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Plain Language Summary

Imperial Oil Resources N.W.T. Limited (Imperial) has retained Ttegoht, Reclamation Services
Advisian (TRSA) for the 2024 aquatic effects monitoring program on the Mackenzie River and
Bosworth Creek in the vicinity of its Norman Wells Operations. The aquatic effects monitoring
program activities in 2024 followed the methods outlined in the version most recently submitted
to the Sathu Land and Water Board in December 2022 for review (Version 4). The objectives of
the 2024 aquatic effects monitoring program are to:

< Determine if aquatic ecosystems and their uses are being adequately protected in the vicinity
of Imperial’s developmental activities;

< Determine the short-term and long-term changes on aquatic ecosystems that occur in
conjunction with the construction and/or operation of Norman Wells Operation;

« Assess the efficacy of engineered controls that are used to minimize the effects of the project
on aquatic ecosystems; and,

- Identify if there is a need for additional mitigation measures to reduce the influence of
operations on aquatic ecosystems.

The 2024 aquatic effects monitoring program addresses these objectives through the execution of
a surface water quality monitoring program using seasonal discrete (including winter) and passive
sampling methods and an effects-based small-bodied fish study in Bosworth Creek. A large-
bodied fish study was not included in the 2024 aquatic effects monitoring program; however, per
direction received from the Sathu Land and Water Board in November 2023, Imperial continues to
work with members of the community towards establishing an agreed upon large-bodied fish
study to incorporate into the aquatic effects monitoring program in the future.

The surface water monitoring component of the aquatic effects monitoring program changed
substantially in 2023 compared with previous years. This involved incorporating additional
regional context to the program; however, several new sampling locations have limited historical
data available as a result. Temporal trends were assessed for sites with existing historical data
collected between 2017 and 2024. In addition, an upstream dataset describing background
chemistry in the Mackenzie River was established using data from two sampling locations near 10-
Mile Island (AEMP-US-02) and midway between Tulita and Norman Wells (AEMP-US-01).
Subsequent years of the aquatic effects monitoring program will continue to build on this
upstream dataset to provide more refined control limits for the monitoring program. Passive
sampling devices, first deployed in 2023 at each sampling location, where semi-permeable
membrane devices were used to measure polycyclic aromatic hydrocarbons (PAHs), and passive
diffusion bags were used to measure petroleum hydrocarbons . These sampling devices were
deployed for approximately 30 days to allow sufficient time for sorption (measurement) of these
contaminants of potential concern. Comparisons with applicable water quality criteria and ionic
composition are used to provide context for water chemistry of the Mackenzie River and Bosworth
Creek.

417085-54419-24200-EN-REP-00001-2024 AEMP Summary-RevO viii
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Results from the surface water sampling program were compared to upper control limits (UCL)
and lower control limits (LCL) established from sample locations upstream of Norman Wells as a
representation of background chemistry (using upstream locations to define the natural water
conditions). These limits have been established for the main parameters identified for Norman
Wells Operation, known as Key Indicator Parameters (KIPs). Several total metal key indicator
parameters including aluminum, arsenic, barium, cadmium, chromium, copper, iron,
molybdenum, nickel, uranium, and zinc had concentrations above the upper control limits in July
and August of 2024. Although few of these metals exceeded the upper control limits in 2023,
most have historically exceeded the upper control limits during periods of higher flow in July and
August. The control limits are an evolving dataset that will be updated to reflect changing
upstream conditions. The total metal concentrations measured immediately upstream of Norman
Wells in 2024 were similar to those at downstream sites that exceeded upper control limits . In
addition, key indicator parameters also exceeded the upper control limits at the Imperial marine
dock, Dehcho Island (Island 3), and immediately downstream from the facility. The concentrations
across these locations remain below environmental quality guidelines.

Of the parameters outside of control limits in 2024, total aluminum, cadmium, chromium, copper,
iron, and zinc exceeded federal environmental quality guidelines at one or more downstream
sampling locations on the Mackenzie River. These parameters are also similarly above guidelines
at upstream sampling locations, and are thus not believed to be enriched by Norman Wells
Operations . No key indicator parameter concentrations exceeded these guidelines in Bosworth
Creek; however, chloride, calcium, magnesium, sulphate, dissolved barium, dissolved copper,
total dissolved solids, molybdenum, and nickel exceeded the upper control limits in 2024.

Increasing chloride concentrations have been measured in Bosworth Creek at upstream and
downstream sites since about 2021. The source of this increase is considered to be upstream from
Norman Wells Operations given that the magnitude of chloride concentrations are similar between
upstream and downstream sites. This is supported by recent groundwater monitoring results near
the central processing facility within Norman Wells Operations, which indicate lower chloride
concentrations than that observed in Bosworth Creek. The maximum chloride concentration in
Bosworth Creek to date is 39 mg/L, which remains below the federal water quality guideline for
the protection of aquatic life (120 mg/L), however, increasing chloride concentrations (at both
upstream and downstream of the facility) will require further analysis as data is collected in the
future.

Time-integrated PAH and alkylated PAH (aPAH) concentrations have been calculated via semi-
permeable membrane devices analysis. Models developed by the United States Geological Survey
were used to estimate concentration in water for measured PAHs and aPAHs, where chemical-
specific properties enable estimation. All PAH and aPAH concentrations quantified via semi-
permeable membrane devices analysis were below the relevant guidelines, which is consistent
with findings for previous PAH direct water sample analysis. However, semi-permeable membrane
devices analyses did enable greater sensitivity (i.e. lower detection limits) for PAHs and aPAHs
compared to direct water sample analyses. Improved resolution of PAH and aPAH concentrations
from lower detection limits has enabled more detailed comparisons among near-field sites and

417085-54419-24200-EN-REP-00001-2024 AEMP Summary-RevO [
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other monitoring locations on the Mackenzie River. Total PAH concentrations of near-field
sampling locations were similar to those measured upstream and farther downstream at Fort
Good Hope with the exception of samples obtained from the marine dock and former refinery
sampling locations (i.e. locations with reduced flow and known natural seeps). The concentrations
of specific PAHs and aPAHs were similar among upstream and downstream sampling locations on
the Mackenzie River as well, suggesting no net change in PAH contributions to the river.

The small-bodied fish study began in 2023 using slimy sculpin (Cottus cognatus) as a sentinel
species and fish were collected from two reaches within Bosworth Creek. A second reference site,
farther upstream on Bosworth Creek was established in 2024 (AEMP-FS-03). Health of fish
collected from the two reference sites upstream from Norman Wells operation (AEMP-FS-01 and
AEMP-FS-03) was compared with fish from the sampling reach within Norman Wells operation
(AEMP-FS-02). Endpoints and tissue analyses used for this component of the aquatic effects
monitoring program used technical guidance for environmental effects monitoring for metal
mining in Canada, and included:

« Fish condition (e.g. condition factor and length versus weight relationships);
< Energy allocation (e.g. liver and gonad size relative to body size);
 Expression of detoxification protein in liver (i.e. CYP1Al enzyme content); and

« Tissue concentration characterization for metals and PAHs/aPAHSs.

Fish health metrics were calculated for sexually mature individuals (i.e. capable of reproduction to
ensure comparability) and several differences were documented between female and male sculpin
from Bosworth Creek. Condition was higher in males from the downstream sampling reach but the
percent difference (9.6%) was below the critical effect size of 10%, which is the action level
threshold for this metric. Condition is dependent on the length and weight of individual fish, with
higher body weights for fish of a given length indicating more energy availability and better
health. Notably, the percent difference (8.3%) of average body weight after being adjusted based
on the site-specific relationship between length and weight was also below the critical effect size.
Liver weight relative to body size was higher in males from the downstream site, and the quantity
of detoxifying protein was also elevated in males from the downstream site — though when
matched with higher condition represents greater nutrient availability. The percent difference
between sites for liver weight relative to body size (14.8% and 23.6%) remained below the critical
effect size of 25% for this metric. This partially verified results observed during the 2023 aquatic
effects monitoring program as per the environmental effects monitoring guidance given that
percent differences were below the critical effect size in 2024. Tissue concentrations for key
indicator parameters were not significantly higher in slimy sculpin from the downstream sampling
reach, however, aluminum, arsenic, copper, and selenium concentrations were lower in female
fish from the new reference site compared with the original reference site in 2024.

417085-54419-24200-EN-REP-00001-2024 AEMP Summary-RevO X



«Qg Ad |71 'S/,

N **
Imperial

Results for PAH concentrations in slimy sculpin tissue from Bosworth Creek were similar to those
observed in 2023. Total PAH concentrations, primarily driven by aPAH concentrations, were similar
between sampling years. Slimy sculpin from the new reference site had a lower PAH concentration
compared with the other two previously existing sampling locations in 2024. Carcinogenic PAHs
are primarily below detection with only chrysene exceeding the detection limit at two sites in
2024. Consequently, the potential cancer risk calculated from slimy sculpin tissue residues are low
in both 2023 and 2024.

The results of the 2024 aquatic effects monitoring program identified some values outside of
control limits and/or exceeding water quality guidelines, however, these water chemistry
exceedances are consistent with historical data and observed at both upstream and downstream
sampling locations. The results from the fish tissue sampling program indicate that there are clear
differences between males and females, and elevated liver size relative to body weight at the
downstream site observed in 2023 was confirmed in 2024. This suggests more energy allocation
to metabolic processes, which can include detoxification processes. Since fish condition is also
higher at the downstream site, the increased energy allocation to the liver can be attributed to
increased energy availability (i.e., nutrient enrichment) and does not appear to reduce overall fish
health of slimy sculpin in Bosworth Creek. Despite these differences, tissue residue concentrations
do not indicate higher contaminant concentrations at the downstream sampling reach.

Some spatial changes observed in 2023 were confirmed in 2024, however, these changes are
below applicable critical effect size thresholds, and do not represent a loss in health or ability to
adapt to changes in environmental conditions. Consequently, no changes to the small-bodied fish
health study are recommended for the 2025 aquatic effects monitoring program . As part of the
continued development of the aquatic effects monitoring program , the potential for combining
fish health measurements across sampling years to improve statistical power should be discussed
with Imperial, community members, and regulators. In addition, communication is ongoing to
develop a large-bodied fish study component of the aquatic effects monitoring program , through
continued participation by communities and regulators.
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Term Description ‘

Accumulated Environmental
State (AES)

The existing state of the system as it has integrated all existing stressors, both
natural and anthropogenic (human influence). In relation to the AEMP, the AES is
focused on the aquatic environment including water quality and fish health

Adaptive Monitoring

An approach that responds to a potential effect by triggering confirmation steps
which may include changing the frequency of monitoring and the extent and
magnitude of monitoring. The process and steps that serve as a response framework
in this document.

AEMP

Aquatic Effects Monitoring Program

ANOVA/ANCOVA

Analysis of Variance (ANOVA) and Analysis of Covariance (ANCOVA) are parametric
(meaning data structure must meet specific assumptions to ensure reliable
comparisons) statistical tests for comparing means among two or more treatments
(e.g. sites) to determine if results are likely to represent distinctly different
populations. In the case of ANCOVA the effect of an additional variable (i.e.
covariate) that influences the response variable is considered in the treatment
comparison using a multiple linear regression approach.

Background Chemistry

The chemical characterization of substances or locations that are not influenced by
releases from a site (USEPA 2002). This may represent the natural state of the
environment or a state that has been influenced by other factors but not by the site
in question.

BTEX Benzene, Toluene, Ethylbenzene, and Xylenes

CCME FWAL Canadian Council of Ministers of the Environment guidelines for the protection of
freshwater aquatic life

CDWQG Canadian Drinking Water Quality Guidelines — Maximum Acceptable Concentrations
only

CES Critical Effect Size is the difference between background and experimental site
conditions before an action level is triggered to initiate the adaptive monitoring
response framework. The critical effect size is variable dependent and based on
existing knowledge of site conditions, as well as existing literature where published
critical effect sizes are available.

CPF Central Processing Facility — the main facility that processes oil at Norman Wells

prior to shipment.

Control-Impact

Control-impact designs compare areas potentially affected with those that cannot be
because of geographical location or sequence in time.

CPUE

Catch per Unit Effort is calculated by dividing the number of fish caught per the
fishing unit for the respective fishing method used. For electrofishing the fishing
effort is based on how many fish are caught per 100 seconds of fishing effort. For
minnow trapping CPUE is determined based on the number of fish captured per hour
that the trap is deployed.

EEM

Environmental Effects Monitoring

Enzyme-linked
immunosorbent assay
(ELISA)

Enzyme-linked immunosorbent assay refers to an analytical method used to
measure concentrations of target proteins in biological tissues that use Horseradish
Peroxidase (HRP) labelled antibodies bound to the target protein to measure
concentration.

FEQG

Federal Environmental Quality Guidelines

417085-54419-24200-EN-REP-00001-2024 AEMP Summary-RevO Xii
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Term Description

GSI

Gonadosomatic Index is the ratio between gonad weight and body weight in fish and
is often used as a measure of the energy/resources being put into reproductive
development.

HSI

Hepatosomatic Index is the ratio between liver weight and body weight in fish and is
often used as a measure of the energy/resources an animal is putting towards
contaminant detoxification and the availability of energy stores (e.g. glycogen,
lipids).

Imperial

Imperial Oil Resources N.W.T. Limited

KIPs

Key Indicator Parameters. Chemical and water quality parameters that have been
identified as most applicable to the Site.

Large-bodied fish study
(LFS)

A monitoring program focused on large-bodied fish species that are of value to local
communities as a food source.

Low Action Level Threshold

Conditions that if exceeded would trigger the adaptive monitoring approach. The low
action level is set at the critical effect size for a specific measurement endpoint to
ensure that changes are detected and addressed in a proactive manner.

Mixed-Function Oxygenase
(MFO)

A group of enzymatic proteins that are involved in the breakdown and removal of
organic compounds.

mg/L Milligrams per litre (parts per million)
mbgs Metres below ground surface

masl Metres above sea level

m3/s Cubic metres per second

pg/L Micrograms per litre (parts per billion)
pg”/l1 Picograms per litre (part per trillion)

Norman Wells Operations
(NWO)

The department within Imperial that is responsible for the operation and decision
making associated with all well sites, flowlines, the central processing facility and
maintenance activities.

PAHs/aPAHs

Polycyclic Aromatic Hydrocarbons/alkylated Polycyclic Aromatic Hydrocarbons

Passive Diffusion Bag (PDB)

A passive sampling device (PSD) used to capture organic compounds that are lighter
(i.e. lower density) than air.

Pl

Pyrogenic Index

Potency Equivalency
Quotient (PEQ)

Overall carcinogenic potential of a mixture of PAHs found in environmental media
measured in relation to Benzo(a)pyrene (BaP).

Potency Equivalency Factor
(PEF)

Carcinogenic potency of individual PAHs with sufficient toxicological information
relative to benzo(a)pyrene (BaP).

Performance Reference
Compounds (PRCs)

Labelled PAH compounds spiked into triolein films before SPMD deployment to
account for hydrocarbon degradation rate during deployment period.

Passive Sampling Device
(PSD)

A sampling technology that sequesters and concentrates bioavailable organic
compounds from the environment.

Semipermeable Membrane
Device (SPMD)

A type of PSD used to capture and organic compounds. Their primary use is in
surface water sampling for PAHs and PCBs over a period of time.

SETAC Society of Environmental Toxicology and Chemistry is a world-wide professional
organization of scientists, regulators, and academia dedicated to advancing
environmental science and environmental management.

SLWB Sahtu Land and Water Board
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Term Description

Small-bodied fish study A monitoring program focused on small fish that can act as a sensitive sentinel
(SFS) species and be indicative of the health of the wider ecosystem.

TRSA Ttegoht Reclamation Services Advisian

UCL/LCL Upper control limit (UCL) and lower control limit (LCL) established around the mean

concentrations of KIPs based on two-times the standard deviation which is used to
identify the critical effect size.

WSC Water Survey Canada
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1. Introduction

Imperial Oil Resources N.W.T. Limited (Imperial) has retained Ttegoht, Reclamation Services
Advisian (TRSA) to conduct an Aquatic Effects Monitoring Program (AEMP) to meet the
requirements of their Water Licence (S13L1-007) issued by the Sahtu Land and Water Board
(SLWB) for their Norman Wells Operation (NWO).

The NWO is owned by Imperial Oil and the Government of Canada and is operated by Imperial.
NWO is an upstream oil and gas facility located approximately 700 km northwest of Yellowknife,
Northwest Territories (NT) as shown on Figure 1. Operations include a central processing facility
(CPF), which receives production from the mainland, along the north-eastern shore of the
Mackenzie River, natural islands (Goose Island, Bear Island, and Frenchy’s Island), and six
artificial islands.

The AEMP is informed by the Guidelines for Designing and Implementing Aquatic Effects
Monitoring Program for Development Projects in the Northwest Territories (MacDonald and Zajdlik,
2009) and, as of 2024, includes assessment of water quality upstream, near facility and
downstream from the NWO in the Mackenzie River. In addition, water quality and small-bodied
fish health upstream, near facility and downstream from the NWO in Bosworth Creek is
incorporated into the AEMP. The current scope of the monitoring activities reflects the revised
Mackenzie Valley Land and Water Board’s and Government of the Northwest Territories Guidelines
for Aquatic Effects Monitoring Programs (MWVLWB and GNWT, 2019) to:

< Determine if aquatic ecosystems and their uses are being adequately protected in the vicinity
of development activities;

< Determine the short-term and long-term changes on aquatic ecosystems that occur in
conjunction with the construction and/or operation of NWO;

« Assess the efficacy of engineered controls that are used to minimize the effects of the project
on aquatic ecosystems; and,

- ldentify if there is a need for additional impact mitigation measures to reduce the influence of
operations on aquatic ecosystems.

Although NWO has been operating, in various states, since the 1920’s and is not a new
development, the AEMP must be designed to monitor potential changes to the aquatic
environment from the current and historical activities at NWO. Some elements of AEMP design,
such as evaluating predictions of impacts on the ecosystem, are not incorporated as no pre-
disturbance environmental impact assessments were completed.

Limitations of liability, scope of report and third-party reliance are provided in Appendix A.
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Surface water quality monitoring on the Mackenzie River and Bosworth Creek upstream and
downstream of NWO has been conducted throughout the open water season since 2017 and has
been tied the AEMP plans submitted to the SLWB. To date, no SLWB-approved version of the
AEMP exists and the program has evolved as changes to the plan have been suggested. The work
completed in 2024, and reported herein, reflects a plan currently in development. This plan
incorporates direction received from the SLWB by Imperial.

Prior to 2023, the AEMP was limited to surface water grab sampling and analysis within the
Mackenzie River and Bosworth Creek during spring, summer and autumn; changes implemented
in the developing plan include the following:

< Revised and additional sampling locations intended to provide assessment of the accumulated
environmental state (AES) as opposed to direct sampling of contributions to the environment;

< Monitoring near potential input locations did not provide detectable changes, which may be
attributable to the lack of contaminant load contributions and/or dilution within the
receiving environment. AES monitoring is intended to capture overall changes to the
aquatic environment near NWO that are potentially attributable to the operation.

« Addition of under ice sampling in winter, during seasonal low flow conditions of the Mackenzie
River;

- Field investigations have not encountered flowing water in Bosworth Creek in the winter.

e Use of passive sampling devices (PSDs) for water analysis of petroleum hydrocarbons and
polycyclic aromatic hydrocarbons (PAHSs); and

< Addition of a small-bodied fish study (SFS) in Bosworth Creek.

Investigations into the feasibility of establishing a SFS program in the mainstem of the Mackenzie
River have been included in the execution of the AEMP in 2022 and 2023. Sampling efforts for
small-bodied species have recorded low catch rates for potential sentinel species that would not
be sufficient to meet target sample sizes in the mainstem. The 2024 AEMP therefore focused on
the SFS program in Bosworth Creek to investigate potential local effects from the NWO. A large-
bodied fish study (LFS) was not included in 2024; the program is currently (at time of writing) in
development by Imperial, the SLWB and local communities, and will be incorporated into AEMP
Version 5.
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2. Norman Wells Oilfield Site Description

Imperial produces oil from wells drilled in the vicinity of the Town of Norman Wells. The oil-
bearing reservoir lies largely under the Mackenzie River at depths ranging from 320 metres below
ground surface (mbgs) to 625 mbgs. Within the operation, there are active production and
injection wells connected through a flowline network to the CPF.

Producing wells are located on the Mainland, the Natural Islands (Goose, Bear, and Frenchy’s),
and the Artificial Islands (1-Rayuka, 2-Rampart, 3-Dehcho, 4-Ekwe, 5-1teh K’ee and 6-Little Bear;
Figure 1). Crude oil production is received at the CPF, where it is processed for shipment via the
Enbridge pipeline to Alberta. No refining is conducted on-site (Imperial 2019).

The NWO is predominantly on the north shore of the Mackenzie River. Elevations range from
approximately 50 to 70 metres above sea level (masl). The river flows in a west-northwesterly
direction past the Town of Norman Wells. The valley within which this major river flows is bounded
on the south by the Mackenzie Mountains and on the north by the Franklin Mountains (Imperial
2019).

The presence of discontinuous permafrost in the area influences local groundwater flow patterns.
Ice lenses and the low conductivity associated with frozen soil in the subsurface act as barriers to
groundwater movement. Two groundwater bearing intervals have been identified in the NWO
area: a shallow discontinuous interval and a deeper unconfined interval.

Norman Wells lies in a zone of discontinuous permafrost, where typical maximum permafrost
thickness ranges from 50 to 65 m. Permafrost in the Norman Wells area is not uncommon and is
regularly encountered at the Imperial site beneath roads and other locations (Imperial 2019).

The presence of natural hydrocarbon seeps in the Sahtu Settlement Area, especially around the
Town of Norman Wells, is known to predate Imperial’s operation. Many natural oil and gas seeps
have been documented in the lower Mackenzie River Valley.

Natural oil and gas seepage continues to occur along the shoreline and below the riverbed in
several locations. The surficial seeps are most visible at these specific locations:

« Along the Mackenzie shore upstream and downstream of the former Refinery area;

e Within the Bosworth Creek delta area;
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< Along the Mackenzie shoreline below the F-28X well;
e At Seepage Lake (between the Former Refinery area and Bosworth Creek); and

< In Bosworth Creek downstream of where the winter road crosses the creek.

The presence of seeps has led to a natural source of hydrocarbons in the groundwater and surface
water at the Imperial site (Imperial 2019).

The Mackenzie River drainage basin is the largest river basin in Canada and the tenth largest river
basin in the world. The Mackenzie River system flows roughly 4,200 km from the headwaters of
the Athabasca River in the Columbia icefield in Jasper National Park, Alberta, and the snowfields of
the upper Peace River headlands in northeastern British Columbia to its final destination at the
Beaufort Sea of the NT (MRBB 2004). The river empties a volume of approximately 10,000 cubic
metres per second (m3/s) into the Beaufort Sea of the Arctic Ocean along the Mackenzie River
delta, accounting for 60% of the freshwater that flows into the Arctic Ocean from Canada and
about 9% of the freshwater discharged to all the oceans by all Canadian watersheds (MRBB
2004).

The water levels in the Mackenzie River at Norman Wells are variable throughout the year. Typical
levels are approximately 41 masl during the winter, with short-term peaks of up to 51 masl
(Komex 1980). Breakup of the Mackenzie River ice at Norman Wells usually occurs over a two-
week period in May, and freeze-up typically occurs during a three-week period in October —
November. The ice thickness of the Mackenzie River usually ranges from 1 to 1.5 m. The
variability of flows that can be encountered during a month can be extreme, especially during the
spring melt. For instance, flows recorded during the month of July (1962 — 2024) have ranged
from 8,450 m3/s to 33,300 m3/s. The lowest recorded daily flow between 1962 and 2020 was
1,680 m3/s on November 21-22, 1990. The largest recorded daily flow for the same time-period
was 33,300 m3/s on July 4, 1988 (WSC 2025a). Seasonal discharge historically measured at the
Water Survey of Canada (WSC) station at Norman Wells (Station No. 10KA001) during the AEMP
(2017 to 2024) is illustrated in Figure 2-1. Flows in the Mackenzie River were relatively high
between 2020 and 2022, however, flow in 2023 and 2024 was reduced compared with previous
years of the AEMP. Flow in the Mackenzie River in 2024 was the lowest documented since the
AEMP began in 2017 (Figure 2-1).

Bosworth Creek is an important local landscape feature used by residents and tourists for
recreation. Bosworth Creek drains a small watershed of approximately 125 km? north and east of
the Town of Norman Wells. The headwaters of Bosworth Creek is Hodgson (Jackfish) Lake located
9 km east at an elevation of approximately 250 masl (190 m above the NWO). Bosworth Creek
flows northwest from Hodgson Lake for approximately 8 km, then southwest approximately 7 km
through the NWO before draining into the Mackenzie River (Collins et al., 2011).
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Seasonal habitat surveys were completed for Bosworth Creek as part of the Mackenzie Gas Project
in 2002. Wetted channel widths along the stream ranged from 3.5 m to 16 m and habitat was
primarily riffle, with most of the remainder composed of shallow and moderate depth run habitat.
Coarse gravel and cobble predominated in most habitat types. Unstable or slumping banks were
common, with banks showing signs of erosion at high flow (Imperial, 2019). Seasonal flow in
Bosworth Creek historically measured at the WSC station near Norman Wells (Station No.
10KAO0O07) during the AEMP is summarized in Figure 2-2 (WSC 2025b). Like the Mackenzie River,
Bosworth Creek had the lowest flows observed since 2017 during the 2024 AEMP (Figure 2-2).
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3. Scope of Work

The AEMP scope of work in 2024 included the following:

e Four seasons (including winter) of surface water sampling from the Mackenzie River and three
seasons (spring, summer, autumn) of sampling Bosworth Creek (since trials have found
Bosworth Creek freezes to bottom during winter);

e Passive sampling using semi-permeable membrane devices (SPMDs) and passive diffusion
bags (PDBs) to better characterize concentrations of PAHs, alkylated PAHs (aPAHs), and
petroleum hydrocarbons in surface water;

e A SFS in Bosworth Creek to characterize fish health;

e Preparing a summary report of the methods and findings.

A LFS was not executed in 2024 given that it is still in the development stage with Imperial, the
SLWB and local communities.

The surface water sampling component of the AEMP included grab samples and passive sampling
in the Mackenzie River and Bosworth Creek. Grab samples were collected in March, July, August,
and September 2024 and PSDs were deployed to measure PAHs/aPAHs and petroleum
hydrocarbons during the open water period (June to September).

3.1.1 Surface Water Sampling Locations

Surface water sampling locations in 2024 are summarized in Table 3-1 and presented over aerial
imagery in Figure 2 (all sites), Figure 3 (near-field sites only), and Figure 4 (Bosworth Creek
only). Sample sites are grouped as upstream and downstream of the NWO to fit a Control-Impact
experimental design, where upstream sites are used to establish normal background chemistry to
be compared with downstream conditions. Seasonal sampling over all four seasons occurs on the
Mackenzie River, however, samples on Bosworth Creek are only sampled during the open water
period due to the creek being frozen to the bottom in winter.

Four additional sampling locations were added in 2024; one upstream in Bosworth Creek and
three downstream in the Mackenzie River (Table 3-1). Although some statistical analysis of these
sites was performed in 2024, no statistical results are discussed in detail due to the small sample
set of three to four samples. Analysis of these sites will be available in the 2025 summary report
provided a minimum of eight samples are collected.

Winter sampling is conducted by accessing the locations over ice; samples are only collected at
locations deemed safe to access by local guides. Open water and very rough ice (which leads to
rough terrain crossing and inconsistent ice thickness) has been observed near some locations.
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Target Environment Potential Facility-related Samples per Year Latitude Longitude Historical Sampling
Stressors (Northing) (Easting) Location
AEMP-US-01 (Tulita/Midway Island) Near shore river flow None 4 65.03432 -126.13506 -—
AEMP-US-02 (10 Mile Island) Near shore river flow None 4 65.20696 -126.52761 AEMP-10
AEMP-US-03 (Norman Wells Upstream) | Mainstem flow None 4 65.25199 -126.68586 -
AEMP-US-04 (Bosworth Creek) Mainstem flow — deep pool None 3 65.29488 -126.88298 -
AEMP-US-05* (Bosworth Creek) Mainstem flow — deep pool None 3 65.30009 -126.88890 -
AEMP-DS-01 (Bosworth Creek) Mainstem flow — deep pool Imperial Site 3 65.28309 -126.86523 AEMP-02
AEMP-DS-02 (Marine Dock) Near shore — flowing. Near facility Boat activity and water release 4 65.27904 -126.87501 AEMP-08
AEMP-DS-03 (Island 3) Mid-channel flow Flowline; island maintenance 4 65.27665 -126.91545 AEMP-01
AEMP-DS-04 (Refinery) Near shore flow Imperial site, tank farm, historical 4 65.27954 -126.84972 AEMP-07
contamination

AEMP-DS-05 (Radar North) Mid-channel flow as it splits north around an Imperial site 4 65.30898 -127.08214 AEMP-11

island
AEMP-DS-06 (FGH Blue Fish) Deep pool near natural islands — identified by Imperial site 4 66.18753 -128.97973 -

locals as high valued fishing site
AEMP-DS-07 (FGH Ramparts)* Mainstem flow — Fort Good Hope Imperial site 3* 66.18554 -128.92648 -—
AEMP-DS-08 (Radar South)* Mid-channel flow as it splits south around an Imperial site 3* 65.29882 -127.10331 -

island
AEMP-DS-09 (End of facility) * Mid channel flow Imperial site 4 65.2869 -126.98148 -—

Notes:

* indicates new location for 2024 sampling year.

# indicates not accessed in winter due to safety concerns.
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3.1.2 Surface Water Analytical Suite

Surface water samples were analyzed for the parameters presented in Table 3-2. Analytes
identified as Key Indicator Parameters (KIPs) for the Norman Wells field are indicated by bold
text. Rationale for the KIPs chosen will be presented in the AEMP plan.

Table 3-2: Surface water Analytical Suite and Sample Method.

General

Indicators

Cations, Anions, and
lon Balance

Organics

Nutrients

BTEX compounds?

Select Hydrocarbons?

Polycyclic Aromatic
Hydrocarbons (PAHs)?

Alkylated PAHs
(aPAHs)?

Metals and Trace
Elements
(total/dissolved)

Notes:

Electrical conductivity (measured and calculated)?, Dissolved Oxygen (DO)?*, pH?,
Temperature?, Turbidity?, Total hardness as CaCOs, Total alkalinity as CaCOs

Chloride, Sulphate, Iron, Manganese, Total dissolved solids (TDS), Total suspended
solids (TSS)

Calcium, Magnesium, Potassium, Sodium, Bicarbonate, Carbonate, Hydroxide, Anion
sum, Cation sum, lon balance

Total organic carbon, Dissolved organic carbon,

Nitrite as N, Nitrate as N, Nitrate plus nitrite as N, Total Kjeldahl nitrogen (TKN),
Ammonia as N, Sulphide, Sulphur (total and dissolved), Orthophosphate

Benzene, Toluene, Ethylbenzene, Total xylenes

Oil and grease, PHC F1 (C6-C10), PHC F1 (C6-C10) — BTEX, PHC F2 (>C10-C16), F3
(>C16-C34) and F4 (>C34-C50)

Acenaphthene [AN], Acenaphthylene [AC], Acridine, Anthracene [A], Benzo(a)Anthracene
[BA], Benzo(a)Pyrene [BaP], Benzo(b,j)Fluoranthene [BbjFI], Benzo(c)Phenanthrene,
Benzo(e)Pyrene [BeP], Benzo(g,h,i)Perylene [BG], Benzo(k)Fluoranthene [BkFI],
Chrysene [C], Dibenzo(a,h)Anthracene [DA], Fluoranthene [FL], Fluorene [F],
Indeno(1,2,3-c,d)Pyrene [IP], Naphthalene [N], Perylene [PR], Phenanthrene [P], Pyrene
[PY], Quinoline

C1-Naphthalene [N1], C2-Naphthalene [N2], C3-Naphthalene [N3], C4-Naphthalene [N4],
Biphenyl [B], C1-Biphenyl [B1], C2-Biphenyl [B2], C1-Fluorene [F1], C2-Fluorene [F2],
C3-Fluorene [F3], Dibenzothiophene [D], C1-Dibenzothiophene [D1], C2-
Dibenzothiophene [D2], C3-Dibenzothiophene [D3], C4-Dibenzothiophene [D4], C1-
Phenanthrene/Anthracene [PA1], C2-Phenanthrene/Anthracene [PA2], C3-
Phenanthrene/Anthracene [PA3], C4-Phenanthrene/Anthracene [PA4], C1-
Fluoranthene/Pyrene [FIPy1], C2-Fluoranthene/Pyrene [FIPy2], C3-Fluoranthene/Pyrene
[FIPy3], C4-Fluoranthene/Pyrene [FIPy4], C1-Benzo(a)anthracene/Chrysene [BaAC1], C2-
Benzo(a)anthracene/Chrysene [BaAC2], C3-Benzo(a)anthracene/Chrysene [BaAC3], C4-
Benzo(a)anthracene/Chrysene [BaAC4], C1-Benzo(b,j,k)Fluoranthene [BFI1], C2-
Benzo(b,j,k)Fluoranthene [BFI2], C1-Acenaphthene [AC1], 1-Methlynaphthalene

Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Chromium,
Cobalt, Copper, Lead, lithium, Mercury, Molybdenum, Nickel, Phosphorus, Selenium,
Silicon, Silver, Strontium, Thallium, Tin, Titanium, Uranium, Vanadium, Zinc

Superscript 1 — denotes parameters that are measured in the field in addition to grab sampling

Superscript 2 - denotes parameters that are measured using passive sampling techniques in addition to grab sampling
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The SFS component of the AEMP in 2024 consisted of collecting fish from within three separate
reaches of Bosworth Creek. A summary of the reaches and aerial imagery are provided in

Table 3-3 and Figure 5, respectively. Slimy sculpin (Cottus cognatus) were captured in September
2024 from each reach using backpack electrofishing equipment, and were dissected for fish health
assessment and laboratory analysis of tissue (please refer to AEMP V4 for species selection).
Sample location AEMP-FS-02 is the experimental site that encompasses the reach from 550 m
upstream from the confluence with the Mackenzie River to the reach immediately adjacent to the
CPF (approximately 850 m of Bosworth Creek; Figure 5). The AEMP-FS-01 sample location was
the reference site established in 2023 that consists of approximately 450 m of Bosworth Creek
upstream from the pipeline right of way (Figure 5). Sample location AEMP-FS-03 was added in
2024 (to act as a second reference for comparison with conditions at AEMP-FS-02) and is
upstream from the AEMP-FS-01 sample reach on Bosworth Creek. Location AEMP-FS-03 extends
from upstream of the winter road crossing (approximately 165 m) to a beaver impoundment
approximately 360 m upstream from the downstream end (Photo 3-1 and Figure 5).
Approximately 580 m separates the two reference reaches (AEMP-FS-01 and AEMP-FS-03), and
approximately 1 km separates the lower reference reach (AEMP-FS-01) and experimental
sampling reach (AEMP-FS-02). This ensures there is no slimy sculpin population overlap between
locations given the documented home range of slimy sculpin (Keeler, 2006, Keeler and Cunjak,
2007). Fishing activities for the 2024 AEMP were performed under the S-24/25-3028-YK-Al
licence to fish for scientific purposes issued by Fisheries and Oceans Canada.

Table 3-3: Locations for slimy sculpin tissue sampling during the 2024 AEMP

AEMP-FS-01 Reference Mid-reach of Bosworth Creek — 65.292460° to -126.881189° to
upstream of NWO 65.296002° -126.885252°

AEMP-FS-02 Experimental Lower Reach of Bosworth Creek | 65.283467° to -126.864967° to
— downstream of NWO 65.285386° -126.876320°

AEMP-FS-03 Reference Upper reach of Bosworth — 65.299447° to -126.888258° to
upstream of NWO 65.302082° -126.888668°
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Photo 3-1: Beaver dam at upstream end of sampling reach AEMP-FS-03. No fishing effort conducted above
dam.

3.2.1 Small-bodied Fish Analytical Suite

Small-bodied tissue samples were analyzed for the parameters presented in Table 3-4. Analytes
identified as a KIP for the Norman Wells field are indicated by bold text. Fish health was assessed
based on body weight relative to length, as well as liver and gonad weight relative to body weight
as described in Section 5.2.1.
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Table 3-4: Small-bodied fish tissue analytical suite in 2024

Catego Parameters

Polycyclic Aromatic
Hydrocarbons
(PAHSs)

Acenaphthene [AN], Acenaphthylene [AC], Anthracene [A], Benzo(a)Anthracene [BA],
Benzo(a)Pyrene [BaP], Benzo(b)Fluoranthene [BbFI], Benzo(e)Pyrene [BeP],
Benzo(g,h,i)Perylene [BG], Benzo(j,k)Fluoranthene [BjkFI], Chrysene [C],
Dibenzo(a,h)Anthracene [DA], Dibenzothiophene [D], Fluoranthene [FL], Fluorene [F],
Indeno(1,2,3-c,d)Pyrene [IP], Naphthalene [N], Perylene [PR], Phenanthrene [P],
Pyrene [PY]

Alkylated PAHs
(aPAHSs)

C1l-Naphthalene [N1], C2-Naphthalene [N2], C3-Naphthalene [N3], C4-Naphthalene
[N4], C1-Fluorene [F1], C2-Fluorene [F2], C3-Fluorene [F3], Dibenzothiophene [D], C1-
Dibenzothiophene [D1], C2-Dibenzothiophene [D2], C3-Dibenzothiophene [D3], C4-
Dibenzothiophene [D4], C1-Phenanthrene/Anthracene [PA1], C2-
Phenanthrene/Anthracene [PA2], C3-Phenanthrene/Anthracene [PA3], C4-
Phenanthrene/Anthracene [PA4], C1-Fluoranthene/Pyrene [FIPy1], C2-
Fluoranthene/Pyrene [FIPy2], C3-Fluoranthene/Pyrene [FIPy3], C4-Fluoranthene/Pyrene
[FIPy4], C1-Benzo(a)anthracene/Chrysene [BaAC1l], C2-Benzo(a)anthracene/Chrysene
[BaAC2], C3-Benzo(a)anthracene/Chrysene [BaAC3], C4-Benzo(a)anthracene/Chrysene
[BaAC4], C1-Benzofluoranthenes/Benzopyrenes [BFIBPy1], C2-
BenzoFluoranthenes/Benzopyrenes [BFIBPy2], C1-Acenaphthene [AN1], 1-
Methlynaphthalene

Metals and Trace
Elements (total and
dissolved

Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron, Cadmium, Chromium,
Cobalt, Copper, Lead, lithium, Mercury, Molybdenum, Nickel, Phosphorus, Selenium,
Silicon, Silver, Strontium, Thallium, Tin, Titanium, Uranium, Vanadium, Zinc

Mixed-function
Oxygenase Protein

Total protein, CYP1A1 protein
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4. Sampling Methods

Water quality monitoring used two approaches, grab sampling and passive sampling. Grab
sampling was used to obtain a snapshot of conditions at time of collection and is used to analyze
general chemical and physical water quality parameters, metals, and nutrients. Passive sampling
includes the deployment of PDBs and SPMDs that are submerged in the water column for a longer
period. Water from PDBs is transferred to laboratory-supplied bottles for analysis of petroleum
hydrocarbons (BTEX, PHC F1-F4 and Oil and Grease). Triolein strips used in the SPMD deployment
are analyzed for PAHs and aPAHs. Sampling during winter was limited to direct grab samples due
to difficulties in deploying and retrieving under-ice equipment. If PSDs are lost or damaged during
sample collection, a grab sample is collected as a substitute for affected parameters.

Seasonal changes in surface water quality can be closely associated with changes in flow,
therefore, discharges in the Mackenzie River and Bosworth Creek measured at WSC hydrometric
stations were used to contextualize water quality results. Hydrographs showing the discharge of
the Mackenzie River and Bosworth Creek in 2024 are provided in Figure 4-1 and Figure 4-2,
respectively.
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Figure 4-1: Mackenzie River 2024 Hydrograph (January 1 to December 31)
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Figure 4-2: Bosworth Creek 2024 Hydrograph (January 1 to December 31)

4.1.1 Grab Sampling

Open water grab samples were collected by wading into the watercourse and/or using an
extendable pole with a sample cup to extend the reach. The sampling cup was triple rinsed using
water from the waterbody before sampling at each location and rinse water was discarded away
from the sampling location. Samples were collected upstream of where the sampler was standing
by lowering the sample cup to a depth of approximately 30 cm (or mid-column if depth was less
than 30 cm). Water was poured into laboratory-supplied sample containers specific to the analysis
required. In winter, boreholes through ice were drilled using a battery-powered ice auger and
samples were collected by lowering an extendable pole into the open hole. Samples were stored in
coolers, on ice, for shipment to Bureau Veritas Laboratory (BV Labs) and standard chain of
custody protocols were followed for each submission. Grab sampling dates corresponded to the
retrieval dates for PSDs.
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4.1.2 Passive Time-integrated Sample Collection

Passive samplers, including PDBs and SPMDs, were set in all sampling locations during the open
water season. For locations in Bosworth Creek, samples were secured using a purpose-built
deployment arm with a float (Photo 4-1). The arms consisted of two steel poles bolted together
such that one could pivot on the other to account for water surface elevation fluctuations while
maintaining the PSDs at a consistent depth below water. One pole was placed into the sediment
using a post pounder leaving the other to act as an articulating arm within the water column. A
buoy was attached to the end of the arm so the PSDs would remain suspended in the water
column despite water level changes. Two PDBs were filled with deionized water then secured to
the arm using zip ties. Water from PDBs was transferred to laboratory supplied sample containers
upon retrieval and shipped to BV Labs on ice along with grab samples. For locations in the
Mackenzie River, purpose-built anchors were constructed of concrete filled buckets (Photo 4-2).

Photo 4-1: Example of PSDs deployed in Bosworth Creek in 2024 at AEMP-US-05
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Photo 4-2: Cement filled bucket used for anchoring passive samplers in the mainstem Mackenzie River in
2024

Triolein film SPMDs were set in each sampling location for a target duration of 30 days following
the procedures outlined in the Standard Operating Procedures for Deployment Arrays
(Environment and Climate Change Canada [ECCC] 2018).

Three film strips at each location were woven around brackets (Photo 4-3) and placed into a SPMD
cannister (Photo 4-4) that was then attached to the end of the articulating arm. Following
deployment, films were transferred to a glass jar (Photo 4-5); the film was kept frozen and away
from light before and after deployment. Each film was pre-spiked by the supplier with 10 ug of
Anthracene-d10, 10 ug of Fluoranthene-d10 and 1 pg Dibenz[a,h]Anthracene-d14 as performance
reference compounds (PRCs). All SPMD samples were shipped on ice to the SGS AXYS laboratory
for analysis.
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Photo 4-3: Example of brackets for holding triolein film in SPMDs (Right) and film woven into bracket (Left).
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Photo 4-5: Sample jars with triolein strips from SPMDs after retrieval and containers for quality control
samples
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Actual deployment durations varied at each site due to travel and support availability.
Furthermore, some samples were lost due to greater than anticipated drops in water elevation,
damage from debris or vandalism. If PSDs were damaged or otherwise unusable then a grab
sample was collected at that location instead. Deployment times and retrieval status of PSDs
deployed in 2024 are summarized in Table 4-1.

Table 4-1: Passive Sampler Deployment Summary

Location Spring Deployment Summer Deployment Autumn Deployment

June — July 2024

July — August 2024

August — September
2024

AEMP-US-01
(Midway Island)

Duration: 20 Jun — 19 Jul
(29 days)

Discharge Deploy:
10,200 m?/s

Discharge Retrieve:
9,160 m3/s

Status: Good

Duration: 19 Jul — 15 Aug
(27 days)

Discharge Deploy:
9,160 m3/s

Discharge Retrieve:
7,110 m3/s

Status: Good

Duration: 15 Aug — 17 Sep
(33 days)

Discharge Deploy: 7,110 m3/s

Discharge Retrieve:
6,320 m3/s

Status: Good

AEMP-US-02
(10 Mile Island)

Duration: 20 Jun — 19 Jul (29
days)

Discharge Deploy:
10,200 m3/s

Discharge Retrieve:
9,160 m3/s

Status: Good

Duration: 19 Jul — 15 Aug
(27 days)

Discharge Deploy:

9,160 m3/s

Discharge Retrieve:
7,110 m3/s

Status: Acceptable — one
PBD empty

Duration: 15 Aug — 17 Sep
(33 days)

Discharge Deploy: 7,110 m3/s

Discharge Retrieve:
6,320 m3/s

Status: Good

AEMP-US-03
(NW Upstream)

Duration: 20 Jun — unknown

Discharge Deploy:
10,200 m?/s

Discharge Retrieve:
9,160 m3/s

Status: Missing

Duration: 19 Jul — 16 Aug
(28 days)

Discharge Deploy:
10,200 mé/s

Discharge Retrieve:
6,990 m3/s

Status: Good

Duration: 15 Aug — 17 Sep
(33 days)

Discharge Deploy: 6,990 m3/s

Discharge Retrieve:
6,530 m3/s

Status: Good

AEMP-US-04
(Upper Bosworth 1)

Duration: 21 Jun — 18 Jul (27
days)

Discharge Deploy:
0.396 m?/s

Discharge Retrieve:
0.354 m?/s

Status: Good

Duration: 18 Jul — 16 Aug
(26 days)

Discharge Deploy:
0.344 m3/s

Discharge Retrieve:
0.301 m3/s

Status: Good

Duration: 16 Aug — 13 Sep
(28 days)

Discharge Deploy: 0.301 m3/s

Discharge Retrieve:
0.313 m?/s

Status: Good
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Autumn Deployment
August — September

AEMP-US-05
(Upper Bosworth 2)

Duration: 20 Jun — 18 Jul (28

days)

Discharge Deploy:
0.402 m?/s

Discharge Retrieve:
0.354 m?/s

Status: Good

Duration: 18 Jul — 16 Aug
(29 days)

Discharge Deploy:
0.344 m3/s

Discharge Retrieve:
0.301 m3/s

Status: Good

2024
Duration: 16 Aug — 12 Sep
(27 days)

Discharge Deploy: 0.301 m®/s

Discharge Retrieve:
0.312 m3/s

Status: Good

AEMP-DS-01
(Lower Bosworth)

Duration: 19 Jun — 18 Jul (29
days)

Discharge Deploy:
0.438 m?/s

Discharge Retrieve:
0.354 m?/s

Status: Good

Duration: 19 Jul — 16 Aug
(28 days)

Discharge Deploy:
0.341 m3/s

Discharge Retrieve:
0.301 m3/s

Status: Good

Duration: 16 Aug — Sep 13
(28 days)

Discharge Deploy: 0.301 m3/s
Discharge Retrieve:
0.313 m?/s

Status: Good

AEMP-DS-02
(Mainland Dock)

Duration: 21 Jun — 20 Jul (29
days)

Discharge Deploy:

10,300 m?/s

Discharge Retrieve:
8,870 m?/s

Status: Good. Duplicate
collected

Duration: 21 Jul — 16 Aug
(26 days)

Discharge Deploy:

8,550 m3/s

Discharge Retrieve:
6,990 m3/s

Status: Good. Duplicate
collected

Duration: 16 Aug — 12 Sep
(27 days)

Discharge Deploy: 6,990 m3/s

Discharge Retrieve:
6,570 m3/s

Status: Good

(Radar North)

days)

Discharge Deploy:
10,300 m?/s

Discharge Retrieve:
9,160 m3/s

Status: Good

(27 days)

Discharge Deploy:
9,160 m3/s

Discharge Retrieve:
7,110 m3/s

Status: SPMDs missing

AEMP-DS-03 Duration: 20 Jun — 19 Jul (29 | Duration: 19 Jul — 15 Aug Duration: 15 Aug — 17 Sep
(Island 3) days) (27 days) (33 days)
Discharge Deploy: Discharge Deploy: Discharge Deploy: 7,110 m%/s
3 3
10,200 m*/s 9,160 m*/s Discharge Retrieve:
Discharge Retrieve: Discharge Retrieve: 6,320 m3/s
3 3
9,160 m3/s 7,110 m3/s Status: Good
Status: Good Status: Good
AEMP-DS-04 Duration: 19 Jun — 20 Jul (31 | Duration: 20 Jul — 16 Aug Duration: 16 Aug — 13 Sep
(Refinery) days) (27 days) (28 days)
Discharge Deploy: Discharge Deploy: Discharge Deploy: 6,990 m3/s
3 3
9,910 m*/s 8,870 m*/s Discharge Retrieve: 6,530
Discharge Retrieve: Discharge Retrieve: m3/s
3 3
8,870 m*/s 6,990 m*/s Status: PDBs missing
Status: Good Status: Damaged,
vandalized. No sample
AEMP-DS-05 Duration: 21 Jun — 19 Jul (28 | Duration: 19 Jul — 15 Aug Duration: 15 Aug — 17 Sep

(33 days)
Discharge Deploy: 7,110 m®/s

Discharge Retrieve:
6,320 m®/s

Status: Good
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Autumn Deployment
August — September

AEMP-DS-06
(FGH Blue Fish)

No sample due to wildfires

Duration: 19 Jul — 14 Aug
(28 days)

Discharge Deploy:
9,160 m3/s

Discharge Retrieve:
7,110 m3/s

Status: Good

2024
Duration: 14 Aug — unknown

Discharge Deploy: 7,110 m3/s

Discharge Retrieve:
6,320 m3/s

Status: Missing

AEMP-DS-07
(FGH Ramparts)

No sample due to wildfires

Duration: 17 Jul — 14 Aug
(28 days)

Discharge Deploy:
9,490 m3/s

Discharge Retrieve:
7,180 m3/s

Status: Good

Duration: 14 Aug — 18 Sep
(35 days)

Discharge Deploy: 7,180 m3/s

Discharge Retrieve:
6,290 m3/s

Status: Good

AEMP-DS-08
(Radar South)

Duration: 20 Jun — 19 Jul (29
days)

Discharge Deploy:
10,200 m?/s

Discharge Retrieve:
9,160 m3/s

Status: Good

Duration: 19 Jul — 15 Aug
(27 days)

Discharge Deploy:
9,160 m3/s

Discharge Retrieve:
7,110 m3/s

Status: Good

Duration: 15 Aug — 17 Sep
(33 days)

Discharge Deploy: 7,110 m3/s

Discharge Retrieve:
6,320 m3/s

Status: Good

AEMP-DS-09
(End of facility)

Duration: 20 Jun — 19 Jul (29
days)

Discharge Deploy:
10,200 m?/s

Discharge Retrieve:
9,160 m3/s

Status: Good

Duration: 19 Jul — 15 Aug
(27 days)

Discharge Deploy:
9,160 m3/s

Discharge Retrieve:
7,110 m3/s

Status: Good

Duration: 15 Aug — 17 Sep
(33 days)

Discharge Deploy: 7,110 m3/s

Discharge Retrieve:
6,320 m3/s

Status: Good

4.1.3

Water Quality Assurance and Quality Control

Water sampling field quality assurance and quality control (QA/QC) methods included the

following:

e Grab samples

= Field duplicate samples collected at a rate of 10%;

« Field blank samples;

e Trip blank samples.

e SPMD samples
« Field duplicate sample, one per season;

e Trip blank sample, one per season; and

« Film degradation (Day Zero) sample, one per sample period.
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Water sample laboratory QA/QC consists of equipment blanks, methods blanks, laboratory
duplicates, matrix spikes and laboratory control samples. The Day Zero blank SPMDs were sent
directly from the supplier to the laboratory to quantify potential degradation of the PRCs. Results
of the QA/QC analyses for the 2024 AEMP are presented in data tables summarizing analytical
data, laboratory certificates of analysis, and deficiencies and potential impact on data quality and
interpretation are discussed in Appendix B.

Overall, the QA/QC analysis indicated that the data presented is fit-for-purpose. No QA/QC issues
were identified that would alter the overall conclusions presented herein.

The 2024 AEMP fish health assessment focused on sampling fish from Bosworth Creek. In 2024,
an additional sample location was added to Bosworth Creek 580 m upstream from the existing
reference to act as a second reference location (AEMP-FS-03).

4.2.1 Bosworth Creek Slimy Sculpin Sampling

Slimy sculpin were captured from each sample reach (Figure 5) using a Smith-Root LR-24
backpack electrofisher targeting shallow riffle and run habitat in Bosworth Creek . One person
controlled the backpack electrofisher, while one to three people netted the immobilized fish.
Sculpin prefer to rest under rocks and other debris, and their spiny gill plates and fins tend to flare
during electrofishing. For this reason, rocks and other debris was moved or disturbed to dislodge
any fish that may have become stuck under the substrate. All captured fishes were immediately
identified and non-target fish were released downstream from fishing activities. Slimy sculpin with
a total length of at least 50 mm (sexually mature, non-juvenile fish) were retained and held in an
aerated 20-L bucket filled with water collected from the creek as well as some debris to help fish
remain calm as shown in Photo 4-6. Captured fish were transported to a temporary dissection
laboratory in the NWO workshop (Photo 4-7).
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Photo 4-6: Captured slimy sculpin in aerated bucket. Debris in bucket helps fish to remain calm during
transport.

At the dissection laboratory, each sculpin was removed from the holding bucket individually and
anesthetized in 200 mg/L tricaine methanesulfonate (MS-222) until the fish became unresponsive
(Photo 4-8). The spinal cord was severed behind the head to ensure the fish was deceased before
dissection. Total length (to nearest millimeter [mm]) and body weight (to nearest milligram [mg])
were measured, and the fish was inspected for any external abnormalities and parasites. During
dissection, the liver and gonads (if developed) were removed and measured to the nearest mg
and inspected for deformities. The gonads were assessed to determine the sex and maturity of
each individual, with underdevelopment or lack of gonads indicating immaturity. All weights were
measured using an Ohaus SPX223 Scout analytical balance. Total length, body weight, liver
weight, gonad weight, maturity, sex, and gross pathology were recorded onto an Excel workbook.
Flash-freezing materials such as dry ice and liquid nitrogen could not be sourced at the sampling
location given the remoteness of the NWO. Therefore, livers were immediately placed in pre-
frozen cryovials resting in frozen cooling blocks within a freezer (nominal temperature of -20°C)
for rapid freezing to prevent protein degradation. Using this technique, liver samples froze in less
than one minute after being removed from each fish.
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Samples for metal testing were packaged individually in Whirl-Pak bags, and composite PAH
samples were packaged together in hexane and acetone washed aluminum foil and placed in a
freezer immediately following dissection. All dissection tools and dissection workstations were
sterilized after each dissection using 80% ethanol.

Photo 4-7: Dissection area set up in equipment warehouse near Bosworth Creek

Samples for metal analysis were shipped to Trich Analytics Laboratory (Trich) in Saanichton,
British Columbia, while PAH samples were submitted to SGS AXYS in Sidney, British Columbia for
analysis. Liver samples were submitted to the InnoTech Alberta (InnoTech) laboratory in
Vegreville, Alberta to measure CYP1A1l protein and total protein concentrations.
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Photo 4-8: Two slimy sculpin immobilized in tricaine methanesulfonate (MS-222). Suspected that banded fish
(left) is male and paler fish lacking bands (right) is female.

Mixed-Function oxygenase (MFO) enzymes are localized in the liver and play a key role in the
detoxification of many contaminants such as PAHs in fish (Hodson et al. 1991). The CYP1Al
enzyme is a MFO protein that is considered the most important MFO enzyme responsible for
detoxification of xenobiotics (Hodson et al. 1991; Brooks et al. 2015). The CYP1A1 protein content
was measured using a commercially available enzyme-linked immunosorbent assay (ELISA) kit
targeting CYP1A1l. TRSA worked with InnoTech to develop a protocol for liver tissue preparation
and CYP1A1l concentrations were normalized to total protein in tissue lysates. Total protein was
measured using a commercially available Pierce Bicinchoninic acid protein assay kit. The liver
protein measurement protocol developed is outlined alongside validation steps included in the
laboratory report provided by InnoTech (Appendix C).

4.2.1.1 Quality Control and Quality Assurance

An effective QA/QC program is vital to ensure accurate data collection/interpretation and to
quantify any uncertainty introduced during the field execution or laboratory analysis. The tissue
sampling QA/QC program during the 2024 AEMP included analysis of the following:

« Certified reference materials (CRMs) such as DORM-5, NIST-1566b, and NIST-2976;

e Field sample duplicates; and
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- Triplicate analysis of protein content analyses.

The QA/QC results of the fish tissue component of the 2024 AEMP are reviewed in detail in
Appendix D, and any potential uncertainties are described alongside results presented in

Section 6.2. Overall, the QA/QC program demonstrated that the 2024 results are considered fit for
purpose.

4.3.1 Surface Water Sampling Program

There were few limitations in the 2024 surface water sampling program. These included:

e There were no PSDs deployed at location AEMP-DS-06 and AEMP-DS-07 in June 2024 near
Fort Good Hope due to wildfires;

e PSDs were missing from location AEMP-US-03 upon retrieval attempt in July 2024;

e PSDs were missing from location AEMP-DS-04 upon retrieval in August 2024 and the PDBs
were missing upon retrieval in September 2024;

e SPMDs were missing from location AEMP-DS-05 upon retrieval in August 2024; and

e PDBs were missing from location AEMP-DS-06 upon retrieval in September 2024.

The overall success rate of deployment and successful retrieval in 2024 was higher (89%
recovery) than in 2023 (55% recovery) following changes to deployment methods in the
Mackenzie River. Challenges with damage and missing devices are believed to be caused by
floating debris, vandalism and/or tampering by wildlife; teeth marks were observed in some
buoys.

4.3.2 Fish Tissue Analysis

The CYP1A1 protein concentrations measured in slimy sculpin livers were near the detection limit
of the ELISA Kkit. Analytical precision decreases as concentrations approach the detection limit
therefore adjustments to sample preparation could increase the ability to reliably measure the
very low concentrations. In 2024, InnoTech isolated the S9 fraction (post-mitochondrial
supernatant) and microsomal component of the liver cells to further improve detection and
resolution in measurement of protein concentrations. Tissue samples used for these trials were
from slimy sculpin liver samples collected in 2024. Although no results below the detection range
of the ELISA kit were observed, these adjustments in process did not alter the observed CYP1A1
concentrations.
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5. Data Evaluation and Interpretation Methods

Water quality data are presented as follows:

< Data tables with published guideline and control limit comparison;
« All data parameters and historical data presented.
e Trend charts with control limits;

= All KIPs presented for locations with an appropriate dataset established. Dataset
development is provided in Appendix E.

< Data is presented per season to account for natural variation that may affect results.
e Piper plots of major ions;

« Piper plots provide a visual representation of water ion chemistry which can indicate
differences in the overall chemical characterization of a sample.

e Mann-Kendall trend analysis;

< Mann-Kendall analysis is used to determine if there are statistically significant trends in
data.

« All KIPs presented for locations with an appropriate dataset established (Appendix E).

51.1 Published Environmental Guideline Comparison

Water quality variables are compared to the following guideline sets with guideline exceedances
highlighted:

e Canadian Council of Ministers of the Environment guidelines for the protection of freshwater
aquatic life (CCME FWAL; CCME 2012, as amended);

e Federal Environmental Quality Guidelines (FEQG; ECCC 2024); and

e Health Canada Guidelines for Canadian Drinking Water Quality (CDWQG; Maximum
Acceptable Concentrations only; Health Canada 2025).

Water quality criteria for some variables vary depending on environmental conditions in the
receiving water body and this allows these criteria to consider the resilience of the receiving
environment in the guideline derivation. Where environmental quality guidelines are equation-
derived based on site-specific factors (such as pH or hardness) that modify the toxicity of a
parameter, the upstream data water quality set is used to represent the natural conditions of the
receiving environment. As upstream water chemistry will be presented as ranges, the more
conservative (e.g. 25th percentile or similar) is used. Site factors used during the AEMP to
determine values for equation-derived guidelines in 2024 are provided in Table 5-1.
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Table 5-1: Values for Site-Specific Factors Influencing Water Quality Criteria

pH 8.02 8.29
Hardness 110 mg/L 330 mg/L
DOC 2.675 mg/L 2.2 mg/L

Notes: Values presented represent 25" percentile of measurements collected from upstream sites during the AEMP
from 2017 to 2024

Some guidelines are established for the total metal fraction (e.g. FEQG for total iron) while others
are established for the dissolved fraction (e.g. FEQG for dissolved lead). Water quality guidelines
are applied to both metal fractions as part of the AEMP given that these criteria are used as a
screening tool and used in the overall interpretation of the potential meaning of results. Where a
guideline for the dissolved fraction is compared with a total concentration, this provides a
conservative comparison with the established guideline. Meanwhile, where the dissolved fraction is
compared with a guideline based on the total fraction, the result compares the concentration that
is more bioavailable to aquatic biota to the established guideline. Notably, several parameters are
known to naturally exist within the Mackenzie River near or above published guidelines.

The CDWQG are intended to represent acceptable end-user water quality metrics and are not
necessarily appropriate to represent a pre-treatment water source. However, in recognition of
limited water treatment technologies employed in some communities, they have been presented
for comparison purposes.

As such, water quality guideline comparison will be considered in conjunction with assessments of
changes between upstream and downstream location (using control charting) but are generally
not a reliable indicator of potential site influence.

51.2 Control Charting — Upstream vs Downstream Comparison

As data is collected at upstream locations (including data collected during previous versions of the
AEMP from 2017 to 2022), a dataset of upstream water quality for each water body is being
developed. The upstream water quality dataset is used for direct comparison of an individual
event’'s data and to investigate any exceedances of applied guidelines to determine if they are
naturally occurring. Due to the potential for changing conditions associated with climate change
(for example, increased sediment loading, increased groundwater infiltration related to degrading
permafrost or unusual variations in river discharge), the upstream data is presented as a range
(upper and lower control limits; UCL and LCL) rather than discrete “background” numbers.

Surface water chemistry varies seasonally with discharge. For example, total metal fractions often
increase during higher discharge as increased suspended sediment loads mobilize these potential
contaminants, while dissolved fractions have an inverse relationship with discharge because they
become more diluted during high flow (Arciszewski et al. 2018). To address this, flow-corrected
control charting can be used where relationships between contaminant concentration and
discharge (i.e. linear regressions or locally estimated scatterplot smoothing) exist.
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These models can be assessed and UCLs/LCLs can then be defined using the residuals from these
relationships (COSIA 2018). The relationship between KIPs and discharge in the Mackenzie River
were investigated during the 2024 AEMP, however, flow-corrected control charting was not
employed due to a lack of a defined relationship between KIP concentrations in the upstream
dataset and discharge. In the absence of this statistical relationship between water chemistry and
discharge, control charting using reported concentrations provides a suitable comparison between
upstream and downstream conditions.

Upstream dataset development is presented in Appendix E.

The UCL and LCL are presented on the trend charts in Appendix F and in the data tables.

5.1.3 Piper Plots of Major lons

Piper plots provide a visual tool to describe ionic composition of water to compare between water
types and identify mixing between different sources.

Major ions measured during 2024 were plotted on piper plots to determine water types upstream
and downstream from NWO on the Mackenzie River and Bosworth Creek. Results have been
plotted individually for each season and for the full year results together to assess for seasonal
variation. Results below detection were replaced with half the detection limit and water types were
determined for each site. Piper plots are presented in Appendix G and results are discussed in
Section 5.1.3.

514 Statistical Trend Analysis

Trend analysis was performed using the non-parametric Mann-Kendall test for temporal trends
(Mann 1945; Kendall 1975) with modified Sen’s non-parametric slope estimator (Sen 1968).
Trend analysis included all available data for locations with a historical dataset (i.e. 2017 to 2024)
and that meets that dataset criterion for detection limits.

The Mann-Kendall statistical process involves first placing the data in chronological order. The sign
of the differences between all forward combinations of data pairs are then used to compute the
Mann-Kendall statistic (S). Next, the Mann-Kendall S and the number of data points (n) are used
for the normal approximation test. The results yield a probability value from O to 1. The Sen’s
slope is used to provide an approximate magnitude on trends. Sen’s slope is calculated by
evaluating the slope between all forward combinations of data pairs. The slopes are then ranked,
and the median slope value is selected. Slopes are presented both in absolute terms

(mg/L per year) and normalized relative to the median concentration (% change per year).

Results of a Mann-Kendall test with modified Sen’s Slope were considered significant, for any of
the trend analysis components of this program, when:

- the two-tailed probability value (the probability of the data set having zero trend; p-value)
was less than 0.05; and
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- the absolute value for the normalized slope of concentration change was greater than
10%/year.

51.5 Use of Data from Previous Sampling Years

Where applicable, data from 2017 to 2024 was incorporated. Historical sample locations that
correspond to current sample locations are presented in Table 3-1. Historical data is included in
data tables and incorporated into the upstream dataset, where applicable (Appendix E).

5.1.6 Semi-permeable Membrane Device PAHs and aPAHs Analyses

The PAH and aPAH concentrations have been calculated from the quantification results provided
through SPMD analysis. Laboratory results for PAHs and aPAHs are provided as a total mass per
strip, calculations developed by the United States Geological Survey (USGS 2010, 2016) were
used to estimate concentration in water for measured PAHs and aPAHs, where developed
chemical-specific properties are available to allow for estimation. SPMD Calculator Version 5.2
(USGS 2016) was used to determine concentrations using PRCs and where certain physical
properties of parameters are known or have been estimated. SPMD Calculator Version 4.1 (USGS
2010) was used for parameters not available for calculation in Version 5.2. Calculator Version 4.1
requires a water temperature selection of either 10°C, 18°C or 26°C.

While 10°C or 18°C more closely resemble conditions in the Mackenzie River and Bosworth Creek
during the sampling season, selection of these temperature eliminates estimation of several
compounds as uptake sampling rates have not been determined; as such, the temperature within
the calculation was set to 26°C. This provides an estimate of water concentration as opposed to
reporting as not available.

The PAH concentrations calculated from SPMDs were used to determine total PAH concentrations
for each sample. In addition, the profile of PAHs and aPAHs are presented in bar charts to visually
compare their abundances among sites. The relative contribution of petrogenic and pyrogenic
PAHs are summarized by calculating a Pyrogenic Index (Pl) for each sample using Equation (1) as
described in Lévesque et al. (2023) (PAH abbreviation definitions listed in Table 3-2).

Z(AN, AC, BA, BaP, BbjFl, BeP, BG, BkFl, DA, FL, IP, PR)
X(N0—4, PA0O—4, F0-3, D0-3, BaAC0-3)

Equation 1 Pyrogenic Index (PI) =

Fish Health data are presented as follows:
< Energy allocation and availability comparisons between reference and experimental sites using
fish length, body weight, liver weight, gonad weight and gross pathology;

« Fish characteristics in 2024 are compared among sites for both sexes using environmental
effects monitoring (EEM) approaches.

 Health metrics are visually compared among sites.
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« Percent differences among sites calculated and compared with critical effect sizes (CES) to
determine if site differences represent a potential effect on the fish population.

e Tissue residue site comparisons for both sexes;

e Summary statistics are provided for metal concentrations measured in 2024 in slimy
sculpin tissue.

< Mean tissue residue concentrations of KIPs are compared among experimental and
reference sites to identify differences among sites.

e Calculation and presentation of UCL and LCL values for KIPs based on the CES of the mean
concentration at reference sites plus/minus two times the standard deviation.

< Data tables for comparison with published tissue residue quality criteria;

- Tissue residue concentrations measured at each site are compared with toxicological
thresholds to determine potential for adverse effects and quality guidelines for KIPs, where
available.

52.1 Energy Allocation and Availability

The fish health data analysis is modelled off the guidance developed for EEM in Canada
(Environment Canada 2012) and are based primarily on the overall fish condition and allocation of
resources to contaminant detoxification in the liver and reproduction. Fish identified as immature
due to limited gonad development (generally less than 55 mm in length) or those with reduced
gonad development because of parasitism were removed from the health assessment. Fish
morphometrics and tissue residue concentrations were compared between the upstream reference
sites (AEMP-FS-01 and AEMP-FS-03) and the downstream experimental site adjacent to the NWO
operating area (AEMP-FS-02). This included anecdotal comparisons of gross pathology and field
observations, as well as quantitative statistical comparisons using a one-way analysis of variance
(ANOVA). The assumptions of a normal distribution of residuals and similar variance between
treatments/sites (homoscedasticity) was visually assessed using quantile-quantile plots and
residuals versus fitted plots, respectively. Sharpiro-Wilk and Bartlett statistical tests were also
used to quantitatively test the assumptions of normality and homoscedasticity were met,
respectively. For analyses where ANOVA assumptions were not met, data transformations were
applied to meet test assumptions, or a Fisher permutation test was used to compare between
sites.

Summary statistics for fish health metrics including hepatosomatic index (HSI) and
gonadosomatic index (GSI) were calculated and compared among sites. Statistically significant
differences among sites are noted and the relevance to potential effects is discussed. In addition,
the percent difference among sites was calculated for each metric for comparison with CES
established to determine if site differences represent a potential effect on the fish population
(Table 5-2).
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Table 5-2: Critical Effect Sizes (CES) for fish tissue endpoints measured during the 2024 AEMP

Condition 10%
Hepatosomatic Index (HSI) 25%
Gonadosomatic Index (GSI) 25%
Tissue Residues 2*Standard Deviation of reference
MFO Induction (i.e. CYP1Al content) 2*Standard Deviation of reference

Comparing liver and gonad size indices (i.e. GSI and HSI) are often influenced by poor statistical
properties (e.g. assumptions about data distributions are often violated) that limit confidence in
parametric statistical tools (Environment Canada 2012). For example, permutation tests were
used to compare the average body length, body weight, and fish condition among sites, because
data distributions did not meet statistical assumptions and data transformation was ineffective.
Consequently, fish metrics that are dependent on each other were analyzed using an analysis of
covariance (ANCOVA) approach. The ANCOVA analysis is a stepwise procedure that determines if
sites are comparable over space and/or time. This is assessed via the comparison of linear
regression slopes. Slopes which are not parallel provide the basis for evaluating statistically
significant changes between sites. In relation to fish health, the analysis is used to assess body
weight as it relates to fish length, and assess the relationship between liver and gonad weight
with body weight. Differences among sites for each sex were assessed by comparing the linear
model (ordinary least squares regression) for each site using the ANCOVA. Linear models were
first analyzed with an interaction term included to investigate whether the relationship between
covariates was altered by a site effect (i.e. are the slopes significantly different among sites).
These models take the form provided in Equation (2), where:

the first term (Bo) describes the model intercept;

the second term (B1) describes the strength/slope of the regression between covariates;

the third term (B2) describes the distance between the regression models for each site; and

the last term (Bs) describes the interaction between the covariate regressions and the site.
Equation 2 y= o+ Bixi + Paxz + B3(x1 % x2)

It is notable that a significant interaction between the covariates and the site are typically either a
change in the direction or the magnitude of the relationship between the covariates among sites.
If there was no interaction between the covariate relationship and the site, then it was assumed
that sites are comparable. In these cases, the percent difference between the reference and
downstream site was calculated according to Equation (3).

Equation 3 % dif ference = (10P2 — 1) = 100
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If a significant interaction was observed, the methods outlined in the EEM technical guidance
(Environment Canada 2012) was followed. Alternatively, percent differences based on
independent means (observed or adjusted) are calculated by dividing the difference between the
experimental site and reference site (experimental - reference) by the reference mean as
described for EEM programs (Environment Canada 2012). All statistical analyses were performed
in the R programming language (Rstudio Version 2024.04.1).

Power analyses were performed for statistical site comparisons using G Power (Version 3.1.3)
software, where effect size was determined based on the partial Eta for the site effect (Faul et al.
2007). Notably, this approach is an update to the method for calculating effect size for ANOVA
and ANCOVA analyses in 2023, which were determined based on the within group and between
group variances. In 2024, power was calculated using both approaches and the power based on
partial Eta effect sizes provides more conservative power estimates, therefore only those power
estimates have been reported.

52.2 Tissue Residue Summary Statistics

Summary statistics for metal tissue residue concentrations were calculated and concentrations for
KIPs were compared among sites using an ANOVA if data structure met assumptions or a
permutation test if the assumptions were not met using data transformations. Site comparisons
for metal concentrations were completed independently for females and males. In addition, upper
and lower control limits were calculated for each KIP based on the tissue concentrations measured
in female and male slimy sculpin at the upstream reference sites. Tissue concentrations measured
at the experimental site (AEMP-FS-02) were subsequently compared with these limits to identify
observations outside the CES of two standard deviations (Table 5-2). Site comparisons and
comparisons with CES limits for CYP1A1l content (normalized according to total protein content) in
slimy sculpin livers followed the same methods as those described for metal tissue residue
concentrations.

5.2.3 Guidelines and Effects Thresholds

The CCME do not have tissue residue guidelines established for any of the indicator metal
compounds. However, a FEQG has been developed for selenium, and Health Canada has
established a maximum level for mercury in fish (Health Canada, 2020; Table 5-3).

Given the limited tissue residue guidelines, the concentrations of indicator metals found in slimy
sculpin in Bosworth Creek were compared with toxicological thresholds established in the Society
of Environmental Toxicology and Chemistry (SETAC) Linkage of effects to Tissue Residues
Database (SETAC 1999). These thresholds are based on toxicologically determined benchmarks to
determine the potential for adverse effects in fish. Toxicity data available in the SETAC (1999)
database includes the lowest observable effect concentration (LOEC) and the no observable effect
concentration (NOEC). The LOEC means the lowest treatment (i.e. tissue concentration) of a test
substance that has a statistically significant adverse effect on a specific population of test
organisms compared with that observed in controls.
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The NOEC corresponds to the highest treatment (i.e. tissue concentration) of a test substance that
shows no statistically significant adverse effect on a specific population of test organisms
compared to that observed in controls. The thresholds used for comparison with tissue residue
concentrations found in slimy sculpin are based on NOEC endpoints for salmonid fish species from
the SETAC (1999) database (Table 5-3).

Table 5-3: Guidelines and SETAC effects thresholds for indicator metals for the NW AEMP SFS

Indicator Metal Federal
Threshold Maximum Level Environmental
Quality Guidelines

Aluminum 1.2 mg/kg - —
Arsenic 2.6 mg/kg — -
Barium - — —
Cadmium 0.02 mg/kg - —
Chromium 0.58 mg/kg -—- _—
Copper 3.4 mg/kg --- —
Mercury 0.7 mg/kg 0.50 mg/kg ---
Molybdenum - — —
Nickel 0.82 mg/kg -— —
Selenium 0.25 mg/kg --- 6.7 mg/kg dw
Uranium - — —

Zinc 4.5 mg/kg -—- _—

Note: SETAC (1999) thresholds and Health Canada maximum level are based on wet weight (ww) tissue residue
concentrations

52.4 Polycyclic Aromatic Hydrocarbons

The concentrations of PAHs and aPAHs measured in tissue residues are based on composite
samples of multiple fish to meet tissue quantity requirements for laboratory analysis. Therefore,
only one sample was analyzed for each site and no statistical comparisons between sites are
possible. Total PAH was calculated for each site by summing the concentrations for all PAHs and
aPAHs measured. Concentrations measured below the sample-specific detection limit were
replaced with half the detection limit value for each respective PAH/aPAH to determine total PAH
concentration as well as to assess potential cancer risk.

Potential cancer risk at each site was calculated using the carcinogenic potency of individual PAHs
relative to Benzo(a)pyrene as described in ATSDR (2022). Overall cancer risk is summarized for
each site as a potency equivalency quotient (PEQ) using the potency equivalency factors (PEF) for
PAHs (Table 5-4). It is important to note that the PEQ accounts for potential effects from PAHs
shown to be carcinogenic based on previous toxicological studies and does not account for
potential toxicity of non-carcinogenic PAHs (ATSDR 2022). The abundances of PAHs/aPAHs are
presented in bar charts. It is notable that differences in the rates of biotransformation and
metabolism among PAHs/aPAHSs influences the profile of PAHs/aPAHs present in tissue.
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Therefore, the Pl was not calculated for tissue residue results and the discussion of PAH profiles
between sites is limited.

Table 5-4: Potency Equivalency Factors (PEF) of PAHs Measured in Slimy Sculpin from Bosworth Creek

Polycyclic Aromatic Hydrocarbon Potency Equivalency Factor
Benzo[a]anthracene 0.10
Benzo[b]fluoranthene 0.10
Benzo[j,k]fluoranthenes 0.10
Benzo[a]pyrene 1.00
Chrysene 0.01
Dibenz[a,h]Janthracene 2.40
Indeno[1,2,3-cd]pyrene 0.10
5/6-Methylchrysene 1.00

Note: Potency Equivalency Factors (PEFs) adopted from ASTDR (2022)
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6. Results and Discussion

6.1 Surface Water Quality

Surface water quality results and interpretation are presented below. Each evaluation method
represents a line of evidence of water quality; however, all are considered together in discussing
overall water quality. Surface water quality results are presented in Tables 1 through 7 and in the
laboratory provided certificate of analyses in Appendix H.

6.1.1 Comparison with Environmental Quality Criteria

The KIPs with concentrations above one or more of the applied environmental criteria at one or
more locations in one or more sampling events in 2024 are provided in Table 6-1. Apart from
copper, no metal KIPs had dissolved fraction concentrations exceeding water quality criteria in
2024. Total metal exceedances observed in 2024 are consistent with historical results, occur at
sampling locations upstream and downstream from the NWO, and occur from spring to fall (June
to October) when flow and suspended sediment concentrations are elevated (Table 6-1).
Therefore, comparisons with environmental quality criteria do not suggest that aquatic effects are
occurring from the NWO. Notably, turbidity in the Mackenzie River and Bosworth Creek regularly
exceeds the CDWQG upstream and downstream from the NWO because of the naturally elevated
suspended sediment concentrations compared to the highly stringent drinking water criteria.

Table 6-1: KIP Guideline Exceedances at monitoring locations in 2024

KIP Sample Location(s) Guideline Set Historical Context
Exceedances

Aluminum (total) | AEMP-US-01 (Midway) CCME FAL Aluminum concentrations
AEMP-US-02 (10 Mile) CDWQG have consistently exceeded
the FAL guideline at both
AEMP-US-03 (NW Upstream) FEQG upstream and downstream
AEMP-US-04 (Upper Bosworth Creek) locations of the Mackenzie
River.

AEMP-DS-02 (Marine Dock)
AEMP-DS-03 (Island 3)
AEMP-DS-04 (Refinery)
AEMP-DS-05 (Radar North)
AEMP-DS-06 (FGH Blue Fish)
AEMP-DS-07 (FGH Ramparts)
AEMP-DS-08 (Radar South)
AEMP-DS-09 (End of Facility)

Arsenic (total) AEMP-US-03 (NW Upstream) CCME FAL Single arsenic exceedance an
upstream location.
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Historical Context

AEMP-US-04 (Upper Bosworth Creek)
AEMP-DS-02 (Marine Dock)
AEMP-DS-03 (Island 3)

AEMP-DS-04 (Refinery)

AEMP-DS-05 (Radar North)
AEMP-DS-06 (FGH Blue Fish)
AEMP-DS-07 (FGH Ramparts)
AEMP-DS-08 (Radar South)
AEMP-DS-09 (End of Facility)

Cadmium (total) AEMP-US-01 (Midway)AEMP-US-03 (NW | CCME FAL Cadmium concentrations in
Upstream) the Mackenzie River have
AEMP-DS-02 (Marine Dock) exceeded the FAL guideline in
both upstream and
AEMP-DS-03 (Island 3) downstream locations in the
AEMP-DS-04 (Refinery) spring and summer (June to
AEMP-DS-05 (Radar North) August) when flow and
suspended sediments are
AEMP-DS-08 (Radar SOUth) elevated.
Chromium (total) | AEMP-US-03 (NW Upstream) CCME FAL Total chromium
AEMP-DS-02 (Marine Dock) FEQG concentrations have
frequently exceeded the FEQG
AEMP-DS-03 (Island 3) and occasionally the FAL
AEMP-DS-05 (Radar North) guideline in both upstream
AEMP-DS-08 (Radar South) and downstream locations of
the Mackenzie River,
particularly from spring to fall
(June to September).
Copper (total) AEMP-US-01 (Midway) CCME FAL Total copper concentrations
AEMP-US-03 (NW Upstream) have frequently exceeded the
) FAL guideline in both
AEMP-DS-02 (Marine Dock) upstream and downstream
AEMP-DS-03 (Island 3) locations of the Mackenzie
] River, particularly from spring
AEMP-DS-04 (Refine
( ) to fall (June to September).
AEMP-DS-05 (Radar North)
AEMP-DS-06 (FGH Blue Fish)
AEMP-DS-07 (FGH Ramparts)
AEMP-DS-08 (Radar South)
AEMP-DS-09 (End of Facility)
Copper AEMP-US-02 (10 Mile) CCME FAL Dissolved copper
(dissolved) AEMP-DS-05 (Radar North) concentrations have
occasionally exceeded the FAL
AEMP-DS-07 (Radar South) guideline at both upstream
and downstream locations on
the Mackenzie River
Iron (total) AEMP-US-01 (Midway) CCME FAL Total iron concentrations have
AEMP-US-03 (NW Upstream) FEQG consistently exceeded the FAL

guideline in both upstream
and downstream locations of
the Mackenzie River since
2017.
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Sample Location(s) Guideline Set Historical Context
Exceedances
Zinc (total) AEMP-US-01 (Midway) CCME FAL Total zinc concentrations have
AEMP-US-03 (NW Upstream) frequently exceeded the FAL

. guideline in both upstream
AEMP-DS-02 (Marine Dock) and downstream locations of

AEMP-DS-03 (Island 3) the Mackenzie River,
e emamnre !
AEMP-DS-05 (Radar North)

AEMP-DS-06 (FGH Blue Fish)
AEMP-DS-07 (FGH Ramparts)
AEMP-DS-08 (Radar South)
AEMP-DS-09 (End of Facility)

Toluene exceeded the CCME FAL guideline at the new Norman Wells site on the Mackenzie River
(AEMP-US-03) upstream from the NWO in the winter sampling of 2024. This was the only sample
with BTEX concentrations over the detection limit since 2017 and these detections are not
considered site related given that the site is upstream from the operating area. The source of
toluene at the AEMP-US-03 upstream location has not been determined but subsequent
verification of this seasonal detection is necessary.

All anion and cation KIPs were below guidelines where water quality criteria are established.

6.1.2 Control Charts — Upstream vs Downstream

Parameter concentrations found to be outside of the calculated upstream UCL and LCLs are
presented in Table 6-2. Control charting for SPMD measured PAHs and aPAHs will be incorporated
into future reports once an appropriate upstream dataset is established.

Table 6-2: Parameters outside of Upstream Control Limits

Sample Location(s) Above (>); Sample Month
Below (<)

Chloride AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (lIsland 3) > Mar
AEMP-DS-06 (FGH Blue Fish) > Mar
AEMP-DS-01 (Lower Bosworth Creek) > Jul, Aug, Sep

Calcium AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (lIsland 3) > Mar
AEMP-DS-06 (FGH Blue Fish) > Mar, Jul, Aug, Sep
AEMP-DS-09 (End of Facility) > Mar, Aug, Sep
AEMP-DS-01 (Lower Bosworth Creek) > Aug

Magnesium AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (lIsland 3) > Mar, Sep
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Sample Location(s) Above (>); Sample Month
Below (<)

AEMP-DS-06 (FGH Blue Fish) > Mar, Jul, Aug, Sep
AEMP-DS-09 (End of Facility) > Mar, Aug, Sep
AEMP-DS-01 (Lower Bosworth Creek) > Aug

Sulphate AEMP-DS-02 (Marine Dock) > Jul, Aug
AEMP-DS-03 (lIsland 3) > Jul, Sep
AEMP-DS-06 (FGH Blue Fish) > Mar, Jul, Aug, Sep
AEMP-DS-07 (FGH Ramparts) > Sep
AEMP-DS-09 (End of Facility) > Jul, Sept
AEMP-DS-01 (Lower Bosworth Creek) > Aug, Sep

Total Dissolved Solids AEMP-DS-02 (Marine Dock) > Aug

(TDS) AEMP-DS-03 (Island 3) > Mar
AEMP-DS-06 (FGH Blue Fish) > Mar, Aug, Sep
AEMP-DS-09 (End of Facility) > Mar
AEMP-DS-01 (Lower Bosworth Creek) > Aug

Aluminum (total) AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (Island 3) > Jul
AEMP-DS-05 (Radar North) > Jul

Arsenic (total) AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (Island 3) > Jul
AEMP-DS-04 (Refinery) > Aug
AEMP-DS-05 (Radar North) > Jul
AEMP-DS-08 (Radar South) > Jul

Barium (total) AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (lIsland 3) > Jul
AEMP-DS-04 (Refinery) > Aug
AEMP-DS-05 (Radar North) > Jul
AEMP-DS-06 (FGH Blue Fish) > Mar
AEMP-DS-07 (FGH Ramparts) > Jul, Aug
AEMP-DS-08 (Radar South) > Jul

Barium (dissolved) AEMP-DS-01 (Lower Bosworth Creek) > Jul

Cadmium (total) AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (lIsland 3) > Jul
AEMP-DS-04 (Refinery) > Aug
AEMP-DS-05 (Radar North) > Jul
AEMP-DS-08 (Radar South) > Jul

Chromium (total) AEMP-DS-03 (lIsland 3) > Jul
AEMP-DS-05 (Radar North) > Jul
AEMP-DS-08 (Radar South) Jul

Copper (total) AEMP-DS-02 (Marine Dock) > Jul
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Sample Location(s) Above (>); Sample Month
Below (<)
AEMP-DS-03 (Island 3) > Jul
AEMP-DS-05 (Radar North) > Jul
AEMP-DS-08 (Radar South) > Jul
Copper (dissolved) AEMP-DS-01 (Lower Bosworth Creek) > Jul
Iron (total) AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (Island 3) > Jul
AEMP-DS-04 (Refinery) > Aug
AEMP-DS-05 (Radar North) > Jul
AEMP-DS-08 (Radar South) > Jul
Molybdenum (total) AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-09 (End of Facility) > Mar
AEMP-DS-01 (Lower Bosworth Creek) > Sept
Nickel (total) AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (Island 3) > Jul
AEMP-DS-04 (Refinery) > Aug
AEMP-DS-05 (Radar North) > Jul
AEMP-DS-08 (Radar South) > Jul
AEMP-DS-01 (Lower Bosworth Creek) > Jul
Selenium (total) AEMP-DS-06 (FGH Blue Fish) > Aug
Uranium (total) AEMP-DS-02 (Marine Dock) > Aug
AEMP-DS-03 (Island 3) > Jul
AEMP-DS-05 (Radar North) > Jul
AEMP-DS-09 (End of Facility) > Mar
Zinc (total) AEMP-DS-02 (Marine Dock) > Jul, Aug
AEMP-DS-03 (Island 3) > Jul
AEMP-DS-04 (Refinery) > Jul, Aug
AEMP-DS-05 (Radar North) > Jul
AEMP-DS-06 (FGH Blue Fish) > Mar, Jul
AEMP-DS-07 (FGH Ramparts) > Jul, Aug
AEMP-DS-08 (Radar South) > Jul, Aug
AEMP-DS-09 (End of Facility) > Jul

6.1.2.1 Control Limit exceedances Discussion

Several sites had concentrations above control limits while no concentrations below control limits
were measured in 2024. This is not consistent with observations made in 2023, when fewer
metals exceeded control limits and some concentrations at near-field downstream sites were
below the respective control limit. Most total metal concentrations above the control limit in 2024
occurred at near-field downstream sites in spring and summer (July and August) when flows and
sediment load are elevated.
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This is consistent with previous monitoring years apart from 2023, which had unusually low total
metal concentrations during spring and summer sampling. It is important to note that
concentrations above control limits were not consistently above the UCL at all downstream sites,
and data collected from the new upstream sampling location at Norman Wells (AEMP-US-03) was
not incorporated into control limit calculations because of limited data availability (five sampling
events in 2023 and 2024). This is the closest site to Norman Wells that is upstream from the
NWO, and concentrations observed at this site were similar to those at near-field sites
downstream from the NWO (Appendix F; Figures F-12, F-26, and F-40). Based on these results,
the total metal concentrations in the Mackenzie River may be elevated during higher flow periods
but there is no indication that this is related to site activities. Data from the AEMP-US-03 site are
expected to be included in the control limit calculations during the 2025 AEMP and will assist in
verifying results observed in 2024. Flow-corrected control limits may more accurately compare
upstream and downstream sites in the Mackenzie River, however, development of these control
limits is limited by weak correlations between water chemistry and discharge in 2024 (see
Section 5.1.2).

The dissolved fraction concentrations of metal KIPs were within control limits in the Mackenzie
River, whereas dissolved barium and copper were above the UCL at the lower Bosworth Creek
(AEMP-DS-01) location in July. Dissolved copper at this location has periodically exceeded the UCL
in July and August since 2019, but an increase in the reportable detection limit in 2021 resulted in
censored results (results below the detection limit) during lower flow periods. The more recent
detection limit for copper is near the calculated UCL because the current UCL is based on historical
data collected before the detection limit increased (Appendix E). Dissolved barium at the lower
Bosworth Creek location exceeds the UCL by 0.001 mg/L and is consistent with concentrations
measured historically at this location.

In the Mackenzie River, indicator parameters periodically exceeded control limits primarily at the
marine dock, Island 3, and end of facility sampling locations, as well as the Blue Fish sampling
location near Fort Good Hope. Measurements at the Blue Fish location near Fort Good Hope are
regularly outside control limits in 2023 and 2024 most likely because it is downstream from the
confluence of the Mackenzie and Ramparts Rivers (Figure 2). Indicator parameters may have
higher concentrations in the Ramparts River based on water chemistry measured in Bosworth
Creek, given that both are tributaries to the Mackenzie River and similar conditions may exist.
This may explain the higher concentrations of indicator KIPs in the Mackenzie River downstream
from the confluence at the AEMP-DS-06 sampling location.

All indicator KIPs exceeded control limits at least once during the 2024 AEMP with chloride
exceeding the control limit since August 2022. Control limits in Bosworth Creek in 2024 were
based on historical upstream data from a discontinued monitoring location (AEMP-04) and a
statistically significant upward trend may be present (see 6.1.4). Chloride concentrations
measured at the new upstream locations also exceeded the established control limits in 2024
suggesting that the elevated chloride is not related to site activities (Appendix F; Figure F-13 and
F-14). Data available from the new upstream monitoring locations on Bosworth Creek are
expected to meet criteria for incorporation into the control limit calculation in 2025 AEMP.
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The potential upward trend for chloride concentrations in Bosworth Creek must be considered
when updated control limits are calculated.

6.1.3 Hydrochemical Type — Major lons

Hydrochemical type is visually represented in Piper plots in Appendix G. Piper plots provide a
visual tool to describe ionic composition of water to compare among water types and identify
mixing between different sources. Results for the Mackenzie River show that water quality is
predominantly a calcium-magnesium-bicarbonate type except for AEMP-DS-06 (Fort Good Hope),
which shows water quality as a calcium-magnesium-sulphate type for one sampling season.
Furthermore, other sampling seasons for the Fort Good Hope and Midway sites are characterized
as a mixed water type. Mixed water types indicate no single anion or cation dominates the system
and can be visually represented by a point in the centre of the piper plots. The Fort Good Hope
sampling site is near a stream that flows into the Mackenzie River which could have caused the
difference in water type compared with the other sites. Overall, with the exception of AEMP-DS-
06, which is likely influenced by water from Ramparts River, there is no notable variation in
hydrochemical type between upstream and downstream locations on the Mackenzie River.

Water quality in Bosworth Creek is predominantly a mixed type with some calcium predominance
and no notable variation between locations upstream and downstream or among sampling
seasons. Overall, results are consistent with findings from 2023.

6.1.4 Trend Summary

Mann-Kendall statistical summaries are presented in Appendix F and statistically significant trends
are summarized in Table 6-3.

Table 6-3: Surface Water Statistically Significant Trends

Chloride AEMP-DS-01 (Lower Bosworth Creek) Increasing

AEMP-DS-06 (Fort Good Hope) Decreasing
Magnesium AEMP-DS-06 (Fort Good Hope) Increasing
Cadmium (Dissolved) AEMP-DS-06 (Fort Good Hope) Increasing
Cadmium (Total) AEMP-US-02 (10 Mile) Decreasing
Arsenic (Total) AEMP-US-02 (10 Mile) Decreasing
Copper (Total) AEMP-US-02 (10 Mile) Decreasing
Iron (Total) AEMP-DS-01 (Lower Bosworth Creek) Decreasing
Nickel (Total) AEMP-US-02 (10 Mile) Decreasing
Zinc (Total) AEMP-US-02 (10 Mile) Decreasing
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Several total metals, including cadmium, arsenic, copper, nickel, and zinc are decreasing
significantly at the 10 Mile site (AEMP-US-02) upstream from the NWO. Trends in the upstream
data wouldn’t be attributed to NWO site operations but may suggest that total metal
concentrations are decreasing within the Mackenzie River. The 2024 chloride concentrations at
Mackenzie River downstream appear consistent with upstream concentrations, however the
overall chloride concentrations throughout the sampling seasons at Fort Good Hope are slightly
lower than 2023. Magnesium and dissolved cadmium concentrations have increasing trends at the
Fort Good Hope sampling site, however only two years of data (eight sampling events) are
available at this site and trends may be a result of limited data over time.

Chloride is increasing significantly at the Lower Bosworth Creek (AEMP-DS-01) site, which is
consistent with trends from 2023. The magnitude of chloride concentrations at the downstream
site is similar to upstream conditions and below water quality criteria in 2024. Bosworth Creek has
limited data at upstream sites, which limits the upstream trend analysis in Bosworth Creek.
There’s evidence of increasing trends for chloride and calcium at the Upstream Bosworth Creek
(AEMP-US-04) site, which isn’t identified by the trend analysis because of the short sampling
period for this site specifically (six water quality measurements to date). Review of groundwater
monitoring data near Bosworth Creek was recommended in 2023 and data is limited by low water
levels precluding sampling from some existing wells. New groundwater monitoring wells were
installed as part of the surveillance network program (SNP) in 2024 to improve the groundwater
monitoring network, however, if low water levels persist then groundwater data may remain
limited. Chloride concentrations in Bosworth Creek (at upstream and downstream sampling
locations) began to increase in 2021 (Table 2; TRSA 2023) while groundwater wells between the
CPF and Bosworth Creek had chloride concentrations below that observed in Bosworth Creek up to
and including 2024 (TRSA 2025a, TRSA 2025b). Taken together, the groundwater and surface
water results indicate that the cause of the increasing chloride trend in Bosworth Creek is
upstream from the NWO, as well as the farthest upstream sampling location. Since the maximum
chloride concentration in Bosworth Creek (39 mg/L) remains below the CCME FAL guideline

(120 mg/L), and the increasing trend may be considered an early warning of potential concerns in
the future.

6.1.5 Semi-permeable Membrane Device PAH Results

All PAH and aPAH concentrations are below the applied guidelines, when available, which is
consistent with findings for previous PAH analyses. In 2023 and 2024, SPMD analyses did achieve
lower detection limits for PAHs and aPAHs compared to grab sample analyses allowing for
detectable concentrations rather than all results being below the laboratory reportable detection
limit. Improved PAH/aPAH detection has enabled a more detailed understanding of PAH
concentrations in the Mackenzie River and Bosworth Creek to better describe the AES.
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Total PAH concentrations measured in SPMDs, including PAHs and aPAHs, are summarized for the
Mackenzie River and Bosworth Creek in Table 6-4. The concentrations of individual PAHs and
aPAHSs are provided in Table 6 and Table 7, respectively. Profiles of the average PAH and aPAH
concentrations at each site sampled in 2023 and 2024 are also presented for sites on the
Mackenzie River upstream from the NWO (Figure 6-1), downstream from the NWO (Figure 6-2),
and on Bosworth Creek (Figure 6-3).

The total PAH concentrations in the Mackenzie River were highest near the marine dock
(AEMP-DS-02) and refinery (AEMP-DS-04) sampling locations in 2024. Total PAH concentrations
at other downstream near-field sites such as Island 3 (AEMP-DS-03) were low and similar to
concentrations measured near Fort Good Hope (AEMP-DS-06 and AEMP-DS-07). Overall, results in
2024 are consistent with those observed in 2023, however, concentrations at the marine dock
were substantially higher compared to 2023. Elevated concentrations at the marine dock and
refinery may be a result of known natural seeps near these locations. Passive samplers were
deployed over three seasons at three upstream locations in 2024 and measured total PAH
concentrations at these sites were similar to those observed at other downstream near-field sites
including those near Radar Island (AEMP-DS-05 and AEMP-DS-08) and the end of the facility
(AEMP-DS-09). Apart from the marine dock and refinery locations, total PAH concentrations
measured in 2024 are within the same range or slightly higher than as those measured from
SPMDs in the Athabasca River near the oil sands region (Lévesque et al 2023). Therefore, the
results suggest that background PAH concentrations in the Mackenzie River are higher than those
present farther upstream in the watershed in the Athabasca River and Slave River.

The total PAH concentrations in Bosworth Creek were similar to midstream locations in the
Mackenzie River with the highest concentrations occurring in the middle sampling reach of
Bosworth Creek (AEMP-US-04) and the lowest concentrations measured at the upper Bosworth
Creek site (AEMP-US-05). Concentrations at the lower Bosworth Creek site (AEMP-DS-01) were
similar to concentrations observed in the Mackenzie River upstream from the NWO (Table 6-4).
Notably, total PAH concentrations in Bosworth Creek in 2024 were lower compared to 2023.

Table 6-4: Polycyclic Aromatic Hydrocarbon (PAH) Summary in the Mackenzie River and Bosworth Creek in
2024

Mackenzie AEMP-DS-02 (Marine Dock) Spring 0.729 0.002
River AEMP-DS-02 (Marine Dock) Summer 1.447 0.001
AEMP-DS-02 (Marine Dock) Fall 7.994 0.001
AEMP-DS-03 (lIsland 3) Spring 0.044 0.020
AEMP-DS-03 (lIsland 3) Summer 0.059 0.024
AEMP-DS-04 (Refinery) Spring 0.683 0.002
AEMP-DS-04 (Refinery) Summer 0.501 0.004
AEMP-DS-04 (Refinery) Fall 0.613 0.006
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watercourse Sample Location Deployment @ Total PAHs Pyrogenic

Period (ng/L) Index
AEMP-DS-05 (Radar North) Spring 0.061 0.015
AEMP-DS-05 (Radar North) Fall 0.308 0.008
AEMP-DS-06 (FGH — Blue Fish) Summer 0.043 0.019
AEMP-DS-07 (FGH - Ramparts) Summer 0.065 0.013
AEMP-DS-07 (FGH - Ramparts) Fall 0.094 0.018
AEMP-DS-08 (Radar South) Spring 0.054 0.019
AEMP-DS-08 (Radar South) Summer 0.184 0.009
AEMP-DS-08 (Radar South) Fall 0.293 0.007
AEMP-DS-09 (End of Facility) Spring 0.066 0.013
AEMP-DS-09 (End of Facility) Summer 0.075 0.023
AEMP-DS-09 (End of Facility) Fall 0.098 0.015
AEMP-US-01 (Midway Island) Spring 0.048 0.038
AEMP-US-01 (Midway Island) Summer 0.175 0.021
AEMP-US-01 (Midway Island) Fall 0.216 0.018
AEMP-US-02 (10 Mile Island) Spring 0.064 0.022
AEMP-US-02 (10 Mile Island) Summer 0.101 0.017
AEMP-US-02 (10 Mile Island) Fall 0.122 0.016
AEMP-US-03 (Norman Wells Upstream) | Spring 0.061 0.030
AEMP-US-03 (Norman Wells Upstream) Summer 0.132 0.016
AEMP-US-03 (Norman Wells Upstream) Fall 0.126 0.022
Bosworth Creek | AEMP-DS-01 (Lower Bosworth Creek) Spring 0.096 0.042
AEMP-DS-01 (Lower Bosworth Creek) Summer 0.135 0.041
AEMP-DS-01 (Lower Bosworth Creek) Fall 0.171 0.045
AEMP-US-04 (Bosworth Creek) Spring 0.152 0.008
AEMP-US-04 (Bosworth Creek) Summer 0.123 0.007
AEMP-US-04 (Bosworth Creek) Fall 0.149 0.004
AEMP-US-05 (Upper Bosworth Creek) Spring 0.068 0.012
AEMP-US-05 (Upper Bosworth Creek) Summer 0.054 0.014
AEMP-US-05 (Upper Bosworth Creek) Fall 0.077 0.008

Alkylated PAHs contributed most to the total concentrations measured in 2024 in the Mackenzie
River and Bosworth Creek (Figure 6-1 to Figure 6-3). Alkylated dibenzothiophenes,
fluoranthenes/pyrenes, naphthalenes, and phenanthrenes/anthracenes were the most abundant
PAHs in all sites in the Mackenzie River and Bosworth Creek. In fall 1995, Parrott et al. (1999)
documented higher contributions of naphthalenes and fluoranthene in SPMDs deployed in the
Mackenzie River upstream and downstream from the NWO compared to those deployed in effluent
from the NWO. Although alkylated fluoranthene concentrations were elevated in 2023, the
concentration of these compounds in 2024 were low at all sites in the Mackenzie River and
Bosworth Creek.
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High proportions of aPAHs (namely naphthalenes and phenanthrenes/anthracenes) also
contributed to low Pl values in the Mackenzie River and Bosworth Creek in 2024. The low PI
indicates that PAHs in both watercourses are from a petrogenic origin typical of crude heavy oils
and fuels rather than atmospheric deposition from combustion (Lévesque et al 2023). This is
consistent with findings from SPMDs deployed in 1995 (Parrott et al. 1999).
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Figure 6-1: Profiles of PAH and aPAH Concentrations measured in SPMDs deployed in the Mackenzie River upstream from the NWO in 2023 and 2024 (Acronyms defined in Table 3-2)
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Figure 6-2: Profiles of PAH and aPAH Concentrations measured in SPMDs deployed in the Mackenzie River downstream from the NWO in 2023 and 2024 (Acronyms defined in Table 3-2)
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Figure 6-3: Profiles of PAH and aPAH Concentrations measured in SPMDs deployed in Bosworth Creek in 2023 and 2024 (Acronyms defined in Table 3-2)
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Slimy sculpin were collected from the three sampling reaches in Bosworth Creek from September
11 to 17, 2025 using a backpack electrofisher set to 12% duty cycle, 60 Hz pulse frequency, and
250 volts. A total of 157 slimy sculpin were retained from Bosworth Creek for the fish health
assessment in 2024 (Table 8). Electrofishing effort and the number of slimy sculpin captured from
each fishing reach in 2024 are summarized in Table 6-5. The lowest catch rate was at the
AEMP-FS-01 sampling location, but it is important to note that additional sampling occurred at this
site, as well as AEMP-FS-03, to target larger individuals for liver protein analyses. In general,
slimy sculpin collected at the AEMP-FS-02 site appeared larger, resulting in a sufficient number of
mature individuals with the least sampling effort. Non-target fish species observed in Bosworth
Creek in 2024 included juvenile bluefish (a.k.a. Arctic grayling; Thymallus arcticus), loche (a.k.a.
burbot; Lota lota), jackfish (a.k.a. northern pike; Esox lucius), pickerel (a.k.a. walleye); Sander
vitreus), and longnose sucker (Catostomus Catostomus), as well as all life-stages of lake chub
(Couesius plumbeus).

Table 6-5: Slimy sculpin fishing effort and catch rates in Bosworth Creek during 2024 AEMP

Total Effort (seconds) 5,155 12,901 7,827
Number of Slimy Sculpin (=50 mm total 47 52 54
length)

Number of Mature Females Retained 24 26 29
Number of Mature Males Retained 21 19 15
Total Number of Slimy Sculpin Caught 77 109 80
Total slimy sculpin CPUE 1.49 0.84 1.02

Note: Catch-per-unit-effort (CPUE) denotes the number of slimy sculpin captured per 100 seconds of electrofishing effort

The length-frequency distribution of slimy sculpin retained for analysis in 2024 is compared with
the distribution observed in 2023 in Figure 6-4. In 2024, preference was given to individuals over
55 mm long and no slimy sculpin less than 50 mm were retained given that this was identified as
the length-at-maturity for lower Bosworth Creek in 2023 (TRSA 2024). Consequently, only six
immature slimy sculpin were retained from AEMP-FS-01, one immature slimy sculpin was retained
from AEMP-FS-02, and eight immature fish were retained from AEMP-FS-03. These individuals, as
well as those with parasites present in the body cavity, were removed from the fish health
assessment given that the physiological processes influencing gonad and liver size will be altered
in these individuals. The total number of mature males and females available for the fish health
analyses for each site in 2024 are provided in Table 6-5. More females were captured at each site
in 2024, which is consistent with results observed in 2023. Immature individuals retained in 2024
were included in the composite samples submitted for PAH analysis.
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Figure 6-4: Length-Frequency distribution of slimy sculpin captured from Bosworth Creek in 2023 and 2024

6.2.1 Bosworth Creek Slimy Sculpin Health Analysis

Summary statistics for metrics used to assess fish health and energy allocation for slimy sculpin
are provided in Table 9. The sample mean and the distribution of observations for fish length,
body weight, condition factor, HSI, and GSI for females and males collected from Bosworth Creek
in 2024 are presented in Figure 6-5. Population estimates for these metrics were compared
among the reference (AEMP-FS-01 and AEMP-FS-03) and experimental (AEMP-FS-02) sampling
reaches and statistical results of these comparisons are provided in Table 6-6 and Table 10.
Notably, these comparisons are based only on mature fish and individuals with pathological
observations (e.g. parasites present in body cavity) were removed resulting in an unbalanced
comparison among sites.

Male slimy sculpin from the experimental site (AEMP-FS-02) were significantly heavier than fish
captured from the AEMP-FS-03 reference site. Although males from AEMP-FS-02 were heavier
than slimy sculpin from the AEMP-FS-01 reference, this difference between sites was not
statistically significant (Table 6-6 and Table 10). Male slimy sculpin condition was significantly
higher at the experimental site compared with both reference sites, although the percent
differences remained below the CES of 10%. Alternatively, length, weight, and condition of female
sculpin were similar among sites. Condition provides a metric relating to overall energy availability
where fish having higher condition indicating that more energy available to carry out life
processes such as growth.
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Consequently, the higher male condition at the experimental site suggests higher energy
availability within this sampling reach. Higher condition within the AEMP-FS-02 sampling reach
was also documented in 2023. Although male condition was 7.3% higher at AEMP-FS-02, only
female slimy sculpin had statistically higher condition during the 2023 AEMP (TRSA 2024).

The HSI also provides a measure of energy availability given that much of the fish’s energy stores
are retained in the liver (e.g. lipid and glycogen storage). In 2023, the HSI at AEMP-FS-02 was
elevated compared with the reference site and the percent difference for HSI exceeded the CES of
25% for male slimy sculpin. The results in 2024 act as verification that liver size relative to body
weight is higher (based on HSI) at the experimental site given that the percent difference for
males exceeded the CES for a second consecutive year. Statistical comparisons among sites also
supported that male slimy sculpin HSI was higher at the AEMP-FS-02 experimental site compared
with the AEMP-FS-03 reference. Notably, females consistently had higher HSI than males within
each sampling reach. Vitellogenin is a protein essential for egg development that is produced and
retained in the liver of fish, therefore higher HSI observed for female slimy sculpin may be related
to the production of vitellogenin for egg production. It is notable that one slimy sculpin had a
large tumor growing from the liver at AEMP-FS-02 (Photo 6-1). This individual was identified as an
outlier within the dataset and removed from statistical analyses given that the tumor increased
the liver size relative to other sculpin within the population.

The GSI of slimy sculpin in 2024 was similar among sites for both males and females and percent
differences were below the CES of 25%. These results suggest that energy allocated for
reproduction is similar among sites in 2024 (Table 6-6).
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Parameter AEMP-FS-02 AEMP-FS-01 AEMP-FS-03 Percent Differences for Sign. Difference Power (1-B)
(Exp. Site) (Ref. Site 1) (Ref. Site 2) AEMP-FS-02
nt Mean = SE nt ‘ Mean = SE nt Mean = SE
Length (mm) Female 24 67.0 + 1.75 26 68.5 + 2.15 29 71.9 +1.98 FS-01: -2.1% No; p = 0.208 0.34
FS-03: -6.8%
Male 21 70.0 £ 2.31 19 64.2 = 1.88 15 63.3 + 2.20 FS-01: 9.1% No; p=0.051 0.61
FS-03: 10.6%
Weight (g) Female 24 2.634 + 0.238 26 2.679 + 0.249 29 3.178 + 0.247 FS-01: -1.7% No; p=0.185 0.36
FS-03: -17.1%
Male 21 3.248 + 0.363 19 2.309 + 0.255 15 2.186 + 0.300 FS-01: 40.7% Yes; p <0.05 0.77
FS-03: 48.6% FS-02 > FS-03
Condition Factor Female 24 0.83 = 0.02 26 0.79 £ 0.02 29 0.81 + 0.01 FS-01: 5.5% No; p2=0.20 -
FS-03: 2.1%
Male 21 0.88 + 0.01 19 0.83 + 0.01 15 0.80 + 0.03 FS-01: 6.4% Yes; p® <0.01 0.84
FS-03: 9.6% FS-02 > FS-01 and FS-03
Hepatosomatic Index Female 24 2.57 £0.14 26 2.27 £0.14 29 2.17 £0.10 FS-01: 12.9% No; p = 0.078 0.53
(HSI) FS-03: 18.5%
Male 204 2.07 = 0.16 19 1.58 + 0.10 15 1.50 = 0.14 FS-01: 30.5% Yes; p <0.05 0.73
FS-03: 37.6% FS-02 > FS-03
Gonadosomatic Index Female 24 1.51 + 0.07 26 1.48 + 0.09 29 1.67 = 0.08 FS-01: 2.0% No; p = 0.20 0.35
(GsI) FS-03: -9.4%
Male 21 2.04 + 0.08 19 1.83 + 0.10 15 1.83 +0.13 FS-01: 11.3% No; p = 0.236 0.25
FS-03: 11.5%

Notes:

Superscript 1 — ‘n’ denotes sample size of the respective experimental group

Superscript 2 — denotes that the associated p-value is based on a Fisher-Pitman permutation test because assumptions for the ANOVA test were not met.

Superscript 3 — denotes that a square transformation was applied to the dataset to meet assumptions of normality and/or homoscedasticity for the ANOVA test.

Superscript 4 — Outlier male AEMP-FS-02-23 was removed from AEMP-FS-02 site for HSI statistical comparison. Means presented includes outlier.

Photo 6-1: Tumor observed on liver of slimy sculpin captured from the AEMP-FS-02 experimental site
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Results of statistical analyses investigating energy availability and allocation through the ANCOVA
approach are summarized in Table 6-7 and Table 10. There were no significant interactions
between sampling reaches and the relationship with fish length or body weight in 2024.
Consequently, it was assumed that each site had parallel slopes and the distance between
regression lines was used to determine site differences. Linear regression relationships between
body weight and length, liver weight and body weight, and gonad weight and body weight in 2024
are presented for each sampling reach in Figure 6-6.

The relationship between body weight and fish length verified results based on fish condition
suggesting that overall condition of male sculpin is higher at the downstream sampling location
(Table 6-7). While statistical results for fish condition indicate that male fish from the
experimental site had significantly higher condition than both reference sites, the ANCOVA
analysis indicated that overall condition of males from AEMP-FS-02 was only significantly higher
than fish from the AEMP-FS-03 reference site. The percent differences among the reference sites
and the experimental site was below the CES in 2024 (Table 6-7). These results are similar to
those observed in 2023, however, in 2023 only female slimy sculpin had statistically higher
condition at the experimental site (TRSA 2024). Percent differences in 2023 were also similar to
those observed in 2024 and indicated higher condition at the experimental site, as well as percent
differences below the action level CES. Based on both years of the SFS, the energy availability at
the experimental site (AEMP-FS-02) is higher than the upstream references but site differences do
not exceed the CES. These results are not indicative of adverse effects on the slimy sculpin at the
experimental site given that condition is a commonly used metric for determining fish health, with
higher condition indicating better fish health.

Liver weight relative to body weight was highest at the experimental site (AEMP-FS-02) for both
males and females in 2024, however, no statistical differences were observed among sites

(Table 6-7). In addition, percent differences were below the CES for both reference sites
compared with the experimental site. In contrast, the liver weight (relative to body weight) in
2023 for male slimy sculpin from AEMP-FS-02 was significantly higher than that of fish from the
AEMP-FS-01 reference and the percent difference exceeded the CES. Results from 2024 do not
verify a site effect suggesting higher liver weight at the experimental site given that action level
thresholds were not exceeded in the ANCOVA analysis, however, there is evidence that liver sizes
relative to body weight are higher at the experimental site. This potential effect is particularly
evident for male slimy sculpin. Liver weight relative to body weight helps quantify the energy
allocated to survival (e.g. stress response) and contaminant detoxification, therefore these results
suggest that slimy sculpin at the experimental site allocate more resources to these processes.
Liver composition is discussed in this context further in Section 6.2.1.1.

Gonad weight relative to body weight was similar among sites with no statistically significant
differences observed in 2024 (Table 6-7). Percent differences were below the action level CES for
both males and females. These results are consistent with those observed for male slimy sculpin
in 2023, however a significant interaction between gonad weight and site was identified for
females in 2023. The 2024 results therefore suggest that potential site differences in 2023 could
be a statistical artifact rather than a true site effect.
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Table 6-7: Statistical results of analysis of covariance (ANCOVA) tests for slimy sculpin assessed from Bosworth Creek during the 2024 AEMP

Parameter AEMP-FS-02 (Exp. Site) | AEMP-FS-01 AEMP-FS-03 Percent Differences for Sign. Interaction
(Ref. Site 1) (Ref. Site 2) AEMP-FS-02

Adj. Mean Adj Mean
Body Weight (Length Female 24 2.652 26 2.515 29 2.624 FS-02:FS-01 = 5.4 No; p = 0.155 No; p = 0.299 0.40
Covariate) FS-02:FS-03 =1.1
Male 21 2.459 19 2.336 15 2.270 FS-02:FS-01 = 5.2 Yes; p <0.05 No; p = 0.646 0.63
FS-02:FS-03 = 8.3 FS-02>FS-03
Liver Weight (Body Female 24 0.065 26 0.056 29 0.054 FS-02:FS-01 = 14.8 No; p = 0.069 No, p = 0.877 0.55
Weight Covariate) FS-02:FS-03 = 20.5
Male 20? 0.041 19 0.036 15 0.033 FS-02:FS-01 = 14.8 No; p = 0.202 No; p = 0.726 0.36
FS-02:FS-03 = 23.6
Gonad Weight (Body Female 24 0.039 26 0.037 29 0.042 FS-02:FS-01 = 4.8 No; p = 0.299 No; p = 0.909 0.27
Weight Covariate) FS-02:FS-03 = -7.3
Male 21 0.045 19 0.043 15 0.042 FS-02:FS-01 = 6.8 No; p = 0.669 No; p = 0.221 0.12

FS-02:FS-03 = 7.4

Notes:

All weights are provided in grams (g).

Bold text indicates statistically significant differences between sites and percent differences above critical effect sizes (CES).
Superscript 1 — ‘n’ denotes sample size of the respective experimental group

Superscript 2 - Outlier male AEMP-FS-02-23 was removed from AEMP-FS-02 site for liver weight statistical comparison.
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Figure 6-6: Relationships of body weight versus total length (Left), liver weight versus body weight (Centre), and gonad weight versus body weight (Right) for slimy sculpin captured from Bosworth Creek during the 2024 AEMP
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The power of the ANCOVA and ANOVA are somewhat limited given that effect size for the site
effect is relatively low for comparing liver and gonad weights (relative to body weight) among
sites. Based on the power analysis using the observed effect sizes, over 100 slimy sculpin would
need to be sampled from each reach to obtain the target power of 0.90. Removing this many
individuals from the population in a single sampling year would most likely cause detrimental
effects to the slimy sculpin population in Bosworth Creek. Pooling sampling events between
monitoring years could be a suitable method for increasing statistical power provided that no
differences occur between sampling years. This can be tested using a repeated-measures ANOVA
comparing fish morphometrics (e.g. length, weight, condition, liver weight, gonad weight)
between sampling years. If no site differences are identified it can be assumed that fish
morphometrics do not change between years and measurements can be assumed to have come
from the same population. Pooling samples across years does introduce time as a confounding
variable within the site comparisons. However, if health metrics do not change over time, this
approach could improve statistical power without increasing lethal sampling pressure on the slimy
sculpin population. Notably, if there are temporal differences identified at any of the sampling
locations, the data cannot be pooled given that temporal trends may influence site comparisons.
Fish morphometric data, including 2023 and 2024, are presented in Figure 6-7 to provide a visual
comparison among sites. Further statistical analyses comparing this data over time were not
completed in 2024 given that this approach has not been discussed with stakeholders and
regulators and this analysis was not within the scope of the 2024 AEMP.

6.2.1.1 Mixed-function Oxygenase Protein Analysis

The CYP1A1 protein content and total hepatic protein was compared among sites for each sex
independently using an ANOVA approach (Table 10). Only eight males from AEMP-FS-03 had
sufficient liver sizes for the protein analysis in 2024, therefore, site comparisons for male slimy
sculpin were unbalanced among sites (Table 6-8). Based on these analyses, the CYP1A1 protein
content is higher in male slimy sculpin livers obtained from the experimental site compared to the
AEMP-FS-01 reference site. Alternatively, total protein was generally lower in the livers of slimy
sculpin from the experimental site, but only female slimy sculpin from AEMP-FS-02 had
significantly lower protein content compared to females from the AEMP-FS-01 reference site
(Table 6-8).

Larger liver sizes are generally considered an indication of increased energy allocation to the liver
to cope with contaminant exposure in EEM, however, the overall tissue composition should be
considered. Results from 2024 suggest that the level of the detoxifying protein CYP1A1l at the
experimental site is higher than the reference sites. Alternatively, total protein at this site is lower
than the reference sites.
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Table 6-8: Liver protein statistical results for site comparisons during the 2024 AEMP

Parameter AEMP-FS-02 AEMP-FS-01 AEMP-FS-03 Percent Differences for Statistical Difference | Power (1-B) | CES Range
(Exp. Site) (Ref. Site 1) (Ref. Site 2) AEMP-FS-02
Mean *= SE Mean *= SE Mean *= SE
CYP1A (pg/mg protein) Female 10 16.23 = 1.40 10 13.48 = 1.08 10 15.70 = 0.58 FS-01: 20.4% No; p? = 0.101 0.50 8.80 to 20.39
FS-03: 3.4%
Male 10 13.65 + 0.77 10 10.64 + 0.51 8 12.13 = 0.77 FS-01: 28.3% Yes; p <0.05 0.82 7.35 to 15.25
FS-03: 12.6% FS-02>FS-01
Total Protein (ug/mL) Female 10 5785 = 200 10 7001 + 227 10 6426 + 203 FS-01: -17% Yes; p <0.01 0.96 5264 to 8164
FS-03: -10.0% FS-02<FS-01
Male 10 6382 + 285 10 7042 + 296 8 7333 + 218 FS-01: -9.4% No; p? = 0.052 0.63 5571 to 8772
FS-03: -13.0%

Notes:

All comparisons included ten individuals from each site and sex unless otherwise noted.

Bold text denotes statistically significant differences between sites and percent differences that exceed critical effect size (CES)
Superscript 1 — ‘n’ denotes sample size of the respective experimental group

Superscript 2 — denotes that the associated p-value is based on a Fisher-Pitman permutation test because assumptions for the ANOVA test were not met.
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The CES ranges presented in Table 6-8 are based on the pooled data from both reference sites in
2024 (mean = 2* standard deviation as outlined in Section 5.2.1). One female (AEMP-FS-02-04)
and two male (AEMP-FS-02-03 and AEMP-FS-02-18) slimy sculpin had CYP1A1l concentrations
above the CES, but average CYP1A1l concentrations for both sexes were within the CES range
(Table 6-8). Total protein measured in two female (AEMP-FS-02-04 and AEMP-FS-02-20) and two
male (AEMP-FS-02-18 and AEMP-FS-02-24) slimy sculpin from the experimental site had protein
concentrations below the CES range, while mean protein concentrations for both sexes remained
within the CES range.

6.2.2 Tissue Residue Concentrations

Metal concentrations in slimy sculpin (on a dry weight basis) collected from Bosworth Creek in
2023 and 2024 are provided in Table 11 and summary statistics for each site are provided in
Table 12.

The 2024 tissue residue concentrations in sculpin are compared among both reference sites and
the experimental site for each KIP in Table 6-9. Sample means and distribution of observations for
each KIP are compared with UCLs and the FEQG in Figure 6. The tissue concentrations measured
in male slimy sculpin were similar among sites for all KIPs measured in 2024. Aluminum, arsenic,
copper, and selenium were significantly lower in females from the new upstream reference site
(AEMP-FS-03) compared with the existing reference site (AEMP-FS-01). Notably, arsenic was the
only metal that also had significantly higher tissue concentrations at the experimental site when
compared with the new reference site. Apart from arsenic, no metal KIP concentrations were
significantly elevated at the experimental site compared with the two reference sites for either sex
in 2024 (Table 6-9).

Tissue concentrations were also compared with control limits based on the CES of two standard
deviations from the mean concentration measured in slimy sculpin from reference sites in 2024
(Table 6-10). Average concentrations measured in slimy sculpin from the experimental site for
each KIP were within control limits in 2024. The copper concentration of two females from the
experimental site were above the UCL in 2024. In addition, one molybdenum and one zinc
concentration measured in female sculpin from the experimental site exceeded the UCL. In males,
only one aluminum concentration measured at the experimental site exceeded the UCL in 2024.
Wet weight tissue residue concentrations in slimy sculpin collected in 2024 are compared with the
toxicological thresholds in Figure 7.

Selenium concentrations on a dry weight and wet weight basis in 2024 are compared with UCLs,
the FEQG, and SETAC toxicological threshold in Figure 6-8. Two females from the experimental
site in 2024 had selenium concentrations above the UCL, one of which exceeded the FEQG for
selenium also. Four selenium concentrations (two male and two female) exceeded the SETAC
threshold at the experimental site compared with two concentrations (two males) exceeding this
threshold at the two reference sites. Fewer selenium concentrations above the FEQG were
observed at the experimental site in 2024 (two concentrations exceeded FEQG) compared to 2023
(six concentrations exceeded FEQG) for both sexes (Table 11).
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Based on the combined results from 2023 and 2024, female sculpin from both reference sites
have had selenium concentrations consistently below the FEQG, while concentrations over the
FEQG occur sporadically in female sculpin from the experimental site. Meanwhile, concentrations
above the selenium FEQG have sporadically occurred in male sculpin from all sites.
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Table 6-9: Statistical comparison results for key indicator parameters measured in slimy sculpin tissue during the 2024 AEMP

Parameter

AEMP-FS-02

(Exp. Site)

AEMP-FS-01
(GEIBSIG))

AEMP-FS-03
(GEIBSILG))

%0 Detect

Test Stat?

b " N
2 &
Impenial

CES Limits

Mean * SE

Mean * SE

Mean * SE

Aluminum Female 5.70 £ 0.79 7.55 £1.71 3.56 = 0.69 100 Log10 4.532 Yes; p <0.05 0.77 <0.052 to 14.576
FS-03<FS-01
Male* 8.62 + 1.77 7.46 £2.24 4.31 +0.62 100 Log10 2.247 No; p = 0.13 0.46 <0.052 to 16.512
Arsenic Female 0.25 +0.03 0.23 £ 0.04 0.13 = 0.02 73 Log10 5.964 Yes; p <0.05 0.88 -
FS-03<FS-01 and FS-02
Male 0.21 = 0.02 0.25 + 0.02 0.19 = 0.02 67 None 3.787 No; p®=0.15 - -
Barium Female 0.50 = 0.07 0.56 + 0.06 0.55 +0.12 100 None 0.125 No; p = 0.88 0.07 <0.001 to 1.148
Male* 0.50 + 0.06 0.56 + 0.16 0.74 £ 0.21 100 -—- 1.335 No: p® = 0.55 - <0.001 to 1.830
Cadmium Female --- --- --- 13 --- --- --- --- ---
Male --- -— --- 20 -— --- -— --- ---
Chromium Female 0.82 = 0.03 0.92 + 0.05 0.84 = 0.06 100 None 1.405 No; p = 0.26 0.30 0.53 10 1.23
Male 0.84 = 0.05 0.92 + 0.09 0.85 + 0.06 100 Log10 0.282 No; p = 0.76 0.09 0.39 to 1.37
Copper Female 1.79 £ 0.13 1.84 + 0.11 1.42 + 0.09 100 None 4.207 Yes; p < 0.05 0.74 0.88 to 2.38
FS-03<FS-01
Male 1.80 +£ 0.13 1.77 £ 0.12 1.91+ 0.16 100 None 0.278 No; p = 0.76 0.09 0.95 to 2.73
Molybdenum Female 0.036 = 0.010 0.035 + 0.005 0.032 + 0.006 97 Square root 0.125 No; p=0.88 0.07 <0.001 to 0.070
Male 0.050 * 0.009 0.042 + 0.009 0.044 + 0.009 100 Log10 0.273 No; p = 0.76 0.09 <0.001 to 0.096
Nickel Female 0.941 + 0.120 1.175 + 0.144 1.003 + 0.214 100 None 0.544 No; p = 0.59 0.14 <0.029 to 2.228
Male 0.996 + 0.138 1.365 + 0.295 1.309 + 0.240 100 None 0.727 No; p = 0.49 0.17 <0.029 to 2.994
Selenium Female 4.38 + 0.43 4.50 £ 0.19 3.49 = 0.19 100 None 3.554 Yes; p <0.05 0.66 2.42 to 5.57
FS-03<FS-01
Male 4.46 + 0.40 4.78 = 0.28 4.82 = 0.50 100 None 0.24 No; p = 0.79 0.09 2.32t0 7.28
Uranium Female --- -— 36 -— --- -— --- ---
Male 0.0010 = 0.0003 0.0015 * 0.0005 0.0014 = 0.0003 57 - 1.148 No: p® = 0.62 - -
Zinc Female 53.4 £ 6.91 55.9 + 4.85 43.6 + 4.65 100 Log10 1.893 No; p = 0.17 0.39 17.88 to 81.62
Male 59.2 + 3.08 61.6 + 6.06 57.9 £5.27 100 None 0.143 No; p = 0.87 0.10 24.58 t0 94.92
Notes:

All concentrations presented as mg/kg dry weight.

All comparisons included ten individuals from each site and sex unless otherwise noted.

Superscript 1 — ‘Trans’ denotes the data transformation applied to meet assumptions of the ANOVA statistical test.

Superscript 2 — Test statistic provided is dependent on the test applied. For ANOVA analyses the F-statistic is provided, while when a permutation test is applied the test statistic provided is the Z score.

Superscript 3 - denotes that the associated p-value is based on a permutation statistical analysis because data did not meet assumptions of the ANOVA and data transformation could not meet assumptions.
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Table 6-10: Critical Effect Size (CES) Ranges for metal KIPs measured in slimy sculpin tissue during the 2024 AEMP

Lower Limit Upper Limit AEMP-FS-02 (Mean AEMP-FS-02 (Range 2024 Summary

I
Imperial

Aluminum Female <0.052 14.576 5.70 2.1to 11 Average within CES; no observations above CES
Male <0.052 16.512 8.62 1.7 to 22 Average within CES; 1 observation over CES
Arsenic Female Insufficient data above detection to compare experimental site conditions to reference sites
Male Insufficient data above detection to compare experimental site conditions to reference sites
Barium Female <0.001 1.148 0.50 0.27 to 0.85 Average within CES; no observations outside CES limits
Male <0.001 1.830 0.50 0.18 to 0.82 Average within CES; no observations outside CES limits
Cadmium Female Insufficient data above detection to compare experimental site conditions to reference sites
Male Insufficient data above detection to compare experimental site conditions to reference sites
Chromium Female 0.53 1.23 0.82 0.69 to 1.00 Average within CES; no observations outside CES limits
Male 0.39 1.37 0.84 0.62 to 1.00 Average within CES; no observations outside CES limits
Copper Female 0.88 2.38 1.79 1.4 to 2.6 Average within CES; 2 observations over CES
Male 0.95 2.73 1.80 1.1to 2.4 Average within CES; no observations outside CES limits
Molybdenum Female <0.001* 0.070 0.036 <0.001 to 0.118 Average within CES; 1 observation over CES
Male <0.001* 0.096 0.050 0.024 to 0.095 Average within CES; no observations outside CES limits
Nickel Female <0.029* 2.228 0.941 0.474 to 1.7 Average within CES; no observations outside CES limits
Male <0.029* 2.994 0.996 0.379to 1.7 Average within CES; no observations outside CES limits
Selenium Female 2.42 5.57 4.38 2.70 to 6.70 Average within CES; 2 observations over CES
Male 2.32 7.28 4.46 3.10 to 6.80 Average within CES; no observations outside CES limits
Uranium Female Insufficient data above detection to compare experimental site conditions to reference sites
Male Insufficient data above detection to compare experimental site conditions to reference sites
Zinc Female 17.88 81.62 53.4 33 to 112 Average within CES; 1 observation over CES
Male 24.58 94.92 59.2 44 to 76 Average within CES; no observations outside CES limits
Notes:

All concentrations presented as mg/kg dry weight.
Critical effect size (CES) limits are calculated from pooled upstream results from both reference sites in 2024.

Superscript 1 — indicates that the calculated lower control limit is below zero and limit is set to typical reportable detection limit for current reporting year.
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Figure 6-8: Selenium tissue residue concentrations on a dry weight (Left) and wet weight (Right) basis for slimy sculpin collected from Bosworth Creek in 2024
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Threshold levels developed by SETAC to infer the potential for adverse health effects in fish were
incorporated into the AEMP for the first time in 2024 (Section 5.2.3). These thresholds are based
on wet weight tissue concentrations and use existing toxicological data to determine if a potential
for adverse effects exists based on the tissue residue concentration measured. Wet weight tissue
concentrations are presented in relation to SETAC thresholds for metal KIPs in Figure 7. Zinc was
the only KIP apart from selenium with concentrations above the SETAC threshold in 2024, with
one measurement from each site exceeding this concentration (Figure 7). Mercury is not a KIP in
the AEMP, however, mercury is known to bioaccumulate in biological tissue and is often a concern
for stakeholders and local consumers. Consequently, wet weight mercury concentrations are
compared with the Health Canada ML and SETAC threshold in Figure 6-9 and concentrations
measured in slimy sculpin from Bosworth Creek are well below these quality criteria.
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Figure 6-9: Wet weight mercury concentrations in slimy sculpin captured from Bosworth Creek in 2024.
Horizontal pink line represents the mean concentration and vertical pink line represents the standard error.

6.2.2.1 Polycyclic Aromatic Hydrocarbons (PAHs) Tissue Residue

Parent PAH and aPAH tissue residue concentrations in slimy sculpin from Bosworth Creek in 2023
and 2024 are summarized in Tables 13 and 14, respectively. The total PAH concentrations in 2023
and 2024 are summarized in Table 6-11. Total PAH concentrations in 2024 were lower at both
AEMP-FS-01 and AEMP-FS-02 compared with concentrations observed in 2023. Notably, the PAH
concentration at the new AEMP-FS-03 sampling location was approximately half that measured at
the other two sites, driven primarily by a lower concentration of aPAHs. Similar to 2023, alkylated
PAHs made up most of the overall PAH concentrations in Bosworth Creek slimy sculpin in 2024
(Table 6-11). Results from 2024 reaffirm those observed in 2023, which indicate that PAH
concentrations in Bosworth Creek slimy sculpin remain low.
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Table 6-11: Total Parent and Alkylated PAH Concentrations in Bosworth Creek (2023 to 2024)

Sampling Parent PAHs Alkylated PAHs Total PAHs | PEQ

Year (ng/9) (ng/9) (ng/9) (ng-BaP/g)
AEMP-FS-01 2023 3.1 31.9 35.0" 0.12

2024 4.1 24.9 29.0 0.18
AEMP-FS-02 2023 4.4 40.7 45.1" 0.14

2024 4.1 25.9 30.0 0.11
AEMP-FS-03 2023 Not Sampled Not Sampled Not Sampled Not Sampled

2024 3.3 12.3 15.6 0.08

Notes: * Indicates that the total PAH concentrations reported in the 2023 AEMP summary report incorrectly summarized
the concentration of alkylated PAHs and those reported in 2024 supersede previously reported concentrations.

Chrysene was the only carcinogenic PAH measured above the reportable detection limit in 2024,
and concentrations above the detection limit were only measured at the new reference site
(AEMP-FS-03) and the experimental site (AEMP-FS-02). Although more carcinogenic PAH
concentrations were measured above the detection limit in 2023, most were also below detection
in 2024. Consequently, the carcinogenicity of PAHs in Bosworth Creek slimy sculpin (measured as
PEQ) is low in 2023 and 2024 (Table 6-11). In addition, the PEQs are heavily influenced by the
sample-specific detection limits obtained in 2023 and 2024. There are currently no tissue residue
guidelines for carcinogenic PAHs in wild fish, however, maximum levels for protection of human
consumers established by Health Canada (3 ng-BaP/g; Health Canada 2020) and the European
Commission (1 ng-BaP/g for protection of infants; Evans et al. 2019) are higher than PEQs
measured in Bosworth Creek slimy sculpin.

The profile of PAHs/aPAHs measured in slimy sculpin from Bosworth Creek in 2024 and 2023 are
presented in Figure 6-10 and Figure 6-11, respectively. Overall, the profile of PAHs present in fish
tissue were similar to that observed in 2023, however, the concentrations of parent and alkylated
dibenzothiophenes and fluorenes were lower in 2024. Parent and alkylated naphthalenes and
phenanthrenes/anthracenes remained the most abundant PAHs in Bosworth Creek slimy sculpin.
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Figure 6-10: Polycyclic Aromatic Hydrocarbon (PAH) profiles of Slimy Sculpin from Bosworth Creek in 2024
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Figure 6-11: Polycyclic Aromatic Hydrocarbon (PAH) profiles of Slimy Sculpin from Bosworth Creek in 2023
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7. Action Level Threshold Summary

The AEMP requires specified response criteria to provide context to annual results. These criteria
are under development in the AEMP design document. The AEMP is only capable of adaptive
monitoring (i.e. change to the monitoring program or data evaluation and presentation methods),
it is not capable of identifying potential operational changes at NWO. Furthermore, trend analysis-
based responses may not be possible until the dataset is further established.

7.1 2024 Surface Water Quality Monitoring

Scenarios requiring action within the water quality sampling program and analysis are presented
in Table 7-1. Items 1 and 2 require assessment following collection of further data, no changes to
the 2025 program, as planned, are required based on surface water results to date.

Table 7-1: Action Level Threshold Summary - Surface Water

Item Scenario Contingency
Plannlng

Triggers in 2024
Program

Required Changes
for 2025

Detection of KIPs at Continue seasonal Parameters as summarized | No program changes
concentrations above sampling as planned. in Table 6-1. Note that the | required at this time but
background, but Evaluate whether the upstream control limits are | several parameters
below applied situation is stable, an evolving dataset. exceeded their UCL in
regulatory based statistical trend 2024 and require
guidelines. analysis. evaluation as upstream
data is further established.

If increasing statistical

trends in primary KIP’s

are identified, consider

additional parameter

trend analysis (i.e.

associated non-KIPs).

Implement flow-

corrected control limit

development to

account for detections

above background

because of high flow

and sediment load.

2. Detection of primary Continue seasonal Parameters as discussed in | No program changes
KIPs at sampling as planned. Section 6.1.1 and required at this time but
concentrations Evaluate whether the Section 6.1.2. Note that several metals exceeded
exceeding both situation is stable, the upstream control limits | their UCL and guidelines at
background and based statistical trend are an evolving dataset. downstream locations in
applied regulatory analysis. 2024 and require
guidelines. evaluation as upstream
data is further established.
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Item | Scenario Contingency
Planning

If increasing statistical
trends in KIPs are
identified, consider
additional parameter
trend analysis (i.e.
associated non-KIPs)
and plan for additional
site characterization
(more locations) within
3 years to laterally
delineate the area, if
feasible.

Implement flow-
corrected control limit
development to
account for detections
above background
because of high flow
and sediment load.

Triggers in 2024
Program

2
Imperial

Required Changes

for 2025

3. Increasing trends of .
KIPs or associated
parameters above
control limits are
confirmed at
downstream
locations.

Investigate potential
sources of increasing
trends, including
regional water
chemistry changes, site
inputs.

Evaluate data in
conjunction with other
site programs
(groundwater sampling
and progression
reclamation programs).

Attempt to determine
source of changes.

Chloride concentrations
at AEMP-DS-01 (Lower
Bosworth Creek),
concentrations
measured at upstream
sites have similar
magnitude as those
measured at
downstream site.

Magnesium and
cadmium
concentrations at
AEMP-DS-06 (FGH Blue
Fish). Minimum number
of data points for trend
analysis present and
site conditions at
AEMP-DS-06 may be
influenced by inflow
from the Ramparts
River.

Increased upstream
chloride characterization in
Bosworth Creek and
review groundwater data.

7.2

2024 Fish Health Monitoring

Low action level threshold exceedances and considerations for the 2025 AEMP are provided in
Table 7-2. It is notable that none of the results from the 2024 SFS suggest an immediate risk to
the slimy sculpin population in Bosworth Creek and no changes to the 2025 program are

recommended.
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Scenario

Statistical difference
between upstream
reference and downstream
experimental sampling
location, but difference is
below CES

Table 7-2: Action Level Threshold Summary — Fish Health

Contingency

Planning
e Continue tissue
sampling as planned.

e Evaluate whether the
situation is stable, by
checking if similar
pattern is present in
subsequent monitoring
year

Triggers in 2024

Program

Female condition is similar
among sites but male
condition is increased at
the downstream
experimental location
based on ANCOVA/ANOVA
analyses.

Imperial

Required Changes
for 2025

Assess the similarity
between sample years
using repeated-measures
ANOVA and pool across
years where feasible to
improve statistical power.

Statistical difference
between upstream
reference and downstream
experimental sampling
location. Results partially
exceed CES given that
average is within CES and
few observations occur
outside the CES range.

e Continue tissue
sampling as planned.

e Evaluate whether the
situation is stable, by
checking if similar
pattern is present in
subsequent monitoring
year

CYP1A1l protein content is
significantly higher while
total protein is significantly
lower in livers from the
downstream experimental
location

None

Statistical difference
between upstream
reference(s) and
downstream experimental
sampling location. Percent
difference between sites
exceeds the CES for HSI
for males only.

e Continue tissue
sampling as planned.

e Evaluate whether the
situation is stable, by
checking if similar
pattern is present in
subsequent monitoring
year

Liver size relative to body
weight is higher in males
from the downstream
experimental location.

Assess the similarity
between sample years
using repeated-measures
ANOVA and pool across
years where feasible to
improve statistical power.
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8. Conclusions

Surface water quality results have been analyzed using different methods to detect change in
water quality downstream from the NWO in the Mackenzie River and Bosworth Creek. Analysis
using multiple methods is intended to improve change detection capability and results from each
method are used to interpret results of the others. As such, an aggregate understanding of water
quality is obtained. Findings per method are as follows:

e Comparison to published guidelines

= Several metals exceed the published guidelines which is consistent with historical data. In
all cases, exceedances are observed at upstream locations as well as downstream locations
suggesting results represent naturally occurring concentrations.

< There is no indication of water quality concerns based on comparison to guidelines.
e Control charting

 Several parameters exceeded their individual upper control limits at downstream locations
in 2024. The data shows an increase in UCL exceedances over data collected in 2023. The
upstream data set remains limited and upstream water quality may show natural variation
with the historically low water levels observed in 2023 and 2024.

< UCL exceedances may be an artefact of early stages of upstream dataset definition but
should be observed over time for consistency in parameters.

e Chloride at AEMP-DS-01 (Lower Bosworth Creek) should continue to be monitored as the
UCL exceedances coincide with a statistically significant increasing trend. Currently,
chloride concentrations at the downstream location are consistent with recent data at
newly established upstream locations so this may be a result of natural changes but should
be evaluated as further data is collected.

e Piper plots — evaluation of hydrochemical type

= Water in both water courses shows consistent major ion chemistry between upstream and
downstream locations with exception of AEMP-DS-06 (FGH Bluefish) which is influenced by
tributary water from the Ramparts River. Near facility downstream locations are consistent
with upstream locations which support the hypothesis that water chemistry at AEMP-DS-06
is affected by non-facility related influences.

< There is no indication of water quality concerns based on comparison of upstream and
downstream major ion chemistry.

e Trend analysis

e Statistically significant increasing trends of magnesium and cadmium are observed at
AEMP-DS-06. Similar trends for these parameters are not observed at near-facility
downstream locations suggesting these are not site related.

= A statistically significant increasing trend of chloride is observed at AEMP-DS-01 (Lower
Bosworth Creek). Chloride concentrations are currently consistent with those at newly
established upstream locations suggesting that the increase may be related to naturally
occurring changes but should be evaluated as further data is collected.
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e SPMD PAH data

e Total PAH concentrations at locations AEMP-DS-02 (Refinery Bank and AEMP-DS-04
(Marine Dock) are higher than at other locations in the Mackenzie River. Individual
concentrations remain below guidelines where available and generally between 1 x
10 mg/L and 1 x 108 mg/L. These locations are areas with known natural seeps and
hydrocarbon sheen is frequently observed on the water. The highest individual
concentration was phenanthrene at AEMP-DS-02 but is an order of magnitude below
guideline.

< The pyrogenic index analysis indicated PAHs and aPAHs are primarily petrogenic in origin,
but concentrations are currently attributed to natural seeps.

e Overall comparison of upstream and downstream locations showed consistent
concentrations away from the two dock sample points.

Overall, there is no indication of water quality concerns in either Mackenzie River or Bosworth
Creek however, chloride concentrations in Bosworth Creek downstream of the facility are
increasing and exceed the current UCL. Concentrations are below guidelines and consistent with
those at newly established upstream locations but will require further evaluation as data is
collected. Quantification of natural seep PAH chemistry, in areas upstream of the facility, may be
warranted to further evaluate concentrations detected at the Refinery and Mainland docks if
concentrations reach freshwater aquatic life guideline thresholds or show significant increase over
time.

The SFS during the 2024 AEMP continued to characterize fish health metrics providing information
on energy allocation and availability, as well as overall fish condition. In addition, hepatic CYP1Al
protein content and PAH/metal tissue residues were measured. A key change in 2024 involved the
incorporation of a second upstream reference site (AEMP-FS-03) that was established based on
stakeholder feedback. This site was first sampled in 2024 and improves the reliability of AEMP by
providing additional reference data for comparison with conditions in Bosworth Creek downstream
from the CPF.

The following provides a summary of the key findings of the SFS during the 2023 AEMP and how
results in 2024 support or oppose conclusions from previous monitoring:

e In 2023, condition of female slimy sculpin was higher at the downstream sampling location
(AEMP-FS-02) based on condition factor and weight-length relationship analysis. Percent
differences between sites are below the low action level threshold and suggest higher condition
at the experimental location.
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« In 2024, condition of male slimy sculpin was higher at the downstream sampling location
(AEMP-FS-02) compared with both reference sites based on condition factor. Site
comparisons based on length-weight relationships indicate that male sculpin from
AEMP-FS-02 are statistically heavier for a given length than the new upstream reference
(AEMP-FS-03). Percent differences for both sexes are below the CES and suggest higher
condition (e.g. more energy available) at the experimental location, therefore no
immediate actions are required at this time. These results partially verify results from 2023
given that fish condition was higher at the experimental location, however, the observed
site differences may not be sex-dependent based on the 2024 AEMP.

In 2023, Gonad weight is reduced in younger (smaller) slimy sculpin from AEMP-FS-02 but a
higher growth rate results in higher gonad weight in older (longer) fish. Percent difference for
longer individuals exceeds the CES but indicates that gonad weight is higher at the
downstream experimental location.

< In 2024, Gonad weight relative to body size was similar among sites and no interaction
was observed between gonad weight and sampling location. Statistical power is currently
limited given a relatively small site effect, therefore methods to improve statistical power
(e.g. pooling multiple years of gonad and body weight data) should be investigated to
improve statistical power.

In 2023, the hepatic CYP1Al protein concentration and liver size relative to body weight was
higher in males from AEMP-FS-02 compared with those from AEMP-FS-01. The HSI percent
difference exceeded the CES suggesting more resources are being shunted to the liver at the
downstream site in males.

< In 2024, the HSI was higher at the experimental location compared with reference
locations and the HSI percent differences exceeded the CES. Notably, the percent
difference among sites based on the liver-body weight relationship were below the CES.
Results from 2024 confirm the findings from the 2023 AEMP that male slimy sculpin at the
experimental location have larger liver size relative to body weight. No immediate action is
recommended at this time given that the more robust analysis of the liver-body weight
relationship indicates percent differences below the CES, in conjunction with higher
condition factor (i.e. suggestive of a nutrient enriched environment).

In 2023, there were no statistical differences between sampling locations for any tissue
residue KIPs. Tissue residue concentrations were influenced by sex, with males having higher
tissue concentrations of several KIP metals.

< In 2024, the metal concentrations in male sculpin remained higher than in female
counterparts, verifying that male sculpin tend to have higher metal concentrations in
tissue. Some KIP tissue concentrations were significantly lower at the new reference site
compared with the existing reference site including, aluminum, arsenic, copper and
selenium. Most of these site differences are between only the two reference locations and
the experimental location remains similar to the previously existing reference location,
therefore no immediate action is necessary.

In 2024, hepatic CYP1A1 protein concentration is significantly higher in male sculpin from the
experimental location compared with the previously existing reference location. Alternatively,
the total protein concentrations in female sculpin from the experimental location were lower
than those measured from the previously existing reference location.
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< Total PAH tissue concentrations in Bosworth Creek slimy sculpin are lower at the new
reference sampling location compared with the other two sites, but lower concentrations were
measured existing sites in 2024 compared to 2023. The PAH concentrations overall are low
and potentially carcinogenic PAH concentrations are primarily below detection leading to low
PEQs in both 2023 and 2024.

Overall, the SFS suggests there are no immediate risks to the health of small-bodied fish in
Bosworth Creek given that fish condition is higher at the experimental site and catch rates
suggest a high abundance compared with the reference locations. Results in 2023 and 2024
suggest that more energy may be allocated to the liver and contaminant detoxification at the
experimental location. Despite this additional energy allocation to the liver, slimy sculpin at this
site do not allocate less resources to gonad development and have higher energy availability
based on fish condition.
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O. Closure

We trust that this report satisfies your current requirements and provides suitable documentation
for your records. If you have any questions or require further details, please contact the
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PROJECT No.: 417085-49223

Table 1

Surface Water Analytical Results: Field-Measured Parameters

NW AEMP V5
MACKENZIE RIVER
AEMP-DS-02 (Marine Dock)

AEMP-DS-03 (Island 3)

AEMP-DS-04 (Refinery)

AEMP-DS-05 (Radar)

AEMP-DS-06 (Fort Good Hope)

AEMP-DS-07 (Downstream Bluefish)

AEMP-DS-08 (Radar Island Southside)

AEMP-DS-09 (Goose Island)

10-Jun-2020
24-Jul-2020
18-Sep-2020
06-Jun-2021
17-Sep-2021
12-Jun-2022
06-Aug-2022
25-Sep-2022
26-Jul-23
18-Aug-23
24-Sep-23
18-Mar-24
20-Jul-24
16-Aug-24
13-Sep-24
12-Jun-2020
28-Jul-2020
22-Sep-2020
07-Jun-2021
18-Sep-2021
14-Jun-2022
06-Aug-2022
25-Sep-2022
25-Jul-23
19-Aug-23
25-Sep-23
18-Mar-24
19-Jul-24
15-Aug-24
17-Sep-24
10-Jun-2020
24-Jul-2020
18-Sep-2020
06-Jun-2021
17-Sep-2021
12-Jun-2022
06-Aug-2022
24-Sep-2022
26-Jul-23
18-Aug-23
24-Sep-23
18-Mar-24
20-Jul-24
16-Aug-24
13-Sep-24
12-Jun-2020
28-Jul-2020
22-Sep-2020
07-Jun-2021
18-Sep-2021
10-Aug-2022
25-Jul-23
19-Aug-23
26-Sep-23
18-Mar-24
19-Jul-24
15-Aug-24
17-Sep-24
10-Mar-2023
24-Jul-2023
21-Aug-2023
03-0ct-2023
15-Mar-24
17-Jul-24
14-Aug-24
18-Sep-24
17-Jul-24
14-Aug-24
18-Sep-24
19-Jul-24
15-Aug-24
17-Sep-24
19-Jul-24
15-Aug-24
17-Sep-24

3153

7.41

8.02

8.02

z
]
5 3
[ 3
g £ o
o 3
2 K = 2
2 g 3 3
@ 2 g g 2
4 4 o T 8 5
Sampling Location o a w = [ F
(dd-mmm-yyyy) (mgiL) (uSicm) (pH Units) (°C) (NTU)
CCME CEQG Freshwater Aquatic Life >6.5 (65-9)

105

18.56
121
194

19.21
116
20.1

19.36
123

https://worleyparsons-my.sharepoint.com/personal/kevin_brooks_worley_com/Documents/Documents/Imperial/Norman Wells/WQ Tables/Table 1 - Field Collected Parameters_2024
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PROJECT No.: 417085-49223

Table 1

Surface Water Analytical Results: Field-Measured Parameters

z
:
S ki
2 E
3 8 g
= ° 2
: g s 2
; ; 5 3
T 2 2 T @ 3
Sampling Location o a w = [ [
(dd-mmm-yyyy) (mg/L) (uSlcm) (pH Units) (°C) (NTU)
CCME CEQG Freshwater Aquatic Life ** >65 (65-9)
AEMP-US-01 (Midway) 12-Mar-2023
25-Ju-23
19-Aug-23
26-Sep-23
16-Mar-24
19-u-24
15-Aug-24
17-Sep-24 15
AEMP-US-02 (10 mile) 12-Jun-2020 92
28-Ju-2020 164
22-Sep-2020 26
07-Jun-2021 110
18-Sep-2021 109
10-Aug-22 164
25-Ju-23 19.89
19-Aug-23
26-Sep-23
17-Mar-24
19-u-24 802
15-Aug-24 1119 835
17-Sep-24 1157 856
AEMP-US-03 (6 Mile) 17-Mar-24
19-u-24 1053 7.95 201 282.7
16-Aug-24 1233 825 165 138
12:Sep-24 1136 861 125 753
AEMP-DS-01 (Lower Bosworth Creek) 10-Jun-2020 1087 4461 957" 17 289
24-3u-2020 557 7.0 16.0
18-Sep-2020 1218 244 835 71 0
06-Jun-2021 7.45 648.8 747 88 268
19-Sep-2021 705 827 63 166
11-Jun-2022 3475 7.98 13 244
06-Aug-2022 902 536 823 163 958
26-Sep-2022 10 435 825 38
26-Ju-23 892 877.16 829 17.97 324
18-Aug-23
25-Sep-23 1356 337.14 8.08 143 394
18-Ju-24 724 852 171 269
15-Aug-24 1222 835 827 16.05 147
13-Sep-24 1136 552 841 92 162
AEMP-US-04 (Upper Bosworth Creek) 26-Ju-23 886 785.89 827 17.26 229
24-Sep-23 1337 398.93 835 159 14.46
18-Ju-24 762 845 19.1 156
16-Aug-24 1162 725 8.28 17.86 084
13-Sep-24 1143 563 848 101 134
AEMP-US-05 (Uptream of Winter Road) 18-Ju-24 98 858 832 179 194
16-Aug-24 12.26 814 835 16.86 059
12-Sep-24 1156 571 853 109 182

NOTES

1. — in guideline row(s) denotes no criteria for that parameter.

- in detail data row(s) denotes parameter not analyzed.

3. Highiighting indicates above applied
4. Highlighting indicates non-detect

6. Superscript “‘denotes values exceeding

above applied
5. Highlighting indicates parameters at applied guideline/Criteria.

(CCME. 2014. Canadian Environmental Quality Guidelines Summary Table. Water Quality Guidelines for the Protection of Fresh
hitpi/ist-s.ceme. ca/?chems=all&chapters=1 accessed Aug 22, 2014.)

Dissolved Oxygen:
‘Warm Water Biota:

Early lfe stages = 6 mg/L

Other lfe stages =5.5 mg/L

Other lfe stages

https://worleyparsons-my.sharepoint.com/personal/kevin_brooks_worley_com/Documents/Documents/Imperial/Norman Wells/WQ Tables/Table 1 - Field Collected Parameters_2024
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Table 2

Surface Water Analytical Results: Indicator Analysis Parameters

Inorganic lon
Anions Cations General Inorganic Nitrogen Compounds Sulphur Balance Miscellaneous
PROJECT No.: 417085-54419 Compounds
- - g
g S c
¢ g . g 3 - 2 g 8 2
S g £ ¢ g 3 B g g s s & &8 s
@ 3 S e s 7] E] i) g . g S 2 L £
8 3 3 5 3 o g 2 & 5 5 & § o
o | 4 5 & 5 9 - 5 s = z = z = ° g 2 e
S & E g L= e o = ] 2 L= z & [ 8 ] s 3 o €
2l E 2 s 3 : 8k > =z 3 B 52z = 8 g 23 rt g E § 3 B
o S 2 3 £ % E 2 £ 2 E 2 = E . S 3 a a £ < - < e < 3 3 5 9 s 6
5 2 ] = < ° 2 2 ) 0 3 = £ £ 5 = c ° 2 3 o 8 8 o @ @ = = = £ £ S =
2 E|ls§ £ 2 =2 3 2 s 2 5 £ % s |&g = 2 s B g F % £ £ £ B = I Z 2 c e & 3 3
Sampling Location 8 & o S 5 & £ S 2 s s & ] i < < 3 w z s L L 2 < 3 H H H H 2 @ o o S [} L
(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (color unit) (uS/cm) (mg/L) (pH Units) (mg/L) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
CCME CEQG Freshwater Aquatic Life *' 120 0.3 0.12 (6.5-9) 8.5 29 0.06
Canadian Drinking Water Quality Guidelines 2024 - MAC * —- | None required - 0.12 1.5 1 None required 45 10 3 1
NW AEMP V5
| e e e e e 5
MACKENZIE RIVER
I
Mackenzie Upstream Data UCL — — 14.5 57 — 42 5.233 127 — — — -— — — — — -— -— 225 — — — — — — — — — — — — — — —
Mackenzie Upstream Data LCL 4.3 23 — 23 <0.060 7.0 — — — -— — — — — -— -— 106 — — — — — — — — — — — — — — —
DOWNSTREAM
AEMP-DS-02 (Marine Dock) 17-Aug-2017 71 54 <0.50 40 <0.060 12 <0.0040 0.93 7.8 -—- 96 <0.50 -—- 310 150 - 180 33 - - 0.18 0.040 <0.033 <0.010 0.040 --- <0.0020 0.87 <20 - 4.8 4.1
21-Aug-2017 Grab 110 <050 94 42 <0.50 31 <0.060 9.9 <0.0040 0.83 8.4 - 88 <0.50 - 280 120 - 160 31 - - 0.25 0.057 <0.033 <0.010 0.057 --- - 2.8 <20 --- 3.7 3.6
16-Sep-2017 Grab 110 <0.50 10 38 <0.50 33 <0.060 10 0.0041 0.83 8.8 -—- 86 <0.50 -—- 270 130 - 150 110 - --- 0.30 0.068 <0.033 <0.010 0.068 - 0.0080 2.2 <20™ - 4.7 4.0
16-Oct-2017 Grab 100 <050 9.9 44  <0.50 30 <0.060 10 0.0049 0.89 8.8 - 82 <0.50 - 270 120 - 130 29 - - 0.38 0.086 <0.033 <0.010 0.086 --- <0.0020 1.7 <20 - 3.0 3.6
23-Jun-2018 Grab 97 <1.0 8.9 36 <1.0 26 0.20 8.1 0.011 0.72 6.3 - 79 <1.0 -—- 250 99 -—- 140 51 33" 0.037 0.23 0.052 <0.033 <0.010 0.052 0.27 < 0.0020 6.6 --- 33 55 4.9
13-Aug-2018 Grab 110 <1.0 11 45 <1.0 33 <0.060 11 <0.0040 0.83 10 - 90 <1.0 - 290 130 - 200 29 - 0.018 0.17 0.037 <0.033 <0.010 0.037 0.28 0.0030 0.80 - 25 4.8 4.8
15-Aug-2018 | Grab | -- 0.17 0.038 <0.033 <0.010 0.038 <20
17-Oct-2018 Grab 100 <1.0 11 40 <1.0 31 <0.060 11 <0.0040 0.92 9.4 -—- 85 <1.0 -—- 270 120 -—- 160 5.3 22% <0.015 0.41 0.093 <0.033 <0.010 0.093 0.12 < 0.0020 0.39 --- 7.2 3.0 2.8
18-Oct-2018 Grab 247
03-Jun-2019 Grab 110 <1.0 8.7 39 <1.0 31 <0.060 10 0.0048 0.82 7.4 -—- 87 <1.0 17 280 120 8.07 190 130 97 % <0.015 0.54 0.12 <0.033 <0.010 0.12 0.38 0.0070 1.9 <20 52 6.7 5.1
28-Aug-2019 Grab 110 <1.0 9.4 47 <1.0 34 <0.060 11 <0.0040 0.84 8.5 -—- 94 <1.0 14 300 130 8.17 180 22 17% 0.026 0.31 0.069 <0.033 <0.010 0.069 0.23 0.0020 1.7 <20 <10 4.7 3.6
02-Oct-2019 | Grab | - <20
03-Oct-2019 Grab 110 <1.0 10 43 <1.0 32 <0.060 11 <0.0040 0.81 8.5 -—- 89 <1.0 8.9 290 120 - 150 18 20" 0.015 0.34 0.077 <0.033 <0.010 0.077 0.19 0.0030 1.8 - 26 3.6 3.5
10-Jun-2020 Grab 69 <1.0 5.9 24 <1.0 26 <0.060 7.4 <0.0040 0.73 5.9 -—- 57 <1.0 15 180 96 6.76 130 220"  100% <0.015 0.25 0.057 <0.033 <0.010 0.057 0.62 < 0.0020 9.5 <20 52 6.1 6.2 110
24-Jul-2020 Grab 95 <1.0 7.3 36 <1.0 29 <0.060 8.9 <0.0040 0.77 6.9 -—- 78 <1.0 19 260 110 8.03 150 74 39 <0.015 0.22 0.051 <0.033 <0.010 0.051 0.40 <0.010 0.25 <20 14 5.1 4.4
18-Sep-2020 Grab 100 <1.0 7.7 36 <1.0 32 <0.060 8.8 <0.0040 0.54 6.9 -—- 82 <1.0 15 260 120 7.91 160 25 17% <0.015 0.24 0.055 <0.033 <0.010 0.055 0.26 0.013 0.44 <20 12 4.9 4.8
06-Jun-2021 Grab 120 <1.0 6.1 30 <1.0 29 0.066 84 <0.0040 1.0 6.7 0.094 100 <1.0 29 240 110 -—- 210 110 83" <0.015 0.36 0.082 <0.033 <0.010 0.082 0.52 0.026 6.3 <20™ 19 75 7.3
18-Aug-2021 Grab 110 <1.0 7.9 41 <1.0 33 <0.060 10 <0.0040 0.93 7.8 0.11 90 <1.0 18 270 120 -—- 210  230% 200 0.018 0.23 0.051 <0.033 <0.010 0.051 0.29 0.027 0.61 <20 57 6.3 52
17-Sep-2021 Grab 110 <1.0 8.7 41 <1.0 35 <0.060 11 <0.0040 0.95 8.2 0.090 92 <1.0 14 270 130 8.07 180 19 18 <0.015 0.32 0.073 <0.033 <0.010 0.073 0.20 < 0.0020 1.0 <20™ 16 54 5.4
31-Mar-2022 Grab -—- --- -—- - -—- 25 <0.060 9.1 <0.0040 0.93 8.3 - - - 4.5 --- - 7.94 120 <1.0 2.0% <0.015 0.83 0.19 <0.033 <0.010 0.19 0.19 <0.0020 - <20® <10 3.6 3.2
12-Jun-2022 Grab 96 <1.0 - 32 <1.0 29 0.064 8.0 <0.0040 1.1 5.1 0.085 79 <1.0 37 220 110 7.52 150 270" g7#M <0.015 0.26 0.058 <0.033 <0.010 0.058 0.35 0.012 0.16 <20 57 6.7 5.9
06-Aug-2022 Grab 110 <1.0 8.9 40 <1.0 32 0.3a* 9.5 0.030 0.95 7.9 0.085 87 <1.0 11 270 120 7.76 180 160 80 "1 <0.015 0.23 0.052 <0.033 <0.010 0.052 0.31 0.026 1.4 <20 21 4.9 4.7
25-Sep-2022 Grab 120 <1.0 10 36 <1.0 30 <0.060 9.3 <0.0040 0.88 7.9 0.10 96 <1.0 6.0 260 110 6.90 170 34 15 <0.015 0.26 0.059 <0.033 <0.010 0.059 0.19 < 0.0020 6.2 <20 19 3.6 3.5
09-Mar-2023 Grab 95 <1.0 11 29 <1.0 27 <0.060 9.7 <0.0040 0.89 9.3 - 78 <1.0 - 230 110 - 120 - - <0.015 0.82 0.19 <0.033 <0.010 0.19 0.16 <0.0020 21 - - 21 21
25-Jul-2023 Grab 120 <1.0 10 43 <1.0 35 <0.060 9.9 <0.0040 0.88 9.0 -—- 100 <1.0 3.3 290 130 7.35 - 13 10 <0.015 0.18 0.040 <0.033 <0.010 0.040 0.11 < 0.0020 3.6 - <10" 36 3.1
18-Aug-2023 Grab 120 <1.0 10 45 <1.0 33 <0.060 10 <0.0040 0.85 8.1 -—- 97 <1.0 7.9 280 120 - 180 52 53 <0.015 0.32 0.073 <0.033 <0.010 0.073 0.16 < 0.0020 5.8 - 20 3.2 3.1
24-Sep-2023 Grab 110 <1.0 12 46 <1.0 34 <0.060 11 <0.0040 0.95 10 -—- 90 <1.0 9.6 290 130 -—- 130 6.1 7.4% <0.015 0.25 0.056 <0.033 <0.010 0.056 0.12 < 0.0020 0.45 - 22 2.7 24
18-Mar-2024 Grab 110 <1.0 14 35 <1.0 30 <0.060 10 <0.0040 1.1 10 -—- 86 <1.0 <20 270 120 8.01 160 <1.0 2147 <0.015 0.95 0.21 <0.033 <0.010 0.21 0.11 <0.0020 0.83 - <10*2? 34 2.6
20-Jul-2024 Grab 120 <1.0 10 57 <1.0 36 <0.060 11 <0.0040 0.89 8.5 -—- 96 <1.0 5.8 330 130 7.95 180 110 120% <0.015 0.40 0.089 <0.033 <0.010 0.089 <0.20 0.021 5.6 --- 12 3.2 3.0
(Duplicate) 20-Jul-2024 Grab 130 <1.0 9.8 56 <1.0 36 <0.060 11 <0.0040 0.96 8.6 -—- 100 <1.0 54 320 130 7.34 190 100 110% <0.015 0.37 0.083 <0.033 <0.010 0.083 <0.20 0.020 6.6 - 28 3.3 2.9
16-Aug-2024 Grab 150 <1.0 15 73 <1.0 49 <0.060 17 0.040 1.0 15 --- 120 <1.0 6.4 400 190 7.92 240 460" 150%™ 0.016 0.19 0.043 <0.033 <0.010 0.043 0.23 0.020 1.6 - 31 3.0 2.7
(Duplicate) 16-Aug-2024 Grab 140 <1.0 16 73 <1.0 48 <0.060 16 0.039 1.0 15 --- 120 <1.0 8.6 420 190 8.14 250 450% 150" <0.015 0.25 0.056 <0.033 <0.010 0.056 0.37 0.018 1.3 - 37 2.8 31
13-Sep-2024 Grab 120 <1.0 10 51 <1.0 35 <0.060 12 <0.0040 0.91 9.6 -—- 95 <1.0 13 310 140 7.09 180 1.0 327 <0.015 0.22 0.049 <0.033 <0.010 0.049 <0.20 < 0.0020 1.2 - 1" 3.0 2.7
AEMP-DS-03 (Island 3) 16-Sep-2017 Grab 120 <050 94 48 <0.50 42 <0.060 11 <0.0040 0.94 9.0 - 99 <0.50 - 320 150 -—- 160 22 -—- --- 0.17 0.038 <0.033 <0.010 0.038 - <0.0020 25 <20™ - 4.3 35
16-Oct-2017 Grab 120 <1.0 10 47 <1.0 37 <0.060 11 <0.0040 0.94 9.3 - 97 <1.0 - 310 140 - 170 8.0 - - 0.20 0.046 <0.033 <0.010 0.046 --- 0.0020 0.42 <20 - 3.6 4.2
23-Jun-2018 Grab 100 <1.0 6.3 44 <1.0 33 <0.060 9.5 <0.0040 0.82 6.1 -—- 82 <1.0 -—- 260 120 -—- 160 71 60" 0.024 0.16 0.035 <0.033 <0.010 0.035 0.28 < 0.0020 0.77 --- 32 5.7 5.0
14-Aug-2018 Grab 120 <1.0 8.7 57 <1.0 38 <0.060 12 <0.0040 0.84 7.6 -—- 98 <1.0 -—- 330 140 - 190 220 130% 0.033 0.095 0.021 <0.033 <0.010 0.021 0.64 0.016 2.9 <20 41 4.9 5.2
18-Oct-2018 Grab 110 <1.0 11 32 <1.0 30 <0.060 10 0.0093 0.91 10 -—- 86 <1.0 -—- 260 120 - 160 58 7.3% <0.015 0.35 0.079 <0.033 <0.010 0.079 0.21 0.0050 1.4 21 22 2.8 31
10-Jun-2019 Grab 98 <1.0 5.8 37 <1.0 31 <0.060 8.1 <0.0040 0.78 5.7 -—- 80 <1.0 19 250 110 8.00 180 150 120% <0.015 0.23 0.052 <0.033 <0.010 0.052 0.44 0.0090 1.6 <20 45 6.8 5.8
26-Aug-2019 Grab 120 <1.0 9.6 57 <1.0 38 <0.060 12 <0.0040 0.86 8.2 -—- 99 <1.0 9.8 330 150 8.20 190 55 49% 0.027 0.17 0.038 <0.033 <0.010 0.038 0.30 - 23 <20 21 5.2 4.7
27-Aug-2019 Grab -—- --- -—- --- -—- -—- -—- -—- - -—- - --- - -—- --- --- --- --- - -—- --- --- -—- --- -—- --- -—- - 0.0050 -—- -—- - -—- ---
01-Oct-2019 Grab 120 <1.0 11 60 <1.0 39 <0.060 11 <0.0040 0.93 8.9 -—- 96 <1.0 21 320 140 8.07 220 76 92" 0.020 0.15 0.033 <0.033 <0.010 0.033 0.37 0.011 3.2 22 45 6.7 5.9
12-Jun-2020 Grab 120 <1.0 4.7 40 <1.0 32 <0.060 8.9 <0.0040 0.74 52 -—- 100 <1.0 29 250 120 6.69 180 190" 100" 0.023 0.26 0.058 <0.033 <0.010 0.058 0.69*" <0.0020 7.4 <20 84 58 »5g*°
28-Jul-2020 Grab 120 <1.0 5.8 45 <1.0 35 <0.060 9.9 <0.0040 0.70 6.1 -—- 95 <1.0 22 280 130 7.66 170 130 60" <0.015 0.088 0.020 <0.033 <0.010 0.020 0.50*" <0.019 2.7 <20 24 6.6 6.0
22-Sep-2020 Grab 140 <1.0 6.4 44 <1.0 35 <0.060 9.8 <0.0040 0.85 6.7 -—- 110 <1.0 20 300 130 7.75 190 ¥+ 39 22" <0.015 0.22 0.049 <0.033 <0.010 0.049 0.32 0.012 8.5 <20 20 6.0 5.9
07-Jun-2021 Grab 110 <1.0 5.8 35 <1.0 32 <0.060 85 <0.0040 1.1 6.4 - 91 <1.0 33 260 120 - 240 140 72" 0.019 0.29 0.066 <0.033 <0.010 0.066 0.56 0.017 1.5 <20™ 24 84 2"
U:\CAL\GBS\417085-54419 - 2024 NW Ops\24200 - AEMP SW Sampling\02_Rpts\11_TechRpts&Studies\03_Backend\Tables\Table 2 Indicator Parameters_2024-Updated Formatting_Apr2
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Surface Water Analytical Results: Indicator Analysis Parameters

Inorganic lon
Anions Cations General Inorganic Nitrogen Compounds Sulphur Balance Miscellaneous
PROJECT No.: 417085-54419 Compounds
- - g
o > c
8 & 3 o s . 8 § 5 2
§ ¢ g 8 : £ z s § 2 IR B B
8 © g 8 g 9 8 e § — £ &8 S e £
8 3 3 5 3 o g 2 & 5 5 & § o
o | 4 5 & 5 9 - 5 s = z = z = ° g 2 e
S & E g L= e o = ] 2 L= z & [ 8 ] s 3 o €
F 2 & ® ] 3 3 £ > > = s @ @ > = 8 » E > - 2 L = - g
o s = g £ = £ 2 < - g | £ £ = 8 8 2 & £ £ Y & 2 3 3 g 5 g 2 5
- £ o i < ° S 2 [} 4 5 = = £ 5 = c = hid ] o 2 2 ) o K] = = 2 < £ ° =
2 E|ls§ £ 2 =2 3 2 s g 5§ £ 3 s |£ = 2 s 3 g 5 % £ £ £ E £ E 3 g c e & 3 3
Sampling Location 8 dala 8 & & = 8 2 s s e 3 e |3 = 8 (rRE i e 8 = < 2 2 2 S S 2 a s o § & £
(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (color unit) (uS/cm) (mg/L) (pH Units) (mg/L) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
CCME CEQG Freshwater Aquatic Life *' 120 0.3 0.12 (6.5-9) 8.5 29 0.06
Canadian Drinking Water Quality Guidelines 2024 - MAC ** --_| None required - 0.12 1.5 1 None required 45 10 3 1
(Duplicate) 07-Jun-2021 Grab 110 <1.0 5.8 34 <1.0 33 0.070 86 <0.0040 11 6.4 - 87 <1.0 32 260 120 - 210 120 78" <0.015 0.30 0.068 <0.033 <0.010 0.068 0.52 0.029 11 <2.0™ 23 8.7 7.0
19-Aug-2021 Grab 110 <1.0 6.8 42 <1.0 37 <0.060 11 <0.0040 11 7.0 0.093 90 <1.0 28 290 140 - 180 230" 180% <0.015 0.17 0.038 <0.033 <0.010 0.038 0.44 0.027 3.0 <205 29 5.9 6.3
18-Sep-2021 Grab 160 <1.0 7.5 45 <1.0 37 <0.060 10 <0.0040 1.0 8.0 0.10 130 <1.0 21 300 140 - 250 61 43" <0.015 0.18 0.041 <0.033 <0.010 0.041 0.29 0.0098 9.3 <20%% 33 8.2 6.6
31-Mar-2022 Grab - - - - - 45 <0.060 12 <0.0040 1.4 13 - - - 13 - - 8.02 210 3.5 7.0% <0.015 0.78 0.18 <0.033 <0.010 0.18 0.23 0.0060 - <20 14 6.4 5.6
14-Jun-2022 Grab 99 <1.0 - 34 <1.0 30 <0.060 7.7 <0.0040 0.87 3.9 0.077 81 <1.0 41 220 110 7.45 160 550" 410" <0.015 0.23 0.051 <0.033 <0.010 0.051 0.48 0.026 24 <20 Il 6.4 71
06-Aug-2022 Grab 110 <1.0 71 47 <1.0 38 <0.060 11 <0.0040 11 8.0 0.090 94 <1.0 14 290 140 7.75 200 63 45" <0.015 0.15 0.033 <0.033 <0.010 0.033 0.31 <0.0020 0.96 <20 22 6.4 53
(Duplicate) 06-Aug-2022 Grab 130 <1.0 6.8 49 <1.0 36 <0.060 96 <0.0040 1.0 7.4 0.090 110 <1.0 14 300 130 7.76 190 92 497 <0.015 0.15 0.033 <0.033 <0.010 0.033 0.31 <0.0020 6.6 <20 24 6.1 4.9
25-Sep-2022 Grab 140 <1.0 9.7 46 <1.0 37 <0.060 10 <0.0040 0.99 8.4 0.10 120 <1.0 8.3 300 130 7.36 190 19 15% <0.015 0.11 0.025 <0.033 <0.010 0.025 0.21 <0.0020 7.9 <20 24 49 4.5
09-Mar-2023 Grab 140 <1.0 17 51 <1.0 46 < 0.060 12 <0.0040 1.2 14 . 120 <1.0 -~ 360 160 . 210 - == <0.015 0.78 0.18 <0.033 <0.010 0.18 0.17 <0.0020 0.0060 - - 4.2 4.0
25-Jul-2023 Grab 130 <1.0 8.6 48 <1.0 36 <0.060 11 <0.0040 0.98 7.7 - 100 <1.0 6.9 310 130 7.55 110 45 271 <0.015 0.17 0.038 <0.033 <0.010 0.038 0.12 <0.0020 5.0 - 10 5.4 3.8
19-Aug-2023 Grab 150 <1.0 8.3 60 <1.0 40 <0.060 11 0.0044 0.90 7.6 - 120 <1.0 9.4 330 150 - 200 220 87" <0.015 0.30 0.068 <0.033 <0.010 0.068 0.16 0.0095 9.8 -— 16 4.0 4.0
25-Sep-2023 Grab 130 <1.0 13 56 <1.0 42 <0.060 12 <0.0040 1.0 10 - 110 <1.0 7.3 340 150 - 170 14 137" <0.015 0.23 0.052 <0.033 <0.010 0.052 0.18 <0.0020 2.4 - 21 3.5 3.2
18-Mar-2024 Grab 140 <1.0 22 54 <1.0 47 <0.060 13 <0.0040 1.3 15 -— 120 <1.0 6.9 390 170 8.02 230 <1.0 3.9% <0.015 0.84 0.19 <0.033 <0.010 0.19 0.088 <0.0020 0.34 -— 14 45 4.2
19-Jul-2024 Grab 120 <1.0 6.9 57 <1.0 39 <0.060 11 <0.0040 0.95 7.3 - 95 <1.0 9.0 310 140 7.82 190 260" 2407 <0.015 0.40 0.091 <0.033 <0.010 0.091 <0.20 0.028 1.7 - 25 4.4 3.5
15-Aug-2024 Grab 130 <1.0 8.5 55 <1.0 40 <0.060 12 <0.0040 0.83 8.0 - 100 <1.0 6.7 330 150 7.85 210 50 50 %2 <0.015 0.25 0.056 <0.033 <0.010 0.056 0.23 0.011 29 -— 24 29 3.2
17-Sep-2024 Grab 130 <1.0 9.4 61 <1.0 40 <0.060 13 <0.0040 0.89 8.3 -— 110 <1.0 4.8 350 150 7.10 210 21 16" <0.015 0.16 0.035 <0.033 <0.010 0.035 <0.20 0.0035 3.1 -— <10% 35 24
AEMP-DS-04 (Refinery) 21-Aug-2017 Grab 110 <050 9.1 41 <0.50 31 <0.060 9.7 <0.0040 0.79 8.1 - 88 <0.50 - 270 120 - 170 35 - - 0.25 0.056 <0.033 <0.010 0.056 - - 3.1 <20 - 4.5 3.6
(Duplicate) 21-Aug-2017 Grab 100 <050 9.2 41 <0.50 30 <0.060 95 <0.0040 0.82 8.0 - 86 <0.50 - 270 110 - 180 37 - - 0.25 0.056 <0.033 <0.010 0.056 - - 29 <20 - 4.0 3.1
16-Sep-2017 Grab 100 <050 97 35 <0.50 30 <0.060 9.8 <0.0040 0.88 8.6 - 86 <0.50 - 260 110 - 140 25 - - 0.31 0.070 <0.033 <0.010 0.070 - <0.0020 0.77 <2.0™ - 52 4.2
16-Oct-2017 Grab 100 <0.50 10 37 <0.50 29 <0.060 9.5 0.022 0.85 8.8 - 82 <0.50 - 260 110 - 170 17 - - 0.37 0.083 <0.033 <0.010 0.083 - <0.0020 1.3 <20 - 3.8 3.3
23-Jun-2018 Grab 93 <1.0 7.7 33 <1.0 27 <0.060 84 <0.0040 0.78 6.9 - 76 <1.0 - 230 100 - 120 43 447 0.022 0.23 0.053 <0.033 <0.010 0.053 0.31 0.0050 1.0 -— 32 5.0 5.0
13-Aug-2018 Grab 110 <1.0 1 43 <1.0 31 <0.060 10 <0.0040 0.79 8.9 - 87 <1.0 - 290 120 - 180 110 56 0.028 0.15 0.034 <0.033 <0.010 0.034 0.43 0.0040 29 -— 41 4.6 5.0
15-Aug-2018 | Grab | - 0.14 0.032 <0033 <0.010 0.032 <20
17-Oct-2018 Grab 100 <1.0 1 35 <1.0 28 <0.060 9.5 0.013 0.94 10 - 82 <1.0 - 260 110 - 150 24 127 <0.015 0.40 0.091 <0.033 <0.010 0.091 0.18 <0.0020 0.70 - 9.2 3.0 2.5
(Duplicate) 17-Oct-2018 Grab 100 <1.0 12 36 <1.0 28 <0.060 9.6 0.018 0.94 10 - 83 <1.0 - 260 110 - 150 27 22" <0.015 0.40 0.090 <0.033 <0.010 0.090 0.13 0.0020 1.3 -— 6.1 3.0 2.6
18-Oct-2018 Grab 29™®
(Duplicate) 18-Oct-2018 Grab - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 26™ - - --
03-Jun-2019 Grab 100 <1.0 8.8 35 <1.0 28 <0.060 8.6 0.0098 0.81 8.7 - 82 <1.0 18 260 100 8.16 170 230 190" <0.015 0.35 0.078 <0.033 <0.010 0.078 0.52 0.017 2.8 25 62 6.0 5.4
25-Aug-2019 Grab 100 <1.0 1 38 <1.0 29 <0.060 10 <0.0040 0.81 8.2 - 85 <1.0 59 270 110 8.12 160 18 22 0.044 #17 0.34 0.077 <0.033 <0.010 0.077 0.22 - 2.6 - 15 4.5 3.8
27-Aug-2019 | Grab | 0.0020 <20® -
02-Oct-2019 | Grab | - <20
03-Oct-2019 | Grab | 100 <10 97 35 <10 29 <0.060 96 0029 078 7.9 85 <10 8.9 260 110 8.03 140 920 120" 0.027 0.34 0.078 <0033 <0.010 0.078 0.78 0.0070 1.8 81 37 38
10-Jun-2020 Grab 97 <1.0 7.3 31 <1.0 26 <0.060 7.3 <0.0040 0.73 5.9 - 79 <1.0 25 230 95 6.83 - 250"  93% <0.015 0.32 0.073 <0.033 <0.010 0.073 077" <0.010 57 <20 31 6.0 7.1%0°
24-Jul-2020 Grab 97 <1.0 7.3 37 <1.0 29 <0.060 88 <0.0040 0.77 6.9 - 79 <1.0 22 260 110 7.98 150 92 417 0.017 0.23 0.052 <0.033 <0.010 0.052 0.38 0.014 11 <20 30 53 4.4
(Duplicate) 24-Jul-2020 Grab 100 <1.0 7.3 37 <1.0 29 <0.060 88 <0.0040 0.78 6.8 - 82 <1.0 22 260 110 7.92 150 88 407 <0.015 0.23 0.053 <0.033 <0.010 0.053 0.44 <0.010 2.2 <20 25 5.0 4.9
18-Sep-2020 Grab 100 <1.0 7.4 34 <1.0 33 <0.060 91 <0.0040 0.73 7.0 - 82 <1.0 16 260 120 8.09 200 36 197 <0.015 0.27 0.061 <0.033 <0.010 0.061 0.34 0.011 2.7 <20 17 5.4 4.7
(Duplicate) 18-Sep-2020 Grab 110 <1.0 7.2 34 <1.0 30 <0.060 88 <0.0040 0.84 71 - 88 <1.0 15 260 110 8.07 120 36 177 <0.015 0.28 0.063 <0.033 <0.010 0.063 0.27 0.0086 23 <20 20 6.0 4.8
06-Jun-2021 Grab 130 <1.0 6.2 27 <1.0 30 0.17 8.5 0.0073 1.1 6.7 0.095 100 <1.0 32 240 110 - 140 120 90" <0.015 0.37 0.083 <0.033 <0.010 0.083 0.68 0.023 6.0 <2.0™ 26 6.6 7.2
18-Aug-2021 Grab 100 <1.0 6.9 37 <1.0 32 <0.060 9.7 0.0044 1.0 7.4 0.097 85 <1.0 16 260 120 - 200 230" 220" 0.020 0.23 0.051 <0.033 <0.010 0.051 0.25 0.016 1.3 <20 20 6.0 53
17-Sep-2021 Grab 110 <1.0 8.2 36 <1.0 34 <0.060 10 <0.0040 0.95 7.7 0.11 94 <1.0 15 260 130 8.07 190 21 227 <0.015 0.31 0.069 <0.033 <0.010 0.069 0.24 <0.0020 0.18 <20 13 54 4.9
12-Jun-2022 Grab 110 <1.0 5.0 36 <1.0 32 0.076 9.4 0.0059 1.2 6.4 0.085 87 <1.0 34 250 120 7.64 180 450" 290721 <0.015 0.22 0.050 <0.033 <0.010 0.050 0.50 0.034 1.4 <20 40 7.8 6.7
06-Aug-2022 Grab 110 <1.0 7.4 38 <1.0 30 <0.060 85 0.067 0.94 7.4 0.084 87 <1.0 13 260 110 7.69 180 700" 300" 0.032 0.23 0.053 <0.033 <0.010 0.053 0.65 0.030 3.9 <20 86 5.4 5.0
(Duplicate) 06-Aug-2022 Grab 110 <1.0 9.1 37 <1.0 30 <0.060 8.8 0.069 0.94 7.6 0.084 86 <1.0 14 260 110 7.77 180 1000 % 38072 0.043 0.26 0.058 <0.033 <0.010 0.058 0.73 0.033 35 <20 70 53 53
24-Sep-2022 Grab 110 <1.0 9.4 37 <1.0 31 <0.060 91 0.068 0.95 8.1 0.10 93 <1.0 71 260 110 7.07 160 430 180" 0.042 0.25 0.057 <0.033 <0.010 0.057 0.49 0.0040 4.5 <20 41 4.1 4.1
(Duplicate) 24-Sep-2022 Grab 110 <1.0 9.4 36 <1.0 31 <0.060 94 0.073 0.96 8.3 0.10 88 <1.0 8.5 260 120 6.90 160 440 160" 0.045 0.24 0.055 <0.033 <0.010 0.055 <0.40 0.0030 1.6 <20 45 4.7 3.8
11-Mar-2023 Grab 94 <1.0 1" 29 <1.0 26 <0.060 94 <0.0040 0.84 8.7 . 77 <1.0 . 230 100 === 120 - . <0.015 1.2 0.26 <0.033 <0.010 0.26 0.051 <0.0020 0.41 - - 3.6 2.0
26-Jul-2023 Grab 120 <1.0 9.6 41 <1.0 34 <0.060 11 <0.0040 1.0 8.8 - 96 <1.0 6.2 290 130 7.36 170 34 21" <0.015 0.27 0.061 <0.033 <0.010 0.061 0.10 <0.0020 11 - 21 3.7 3.0
(Duplicate) 26-Jul-2023 Grab 120 <1.0 9.6 40 <1.0 32 <0.060 9.8 <0.0040 0.95 8.2 - 99 <1.0 59 280 120 711 160 24 197 <0.015 0.22 0.050 <0.033 <0.010 0.050 0.12 <0.0020 55 - 16 3.5 3.1
18-Aug-2023 Grab 120 <1.0 10 46 <1.0 32 <0.060 9.6 0.0040 0.84 7.6 - 98 <1.0 7.5 270 120 - 170 90 63" <0.015 0.39 0.089 <0.033 <0.010 0.089 0.22 <0.0020 8.1 - 22 3.7 4.0
24-Sep-2023 Grab 110 <1.0 12 40 <1.0 32 <0.060 10 <0.0040 0.88 8.8 - 89 <1.0 3.9 280 120 - - 12 9.4% <0.015 0.43 0.097 <0.033 <0.010 0.097 0.11 <0.0020 2.0 - 21 2.6 2.2
18-Mar-2024 Grab 100 <1.0 14 35 <1.0 29 <0.060 9.5 <0.0040 0.93 9.5 . 86 <1.0 2.6 270 110 8.02 160 <1.0 1.5% <0.015 0.90 0.20 <0.033 <0.010 0.20 0.097 <0.0020 2.8 - 15 3.0 2.8
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Table 2

Surface Water Analytical Results: Indicator Analysis Parameters

Inorganic lon
Anions Cations General Inorganic Nitrogen Compounds Sulphur Balance Miscellaneous
PROJECT No.: 417085-54419 Compounds
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(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (color unit) (uS/cm) (mg/L) (pH Units) (mg/L) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
CCME CEQG Freshwater Aquatic Life *' 120 0.3 0.12 (6.5-9) 8.5 29 0.06
Canadian Drinking Water Quality Guidelines 2024 - MAC * --- | None required 0.12 1.5 1 None required 45 10 3 1
(Duplicate) 18-Mar-2024 Grab 100 <1.0 14 35 <1.0 29 <0.060 9.5 <0.0040 0.99 9.6 85 <1.0 43 270 110 8.00 160 <1.0 1.8" <0.015 0.84 0.19 <0.033 <0.010 0.19 0.12 <0.0020 29 - <10"2 32 2.8
20-Jul-2024 Grab 110 <10 8.1 47 <1.0 34 <0.060 10 0.0042 0.96 7.8 91 <1.0 6.6 290 130 7.90 170 53 72" <0.015 0.37 0.083 <0.083 <0.010 0.083 <0.20 0.016 23 12 35 2.8
16-Aug-2024 Grab 110 <10 87 44 <1.0 32 <0.060 9.9 0.025 0.91 7.9 94 <1.0 5.1 290 120 7.63 180 750" 160" <0.015 0.27 0.060 <0.033 <0.010 0.060 0.42 0.015 41 36 26 3.1
13-Sep-2024 Grab 120 <10 88 44 <1.0 31 <0.060 10 <0.0040 0.79 7.3 100 <1.0 6.6 290 120 7.46 160 21 26" <0.015 0.21 0.048 <0.033 <0.010 0.048 <0.20 <0.0020 8.0 21 3.6 3.0
AEMP-DS-05 (Radar North) 23-Jun-2018 Grab 96 <1.0 6.8 35 <1.0 29 <0.060 84 <0.0040 0.82 6.4 79 <1.0 240 110 140 78 37% 0.024 0.18  0.039 <0.083 <0.010 0.039 0.29 <0.0020 0.76 31 52 5.0
14-Aug-2018 Grab 110 <10 93 44 <1.0 37 <0.060 10 0.0043 0.79 7.6 91 <1.0 290 130 180 61 45™ 0.015 0.13  0.029 <0.083 <0.010 0.029 0.27 0.0040 0.35 <20 28 4.3 4.8
18-Oct-2018 Grab 110 <10 12 36 <1.0 29 <0.060 9.3 <0.0040 0.96 9.3 88 <1.0 280 110 150 81 23" <0.015 040 0.090 <0.083 <0.010 0.090 0.24 0.0020 3.9 <20 16 3.1 27
10-Jun-2019 Grab 92 <10 77 31 <1.0 28 <0.060 7.6 <0.0040 0.75 5.8 76 <1.0 20 230 100 7.99 160 200 120% <0.015 0.27 0.061 <0.083 <0.010 0.061 0.39 0.0060 1.8 <20" M 6.4 5.6
26-Aug-2019 Grab 120 <10 98 60 <1.0 35 <0.060 11 <0.0040 0.85 8.1 98 <1.0 9.8 310 130 8.18 180 47 43" 0.026 0.18  0.040 <0.033 <0.010 0.040 0.28 6.4 <20 20 4.9 4.4
27-Aug-2019 Grab 0.0040
01-Oct-2019 Grab 110 <10 10 56 <1.0 37 0.91% 11 0.054 0.92 9.6 94 <1.0 18 320 140 8.27 200 130 120™ 0.051 #1® 025 0.056 <0.033 <0.010 0.056 0.44 0.0060 1.5 47 55 53
02-Oct-2019 Grab <20
12-Jun-2020 Grab 120 <10 54 33 <1.0 29 <0.060 7.7 <0.0040 0.82 57 97 <1.0 29 #1° 230 100 6.69 180 700" 650" 0.024 027 0.062 <0.033 <0.010 0.062 1.0 <0.010 8.4 <20 95 59 4470
28-Jul-2020 Grab 110 <10 58 39 <1.0 33 <0.060 89 <0.0040 0.79 6.4 92 <1.0 20 270 120 7.71 160 110 27" <0.015 0.090 0.020 <0.033 <0.010 0.020 0.73*" 0.0038 3.0 <20 29 6.3 54
22-Sep-2020 Grab 130 <10 71 38%7 <10 32 <0.060 9.1 <0.0040 0.86 6.7 110 <10 18 280 120 7.63 43 20" <0.015 024 0.055 <0.033 <0.010 0.055 0.29 0.012 7.5 <20 23 6.0 5.9
07-Jun-2021 Grab 110 <10 63 31 <1.0 29 <0.060 74 <0.0040 1.1 6.1 0.10 91 <1.0 38 250 100 7.75 110 71" 0.016 0.30 0.068 <0.033 <0.010 0.068 0.59 0.022 5.8 <20™ 43 85 66"
19-Aug-2021 Grab 110 <10 6.7 40 <1.0 31 <0.060 86 <0.0040 0.90 6.8 0.090 89 <1.0 28 270 110 180 190" 160% <0.015 0.17  0.038 <0.033 <0.010** 0.038 ** 0.38 0.033 4.0 <20" 51 7.7 6.0
(Duplicate) 19-Aug-2021 Grab 110 <10 6.6 39 <1.0 32 <0.060 86 <0.0040 0.90 6.8 0.094 90 <1.0 25 270 110 170 250"  160% <0.015 0.18  0.040 <0.033 <0.010 ** 0.040** 0.74 0.029 3.9 <20" 55 6.0 6.4
18-Sep-2021 Grab 130 <10 7.8 37 <1.0 34 <0.060 9.7 <0.0040 0.95 7.8 0.10 110 <10 21 280 130 200 60 43" <0.015 0.21 0.047 <0.033 <0.010 0.047 0.27 0.012 41 <2.0%% 20 6.9 5.9
10-Aug-2022 Grab 110 <10 82 38 <1.0 32 <0.060 9.3 <0.0040 0.94 7.4 0.093 88 <1.0 9.1 260 120 7.65 160 91 49% <0.015 025 0.057 <0.083 <0.010 0.057 <0.20 0.012 1.9 <20 14 52 4.1
11-Mar-2023 Grab 99 <1.0 12 35 <1.0 30 <0.060 11 <0.0040 0.87 10 81 <1.0 260 120 160 <0.015 1.1 0.26 <0.033 <0.010 0.26 0.12 <0.0020 2.0 34 2.1
25-Jul-2023 Grab 140 <10 10 42 <1.0 34 <0.060 9.8 <0.0040 0.93 8.2 110 <10 5.0 290 120 110 19 16" <0.015 0.16  0.036 <0.033 <0.010 0.036 0.13 <0.0020 8.7 12 3.6 3.2
19-Aug-2023 Grab 130 <10 9.1 47 <1.0 35 <0.060 10 <0.0040 0.85 7.4 100 <1.0 9.4 290 130 180 35 4" <0.015 023 0.053 <0.033 <0.010 0.053 0.14 0.0081 6.9 18 4.1 3.2
26-Sep-2023 Grab 130 <10 12 44 <1.0 35 0.10 11 0.0080 0.97 9.5 110 <10 9.9 300 130 170 120 69" <0.015 0.28 0.064 <0.033 <0.010 0.064 0.0037 4.2 28 3.1 3.0
17-Mar-2024 Grab 110 <10 11 33 <1.0 36 <0.060 12 <0.0040 1.1 12 86 <1.0 3.0 270 140 7.93 170 <10 0.10 <0.015 1.1 0.25 <0.033 <0.010 0.25 0.091 <0.0020 9.7 <10" 3.0 29
19-Jul-2024 Grab 110 <10 76 47 <1.0 36 <0.060 9.9 <0.0040 0.95 7.4 92 <1.0 6.7 290 130 7.90 180 280" 250% <0.015 0.38 0.085 <0.033 <0.010 0.085 <0.20 0.030 1.5 10 37 3.1
15-Aug-2024 Grab 130 <10 84 48 <1.0 36 <0.060 11 <0.0040 0.96 7.9 110 <10 6.3 310 130 7.82 180 16 147 <0.015 026 0.059 <0.083 <0.010 0.059 0.14 <0.0020 5.9 13 3.0 3.0
17-Sep-2024 Grab 120 <10 89 48 <1.0 36 <0.060 11 <0.0040 0.98 8.4 98 <1.0 4.2 310 130 6.95 180 61 26" <0.015 0.19  0.043 <0.083 <0.010 0.043 <0.20 0.0046 20 15 3.1 24
AEMP-DS-06 (FGH Blue Fish) 10-Mar-2023 Grab 140 <10 17 51 <1.0 46 <0.060 12 <0.0040 1.2 15 110 <1.0 350 170 200 <0.015 0.71 0.16 <0.033 <0.010 0.16 0.16 <0.0020 3.2 3.7 3.6
(Duplicate) 10-Mar-2023 Grab 130 <1.0 18 51 <1.0 46 <0.060 12 <0.0040 1.1 15 110 <10 350 170 220 <0.015 0.72 0.16 <0.033 <0.010 0.16 0.12 <0.0020 34 3.7 35
24-Jul-2023 Grab | 210 <1.0 11 70 <1.0 42 <0.060 13 0.0048 0.91 9.2 170 <1.0 7.8 370 160 7.66 210 17 24% <0.015 025 0.056 0.039 0.012 0.068  0.095 0.022 18 11 3.0 28
21-Aug-2023 Grab 140 <10 97 83 <1.0 43 <0.060 14 <0.0040 0.93 8.6 110 <1.0 8.9 370 170 230 54 49™ 0.016 022 0.050 <0.083 <0.010 0.050 0.16 <0.0020 6.8 25 3.3 2.8
03-Oct-2023 Grab 150 <1.0 10 110 <1.0 48 <0.060 20 0.0059 0.94 12 120 <1.0 9.6 430 200 240 13 19#2 <0.015 0.36 0.081 <0.083 <0.010 0.081 0.12 <0.0020 4.9 16 3.9 3.7
15-Mar-2024 Grab 150 <1.0 18 67 <1.0 56 <0.060 17 <0.0040 1.3 17 130 <1.0 6.7 430 210 280 150 5172 <0.015 1.7 0.38 <0.033 <0.010 0.38 0.59 0.0073 58 22 4.8 5.2
17-Jul-2024 Grab 130 <10 9.0 69 <1.0 43 <0.060 15 0.013 0.91 85 100 <1.0 77 380 170 6.99 200 79 97 % <0.015 0.35 0.079 <0.083 <0.010 0.079 <0.20 0.016 0.65 24 35 29
14-Aug-2024 Grab 120 <10 89 84 <1.0 47 <0.060 16 <0.0040 0.87 9.4 97 <1.0 8.1 380 180 8.14 240 27 26" <0.015 0.30 0.068 <0.033 <0.010 0.068 <0.20 <0.0020 1.6 20 29 2.8
18-Sep-2024 Grab 120 <10 741 140 <1.0 48 0.062 21 0.0058 0.95 11 96 <1.0 17 470 200 7.98 290 15 327 <0.015 0.27 0.061 <0.083 <0.010 0.061 0.26 0.0051 46 14 4.3 4.6
AEMP-DS-07 (FGH Ramparts) 17-Jul-2024 Grab 130 <10 73 43 <1.0 34 <0.060 11 <0.0040 0.84 7.4 100 <1.0 8.5 330 130 7.03 150 170 120% <0.015 0.28 0.062 <0.083 <0.010 0.062 0.25 0.019 4.0 29 3.6 3.2
14-Aug-2024 Grab 110 <10 74 49 <1.0 38 <0.060 11 0.0043 0.85 7.7 91 <1.0 7.2 290 140 8.05 180 300 110" <0.015 023 0.053 <0.083 <0.010 0.053 <0.20 0.013 2.0 41 3.3 3.2
18-Sep-2024 Grab 120 <10 9.1 62 <1.0 38 <0.060 11 <0.0040 1.0 8.6 98 <1.0 4.7 330 140 8.02 200 22 10" <0.015 020 0.045 <0.033 <0.010 0.045 0.13 0.0041 52 <10" 3.0 21
AEMP-DS-08 (Radar South) 19-Jul-2024 Grab 110 <10 77 49 <1.0 35 <0.060 9.9 <0.0040 0.93 77 88 <1.0 6.3 290 130 7.78 180 210" 200% <0.015 0.74 0.17 <0.033 <0.010 0.17 <0.20 0.031 1.8 <10" 42 3.3
15-Aug-2024 Grab 130 <10 86 48 <1.0 33 <0.060 10 <0.0040 0.84 9.0 100 <1.0 5.8 300 120 7.73 180 31 28" <0.015 026 0.059 <0.083 <0.010 0.059 0.26 0.0057 6.6 25 29 2.8
17-Sep-2024 Grab 120 <10 9.0 47 <1.0 34 <0.060 10 <0.0040 0.90 8.4 95 <1.0 3.5 300 130 6.98 180 9.8 6.7% <0.015 0.18  0.040 <0.033 <0.010 0.040 <0.20 <0.0020 3.7 <10" 3.0 26
AEMP-DS-09 (End of Facility) 17-Mar-2024 Grab 140 <10 18 51 <1.0 52 <0.060 14 <0.0040 14 17 120 <1.0 8.2 390 190 7.97 240 28 2.5% <0.015 0.81 0.18 <0.033 <0.010 0.18 0.17 <0.0020 6.9 32 6.2 45
19-Jul-2024 Grab 120 <10 741 57 <1.0 39 <0.060 11 <0.0040 0.94 7.3 95 <1.0 7.9 320 140 7.97 180 110 150 % <0.015 0.33 0.075 <0.033 <0.010 0.075 <0.20 0.035 1.6 12 4.4 3.4
15-Aug-2024 Grab 130 <10 82 55 <1.0 43 <0.060 13 0.0072 0.98 8.2 110 <1.0 7.0 340 160 8.07 210 38 35% <0.015 022 0.049 <0.083 <0.010 0.049 0.33 0.0068 0.32 20 4.0 3.0
17-Sep-2024 Grab 130 <10 9.2 62 <1.0 42 <0.060 13 <0.0040 0.96 8.5 110 <1.0 5.1 360 160 7.22 220 9.9 8.3" 0.023 0.14  0.032 <0.083 <0.010 0.032 <0.20 <0.0020 3.3 13 3.3 2.8
UPSTREAM
AEMP-US-01 (Midway) 12-Mar-2023 Grab 87 <1.0 98 22 <1.0 23 <0.060 89 <0.0040 0.81 8.1 72 <1.0 210 93 120 <0.015 1.5 0.35 <0.033 <0.010 0.35 0.29 0.0039 0.96 25 1.8
25-Jul-2023 Grab 120 <10 11 37 <1.0 30 <0.060 9.2 <0.0040 0.87 8.5 95 <1.0 5.4 270 110 96 14 15%2 <0.015 023 0.052 <0.083 <0.010 0.052 0.12 <0.0020 6.5 12 35 29
19-Aug-2023 Grab 130 <1.0 11 35 <1.0 9.6 <0.060 2.7 <0.0040 <0.30 23 100 <1.0 6.3 250 35 150 21 23" <0.015 0.37 0.083 <0.083 <0.010 0.083 0.12 0.0061 59 22 2.6 2.5
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Table 2

Surface Water Analytical Results: Indicator Analysis Parameters

Inorganic lon
Anions Cations General Inorganic Nitrogen Compounds Sulphur Balance Miscellaneous
PROJECT No.: 417085-54419 Compounds
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Sampling Location 8 & o S 5 & £ S 2 s s & ] i < < 3 w z s L L 2 < 3 H H H H 2 @ o o S [} L
(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (color unit) (uS/cm) (mg/L) (pH Units) (mg/L) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
CCME CEQG Freshwater Aquatic Life *' - === 120 === - - 0.3 - === - === 0.12 === - - - === (6.5-9) === - - 8.5 - 29 - 0.06 - - - - --- - - -
Canadian Drinking Water Quality Guidelines 2024 - MAC * --- --- --- --- --- | None required --- --- 0.12 --- --- 1.5 --- --- --- --- --- --- --- --- 1 None required 45 10 3 1 --- --- --- --- --- --- --- ---
26-Sep-2023 Grab 100 <1.0 10 28 <1.0 24 <0.060 89 <0.0040 0.77 7.7 - 86 <1.0 3.8 230 97 - 96 22 4.5% 0.023 042 0.094 <0.083 <0.010 0.094 0.14 <0.0020 5.8 - 16 25 25
16-Mar-2024 Grab 99 <1.0 11 29 <1.0 25 <0.060 9.5 <0.0040 0.98 8.6 - 81 <1.0 <20 240 100 - 150 8.0 7.3% <0.015 0.84 0.19 <0.033 <0.010 0.19 0.12 0.0043 24 - 25 23" 23
19-Jul-2024 Grab 100 <10 11 43 <1.0 32 <0.060 9.8 <0.0040 0.94 9.4 - 83 <1.0 9.5 280 120 7.76 180 440" 270%™ <0.015 0.47 0.11 <0.033 <0.010 0.11 <0.20 0.030 1.2 - 11 38 3.2
15-Aug-2024 Grab 110 <10 11 39 <1.0 30 <0.060 9.6 <0.0040 0.85 9.3 - 89 <1.0 5.0 270 110 7.83 160 8.0 8.8" <0.015 029 0.065 <0.033 <0.010 0.065 0.14 <0.0020 29 - 1 29 27
17-Sep-2024 Grab 100 <10 19 34 <1.0 28 <0.060 10 <0.0040 0.91 13 - 84 <1.0 4.1 280 110 6.88 160 13 7.7% <0.015 0.28 0.063 <0.033 <0.010 0.063 0.14 <0.0020 1.2 - 15 26 2.0
AEMP-US-02 (10 mile) 23-Jun-2018 Grab 99 <10 73 38 <1.0 31 <0.060 8.7 <0.0040 0.79 6.1 - 81 <1.0 - 250 110 - 140 39 40™ 0.025 0.099 0.022 <0.033 <0.010 0.022 0.27 0.0040 1.3 - 33 58 5.1
14-Aug-2018 Grab 120 <10 86 49 <1.0 36 <0.060 11 <0.0040 0.83 77 - 97 <1.0 - 310 130 - 180 59 5172 0.016 0.093 0.021 <0.033 <0.010 0.021 0.30 0.0040 3.0 <20 25 4.5 4.8
(Duplicate) 14-Aug-2018 Grab 120 <10 86 49 <1.0 37 0.28 11 0.018 0.93 77 - 96 <1.0 - 310 140 - 170 66 5172 0.023 0.085 0.019 <0.033 <0.010 0.019 0.32 0.0030 0.69 <20 26 53 4.9
18-Oct-2018 Grab 100 <1.0 11 33 <1.0 28 <0.060 9.5 0.0099 0.91 9.7 - 85 <1.0 - 260 110 - 150 39 122 0.020 0.41 0.093 <0.033 <0.010 0.093 0.19 0.0030 1.3 <20 9.2 29 3.0
10-Jun-2019 Grab 96 <1.0 6.2 35 <1.0 30 <0.060 7.6 <0.0040 0.78 5.7 - 79 <1.0 20 240 110 8.06 170 150 120% <0.015 023 0.052 <0.083 <0.010 0.052 0.45 0.010 1.9 20" 44 7.3 6.0
26-Aug-2019 Grab 120 <10 11 50 <1.0 35 <0.060 11 <0.0040 0.86 8.1 - 98 <1.0 11 310 130 8.12 180 46 43" 0.018 0.17  0.039 <0.083 <0.010 0.039 0.26 0.0050 3.7 <20 26 57 4.6
01-Oct-2019 Grab 120 <10 99 60 <1.0 39 <0.060 11 <0.0040 0.90 8.9 - 100 <1.0 21 320 140 8.04 230 32 75% 0.029 0.16  0.036 <0.033 <0.010 0.036 0.32 0.014 4.0 2.1 39 6.5 5.9
12-Jun-2020 Grab 110 <10 5.1 35 <1.0 30 <0.060 7.9 <0.0040 0.78 54 - 87 <1.0 31 240 110 6.84 180 280" 927 <0.015 022 0.049 <0.083 <0.010 0.049 067" <0.0020 4.3 <20 38 6.9 1.4
28-Jul-2020 Grab 110 <10 6.2 52 <1.0 32 <0.060 88 <0.0040 0.72 6.1 - 90 <1.0 21 280 120 7.75 170 110 5172 <0.015 0.087 0.020 <0.033 <0.010 0.020 1.1 *1 0.094 8.2 <20 63 71 5.6
22-Sep-2020 Grab 110 <10 741 40 <1.0 35 0.17 9.7 0.0077  0.90 6.8 - 93 <1.0 20 290 130 8.14 200 #1448 21% <0.015 0.19  0.044 <0.033 <0.010 0.044 0.36 0.010 0.72 <20 17 6.4 6.1
07-Jun-2021 Grab 140 <10 63 34 <1.0 30 <0.060 7.6 <0.0040 1.0 6.1 0.092 110 <10 31 250 110 7.19 130 ¥4 110 79" <0.015 029 0.065 <0.033 <0.010 0.065 0.53 0.024 13 <20™ 34 87 79%°
19-Aug-2021 Grab 110 <10 741 40 <1.0 37 <0.060 11 <0.0040 1.0 7.6 0.091 91 <1.0 27 280 140 - 190 170"  160™ <0.015 0.15 0.034 <0.083 <0.010 0.034 0.37 0.024 4.0 <20" 51 58 6.3
18-Sep-2021 Grab 140 <10 75 42 <1.0 33 <0.060 9.0 <0.0040 0.91 7.5 0.10 120 <10 19 290 120 - 200 53 40™ <0.015 0.18  0.040 <0.033 <0.010 0.040 0.25 0.0039 11 <20"% 28 7.5 6.0
10-Aug-2022 Grab 110 <10 79 38 <1.0 34 <0.060 9.9 <0.0040 0.97 77 0.089 90 <1.0 9.3 270 120 7.68 160 52 40™ <0.015 0.21 0.048 <0.033 <0.010 0.048 <0.20 <0.0020 0.50 <20 15 4.6 3.9
12-Mar-2023 Grab 95 <1.0 10 27 <1.0 25 <0.060 9.0 <0.0040 0.82 8.5 - 78 <1.0 - 220 100 - 150 - - <0.015 0.87 020 <0.033 <0.010 0.20 0.11 <0.0020 0.44 - - 22 22
25-Jul-2023 Grab 140 <10 11 47 <1.0 34 <0.060 10 <0.0040 0.90 8.6 - 110 <10 5.1 310 130 - 150 5.7 6.8% <0.015 012  0.027 <0.083 <0.010 0.027 0.11 <0.0020 9.9 - 10 3.3 3.8
19-Aug-2023 Grab 120 <10 95 50 <1.0 34 <0.060 10 0.0075 0.84 7.8 - 95 <1.0 8.6 290 130 - 180 51 42% <0.015 0.31 0.071 <0.033 <0.010 0.071 0.18 0.0061 5.0 - <10" 5 25
24-Sep-2023 Grab 120 <10 11 49 <1.0 44 0.091 15 0.018 1.2 13 - 100 <1.0 4.0 310 170 - 220 170 46" 0.026 0.34 0.076 <0.033 <0.010 0.076 - 0.0037 9.4 - 15 3.1 3.0
17-Mar-2024 Grab 110 <10 11 34 <1.0 35 <0.060 12 <0.0040 1.2 12 - 91 <1.0 25 270 140 - 170 <099 217 <0.015 0.87 020 <0.033 <0.010 0.20 0.14 <0.0020 6.9 - <10" 31 3.2
19-Jul-2024 Grab 110 <10 83 47 <1.0 38 <0.060 11 <0.0040 0.91 8.5 - 91 <1.0 9.0 290 140 7.78 180 220 160 <0.015 040 0.090 <0.083 <0.010 0.090 0.22 0.030 27 - 12 3.8 3.0
15-Aug-2024 Grab 120 <10 87 46 <1.0 33 <0.060 10 <0.0040 0.79 7.9 - 100 <1.0 5.5 290 130 7.81 180 19 112 <0.015 024 0.054 <0.033 <0.010 0.054 <0.20 0.0030 6.1 - 17 27 25
17-Sep-2024 Grab 110 <10 88 44 <1.0 31 <0.060 10 <0.0040 0.90 7.8 - 90 <1.0 4.4 280 120 6.89 170 1.8 327 <0.015 0.20 0.046 <0.033 <0.010 0.046"® <0.20 <0.0020 3.2 - <10" 25 21
AEMP-US-03 (Norman Wells Upstream) 09-Mar-2023 Grab 90 <1.0 98 28 <1.0 27 <0.060 9.6 <0.0040 0.86 9.0 - 74 <1.0 - 220 110 - 130 - - <0.015 0.90 020 <0.033 <0.010 0.20 0.093 <0.0020 3.7 - - 2 20
17-Mar-2024 Grab 110 <10 11 33 <1.0 34 <0.060 12 <0.0040 1.2 11 - 91 <1.0 22 270 130 - 160 <10 217 <0.015 0.87 020 <0.033 <0.010 0.20 0.13 0.0030 57 - 10 2.8 3.3
19-Jul-2024 Grab 110 <10 82 45 <1.0 33 <0.060 9.6 <0.0040 1.0 7.8 - 88 <1.0 9.4 280 120 7.78 160 370" 270%™ <0.015 042 0.094 <0.083 <0.010 0.094 <0.20 0.033 23 - 13 3.8 29
16-Aug-2024 Grab 120 <10 87 44 <1.0 33 <0.060 10 0.021 0.76 7.9 - 96 <1.0 6.4 290 120 7.60 170 480" 190%™ 0.017 028 0.063 <0.033 <0.010 0.063 0.45 0.052 43 - 55 28 2.8
12-Sep-2024 8.7 43 <1.0 36 <0.060 12 <0.0040 0.97 8.6 - 100 <1.0 <20 290 140 7.29 160 ¥4 1.1 52% <0.015 0.21 0.047 <0.033 <0.010 0.047 0.97 <0.0020 0.013 - 65 27 3.1
BOSWORTH CREEK
Bosworth Upstream Data UCL 27 180 -—- 87 0.348 34 - -—- - --- --- - - - --- --- 497 -—- --- - -—- - -—- - -—- --- - -—- -—- -—- - -
Bosworth Upstream Data LCL 9 110 - 63 <0.060 23 - - - - - - - - - - 339 - - - - - - - - - - - - - - -
DOWNSTREAM
AEMP-DS-01 (Lower Bosworth Creek) 18-Aug-2017 Grab | 230 <050 24 140 <0.50 76 <0.060 28 0.0077 11 23 - 190 <0.50 - 650 310 - 400 4.0 - - 0.054 0.012 <0.033 <0.010 <0.014 - - 15 <20 - 3.3 4.0
16-Sep-2017 Grab | 220 <050 19 130 <0.50 80 <0.060 29 0.0081 1.0 18 - 180 <0.50 - 630 320 - 390 27 - - 0.15 0.033 <0.033 <0.010 0.033 - 0.0030 27 <20™ - 5.1 4.2
(Duplicate) 16-Sep-2017 Grab | 220 <050 19 130 <0.50 79 <0.060 29 0.0078  0.96 18 - 180 <0.50 - 630 320 - 380 1.3 - - 0.15 0.033 <0.033 <0.010 0.033 - 0.0020 29 <20™ - 43 37
16-Oct-2017 Grab | 220 <1.0 20 150 <1.0 75 <0.060 30 0.0091 0.97 19 - 180 <1.0 - 650 310 - 420 21 - - 026 0.059 <0.033 <0.010 0.059 - <0.0020 0.47 <20 - 3.8 4.0
23-Jun-2018 Grab | 230 <1.0 19 1830 <1.0 78 <0.060 28 0.0058 1.1 17 - 180 <1.0 - 620 310 - 400 2.0 1.3% 0.019 0.17  0.038 <0.033 <0.010 0.038 0.21 <0.0020 0.36 - 13 4.8 43
12-Aug-2018 Grab | 220 <1.0 14 140 <1.0 74 <0.060 29 0.0079 1.0 16 - 180 <1.0 - 610 300 - 400 3.3 - 0.018 0.068 0.015 <0.033 <0.010 0.015 0.23 0.0030 1.0 - 19 3.8 4.2
15-Aug-2018 Grab - - - - - - - - - - - - - - - - - - - - - - 0.086 0.019 <0.033 <0.010 0.019 - - - <20 - - -
16-Oct-2018 Grab | 230 <1.0 17 160 <1.0 78 <0.060 31 0.0046 1.0 18 - 190 <1.0 - 660 320 - 410 19 1.5% <0.015 0.17  0.038 <0.033 <0.010 0.038 0.17 <0.0020 22 - 13 27 29
17-Oct-2018 Grab 25"
03-Jun-2019 Grab 190 <10 17 120 <1.0 65 <0.060 24 0.0050 0.85 14 - 160 <1.0 16 560 260 8.21 350 47 377 <0.015 0.18  0.041 <0.083 <0.010 0.041 0.21 <0.0020 29 <20 15 52 47
(Duplicate) 03-Jun-2019 Grab 190 <10 17 120 <1.0 65 <0.060 24 0.0049 0.84 14 - 160 <1.0 18 560 260 8.18 360 4.0 417 <0.015 0.19  0.042 <0.083 <0.010 0.042 0.21 <0.0020 24 <20 20 5.0 4.9
28-Aug-2019 Grab | 230 <1.0 17 140 <1.0 76 <0.060 27 0.0069 0.96 16 - 190 <10 15 630 300 8.29 400 3.3 2.0% 0.028 0.18  0.040 <0.033 <0.010 0.040 0.24 <0.0020 29 <20 <10 5.6 45
02-Oct-2019 Grab - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - <20 - - -
03-Oct-2019 Grab | 230 <1.0 19 160 <1.0 83 <0.060 32 0.0069 1.0 19 - 190 <10 7.0 670 340 - 430 3.3 2.0% 0.022 027 0.060 <0.033 <0.010 0.060 0.19 0.0020 0.53 - 20 3.1 29
10-Jun-2020 Grab | 210 <1.0 16 130 <1.0 70 <0.060 24 0.0043 0.96 14 --—- 180 <1.0 15 600 270 8.25 - 7.5 217 0.021 022 0.049 <0.083 <0.010 0.049 0.25 0.0099 4.4 <20 <10 5.2 4.4
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Table 2

Surface Water Analytical Results: Indicator Analysis Parameters

Inorganic I
Anions Cations General Inorganic Nitrogen Compounds Sulphur BaI::ce Miscellaneous
PROJECT No.: 417085-54419 Compounds
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Sampling Location 8 & o S 5 & £ S 2 = = & ] i < < 3 w z s L L 2 < 3 H H H H 2 @ o o S [} L
(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (color unit) (uS/cm) (mg/L) (pH Units) (mg/L) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
CCME CEQG Freshwater Aquatic Life *' 120 0.3 0.12 - (65-9) - 8.5 2.9 0.06
Canadian Drinking Water Quality Guidelines 2024 - MAC * --- | None required  --- 0.12 1.5 1 None required 45 10 3 1
24-Jul-2020 Grab | 220 <10 25 140 <1.0 81 0.062 29  0.0075 1.0 22 180 <1.0 11 710 320 8.29 470 1.0 0.43 <0.015 0.14  0.032 <0.033 <0.010 0.032 020 0.0034 0.83 <20 10 33 3.0
18-Sep-2020 | Grab | 220 <1.0 21 160 <1.0 80 <0.060 31 0.0062 097 19 180 <1.0 6.0 690 330 8.25 490 3.6 0.64 <0.015 010  0.022 <0.033 <0.010 0.022 0.15 0.0072 14 <20 <10 28 2.5
06-Jun-2021 Grab | 240 1.5 17 - <1.0 72 <0.060 26  0.0063 1.0 15 020" | 200 1.3 23 610 290 430 9.1 3.1% <0.015 0.14  0.031 <0.033 <0.010 0.031 045 0.0043 33 <20™ 16 5.2 6.4
18-Aug-2021 | Grab | 220 <1.0 = 30 160 <1.0 83 <0.060 32  0.0058 1.2 28 0.23"] 180 <10 6.4 720 340 510 <1.0 048 <0.015 <0.044 <0.010 <0.033 <0.010 <0.010 0.23 <0.0020 2.0 <20 13 3.0 2.7
19-Sep-2021 | Grab | 250 <1.0 38 190 <1.0 83 <0.060 32  0.0072 1.1 31 0.26"] 200 <1.0 37 780 340 8.27 490 1.8 0.69 0.022 0.24 0.055 <0.033 <0.010 0.055 0.12 <0.0020 5.0 <20 13 21 2.0
11-Jun-2022 | Grab | 200 <10 18 - <1.0 69 <0.060 26  0.0076 1.2 16 047" | 170 <1.0 12 580 280 8.22 370 <1.0 17" <0.015 011 0.026 <0.033 <0.010 0.026 0.29 <0.0020 0.87 <20 16 45 3.9
06-Aug-2022 | Grab | 220 <1.0 28 150 <1.0 79 <0.060 29  0.0061 1.2 24 020" 180 <1.0 6.4 680 310 8.28 430 4.7 1.5% <0.015 0.21  0.048 <0.033 <0.010 0.048 0.19 <0.0020 0.083 <20™ 24 34 2.7
26-Sep-2022 | Grab | 230 <1.0 30 150 <1.0 78 <0.060 30 0.0055 1.0 24 0.22"] 190 <10 55 720 320 7.91 460 1.2 117 <0.015 0.23 0.053 <0.033 <0.010 0.053 0.16 <0.0020 1.7 <20™ 16 3.0 2.6
26-Jul-2023 Grab | 250 <1.0 28 160 <1.0 83 <0.060 30  0.0063 1.2 27 200 <1.0 7.3 720 330 8.32 450 29 <0.10 <0.015 0.24  0.054 <0.033 <0.010 0.054 0.093 0.0058 1.8 -  <10% 32 2.4
18-Aug-2023 | Grab | 240 <1.0 34 170 <1.0 81 <0.060 30  0.0073 1.2 29 200 <1.0 8.0 740 330 470 45 247 <0.015 0.18  0.041 <0.033 <0.010 0.041 0.095 0.0090 3.8 14 22 1.9
(Duplicate) 18-Aug-2023 | Grab | 240 <1.0 34 160 <1.0 81 <0.060 30 0.0075 1.2 29 200 <1.0 3.1 730 330 470 <099 1.2% <0.015 0.21  0.047 <0.033 <0.010 0.047 0.076 0.0046 3.0 - <10"™ 22 2.2
25-Sep-2023 | Grab | 240 <1.0 29 170 <1.0 <0.060 <0.0040 <0.30 <050 - 200 <1.0 5.0 710 0.80 400 <1.0 <0.10 <0.015 0.21  0.048 <0.033 <0.010 0.048 0.088 0.018 NC 18 <050 2.0
(Duplicate) 25-Sep-2023 | Grab | 230 <10 31 170 <1.0 - <0.30 - <0.020 <15 <25 190 <1.0 <20 730 <0.50 530 <10 <0.10 <0.015 0.26  0.059 <0.033 <0.010  0.059 0.026 NC 20 <050 22
18-Jul-2024 Grab | 210 1.7 33 170 <1.0 82 <0.060 31 <0.0040 1.3 28 180 1.4 5.7 750 330 8.34 460 3.1 1.6% <0.015 044 0099 <0.033 <0.010 0.099 0.13 0.0057 0.59 -  <10™ 25 1.7
16-Aug-2024 | Grab | 220 2.7 38 180 <1.0 87 <0.060 34  0.0072 1.3 34 190 22 7.2 800 360 8.36 500 <1.0 032 <0.015 0.23 0.051 <0.033 <0.010 0.051 0.1 0.012 0.24 1 24 2.3
13-Sep-2024 | Grab | 250 <1.0 = 37 180 <1.0 85 <0.060 33  0.0069 1.2 33 210 <1.0 44 800 350 8.25 490 <1.0 <0.10 <0.015 0.12  0.028 <0.033 <0.010 0.028 0.12 0.011 26 - <10" 29 2.3
(Duplicate) 13-Sep-2024 | Grab | 230 <1.0 39 180 <1.0 84 <0.060 33 0.0069 1.2 33 190 <1.0 4.2 800 350 7.92 490 <1.0 <0.10 <0.015 0.18 0.040 <0.033 <0.010 0.040 0.21 0.0084 1.3 - <107 1.8 2.1
UPSTREAM
AEMP-US-04 (Upper Bosworth Creek) 26-Jul-2023 Grab | 240 <10 29 160 <1.0 78 <0.060 29 <0.0040 1.2 25 190 <1.0 7.7 720 320 460 1.4 0.78 <0.015 022 0.049 <0.033 <0.010 0.049 0.088 <0.0020 34 17 2.9 2.4
18-Aug-2023 | Grab | 240 <1.0 34 160 <1.0 81 <0.060 30 0.0062 1.1 27 200 <1.0 5.6 740 330 480 1.3 0.58 <0.015 022 0.049 <0.033 <0.010 0.049 0.082 <0.0020 37 1 2.3 21
24-Sep-2023 | Grab | 240 <10 30 170 <1.0 83 <0.060 33  0.0052 1.2 27 200 <1.0 21 720 340 380 <10 <0.10 <0.015 0.21  0.048 <0.033 <0.010 0.048 0.16 <0.0020 0.81 19 2.2 1.6
18-Jul-2024 Grab | 210 1.7 33 170 <1.0 81 <0.060 32 <0.0040 1.3 27 180 1.4 6.3 740 330 8.34 460 4.1 2.9% <0.015 0.33 0.074 <0.033 <0.010 0.074 0.098 <0.0020 0.47 1 3.2 24
16-Aug-2024 | Grab | 220 3.9 38 180 <1.0 86 <0.060 32  0.0058 1.2 33 190 33 4.2 790 350 8.35 510 35 0.85 <0.015 0.19  0.042 <0.033 <0.010 0.042 0.20 <0.0020 1.2 - <10 1.8 2.0
13-Sep-2024 | Grab | 230 <1.0 39 170 <1.0 93 <0.060 36 0.0057 1.3 34 190 <1.0 35 800 380 7.91 500 30 2.0% <0.015 0.20 0.045 <0.033 <0.010 0.045 0.25 <0.0020 3.3 - <10" 25 1.9
AEMP-US-05 19-Jul-2024 Grab | 210 22 33 170 <1.0 80 <0.060 31 0.0045 1.2 27 180 1.8 8.0 740 330 8.34 460 1.9 1.5% <0.015 0.33 0.074 <0.033 <0.010 0.074 0.099 <0.0020 1.3 - <10% 28 2.2
16-Aug-2024 | Grab | 220 1.7 38 180 <1.0 87 <0.060 34  0.0056 1.3 33 180 14 2.3 790 360 8.32 500 1.3 0.31 <0.015 022 0.050 <0.033 <0.010 0.050 0.7 <0.0020 0.087 - <10 33 2.2
12-Sep-2024 | Grab | 250 <1.0 36 180 <1.0 91 <0.060 36 0.0053 1.2 33 200 <1.0 9.5 800 370 8.28 400 <10 127 <0.015 0.18  0.041 <0.033 <0.010 0.041 0.14 <0.0020 1.0 - <10" 22 2.0
Relative Percent Difference (RPD) Report
AEMP-DS-02 (Marine Dock) 20-Jul-2024 Grab | 120 <10 10 57 <10 36 <0.060 11 <0.0040 089 85 9% <1.0 5.8 330 130 7.95 180 110 1207 <0.015 040 0.089 <0.033 <0.010 0.089 <0.20 0.021 5.6 12 3.2 3.0
(Duplicate) 20-Jul-2024 Grab | 130 <10 98 56 <10 36 <0.060 11 <0.0040 096 86 100 <1.0 5.4 320 130 7.34 190 100 110" <0.015 0.37 0.083 <0.033 <0.010 0.083 <0.20 0.020 6.6 28 33 2.9
RPD(%) 8.0% - 20% 1.8% - 0.0% 0.0% 76% 1.2% 41% - 7.1% 31% 0.0% 80% 54% 95% 8.7% 7.8% 7.0% 7.0% 4.9% 16.4% - KN 31% 3.4%
AEMP-DS-02 (Marine Dock) 16-Aug-2024 | Grab | 150 <10 15 73 <10 49 <0.060 17 0.040 1.0 15 120 <1.0 6.4 400 190 7.92 240 460" 1507 0.016 0.19 0.043 <0.033 <0.010 0.043 0.23 0.020 1.6 31 3.0 2.7
(Duplicate) 16-Aug-2024 | Grab | 140 <1.0 16 73 <10 48 <0.060 16 0.039 1.0 15 120 <1.0 8.6 420 190 8.14 250 450" 150% <0.015 0.25 0.056 <0.033 <0.010 0.056 0.37 0.018 1.3 37 2.8 3.1
RPD(%) 6.9% -~ 6.5% 0.0% - 2.1% 6.1% 2.5% 0.0% 0.0% 0.0% - 29.3% 49% 0.0% 27% 41% 2.2% 0.0% 27.3% 26.3% - 26.3% 46.7% 10.5% 20.7% - 17.6% 6.9% 13.8%
AEMP-DS-04 (Refinery) 18-Mar-2024 | Grab | 100 <1.0 14 35 <10 29 <0.060 95 <0.0040 093 95 86 <1.0 2.6 270 110 8.02 160 <10 1.5% <0.015 0.90 020 <0.033 <0.010 020  0.097 <0.0020 2.8 15 3.0 2.8
(Duplicate) 18-Mar-2024 | Grab | 100 <1.0 14 35 <10 29 <0.060 95 <0.0040 099 96 85 <1.0 4.3 270 110 8.00 160 <10 1.8% <0.015 0.84 019 <0.033 <0.010 0.19 0.12 <0.0020 2.9 - <10%2 32 2.8
RPD(%) 0.0% -~  0.0% 0.0% - 0.0% 0.0% 6.2% 1.0% 12% - 49.3% 0.0% 0.0% 02%  0.0% - 18.2% 6.9% 5.1% 51% 21.2% 3.5% - 65% 0.0%
AEMP-DS-01 (Lower Bosworth Creek) 13-Sep-2024 | Grab | 250 <1.0 37 180 <1.0 85 <0.060 33  0.0069 1.2 33 210 <1.0 44 800 350 8.25 490 <1.0 <0.10 <0.015 0.12  0.028 <0.033 <0.010 0.028 0.12 0.011 2.6 - <10" 29 2.3
(Duplicate) 13-Sep-2024 | Grab | 230 <1.0 39 180 <1.0 84 <0.060 33 0.0069 1.2 33 190 <1.0 4.2 800 350 7.92 490 <1.0 <0.10 <0.015 0.18  0.040 <0.033 <0.010 0.040 0.21 0.0084 1.3 - <10" 18 2.1
RPD(%) 83% - 53% 0.0% - 1.2% —  00% 0.0% 0.0% 0.0% - [10.0% - 4.7% 0.0% 0.0% 41%  0.0% - 40.0% 353% - 35.3% [IEE 26.8% - 46.8% 9.1%

NOTES:
--- in guideline row(s) denotes no criteria for that parameter.
--- in detail data row(s) denotes parameter not analyzed.
Highlighting indicates parameters above applied guideline/criteria.
Highlighting indicates non-detect parameters above applied guideline/criteria.
Highlighting indicates parameters at applied guideline/criteria.
Superscript “'denotes values exceeding
(CCME. 2014. Canadian Environmental Quality Guidelines Summary Table. Water Quality Guidelines for the Protection of Freshwater Aquatic Life.

o e N =
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Surface Water Analytical Results: Indicator Analysis Parameters
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Sampling Location a ] o o o 7] I o = = = o "] i < < o w T S - [ = < z =z z z z - @ K] o o (=] [
(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (color unit) (uS/cm) (mg/L) (pH Units) (mg/L) (mg/L) (NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L)
CCME CEQG Freshwater Aquatic Life *' - === 120 === - - 0.3 - === - === 0.12 - - - - - (6.5-9) - - - 8.5 - 29 = 0.06 = === - = = - - ===
Canadian Drinking Water Quality Guidelines 2024 - MAC * == === --- - --- | None required == - 0.12 - == 1.5 == - == == -- == == - 1 None required 45 10 3 1 === == == - - --- --- ---

http://st-ts.ccme.ca/?chems=all&chapters=1 accessed Aug 22, 2014.)
Chloride:
Guideline based on chronic exposure
Ammonia (Total; as N):
Guideline for total ammonia is dependent on pH and temperature of surface water. Guideline based on Temperature of 100C and pH of 7
Nitrate (as N):
Guideline based on long term exposure
Nitrite (as N):
Standard is for NO, as N, equivalent standard for NO, is 0.197 mg/L.
7. Superscript “denotes values exceeding
(Health Canada. 2024. Guidelines for Canadian Drinking Water Quality. Summary Table. Maximum Acceptable Concentration.
Water and Air Quality Bureau, Healthy Environments and Consumer Safety Branch, Health Canada, Ottawa, Ontario.
August 2024.)
Calcium:
Guideline value not necessary. Calcium contributes to hardness.
Turbidity:
Not specifically an MAC, rather a treatment limit guideline value specific groundwater not under direct influence of surface water. Groundwater that is not under the direct influence of surface water are considered less vulnerable to faecal contamination (HC 2012). A less stringent value for turbidity may be acceptable if it is demonstrated that t
Ammonia (Total; as N):
Guideline value not necessary. No adverse effects at levels found in drinking water. To help prevent nitrification, limit excess free ammonia entering the distribution system to below 0.1 mg/L and preferably below 0.05 mg/L as N.
8. Value above UCL
9. Value equal to UCL
- 10. Value below LCL
11. Value equal to LCL
12. Superscript " Sample analyzed past hold time. Sample analysis is recommended within 48 hours of sampling.
13. Superscript * - Method blank exceeds 0.2 mg/L stipulated in Reference Method. No other Quality Control measures affected.
14. Superscript ** - Method blank exceeds 0.2 mg/L stipulated in Reference Method. No other Quality Control measures affected
15. Superscript ° - COD < DOC: Both values fall within the method uncertainty for duplicates and are likely equivalent. COD < TOC: Both values fall within the method uncertainty for duplicates and are likely equivalent.
16. Superscript - COD < TOC: Both values fall within the method uncertainty for duplicates and are likely equivalent.
17. Superscript . Sample was past hold time when received.
18. Superscript # _ Detection limit raised based on sample volume used for analysis.
19. Superscript '° - Detection limits raised due to sample matrix.
20. Superscript *'" - Due to the sample matrix, sample required dilution. Detection limit was adjusted accordingly.
21. Superscript “'“ - COD < TOC: Both values fall within the method uncertainty for duplicates and are likely equivalent. COD < DOC: Both values fall within the method uncertainty for duplicates and are likely equivalent.
22. Superscript *'* - Sample incubation time was outside method specifications. This may increase the uncertainty associated with these results.
23. Superscript e Sample was originally processed within hold time. Data quality required investigation. Re-analysis was completed past recommended hold time.
24. Superscript *'° - Method blank exceeds 0.2 mg/L stipulated in Reference Method. No other Quality Control measures affected.Sample analyzed past hold time. Sample analysis is recommended within 48 hours of sampling.
25. Superscript " - Sample analyzed past hold time. Sample analysis is recommended within 48 hours of sampling. Method blank exceeds 0.2 mg/L stipulated in Reference Method. No other Quality Control measures affected.
26. Superscript *'* - Detection limits raised due to dilution to bring analyte within the calibrated range.
27. Superscript " - Detection limits raised due to matrix interference.
28. Superscript *” - Matrix spike exceeds acceptance limits due to matrix interference.
29. Superscript " - Sample filtered and preserved past method specified hold time

#11

#12

=

#13

#16
#17
#18
#19
#20
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Surface Water Analytical Results: Petroleum Hydrocarbons (PHCs)

PROJECT No.: 417085-54419
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Sampling Location a & @ L i [S ) < o o o o o )
(dd-mmm-yyyy) (mglL) (mglL) (mglL) (mglL) (mglL) (mgll) (mg/l) (mg/lL) (mg/l) (mg/L) (mg/L) (mgiL)

CCME CEQG Freshwater Aquatic Life ' 0.37 0.002 0.09
Canadian Drinking Water Quality Guidelines 2024 - MAC 0.005 0.06 0.14 0.09
Federal Environmental Quality Guidelines ** 0.59 0.03 0.07 0.07
NW AEMP V5

Mackenzie Upstream Data UCL
Mackenzie Upstream Data LCL

DOWNSTREAM
AEMP-DS-02 (Marine Dock) 17-Aug-2017 <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 < 0.00080 <0.10

21-Aug-2017 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00080 <0.10 <0.10 <0.10 - - <20
16-Sep-2017 Grab < 0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00080 <0.10 <0.10 <0.10 - - <20
16-Oct-2017 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00080 <0.10 <0.10 <0.10  --- - <20
23-Jun-2018 Grab <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - -— 6.0
13-Aug-2018 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10  -- - <20
17-Oct-2018 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - -— <20
03-Jun-2019 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
28-Aug-2019 Grab <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
03-Oct-2019 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10  --- - 12
10-Jun-2020 Grab <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - -— 4.0
24-Jul-2020 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
18-Sep-2020 Grab < 0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
06-Jun-2021 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - 3.0
18-Aug-2021 Grab <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - -— 3.0
17-Sep-2021 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10  --- - <20
31-Mar-2022 Grab < 0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
12-Jun-2022 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
06-Aug-2022 Grab <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - -— 4.0
25-Sep-2022 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10  --- - <20
09-Mar-2023 Grab < 0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - — 5.0
25-Jul-2023 PDB <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
18-Aug-2023 PDB <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
24-Sep-2023 PDB <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <2.0
18-Mar-2024 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
20-Jul-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - ---

(Duplicate) 20-Jul-2024 PDB <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - -— -—
16-Aug-2024 PDB < 0.00040 <0.00040 < 0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
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PROJECT No.: 417085-54419

Table 3

Surface Water Analytical Results: Petroleum Hydrocarbons (PHCs)
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Sampling Location a8 & @ 2 i 3 s < z z z z T 5
(dd-mmm-yyyy) (mgll)  (mglL) (mgll)  (mgl)  (mglL) (mgll) (mg/L) (mg/L) (mg/l) (mg/L) (mg/L) (mgiL)
QG Fre er Ag 0.37 0.002 0.09
dian D g Water Q 024 - MA 0.005 0.06 0.14 0.09
d 0 Q 0.59 0.03 0.07 0.07
(Duplicate) 16-Aug-2024 PDB | <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
13-Sep-2024 PDB | <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
AEMP-DS-03 (Island 3) 16-Sep-2017 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00080 <0.10 <0.10 <0.10 -~  -- <20
16-Oct-2017 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00080 <0.10 <0.10 <010 -~  -- <20
23-Jun-2018 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 30
14-Aug-2018 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - — <20
18-Oct-2018 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -~  -- <20
10-Jun-2019 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
26-Aug-2019 Grab | <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
01-Oct-2019 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <010 -~  -- <20
12-Jun-2020 Grab | <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - — 40
28-Jul-2020 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <010 -~  -- <20
22-Sep-2020 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -~  -- 4.0
07-Jun-2021 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
(Duplicate) 07-Jun-2021 Grab | <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - — <20
19-Aug-2021 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - — <20
18-Sep-2021 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -~  -- <20
31-Mar-2022 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <010 -~  -- <20
14-Jun-2022 Grab | <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - — 60
06-Aug-2022 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 30
(Duplicate) 06-Aug-2022 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - — 50
25-Sep-2022 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <010 -~ - 7.0
09-Mar-2023 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 --  -- 4.0
25-Jul-2023 PDB | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <020 3.0
19-Aug-2023 PDB | <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 0.23 <020 <20
25-Sep-2023 PDB | <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <020 <20
18-Mar-2024 Grab | <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 4.0
19-Jul-2024 PDB | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- -
15-Aug-2024 PDB | <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
17-Sep-2024 PDB | <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
AEMP-DS-04 (Refinery) 21-Aug-2017 Grab | <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00080 <0.10 <0.10 <0.10 - - <20
(Duplicate) 21-Aug-2017 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00080 <0.10 <0.10 <0.10 - - <20
16-Sep-2017 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00080 <0.10 <010 <010 -- - <20
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PROJECT No.: 417085-54419

Table 3

Surface Water Analytical Results: Petroleum Hydrocarbons (PHCs)

o
@
s 202137 3
g ® s 2 9 % % % 8
= N g = g ¢ ¢ ¢ ¢ G
K 2 2 3 > 2 4 - - o~ © < ]
% ) 5 ] % o 2 w L w w w 4
e £ g 3 > & ) o o o o T} ) s
Sampling Location 8 & @ 2 i € 5 < T o T o T 5]
(dd-mmm-yyyy) (mgl)  (mg/L)  (mglL)  (mg/)  (mg/)  (mg/L) (mg/L) (mg/L) (mg/L) (mgiL) (mg/L) (mg/L)
QG Fre er Aq 0.37 0.002 0.09
dian D g Water Q 024 - MA 0.005 0.06 0.14 0.09
: 0 Q 0.59 0.03 0.07 0.07
16-Oct-2017 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00080 <0.10 <0.10 <0.10 -  -— <20
23-Jun-2018 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 10
13-Aug-2018 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
17-Oct-2018 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
(Duplicate) 17-Oct-2018 Grab |<0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— 3.0
03-Jun-2019 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— 3.0
25-Aug-2019 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
03-Oct-2019 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
10-Jun-2020 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
24-Jul-2020 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
(Duplicate) 24-Jul-2020 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
18-Sep-2020 Grab |<0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— 4.0
(Duplicate) 18-Sep-2020 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
06-Jun-2021 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— 3.0
18-Aug-2021 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— 3.0
17-Sep-2021 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
12-Jun-2022 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
06-Aug-2022 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— 3.0
(Duplicate) 06-Aug-2022 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
24-Sep-2022 Grab |<0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— 50
(Duplicate) 24-Sep-2022 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <010 - - 7.0
11-Mar-2023 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
26-Jul-2023 PDB | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <020 <20
(Duplicate) 26-Jul-2023 PDB | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <020 <2.0
18-Aug-2023 PDB | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 0.33 <020 <20
24-Sep-2023 PDB | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <020 <20
18-Mar-2024 Grab |<0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <020 6.0
(Duplicate) 18-Mar-2024 Grab |<0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <020 7.0
20-Jul-2024 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- -
16-Aug-2024 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— <20
13-Sep-2024 PDB | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <010 <010 -— - <20
AEMP-DS-05 (Radar) 23-Jun-2018 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -  -— 80
14-Aug-2018 Grab | <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 ---  -— <20
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Table 3

Surface Water Analytical Results: Petroleum Hydrocarbons (PHCs)

PROJECT No.: 417085-54419
)
@
. . O R A
> 8 5 = o o o o o =
= ® ® c 2 o o = = = = = 9]
3 s 5 2 X 8 @ r L & & & B
k] £ g E z & 2 g o o) o o) o s
Sampling Location a8 & @ L i [S ) < T o T o T )
(dd-mmm-yyyy) (mglL) (mglL) (mglL) (mg/L) (mglL) (mg/l) (mg/L) (mg/l) (mg/l) (mg/L) (mg/L) (mg/L)
Q e er Aq 0.37 0.002 0.09 == - == == --- == - == ==
dian D g Water Q 024 - MA 0.005 0.06 0.14 0.09
d o Q d 0.59 0.03 0.07 0.07
18-Oct-2018 Grab <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 --- - <20
10-Jun-2019 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
26-Aug-2019 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <38%™
01-Oct-2019 Grab <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 --- - <20
12-Jun-2020 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
28-Jul-2020 Grab <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
22-Sep-2020 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
07-Jun-2021 Grab <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
19-Aug-2021 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
(Duplicate) 19-Aug-2021 Grab < 0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
18-Sep-2021 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
10-Aug-2022 Grab < 0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
11-Mar-2023 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - 3.0
25-Jul-2023 PDB <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
19-Aug-2023 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
26-Sep-2023 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 3.0
17-Mar-2024 Grab <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 5.0
19-Jul-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10  --- - -
15-Aug-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
17-Sep-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
AEMP-DS-06 (Fort Good Hope) 10-Mar-2023 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
(Duplicate) 10-Mar-2023 Grab <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 4.0
24-Jul-2023 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
21-Aug-2023 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <2.0
03-Oct-2023 PDB <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
15-Mar-2024 Grab <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 8.0
17-Jul-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
14-Aug-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
18-Sep-2024 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
AEMP-DS-07 17-Jul-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10  --- - -
14-Aug-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <44®
18-Sep-2024 PDB < 0.00040 < 0.00040 < 0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 --- -—- <2.0
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PROJECT No.: 417085-54419

Table 3

Surface Water Analytical Results: Petroleum Hydrocarbons (PHCs)
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Sampling Location a8 & @ L i [S ) < T o o o o )
(dd-mmm-yyyy) (mglL) (mglL) (mglL) (mg/L) (mglL) (mg/l) (mg/L) (mg/l) (mg/l) (mg/L) (mg/L) (mg/L)
Q e er Aq 0.37 0.002 0.09 == - == == --- == - == ==
dian D g Water Q 024 - MA 0.005 0.06 0.14 0.09
d o Q 0.59 0.03 0.07 0.07
AEMP-DS-08 19-Jul-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
15-Aug-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
17-Sep-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
AEMP-DS-09 17-Mar-2024 Grab <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 3.0
19-Jul-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
15-Aug-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
17-Sep-2024 PDB <0.00040 < 0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
AEMP-US-01 (Midway) 12-Mar-2023 Grab <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
25-Jul-2023 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
19-Aug-2023 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <2.0
26-Sep-2023 PDB <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
16-Mar-2024 Grab <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - 6.0
19-Jul-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
15-Aug-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
17-Sep-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
AEMP-US-02 (10 mile) 23-Jun-2018 Grab < 0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 9.0
14-Aug-2018 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
(Duplicate) 14-Aug-2018 Grab < 0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
18-Oct-2018 Grab <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 --- - <20
10-Jun-2019 Grab <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - 4.0
26-Aug-2019 Grab <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - — <38™
01-Oct-2019 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 --- - <20
12-Jun-2020 Grab < 0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
28-Jul-2020 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
22-Sep-2020 Grab <0.00040 < 0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
07-Jun-2021 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
19-Aug-2021 Grab <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
18-Sep-2021 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
10-Aug-2022 Grab < 0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 4.0
12-Mar-2023 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
25-Jul-2023 PDB < 0.00040 < 0.00040 < 0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <2.0
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Table 3

Surface Water Analytical Results: Petroleum Hydrocarbons (PHCs)

PROJECT No.: 417085-54419
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Sampling Location a & @ L i [S ) < o o o o o )
(dd-mmm-yyyy) (mglL) (mglL) (mglL) (mg/L) (mglL) (mg/l) (mg/L) (mg/l) (mg/l) (mg/L) (mg/L) (mg/L)
QG Freshwater Aqua e 0.37 0.002 0.09
anadian D g Water Qua delines 2024 - MAG * 0.005 0.06 0.14 0.09
edera onmental Qua delines * 0.59 0.03 0.07 0.07
19-Aug-2023 PDB <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <2.0
24-Sep-2023 PDB <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
17-Mar-2024 Grab <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 14
19-Jul-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
15-Aug-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
17-Sep-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
AEMP-US-03 (Norman Wells Upstream) 09-Mar-2023 Grab <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 4.0
17-Mar-2024 Grab 0.00051  0.0027*  0.00090 0.0038 0.0019 0.0057 <0.10 <0.10 <0.10 -- - 13
19-Jul-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
16-Aug-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
12-Sep-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20

Bosworth Upstream Data UCL
Bosworth Upstream Data LCL

DOWNSTREAM

N/C N/C N/C N/C

AEMP-DS-01 (Lower Bosworth Creek) 18-Aug-2017 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00080 <0.10 <0.10 <0.10 -- - <20
16-Sep-2017 Grab < 0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00080 <0.10 <0.10 <0.10 - — -
(Duplicate) 16-Sep-2017 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00080 <0.10 <0.10 <0.10  --- - <20
16-Oct-2017 Grab <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00080 <0.10 <0.10 <0.10 - -— <20
23-Jun-2018 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
12-Aug-2018 Grab <0.00040 < 0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
16-Oct-2018 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10  --- - 2.0
03-Jun-2019 Grab <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - -— 3.0
(Duplicate) 03-Jun-2019 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
28-Aug-2019 Grab <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
03-Oct-2019 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10  --- - 2.0
10-Jun-2020 Grab <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - -— 6.0
24-Jul-2020 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
18-Sep-2020 Grab < 0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
06-Jun-2021 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10  -- - 3.0
18-Aug-2021 Grab <0.00040 < 0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - -— 3.0
19-Sep-2021 Grab < 0.00040 <0.00040 < 0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
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PROJECT No.: 417085-54419

Table 3

Surface Water Analytical Results: Petroleum Hydrocarbons (PHCs)

)
@
s 202137 3
g ® s 2 9 % % % 8
= N 8 = g ¢ ¢ ¢ ¢ 5
o 2 2 3 > 2 4 - - o~ © < ]
S ] 5 ] % ] 2 ' w [y w i e
2 £ = E 2 & > g ) o) %) %) Q s
Sampling Location a & @ L i [S ) < o o o o o )
(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
QG Fre er Ag 0.37 0.002 0.09
dian D g Water Q d 024 - MA 0.005 0.06 0.14 0.09
d o Q deline 0.59 0.03 0.07 0.07
11-Jun-2022 Grab < 0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
06-Aug-2022 Grab <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - 8.0
26-Sep-2022 Grab <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - 7.0
26-Jul-2023 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
18-Aug-2023 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <2.0
(Duplicate) 18-Aug-2023 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
25-Sep-2023 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <2.0
(Duplicate) 25-Sep-2023 PDB <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
18-Jul-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
16-Aug-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
13-Sep-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
(Duplicate) 13-Sep-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
UPSTREAM
AEMP-US-04 (Upper Bosworth Creek) 26-Jul-2023 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
18-Aug-2023 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <2.0
24-Sep-2023 PDB <0.00040 <0.00040 <0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 <20
18-Jul-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
16-Aug-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
13-Sep-2024 PDB <0.00040 <0.00040 < 0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
AEMP-US-05 19-Jul-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
16-Aug-2024 PDB <0.00040 <0.00040 < 0.00040 < 0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
12-Sep-2024 PDB <0.00040 <0.00040 <0.00040 <0.00080 < 0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
Relative Percent Difference (RPD) Report
AEMP-DS-02 (Marine Dock) 20-Jul-2024 <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
(Duplicate) 20-Jul-2024 <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - -
RPD(%)
AEMP-DS-02 (Marine Dock) 16-Aug-2024 <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 -- - <20
(Duplicate) 16-Aug-2024 <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 - - <20
RPD(%)
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Table 3

Surface Water Analytical Results: Petroleum Hydrocarbons (PHCs)

PROJECT No.: 417085-54419
x
wi
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Sampling Location a8 & @ L i [S ) < T o o o o )
(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/lL) (mg/L) (mg/L)
Q e er Aq 0.37 0.002 0.09 - -
d D g er Q d 024 A 0.005 0.06 0.14 0.09 - ---
d 0 Q d e 0.59 0.03 0.07 == 0.07 ---
AEMP-DS-04 (Refinery) 18-Mar-2024 <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 6.0
(Duplicate) 18-Mar-2024 <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 <0.10 <0.20 7.0
RPD(%) - === - 15.4%
AEMP-DS-01 (Lower Bosworth Creek) 13-Sep-2024 <0.00040 <0.00040 <0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10  --- <20
(Duplicate) 13-Sep-2024 <0.00040 <0.00040 < 0.00040 <0.00080 <0.00040 <0.00089 <0.10 <0.10 <0.10 --- <20
RPD(%) - ==
NOTES:
1. --- in guideline row(s) denotes no criteria for that parameter.

2. --- in detail data row(s) denotes parameter not analyzed.

3. Highlighting indicates parameters above applied guideline/criteria.

4. Highlighting indicates non-detect parameters above applied guideline/criteria.

5. Highlighting indicates parameters at applied guideline/criteria.

6. Superscript #denotes values exceeding
(CCME. 2014. Canadian Environmental Quality Guidelines Summary Table. Water Quality Guidelines for the Protection
of Freshwater Aquatic Life. http://st-ts.ccme.ca/?chems=all&chapters=1 accessed Aug 22, 2014.)

7. Superscript #denotes values exceeding

(Health Canada. 2024. Guidelines for Canadian Drinking Water Quality. Summary Table. Maximum Acceptable Concentration.

Water and Air Quality Bureau, Healthy Environments and Consumer Safety Branch, Health Canada, Ottawa, Ontario.

August 2024.)

8. Superscript * - Detection limit raised based on sample volume used for analysis.
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PROJECT No.: 417085-54419

Table 4

Surface Water Analytical Results: Total Metals and Trace Elements
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Sampling Location a » < < < o0 o o (3] o o o o = a 3 = = = = z o o » 7} » n n = [= = =] > N
(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Q Aq R 0.1 0.005 1.5 0.00017 0.0089 0.00257 0.3 0.00359 0.37 0.000026 0.073 0.1028 0.001 0.00025 0.0008 0.015 0.019
Q Aq 0 0.1 0.005 1.5 0.00037 0.0089 0.004 0.3 0.007 0.29 0.000026 0.073 0.1500 0.001 0.00025 0.0008 0.015 0.039
dian D g Q 0 A 2.9 0.006 0.01 2 5 0.007 None required 0.05 2 0.005 0.12 0.001 0.05 7 0.02
d 0 Q d R 0.76 0.005 0.0011 0.33 0.0059 25 0.12
d 0 Q d Boswo 0.72 0.005 0.0017 0.29 0.0075 25 0.12
p Da 3.39 0.0025 0.107 0.00016 0.0055 0.0067 5.2 0.0017 0.009 0.00067 0.0012 0.0260
p Da <0.003 -—- <0.0002 0.022 -—- - <0.00002 - <0.0010 -—- <0.0010 <0.060 - - - - - 0.0004 <0.0005 - - <0.00020 - - - - -—- - - 0.0004 - <0.003
DO R
AEMP-DS-02 (Marine Dock) 17-Aug-2017 |Grab 0.65" < 0.00060 0.0011 0.066 <0.0010 <0.020 0.000071 39 0.0011 0.00079 0.0025 1.2#7 0.00077  <0.020 12 0.031 0.0000038 0.0012 0.0037 <0.10 1.1 0.00052 2.6 <0.00010 7.3 0.25 <0.00020 <0.0010 0.011 0.00094 0.0032 0.011
21-Aug-2017 |Grab 0.50 " < 0.00060 0.00079 0.056 <0.0010 <0.020 0.000035 33 <0.0010  0.00056 0.0020 0.98#17 0.00054 <0.020 10 0.024 0.0000026 0.00095 0.0027 <0.10 1.1 0.00031 22 <0.00010 8.3 0.24 <0.00020 <0.0010 0.011 0.00072 0.0019 0.0057
16-Sep-2017 |Grab 1.2%7 < 0.00060 0.0015 0.085 <0.0010 <0.020 0.000092 39 0.0022  0.0016*  0.0037"* 3.2%7 0.0017 <0.020 14 0.077 0.0000026 0.00095 0.0051 <0.10 1.2 0.00026 3.0 <0.00010 9.4 0.24 <0.00020 <0.0010 0.016 0.00074 0.0043 0.016
16-Oct-2017  |Grab 0.33% < 0.00060 0.00056 0.048 <0.0010 <0.020 0.000029 31 <0.0010  0.00039 0.0013 0.74%17 0.00040 <0.020 11 0.020 <0.0000020  0.00077 0.0020 <0.10 0.99 0.00033 21 <0.00010 9.2 0.23 <0.00020 <0.0010 0.0069 0.00060 0.0026 0.0040
23-Jun-2018 |Grab 0.80"7 < 0.00060 0.00098 0.063 <0.0010 <0.020 0.000066 31 0.0014 0.0011*”  0.0031* 1.6%17 0.00089 <0.020 9.5 0.038 0.0000030 0.0011 0.0043 <0.10 1.0 0.00028 23 <0.00010 7.3 0.20 <0.00020 <0.0010 0.010 0.00073 0.0026 0.011
13-Aug-2018 |Grab 0.73" < 0.00060 0.00083 0.057 <0.0010 <0.020 0.000087 35 <0.0010  0.00072 0.0023 1.4#7 0.00060 < 0.020 11 0.028 0.0000039 0.0010 0.0034 <0.10 1.0 0.00034 2.6 <0.00010 9.2 0.26 <0.00020 <0.0010 0.015 0.00074 0.0021 0.011
17-Oct-2018 |Grab 0.12# < 0.00060 0.00029 0.041 <0.0010 <0.020 <0.000020 29 <0.0010 <0.00030 0.00095 0.19 <0.00020 <0.020 10 0.0069 < 0.0000020 0.00075 0.0012 <0.10 0.94 < 0.00020 1.6 < 0.00010 9.4 0.28 <0.00020 <0.0010 0.0020 0.00052 <0.0010 <0.0030
03-Jun-2019  |Grab 1.7%7 < 0.00060 0.0017 0.086 <0.0010 <0.020 0.00012 37 0.0031 0.0021*”  0.0048" 4.0%7 0.0021 <0.020 13 0.092 0.0000080 0.0012 0.0065 <0.10 14 0.00039 3.7 <0.00010 7.9 0.31 <0.00020 <0.0010 0.019 0.00076 0.0046  0.021 *!
28-Aug-2019  |Grab 0.59 " < 0.00060 0.00052 0.056 <0.0010 <0.020 0.000023 35 <0.0010  0.00037 0.0015 0.86"17 0.00042 <0.020 11 0.018 <0.0000020  0.00091 0.0018 <0.10 1.1 0.00032 2.9 <0.00010 8.8 0.29 <0.00020 <0.0010 0.015*  0.00069 0.0024 0.0044
03-Oct-2019  |Grab 0.38* < 0.00060 0.00064 0.0564 <0.0010 <0.020 0.000031 33 <0.0010  0.00039 0.0015 0.87#17 0.00041 <0.020 10 0.015 0.0000020 0.00092 0.0023 <0.10 1.1 0.00037 3.1 <0.00010 8.9 0.27 <0.00020 <0.0010 0.0074 0.00060 0.0018 0.0051
10-Jun-2020 |Grab 3.7427 <0.00060 0.0032 0.14  <0.0010 <0.020 0.00023"! 35 0.0058"7 0.003*  0.0074" 6.8*7 00036% <0020 10 013" <0.000019%  0.0013 0.0096 0.15 24 0.00043 13 <0.00010 6.0 0.20 <0.00020 <0.0010 0.086 0.00092 0.011 0.030"
24-Jul-2020  |Grab 1.9#17 < 0.00060 0.0013 0.074 <0.0010 <0.020 0.000063 34 0.0030 0.0013*  0.0035"' 2.4%7 0.0012%" <0.020 9.9 0.047  <0.000019* 0.00095 0.0040 0.10 1.1 0.00031 3.2 <0.00010 6.7 0.20 <0.00020 <0.0010 0.044 0.00075 0.0051 0.012
18-Sep-2020 |Grab 0.58 " < 0.00060 0.00085 0.061 <0.0010 <0.020 0.000047 34 0.0012 0.00055 0.0037 " 1.4#7 0.00053 <0.020 9.2 0.025 < 0.0000019  0.00094 0.0062 <0.10 1.1 0.00029 3.7 <0.00010 7.7 0.19 <0.00020 0.0018 0.014 0.00087 0.0019 0.0060
06-Jun-2021  |Grab 3.4"127 < 0.00060 0.0021 0.074 <0.0010 <0.020 0.00010 33 0.0057"" 0.0016*7  0.0041" 3.2%7 0.0017*" <0.020 9.5 0.065 0.0000053 0.0011 0.0059 <0.10 1.6 0.00038 4.1 <0.00010 6.7 0.17 <0.00020 <0.0010 0.15 0.00068 0.0086 0.018
18-Aug-2021 |Grab 4.4%127 < 0.00060 0.0037 0.13 <0.0010 <0.020 0.00021* 39 0.0069*” 0.0043*”  0.010"" 8.5*17 0.0043""  <0.020 13 0.15% 0.000013 0.0015 0.013 0.17 23 0.00049 6.9 <0.00010 75 0.23 <0.00020 <0.0010 0.044 0.0010 0.013  0.095"
17-Sep-2021 |Grab 0.46 " < 0.00060 0.00061 0.049 <0.0010 <0.020 0.000030 33 0.0011 0.00042 0.0016 0.85#17 0.00040 <0.020 9.9 0.021 < 0.0000019  0.00086 0.0020 <0.10 1.0 0.00030 2.6 <0.00010 7.5 0.21 <0.00020 <0.0010 0.0083 0.00061 0.0019 <0.0030
31-Mar-2022 |Grab 0.027 < 0.00060 0.00026 0.034 <0.0010 <0.020 0.000038 36 <0.0010 <0.00030 0.0021 0.061 0.0051%% <0.020 10 0.0055 0.0000032 0.00055 0.0011 0.16 1.0 < 0.00020 1.6 <0.00010 9.5 0.22 <0.00020 <0.0010 <0.0010 _ <0.0010 0.023 *!
12-Jun-2022 |Grab 3.3#127 < 0.00060 0.0036 0.13 <0.0010 <0.020 0.00027 *' 43 0.0057"  0.0040"” 0.0095"" 9.0%"7 0.0040"" <0.020 11 0.16 " 0.000023 0.0027 0.014 0.19 2.0 0.00073 6.1 <0.00010 5.3 0.20 <0.00020 <0.0010 0.039 0.0011 0.010 0.10*
06-Aug-2022 |Grab 1.7%7 < 0.00060 0.0019 0.11 <0.0010 <0.020 0.00014 39 0.0025 0.0018*”  0.0048"' 427 0.0022 <0.020 12 0.090 < 0.0000019 0.0012 0.0060 <0.10 1.9 0.00036 71 <0.00010 8.4 0.26 <0.00020 <0.0010 0.027 0.00077 0.0050  0.074"
25-Sep-2022 |Grab 0.49 " < 0.00060 0.00073 0.056 <0.0010 <0.020 0.000042 33 <0.0010 <0.00030 0.0020 1.0%17 0.00054 <0.020 11 0.024 <0.0000019  0.00095 0.0023 <0.10 1.2 0.00022 25 <0.00010 8.7 0.22 <0.00020 <0.0010 0.014 0.00063 0.0021 0.0062
09-Mar-2023 |Grab 0.038 < 0.00060 0.00023 0.036 <0.0010 <0.020 0.000033 26 0.0011 < 0.00030 0.0013 < 0.060 0.00029 <0.020 9.1 <0.0040 <0.0000019 0.00057 0.0012 <0.10 0.85 < 0.00020 1.6 <0.00010 8.8 0.21 <0.00020 0.0013 <0.0010 0.00047 0.0017 0.0042
25-Jul-2023  |Grab 0.61* < 0.00060 0.00076 0.057 <0.0010 <0.020 0.000050 35 0.0011 0.00045 0.0020 0.59 %17 0.00045 <0.020 10 0.017 < 0.0000019 0.0014 0.0023 <0.10 1.0 0.00045 2.6 <0.00010 8.9 0.25 <0.00020 <0.0010 0.014 0.0011 0.0020 0.0054
18-Aug-2023 |Grab 1.7%7 < 0.00060 0.0012 0.081 <0.0010 0.039  0.000089 36 0.0028 0.00097 0.0030 " 2.1#7 0.0011 <0.020 11 0.042 0.0000044 0.0012 0.0042 <0.10 15 0.00042 6.7 <0.00010 8.4 0.24 <0.00020 <0.0010 0.051 0.00084 0.0053 0.012
24-Sep-2023 |Grab 0.16 " < 0.00060 0.00035 0.046 <0.0010 <0.020 < 0.000020 33 <0.0010 <0.00030 0.0011 0.23 <0.00020 <0.020 11 0.0099 <0.0000019  0.00094 0.0011 <0.10 0.92 0.00031 1.6 <0.00010 9.1 0.26 <0.00020 <0.0010 0.0024 0.00069 <0.0010 <0.0030
18-Mar-2024 |Grab 0.024 < 0.00060 0.00029 0.042 <0.0010 <0.020 <0.000020 30 <0.0010 <0.00030 0.0011 <0.060 <0.00020 <0.020 9.7 <0.0040 <0.0000019 0.00088 0.0016 <0.10 0.95 0.00023 1.7 <0.00010 9.9 0.23 <0.00020 <0.0010 <0.0010 0.00071 <0.0010 0.0067
20-Jul-2024  |Grab 1.8%17 < 0.00060 0.0020 0.086 <0.0010 0.022 0.000093 39 0.0030 0.0018*”  0.0043 "' 3.3%7 0.0020 <0.026 12 0.055  0.0000068 #  0.0010 0.0071 <0.10 1.5 0.00037 3.3 < 0.00010 8.8 0.32 <0.00020 <0.0010 0.018 0.00091 0.0057  0.035"*
(Duplicate) 20-Jul-2024  |Grab 1.8%17 < 0.00060 0.0018 0.086 <0.0010 0.022 0.00010 39 0.0029 0.0017*"  0.0043"*' 3.4%7 0.0018 <0.026 12 0.054  0.0000057 #  0.0012 0.0076 <0.10 1.6 0.00035 3.4 < 0.00010 8.9 0.33 <0.00020 <0.0010 0.018 0.00093 0.0058  0.040%'
16-Aug-2024 |Grab 3.4"27 < 0.00060 0.0031 0.17 <0.0010 0.025 0.00022" 61 0.0049 0.0035*”  0.0074" 7717 0.0043"" <0.020 21 0.18% 0.000013 0.0017 0.011 0.20 1.9 0.00047 5.7 <0.00010 14 0.61 <0.00020 <0.0010 0.036 0.0012 0.0088  0.058*
(Duplicate) 16-Aug-2024 |Grab 3.6%127 <0.00060 0.0032 0.16  <0.0010 0.025 0.00024 " 60 0.0051*  0.0035" 0.0076"" 7.4*7  0.0041%" <0020 21 0.18% 0.000014 0.0017 0.011 020 20 0.00044 56  <0.00010 14 0.58 <0.00020 <0.0010 0.035 0.0012  0.0092  0.089"!
13-Sep-2024 |Grab 0.16 " < 0.00060 0.00044 0.048 <0.0010 <0.020 0.000044 35 <0.0010 <0.00030 0.0013 0.16 <0.00020 <0.020 12 0.0066 < 0.0000019 0.0011 0.0019 <0.10 0.96 0.00032 1.5 <0.00010 9.4 0.30 <0.00020 <0.0010 0.0020 0.00087 <0.0010 0.0051
AEMP-DS-03 (Island 3) 16-Sep-2017 |Grab 0.52" < 0.00060 0.00065 0.061 <0.0010 <0.020 0.000040 38 0.0010 0.00054 0.0020 0.88#17 0.00048 < 0.020 11 0.022 < 0.0000020 0.0011 0.0029 <0.10 1.1 0.00034 24 <0.00010 9.4 0.23 <0.00020 <0.0010 0.0082 0.00083 0.0026 0.023*
16-Oct-2017  |Grab 0.33% < 0.00060 0.00050 0.063 <0.0010 <0.020 0.000050 37 <0.0010  0.00034 0.0017 0.50 %17 0.00034 <0.020 11 0.015 < 0.0000020 0.0011 0.0026 <0.10 1.1 0.00039 21 <0.00010 9.1 0.24 <0.00020 <0.0010 0.0083 0.00080 0.0020 0.0045
23-Jun-2018 |Grab 1.5%7 < 0.00060 0.0015 0.073 <0.0010 <0.020 0.00015 37 0.0028 0.0025*”  0.0055"' PR 0.0016 <0.020 11 0.054 0.0000049 0.0016 0.0086 <0.10 1.2 0.00060 29 <0.00010 6.4 0.17 <0.00020 <0.0010 0.018 0.0011 0.0040 0.026""
14-Aug-2018 |Grab 2.1M7 < 0.00060 0.0016 0.099 <0.0010 <0.020 0.00042" 51 0.0022 0.0033*  0.0064" 3.3%7 0.0023 <0.020 15 0.13% 0.000010 0.0010 0.011 0.17 1.3 0.00048 4.3 <0.00010 7.5 0.27 <0.00020 <0.0010 0.024 0.0011 0.0054  0.056"'
18-Oct-2018 |Grab 0.45* < 0.00060 0.00070 0.069 <0.0010 <0.020 0.000065 32 <0.0010  0.00053 0.0021 1.0%17 0.00063 < 0.020 10 0.028 0.0000047 0.00076 0.0025 <0.10 1.1 0.00030 21 <0.00010 9.4 0.22 <0.00020 <0.0010 0.0079 0.00057 0.0016 0.0070
10-Jun-2019  |Grab 2.1#7 0.00094 0.0023 0.10 <0.0010 <0.020 0.00015 39 0.0038 0.0024*  0.0078" 5.0%7 0.0026 <0.020 11 0.11 0.0000089 0.0013 0.0087 0.11 1.6 0.00045 4.2 <0.00010 6.3 0.19 <0.00020 <0.0010 0.028 0.00086 0.0059  0.045"
26-Aug-2019  |Grab 1.9%17 < 0.00060 0.0011 0.077 <0.0010 <0.020 0.000084 42 0.0028 0.0012*”  0.0034" 2.2#7 0.0010 <0.020 12 0.040 0.0000033 0.0011 0.0049 <0.10 15 0.00062 5.5 <0.00010 8.3 0.27 <0.00020 <0.0010 0.086 0.0011 0.0055 0.013
01-Oct-2019  |Grab 2.0%7 < 0.00060 0.0017 0.11 <0.0010 <0.020 0.00012 39 0.0037 0.0015*”  0.0050" 3.4%7 0.0018 <0.020 12 0.047 0.0000074 0.0014 0.0066 <0.10 1.5 0.00061 3.3 <0.00010 9.2 0.25 <0.00020 <0.0010 0.037 0.00097 0.0060 0.017
12-Jun-2020 |Grab 5.3%27 <0.00060 0.0050 *' 0.19  <0.0010 <0.020 0.00036"! 51 0.0089*"7 0.0060*  0.013" 12*17  0.0061*27 <0.020 15 0.22"2  0.000021* | 0.0018 0.020 024 23 0.00066 8.8 <0.00010 52 0.24 <0.00020 <0.0010 0.045 0.0012 0.014 = 0.078"
28-Jul-2020 |Grab 1.7%7 < 0.00060 0.0020 0.11 <0.0010 <0.020 0.00020* 44 0.0074 0.0021*” 0.0060"" 3.6""7 0.0021 <0.020 12 0.086 0.000020 * 0.0013 0.0079 <0.10 1.1 0.00062 3.7 <0.00010 6.0 0.21 <0.00020 <0.0010 0.029 0.00098  0.0056  0.025"
22-Sep-2020 |Grab 0.86 %17 0.0019 0.00092 0.061 <0.0010 <0.020 0.000074 40 0.0012 0.00065 0.0026 "' 1.3%7 0.00066 < 0.020 11 0.029 = 0.000026 *"* 0.0011 0.0044 <0.10 1.2 0.00036 3.3 < 0.00010 7.3 0.21 <0.00020 <0.0010 0.019 0.00090 0.0042 0.0076
07-Jun-2021  |Grab 3.4"127 < 0.00060 0.0022 0.10 <0.0010 <0.020 0.00019"* 39 0.0059"7 0.0022*” 0.0059 " 3.8%17 0.0022 <0.020 11 0.088 0.0000048 0.0012 0.0089 0.11 1.6 0.00051 3.9 <0.00010 6.2 0.18 <0.00020 <0.0010 0.084 0.00098 0.0091 0.029*!
(Duplicate) 07-Jun-2021  |Grab 3. 7M.27 < 0.00060 0.0021 0.098 <0.0010 <0.020 0.00014 37 0.0067"7 0.0020*”  0.0061" 3.3%"7 0.0021 <0.020 10 0.075 < 0.0000019 0.0011 0.0084 <0.10 15 0.00054 3.7 <0.00010 6.2 0.18 <0.00020 <0.0010 0.091 0.00092 0.0087 0.026""
19-Aug-2021 |Grab 3.9#127 < 0.00060 0.0032 0.14 <0.0010 0.022  0.00023* 46 0.0062"7  0.0039*”  0.0091" 8.5%7 0.0035 <0.020 14 0.16% 0.0000042 0.0014 0.013 0.17 21 0.00046 6.4 < 0.00010 6.6 0.23 <0.00020 <0.0010 0.041 0.00094 0.010 0.083 %
18-Sep-2021 |Grab 1.2%7 0.00063 0.0015 0.071 <0.0010 <0.020 0.00013 38 0.0028 0.0013*  0.0041 % 2.4%7 0.0013 <0.020 11 0.048 0.0000031 0.0012 0.0060 <0.10 1.3 0.00043 3.4 <0.00010 7.5 0.22 <0.00020 <0.0010 0.018 0.00091 0.0042  0.092"
31-Mar-2022 |Grab 0.10* < 0.00060 0.00047 0.069 <0.0010 <0.020 0.000024 42 <0.0010 <0.00030 0.0023 0.67*'7 <0.00020 <0.020 12 0.012 0.0000022 0.0011 0.0015 <0.10 1.3 0.00037 2.9 <0.00010 12 0.27 <0.00020 <0.0010 0.0020 0.00081 <0.0010 <0.0030
14-Jun-2022  |Grab 7.9#127 <0.00060 0.0068 *' 0.24  <0.0010 <0.020 0.00050"" 55 0.013*'7  0.0087""  0.019"" 16*7  0.0082%27 <0.020 16 0.34"2  0.000034 " 0.0018 0.026 033 24 0.00081 9.0 <0.00010 40 020 <0.00020 <0.0010 0.14 0.0013 0.024  0.087"
06-Aug-2022 |Grab 0.97 "7 < 0.00060 0.0012 0.085 <0.0010 <0.020 0.000074 41 0.0018 0.00097 0.0033 " PR 0.0011 <0.020 12 0.051 0.0000068 0.0012 0.0041 <0.10 1.6 0.00046 5.3 <0.00010 7.6 0.23 <0.00020 <0.0010 0.014 0.00081 0.0029  0.080"
(Duplicate) 06-Aug-2022 |Grab 0.95*17 < 0.00060 0.0012 0.086 <0.0010 <0.020 0.000089 41 0.0015 0.00094 0.0031 "' PRk 0.0011 <0.020 12 0.050 0.0000055 0.0012 0.0041 <0.10 1.6 0.00046 5.7 <0.00010 7.7 0.23 <0.00020 <0.0010 0.016 0.00084 0.0030  0.064"
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PROJECT No.: 417085-54419

Table 4

Surface Water Analytical Results: Total Metals and Trace Elements
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Sampling Location a » < < < o0 o o (3] o o o o = a 3 = = = = z o [ n 3 » n n = = =] > N
(dd-mmm-yyyy) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Q Aq R 0.1 - 0.005 - - 1.5 0.00017 - 0.0089 - 0.00257 0.3 0.00359 - - 0.37 0.000026 0.073 0.1028 == - 0.001 - 0.00025 - - 0.0008 - - 0.015 - 0.019
Q Aq 0 0.1 - 0.005 - - 1.5 0.00037 - 0.0089 - 0.004 0.3 0.007 - - 0.29 0.000026 0.073 0.1500 - - 0.001 - 0.00025 - - 0.0008 - - 0.015 - 0.039
d D g Q 0 A 29 0.006 0.01 2 - 5 0.007 None required 0.05 - 2 - 0.005 - - 0.12 0.001 - - - - 0.05 - - - 7 - - - 0.02 - -
d 0 Q d R 0.76 0.005 0.0011 0.33 0.0059 25 0.12
d 0 Q d Boswo 0.72 0.005 0.0017 0.29 0.0075 25 0.12
25-Sep-2022 |Grab 0.46 " < 0.00060 0.00067 0.057 <0.0010 <0.020 0.000047 39 <0.0010 <0.00030 0.0022 0.71#17 0.00045 <0.020 9.9 0.020 < 0.0000019 0.0011 0.0025 <0.10 1.2 0.00040 3.0 <0.00010 8.9 0.22 <0.00020 <0.0010 0.011 0.00076 0.0015 0.0050
09-Mar-2023 |Grab 0.17% < 0.00060 0.00091 0.069 <0.0010 <0.020 0.000097 45 0.040%"7 0.00055 0.0036*" 0.47""7 0.00063 < 0.020 12 0.011 < 0.0000019 0.0027 0.022 <0.10 1.2 0.00067 25 <0.00010 14 0.32 <0.00020 <0.0010 0.0026 0.0013 <0.0010 0.0090
25-Jul-2023  |Grab 0.88"7 < 0.00060 0.00080 0.064 <0.0010 <0.020 0.000054 41 0.0013 0.00051 0.0020 1.0%17 0.00054  <0.020 12 0.026 < 0.0000019 0.0011 0.0026 <0.10 1.2 0.00046 3.5 <0.00010 8.0 0.24 <0.00020 <0.0010 0.024 0.00092 0.0020 0.0072
19-Aug-2023 |Grab 2.0M7 < 0.00060 0.0013 0.087 <0.0010 <0.020 0.00010 44 0.0027 0.0010 0.0037 "1 2.2#7 0.0012 <0.020 12 0.045 0.000012 0.0013 0.0046 <0.10 1.5 0.00056 5.0 <0.00010 8.1 0.25 <0.00020 <0.0010 0.079 0.0011 0.0052 0.016
25-Sep-2023 |Grab 0.23" < 0.00060 0.00031 0.069 <0.0010 <0.020 0.000038 42 <0.0010 <0.00030 0.0013 0.32# <0.00020 <0.020 13 0.011 < 0.0000019 0.0011 0.0017 <0.10 1.0 0.00040 22 <0.00010 9.9 0.28 <0.00020 <0.0010 0.0031 0.00087 <0.0010 <0.0030
18-Mar-2024 |Grab 0.059 < 0.00060 0.00036 0.064 <0.0010 <0.020 0.000023 45 <0.0010 <0.00030 0.0016 0.078 <0.00020 <0.020 12 <0.0040 <0.0000019 0.0013 0.0018 <0.10 1.2 0.00047 23 <0.00010 15 0.33 <0.00020 <0.0010 0.0027 0.0011 <0.0010 0.0045
19-Jul-2024  |Grab 4.84127 <0.00060 0.0049 0.15 <0.0010 0.023  0.00027*! 47 0.0077*  0.0051*  0.010" 9.9%7 0.0050%2% <0026 14 0.16" <0.0000019  0.0016 0.017 018 22 0.00065 64  <0.00010 69 026 <0.00020 <0.0010 0.041 0.0012 0.014 = 0.066"
15-Aug-2024 |Grab 1.7%7 < 0.00060 0.0011 0.089 <0.0010 0.021 0.000085 45 0.0023 0.0012*  0.0031% 2.1#7 0.0013 <0.020 13 0.046 < 0.0000019 0.0013 0.0046 <0.10 1.7 0.00054 6.0 <0.00010 8.5 0.27 <0.00020 <0.0010 0.035 0.0011 0.0042 0.012
17-Sep-2024 |Grab 0.80"7 < 0.00060 0.00079 0.071 <0.0010 0.025 0.00011 47 0.0011 0.00076 0.0026""  0.95%!7 0.00055 < 0.020 13 0.026 < 0.0000019 0.0013 0.0048 <0.10 1.3 0.00048 3.3 <0.00010 9.4 0.30 <0.00020 <0.0010 0.020 0.0011 0.0032 0.014
AEMP-DS-04 (Refinery) 21-Aug-2017 |Grab 0.62" < 0.00060 0.00083 0.068 <0.0010 <0.020 0.000060 33 0.0011 0.00069 0.0023 1.2#7 0.00063 < 0.020 10 0.029 0.0000024 0.00097 0.0030 <0.10 1.1 0.00034 24 <0.00010 8.1 0.23 <0.00020 <0.0010 0.0089 0.00074 0.0022 0.0082
(Duplicate) 21-Aug-2017 |Grab 0.67" < 0.00060 0.00093 0.069 <0.0010 <0.020 0.000053 33 0.0013 0.00077 0.0025 1.3%7 0.00074  <0.020 11 0.031 0.0000026 0.0010 0.0032 <0.10 1.1 0.00038 24 <0.00010 8.2 0.23 <0.00020 <0.0010 0.011 0.00079 0.0024 0.0078
16-Sep-2017 |Grab 0.28" < 0.00060 0.00056 0.047 <0.0010 <0.020 0.000028 30 <0.0010  0.00034 0.0013 0.67*7 0.00039 <0.020 10 0.018 <0.0000020  0.00076 0.0018 <0.10 0.89 < 0.00020 1.9 <0.00010 9.0 0.20 <0.00020 <0.0010 0.0038 0.00057 0.0017 0.0042
16-Oct-2017  |Grab 0.54% < 0.00060 0.00086 0.056 <0.0010 <0.020 0.000057 29 0.0010 0.00050 0.0020 0.80 %17 0.00058 < 0.020 10 0.048 <0.0000020  0.00095 0.0026 <0.10 1.1 0.00028 1.9 <0.00010 8.8 0.22 <0.00020 <0.0010 0.023 0.00075 0.0038 0.0064
23-Jun-2018 |Grab 1.4%7 < 0.00060 0.0013 0.060 <0.0010 <0.020 0.000098 29 0.0022 0.0015*”  0.0042"' 1.6%17 0.0014 <0.020 8.9 0.038 0.0000033 0.0014 0.0059 <0.10 1.1 0.00042 24 <0.00010 7.2 0.16 <0.00020 <0.0010 0.017 0.00094 0.0040 0.014
13-Aug-2018 |Grab 1.4%7 < 0.00060 0.0018 0.093 <0.0010 <0.020 0.00017 *! 39 0.0019 0.0017*"  0.0044"' 3.0%7 0.0019 <0.020 12 0.079 0.000010 0.00098 0.0060 0.12 1.2 0.00040 3.2 <0.00010 9.0 0.23 <0.00020 <0.0010 0.019 0.00081 0.0043 0.021*
17-Oct-2018 |Grab 0.34% < 0.00060 0.00060 0.052 <0.0010 <0.020 0.000040 28 <0.0010  0.00042 0.0018 0.66 17 0.00047 <0.020 9.1 0.024 < 0.0000020  0.00091 0.0020 <0.10 1.0 <0.00020 21 <0.00010 9.5 0.21 <0.00020 <0.0010 0.013 0.00059 <0.0010 0.0039
(Duplicate) 17-Oct-2018 |Grab 0.34" < 0.00060 0.00046 0.063 <0.0010 <0.020 0.000038 28 <0.0010  0.00040 0.0015 0.72#17 0.00047 <0.020 9.2 0.026 < 0.0000020  0.00078 0.0020 <0.10 1.0 <0.00020 22 <0.00010 9.7 0.21 <0.00020 <0.0010 0.0069 0.00054 <0.0010 0.0038
03-Jun-2019  |Grab 3.5%127 < 0.00060 0.0028 0.11 <0.0010 <0.020 0.00015 37 0.0062"” 0.0036*” 0.0083 " 7.5%7 0.0034 <0.020 12 0.15% 0.000013 0.0014 0.012 0.15 1.9 0.00031 5.5 <0.00010 9.8 0.20 <0.00020 <0.0010 0.12 0.00088 0.0096  0.035"'
25-Aug-2019  |Grab 0.81"7 < 0.00060 0.00061 0.051 <0.0010 <0.020 0.000028 31 0.0011 0.00047 0.0017 0.89#17 0.00046 <0.020 9.9 0.018 < 0.0000020  0.00082 0.0024 <0.10 1.1 0.00035 3.0 <0.00010 8.3 0.22 <0.00020 <0.0010 0.013 0.00065 0.0017 0.0060
03-0ct-2019  |Grab 4.6%127 < 0.00060 0.0062*! 0.34 <0.0010 0.021  0.00048*! 70 0.0093""7 0.0069*”  0.014"" 16*17  0.0077%'%7 <0.020 24 0.36 " 0.000021 0.0019 0.021 0.51 22 0.00063 9.0 <0.00010 8.6 0.27 <0.00020 <0.0010 0.059 0.0012 0.015 = 0.072"
10-Jun-2020 |Grab 4.3%127 <0.00060 0.0034 0.13  <0.0010 <0.020 0.00024 " 35 0.0070” 0.0034" 0.0081* 7.4*7 0.040"" <0020 11 0.14"  0.000020*  0.0015 0.011 0.17 16 0.00050 50 <0.00010 6.0 020 <0.00020 <0.0010  0.11 0.00092 0.013  0.033"!
24-Jul-2020  |Grab 1.8%17 < 0.00060 0.0014 0.073 <0.0010 <0.020 0.000087 34 0.0033 0.00092 0.0036 "' 2.6%7 0.0015 <0.020 9.7 0.051  <0.000019* 0.00096 0.0047 <0.10 1.1 0.00040 3.2 < 0.00010 6.5 0.19 <0.00020 <0.0010 0.038 0.00072 0.0056 0.0091
(Duplicate) 24-Jul-2020  |Grab 2.0M7 < 0.00060 0.0013 0.075 <0.0010 <0.020 0.00012 34 0.0032 0.0011*”  0.0034"' 2.6%7 0.0014 <0.020 10 0.051  <0.000019*% 0.0012 0.0049 <0.10 1.1 0.00039 3.2 < 0.00010 6.6 0.20 <0.00020 <0.0010 0.039 0.00072 0.0048 0.0094
18-Sep-2020 |Grab 0.60 "' < 0.00060 0.00069 0.060 <0.0010 <0.020 0.000037 34 0.0012 0.00043 0.0023 1.0%17 0.00046 <0.020 9.0 0.024 < 0.0000019  0.00075 0.0027 <0.10 1.1 0.00027 3.0 <0.00010 74 0.18 <0.00020 0.0012 0.046 0.00063 0.0017 0.0053
(Duplicate) 18-Sep-2020 |Grab 0.53" < 0.00060 0.00070 0.068 <0.0010 <0.020 0.000055 34 0.0013 0.00057 0.0039""  0.98%!7 0.00060 <0.020 9.1 0.024 < 0.0000019 0.0010 0.0033 <0.10 1.2 0.00023 2.7 <0.00010 7.7 0.18 <0.00020 0.0061 0.014 0.0012 0.0019 0.0056
06-Jun-2021  |Grab 3.2#.27 < 0.00060 0.0021 0.079 <0.0010 <0.020 0.00011 33 0.0057"" 0.0016*7  0.0045" 3.5%7 0.0017 <0.020 9.6 0.069 0.0000060 0.00099 0.0064 <0.10 1.6 0.00042 4.3 <0.00010 6.6 0.17 <0.00020 <0.0010 0.082 0.00065 0.010 0.020*"
18-Aug-2021 |Grab 4.5%127 < 0.00060 0.0037 0.13 <0.0010 <0.020 0.00020* 39 0.0073 0.0042"”  0.010"" 8.5*17 0.0043"" <0.020 12 0.15% 0.000012 0.0016 0.015 0.17 23 0.00041 7.2 <0.00010 73 0.22 <0.00020 <0.0010 0.041 0.0010 0.013  0.088"
17-Sep-2021 |Grab 0.63" < 0.00060 0.00083 0.063 <0.0010 <0.020 0.000048 33 0.0014 0.00048 0.0022 1.2#7 0.00062 <0.020 9.6 0.028 < 0.0000019  0.00087 0.0024 <0.10 1.1 0.00030 3.0 <0.00010 71 0.18 <0.00020 <0.0010 0.014 0.00068 0.0026 0.0040
12