUND PROTOCOLS, EPA 245.7

This analysis is carried out using procedures adapted from "Recommended Guidelines for Measuring Metals in Puget Sound Marine Water, Sediment,
and Tissue Samples" prepared for the United States Environmental Protection Agency and the Puget Sound Water Quality Authority, 1995. The
procedures may involve preliminary sample treatment by filtration (EPA Method 3005A) and involves a cold-oxidation of the acidified seawater sample
using bromine monochloride prior to reduction of the sample with stannous chloride. Instrumental analysis is by cold vapour atomic fluorescence
spectrophotometry or atomic absorption spectrophotometry (EPA Method 245.7).

HG-TOT-C-CVAFS-VA Seawater  Total Mercury in Seawater by CVAFS PUGET SOUND PROTOCOLS, EPA 245.7

This analysis is carried out using procedures adapted from "Recommended Guidelines for Measuring Metals in Puget Sound Marine Water, Sediment,
and Tissue Samples" prepared for the United States Environmental Protection Agency and the Puget Sound Water Quality Authority, 1995. The
procedure involves a cold-oxidation of the acidified seawater sample using bromine monochloride prior to reduction of the sample with stannous
chloride. Instrumental analysis is by cold vapour atomic fluorescence spectrophotometry or atomic absorption spectrophotometry (EPA Method
245.7).

LEPH/HEPH-CALC-VA Water LEPHs and HEPHs BC MOE LEPH/HEPH
LEPHw and HEPHw are measures of Light and Heavy Extractable Petroleum Hydrocarbons in water. Results are calculated by subtraction of
applicable PAH concentrations from EPH10-19 and EPH19-32, as per the BC Lab Manual LEPH/HEPH calculation procedure.
LEPHw = EPH10-19 minus Acenaphthene, Acridine, Anthracene, Fluorene, Naphthalene and Phenanthrene.

HEPHw = EPH19-32 minus Benz(a)anthracene, Benzo(a)pyrene, Fluoranthene, and Pyrene.
MET-D-F-HMI-CCMS-VA Seawater  Diss. Metals in Seawater by CRC ICPMS APHA 3030B/EPA 6020B (mod)
Seawater samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS (HMI Mode).

MET-T-HB-F-HMI-MS-VA Seawater  Tot Metals in Seawater by CRC ICPMS (BC) EPA 200.2/6020B (mod)

Seawater samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS (HMI Mode). This method is compliant with digestion
requirements of the British Columbia Environmental Laboratory Manual.

NA-D-CCMS-VA Seawater  Diss. Sodium in Seawater by CRC ICPMS APHA 3030B/EPA 6020B (mod)
Seawater samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

NA-T-CCMS-VA Seawater  Total Sodium in Seawater by CRC ICPMS EPA 200.2/6020B (mod)
Seawater samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

NH3-F-VA Seawater Ammonia in Seawater by Fluorescence J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

This analysis is carried out, on sulfuric acid preserved samples, using procedures modified from J. Environ. Monit., 2005, 7, 37 - 42, The Royal Society
of Chemistry, "Flow-injection analysis with fluorescence detection for the determination of trace levels of ammonium in seawater", Roslyn J. Waston et
al.

PAH-ME-MS-VA Water PAHSs in Water EPA 3511/8270D (mod)

PAHSs are extracted from water using a hexane micro-extraction technique, with analysis by GC/MS. Because the two isomers cannot be readily
separated chromatographically, benzo(j)fluoranthene is reported as part of the benzo(b)fluoranthene parameter.

PH-C-PCT-VA Seawater  pH by Meter (Automated) (seawater) APHA 4500-H pH Value
This analysis is carried out using procedures adapted from APHA Method 4500-H "pH Value". The pH is determined in the laboratory using a pH
electrode.
It is recommended that this analysis be conducted in the field.

SALINITY-CALC-VA Seawater  Salinity by conductivity meter APHA 2520B

Salinity is determined by the APHA 2520B Electrical Conductivity Method. Salinity is a unitless parameter that is roughly equivalent to grams per Litre.
ALS applies the unit of psu (practical salinity unit) to indicate that salinity values are derived from the Practical Salinity Scale.

SI-D-CCMS-VA Seawater Diss. Silicon in Seawater by CRC ICPMS APHA 3030B/EPA 6020B (mod)
Seawater samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

SI-T-CCMS-VA Seawater  Total Silicon in Seawater by CRC ICPMS EPA 200.2/6020B (mod)
Seawater samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

TKN-C-F-VA Seawater  TKN in Seawater by Fluorescence APHA 4500-NORG D.
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This analysis is carried out using procedures adapted from APHA Method 4500-Norg D. "Block Digestion and Flow Injection Analysis". Total Kjeldahl
Nitrogen is determined using block digestion followed by Flow-injection analysis with fluorescence detection.

TSS-C-VA Seawater  Total Suspended Solids by Gravimetric APHA 2540 D

This analysis is carried out using procedures adapted from APHA Method 2540 "Solids". Solids are determined gravimetrically. Total Suspended
Solids (TSS) is determined by filtering a sample through a glass fibre filter. TSS is determined by drying the filter at 104 degrees celsius.

TURBIDITY-C-VA Seawater  Turbidity by Meter in Seawater APHA 2130 Turbidity
This analysis is carried out using procedures adapted from APHA Method 2130 "Turbidity". Turbidity is determined by the nephelometric method.

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:

17-739033

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.

mg/kg - milligrams per kilogram based on dry weight of sample.

mg/kg wwt - milligrams per kilogram based on wet weight of sample.

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight of sample.

mg/L - milligrams per litre.

< - Less than.

D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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Client: GOLDER ASSOCIATES LTD.
3795 Carey Road, Second Floor
Victoria BC V8Z 6T8

Contact: Arman Ospan & Phil Rouget
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed
EPH-ME-FID-VA Water
Batch R4782815
WG3152080-2 LCS
EPH10-19 109.3 % 70-130 06-SEP-19
EPH19-32 108.7 % 70-130 06-SEP-19
WG3152080-1 MB
EPH10-19 <0.25 mg/L 0.25 06-SEP-19
EPH19-32 <0.25 mg/L 0.25 06-SEP-19
Surrogate: 2-Bromobenzotrifluoride 99.4 % 60-140 06-SEP-19
FCOLI-MF-ENV-VA Water
Batch R4789189
WG3151608-2 MB
Coliform Bacteria - Fecal <1 CFU/100mL 1 04-SEP-19
PAH-ME-MS-VA Water
Batch R4784251
WG3152080-2 LCS
Acenaphthene 105.0 % 60-130 05-SEP-19
Acenaphthylene 105.3 % 60-130 05-SEP-19
Acridine 98.4 % 60-130 05-SEP-19
Anthracene 117.3 % 60-130 05-SEP-19
Benz(a)anthracene 119.0 % 60-130 05-SEP-19
Benzo(a)pyrene 112.7 % 60-130 05-SEP-19
Benzo(b&j)fluoranthene 99.4 % 60-130 05-SEP-19
Benzo(g,h,i)perylene 114.3 % 60-130 05-SEP-19
Benzo(k)fluoranthene 108.0 % 60-130 05-SEP-19
Chrysene 122.6 % 60-130 05-SEP-19
Dibenz(a,h)anthracene 115.8 % 60-130 05-SEP-19
Fluoranthene 115.3 % 60-130 05-SEP-19
Fluorene 108.7 % 60-130 05-SEP-19
Indeno(1,2,3-c,d)pyrene 122.6 % 60-130 05-SEP-19
1-Methylnaphthalene 98.2 % 60-130 05-SEP-19
2-Methylnaphthalene 93.4 % 60-130 05-SEP-19
Naphthalene 91.0 % 50-130 05-SEP-19
Phenanthrene 114.1 % 60-130 05-SEP-19
Pyrene 118.6 % 60-130 05-SEP-19
Quinoline 119.0 % 60-130 05-SEP-19

WG3152080-1 MB
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PAH-ME-MS-VA Water
Batch R4784251
WG3152080-1 MB
Acenaphthene <0.000010 mg/L 0.00001 05-SEP-19
Acenaphthylene <0.000010 mg/L 0.00001 05-SEP-19
Acridine <0.000010 mg/L 0.00001 05-SEP-19
Anthracene <0.000010 mg/L 0.00001 05-SEP-19
Benz(a)anthracene <0.000010 mg/L 0.00001 05-SEP-19
Benzo(a)pyrene <0.000005C mg/L 0.000005  05-SEP-19
Benzo(b&j)fluoranthene <0.000010 mg/L 0.00001 05-SEP-19
Benzo(g,h,i)perylene <0.000010 mg/L 0.00001 05-SEP-19
Benzo(k)fluoranthene <0.000010 mg/L 0.00001 05-SEP-19
Chrysene <0.000010 mg/L 0.00001 05-SEP-19
Dibenz(a,h)anthracene <0.000005( mg/L 0.000005  05-SEP-19
Fluoranthene <0.000010 mg/L 0.00001 05-SEP-19
Fluorene <0.000010 mg/L 0.00001 05-SEP-19
Indeno(1,2,3-c,d)pyrene <0.000010 mg/L 0.00001 05-SEP-19
1-Methylnaphthalene <0.000050 mg/L 0.00005 05-SEP-19
2-Methylnaphthalene <0.000050 mg/L 0.00005 05-SEP-19
Naphthalene <0.000050 mg/L 0.00005 05-SEP-19
Phenanthrene <0.000020 mg/L 0.00002 05-SEP-19
Pyrene <0.000010 mg/L 0.00001 05-SEP-19
Quinoline <0.000050 mg/L 0.00005 05-SEP-19
Surrogate: Acridine d9 101.7 % 60-130 05-SEP-19
Surrogate: Chrysene d12 106.5 % 60-130 05-SEP-19
Surrogate: Naphthalene d8 111.2 % 50-130 05-SEP-19
Surrogate: Phenanthrene d10 110.3 % 60-130 05-SEP-19
ALK-TITR-VA Seawater
Batch R4794411
WG3154846-4 DUP L2340688-1
Alkalinity, Total (as CaCO3) 113 114 mg/L 1.0 20 10-SEP-19
WG3154846-3 LCS
Alkalinity, Total (as CaCO3) 101.8 % 70-130 10-SEP-19
WG3154846-1  MB
Alkalinity, Total (as CaCO3) <1.0 mg/L 1 10-SEP-19

ANIONS-C-BR-IC-VA Seawater
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ANIONS-C-BR-IC-VA Seawater
Batch R4788049
WG3154834-3  DUP L2340688-1
Bromide (Br) 18.0 17.6 mg/L 2.0 20 07-SEP-19
WG3154834-2 LCS
Bromide (Br) 100.3 % 85-115 07-SEP-19
WG3154834-1 MB
Bromide (Br) <5.0 mg/L 5 07-SEP-19
ANIONS-C-CL-IC-VA Seawater
Batch R4788049
WG3154834-3 DUP L2340688-1
Chloride (CI) 5410 5300 mg/L 2.0 20 07-SEP-19
WG3154834-2 LCS
Chloride (CI) 100.7 % 90-110 07-SEP-19
WG3154834-1 MB
Chloride (CI) <50 mg/L 50 07-SEP-19
ANIONS-C-F-IC-VA Seawater
Batch R4788049
WG3154834-3  DUP L2340688-1
Fluoride (F) <1.0 <1.0 RPD-NA mg/L N/A 20 07-SEP-19
WG3154834-2 LCS
Fluoride (F) 105.6 % 90-110 07-SEP-19
WG3154834-1 MB
Fluoride (F) <1.0 mg/L 1 07-SEP-19
ANIONS-C-NO2-IC-VA Seawater
Batch R4788049
WG3154834-3  DUP L2340688-1
Nitrite (as N) <0.10 <0.10 RPD-NA mg/L N/A 20 07-SEP-19
WG3154834-2 LCS
Nitrite (as N) 104.2 % 90-110 07-SEP-19
WG3154834-1 MB
Nitrite (as N) <0.10 mg/L 0.1 07-SEP-19
ANIONS-C-NOS-IC-VA Seawater
Batch R4788049
WG3154834-3 DUP L2340688-1
Nitrate (as N) <0.50 <0.50 RPD-NA mg/L N/A 20 07-SEP-19
WG3154834-2 LCS
Nitrate (as N) 101.1 % 90-110 07-SEP-19

WG3154834-1 MB
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ANIONS-C-NOS-IC-VA Seawater

Batch R4788049

WG3154834-1  MB
Nitrate (as N) <0.50 mg/L 0.5 07-SEP-19

ANIONS-C-S04-IC-VA Seawater

Batch R4788049
WG3154834-3  DUP L2340688-1
Sulfate (SO4) 718 712 mg/L 0.9 20 07-SEP-19

WG3154834-2  LCS
Sulfate (SO4) 101.0 % 90-110 07-SEP-19

WG3154834-1 MB
Sulfate (SO4) <30 mg/L 30 07-SEP-19
CARBONS-C-TOC-VA Seawater

Batch R4791408
WG3155040-2 LCS
Total Organic Carbon 102.6 % 80-120 09-SEP-19

WG3155040-1 MB
Total Organic Carbon <0.50 mg/L 0.5 09-SEP-19

EC-C-PCT-VA Seawater

Batch R4794411
WG3154846-4 DUP L2340688-1
Conductivity 17200 17400 uS/cm 0.7 10 10-SEP-19

WG3154846-1 MB
Conductivity <2.0 uS/cm 2 10-SEP-19

HG-DIS-C-CVAFS-VA Seawater

Batch R4783386
WG3153023-2 LCS
Mercury (Hg)-Dissolved 97.9 % 80-120 05-SEP-19

WG3153023-1 MB LF
Mercury (Hg)-Dissolved <0.000005C mg/L 0.000005  05-SEP-19

HG-TOT-C-CVAFS-VA Seawater

Batch R4783386
WG3152490-18 DUP L.2340688-2
Mercury (Hg)-Total <0.0000050 <0.000005C RPD-NA mg/L N/A 20 05-SEP-19
WG3152490-2 LCS
Mercury (Hg)-Total 99.4 % 80-120 05-SEP-19

WG3152490-1 MB
Mercury (Hg)-Total <0.000005C mg/L 0.000005  05-SEP-19
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HG-TOT-C-CVAFS-VA Seawater
Batch R4783386
WG3152490-17 MS L2340688-1
Mercury (Hg)-Total 97.3 % 70-130 05-SEP-19
MET-D-F-HMI-CCMS-VA Seawater
Batch R4784122
WG3152270-3 DUP L2340688-1
Aluminum (Al)-Dissolved <0.0050 <0.0050 RPD-NA mg/L N/A 20 05-SEP-19
Antimony (Sb)-Dissolved <0.0010 <0.0010 RPD-NA  mg/L N/A 20 05-SEP-19
Arsenic (As)-Dissolved 0.00047 0.00048 mg/L 15 20 05-SEP-19
Barium (Ba)-Dissolved 0.0066 0.0062 mg/L 6.2 20 05-SEP-19
Beryllium (Be)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Bismuth (Bi)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Boron (B)-Dissolved 1.35 1.39 mg/L 2.9 20 05-SEP-19
Cadmium (Cd)-Dissolved 0.000011 0.000014 J mg/L 0.000003 0.00002 05-SEP-19
Calcium (Ca)-Dissolved 133 139 mg/L 4.3 20 05-SEP-19
Cesium (Cs)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Chromium (Cr)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Cobalt (Co)-Dissolved <0.000050 <0.000050 RPD-NA  mg/L N/A 20 05-SEP-19
Copper (Cu)-Dissolved 0.00038 0.00038 mg/L 0.5 20 05-SEP-19
Gallium (Ga)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Iron (Fe)-Dissolved <0.010 <0.010 RPD-NA mg/L N/A 20 05-SEP-19
Lead (Pb)-Dissolved <0.000050 <0.000050 RPD-NA mg/L N/A 20 05-SEP-19
Lithium (Li)-Dissolved 0.054 0.053 mg/L 15 20 05-SEP-19
Magnesium (Mg)-Dissolved 345 335 mg/L 3.0 20 05-SEP-19
Manganese (Mn)-Dissolved 0.00054 0.00053 mg/L 1.1 20 05-SEP-19
Molybdenum (Mo)-Dissolved 0.00314 0.00322 mg/L 2.7 20 05-SEP-19
Nickel (Ni)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Phosphorus (P)-Dissolved <0.050 <0.050 RPD-NA mg/L N/A 20 05-SEP-19
Potassium (K)-Dissolved 103 105 mg/L 1.0 20 05-SEP-19
Rhenium (Re)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Rubidium (Rb)-Dissolved 0.0322 0.0319 mg/L 0.9 20 05-SEP-19
Selenium (Se)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Silver (Ag)-Dissolved <0.00010 <0.00010 RPD-NA  mg/L N/A 20 05-SEP-19
Strontium (Sr)-Dissolved 2.21 2.27 mg/L 2.4 20 05-SEP-19

Sulfur (S)-Dissolved 276 269 mg/L 2.8 20 05-SEP-19
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MET-D-F-HMI-CCMS-VA Seawater
Batch R4784122

WG3152270-3 DUP L2340688-1

Tellurium (Te)-Dissolved <0.00050 <0.00050 RPD-NA  mg/L N/A 20 05-SEP-19
Thallium (TI)-Dissolved <0.000050 <0.000050 RPD-NA  mg/L N/A 20 05-SEP-19
Thorium (Th)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Tin (Sn)-Dissolved <0.0010 <0.0010 RPD-NA mg/L N/A 20 05-SEP-19
Titanium (Ti)-Dissolved <0.0050 <0.0050 RPD-NA mg/L N/A 20 05-SEP-19
Tungsten (W)-Dissolved <0.0010 <0.0010 RPD-NA mg/L N/A 20 05-SEP-19
Uranium (U)-Dissolved 0.00311 0.00316 mg/L 1.6 20 05-SEP-19
Vanadium (V)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Yitrium (Y)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19
Zinc (Zn)-Dissolved <0.0010 <0.0010 RPD-NA mg/L N/A 20 05-SEP-19
Zirconium (Zr)-Dissolved <0.00050 <0.00050 RPD-NA mg/L N/A 20 05-SEP-19

WG3152270-2 LCS

Aluminum (Al)-Dissolved 92.4 % 80-120 05-SEP-19
Antimony (Sb)-Dissolved 92.9 % 80-120 05-SEP-19
Arsenic (As)-Dissolved 92.0 % 80-120 05-SEP-19
Barium (Ba)-Dissolved 95.8 % 80-120 05-SEP-19
Beryllium (Be)-Di