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EXECUTIVE SUMMARY

The Fording River Operation local aquatic effects monitoring program (FRO LAEMP)
was developed to monitor aquatic conditions related to ongoing mining and the commissioning of
the FRO-South (FRO-S) active water treatment facility (AWTF) and is a requirement
in Permit 107517. Existing conditions in relation to the future FRO-North (FRO-N) Saturated
Rock Fill (SRF) are also monitored under the FRO LAEMP. The primary focus of the FRO LAEMP
is to monitor local aquatic ecosystem condition, particularly as it relates to conditions
post-commissioning of water treatment compared to conditions prior to commissioning.
This report includes FRO LAEMP monitoring data up to the end of the 2022 calendar year to
evaluate the study questions detailed below.

Study Question #1 (Are nitrate concentrations in the study area changing, and do they have the
potential for adverse effects on biota?) was evaluated through monitoring of water chemistry in
relation to effects concentrations, benthic invertebrate community (BIC) data, and chronic toxicity.
While nitrate concentrations have increased over time throughout the FRO LAEMP study area,
some decreases have been observed in the lower study area related to FRO-S AWTF operation,
although not to concentrations lower than base years for comparison (2012). Evidence for direct
effects of nitrate on biota, however, is limited and interpretation is confounded by the covariation
of multiple mine-related constituents with nitrate and a change in habitat throughout the study
area concurrent with changes in BIC structure. Nitrate concentrations were below concentrations
expected to cause effects in sensitive species in the majority of samples throughout the study
area, and 2022 chronic toxicity studies did not identify any effects that could be attributed
to nitrate. As treatment continues to be implemented in the FRO LAEMP study area, nitrate
concentrations are expected to decrease, thus the potential for adverse effects to biota is
expected to remain low.

Study Question #2 (Is water treatment affecting biological productivity downstream in the
Fording River?) was evaluated through monitoring of aqueous nutrient concentrations
(i.e., total phosphorus and orthophosphate), periphyton presence and thickness, and benthic
invertebrate biomass and density. An increase in aqueous phosphorus concentrations was
identified post-commissioning of the FRO-S AWTF directly downstream of the outfall compared
to upstream and pre-commissioning conditions but decreased with distance downstream.
Benthic invertebrate productivity was higher immediately downstream of the outfall, but remained
within the range observed throughout the study area, and no evidence of increased periphyton
growth was observed. An increase in secondary biological (benthic invertebrate)
productivity downstream of the FRO-S AWTF outfall location may be attributed to an increase in
treatment-related phosphorus concentrations, but the effect was spatially limited.
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Study Question #3 (Are benthic invertebrate tissue selenium concentrations downstream of FRO
water treatment consistent with predictions, and if not, why?) was evaluated through monitoring
of aqueous selenium concentrations, including selenium speciation, and composite-taxa benthic
invertebrate tissue selenium concentrations throughout the study area. Total and dissolved
selenium concentrations decreased at most mainstem FRO LAEMP monitoring areas
downstream of the FRO-S AWTF outfall compared to the pre-commissioning period and
immediately upstream, however, there was a qualitative increase in organoselenium
concentrations downstream of treatment that decreased with distance from the outfall until it was
no longer detected ~2 km downstream. Benthic invertebrate tissue selenium concentrations have
remained unchanged at all monitoring areas downstream of the FRO-S AWTF outfall compared
to upstream and pre-commissioning, and concentrations have been consistent with predictions
throughout the study area based on aqueous selenium concentrations. Monitoring under the FRO
LAEMP has indicated that benthic invertebrate tissue selenium concentrations downstream
of treatment (and throughout the study area) were consistent with predictions after the first year
of FRO-S AWTF commissioning.

Study Question #4 (How is temperature changing over time in the FRO LAEMP study area?
4a. |s water temperature measurably different [greater than 1 degree Celsius] downstream of the
AWTF and/or SRF effluent discharge relative to the upstream baseline condition? 4b. If changes
in water temperature are observed, are these changes attributed to mitigations
(i.e., AWTF and/or SRF?) was evaluated through monitoring of water temperature data collected
from loggers located throughout the study area. With few exceptions, water temperatures have
remained stable throughout the FRO LAEMP study area since 2017. Minor differences in water
temperature were observed when comparing areas immediately downstream and upstream of
treatment pre- and post-commissioning, but temperature differences were rarely (i.e., only 3 of
363 days post commissioning) greater than the 1°C threshold indicating minimal influence of
FRO-S AWTF operation on water temperatures in the receiving environment downstream.
Monitoring under the FRO LAEMP has indicated that monthly mean water temperatures have
increased slightly at three of twelve mine-exposed stations in the study area but increases were
not related to the FRO-S AWTF.

Study Question #5 (What are the factors contributing to the variations in benthic invertebrate
communities in the FRO LAEMP study area?) was evaluated through monitoring of BIC endpoints
relative to water quality and habitat variables (e.g., calcite, substrate size, water depth, flow,
and temperature). Consistent with previous years, community structure in the upper Fording
River changed from upstream to downstream in 2022, and was defined by a notable shift in the
relative abundance of Ephemeroptera (mayfly; decrease) and Plecoptera (stonefly; increase)
taxa that corresponded to shifts in the abundance of other non-Ephemeroptera-Plecoptera-
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Trichoptera (EPT) taxa. While these changes in BIC structure occurred simultaneously with
changes in concentrations of mine-related constituents, some of which were above established
effects levels during low flows, there was no clear indication of direct effects of water quality on
BIC abundance (e.g., toxicity). While a similar spatial pattern in total Ephemeroptera abundance
and relative abundance was observed, total abundance and abundance of EPT taxa endpoints
remained within their respective normal ranges and consistent over time throughout the study
area. In addition, temporally consistent abundance of all key taxa, including EPT, indicated no
limitations to food available to fish throughout the study area. Significant relationships between
water chemistry and relative abundance metrics may be reflecting a more generalized response
to water quality whereby more tolerant taxa thrive (e.g., increase in Dipteran taxa abundance)
rather than more sensitive taxa decline (e.g., no observed change in EPT abundance). Key BIC
endpoints were also associated with changes in habitat that covaried with changes in water quality
throughout the study area, including substrate size, water temperature, water depth, and calcite,
suggesting that habitat may be a key factor influencing the BIC but making it difficult to tease
apart the influence of individual variables. Most habitat variables were associated with BIC
variation throughout the full study area, however, substrate size and water temperature had a
particularly strong relationship with BIC variation in the lower study area (i.e., downstream of the
Greenhouse Side Channel) where the BIC is characterized by high % Plecoptera and low
% Ephemeroptera. Monitoring under the FRO LAEMP indicates that multiple factors, including
both mine-related stressors and habitat features, contribute to the variation in BIC in the FRO
LAEMP study area, and the shift in the community is largely related to increases in the abundance
of non-EPT taxa, rather than a loss or change in the abundance of EPT taxa themselves.

Study Question #6 (What are the factors influencing fish health and population in the Upper
Fording River?) was evaluated through an integration of fish studies in the upper Fording River
(i.e., UFR westslope cutthroat trout [WCT] Population Monitoring Program) with relevant data
(seasonal drying, benthic invertebrate tissue chemistry, and water chemistry) from the FRO
LAEMP and the RAEMP (WCT muscle selenium concentrations, condition factor, and
observations of external anomalies) within the FRO LAEMP study area. With respect to fish
habitat, Henretta Lake has been identified as providing important overwintering habitat for WCT
in the upper Fording River watershed (Cope et al. 2016), as well as habitat for resident WCT
(Penman et al. 2022). While anoxic conditions were present under the ice in Henretta Lake at
the lowest depths (i.e., between 5.5 m and 8.5 m), additional information on water quality under
ice is required to assess overwintering habitat for WCT (being conducted winter 2023). The
maijority of the lake was considered suitable oxygenated habitat for resident WCT during the open-
water season. Instream drying has been observed since surveys began in the Fording River
(2017 and 2019 in the southern and northern survey areas, respectively) and Henretta Creek
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(2020) upstream of the FRO mine boundary. Annual monitoring of seasonal drying identified
year-to year variability on timing of drying that may, at times, limit WCT movement, but once low
flows are established in early winter, dry sections only expand spatially at consistent locations
with no new dry areas appearing. Overall, based on muscle selenium concentrations, meristic,
and anomaly data from adult fish collected under the RAEMP, as well as information collected
from chronic toxicity testing, WCT in the FRO LAEMP study area appear to be in good health.
Population monitoring has indicated a continued increase in the subadult and adult population in
the upper Fording River in 2022, now up to ~2,300 fish from ~330 in 2019. The 2022 age-1
abundance was similar to the previous two years, while the number of fish in the 100 to 200 mm
range (age-1 and age-2+) has increased between 2021 and 2022, which may lead to continued
increases in adult abundance. The estimated number of eggs deposited by WCT has increased
steadily since 2019 (inferred from adult abundance and size). A decline in estimated egg to age-
1 survival for the 2021 cohort relative to 2019 and 2020 suggests there may be a density-
dependent response as the population approaches its carrying capacity. The estimated number
of nests in redds in 2022 was lower compared to 2021 and may be associated with cold early
season water temperatures.

Overall, concentrations of nutrients (increase in total phosphate and orthophosphate),
selenium (decrease in total and dissolved selenium; increase in methylseleninic acid), and nitrate
(decrease) have changed downstream of the FRO-S AWTF outfall post-commissioning relative
to the area immediately upstream. No associated changes in BIC structure or benthic invertebrate
tissue selenium concentrations were observed, but secondary productivity (benthic invertebrate
biomass and density) increased immediately downstream of the FRO-S AWTF outfall, likely a
result of increased phosphorus. This increase, however, was limited to just one monitoring area,
and measures of productivity (density and biomass) remained within the range observed across
the FRO LAEMP study area. Consistent with previous years, BIC structure changed from
upstream to downstream in the Fording River, simultaneous with changes in concentrations of
mine-related constituents and habitat features, but the total abundance of benthic invertebrates
and key BIC endpoints remain high throughout the study area. The WCT population has
continued to recover from the 2019 decline (e.g., increased abundance of fish at multiple age
classes and broad distribution of redds) and fish appear to be in good health.
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1 INTRODUCTION

1.1 Background

Teck Coal Limited (Teck) operates four steelmaking coal mines in the Elk River watershed, which
are the Fording River Operations (FRO), Greenhills Operations (GHO), Line Creek Operations
(LCO), and Elkview Operations (EVO; Figure 1.1). A fifth mine, Coal Mountain Mine (CMm),
is also owned by Teck and located in the Elk River watershed (Figure 1.1); however, it is no longer
in operation and has been moved into the care and maintenance designation. Discharges from
the mines to the Elk River watershed are authorized by the British Columbia Ministry of
Environment and Climate Change Strategy (ENV) through permits that are issued under
provisions of the Environmental Management Act. Permit 107517 specifies the terms and
conditions associated with discharges from Teck’s five Elk Valley mine operations.

Permit 107517 required that Teck develop a local aquatic effects monitoring program (LAEMP)
related to ongoing mining at FRO and the commissioning of the Fording River Operation - South
Active Water Treatment Facility (FRO-S AWTF) designed to treat waters from Cataract, Swift,
and Kilmarnock Creeks (Figure 1.2). As a result, the FRO LAEMP was developed in 2016 to
assess site-specific conditions on a frequent and localized basis, particularly in relation to water
treatment, and has been updated since to include the future FRO-N SRF. Permit 107517 was
amended in December 2021 (Teck 2021) to include the third cycle of FRO LAEMP monitoring,
and Section 8.3.2 outlines the LAEMP requirements as follows:

“The Permittee must complete to the satisfaction of the director a study design
for a LAEMP which will focus on the upper Fording River for 2021-2023 by
April 1, 2021. The study design must be reviewed by the EMC' and be
designed to an appropriate temporal scale to capture short term, local effects
tfo the immediate receiving environment. Any changes to the approved study
design must be reported in the annual LAEMP report.”

Also, Section 9.5 of Permit 107517 states:

“The LAEMP Annual Reports must be reported on in accordance with generally accepted
standards of good scientific practice in a written report and submitted to the director of
each year following the data collection calendar year on the following dates: FRO LAEMP:
May 31.”

" The Environmental Monitoring Committee (EMC) was established after the first RAEMP design was approved and
implemented in 2015, and consists of representatives from Teck, BC Ministry of Environment and Climate Change
(ENV), the Ministry of Energy and Mines, Environment Canada, the Ktunaxa Nation Council (KNC), Interior Health
Authority, and an Independent Scientist. The EMC reviews submissions and provides technical advice and input to
Teck and the ENV Director, as stipulated in Section 11.2 of Permit 107517.

F—
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Three study design cycles have been implemented since the FRO LAEMP was initiated in 2016
(Minnow 2016, Minnow and Lotic 2019a, 2021a). The first two cycles (2016 to 2018 and 2019 to
2020; Minnow 2016, Minnow and Lotic 2019a) consisted of pre-commissioning monitoring for the
FRO-S AWTF and the FRO-N SRF, as well as monitoring to address questions related to the
potential for mine-related effects on biota, particularly benthic invertebrate communities
(BIC; Minnow 2016, Minnow and Lotic 2019a, 2021a). A key finding of previous FRO LAEMP
reports was a spatial shift in key BIC metrics (i.e., decreasing % Ephemeroptera and subsequent
increase in % Plecoptera) from upstream to downstream (Minnow and Lotic 2019b, 2020b,
2021b, 2022). The gradual shift in community structure throughout the middle study area and
continuing downstream to the lower study area was attributed to differences in key water quality
and habitat variables.

The third FRO LAEMP cycle (2021 to 2023) includes the first year (2022) of post-commissioning
sampling in relation to FRO-S AWTF water treatment, with the anticipated commissioning of
FRO-N SRF beginning in 2023 (Minnow and Lotic 2021a). The FRO-S AWTF was commissioned
on December 22, 2021, and has a maximum treatment capacity of 21,035 m?/d; however, the
facility was not operating at full capacity in 2022 because of timelines associated with
commissioning, availability of influent water sources, and intermittent operational issues.
In addition to post-commissioning monitoring, the third cycle of the FRO LAEMP also incorporates
findings from other studies (e.g., RAEMP, UFR WCT Population Monitoring Program) to help
understand factors affecting WCT health and populations within the study area (Minnow and Lotic
2021a).

The goal of the FRO LAEMP is to assess site-specific conditions on a frequent and localized
basis, as required, until sufficient data have been collected, concerns no longer exist, or relevant
monitoring can be incorporated into the regional aquatic effects monitoring program (RAEMP).
The primary focus of the FRO LAEMP is to monitor aquatic ecosystem condition, particularly as
it relates to conditions post-commissioning of water treatment compared to conditions prior to
commissioning. Study questions from the first and second FRO LAEMP cycles were updated
during the preparation of the third FRO LAEMP cycle to better reflect important considerations in
the study area (e.g., the commissioning of the FRO-N SRF and the WCT population decline;
Minnow and Lotic 2021a). Through the evaluation of data from previous reports, and EMC
(December 3, 2020; February 3 and 23, 2021) and subject matter experts (SMEs), the FRO
LAEMP study questions were updated as follows:

1. Are nitrate concentrations in the study area changing and do they have the potential
for adverse effects on biota?

2. |s water treatment affecting biological productivity downstream in the Fording River?

F—
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3. Are benthic invertebrate tissue selenium concentrations downstream of FRO water
treatment consistent with predictions, and if not, why?

4. How is temperature changing over time in the FRO LAEMP study area?

4a. Is water temperature measurably different (greater than 1 degree Celsius)
downstream of the AWTF and/or SRF effluent discharge relative to the upstream
baseline condition?

4b. If changes in water temperature are observed, are these changes attributed
to mitigations (i.e., AWTF and/or SRF)?

5. What are the factors contributing to the variations in benthic invertebrate communities
in the FRO LAEMP study area?

6. What are the factors influencing fish health and population in the upper Fording River?

The general approach, including context around each study question, specific monitoring areas
in relation to sample types, and an overview of how data were considered for evaluation
are summarized in Table 1.1. Relevant information obtained under other programs, such as the
regional calcite and chronic toxicity monitoring programs are also summarized in the LAEMP.
The results of the seventh year (2022 calendar year — January to December) of monitoring for the
FRO LAEMP are the subject of this report, which includes comparison to previous years of data.

1.2 Conceptual Site Model

A conceptual site model (CSM) is a written and/or illustrative depiction of relationships between
human activities that disturb the environment and the ways such disturbances can alter the
ecosystem and affect biological receptors. Potential effects on aquatic receptors in the UFR, both
prior to and after the commissioning of the FRO-S AWTF and FRO-N SRF were considered in a
CSM (Figure 1.3). Assessment endpoints are the valued attributes of an ecosystem upon which
management actions focus (USEPA 1998, 2003). Assessment endpoints considered in the FRO
LAEMP are outlined in Table 1.1 and are evaluated using measurement endpoints. Typically,
multiple measurement endpoints are used to support evaluation and interpretation of each
assessment endpoint to conclude if the assessment endpoints/receptors are being protected.

As illustrated by the CSM, assessment and measurement endpoints may be affected through
physical and/or chemical processes related to mining and operation of the AWTF (Figure 1.3).
Biological measurements relating directly to population or community characteristics are referred
to as direct indicators. Mine-related stressors (including tissue selenium concentrations) are also

May 2023 | 5§



Table 1.1: Overview of FRO LAEMP Study Questions, Monitoring, and Data Evaluation, 2022

Study Questions

Context

Assessment Endpoints

Measurement Endpoints®

Water

Water Sampling Stations
and
Water Temp/Flow Loggers

Biological

Biological Sampling Areas

How Data Was Evaluated to Address Study Question

1. Are nitrate concentrations
in the study area changing,
and do they have the potential
for adverse effects on biota?

EVWQP projections identified an
increasing trend in nitrate
concentrations in the upper Fording
River. Treatment plans have been
finalized within the study area (FRO
AWTF S and Eagle 4 SRF) and
aqueous nitrate concentrations are
expected to decrease following
commissioning compared to pre-
commissioning concentrations.
Nitrate concentrations above
EVWQP benchmarks have the
potential to adversely affect biota.

Benthic invertebrate community
relative to nitrate
concentrations in the upper
Fording River, and various
organisms response to chronic
toxicity testing.

Nitrate concentrations in
water, surface water
chronic toxicity tests
(quarterly and semi-

annually)

Routine water sampling at
FR_UFR1, FR_HC3, FR_FR1,
FR_MULTIPLATE, FR_FRNTP,
FR_FR2, GH_FR3, FR_SCOUTDS,
FR_FR4, FR_FRCP1, FR_FRRD,
FR_FRABCH, GH_PC2, FR_FR5;
Water sampling concurrent with
biological sampling at
RG_FRSCH2, RG_FRGHSC,
RG_FOUCL, RG_FOUNGD,
RG_FODNGD, and
RG_FRCP1SW,

Chronic toxicity tests at FR_UFR1,
FR_FRCP1 and FR_FRABCH

Benthic invertebrate
community structure
(September) and chronic
toxicity testing

CABIN kick and sweep benthic
invertebrate community (BIC)
sampling at RG_FO26 (Ref),

RG_HENUP (Ref), RG_UFR1 (Ref),
RG_FODHE, RG_FOUCL,
RG_FOUNGD, RG_FODNGD,
RG_MP1, RG_FOUSH, RG_FOUKI,
RG_FOBKS, RG_SCOUTDS,
RG_FOBSC, RG_FOBCP,
RG_FRCP1SW, RG_FRUPO,
RG_FODPO, RG_F022,
RG_FOUEW; chronic toxicity tests at
RG_UFR1, RG_FOBCP and
RG_F0O22

1. Evaluated nitrate concentrations relative to updated effects
concentrations.

2. Determined changes of nitrate concentrations relative to baseyear
and water treatment commissioning at each station throughout the study
area.

3. Compared nitrate concentrations upstream and downstream of water
treatment, and pre- and post-commissioning.

4. Determined if BIC endpoints are outside of regional and/or site-
specific normal ranges or moving away from the reference ranges in
accordance with observed nitrate concentrations.

5. Determined if BIC results correspond with expectations based on
nitrate concentrations in water relative to the updated effects
concentration for nitrate.

6. Compared BIC endpoints upstream and downstream from water
treatment, and pre- and post-commissioning.

7. Used statistical tools (e.g., correlations, constraining ordination) to
evaluate the potential impact of nitrate on BIC (see study question 5).

8. Interpret chronic toxicity results in the context of nitrate concentrations
in the study area.

2. Is water treatment affecting
biological productivity
downstream in the Fording
River?

Phosphorus will be added to the
FRO AWTF-S and FRO Eagle 4
SREF to facilitate microbial growth.
Increased phosphorus
concentrations in the effluent has
the potential to cause increased
algae growth in the upper Fording
River, changing the trophic status
and overall health.

Phosphorus concentrations in
water upstream and
downstream of water treatment
pre- and post-commissioning.
Biological invertebrate
productivity downstream from
the FRO AWTF-S and FRO
Eagle 4 SRF discharge
locations post- compared to
pre-commissioning and relative
to productivity observed
upstream from the discharge
locations

Nutrient concentrations,
particularly total
phosphorus and
orthophosphate

(phosphorus is the
limiting nutrient in the
upper Fording River)

Routine water sampling at
FR_UFR1, FR_HC3, FR_FR1,
FR_MULTIPLATE, FR_FRNTP,
FR_FR2, GH_FR3, FR_SCOUTDS,
FR_FR4, FR_FRCP1, FR_FRRD,
FR_FRABCH, GH_PC2, FR_FRS5;
Water sampling concurrent with
biological sampling at
RG_FRSCH2, RG_FRGHSC,
RG_FOUCL, RG_FOUNGD,
RG_FODNGD, and RG_FRCP1SW

Benthic invertebrate
biomass, benthic
invertebrate community
structure, periphyton
scores (all in September
only)

BIC sampling as above; Biomass and
density (HESS) sampling at RG_FO26
(Ref), RG_HENUP (Ref), RG_FOUCL,
RG_FOUNGD, RG_FOUKI,
RG_FOBKS, RG_SCOUTDS,
RG_FOBSC, RG_FOBCP,
RG_FRCP1SW, RG_FRUPO,
RG_FO22

1. Compared total phosphorus and orthophosphate concentrations
upstream and downstream from water treatment, and pre- and post-
commissioning.

2. Determined changes of total phosphorus and orthophosphate
concentrations relative to baseyear and water treatment commissioning
at each station throughout the study area.

3. Compared biomass/density upstream and downstream from water
treatment, and pre- and post-commissioning.

3. Are benthic invertebrate
tissue selenium
concentrations downstream of
FRO water treatment
consistent with predictions,
and if not, why?

Treatment plans (FRO AWTF S and
Eagle 4 SRF) are expected to
remove up to 50% of total selenium
downstream in the Fording River;
however, treatment could also result
in an increase in the concentrations
of more bioavailable selenium
species (i.e., reduced selenium),
resulting in increases of benthic
invertebrate tissue selenium
concentrations.

Benthic invertebrate tissue
selenium concentrations
downstream from the FRO
AWTF-S and FRO Eagle 4
SRF locations post- compared
to pre-AWTF commissioning
and relative to concentrations
observed upstream from the
discharge locations. Selenium
concentrations and species in
water upstream and
downstream of water treatment
and pre- and post-
commissioning.

Total and dissolved
selenium concentrations,
and selenium speciation

Routine water sampling at
FR_UFR1, FR_HC3, FR_FR1,
FR_MULTIPLATE, FR_FRNTP,
FR_FR2, GH_FR3, FR_SCOUTDS,
FR_FR4, FR_FRCP1, FR_FRRD,
FR_FRABCH, GH_PC2, FR_FRS5;
Water sampling concurrent with
biological sampling at
RG_FRSCH2, RG_FRGHSC,
RG_FOUCL, RG_FOUNGD,
RG_FODNGD, and RG_FRCP1SW

Benthic invertebrate tissue
selenium concentrations
(composite-taxa samples)

Benthic invertebrate tissue sampling
at RG_FO26 (Ref), RG_HENUP (Ref),
RG_UFR1 (Ref), RG_FRSCH2,
RG_FRGHSC, RG_FODHE,
RG_FOUCL, RG_FOUNGD,
RG_FODNGD, RG_MP1,
RG_FOUSH, RG_FOUKI,
RG_FOBKS, RG_SCOUTDS,
RG_FOBSC, RG_FOBCP,
RG_FRCP1SW, , RG_FRUPO,
RG_FODPO, RG_F022, RG_FOUEW

1. Determined if benthic invertebrate tissue selenium concentrations are
outside the regional normal range or above EVWQP benchmarks.

2. Compared benthic invertebrate tissue selenium concentrations
upstream and downstream from water treatment, and pre- and post-
commissioning.

3. Compared aqueous selenium concentrations upstream and
downstream from water treatment, and pre- and post-commissioning.

4. Compared benthic invertebrate tissue selenium concentrations to
expected concentrations based on the selenium bioaccumulation model.
5. If tissue selenium concentrations were higher than those predicted by
the bioaccumulation model, determined if differences in tissue selenium
concentrations are related to changes in selenium species
concentrations (i.e., the B-tool was used to compare measured versus
modelled benthic invertebrate tissue selenium concentrations).

Notes: EVWQP=EIk Valley Water Quality Plan; AWTF=Active Water Treatment Facility; SRF=Saturated Rock Fill; FRO LAEMP=Fording River Operations Local Aquatic Effects Monitoring Program; WCT=Westslope Cutthroat Trout; Bl=Benthic Invertebrate; BIC=Benthic Invertebrate Community; WQ=Water Quality; EWT=Early Warning
Trigger; CABIN=Canadian Aquatic Biomonitoring Network. "-" indicates no sampling anticipated

@ Sediment samples will also be collected at RG_HENUP, RG_F026, RG_FOUKI, RG_SCOUTDS, RG_FOBKS, RG_FOBSC, RG_FOBCP, RG_FRCP1SW, RG_FRUPO, and RG_F022 to support various LAEMP and operational requirements.
® Additional locations will be monitored under programs outside of the LAEMP.
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Table 1.1: Overview of FRO LAEMP Study Questions, Monitoring, and Data Evaluation, 2022

Study Questions

Context

Assessment Endpoints

Measurement Endpoints®

Water

Water Sampling Stations
and
Water Temp/Flow Loggers

Biological

Biological Sampling Areas

How Data Was Evaluated to Address Study Question

4. How is temperature
changing over time in the
FRO LAEMP study area
4a. Is water temperature
measurably different (greater
than 1 degree Celsius)
downstream of the AWTF
and/or SRF effluent discharge
relative to the upstream
baseline condition?
4b. If changes in water
temperature are observed, are
these changes attributed to
mitigations (i.e., AWTF and/or
SRF)?

Water temperatures in the study
area have the potential to change as
a result of influences from the FRO
AWTEF-S and FRO Eagle 4 SRF
effluent. These temperature
changes have the potential to
adversely affect WCT downstream if
they are greater than specific
threshold temperatures (i.e., greater
than 1 degree Celsius downstream
relative to upstream) and occur at
specific times of the year relative to
WCT migrations.

Water temperatures upstream
and downstream from the FRO
AWTF-S and FRO Eagle 4
SRF.

Water temperature data
loggers

Temperature and flow data loggers
at FR_UFR1, FR_FR1, FR_FOUCL
FR_FRDSCC1, FR_FR2, GH_FR3,
FR_SCOUTDS, FR_FR4,
FR_FRCP1, FR_FRCP1SW,
FR_FRRD, GH_PC2, FR_FRABCH

1. Evaluated overall temporal changes in water temperatures throughout
the study area.

2. Compared water temperatures upstream and downstream of water
treatment, and pre- and post-commissioning.

3. Determined if water temperatures immediately downstream of water
treatment are greater than the 1 degree Celsius threshold relative to
upstream.

5. What are the factors
contributing to the variations
in benthic invertebrate
communities in the FRO
LAEMP study area?

Shifts in community structure have
been observed in areas throughout
the study area in previous FRO
LAEMPs. Variations in BIC
throughout the study area may be
associated with specific habitat
variables and/or water quality
stressors.

BIC endpoints, chronic toxicity
testing, tissue chemistry, water
chemistry, sediment chemistry,
and habitat (e.g., seasonal
drying, flow, substrate type,
calcite, temperature).

Order Constituents, plus
nickel and other WQ
constituents with Early
Warning Triggers (EWT)
in surface water, chronic
toxicity tests (quarterly
and semi-annually),
water temperature and
flow, seasonal drying
surveys.

Routine water sampling at
FR_UFR1, FR_HC3, FR_FR1,
FR_MULTIPLATE, FR_FRNTP,
FR_FR2, GH_FR3, FR_SCOUTDS,
FR_FR4, FR_FRCP1, FR_FRRD,
FR_FRABCH, GH_PC2, FR_FRS5;
Water sampling concurrent with
biological sampling at
RG_FRSCH2, RG_FRGHSC,
RG_FOUCL, RG_FOUNGD,
RG_FODNGD, and
RG_FRCP1SW,

Chronic toxicity tests at FR_UFR1,
FR_FRCP1 and FR_FRABCH,
Temperature and flow data loggers
at FR_UFR1, FR_FR1, FR_FOUCL
FR_FRDSCC1, FR_FR2, GH_FR3,
FR_SCOUTDS, FR_FR4,
FR_FRCP1, FR_FRCP1SW,
FR_FRRD, GH_PC2, FR_FRABCH

BIC structure and
composite-taxa benthic
invertebrate tissue
selenium concentrations

CABIN kick and sweep benthic
invertebrate community (BIC)
sampling at RG_FO26 (Ref),

RG_HENUP (Ref), RG_UFR1 (Ref),
RG_FODHE, RG_FOUCL,
RG_FOUNGD, RG_FODNGD,
RG_MP1, RG_FOUSH, RG_FOUKI,
RG_FOBKS, RG_SCOUTDS,
RG_FOBSC, RG_FOBCP,
RG_FRCP1SW, RG_FRUPO,
RG_FODPO, RG_F022,
RG_FOUEW; chronic toxicity tests at
RG_UFR1, RG_FOBCP and
RG_F022,

Benthic invertebrate tissue sampling

at RG_F026 (Ref), RG_HENUP (Ref),

RG_UFR1 (Ref), RG_FRSCH2,
RG_FRGHSC, RG_FODHE,
RG_FOUCL, RG_FOUNGD,

RG_FODNGD, RG_MP1,
RG_FOUSH, RG_FOUKI,
RG_FOBKS, RG_SCOUTDS,
RG_FOBSC, RG_FOBCP,
RG_FRCP1SW, , RG_FRUPO,

RG_FODPO, RG_F022, RG_FOUEW

1. Determined if BIC endpoints are outside of regional and/or site-
specific normal ranges or moving away from the reference ranges in
accordance with potential water quality stressors and/or habitat
variables.

2. Determined changes of concentrations of constituents identified as
EWTs relative to baseyear and water treatment commissioning at each
station throughout the study area.

3. Determined if chemical/physicals stressors and/or habitat variables
correlate with key BIC metrics.

4. Used statistical tools (e.g., canonical correspondence analysis) to
understand the factors that are causing variations in BIC endpoints
throughout the study area.

5. Used chronic toxicity testing results to further interpret how water
quality may be affecting biota in the study area.

Notes: EVWQP=EIk Valley Water Quality Plan; AWTF=Active Water Treatment Facility; SRF=Saturated Rock Fill; FRO LAEMP=Fording River Operations Local Aquatic Effects Monitoring Program; WCT=Westslope Cutthroat Trout; BI=Benthic Invertebrate; BIC=Benthic Invertebrate Community; WQ=Water Quality; EWT=Early Warning
Trigger; CABIN=Canadian Aquatic Biomonitoring Network. "-" indicates no sampling anticipated

@ Sediment samples will also be collected at RG_HENUP, RG_F026, RG_FOUKI, RG_SCOUTDS, RG_FOBKS, RG_FOBSC, RG_FOBCP, RG_FRCP1SW, RG_FRUPO, and RG_F022 to support various LAEMP and operational requirements.
® Additional locations will be monitored under programs outside of the LAEMP.
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Table 1.1: Overview of FRO LAEMP Study Questions, Monitoring, and Data Evaluation, 2022

Study Questions

Context

Measurement Endpoints®

Assessment Endpoints

Water

Water Sampling Stations
and
Water Temp/Flow Loggers

Biological

Biological Sampling Areas

How Data Was Evaluated to Address Study Question

6. What are the factors
influencing fish health and
populations in the Upper
Fording River?

Fish health and populations in the
upper Fording River may be affected
by natural and/or mine-related water

quality and habitat stressors.

Westslope Cutthroat (WCT)
health and population
assessments, WCT behaviour
assessments (e.g.
aggregations near water
treatment outfalls), WCT fish
tissue assessments, seasonal
drying surveys, BIC endpoint
assessments, Bl tissue and
water chemistry, water
temperatures and flows.

Warning Triggers (EWT)

Order Constituents, plus
nickel and other WQ
constituents with Early

in surface water, chronic
toxicity tests (quarterly
and semi-annually)

Routine water sampling at
FR_UFR1, FR_HC3, FR_FR1,
FR_MULTIPLATE, FR_FRNTP,
FR_FR2, GH_FR3, FR_SCOUTDS,
FR_FR4, FR_FRCP1, FR_FRRD,
FR_FRABCH, GH_PC2, FR_FR5;
Water sampling concurrent with
biological sampling at
RG_FRSCH2, RG_FRGHSC,
RG_FOUCL, RG_FOUNGD,
RG_FODNGD, and
RG_FRCP1SW,

Chronic toxicity tests at FR_UFR1,
FR_FRCP1 and FR_FRABCH,
Temperature and flow data loggers
at FR_UFR1, FR_FR1, FR_FOUCL
FR_FRDSCC1, FR_FR2, GH_FRS3,

FR_SCOUTDS, FR_FR4,
FR_FRCP1, FR_FRCP1SW,
FR_FRRD, GH_PC2, FR_FRABCH

WCT health (tissue
chemistry and anomalies)
and population®, BIC
endpoints, benthic
invertebrate tissue

RG_HENUP (Ref), RG_UFR1 (Ref),

RG_MP1, RG_FOUSH, RG_FOUKI,

RG_FOUEW; chronic toxicity tests at

Benthic invertebrate tissue sampling
at RG_F026 (Ref), RG_HENUP (Ref),

RG_FODPO, RG_F022, RG_FOUEW

CABIN kick and sweep benthic
invertebrate community (BIC)
sampling at RG_FO26 (Ref),

RG_FODHE, RG_FOUCL,
RG_FOUNGD, RG_FODNGD,

RG_FOBKS, RG_SCOUTDS,
RG_FOBSC, RG_FOBCP,
RG_FRCP1SW, RG_FRUPO,
RG_FODPO, RG_F022,

RG_UFR1, RG_FOBCP and
RG_F022,

RG_UFR1 (Ref), RG_FRSCH2,
RG_FRGHSC, RG_FODHE,
RG_FOUCL, RG_FOUNGD,

RG_FODNGD, RG_MP1,
RG_FOUSH, RG_FOUKI,
RG_FOBKS, RG_SCOUTDS,
RG_FOBSC, RG_FOBCP,
RG_FRCP1SW, , RG_FRUPO,

1. Evaluated WCT health (tissue chemistry and anomalies) and
population using findings from other related studies (e.g., RAEMP, WCT
Population Monitoring, FRO-S Flow Related Monitoring and Assessment
Plan, and Fording Outfall Fish Plan).

2. Integrated findings from related studies (e.g., RAEMP, WCT
Population Monitoring, FRO-S Flow Related Monitoring and Assessment
Plan, and Fording Outfall Fish Plan) with FRO LAEMP fish habitat data
(e.g., Henretta Lake, seasonal drying, BIC, benthic invertebrate tissue
chemistry, water chemistry and temperatures) to understand how factors
may be influencing WCT health and populations.

Notes: EVWQP=EIk Valley Water Quality Plan; AWTF=Active Water Treatment Facility; SRF=Saturated Rock Fill; FRO LAEMP=Fording River Operations Local Aquatic Effects Monitoring Program; WCT=Westslope Cutthroat Trout; BI=Benthic Invertebrate; BIC=Benthic Invertebrate Community; WQ=Water Quality; EWT=Early Warning

Trigger; CABIN=Canadian Aquatic Biomonitoring Network. "-" indicates no sampling anticipated.
@ Sediment samples will also be collected at RG_HENUP, RG_F026, RG_FOUKI, RG_SCOUTDS, RG_FOBKS, RG_FOBSC, RG_FOBCP, RG_FRCP1SW, RG_FRUPO, and RG_F022 to support various LAEMP and operational requirements.

® Additional locations will be monitored under programs outside of the LAEMP.
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monitored as part of the FRO LAEMP and are referred to as indirect indicators.
Laboratory chronic toxicity data (semi-direct indicators) are incorporated into the FRO LAEMP,
as appropriate. Measurement of indirect and semi-direct indicators contribute to understanding if
observed effects on individual receptors are mine-related. Effects may act alone or in combination
to influence aquatic populations and/or communities by changing the abundance or resilience of
aquatic receptors and are evaluated by monitoring benthic invertebrates as biological receptors
EVWQP within the FRO LAEMP. The study questions (Section 1.1) were developed in
consideration of the potential effects identified in the CSM.

1.3 Linkages to the Adaptive Management Plan for Teck Coal in the Elk Valley

As required in Permit 107517 Section 10, Teck developed an Adaptive Management Plan (AMP)
to support implementation of the Elk Valley Water Quality Plan (EVWQP) to achieve water quality
targets including calcite targets, ensure that human health and the environment are protected,
and where necessary, restored, and to facilitate continuous improvement of water quality in the
Elk Valley. The AMP was most recently updated in December 2021 (Teck 2021a). Adaptive
management is a systematic, rigorous approach to environmental management that maximizes
learning about uncertainties while simultaneously striving to meet multiple management
objectives and adapt management actions based on what is learned. The adaptive management
cycle comprises six stages: assess, design, implement, monitor, evaluate and adjust. The AMP
identifies six Management Questions (MQs) that are re-evaluated at regular intervals. Evaluating
these MQs collectively articulates whether Teck is on track to meet the environmental objectives
of the EVWQP.

The FRO LAEMP was designed to monitor conditions in the upper Fording River in relation to
water treatment and answer specific questions on an annual basis (Section 1.2). Each annual
LAEMP cycle (results are reported on May 315t of each year for the preceding calendar year)
is also used for tracking issues for which a potential need for an adjustment, using the response
framework, has been identified, including biological triggers assessments. The following are
examples of adaptive management in the FRO LAEMP study area:

e Seasonal drying between Swift and Cataract Creeks was observed in late 2018, resulting
in flows in the Fording River at the FRO Compliance Point consisting predominantly of
water from Cataract Creek. To evaluate the potential effects on biota in the area
downstream of Cataract Creek, two additional biological sampling events were included
(Stage 6: Adjust) in December 2018 and February 2019 (Minnow and Lotic 2020).

¢ In June of 2020, benthic invertebrate tissue selenium concentrations were anomalously
high in three out of five replicates at the area upstream of the Greenhouse Side
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channel confluence (RG_FRCP1SW), which was observed in other results at some areas
within the Elk Valley. As a result, a broader investigation of annelid presence in
composite-taxa benthic invertebrate tissue samples and the effects on selenium
concentrations was conducted (Luoma 2021; Golder 2021).

o Polyaromatic hydrocarbon and, to a lesser extent, selenium concentrations were
significantly higher at the area immediately downstream of the FRO-S AWTF outfall
(RG_SCOUTDS) in September 2022 so confirmatory sampling was conducted in
February 2023 to verify anomalous results. A review of sampling and laboratory protocols
was also conducted.

Biological triggers are intended as a simple and consistent way to flag potential unexpected
monitoring results that may require additional investigation and adjustment. In the current report,
% EPT and composite-taxa benthic invertebrate tissue selenium concentrations were assessed
to determine whether a biological trigger has been reached (additional information and methods
pertaining to this analysis can be found in Appendix K). Reaching a trigger may lead to
an adjustment (Stage 6: Adjust) using the AMP response framework. Implementation of
management actions is not constrained to the AMP or LAEMP annual reporting cycles but may be
(and have been) triggered at any time during the monitoring and reporting cycle. This is the main
report for conveying biological trigger results within the FRO LAEMP study area under the AMP.

In addition to addressing questions specific to the FRO LAEMP on an annual basis, aquatic
monitoring data from the LAEMP will contribute to the broader data set assessed every three
years within the RAEMP. The RAEMP is designed to evaluation MQ 5: “Does monitoring indicate
that mine-related changes in aquatic ecosystem conditions are consistent with expectations?”
Data from the LAEMP and RAEMP also contribute to answering MQ 2: “Will aquatic ecosystem
health be protected by meeting the long-term SPOs?”

Please refer to the 2021 AMP Update (Teck 2021a) for more information on the adaptive
management framework, including Management Questions, key uncertainties, and continuous
improvement; linkages between the AMP and other EVWQP programs; and AMP reporting.
Progress on gaining new knowledge and reducing key uncertainties is described in annual AMP
reports (submitted July 31) and evaluating the answers to MQs are reported in MQ evaluation
reports (various submission dates).
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2 METHODS

2.1 Overview

The general approach for the FRO LAEMP includes presentation of the collected data and data
evaluation in relation to each of the study questions. Permit 107517 requires that Teck prepare
an annual FRO LAEMP report that summarize monitoring data collected during the preceding
calendar year at all locations specified in the permit; this report includes all historical data up to
the end of the 2022 calendar year for all endpoints. Data were compared to EVWQP benchmarks,
BC water quality guidelines for protection of aquatic life and, where applicable, updated effects
concentrations (ECs), screening values, and proposed benchmarks. Effects concentrations for
nitrate and sulphate were updated in 2022 using the most current toxicity information (WSP
Golder 2022).

Monitoring in 2022 was consistent with the 2021 to 2023 FRO LAEMP study design
(Minnow and Lotic 2021b) and approved amendments (Minnow and Lotic 2022),
with some exceptions (Tables 2.1 and 2.2). The FRO-S AWTF commissioning sampling occurred
in December (2021), January, February, and March, and included water quality
(including selenium speciation) and benthic invertebrate tissue chemistry sampling (Table 2.2).
In September, sampling included sediment and water quality (including selenium speciation),
benthic invertebrate biomass and density (Hess), and BIC (kick and sweep), while in June and
December, only benthic invertebrate tissue chemistry and water quality (including selenium
speciation) sampling was conducted, as per the FRO LAEMP study design and amendments
(Minnow and Lotic 2021a; Minnow and Lotic 2022). Samples were taken from established
biological monitoring areas within the study area, where applicable (Tables 2.1 and 2.2; Minnow
and Lotic 2021a; Minnow and Lotic 2022), which extended from the Fording River and Henretta
Creek upstream of FRO, through the operations and downstream to between Chauncey Creek
and Ewin Creek (Figure 2.1; Table 2.1). Deviations from study design are summarized below
(Table 2.2):

1) Seasonal drying and/or ice conditions prevented sampling at RG_FRCP1SW in December
(2021 and 2022), January, February, and March, at RG_FOBCP in January, February,
and December (2022), and at RG_FODHE in December 2022.

2) Geohazards associated with the Turnbull landslide prohibited access, and therefore
sampling, in Henretta Creek (RG_HENUP) in June.

3) A strong freshet (high and fast flowing waters) prevented sampling at RG_F022
(associated with the Compliance point FR_FRABCH) and RG_FOUEW in June.
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Table 2.1: Summary of Samples Collected for the FRO LAEMP, 2022

. Benthic Invertebrates
Water Quality i
Biological Monitoring Area Biological Monitoring Sediment Qualit Hess Kick and Sweep
(Associated Tedck Water Area Description Area UTM Coordinates Water Chemist Selenium y Biomass/Density Community' Composite-taxon Selenium
Station)“? ry (# of samples) (# of samples) (# of samples)®
Easting Northing June Sept Dec June Sept Dec June Sept Dec June Sept Dec June Sept Dec June Sept Dec
RG_HENUP . .
g (FR_HC3) Henretta Creek u/s all mine operations 655771 5567710 X 1 - X 1 - - 3 - - 10 - - 3 - X 3 -
c C
o RG_FO26 . . .
.§ (FR_UFR1) Fording River u/s Henretta (u/s all mines) 653064 5569601 1 1 - 1 1 - - 3 - - 10 - - 3 - 3 5 -
)
o RG_UFR1%* : ; i
(FR_ UFR1) Fording River u/s Henretta at Teck WQ station 651376 5566758 1 1 1 1 1 1 - - - - - - - - - 5 5 5
Fording River side channel 2 beginning d/s of FRCP1SW
e - - - - - - - -
RG_FRSCH2 reconnecting u/s of FODPO 653549 5555700 1 1 1 1 1 1 3 5 5 5
RG_FRGHSC Greenhouse side channe(l)fc(;;rl‘?;tomg with Fording River d/s 653689 5556265 1 1 1 1 1 1 ) ) ) ) ) ) ) ) ) 5 5 5
R('EEF??:')E Fording River d/s Henretta Creek 651320 5565422 1 1 X 1 1 X - - - - - - - 3 - 3 3 X
RG_FOUCL —
(FR_FOUCL) Fording River u/s of Clode Creek 650787 5564445 1 1 1 1 1 1 - - - - 10 - - 3 - 3 5 5
RG_FOUNGD Fording River u/s North Greenhills Diversion 650870 5563476 1 1 1 1 1 1 - - - - 10 - - 3 - 3 5 5
RG_FODNGD Fording River d/s Lake Mountain Creek/ North Greenbhills
(FR_FRABEC1) Diversion 650972 5563162 1 1 1 1 1 1 - - - - - - - 3 - 3 5 5
RG_MP1 . . )
(FR_MULTIPLATE) Fording River d/s Multiplate d/s Eagle Ponds 651143 5562400 1 1 1 1 1 1 - - - - - - - 3 - 3 5 5
RG_FOUSH . .
(FR_FRNTP) Fording River u/s Shandley Creek 650876 5560957 1 1 1 1 1 1 - - - - - - - 3 - 3 3 5
TSIEFI?I;JZ};I Fording River u/s Kilmarnock Creek 651859 5559804 1 1 1 1 1 1 - 5 - - 10 - - 3 - 5 5 5
3 RG_FOBKS Fording River |mmed|§tely u/s of the FRO AWTF-S 652074 5558652 1 1 1 1 1 1 ) 5 ) ) 10 ) ) 3 ) 5 5 x
2 (FR_FR3) discharge
9 - —— - — .
5 RG_SCDSB“ Fording River |mmed|ate|yS(v<\)/SPf:”3O m) d/s of FRO AWTF 652135 5558592 ) } 1 } ) 1 ) ) ) ) ) ) ) } ) } ) 5
(0]
£ RG_SCOUTDS ) .
= (FR_SCOUTDS) Fording River d/s of FRO AWTF-S outfall 652307 5558501 1 1 1 1 1 1 - 5 - - 10 - - 3 - 5 5 5
R(f{ggf)c Fording River d/s Swift Creek, u/s Cataract Creek 652407 | 5558109 1 1 1 1 1 1 ; ; ; ; 10 ; ; 3 ; 5 5 5
RG_FOBCP Fording River between F)ataract & Porter Creek (Old 652920 5556982 1 1 . 1 1 M ) 5 ) ) 10 ) ) 5 ) 5 5 M
(FR_FRCP1) Compliance Point)
RG_FRCP1SW Fording River ~1150 m d/s of Compliance Point 653387 | 5556201 1 1 x 1 1 X ; ; ; ; 10 ; ; 3 ; 5 5 X
RG_FRUPO ) .
(FR_FRRD) Fording River u/s of Porter Creek 653894 5555975 1 1 1 1 1 1 - 5 - - 10 - - 3 - 5 5 5
R(gT_IF?DI(D:Z)O Fording River d/s Porter Creek, u/s Chauncey Creek 653935 5555085 1 1 1 1 1 1 - - - - - - - 3 - 5 5 5
- f
RG_FO22 Fording River u/s Chauncey Creek (New Compliance Point) | 654841 5553523 X 1 1 X 1 1 - 5 ; ; 10 ; - 5 - X 5 5
(FR_FRABCH)
RgﬁF?:léE;N Fording River d/s Chauncey Creek, u/s Ewin Creek 656365 5551875 X 1 1 X 1 1 - - - - - - - 3 - X 5 5

Notes: - indicates sample that was not taken because it was not a part of the sampling design; 'x' indicates sample that was not taken because of unsafe sampling conditions, drying and/or ice conditions.

# RG_UFR1 was used as a reference area in winter months when there was no access to RG_F026 or RG_HENUP. It was added for June and September for additional pre-FRO AWTF-S commissioning data.
® n=5 for composite-taxon tissue samples in areas associated with the FRO AWTF-S and the FRO-N SRF commissioning sampling plans.

° The water quality monitoring station is the same for biological monitoring stations RG_F026 and RG_UFR1.

9 Routine water quality monitoring stations associated with biological monitoring areas are outlined in brackets.

° BIC monitoring at RG_FRSCH2 was added in September 2022 at the request of the EMC.

'Triplicate samples of periphyton for both ash free dry mass and chlorophyll-a analysis taken during the RAEMP

9 F’eriphyton scores of n=5 were taken at each biological monitoring area in September.

" Water and benthic invertebrate tissue monitoring was added within 30 m downstream of the FRO AWTF-S outfall at the request of the EMC; this sampling was not a part of the study design.

" Benthic invertebrate community sampling in June and December was discontinued in 2022 as approved by the EMC during 2021 meetings.
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Table 2.2: Summary of Samples Collected to Support the FRO-S AWTF Commissioning Sampling Plan, 2022

Biological Monitoring

Area (Associated Teck

Area Description

Biological
Monitoring Area
UTM Coordinates

Sampling Design

Water Station)® Water Chemistry Water Selenium Speciation Composite-taxon Selenium
Easting | Northing | 0 Weeks® | 4 Weeks | 8 Weeks | 12 Weeks | 0 Weeks® | 4 Weeks | 8 Weeks | 12 Weeks | 0 Weeks® | 4 Weeks | 8 Weeks | 12 Weeks
u= RG UFR1? Fording River u/s Henretta at Teck WQ
[0} —
r (FR_UFR1) station 651376 | 5566758 1 1 1 1 1 1 1 1 5 5 5 5
Greenhouse side channel connecting with
RG_FRGHSC Fording River d/s of FRUPO 653689 | 5556265 1 1 1 1 1 1 1 1 5 5 5 5
b
R(%Fggg' Fording River u/s Kilmarnock Creek 651859 | 5559804 1 1 1 1 1 1 1 1 5 5 5 5
RG_FOBKS® Fording River between Kilmarnock Creek &
(FR FR3) Swift Creek 652074 | 5558652 1 1 1 1 1 1 1 1 5 5 5 5
RG_SCOUTDS . .
(FR_SCOUTDS) Fording River d/s of FRO AWTF-S outfall 652307 | 5558501 1 1 1 1 1 1 1 1 5 5 5 5
RG_FOBSC Fording River d/s Swift Creek, u/s Cataract 652407 | 5558109 1 1 1 1 1 1 1 1 5 5 5 5
3 (FR_FR4) Creek
@ RG_FOBCP Fording River between Cataract & Porter
O p—
s (FR_FRCP1) Creek 652920 | 5556982 1 X X 1 1 X X 1 5 X X 5
[} . . T
: RG_FRCP1SW | Fording River ~1150 m d/s of Compliance
q) p—
§ (FR_FRCP1SW) Point 653387 | 5556201 X X X X X X X X X X X X
RG_FRUPO . .
(FR_FRRD) Fording River u/s of Porter Creek 653894 | 5555975 1 1 1 1 1 1 1 1 5 5 5 5
RG_FODPO Fording River d/s Porter Creek, u/s
(GH_PC2) Chauncey Creek 653935 | 5555085 1 1 1 1 1 1 1 1 5 5 5 5
RG_FO22 Fording River u/s Chauncey Creek 654841 | 5553523 1 1 1 1 1 1 1 1 5 5 5 5
(FR_FRABCH) 9 y
RG_FOUEW Fording River d/s Chauncey Creek, u/s Ewin
(FR FR5) Creek 656365 | 5551875 1 1 1 1 1 1 1 1 5 5 5 5

Notes: the FRO AWTF-S outfall is located between RG_FOBKS and RG_SCOUTDS; 'x' indicates sample that was not taken because of drying and/or ice conditions.
# RG_UFR1 was used as the reference location because of limited access to RG_F026 or RG_HENUP during winter months.
b Mine-exposed sampling areas upstream of FRO-S AWTF.

¢ sampling was conducted two weeks before FRO AWTF-S forward flow.

4 Routine water quality monitoring stations associated with biological monitoring areas are outlined in brackets.
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4) Drying surveys in Henretta Creek could not be conducted in November or December 2022
because of hazards associated with the Turnbull landslide.

Water level (flow) and temperature were monitored continuously at established gauges
throughout the study area. Drying surveys were conducted monthly between January and
reconnection, and from August through December 2022 within the Southern, Northern, and upper
Henretta drying survey areas (Table 2.3; Figure 2.2). One logger failure occurred at
FR_FRCP1SW in 2022 for the M5 logger over winter, however, data was collected from the
backup Hobo logger, thus filling any data gaps. Additionally, stilling wells were washed away at
FR_FRDSCC1 and FR_FOUCL during freshet but were replaced on July 27, 2022, resulting in a
data gap at these two stations from June 6% to July 27, 2022.

2.2  Water Quality
2.21 Sample Collection

Water quality and selenium speciation samples, as well as in situ water quality data
(i.e., temperature, flow, pH, conductivity, and DO), were collected concurrently with all
biological sampling (Tables 2.1 and 2.2). In addition, routine water quality monitoring data
collected by Teck and that corresponded with many biological sampling areas were included in
the FRO LAEMP (Table 2.4; Figure 2.1). Water quality samples were collected to understand
potential changes to concentrations of nutrients and mine-related constituents in accordance with
Permit 107517, while selenium speciation samples were collected to provide understanding of
speciation in the study area in relation to commissioning of the FRO-S AWTF and the FRO-N
SRF, and to compare to benthic invertebrate tissue selenium concentrations (see Appendix B1.2
and B1.3 for detailed methodology).

2.2.2 Laboratory and Data Analysis

Water samples were analyzed by ALS Environmental, Calgary, Alberta, for constituents
consistent with Permit 107517 (i.e., conventional parameters, major ions, nutrients, and total
and dissolved metals) using standard methods (see Appendix B1.2 for detailed methodology).

Water samples were analyzed by Brooks Applied Labs, Seattle, Washington for selenium
speciation analysis (including concentrations of selenate, selenite, dimethylselenoxide (DMSeO),
methylseleninic acid (MeSe(lV)), methaneselenonic acid, selenocyanate, selenomethionine,
selenosulphate, and unknown selenium species; see Appendix B1.2 for detailed methodology).

Water quality data were downloaded from Teck’s EQuIS database and included both routine
monitoring results collected by Teck and samples collected concurrently with biological sampling.
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Table 2.3: Stations Associated with Drying Surveys, Manual Flow Measurements, and
Hydrometric and Water Temperature Loggers, FRO LAEMP, 2022

UTM (11U) Drving S Manual HOBO | Solinst |Solinst M5
Water Station ID® 'I;erngue:(l:'vcey Discharge Level |LevelVent| Level Barometer
Easting Northing q Y" | Measurements Logger| Logger L.;;gg(ﬂ-b
- FR_UFR1
& (RG_FO26 and 651472 5566717 M Y - Y Y Y
RG_UFR1)
FR_FR1°
- 651289 5565415 M Y - Y Y -
(RG_FODHE)
FR_FRUPP 650923 | 5565169 M N - - - -
FR_FOUCL®
- 650787 | 5564445 M Y Y Y Y -
(RG_FOUCL)
FR_FRDSCC1b 650840 5563925 M Y - Y Y _
FR_MULTIPLATE
(RG_MP1) 651280 5562515 M N - - - -
FR_FR2
(RG_FOUKI) 651781 | 5559984 M Y Y Y Y -
3 FR_FR3
Q - - -
é_ (RG_FOBKS) 652125 | 56558620 M Y Y Y
x a
o FR_SCOUTDS
] — 652272 5558373 M Y - Y Y -
Q (RG_SCOUTDS)
= FR_FR4
(RG_FOBSC) 652464 | 5557943 M Y - Y Y Y
FR_FRCP1
(RG_FOBCP) 652823 | 56557220 M Y Y Y Y -
FR_FRCP1SW
(RG_FRCP1SW) 653324 | 5556197 M Y Y Y Y -
FR_FRRD
(RG_FRUPO) 653897 | 5555925 M Y Y - Y -
GH_PC2
(RG_FODPO) 653734 | 5555147 M Y - Y Y -
FR_FRABCH®
— 655282 | 5552799 M N - Y Y -
(RG_FO22)

Note: "-" indicates station not having data logger type.

@ Hydrometric station and loggers FR_FOUCL were washed away June 2022.

® FR_FRDSCCH1 station and loggers washed away and recovered July 2022

° Drying surveys began in August and continued until reconnection of the Fording River.

d Biological monitoring area associated with survey and logger stations identified in brackets.
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Table 2.4: Summary of Teck Routine Water Quality Monitoring Associated with the FRO LAEMP, 2022

Water Quality Samples

; ; UTM (11U)
. . Water Station ID" Palre_d Water Reglonal. . All other parameters
Location Description Quality EMS |Water Quality Desianation Field required under mine | Toxicit
Number EMS Number| Easting Northing g Parameters® b y
permits
Fording River upstream of FRO FR_UFRT E216777 651459 5566677 Reference WIM WIM Q™
9 P (RG_FO26 and RG_UFR1)
FR_HC3
Henretta Creek upstream of FRO (RG_HENUP) E300096 655489 5567547 Reference WI/M W/M -
. . FR_FR1
Fording River downstream of Henretta Creek (RG_FODHE) 0200251 651304 5565451 Exposed W/M W/M -
Fording R. u/s Clode Creek FR_FOUCL (RG_FOUCL)* N/A 650787 5564418 Exposed - - -
Fording River u/s of Eagle Pit pond decant FRF;—FES\IDBESI;) N/A 651137 5562881 Exposed M Me ]
Fording River Multiplate Culvert on Greenhills FR_MULTIPLATE® ) ) )
Access Road (RG MP1) N/A 651238 5562482 Exposed
Fording River downstream of the North Tailings Pond FR_FRNTP® N/A 651122 5561675 Exposed we we -
(RG_FOUSH)
Fording River upstream of the FRO AWTF-S FR_FR2 i
discharge (RG_FOUKI) 0200201 651781 5559984 Exposed w w
Fording River immediately upstream of the FRO FR_FR3% e e i
AWTF-S discharge (RG FOBKS) N/A 652125 5558620 Exposed M M
Fording River immediately downstream of the FRO FR_SCOUTDS i
AWTF-S discharge (RG_SCOUTDS) N/A 652307 5558501 Exposed M M
. . . FR_FR4°
Fording R bet Swift and Cataract = 0200311 652464 5557943 E d © ©
ording River between Swift and Catarac (RG FOBSC) Xpose M M
Fording River Operation Old Compliance Point FR_FRCP1 E300071 652823 5557220 Exposed WIM WIM -
9 P P (RG_FOBCP) P
Fording River upstream Porter Creek FR_FRRD E300097 653897 5555925 Exposed M M -
9 P (RG_FRUPO) P
. . GH_PC2°
Fording River d t f Port = E287431 653734 5555147 E d © © -
ording River downstream of Porter (RG FODPO) Xpose M M
. . : . . FR_FRABCH o
Fording River Operation New Compliance Point. (RG_F0O22) E223753 655293 5552865 Exposed W/M W/M Q
Fording River upstream of Ewin Creek FR_FR5" N/A 657174 5548724 Exposed M® M® -
(RG FOUEW)

Notes: Q = quarterly; M = monthly; W/M = weekly during freshet (March 15 to July 15); Q - quarterly; N/A - Not Applicable; "-" indicates no data available.

2 Dissolved oxygen, temperature, specific conductance, pH.

® Total and dissolved metals, total and dissolved organic carbon, nutrients, and major ions as per Table 18 of Permit 107517.

¢ Chronic toxicity as per Permit 107517 requirements.

4 Not required by Permit 107517; FR_UFR1 is used as a reference location in the chronic toxicity program. Frequency may change depending on the needs of the program.

¢ Non permitted location, frequency may change in 2022.
" Chronic toxicity started in Q4 2018 at this location.

¢ This sampling location, previously called GH_FR3, was merged to FR_FR3 for data management purposes.
h Biological monitoring areas associated with water quality monitoring stations are outlined in brackets.
" Stations paired for correlation and multivariate analyses but are presented separately in report figures because of their distance from one another.
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Analyses of water quality data were completed using the following approaches (see Appendix B
section B1.3 for detailed methodology):

e Tabular and graphical (temporal) comparison to applicable benchmarks?, updated ECs,
screening values, proposed benchmarks, and BCWQGs. A summary of EVWQP
benchmarks is also included for reference;

e Principal Component Analysis (PCA) to condense water quality results for use in benthic
invertebrate community correlation analysis;

e Graphical spatial comparisons of order constituents (nitrate, total selenium, dissolved
cadmium, and sulphate), TDS, total and dissolved nickel, and selenium species;

o Before-after control-impact (BACI) assessment of water quality downstream of treatment
pre- and post-commissioning of the FRO-S AWTF using a censored analysis of variance
(ANOVA);

o Evaluation of temporal trends in monthly mean water quality concentrations using
two tests:

o Non-parametric seasonal Kendall test (for nitrate concentrations);
o Two-way censored regression analysis of variance (2-way ANOVA).

2.2.3 Chronic Toxicity Testing

Chronic toxicity testing was conducted by Nautilus Environmental for the annual Regional Chronic
Toxicity Study as required by Permit 107517 (WSP 2023). Endpoints for water flea
(Ceriodaphnia dubia) survival and reproduction, amphipod (Hyalella azteca) survival and dry
weight, rainbow trout (Oncorhynchus mykiss) survival, viability, length, and weight, and
fathead minnow (Pimephales promelas) hatch, survival, biomass, length, and development were
tested for water quality (see Appendix B section B1.6 for detailed methodology). Chronic toxicity
tests were completed with water from FR_UFR1 (reference), FR_FRPC1, and FR_FRABCH
according to the following: C. dubia and P. subcapitata were tested quarterly; O. mykiss and
H. azteca were tested in the second and fourth quarter; P. promelas was tested in the first and
third quarter. See Appendix B section B1.4 for detailed methodology.

2In 2022, potential risks to aquatic life associated with selenium were assessed by evaluation of tissue selenium results
in biota as compared to primarily using EVWQP benchmarks for aqueous selenium.

I
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23 Hydrology
2.3.1 Drying and Stranding Surveys

In 2022, monthly drying surveys were completed (January to April and August to December)
to evaluate surface water connectivity (i.e., seasonal drying) along the Fording River, the
Greenhouse Side Channel, Fording River Side Channel 2, and Henretta Creek in the FRO
LAEMP study area (Table 2.3; Figure 2.2). Stranding surveys also evaluated surface water
connectivity each month (i.e., approximately two weeks apart from drying surveys) at the same
FRO LAEMP study area locations (Figure 2.2), except in the Fording River downstream of
FR_FRRD, the Greenhouse Side Channel, or Fording River Side Channel 2. Henretta Creek
could not be assessed during the FRO LAEMP or stranding surveys by field crews in November
or December 2022 due to hazards associated with the Turnbull landslide. During the surveys,
field crews walked each section to delineate any extent of drying, isolated pools, fish, and
wildlife observations. Additionally, several hydrological measurements were collected by field
crews: water level, flow, and temperature (see Appendix B section B.2.1 for
detailed methodology). Analyses of drying survey data were completed using the
following approaches (see Appendix B section B2.1.1 for detailed methodology).

e Tabular summaries of dry days for each survey section and hydrometric station for each
year from 2017 to 2022,

o Dry areas were mapped for each month when drying was observed.

2.3.2 Water Level and Temperature Loggers

Water level and temperature were continuously monitored at 13 hydrometric stations within the
Fording River in 2022 using a combination of three loggers (Table 2.3; Figure 2.2). The loggers
were programed to record water level and water temperature at 15-minute intervals. Data was
downloaded from the loggers pre-freshet in April, post-freshet in July, and October before
freeze-up to avoid dataloss (see Appendix B section B.2.2 for detailed methodology).
Analyses of water level and temperature logger data were completed using the
following approaches (see Appendix B section B2.2.2 for detailed methodology):

o A water temperature, stage, and discharge time series were plotted for each station;

o Non-parametric seasonal Kendall test for changes in water temperature at
monitoring stations;

o Daily mean water temperature differences downstream compared to upstream
(RG_SCOUTDS — RG_FOBKS) of the FRO-S AWTF outfall was tabulated and plotted to
screen for any 1°C temperature difference;

F—
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e Changes in the difference of daily mean water temperature upstream (RG_FOBKS)
and downstream (RG_SCOUTD) of the FRO-S AWTF outfall based no model predictions
and corresponding confidence intervals pre- and post-commissioning.

24 Substrate Quality
241 Sediment
2.41.1 Sample Collection

Sediment quality samples were collected concurrently with benthic invertebrate sampling at eight
areas in September 2022 (RG_HENUP, RG_F026, RG_FOUKI, RG_FOBKS, RG_SCOUTDS,
RG_FOBCP, RG_FRUPO, and RG_FO22; Table 2.1). Five replicates were collected at
mine-exposed areas, and three replicates were collected at reference areas, consistent with
methods outlined in the 2021 to 2023 RAEMP study design (Minnow 2021). See Appendix B
section B3.1.1 for detailed methodology.

2.4.1.2 Laboratory and Data Analysis

Sediment samples were analyzed by ALS Environmental in Calgary, Alberta, and
analyses included physical and chemical parameters (e.g., moisture content, particle size, total
organic carbon [TOC], metalsand metalloids,and polyaromatic hydrocarbons [PAHSs]).
Analyses of sediment quality data were completed using the following approaches
(see Appendix B sections B3.1.2 and B3.1.3 for detailed methodology):

e Tabular and graphical comparison to British Columbia Sediment Quality Guidelines
(WSQGs), except for selenium concentrations which were compared to an alert
concentration considered equivalent to an upper WSQG. The sediment data were also
compared to regional normal ranges.

e Graphical spatial comparisons of chemical parameters;

e BACI assessment of sediment quality downstream of treatment pre- and
post-commissioning of the FRO-S AWTF using a censored ANOVA,;

2.4.2 Calcite

Calcite presence and concretion was measured on 100 pebbles at each biological station
concurrent with benthic invertebrate community sampling and the associated pebble counts.
For detailed methodology see Appendix B section B3.2:

e Calcite indices were tabulated for temporal comparisons;

e Calcite indices for 2022 were plotted for spatial comparisons.

F—
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2.5 Benthic Invertebrates
2.5.1 Community Structure
2.5.1.1 Sample Collection

Triplicate BIC samples were collected from each biological monitoring area in September, except
at RG_FOBCP and RG_FO22 where replicates of five were taken (Table 2.1).
Benthic invertebrate community sampling followed the CABIN protocol, which involved a 3-minute
travelling kick into a net with a triangular aperture measuring 36 cm per side and a mesh having
400-um openings (Environment Canada 2012). Replicates were collected from stations within a
biological monitoring area either in separate riffles or in riffle sections a minimum of 50 m apart.
Supporting measures, including habitat characterization, were also collected concurrent
with sampling. For detailed methodology, see Appendix B section B4.2.1.

2.5.1.2 Laboratory and Data Analysis

Benthic invertebrate community samples were analyzed by Cordillera Consulting
(lead taxonomist Scott Finlayson), in Summerland BC, for sorting and taxonomic identification.
Total organism abundance was reported for every distinct taxon identified in each sample.
Benthic invertebrate community structure was evaluated based on total abundance,
taxonomic richness (to the lowest practicable level of taxonomy), and the abundances and
proportional abundances (%) of major taxonomic groups. Analyses of benthic invertebrate
community data were completed using the following approaches (see Appendix B sections B4.2.2
to B4.2.4 for detailed methodology):

e Graphical comparison of data relative to regional® and site-specific normal ranges*;

o Evaluation of temporal changes in endpoints from mine-exposed and reference areas
using a two-way ANOVA,;

o BACI assessment of BIC downstream of treatment pre- and post-commissioning of the
FRO-S AWTF using an ANOVA.

3 The reference normal range as presented in the RAEMP represents the 2.5" and 75™ percentiles of the distribution
of reference area data (pooled 2012 to 2019 data) reported in the 2017 to 2019 RAEMP report (Minnow 2020).

4 Site-specific normal ranges represent the 2.5 and 97.5 percentile for a given area as determined by habitat
predictors for a given site in relation to the complete set of Elk Valley monitoring areas. The site-specific normal
ranges were estimated using regression modelling as presented in the RAEMP (Minnow 2020).

I
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2.5.2 Biomass and Density
2.5.2.1 Sample Collection

Benthic invertebrate biomass and density samples were collected in September from 2017 to
2022 to assess biological productivity before and after commissioning of the FRO-S AWTF and
the FRO-N SRF. Samples for analysis of benthic invertebrate density and biomass were
collected using a Hess sampler (0.1 m? sampling area) with 500 um mesh. Ten replicate stations
were sampled at each of twelve biological monitoring areas in September 2022 for analysis of
benthic invertebrate biomass and density (Table 2.1; Figure 2.1). For detailed methodology, see
Appendix B section B4.3.1.

2.5.2.2 Laboratory and Data Analysis

Benthic invertebrate biomass and density samples were sent to Zeas Inc. (lead taxonomist
Danuta Zaranko), in Nobleton ON, for sorting and taxonomic identification. Analyses of benthic
invertebrate productivity data were completed using the following approaches (see Appendix B
sections B4.3.2 and B4.3.3 for detailed methodology):

e Graphical comparison of benthic invertebrate biomass and density changes temporally
and spatially;

o BACI assessment of benthic invertebrate biomass and density downstream of treatment
pre- and post-commissioning of the FRO-S AWTF using an ANOVA.

2.5.3 Tissue Selenium Concentrations
2.5.3.1 Sample Collection and Analysis

Benthic invertebrate samples were collected for tissue chemistry using the kick and sweep
sampling method (described in greater detail in Appendix B section B4.2.1), except collections
were not timed, and kicking continued until sufficient organisms were collected for analysis.
All sampling events included collection of a composite sample of a variety of benthic
invertebrate taxa. For detailed methodology, see Appendix B section B4.4.1.

2.5.3.2 Laboratory and Data Analysis

Benthic invertebrate tissue samples were analyzed by TrichAnalytics Inc. in Saanichton, BC for
various chemical parameters. Analyses of composite-taxa benthic invertebrate tissue selenium
data were completed using the following approaches (see Appendix B sections B4.4.2 and B4.4.3
for detailed methodology):

e Graphical comparison of tissue selenium concentrations relative to applicable

benchmarks and the regional normal range;
I
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e Comparison of observed tissue selenium concentrations to those predicted using a
selenium bioaccumulation model and selenium bioaccumulation tool;

e BACI assessment of benthic invertebrate tissue selenium concentrations downstream of
treatment pre- and post-commissioning of the FRO-S AWTF using an ANOVA.

2.6 Henretta Lake

A bathymetry survey was conducted to improve understanding of water depths in Henretta Lake.
Water samples at various depths, in situ water profiles, and data loggers were used to understand
water chemistry and temperature-oxygen dynamics within Henretta Lake and to assess fish
habitat availability. For detailed methodology, see Appendix B section B.5.

2.7 Fish

2.7.1 Tissue Sample and Meristic Data Collection

Non-lethal sampling of WCT tissue was conducted to measure muscle tissue concentrations, as
is required under the RAEMP, once per monitoring cycle (Minnow 2021), and as part of the AMP
response framework for confirmatory sampling at the Multiplate Culvert in 2022.
Westslope cutthroat trout tissue sampling was also conducted in Henretta Lake in September
2022 as part of the RAEMP lentic study. All fish caught under the RAEMP were assessed
for anomalies (deformities, erosions [finand gqill], lesions, tumors, injuries, infections
and/or parasites) and body condition was determined. In addition to fish sampling under the
RAEMP, Teck collects tissue (dorsal muscle and whole body) samples from WCT
incidental mortalities (e.g., found or incidentals from fish salvages) when relevant, to add valuable
information to the dataset on fish selenium concentrations. For detailed methodology, see
Appendix B section B6.1.

2.7.1.1 Laboratory and Data Analysis

Westslope Cutthroat Trout tissue samples were analyzed by TrichAnalytics Inc. in Saanichton,
BC for various chemical parameters. Analyses of WCT tissue selenium, meristic, body condition,
and anomaly data collected under the RAEMP were completed using the following approaches
(see Appendix B sections B6.2 and B6.3 for detailed methodology):

e Graphical comparison of tissue selenium concentrations relative to applicable site-specific
muscle benchmark and, where applicable, to the British Columbia guideline for
fish muscle;
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e Graphical comparison of Fulton’s condition factor among RAEMP areas, including
reference areas. Body condition of WCT was calculated using Fulton’s condition factor
(see Section B6.3);

e Tabulation of RAEMP WCT meristic, condition, and anomaly data

2.7.2 Fish Population Monitoring

In 2022 the Westslope Cutthroat Trout Population Monitoring Program in the upper Fording River
continued to implement the standard protocols introduced in 2021 (e.g., more systematic redd
surveys as well as single-pass electrofishing at large [~300 m] open sites [Thorley et al 2022a]).
The program was further expanded to include increased electrofishing coverage as well as night
snorkeling; as an alternative and less invasive method of enumerating juveniles, night-time dip-net
surveys; to inform the length distributions of age-0, and Passive Integrated Transponder tagging
captured fish; to better understand capture efficiencies, movement, growth, and survival and
angling in Henretta Lake to supplement snorkeling data for fish >200 mm, to improve the
understanding of WCT use of Henretta Lake (Penman et al. 2022; Thorley et al. 2023a; Thorley
et al. 2022b). The expanded monitoring program helped to reduce uncertainty about status and
trends of the upper Fording River Cutthroat Trout population as well as to answer key questions
to assess the carrying capacity, intrinsic productivity, and viability of the population. A brief
summary of analyses conducted as part of the Population Monitoring Program is provided below.
For detailed methodology see Appendix B section B6.4 and Thorley et al 2023a.

e The timing of spawning and spatial distribution of redds in the UFR mainstem and
tributaries were documented from the redd surveys and an estimate of the number of
unique nests present was modeled using the Area Under the Curve model (Hilborn et al.
1999; Su et al. 2001, Thorley et al. 2023a).

e The length, weight, distribution, and density of age-1 and age-2+ fish were estimated
based on electrofishing and night snorkeling. The length of age-0Os were estimated based
on available electrofishing and night dip-net surveys.

¢ Body condition of age-1 and age-2+ (90 to 169 mm fork length) was estimated using an
allometric mass-length model that uses a site-specific scaling factor for this size class®
(He et al. 2008; Thorley et al., 2023a; Thorley et al., 2023b)

5 Body condition for adults was calculated using Fulton’s condition index which uses a defined scaling factor of 3.
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2.8

Sub adult and adult (= 200 mm fork length) abundance was estimated based on daytime
snorkel surveys. Age-1 and age-2+ abundance were estimated from electrofishing and
nighttime upstream snorkel surveys.

Egg to age-1 survival (Pulkkinen et al. 2013) was calculated by dividing the estimate of
the age-1 individuals by the total egg deposition the previous year. As such, the egg to
age-1 survival was reported for fish spawned in 2021.

Integrated Analysis

Factors contributing to BIC variation within the FRO LAEMP study area were evaluated by

comparing BIC endpoints with water quality, and where applicable, habitat variables.

Correlation analysis and canonical correspondence analysis (CCAs) were conducted on data

from the full study area, and then three individual study areas (upper, middle, and lower) within the

full study area. The upper, middle, and lower study areas were grouped based on spatial

differences of habitat (water depth, water flow/velocity, water temperature, substrate size, etc.)
and water quality identified in previous FRO LAEMP reports (Minnow and Lotic 2019b, 2020b,
2021b, 2022). Integrated analyses were completed using the following approaches (for detailed

methodology, see Appendix B section B7):

Spearman Rank Correlations were conducted between key BIC endpoints and physical
and chemical variables (Only significant [corrected a = 0.05/38 = 0.00132] and strong (rs
> | O.6| ) correlations were considered in the interpretation);

A CCA was performed to investigate patterns in BIC in September of 2018 to 2022 relative
to habitat and physical and chemical variables. Importance of individual stressor and
habitat variables were investigated with permutation-based ANOVAs.
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3 RESULTS AND DISCUSSION

3.1 FRO-S AWTF Overview

The FRO-S AWTF began commissioning on December 22, 2021, and has a maximum hydraulic
capacity of 21,053 m?®/d. Total water treatment was ~2,400 m?%/d at the beginning of 2022 during
the commissioning period (Figure 3.1). The facility began operating near capacity in September
2022, treating the majority of available influent water (~17,000 m3d) before decreasing to
~13,000 m®/d by the end of the year when available influent flows decreased (Figure 3.1).
There were intermittent periods where no or significantly reduced discharge rates occurred
throughout 2022, when the facility was in recirculation for various reasons (e.g., maintenance).
Water from Swift-Cataract Creek represented the majority of water treated throughout the first six
months of FRO-S AWTF operation, but treatment of Kilmarnock Creek was initiated in the latter
half of 2022, with volumes dependent on operational requirements for temperature and treatment
performance. The percentage of treated water from the FRO-S AWTF in the Fording River
downstream of the outfall (i.e., at FR_SCOUTDS) ranged from 0% during shutdown or
recirculation periods to as high as 13% during periods of low flow (i.e., over winter; Appendix
Figure E.15). Treated water from both the Fording River and Kilmarnock Creek outfalls have the
potential to influence flows further downstream (e.g., via the Greenhouse Side Channel) through
complex groundwater to surface water interactions that are being studied elsewhere (see SNC
Lavalin 2022). Although the FRO-S AWTF was designed to remove nitrate and selenium, it also
doses antiscalant to prevent calcite precipitation within the treatment facility and downstream, and
this antiscalant contains molybdenum.

3.2 Study Question #1

Study Question #1 (Are nitrate concentrations in the study area changing, and do they have the
potential for adverse effects on biota?) was evaluated through monitoring of water chemistry in
relation to BIC data, as well as chronic toxicity.

3.21 Aqueous Nitrate Concentrations

Nitrate concentrations increased gradually within the FRO LAEMP study area since 2012, but
concentrations were below the updated ECs for nitrate throughout most of 2022.
Nitrate concentrations have increased the most over time in the section of the study area between
the Multiplate Culvert (RG_MP1) and downstream of the former Cataract Creek confluence
(RG_FOBCP), with smaller increases in the lower study area (i.e., downstream of the Greenhouse
Side Channel confluence to Ewin Creek; Figure 2.2; Appendix Table D.1). Concentrations have
decreased over time at the area downstream from the Henretta Creek confluence with the

May 2023 | 28



30,000

25,000

20,000 g
§ 4
Ews00 ) e A T s
S N SN R 1 O ORI
]
o
10,000 |,
- ‘ H ‘ ’ H “ ’ ‘ i
||HH||!H|IWM| | .\” \‘ i ” ‘ (Y
\,\6“ g NN v@‘ R\ \,\°° \,‘°\ \;P £\ O° \"ec
mmmm Swift/Cataract Influent ~ mmmmm Kilmarnock Influent  ===-- FRO-S AWTF Hydraulic Capacity =~ «««s«ese Total Available Influent

Figure 3.1: FRO-S AWTF Discharge Rates Relative to Total Available Influent, FRO
LAEMP 2022

Notes: Total hydraulic capacity of the FRO-S AWTF was 21,035 m3/d. The Swift/Cataract Influent was approximately
equal to the discharge rates at the Fording River Outfall, while the Kilmarnock Creek Influent was approximately
equal to the discharge rates at the Kilmarnock Creek Outfall.
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Fording River (RG_FODHE), which is the furthest upstream mine-exposed monitoring area
(Appendix Tables D.1 and D.2; Appendix Figure D.14). In 2022, nitrate concentrations were
below the updated ECs in all samples collected from monitoring areas between RG_FODHE
and RG_FOUNGD (downstream of the Concrete Arch). Some exceedances of Level 1
(RG_FODNGD, RG_MP1, RG_FOUSH, RG_FRUPOQO), Level 2 (RG_FOBCP), and Level 3
(RG_SCOUTDS, RG_FOBSC, RG_F022) updated ECs occurred at other monitoring areas in
2022, however, they were in a small proportion of samples confined to periods of seasonal
low flow (Appendix Table D.3; Appendix Figure D.14). For EVWQP nitrate benchmark
concentrations see Appendix Table D.5.

Reduced nitrate concentrations compared to previous years were observed at some areas
downstream of the FRO-S AWTF outfall relative to the area (RG_FOBKS) immediately upstream
of treatment in 2022 following the commissioning of water treatment. Before-after control-impact
(BACI) analysis identified significantly lower nitrate concentrations at most FRO LAEMP
monitoring areas downstream of the Greenhouse Side Channel confluence (i.e., the lower
study area) relative to pre-commissioning concentrations and relative to RG_FOBKS; however,
concentrations between immediately downstream of the outfall (RG_SCOUTDS) and upstream
of the Greenhouse Side Channel confluence (RG_FRCP1SW) did not change significantly
compared to pre-commissioning concentrations (Figure 3.2; Appendix Table D.4; Appendix
Figures D.14 and D.55). The spatial differences in nitrate concentrations are likely related to the
influence of treated Kilmarnock Creek water (Figure 3.1) through the groundwater pathway to the
lower study area (SNC Lavalin 2022). Changes in nitrate concentrations downstream of the
FRO-S AWTF outfall will continue to be assessed through future FRO LAEMP monitoring.

3.2.2 Biota
3.2.2.1 Benthic Invertebrate Community

Key metrics used to assess BIC (e.g., % Ephemeroptera, Ephemeroptera abundance)
correlated strongly with nitrate concentrations in the FRO LAEMP study area, however,
relationships among nitrate and other factors (e.g., habitat variables, other water
quality constituents) precludes a direct causal link between nitrate and BIC structure.
Benthic invertebrate community structure is notably different (Figure 3.3; Appendix Figures G.1
to G.32; more detail in Section 3.6.1 below) in areas with elevated nitrate concentrations
compared to areas with relatively lower concentrations, including reference areas
(Appendix Figure D.14); however, interpretation is confounded by elevated concentrations of
other mine-related constituents (i.e., above concentrations expected to potentially cause effects
in biota; Figure 3.4; Appendix Figures D.1 to D.22; Section 3.6.2 below) and habitat changes that
occur concurrently with changes in nitrate concentrations (Appendix Tables 1.1 to 1.5; more detail
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downstream of RG_FRCP1SW and a downstream confluence with the Fording River located downstream of RG_FRUPO.
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Figure 4: Seasonal Means for Select Water Quality Constituents, FRO LAEMP, 2022

Notes: Winter is comprised of December 2021 to March 2022. Only annual means are depicted with a black bar and are
only presented when data is avalable from all four seasons. Reference areas are shown in green and mine-exposed
areas are shown in blue. Censored values are shown with hollow shapes. Solid black line separates biological

monitoring areas upstream (left side) and downstream (right side) of the FRO-S AWTF outfall location. RG_FRSCH?2

is located in Fording River Side Channel 2, which has an upstream confluence with the Fording River located
downstream of RG_FRCP1SW and a downstream confluence with the Fording River located downstream of RG_FRUPO.
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Figure 4: Seasonal Means for Select Water Quality Constituents, FRO LAEMP, 2022

Notes: Winter is comprised of December 2021 to March 2022. Only annual means are depicted with a black bar and are
only presented when data is avalable from all four seasons. Reference areas are shown in green and mine-exposed

areas are shown in blue. Censored values are shown with hollow shapes. Solid black line separates biological

monitoring areas upstream (left side) and downstream (right side) of the FRO-S AWTF outfall location. RG_FRSCH?2

is located in Fording River Side Channel 2, which has an upstream confluence with the Fording River located

downstream of RG_FRCP1SW and a downstream confluence with the Fording River located downstream of RG_FRUPO.
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Figure 4: Seasonal Means for Select Water Quality Constituents, FRO LAEMP, 2022

Notes: Winter is comprised of December 2021 to March 2022. Only annual means are depicted with a black bar and are
only presented when data is avalable from all four seasons. Reference areas are shown in green and mine-exposed
areas are shown in blue. Censored values are shown with hollow shapes. Solid black line separates biological

monitoring areas upstream (left side) and downstream (right side) of the FRO-S AWTF outfall location. RG_FRSCH?2

is located in Fording River Side Channel 2, which has an upstream confluence with the Fording River located
downstream of RG_FRCP1SW and a downstream confluence with the Fording River located downstream of RG_FRUPO.
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in  Section 3.6 below). Nitrate concentrations correlated strongly and negatively
with Ephemeroptera (i.e., mayfly) endpoints, but correlated positively with Plecoptera
(i.e., stonefly) endpoints, suggesting that if nitrate was contributing to differences in BIC structure
among areas, its primary influence is on mayflies (Beketov 2004; Camargo et al. 2005),
and other factors (e.g., substrate size, water temperature, depth, and velocity, channel width)
may be influencing the presence and abundance of other taxa (Appendix Table H.2; Appendix
Figures H.6 to H.10; more detail in Section 3.6 below). The lowest relative abundance of
Ephemeroptera and the highest relative abundance of Plecoptera were observed through the
middle and lower study areas, which stretch from downstream of the South Tailings Pond
(STP; RG_FOUKI) to Ewin Creek (RG_FOUEW), with the biggest differences observed
downstream of the Greenhouse side channel confluence in the lower study area
(Figure 3.3; Appendix Figures G.1 to G.32). This difference in community structure may also be
related, in part, to taxa differences in sensitivity to mine-related constituents (Clements et al. 2000;
Clements 2004; Pond et al. 2008; Cormier et al. 2013; Boehme et al. 2016; Minnow and Lotic
2021b, 2022), including nitrate (Beketov 2004; Camargo et al. 2005), and taxa-differences in
habitat preferences as the physical structure of the Fording River changes from upstream
to downstream (Peckarsky 1979; Vannote et al. 1980; Kaller and Harman 2003; Dewson et al.
2007; Alvarez-Cabria et al. 2017; Leszczynska et al. 2017; Cummins 2019; Minnow and Lotic
2021b, 2022).

Before-after control-impact assessments of BIC related to water treatment did not identify any
notable (i.e., increases or decreases in sensitive taxa) statistical changes in BIC endpoints related
to FRO-S AWTF commissioning, even in the lower study area where nitrate concentrations
decreased (Appendix Table G.1; Appendix Figures G.33 to G.48; more detail in Section 3.6
below).

3.2.2.2 Chronic Toxicity

Nitrate concentrations have been associated with adverse effects to biological endpoints under
the Chronic Toxicity Program using water from stations within the FRO LAEMP study area in
previous years, but recent chronic toxicity studies have not identified nitrate as a potential
causative factor (Appendix Figure D.56; WSP 2023). At the station located downstream of the
former Cataract Creek confluence with the Fording River (FR_FRCP1), adverse effects
associated with nitrate concentrations have not been observed in any test since 2020
(Appendix Figure D.56). From 2015 to 2020, however, nitrate, combined with other constituents
such as sulphate, TDS, and/or nickel, were identified as contributing to possible or likely effects
to water flea (C. dubia) reproduction (most years) and amphipod (H. azteca) dry weight
(2016, 2017, and 2018) during low flow periods, which were largely driven by concentrated water
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from Cataract Creek prior to diversion in August 2019. In 2022, algae (P. subcapitata) cell yield
was the only possible adverse effect identified at FR_FRCP1 (Q1 and Q4), but the cause of this
effect was unknown. Fewer adverse effects from water quality in 2022 compared to previous
years may be a result of water quality changes (nickel and selenium concentrations were lower
at FR_FRCP1 post-commissioning of the FRO-S AWTF [Appendix Table D.4;
Appendix Figure D.55]).  Further downstream at the Compliance Point (FR_FRABCH),
nitrate concentrations have not been associated with adverse effects to biota in recent years
(Appendix Figure D.56). Overall, nitrate concentrations have not been identified as likely
contributing to effects to biota within the FRO LAEMP study area based on quarterly chronic
toxicity tests on algae, water fleas, amphipods, fathead minnow, and rainbow trout.

3.2.3 Summary

Although nitrate concentrations have increased throughout the FRO LAEMP study area, evidence
for direct effects of nitrate on biota is limited and interpretation is confounded by the covariation
of multiple mine-related constituents with nitrate and a change in habitat throughout the study
area concurrent with changes in BIC structure. In addition, while nitrate concentrations exceeded
one or more updated ECs at a number of areas within the FRO LAEMP study area during low
flow months (i.e., late fall and winter), concentrations in the majority of samples were below
concentrations expected to cause effects in sensitive species. Overall, no effects on taxa
abundance were observed, and chronic toxicity studies identified very few effects with water from
the study area, of which none were attributed to nitrate concentrations in recent years.
In response to Study Question #1, monitoring under the FRO LAEMP has indicated that yes,
nitrate concentrations have increased in the study area, but whether nitrate is having a direct
effect on biota cannot be conclusively answered given the covariation among multiple stressors
and habitat variables. As such, this part of Study Question #1 is more appropriately addressed
under both Study Question #5 (Section 3.6) and Study Question #6 (Section 3.7). As treatment
continues to be implemented in the FRO LAEMP study area, nitrate concentrations are expected
to decrease, thus the potential for adverse effects to biota is expected to remain low.

3.3 Study Question #2

Study Question #2 (Is water treatment affecting biological productivity downstream in the
Fording River?) was evaluated through monitoring of aqueous nutrient concentrations (i.e., total
phosphorus and orthophosphate), periphyton presence and thickness, and benthic invertebrate
biomass and density.
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3.3.1 Aqueous Nutrient Concentrations

Total phosphorus and orthophosphate concentrations increased downstream of the FRO-S
AWTF outfall relative to immediately upstream of treatment (RG_FOBKS).
Before-after-control-impact analysis identified statistically significant increases in both total
phosphorus and orthophosphate concentrations at RG_SCOUTDS (immediately downstream of
the FRO-S AWTF outfall) to RG_FOBCP (downstream of the former Cataract Creek confluence)
relative to concentrations pre-commissioning and relative to RG_FOBKS (Figure 3.5; Appendix
Table D.4; Appendix Figures D.16, D.17, and D.55). These increases were spatially limited,
however, and not observed further downstream.

3.3.2 Productivity

Benthic invertebrate productivity increased immediately downstream of the FRO-S AWTF outfall
relative to upstream. Before-after control-impact analysis identified statistically significant
increases in both benthic invertebrate biomass and density at RG_SCOUTDS relative to
pre-commissioning and relative to RG_FOBKS, while biomass increased slightly at the
Compliance Point (RG_F022), density was similar relative to RG_FOBKS (Figure 3.6; Appendix
Table G.2; Appendix Figures G.49 to G.53). Increased benthic invertebrate productivity did not
correspond with a noticeable change in periphyton visual scores, as areas downstream of the
outfall were similar to areas upstream and largely scored as a 2 (rocks slightly slippery, periphyton
thickness between 0.5 mm and 1 mm) or 3 (rocks noticeably slippery, periphyton thickness
between 1 mm and 5 mm; Appendix Table I.3).

3.3.3 Summary

An increase in aqueous phosphorus concentrations and benthic invertebrate productivity was
identified post-commissioning of the FRO-S AWTF. Total phosphorous and orthophosphate
concentrations were significantly elevated at monitoring areas between the FRO-S AWTF outfall
to the Greenhouse side channel confluence but decreased with distance downstream.
Increased benthic invertebrate productivity was localized to the area immediately downstream of
the outfall location (RG_SCOUTDS) but visual periphyton assessments were not elevated
downstream of treatment. The increased benthic invertebrate productivity was likely driven by
higher phosphorus concentrations, however, values remained within the range observed
throughout the study area, and no evidence of increased periphyton or algal growth was
observed. In response to the study question, monitoring under the FRO LAEMP indicated that
water treatment has led to an increase in secondary (benthic invertebrate)
productivity downstream of the FRO-S AWTF outfall location based on the first year of
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Figure 5: Time Series Plots for Orthophosphate Concentrations from FRO LAEMP
Sampling Areas, 2012 to 2022

Notes: Green data points are used for reference sites and blue data points are used for mine—exposed sites.
Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL. When
biological monitoring areas and routine water quality stations were in close proximity to each other and with no
additional inputs between them, data collected at the biological monitoring area were combined with routine data
and plotted together with the biological monitoring area depicted in parenthesis. The interim screening value

for orthophosphate (0.006 mg/L) represent the 97.5th percentile of concentrations observed in reference areas over
the growing season (Minnow 2020).
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Figure 6: Total Benthic Invertebrate Biomass (Hess Sampling) by Year, FRO LAEMP,
September 2017 to 2022

Note: Green represents reference areas and blue represents exposed areas. Black lines denote the geometric means.
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Figure 6: Total Benthic Invertebrate Density (Hess Sampling) by Year, FRO LAEMP,
September 2017 to 2022

Note: Green represents reference areas and blue represents exposed areas. Black lines denote the geometric means.
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commissioning. Future monitoring will continue to assess effects of the FRO-S AWTF and
potential effects related to the future commissioning of the FRO-N SRF.

3.4  Study Question #3

Study Question #3 (Are benthic invertebrate tissue selenium concentrations downstream of FRO
water treatment consistent with predictions, and if not, why?) was evaluated through monitoring
of aqueous selenium concentrations, including selenium speciation, and composite-taxa benthic
invertebrate tissue selenium concentrations throughout the study area.

3.4.1 Aqueous Selenium Concentrations

Total and dissolved selenium concentrations decreased at most areas downstream of the
FRO-S AWTF outfall relative to immediately upstream of treatment (RG_FOBKS) in 2022
(Figure 3.7). No statistically significant differences were identified between pre- and
post-commissioning for selenite and methylseleninic acid (MeSe(IV))¢ concentrations, but
qualitative observation of the data showed a notable increase in the frequency of detection of
methylseleninic acid and, to a lesser extent, dimethylselenoxide (DMSeO) at some areas
downstream of the AWTF during operation in 2022 compared to pre-commissioning (Figure 3.8;
Appendix Table D.4; Appendix Figures D.25, D.27, and D.55). Overall, concentrations of
organoselenium species were highest just downstream of the FRO-S AWTF, and decreased with
distance to below detection limits within ~2 km of the outfall (Appendix Figure D.24 to D.27).

Consistent with previous years, total selenium concentrations were higher at three distinct areas
within the Fording River in 2022 compared to other monitoring areas: 1) downstream of the Lake
Mountain Creek influence (RG_FODNGD); 2) downstream of the FRO-S AWTF outfall
(RG_SCOUTDS’); and 3)downstream of the Greenhouse Side Channel confluence
(RG_FRUPO; Figure 3.4). Concentrations of selenite were also higher at RG_FODNGD and at
RG_SCOUTDS compared to other monitoring areas but were lower downstream of the
Greenhouse Side Channel confluence (Figure 3.9). Although seasonal differences in selenium
concentrations were apparent (i.e., higher concentrations during low flows), spatial patterns were
similar among monitoring areas throughout the year.

6 BACIs could not be conducted for organoselenium and DMSeO concentrations because there were not enough
samples above detection limits. Statistical power was low for selenium speciation comparisons due to limited sampling
during the pre-commissioning period.

7 The difference between the areas upstream (RG_FOBKS) and downstream (RG_SCOUTDS) of the outfall was much
lower in 2022 compared to what the difference was last year (Minnow and Lotic 2022).

I
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Figure 7: Time Series Plots for Dissolved Selenium Concentrations from FRO LAEMP
Sampling Areas, 2012 to 2022

Notes: Green data points are used for reference sites and blue data points are used for mine—exposed sites.
Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL. When
biological monitoring areas and routine water quality stations were in close proximity to each other and with no
additional inputs between them, data collected at the biological monitoring area were combined with routine data
and plotted together with the biological monitoring area depicted in parenthesis.
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Figure 3.8: Time Series Plots for Methylseleninic Acid Concentrations from FRO LAEMP
Sampling Areas, 2012 to 2022

Notes: Green data points are used for reference sites and blue data points are used for mine—exposed sites.
Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL. When
biological monitoring areas and routine water quality stations were in close proximity to each other and with no
additional inputs between them, data collected at the biological monitoring area were combined with routine data
and plotted together with the biological monitoring area depicted in parenthesis.
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Figure 3.9: Concentrations of Selenium Species in June, September, and December, FRO
LAEMP, 2022

Notes: Reference areas are shown in green and mine—exposed areas are shown in blue. Censored values (samples
whose values were below the laboratory detection limits) are shown with open shapes. Selenium species always below
the laboratory detection limit were not plotted. Solid black line separates biological monitoring areas upstream and
downstream of the FRO-S AWTF outfall location. RG_FRSCH?2 is located in Fording River Side Channel 2, which has an
upstream confluence with the Fording River located downstream of RG_FRCP1SW and a downstream confluence with the
Fording River located downstream of RG_FRUPO.
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3.4.2 Benthic Invertebrate Tissue Selenium Concentrations

Selenium concentrations in composite-taxa benthic invertebrate tissue samples collected in the
FRO LAEMP study area were largely below EVWQP benchmarks in 2022. Of the 444 benthic
invertebrate tissue samples collected in 2022, 419 (94%) of them were below the EVWQP Level 1
benchmark for dietary effects to juvenile fish (11 mg/kg dw), and 11 of the 25 samples above
benchmarks contained annelids (Figure 3.10; Appendix Table G.3) known to bioaccumulate
selenium at a greater rate than other taxa (Luoma 2021). All non-annelid containing composite
samples that were above a benchmark were above the Level 1 benchmark for dietary effects to
juvenile fish but below the Level 1 benchmark for effects to benthic invertebrates, except for one
of five samples collected in each of the January (above Level 2 benchmark for dietary effects to
juvenile fish) and December (Level 1 benchmark for effects to benthic invertebrates)
sampling events in the Greenhouse Side Channel (RG_FRGHSC). Of the seven sampling events
in 2022, the highest selenium concentrations overall were observed in September
(Appendix Figure G.54), which represents the end of the growing season and is consistent with
previous years.

In response to a request from the EMC, composite-taxa benthic invertebrate tissue samples were
collected within ~30 m of the FRO-S AWTF outfall in December 2022 to understand potential for
localized effects on BIT selenium from aqueous organoselenium entering the Fording River from
the FRO-S AWTF buffer pond. One of five replicates had tissue selenium concentrations above
the EVWQP Level 1 benchmark for dietary effects to juvenile fish (11 mg/kg dw), while the other
four replicates were below the benchmark (Appendix Table G.22). Overall, these benthic
invertebrate tissue samples had selenium concentrations that were similar to the biological
monitoring area (RG_SCOUTDS) ~200 m downstream.

3.4.3 Benthic Invertebrate Tissue Selenium Concentrations in Relation to Aqueous
Selenium Concentrations

No changes in benthic invertebrate tissue selenium concentrations were identified downstream
of the FRO-S AWTF outfall relative to immediately upstream (RG_FOBKS), despite changes in
aqueous selenium concentrations (e.g., decrease in total and dissolved selenium, small increase
in organoselenium). Before-after control-impact analysis determined that most comparisons?® of
tissue selenium concentrations downstream of treatment were not significantly different than to
concentrations upstream of treatment (RG_FOBKS) pre- and post-commissioning or different

8 The BACI was conducted by comparing the differences of tissue selenium concentrations for each sampling event
pre- and post-commissioning at areas downstream of treatment relative to immediately upstream (RG_FOBKS);
therefore, there are many comparisons for each monitoring area but most of them demonstrated no significant
differences.
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Figure 3.10: Composite—taxa Benthic Invertebrate Tissue Selenium Concentrations Pre— and Post-Commissioning of the Active Water Treatment Facility, FRO LAEMP, 2021 to 2022

Notes: Dashed black lines represent the normal range defined as the 2.5th and 97.5th percentiles of the 2012 to 2019 reference area data from the Regional Aquatic Environmental Monitoring Program (RAEMP). Green represents reference stations and blue represents
mine—exposed stations. Level 1 benchmarks are shown with a solid line, Level 2 benchmarks are shown with a dashed line, and Level 3 benchmarks are shown with a dotted line. RG_FRCP1SW and RG_FOBCP could not be consistently sampled due to ice/dry conditions.

Samples containing an Oligochaete in September 2022 and after are outlined in purple, samples prior to this date were not necessarily identified as having an Oligochaete. RG_FRSCH?2 is located in Fording River Side Channel 2, which has an upstream confluence with

the Fording River located downstream of RG_FRCP1SW and a downstream confluence with the Fording River located downstream of RG_FRUPO. Week 0 of the FRO-S AWTF commissioning sampling plan occurred in December 2021, while week 4, 8, and 12 sampling occurred in
January, February, and March, respectively.
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within the same area compared to the pre-commissioning period (Appendix Table G.4; Appendix
Figures G.54 and G.55). Overall, 88% (340 of 387 comparisons) of tissue selenium concentration
pre- and post-commissioning comparisons were not significant, and of the comparisons that were
significantly different, most occurred relative to January 2022 when BIT selenium concentrations
were unusually low at RG_FOBKS, or when annelids were present in composite samples
(e.g., RG_FODPO in June 2022). Benthic invertebrate tissue selenium concentrations have not
changed downstream of FRO-S AWTF treatment compared to pre-commissioning concentrations
and compared to immediately upstream of treatment.

When considering the full study area, there was some indication that benthic invertebrate tissue
selenium concentrations were higher in areas with higher concentrations of reduced selenium,
however, this was not consistent across all areas. For example, areas in the upper part of the
study area (e.g., upstream of RG_FODNGD) had relatively high benthic invertebrate tissue
selenium concentrations compared to other areas but low selenite concentrations (Figure 3.9 and
3.10; Appendix Table G.3).

Benthic invertebrate tissue selenium concentrations in the FRO LAEMP study area have
remained consistent with predictions based on aqueous total selenium concentrations. Except for
composite-taxa samples containing annelids (n=3 at RG_FODPO in June; n=1 at RG_FRCP1SW
in June; n=4 and n=3 at RG_FRGHSC in June and September, respectively), almost all
(436 of 437) non-annelid tissue samples collected within the study area in 2022 were within the
prediction limits of the selenium bioaccumulation model (Figure 3.11; Appendix Table G.5;
Golder 2020a), which was consistent with previous years (Appendix Figure G.56). The only
sample that did not contain annelids but was above the prediction limits was collected in the
Greenhouse Side Channel and could not be explained by water chemistry, with no
organoselenium detected and low selenite concentrations (Figure 3.9). Measured tissue
selenium concentrations throughout the study area were also consistent with those predicted by
the bioaccumulation tool (i.e., the ‘B-tool; predicts tissue selenium concentrations accounting for
selenium speciation and sulphate concentrations [Golder 2020b]), except for samples that
contained annelids (Appendix Table G.6). Overall, both models predicted higher benthic
invertebrate tissue selenium concentrations in areas and/or seasons with the highest aqueous
(total and reduced) selenium concentrations consistent with measured benthic invertebrate tissue
selenium concentrations.

3.4.4 Summary

Total and dissolved selenium concentrations have decreased at most mainstem Fording
monitoring areas downstream of the FRO-S AWTF outfall compared to the pre-commissioning
period and immediately upstream at RG_FOBKS, however, there was a qualitative increase in

I
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Figure 3.11: Observed and Modelled Selenium Concentrations in Benthic Invertebrate
Composite Samples Relative to Aqueous Selenium Concentrations at Stations Upstream and
Downstream of Fording River Operations, FRO LAEMP, 2022

Notes: Mean benthic invertebrate selenium concentrations (solid black line) were estimated using a one-step water

to benthic invertebrate selenium accumulation model: log10[Se]benthic invertebrate=0.717+0.072 x log10[Se]aq

(Golder 2020). The 95% prediction limits for a single value from the one-step water to benthic invertebrate

selenium accumulation model are plotted as dashed red lines. Reference areas are shown in green. RG_FRSCH2

is located in Fording River Side Channel 2, which has an upstream confluence with the Fording River located
downstream of RG_FRCP1SW and a downstream confluence with the Fording River located downstream of RG_FRUPO
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organoselenium concentrations downstream of treatment that decreased with distance from the
outfall until it was no longer detected ~2 km downstream. Benthic invertebrate tissue selenium
concentrations have remained unchanged at all areas downstream of treatment compared to
upstream and pre-commissioning of the FRO-S AWTF, and concentrations have been consistent
with predictions throughout the study area based on aqueous selenium concentrations.
In response to the study question, monitoring under the FRO LAEMP has indicated that benthic
invertebrate tissue selenium concentrations downstream of treatment (and throughout the
study area) were consistent with predictions after the first year of FRO-S AWTF commissioning
and continued monitoring will assess any potential future changes as well as changes associated
with the future FRO-N SRF.

3.5  Study Question #4

Study Question #4 (How is temperature changing over time in the FRO LAEMP study area? 4a.
Is water temperature measurably different [greater than 1 degree Celsius] downstream of the
AWTF and/or SRF effluent discharge relative to the upstream baseline condition? 4b. If changes
in water temperature are observed, are these changes attributed to mitigations [i.e., AWTF
and/or SRF]?) was evaluated through monitoring of water temperature data collected from
loggers located throughout the study area. Further information related to water temperatures
associated with the FRO-S AWTF will be summarized in the FRO-S AWTF Outfall report (WSP
Canada 2023).

3.5.1 Water Temperature

Water temperatures have remained stable throughout most of the FRO LAEMP study area since
20179, except for three stations in the middle study area; upstream (RG_FOUKI) and downstream
(RG_FOBKS) of the former Kilmarnock Creek confluence, and upstream of the former Cataract
Creek confluence (RG_FOBSC), where small but statistically significant increases in temperature
over time have been observed (Appendix Table E.1; Appendix Figure E.1). Temperatures at
other stations within the middle study area (RG_SCOUTDS, RG_FOBCP, and RG_FRCP1SW)
have not changed, suggesting that temperature changes are localized and not indicative of a shift
in water temperatures within the larger watershed.

Water temperatures were above the 1°C threshold'® downstream of treatment compared to
upstream post-commissioning of the FRO-S AWTF on only three occasions in 2022.

9 Temperatures loggers were installed at RG_UFR1, RG_FODHE, RG_FRDSCC1, and RG_SCOUTDS in August
2020, and at RG_FOUCL in April 2021.

0 The 1°C threshold difference of water temperature immediately downstream compared to immediately upstream of
the FRO-S AWTF outfall was integrated into Study Question #4 after discussions with the EMC as an indicator of
change when developing the 2021 to 2023 FRO LAEMP study design.

I
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These occurred in late February 2022 when downstream daily mean water temperatures were
approximately 1.2°C colder than upstream and in early December when the downstream daily
mean water temperature was 1.01°C warmer than upstream (Figure 3.12; Appendix Table E.3).

Statistically, water temperatures were warmer'" at RG_SCOUTDS downstream of treatment
compared to RG_FOBKS wupstream of treatment from March to July when
comparing post-commissioning (2022) to pre-commissioning temperatures (2021 only),
and colder from August to October comparing post-commissioning temperature differences to
2020 pre-commissioning data (Appendix Table E.2; Appendix Figure E.2 to E.4), but the
differences were small (i.e., <1°C ) so unlikely to be ecologically significant. Overall, water
treatment has had minimal effects on water temperature downstream of the outfall location in the
Fording mainstem.

3.5.2 Summary

With few exceptions, water temperatures have remained stable throughout the FRO LAEMP study
area since 2017. Minor differences in water temperature were observed when comparing areas
immediately downstream (RG_SCOUTDS) and upstream (RG_FOBKS) of treatment pre- and
post-commissioning, but temperature differences were rarely (i.e., only 3 of 363 days
post commissioning) greater than the 1°C threshold indicating minimal influence of FRO-S AWTF
operation on water temperatures in the receiving environment downstream. Monitoring under the
FRO LAEMP has indicated that water temperatures have increased at three of twelve
mine-exposed stations in the study area but increases were not related to the FRO-S AWTF.
Future monitoring will continue to assess changes in water temperatures and deviations from the
1°C threshold outlined in study question #4.

3.6 Study Question #5

Study Question #5 (What are the factors contributing to the variations in benthic invertebrate
communities in the FRO LAEMP study area?) was evaluated through monitoring of BIC endpoints
relative to water quality and habitat variables (e.g., calcite, substrate size, water depth, flow,
and temperature).

3.6.1 Benthic Invertebrate Community Summary

The majority of BIC endpoints were similar among monitoring areas throughout the FRO LAEMP
study area, although a clear spatial pattern from upstream to downstream was apparent for

" Differences were based on non-overlapping 95% confidence intervals of the estimated mean difference of water
temperatures from the downstream (RG_SCOUTDS) and upstream (RG_FOBKS) areas for years of comparison.
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Figure  2: Mean Daily Temperature Difference Between Downstream (RG_SCOUTDS) and Upstream (RG_FOBKS) of
the FRO-S AWTF , FRO LAEMP, 2020 to 2022

Notes: Temperature differences were calculated as RG_SCOUTDS - RG_FOBKS. A positive difference indicates a temperature increase downstream and
a negative difference indicates a temperature drop downstream. The FRO-S AWTF loggers were managed by the water treatment facility and were
supplemental to the FRO LAEMP loggers which were managed by Lotic Environmental and were a part of the original FRO LAEMP study design.
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% EPT, % Ephemeroptera, and % Plecoptera, consistent with previous years (Minnow and Lotic
2019b, 2020b, 2021b, 2022). All other taxonomic endpoints assessed (e.g., total abundance,
taxa richness, % Trichoptera and % Chironomids, and abundance of EPT, Ephemeroptera,
Plectoptera, Trichoptera, Chironomidae, Baetidae, Heptageniidae, and Ephemerellidae)
fell within the site-specific and/or regional normal ranges (Figure 3.13; Appendix Figures G.1, G.3
to G.8, G.11, G.12, G.16 to 25) and have not changed significantly over time (Appendix Table
G.7, G.8, G.12 to G.21). Relative abundance of EPT, however, was below site-specific normal
ranges from RG_FOUNGD downstream of the Concrete Arch to the lower extent of the FRO
LAEMP study area (RG_FOUEW) in 2022, with the values also dropping below the regional
normal range (except for RG_FOBKS) between RG_FOUSH (upstream of Shandley Creek)
and RG_FOBSC (Figure 3.13). This represented a decrease in % EPT throughout the upper and
middle study areas compared to previous years (Appendix Table G.9; Appendix Figure G.13).
Percent Ephemeroptera was also below the site-specific normal ranges from RG_FOUSH to
RG_FOUEW and was below regional normal ranges from RG_FRCP1SW (upstream of the
Greenhouse Side Channel) to RG_FOUEW (Figure 3.13). Like % EPT, % Ephemeroptera was
lower relative to normal ranges at some areas in the upper and middle study areas compared to
previous years but followed a similar upstream to downstream pattern of decreasing relative
abundance as previously identified (Appendix Table G.10; Appendix Figure G.14).
Consistent with previous years, % Plectoptera was near or above the upper limit of the regional
normal range from RG_FRCP1SW to RG_FOUEW but was below the normal range and lower
than previous years at some areas in the upper and middle study areas (Appendix Table G.11;
Appendix Figure G.15). The shift in community structure in the downstream section of the upper
study area and the upstream section of the middle study area coincided with an increase in the
total and relative abundance of fly larvae from the family Psychodidae compared to previous years
(Minnow and Lotic 2021b, 2022), which also occurred at the reference area RG_FO26
(Figure 3.3) and may therefore be related to environmental conditions. The shift in community
structure did not, however, result in the total abundance of any EPT taxa falling outside the
respective normal ranges in any part of the study area. Instead, the decrease in the relative
abundance of EPT taxa was related to an increase in other taxa. Percent EPT remained within
the regional normal range in the lower study area despite low % Ephemeroptera, which is
normally the most abundant EPT taxon, because of higher Plecoptera abundance relative to
other areas, suggesting no effect on food availability for fish throughout the study area.

Few statistically significant and biologically meaningful changes in BIC endpoints were identified
when monitoring areas downstream of the FRO-S AWTF outfall were compared to
pre-commissioning and to RG_FOBKS immediately upstream, and none could be directly
attributed to water treatment. Before-after control-impact analysis identified increases in taxa
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Figure 3.1 : Benthic Invertebrate Community Metrics, FRO LAEMP, September 2022

Notes: Vertical black line denotes upstream and downstream of the FRO-S AWTF outfall location. Site specific normal
ranges developed using regression models for the RAEMP (Minnow 2020a) are shown, when applicable, with grey
shading (Minnow 2020a). Regional normal ranges using percentiles of reference areas from 2012 to

2019 are shown as dashed horizontal lines. RG_FRSCH?2 is located in Fording River Side Channel 2, which has an
upstream confluence with the Fording River located downstream of RG_FRCP1SW and a downstream confluence with
the Fording River located downstream of RG_FRUPO.
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Figure 3.1 : Benthic Invertebrate Community Metrics, FRO LAEMP, September 2022

Notes: Vertical black line denotes upstream and downstream of the FRO-S AWTF outfall location. Site specific normal
ranges developed using regression models for the RAEMP (Minnow 2020a) are shown, when applicable, with grey
shading (Minnow 2020a). Regional normal ranges using percentiles of reference areas from 2012 to

2019 are shown as dashed horizontal lines. RG_FRSCH?2 is located in Fording River Side Channel 2, which has an
upstream confluence with the Fording River located downstream of RG_FRCP1SW and a downstream confluence with
the Fording River located downstream of RG_FRUPO.
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Figure 3.1 : Benthic Invertebrate Community Metrics, FRO LAEMP, September 2022
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Figure 3.1 : Benthic Invertebrate Community Metrics, FRO LAEMP, September 2022

Notes: Vertical black line denotes upstream and downstream of the FRO-S AWTF outfall location. Site specific normal
ranges developed using regression models for the RAEMP (Minnow 2020a) are shown, when applicable, with grey
shading (Minnow 2020a). Regional normal ranges using percentiles of reference areas from 2012 to

2019 are shown as dashed horizontal lines. RG_FRSCH?2 is located in Fording River Side Channel 2, which has an
upstream confluence with the Fording River located downstream of RG_FRCP1SW and a downstream confluence with

the Fording River located downstream of RG_FRUPO.
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richness at most but not all areas downstream of the FRO-S AWTF outfall relative to richness
pre-commissioning and relative to RG_FOBKS, while Baetidae abundance (Ephemeroptera)
and % Chironomidae were higher at RG_FOBSC compared to pre-commissioning, and higher at
most areas in some years only (Appendix Table G.1; Appendix Figures G.33, G.34 to G48).
Occasional significant comparisons were observed for % Ephemeroptera, depending on the
pre-commissioning year in the comparison'. Most other endpoints did not change significantly
post-commissioning or changed only in a limited number of comparisons that likely reflected the
annual variability in BIC data rather than an effect of treatment. In addition, the observed
significant changes could not be explicitly explained by concurrent changes in water quality
(also see Sections 3.6.5). Overall, commissioning of the FRO-S AWTF did not have a notable
effect on BIC downstream.

3.6.2 Water Quality

Decreases in nitrate and selenium concentrations and increases in total phosphorus and
orthophosphate concentrations were observed downstream of the FRO-S AWTF outfall, but did
not result in any changes to BIC structure. Nitrate concentrations post-commissioning were
similar among areas post-commissioning and compared to previous years between the outfall
downstream and the Greenhouse Side Channel and were lower compared to upstream and
pre-commissioning throughout the lower study area (see Section 3.2.1). Total and dissolved
selenium concentrations were lower at all areas downstream of water treatment, while
organoselenium and phosphorus (total phosphorus and orthophosphate) were higher from the
outfall downstream to the Greenhouse Side Channel (see Sections 3.3.1 and 3.4.1) compared to
pre-commissioning concentrations and compared to upstream (RG_FOBKS). Very few
significant differences of other mine-related water quality constituents were observed downstream
of treatment post-commissioning. Exceptions were decreases in dissolved nickel at three areas
downstream (but an increase at one area downstream) post-commissioning and relative to
RG_FOBKS upstream and increases in nitrite and total molybdenum (a component
of anti-scalant) at most areas downstream (Appendix Table D.4; Appendix Figure D.55).
Overall, no changes in water chemistry post commissioning of the FRO-S AWTF could be
attributed directly to an influence on BIC structure downstream.

Concentrations of several key mine-related constituents, including most Order constituents,
increased gradually from upstream to downstream between RG_FODNGD (downstream of Lake
Mountain Creek influence) and the lower extent of the study area (RG_FOUEW). An exception
to this is dissolved nickel concentrations and, to some extent dissolved cadmium, which were

12 If there was an interaction between year and the treatment term (i.e., there was effect of year on treatment), rather
than no effect of year, then comparisons were made per year.

I
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lower throughout the lower study area (i.e., downstream of the Greenhouse Side
Channel confluence) compared to concentrations in the middle study area where they were
the highest (Figure 3.4). In the upper study area, concentrations of most mine-related
constituents, including Order constituents, rarely exceeded their respective updated ECs,
proposed benchmarks, or screening values, except for nitrate which was above the Level 1
updated EC from RG_FODNGD to RG_FOUSH (5% to 20% of samples across the range of
monitoring areas) and dissolved nickel which exceeded the Level 2 proposed benchmark from
RG_FOUNGD to RG_FOUSH (33% to 67% of samples; Appendix Table D.3). Throughout the
middle study area, dissolved nickel exceeded the Level 2 proposed benchmark (up to 67%
of samples) while TDS exceeded the Level 1 screening value (up to 48% of samples;
Appendix Table D.3). Occasionally, nitrate and sulphate concentrations exceeded updated ECs
between RG_SCOUTDS and RG_FOBCP (nitrate: Level 2 updated EC in 2% of samples at
RG_FOBSC and RG_FOBCP; Level 3 updated ECs in 6% of samples at RG_SCOUTDS;
sulphate: Level 1 updated ECs in 4% to 10% of samples between RG_SCOUTDS
and RG_FOBCP) in the middle study area. In the lower study area, dissolved nickel only
exceeded the Level 2 proposed benchmark at RG_FODPO (8% of samples), while TDS exceeded
the Level 1 screening value from RG_FRUPO to RG_FO22 (4% to 25% of samples).
Additionally, sulphate never exceeded updated ECs in the lower study area in 2022, but nitrate
exceeded the Level 1 updated EC at RG_FRUPO (10% of samples) and Level 3 updated ECs
at RG_FO22 (2% of samples). For EVWQP constituent benchmark concentrations see
Appendix Table D.5.

Although concentrations of most mine-related constituents have remained unchanged over the
time period assessed (2012 to present in most cases) throughout the FRO LAEMP study area,
concentrations of several key mine-related constituents (i.e., dissolved cadmium, nitrate, total
selenium, sulphate; dissolved nickel, and TDS) have increased since the base year (2012 in
most cases), particularly in the downstream extent of the upper study area and the upstream
extent of the middle study area (Appendix Table D.2; Appendix Figures D.1 to D.22) where shifts
in BIC structure have occurred (Section 3.6.1).

3.6.3 Habitat

The morphological features of the Fording River vary from upstream to downstream in relation to
spatial patterns in BIC structure throughout the FRO LAEMP study area. This change in habitat
features can affect the habitat for benthic invertebrate communities (e.g., nutrient dynamics,
physical habitat) and likely has an influence on the individual taxa present (Vannote et al. 1980,
Cummins 2019). Specifically, the upper study area (Figure 2.1), is characterized by
steep gradients (Ecofish 2022) facilitating shallow, fast flowing water with relatively
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coarse substrate (Appendix Table 1.2, and 1.4). Additionally, water temperatures in the upper
study area are typically lower in the winter and higher in the summer compared to the lower
study area (Appendix Figure E.1) because of the shallower water depths and minimal
groundwater influence (SNC Lavalin 2021). The middle study area is generally characterized by
shallower gradients (Ecofish 2022) facilitating more slow flowing and deeper water compared to
the upper study area (Appendix Table 1.2), which supports finer substrate (Appendix Table 1.4)
and different nutrient dynamics (i.e., fine particulate organic matter from upstream; Vannote et
al. 1980, Cummins 2019); however, the lower extent of the middle study areas is also prone to
extensive seasonal drying because river gradients become more level (Ecofish 2022)
and subsurface flows (SNC Lavalin 2021) cause water depths to become shallow, particularly
during low flow seasons. The lower study area is characterized by slow flowing, deep water, and
small substrate (Appendix Tables 1.2 and 1.4) as a result of an upward sloping riverbed gradient
at the confluence of Chauncey Creek in the Fording River, slowing water down and allowing for
more deposition (Ecofish 2022). These more depositional downstream areas have more
allochthonous food sources (i.e., leaves, woody debris, particulate organic matter from upstream)
ideal for shredders common to Plecopteran families (Cummins 2019). The smaller substrate size
in these depositional waters is also ideal habitat for Plecopterans (Peckarsky 1979). The lower
study area is also characterized by water temperatures that have smaller seasonal fluctuations
(Appendix Figure E.1) that typically result from ambient cold and warm temperatures in the winter
and summer, respectively, leading to a distinct temperature regime compared to the upper and
middle study areas. Like water chemistry changes, these very distinct habitat changes from
upstream to downstream closely follow spatial changes in BIC structure in the FRO LAEMP study
area, and are likely influencing the composition of the community independent of water quality.

3.6.4 Substrate Quality

Concentrations of most metals and PAHs in sediment collected from mine-exposed areas in 2022
exceeded BCWSQGs (lower for metals and upper for PAHs) but did not change over time in
most areas (Appendix Figures F.1 and F.2). Sediment metals and PAH concentrations were
similar downstream of the FRO-S AWTF outfall post-commissioning compared to
pre-commissioning and relative to the area (RG_FOBKS) immediately upstream, except for PAHs
at RG_SCOUTDS and RG_FO22 (Appendix Table F.2; Appendix Figures F.3 and F.4).
Further analysis of the sediment data, particularly from RG_SCOUTDS, demonstrated a strong
relationship between moisture content, % fines, and PAH concentrations in the samples
(Appendix Table F.1; Appendix Figure F.4). Results from confirmatory sampling at
RG_SCOUTDS in February 2023 showed PAHSs that were largely consistent with previous years
(Appendix Figure F.5).
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Although concentrations of some metals and PAHs did exceed BCWSQGs'3, it is not expected
that sediment is a dominant exposure pathway in erosional lotic environments such as the upper
Fording River, where depositional material represents less than 10% of the substrate surface
(Golder 2022). In addition, toxicity testing on both Hyalella azteca and Hexagenia sp. with
sediments from the areas of the FRO LAEMP study area with the highest concentrations of both
metals and PAHSs (e.g., RG_FOUKI) did not identify any toxic effects that could be contributed to
sediment chemistry (Golder 2022). As such, sediment toxicity is not a reliable predictor for
explaining variations in BIC structure (Golder 2022).

Consistent with previous years, both the Regional Calcite Monitoring Program and the
FRO LAEMP showed an increase in the presence of calcite, reflected in higher calcite index,
moving from upstream to downstream within the FRO LAEMP study area in 2022
(Appendix Tables F.3 and F.4; Appendix Figure F.6). Overall, calcite scores have remained
stable within each monitoring area throughout the study area since 2018 (Appendix Table F.3).

3.6.5 Integrated Analysis

Benthic invertebrate community structure was closely related to changes in both water quality and
habitat from upstream to downstream, confounding the interpretation of the influence of individual
variables, as indicated in previous FRO LAEMP reports. Correlations between BIC endpoints
and water quality and habitat variables were explored to understand whether relationships could
help explain the effects observed in BIC structure throughout the FRO LAEMP watershed.
Correlations of water quality constituents with key BIC endpoints continue to identify strong,
significant relationships with mine-related constituents, most notably through negative
correlations with % Ephemeroptera, Ephemeroptera abundance and, to a lesser extent % EPT,
but positive correlations with % Plecoptera (Figures 3.3 and 3.13; Appendix Table H.1; Appendix
Figures H.1 to H.5). Other correlations between water quality constituents and BIC endpoints
meeting the cutoff for significance and strength (i.e., p<0.001; Rho > £0.6) occurred infrequently
and in no consistent pattern. Several habitat variables also correlated significantly with
% Ephemeroptera and % Plecoptera, supporting previous findings indicating that habitat plays an
important role in BIC structure in the FRO LAEMP study area. Substrate size was generally larger
upstream where there was higher % Ephemeroptera and smaller downstream where there was
higher % Plecoptera (Appendix Table 1.4), resulting in a significant positive correlation with
% Ephemeroptera and a significant negative correlation with % Plecoptera and Plecoptera
abundance throughout the full study area (Appendix Table H.1; Appendix Figure H.1).
Several habitat variables also significantly correlated with % Plecoptera and/or Plecoptera

3 Alert concentration for selenium in sediment.
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abundance within the individual study areas, including calcite presence and index in the upper
study area (positive), calcite concretion in the middle study area (positive), minimum winter water
temperature in the middle (negative) and lower study (positive) area, and water depth in the lower
study area (negative; Appendix Table H.1; Appendix Figure H.3). Taken together, a clear
relationship between BIC endpoints and both water quality and habitat was apparent, but, similar
to previous years, analyses have not been able separate the individual contributions of each
variable as the maijority of the explanatory power of water quality and habitat predictors are shared
(Appendix Figure H.6) and difficult to separate. Canonical correspondence analysis identified a
significant effect of all water quality stressors and habitat variables that were assessed on BIC
variation in the full study area, except for calcite concretion (Appendix Table H.2; Appendix
Figures H.7 to H.10). Overall variations in benthic invertebrate community structure was
associated with only nitrate (after controlling for habitat) and several habitat variables
(bankfull width, station gradient, watershed area) in the upper study area, but most water
quality stressors (after controlling for habitat) and habitat variables had a significant influence on
BIC variation in the middle study area (Appendix Table H.2; Appendix Figures H.7 to H.10),
where water chemistry and habitat changed significantly (Section 3.6.2 and 3.6.3). In addition to
nitrate, selenium, and sulphate concentrations, BIC variation in the lower study area was strongly
associated with substrate size (D-16) and summer and winter mean water temperatures
(Appendix Table H.2), and these habitat variables are markedly different throughout this section
of the upper Fording River where very high % Plecoptera and low % Ephemeroptera
are observed. Overall, analysis continues to suggest that both water quality and habitat variables
are contributing to variations in BIC structure in the FRO LAEMP study area but the effects of
individual variables remain hard to define given the covariation among the different factors and
no causal link between individual water quality or habitat metrics and BIC structure is possible at
this time.

3.6.6 Summary

Benthic invertebrate community data has been collected since 2012 throughout the FRO LAEMP
study area to address questions around the factors affecting BIC variation. Monitoring since that
time has continued to show spatial gradients in key relative abundance endpoints
(e.g., % EPT, % Ephemeroptera, and % Plecoptera) from upstream to downstream within the
FRO LAEMP study area but while a similar spatial pattern in Ephemeroptera abundance and
relative abundance was observed, all abundance endpoints were within their respective reference
normal ranges and have remained stable over time (Minnow and Lotic 2018, 2019b, 2020b,
2021b, 2022). Changes in the relative abundance of EPT taxa often corresponded to shifts in the
abundance of other non-EPT taxa and, together with consistently high abundance in all key taxa,
including EPT, represent no limitations of food available to fish throughout the study area.

e
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Upstream to downstream changes in % EPT, % Ephemeroptera, and % Plecoptera continue to
occur simultaneous with changes in concentrations of mine-related constituents, including those
that were above established effects levels (nitrate and dissolved nickel in the lower section of the
upper study area; nitrate, dissolved nickel, sulphate and TDS throughout most of the middle study
area; nitrate, dissolved nickel, and TDS at some monitoring areas in the lower study area)
during low flows, and variations of habitat, including substrate size, water temperature, water
depth, and calcite. Both water quality stressors and habitat variables were associated with BIC
structure variation, particularly through the full study area and the middle study area, but the effect
from individual predictors was difficult to separate. While there was no clear indication of direct
effects of water quality on BIC abundance (e.g., toxicity), benthic invertebrates more tolerant of
mine-influenced stressors may opportunistically thrive compared to sensitive organisms
(e.g., Psychodidae), leading to a shift in BIC structure. Most habitat variables affected BIC
variation throughout the full study area, however, substrate size and water temperature had a
particularly strong effect on BIC variation in the lower study area where high % Plecoptera and
low % Ephemeroptera continue to be observed. Although the FRO-S AWTF changed the
concentrations of phosphorus, nitrate, and selenium (total and reduced species) in 2022 relative
to pre-commissioning, these changes did not cause any changes in BIC structure relative to
pre commissioning. In direct response to the study question, monitoring under the FRO LAEMP
continues to indicate that multiple factors, including both mine-related stressors and habitat
features, contribute to the variation in BIC in the FRO LAEMP study area, but covariation among
these factors precludes the determination of the contribution of each individually.

3.7 Study Question #6

Study Question #6 (What are the factors influencing fish health and population in the Upper
Fording River?) was evaluated through an integration of fish studies in the upper Fording River
(i.e., UFR WCT Population Monitoring Program) with relevant data (seasonal drying, benthic
invertebrate tissue chemistry, and water chemistry) from the FRO LAEMP and the RAEMP
(WCT muscle selenium concentrations, condition factor, and observations of external anomalies)
within the FRO LAEMP study area.

3.7.1 Henretta Lake
3.7.1.1 Overview

Henretta Lake is a constructed lentic habitat within Henretta Creek that was built as part of the
lower Henretta Valley watershed reclamation during the mid-1990’s. Since its construction, the
lake has undergone significant morphological change, most notably the realignment of its inlet
channel and the rehabilitation of the creek, lake, and surrounding floodplains in 2017
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(Evaluation of Cause 2021). Henretta Lake has been identified as providing important
overwintering habitat for WCT in the upper Fording River (Cope et al. 2016), as well as habitat for
resident WCT (that have been observed within Henretta Lake during the summer and early fall;
Penman et al. 2022). Previous monitoring has identified low dissolved oxygen (DO)
concentrations occurring during winter months at the bottom of Henretta Lake (Teck 2021b),
which can reduce the amount of available overwintering habitat for WCT. Monitoring in 2022 was
focused on better characterizing water quality, lake mixing, and the potential for selenium
bioaccumulation within Henretta Lake.

3.7.1.2 Henretta Lake Bathymetry

Henretta Lake has a total volume of 97,046.8 m3 and a maximum depth of 9.4 m (Table 3.1,
Appendix Figure L.1). The deepest area of the lake is located along the northwest shoreline,
where the bathymetry is steep (sharply decreasing to the maximum depth of the lake in
approximately 16 m from the shoreline). The northeast and southern areas of the lake have a
more gradual change in water depth, with the majority of the lake area south of the Henretta Creek
inflow having a maximum depth of 5 m or less (Appendix Figure L.1). Data from the recent
bathymetry survey of Henretta Lake suggest that there is a relatively small amount of lake volume
in areas of the lake where the maximum depth is > 7.5 m (Table 3.1). Specifically, the volume of
the lake below the depth of 7.5 m represents ~3.5% of the total lake volume.

The assessment of lake bathymetry was conducted in 2022 to better understand the suitability of
the in situ logger chain location, which was deployed at FR_HENLAKE3 on May 4, 2022 as a
continuous all-season monitoring location (Appendix Figure B.1). The logger chain at
FR_HENLAKE3 supports a maximum logger depth of 7.5 m; however, there was concern that the
deepest portion of the lake (where DO concentrations would be lowest) was not
adequately captured. Data from the 2022 bathymetric survey indicates that the in situ logger
deployment at FR_HENLAKES is suitable in capturing conditions throughout the Henretta Lake
water column (only excluding conditions in a relatively small proportion of the lake compared to
the total lake volume). Relocating the in situ deployment to the deepest area of the lake may also
be problematic as this area occupies a narrow footprint (~20 m wide; Appendix Figure L.1) so the
likelihood of the deepest loggers drifting into shallow areas (and becoming buried in sediment)
is higher. Thus, moving the logger deployment to the deepest area of the lake is not
recommended as it would only provide a small amount of additional data, may present data quality
challenges, and would compromise the ability to make temporal comparisons before and
after relocation.
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Table 3.1: Henretta Lake Bathymetry, 2022

Depth (m) Volume (m?3) % of Total Lake Volume
0 97,047 100
0.5 87,572 90
1 78,645 81
1.5 70,198 72
2 62,149 64
25 54,517 56
3 47,279 49
3.5 40,461 42
4 34,173 35
45 28,397 29
5 23,138 24
5.5 18,429 19
6 14,298 15
6.5 10,699 11
7 7,463 8
7.5 4,606 5
8 2,296 2
8.5 936 1
9 157 0
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3.7.1.3 Summary of In Situ Measures and Habitat Availability Assessment

During the winter of 2022, the water column of Henretta Lake was inversely stratified with the top
3 m of the water column well-oxygenated during all sampling events (ranging between
8 and 10 mg/L). In January, DO concentrations decreased to below the critical threshold of
5 mg/L for the protection of aquatic life (BC MOE 1997) at depths below 3.5 m, and in February
and March, DO concentrations were typically < 1 mg/L below a depth of 5.5 m. The data-logger
deployment in Henretta Lake in May 2022 presented unusual temporal and vertical trends in
temperature and oxygen within the lake (Brooks et al. 2022a), that were atypical of expected
conditions following ice-out (Wetzel 2001). Specifically, the warmest temperatures, highest DO
concentrations, and highest measures of conductivity were present at the bottom of Henretta Lake
(at a depth of 7.5). These unusual oxythermal dynamics may be indicative of a high-density water
source, such as a groundwater intrusion, that would sink under the well-mixed epilimnion and
result in isolated effects to hypolimnetic water quality. The atypical oxythermal regime was
somewhat transient during early spring as an incomplete mixing effect occurred in the top 6 m of
the water column between May 27t and 29%, 2022, and a full mixing event occurred between
June 5" and 6%, 2022.

The temperature, DO, and conductivity data from July to October (summarized below)
are presented in Brooks et al. 2022b, Brooks and Gordon 2022a, and Brooks and Gordon 2022b.
During July and August, temperatures at all logger depths warmed in Henretta Lake following the
June mixing event (Brooks et al. 2022b). By early August, warmer temperatures were typically
observed at a depth of 6.25 m relative to shallower loggers. Moving into September, temperatures
at 6.25-m and 7.5-m depth were higher than rest of the water column above, with temperatures
at 6.25-m depth slightly warmer than those measured at 7.5 m depth (Brooks and Gordon 2022a).
This phenomenon persisted until the last data download, at the end of October, despite cooling
water temperatures measured at the lakes surface to a depth of 5 m (Brooks and Gordon 2022b).

In situ profiles collected in January, June and October of 2022 were compared to assess spatial
variability in measures of temperature, DO, and conductivity (Appendix Table L.1). In situ
measures were collected in eleven locations in January, and at three locations (FR_HENLAKE1,
FR_HENLAKEZ2, and FR_HENLAKE3) in June and October. On average, spatial differences in
temperature and DO were less than 1 °C and 1 mg/L, respectively (Appendix Table L.1).
Conductivity measures varied spatially by 16.7 ys/cm in June and 19.2 us/cm in October
on average (Appendix Table L.1). Greater spatial variability in conductivity was observed during
February, however this is likely associated with measures collected from 5-m depth (which ranged
from 359 to 803 us/cm; Appendix Table L.1). These data support the conclusion made
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by Arnett 2023 (Appendix N), that the FR_HENLAKE3 data logger location is representative of
lake-wide conditions.

For most of the deployment period (i.e., May to October), 100% of the Henretta Lake volume was
considered to have low to no DO risk to WCT (i.e., above the chronic DO BC WQGL of 8 mg/L;
Figure 3.14). Dissolved oxygen concentrations were below the chronic DO BCWQG (8 mg/L) in
early May (prior to water column mixing) and during the June mixing event; however, ~60% and
~40% of the lake volume was still characterized as having little risk to WCT during those
periods, respectively (Figure 3.14). Despite the reduction in the amount of high-DO habitat in
June, the mixing event was brief, and thus chronic effects to WCT are not expected; however,
additional logger data are required to identify low-oxygen risk during the overwintering prior to
spring mixing (these data were collected over the 2022 to 2023 winter but were not available for
inclusion in this report). Dissolved oxygen concentrations suggestive of an acute risk to WCT
(i.e., <5 mg/L) were only observed in early May prior to mixing and were isolated to ~10% of the
lake volume (Figure 3.14). During September, the bottom data logger in the deployment was
buried in sediment and thus, it is only possible to confidently state that ~90% of the lake had DO
concentrations that would present low to no risk to WCT (as an assessment of the entire lake was
not possible; Figure 3.14). The assessment of WCT habitat availability focused on DO
concentrations since temperatures in Henretta Lake were consistently lower than the lethal
temperature criteria for WCT between May and October (maximum temperature observed in
Henretta Lake was 10.08 °C; Appendix N).

Overall, DO measures collected under ice were below the critical threshold of 5 mg/L DO for the
protection of aquatic life when vertical profiles were collected in January, February, and March
of 2022. Anoxic conditions (DO < 1 mg/L) were also present in February and March between the
maximum depth of 8.5 and 5.5 m depth, and DO concentrations were less than the 5 mg/L DO
criteria below a depth of ~ 3.5 m. In contrast, the continuous logger data from May to October
2022 suggest that Henretta Lake had suitable oxygenated habitat for resident WCT (at all depths)
during the open-water season.

3.7.1.4 Summary of Water Chemistry Data

Water chemistry samples were collected in Henretta Lake from three locations (FR_HENLAKE1,
FR_HENLAKEZ2, and FR_HENLAKE 3; Appendix Figure B.1) and at three depths (1 m, 3.5 m,
and 7 m) in February, June, and October 2022 (Appendix Figure L.2). Water chemistry data are
summarized in Minnow 2022 and Arnett 2023 (Appendix N). In brief, the concentrations of various
water quality constituents increased with depth in February 2022. Among constituents of interest
(i.e., Order constituents and nickel), concentrations of nitrate, sulphate, total and dissolved
cadmium, nickel, and selenium were highest in the water sample collected from 7-m depth
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Figure 3.1 : Westslope Cutthroat Trout Habitat Availability using Dissolved Oxygen
Criteria, Henretta Lake, May to October 2022

Notes: DO = dissolved oxygen. Suitability was assessed based on daily means. Loggers were deployed at 1.25 m,
25m, 3.75m,5m, 6.25 m, and 7.5 m. Shaded grey area indicates the June mixing event. To assess the proportion
of lake suitable for westslope cuttroat trout, total lake volume was divided into horizontal strata based on logger
deployment depths. Dissolved oxygen for a given horizontal slice as estimated based on data recovered at the base
of the lake strata (e.g., temperature measure at 1.25 m depth was assumed to be constant for the 0 to 1.25 m depth
horizontal slice). The deepest interval encompassed both 6.25 m to 7.5 m water depth as well as 7.5 m to the
maximum depth of the lake; no data logger was deployed at the maximum lake depth. In some cases the total volume
assessed does not represent 100% of the lake due to missing data.
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(Appendix Figure L.2). Concentrations of nitrate exceeded the level 2 updated EC at 7-m depth
and concentrations of dissolved nickel exceeded the proposed level 2 nickel benchmark at
7-m depth. It is atypical to observe relatively higher concentrations of nitrate and sulphate under
anoxic conditions (such as those observed at depth when Henretta Lake is ice covered) as nitrate
should be reduced to ammonia and sulphate should be reduced to sulphide (Wetzel 2001).
Concentrations of ammonia also increase with depth in February 2022 (Minnow 2022;
Appendix N) and confirm anoxic conditions at depth in Henretta Lake. The water chemistry data,
particularly nitrate and sulphate results, suggest there is another input to Henretta Lake occurring
at depth.

Concentrations of selenite also increased with depth during the winter of 2022 (consistent with
2021 findings summarized in Minnow 2022; Appendix N). The water chemistry sample collected
from 7-m depth in February 2022 had detectable concentrations of both dimethylselenoxide and
methylseleninic acid (with concentrations above the interim screening value for bioavailable
selenium; Appendix Figure L.2). All other samples had concentrations of selenium species below
the LRL.

The June water chemistry data had similar constituent concentrations with depth and were
indicative of a well-mixed water column (Appendix Figure L.2). These water chemistry data
support the in situ logger data which suggest a homogeneous water column following the early-
June mixing event. Concentrations of Order constituents and nickel do not exceed respective
screening criteria (i.e., updated EC, EVWQP benchmarks [dissolved cadmium], or proposed
benchmarks [dissolved nickel]) at any depth or sampling station in June. There were also no
changes in selenite with depth, and concentrations of organoselenium species were all below
the LRL (Appendix Figure L.2).

Patterns in water chemistry were similar in October and February, with concentrations of
Order constituents (nitrate, sulphate, total selenium, total cadmium) and total and dissolved nickel
increasing with depth (Appendix Figure L.2). Concentrations of nitrate and dissolved nickel were
above the level 1 updated EC and proposed level 1 benchmark, respectively, in all sampling areas
at a depth of 7 m. Aqueous concentrations of selenite, dimethylselenoxide, and methylseleninic
acid were also higher at 7-m depth relative to concentrations observed at 1-m and 3-m depth
(Appendix Figure L.1) despite the absence of reducing conditions (DO concentrations were
>12mg/L at 7.5-m depth; Appendix Table L.1). Despite the presence of detectable
concentrations of organoselenium species, modelled benthic invertebrate tissue selenium
concentrations (derived using the Golder 2022b B-tool) were below the Level 1 benchmark for
effects to juvenile fish (based on water chemistry data collected at all depths in Henretta Lake;
Appendix Figure L.3).
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3.7.2 Drying Surveys

After five years of drying surveys in the FRO LAEMP study area, there is now a comprehensive
understanding of the spatial and temporal extent of drying within the FRO LAEMP study area,
including in Henretta Creek upstream of FRO operations and water use licenses.
Specifically, multiple years of monitoring have identified year-to-year variability on the timing
of drying (Appendix Table E.4); however, once low flows are established in early winter, dry
sections expand but no new dry areas are observed throughout the season (Figure 3.15;
Appendix Figures E.5 to E.13; Minnow and Lotic 2019b, 2020b, 2021b, 2022). The timing and
location of drying in the FRO LAEMP study area in 2022 was similar to previous years and may
have limited fish movement. Drying was first observed in the Fording River upstream of the
Greenhouse Side Channel confluence (southern survey area) in late September and downstream
of the Clode Creek confluence (northern survey area) in mid-October (Figure 3.15; Appendix
Table E.4; Appendix Figures E.5 to E.9'%). Consistent with previous years, areas in Henretta
Creek upstream of the FRO boundary dried first in 2022 and had the largest number of dry days
over the year (Appendix Table E.5).

3.7.3 Westslope Cutthroat Trout Health
3.7.3.1 Tissue Selenium Concentrations

Tissue selenium concentrations from WCT captured in Henretta Lake and mine-exposed areas
in the Fording River under the RAEMP indicated low risk to fish health. Except for one
anomalously high tissue selenium concentration collected at the Multiplate (RG_MP1) in each
of 2021 (29 mg/kg dw) and 2022 (17 mg/kg dw), selenium concentrations in all tissue samples
collected from mine-exposed areas (4.7 mg/kg dw to 12 mg/kg dw; n=38 fish), including
Henretta Lake (5.3 mg/kg dw to 11 mg/kg dw; n=5 fish), were below the species-specific WCT
benchmark (15.5 mg/kg dw; muscle equivalent based on egg EC10; Nautilus and Interior

4 Although Figures E.9 and E.10 show drying in the northern survey area in August and September, respectively,
drying in these areas were in sections of the former mainstem of the Fording River but the river was still connected by
an adjacent avulsion channel.

5 Measurement of selenium in eggs or ripening ovaries is the most direct way to evaluate potential effects of selenium
on fish reproduction compared to measurement of selenium in water or other tissue types (Janz et al. 2010; Golder
2014; USEPA 2016). For this reason, a site-specific benchmark was derived based on the EC10 for fish egg/ovary
concentrations (25 mg/kg dw; Nautilus and Interior Reforestation, 2011). Non-lethal expression of eggs is not always
possible, therefore, monitoring of selenium in fish has often involved non-lethal collection of muscle plugs for selenium
analysis and compared to the site-specific benchmark converted to a muscle-equivalent based on the muscle:egg
selenium concentration ratio of 1:1.6 in WCT (Nautilus and Interior Reforestation 2011). Typically, non-lethal muscle
sampling is conducted during the same timeframe just prior to spawning, however, a comparison of WCT muscle
selenium concentrations from May (i.e., prior to spawning) and late August/September (i.e., post-spawning) in 2015
under the RAEMP showed no differences among seasons (Minnow 2018a).
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Reforestation 2011) for potential effects of selenium on reproduction (Figure 3.16;
Appendix Table J.1). These results indicate a low potential risk of effects to WCT egg and embryo
development. Selenium concentrations in muscle tissue from WCT caught in Henretta Lake in
2022 were generally lower than those collected from fish at the Multiplate culvert (RG_MP1)
and lower than those collected from fish captured at other mine-exposed areas within the FRO
LAEMP study area in previous years (2018 and 2021; Figure 3.16; Appendix J.1). The cause of
the two elevated tissue selenium concentrations from fish captured at the Multiplate culvert (one in
2021 and one in 2022) is currently unknown (i.e., selenium concentrations in water and benthic
invertebrate tissue could not explain the elevated selenium concentration in fish muscle)
and confirmatory sampling in 2022 resulted in similar results (1 of 8 samples above
level 1 benchmark).

Similar to the previous year, muscle samples were collected from WCT incidental mortalities
found during routine monitoring or fish salvage and sampling programs within the FRO LAEMP
study area in 2022. Overall, twenty-one fish were recovered for tissue selenium analysis,
eighteen of which were mortalities opportunistically sampled from fish sampling or salvage
programs and three of which were mortalities found during routine monitoring programs
(Appendix Table J.2; Appendix Figure J.1). If fish were in a suitable condition to be sampled
(i.e., little to no decomposition), dorsal muscle tissue was analyzed for selenium concentrations;
however, the data should be interpreted with caution due to uncertainty around several factors
(e.g., size class of fish, where fish may have lived or moved from prior to being found, duration
between mortality and sampling) that may influence accuracy or interpretation of results.
Only four fish were found in 2022 that were too decomposed to complete additional analysis.
The study team is currently looking into how to prioritize sampling of incidental fish mortalities to
maximize value of this dataset, including methods of interpreting the data in meaningful ways.

3.7.3.2 RAEMP WCT Anomalies, Meristics, and Condition Factor

Westslope Cutthroat Trout sampled by angling for non-lethal tissue plugs under the RAEMP were
also assessed for external anomalies and meristic data (weight and fork length, used to calculate
Fulton’s condition factor). Of the WCT captured within mine-exposed areas in the FRO LAEMP
study area under the RAEMP in 2022 (13 total fish), an anomaly (substantially shortened/missing
operculum on one side of the fish) was detected in one fish from the Multiplate culvert
(Appendix Table J.1); however, condition factor for this fish was similar to other fish captured
within the study area (Figure 3.17 Appendix Table J.1), suggesting it was otherwise healthy.
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Fulton’s® condition factor for all WCT captured at mine-exposed areas under the RAEMP, as well
as fish angled from Henretta Lake, were similar or slightly higher than those captured at
reference areas (Figure 3.17; Appendix Table J.1) and were similar to other healthy
freshwater salmonids (He et al. 2008). Fish captured under other programs were also assessed
for anomalies, but data are currently being processed and will be reported under the RAEMP.
Anomalies and condition factor were not assessed for fish sampled from incidental mortalities
(Appendix Table J.2). Overall, based on the information available for WCT under the RAEMP
within the FRO LAEMP study area, there was no indication of mine-related effects on fish health.

3.7.3.3 Chronic Toxicity Testing

Chronic toxicity texting of water collected from stations throughout the upper Fording River
indicated that concentrations of mine-related constituents were unlikely to cause toxicity to fish.
At FR_FRCP1, downstream of the former Cataract Creek confluence, and FR_FRABCH, the
Compliance Point upstream of Chauncey Creek, no adverse effect to any rainbow trout
(O. mykiss) or fathead minnow (P. promelas) reproduction, survival, or health endpoint was
observed in 2022 (Appendix Figure D.56). Although there were several fish endpoints affected
by water quality at FR_FRCP1 prior to the diversion of Cataract Creek'’, few chronic toxicity tests
have had adverse effects since diversion, and most that demonstrated adverse effects were
confounded by microbial contamination (Appendix Figure D.56). Likewise, very few adverse
effects have been identified in water from FR_FRABCH in previous years, and most that
demonstrated adverse effects were a direct result of microbes or confounded by
microbial contamination. Furthermore, in previous years adverse effects to fish health endpoints
occurred during Q1 and Q4 and these seasons do not align with when WCT early life stages are
expected to be present in the upper Fording River (Evaluation of Cause Team 2021). Chronic
toxicity testing was conducted on 30-d early life stage rainbow trout and fathead minnow, and
observed adverse effects are not expected to translate to other life stages present during Q1
and Q4.

3.7.4 Westslope Cutthroat Trout Population Monitoring
3.7.4.1 Redd Surveys

The distribution of redds, each of which may have more than one nest, was widespread
throughout the mainstem and into tributaries of the upper Fording River, including LCO Dry Creek,

16 Fulton’s condition factor was used to summarize body conditions for WCT captured under the RAEMP because adult
fish were targeted (different than the age classes summarized in the Population Monitoring Program) and to retain
comparability of data to other fish captured under the RAEMP and the Aquatic Data Integration Tool (ADIT).

7 Cataract Creek was diverted through Swift Ponds to Swift Creek (i.e., upstream of FR_SCOUTDS and FR_FR4) in
August of 2019.

I
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Ewin Creek'®, and Chauncey Creek in both 2021 and 2022 (Figure 3.18). The distribution of
redds in 2020 was more limited than either 2021 or 2022, but due to a difference in methods the
number of estimated nests cannot be directly compared. The estimated total unique nest counts
in most subpopulations in 2022 were lower than those in 2021, particularly for Chauncey and Fish
Pond Creeks (Figure 3.19). In 2021, there were an estimated 240 unique nests (95% CI 172-
338) which can be compared with an estimated 118 unique nests (95% CI 75-174) in 2022.
This decrease in nest counts in 2022 relative to 2021 may be associated with the cold early
season water temperatures (Thorley et al 2023a). Spawning was estimated to have started on
June 8th and continue until August 8th in 2022, which was later in the season than usual in
some streams (Thorley et al. 2023a). Redds were first recorded in early July in the mainstem
UFR, rather than early June as seen in 2021. Only Fish Pond Creek and Greenhills Creek
recorded redds before mid-June.

3.7.4.2 Length at Age-0

The size of age-0 fish at the onset of winter has implications for population dynamics, with WCT
less than ~28 mm fork length expected to have poor overwinter survival'® (Coleman and Fausch
2007a, 2007b). Relatively little data are available for age-Os over the years from monitoring in
the upper Fording River as sampling methodologies have not historically targeted age-0s, though
dip-net sampling that targets this age-class fish was implemented in 2022. All fish lengths are
fork lengths unless otherwise stated.

The estimated average fork length of an age-0 fish in the mainstem UFR on October 1st varied
between a low of 40 mm (95% CI 32-54) in 2022 and a high of a 46 mm (95% CI 36-66) in 2019
(Figure 3.20). The low in 2022 can be compared with fork lengths of ~46 (95% CI 35-63) in 2020
and 2021. The short age-0s in 2022 are consistent with the shorter growing season due to colder
than usual early season temperatures.

The length of age-0 fish is sensitive to local conditions, in particular temperature, as indicated by
the range of length at age-0s measured across the UFR (Figure 3.21). The estimated fork lengths
for age-0 fish in tributaries in an average year were longest in lower Greenhills Creek at 64 mm
(95% CI 58-69) and Lake Mountain and lower Henretta, all of which are pond (or lake)
influenced and likely have warmer summer water temperatures. The estimated fork lengths were

'8 |t is not clear if Ewin Creek was surveyed in 2020, but it is likely that Chauncey Creek was up to the highway culvert
(Cope 2020).

9 The total length reported by Coleman and Fausch 2007a, 2007b was converted to fork length using a base on
Mayhood 2012
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Source Thorley et al. 2023a.
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Source : Thorley et al. 2023a.
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Figure 3.21: Estimated Fork Length for Typical Age-0 fish on October 1 in a Typical Year
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Source: Thorley et al. 2023a.
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shortest for Chauncey Creek, at 23 mm (95% CI 19-26) and in LCO Dry after the main channel
was bypassed around the sediment ponds in 2020 (LCO Dry Creek-Post Pond), at 24 mm
(95% CI1 21-27). Prior to 2020 the estimated fork length for the age-0 fish in LCO Dry Creek in an
average year was 30 mm (95% CI 25-36) (Thorley et al 2023a). The relationship between age-0
growth and water temperatures will be a focus of the population monitoring program
going forward.

3.7.4.3 Body Condition

Body condition is a measure of fish health based on the ratio of fish weight to length. All else
being equal, fish with higher body condition would be expected to have more energy stores for
growth, reproduction, and metabolic processes than fish of a similar length but lower body
condition. Body condition of age-1 and age-2+ (90 to 169 mm fork length) was estimated using
an allometric mass-length model that uses a site-specific scaling factor based on data from the
population monitoring program for this size class. It is expressed as the predicted weight of a
100 mm WCT to estimate the percent difference in body condition relative to the average for the
sub-populations in an average year (Thorley et al 2023a). Body condition was estimated to be
slightly above average in 2022 at 1% (95% CI -6-6; Figure 3.22). Fish condition was estimated
to be slightly higher for fish in UFR 1-7, Upper Greenhills Creek, LCO Dry Creek and Fish Pond
Creek whereas condition was lower for fish in Lower Greenhills Creek, UFR sections 8-9, and
Lower Henretta Creek although the differences were small relative to the uncertainty (Figure 3.23
Appendix Figure J.2). The estimated body condition of a 100 mm fish in 2022 was higher than in
2021 for all sub-populations except for UFR 8-9 (Figure 3.6).

3.7.4.4 Abundance

In 2022, the total age-1 abundance of the upper Fording River population was estimated to
be 2,300 fish (95% CI 1,200-5,100) and the age-2+ abundance was estimated to be 4,100 fish
(95% CI 2,300-8,800). These values are similar to 2021 and within the historical range of
variability (Figure 3.24), although still below the highest estimated abundance for age-1 fish in
2015 at 8,400 fish (95% CI 4,100-23,000) and in 2017 for age-2+ fish at 21,000 individuals (95%
CI 12,000-45,000; Thorley et al 2023a).

(Sub)adult (>300 mm) abundance followed a similar trend as age-1 and age-2+ fish and peaked
in 2017, at 5,200 fish, before dropping by ~93% to 330 fish in 2019 after the population decline
(Figure 3.25; Thorley et al 2023a). Snorkel data indicated a continued increase in the subadult
and adult population in 2022, which has increased from ~330 in 2019 to ~2,300 fish in 2022 and
was higher in 2022 than in 2021 (Figure 3.25). The fork length distribution of fish counted in the

May 2023 | 81



1 Oo/o 5

5% o

OO/O-'.......

Condition (%)
®

-5%

-10%

2014

Figure 3.22: The Estimated Percent Difference in Body Condition Relative to the Average
for Subpopulations in an Average Year by Year (with 95% Cls)

Source: Thorley et al. 2023a.

2016

20'1 8
Year

2020

2022

May 2023

8



Subpopulation
UFR 1-7

10% A .

Lower Greenhills

Upper Greenhills

LCO Dry

Chauncey

OC,’/O-" - . e . .....

UFR 8-9

Fish Ponds

Lower Henretta

® UFR10-11

Condition (%)
@
O
o -o-|-0 -0 -0 -0

-10% - ‘

20'1 4 2016 2018 2020 2022
Year

Figure 3.23: The Estimated Percent Difference in the Body Condition Relative to the
Average Subpopulation in an Average Year by Year by Sub-population (with 95% Cls)

Source: Thorley et al. 2023a.

May 2023 8



Age-1 Age-2+
20,000 - 40,000 -
@ 15,000 - 30,000 -
QO
[
(4v}
2
S 10,000 20,000 - ®
< ®
[ )
[ ]
50004 | @ l * 1o,ooo-$ * *
0 - 0 -
2014 2016 2018 2020 2022 2014 2016 2018 2020 2022
Year

Figure 3.24: The Estimated Abundance Age-1 and Age-2+ WCT by Year and Life-Stage
(with 95% Cls)

Source: Thorley et al. 2023a.

May 2023 8



)

—_—

5,000 -

Adults

4,000 -

b)

w
o
o
o
1

H

2,000 -

Expanded Count ((Su
=
3

o
1

2012 2014 2016 2018 2020 2022
Year

Figure 3.25: The Estimated Fall (Sub)Adult Abundance by Year Assuming an Efficiency of
42% for 2012, 23% for 2012 and 32% for 2014, 2017 and 2019 to 2022

Source: Thorley et al. 2023a.

May 2023 8



minnow environmental inc. Teck
Project 227202.0014 Teck FRO LAEMP 2022

upper Fording River also showed a greater proportion of fish in the age-2+ size range as well as
more adults >300 mm in 2022 than in 2021 (Figure 3.26).

In addition to the annual population monitoring surveys, in 2022 an angling survey was conducted
in Henretta Lake to improve the understanding of WCT use in that waterbody. According to
subadult and adult population estimates, approximately 4% of the adult WCT UFR population was
caught and sampled during the Henretta Lake angling survey (65 unique WCT caught /1,500
estimated WCT population size; Thorley et al. 2022b). Mean fork length of WCT was 363 £ 83 mm
and the range was 227-502 mm, which suggests that large, old WCT use Henretta Lake
(Penman et al 2022).

3.7.4.5 Egg to age-1 Survival

Egg to age-1 survival refers to the number of age-1 fish present in the fall of a given year, which
were produced by spawning in the previous year (i.e., the spawn year). The estimated egg to
age-1 survival rates are plotted in Figure 3.27. Survival was lower for the 2021 spawning cohort,
at 1% (95% CI 1-2) than the previous two spawn years which were at ~3%. Egg to age-1 survival
was highest for the 2019 spawning cohort at 4% (95% CI 2-10; Figure 3.27), after the population
decline when egg densities were very low (Thorley et al 2023a). Survival trends show a density
dependent relationship, with high survival rates in years of low egg deposition, and lower survival
in years of high egg deposition.

3.7.5 Summary

The FRO LAEMP aims to provide an integrated understanding of WCT health and population in
the study area using relevant fish and fish habitat data collected under multiple programs.
With respect to fish habitat, Henretta Lake has been identified as providing important
overwintering habitat for WCT in the upper Fording River watershed (Cope et al. 2016), as well
as habitat for resident WCT (Penman et al. 2022). While anoxic conditions were present in
January, February and March under the ice in Henretta Lake at the lowest depths
(i.e., below 5.5 m) and additional information on water quality under ice is required to assess
overwintering habitat for WCT, there were high volumes of suitable oxygenated habitat for
resident WCT during the open-water season. Instream drying has been observed since surveys
began in the Fording River (2017 and 2019 in the southern and northern survey areas,
respectively) and Henretta Creek (2020) upstream of the FRO mine boundary. Annual monitoring
of seasonal drying identified year-to year variability on timing of drying that may, at times, limit
WCT movement, but once low flows are established in early winter, dry sections only expand
spatially with no new dry areas appearing. Overall, based on muscle selenium concentrations,
meristic, and anomaly data from adult fish collected under the RAEMP, as well as information
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collected from chronic toxicity testing, WCT in the FRO LAEMP study area, including Henretta
Lake, appears to be in good health. Population monitoring has indicated a continued increase in
the subadult and adult population in the upper Fording River in 2022, now up to ~2,300 fish from
~330 in 2019. The estimated number of eggs deposited by WCT has increased steadily since
2019 (inferred from adult abundance and size). The 2022 age-1 abundance was similar to the
previous two years, while the number of fish in the 100 to 200 mm range (age-1 and age-2+)
increased between 2021 and 2022, which may lead to continued increases in adult abundance.
A decline in estimated egg to age-1 survival for the 2021 cohort relative to 2019 and 2020
suggests there may be a density-dependent response as the population approaches its
carrying capacity. The decrease in the estimated number of nests in 2022 compared to 2021 is
likely associated with cold early season water temperatures. A more detailed presentation and
discussion of the 2022 upper Fording River Population monitoring program are provided in
Thorley et al. (2023b). Overall, monitoring in the FRO LAEMP study area will continue to provide
information to evaluate WCT health and populations in the upper Fording River.
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4 INTEGRATED SUMMARY AND CONCLUSIONS

The FRO LAEMP report outlines current biological conditions within the study area in relation to
the study questions and also from a Management Unit perspective in the upper Fording River.
The following findings are of importance when considering the FRO LAEMP study area and the
upper Fording River in general, as a whole:

e The temporally consistent spatial shift in BIC structure from upstream to downstream;

¢ Changes in measurement endpoints (used to support evaluation and interpretation of
each assessment endpoint) following the commissioning of the FRO-S AWTF; and,

e The status of WCT health and population in the upper Fording River.

A key finding of the FRO LAEMP is the distinct shift in the spatial (i.e., upstream to downstream)
pattern of BIC structure that was first identified in 2015 (relative to 2012) and has since persisted
(Minnow 2018, 2017; Minnow and Lotic 2018, 2019b, 2020b, 2021b, 2022).
Root-cause investigations since 2015 have failed to identify one individual causal factor. Instead,
the weight-of-evidence approach suggests the temporal shift in BIC structure is largely driven by
distinct changes in habitat from upstream to downstream, and may be related to elevated
concentrations of mine-related constituents, namely nitrate and nickel, that are periodically
greater than effects concentrations in some areas (i.e., during low flow periods).

The shift in BIC structure was primarily characterized by a decrease in the relative abundance
of Ephemeroptera (mayflies) from upstream to downstream, which was partially attributed to a
decrease in the abundance of Heptageniidae and Ephemerellidae. Members of these
Ephemeroptera families are clingers that prefer fast-flowing waters (USGS 2016) and are
sensitive to anthropogenic stressors including metals (Clements et al. 2000; Clements 2004; Pond
et al. 2008; Cormier et al. 2013) and nitrate (Beketov 2004). The shift in community structure,
however, also corresponded with increases in the abundance of other taxa, which exacerbated
the observed difference in % Ephemeroptera throughout the study area more so than when
abundance was taken into consideration. A notable increase in the abundance of individuals from
the Family Psychodidae (Order Diptera) was observed in 2022 compared to previous years within
the upper and middle study areas, leading to lower % Ephemeroptera and % EPT in those areas.
Although no direct causal pathway to explain the increase in Psychodidae was identified,
Psychodids are highly tolerant of anthropogenic contaminants based on the Hilsenhoff
Biotic Index (HBI; Hilsenhoff 1987) which may allow them to thrive in areas where other organisms
may not. When considering the changes in community composition throughout the study area,
the lower study area (downstream of the Greenhouse side channel confluence) has distinctly
different habitat relative to the upper and middle study areas, which may be further contributing
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to the observed variations in BIC. The lower study area is characterized by lower gradients
associated with the Chauncey Creek alluvial fan (e.g., slower flow, deeper water, smaller
substrate; Ecofish 2022), groundwater influences (SNC Lavalin 2021) leading to smaller
seasonal fluctuations (i.e., warmer winter and cooler summer) in water temperatures compared
to other areas, and an increase in allochthonous food sources such as leaves, woody debris, and
particulate organic matter (Cummins 2019). These habitat features likely contribute to the higher
absolute abundance and relative abundance of Plecoptera (stoneflies) observed in this area
compared to upstream. Despite the changes in BIC structure identified above, total abundance
and abundance of key BIC endpoints remain high throughout the study area, resulting in no
limitations of food available to fish.

The 2022 FRO LAEMP report covered the first year of monitoring post-commissioning of the
FRO-S AWTF and included a thorough evaluation of measurement endpoints downstream of
treatment compared to both upstream and pre-commissioning conditions. Changes in the
concentrations of several water quality constituents were identified downstream of treatment,
namely nutrients (total phosphorus and orthophosphate), selenium (total and dissolved;
organoselenium species), and nitrate. Total phosphorus and orthophosphate concentrations
increased with treatment immediately downstream of the outfall and were associated with a
concurrent increase in benthic invertebrate density and biomass, indicating an increase in
secondary productivity, although no change in primary production (periphyton coverage)
was detected. Despite a spatially limited (only within a few hundred meters of the
FRO-S AWTF outfall) increase in secondary productivity immediately downstream compared to
pre-commissioning, the overall biomass and density was within the range observed across the
full study area, and returned to pre-commissioning conditions with distance further downstream,
indicating that the change was unlikely to be ecologically meaningful on a regional scale.
Following the commissioning of the FRO-S AWTF, concentrations of total and dissolved selenium
decreased at most monitoring areas downstream of the outfall location within the FRO LAEMP
study area; however, bioavailable selenium (e.g., methylseleninic acid) concentrations increased
directly downstream of the outfall and concentrations between the outfall and the Greenhouse
Side Channel confluence were qualitatively higher than pre-commissioning and upstream
concentrations. Overall, benthic invertebrate tissue selenium concentrations were unchanged
relative to areas upstream of treatment and historical concentrations within each area and were
consistent with expectations based on water quality. No changes in nitrate concentrations were
detected immediately downstream of treatment but significant decreases in nitrate concentrations
compared to pre-commissioning were observed in the lower study area. No changes in BIC
structure could be directly attributed to FRO-S AWTF commissioning in 2022, but annual
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monitoring of benthic invertebrate endpoints will provide information to understand any changes
to the community that may be associated with continued water treatment.

The status of the WCT population in the upper Fording River has been under more routine
evaluation since the population decline was identified in 2019 (Evaluation of Cause Team 2021).
In addition to monitoring the population itself, key habitat features such as overwintering habitat
(e.g., Henretta Lake) and seasonal drying have been identified in the context of population
recovery under various ongoing programs. The need to evaluate and understand metrics of fish
health historically captured under the RAEMP has also been highlighted as an important
consideration when assessing WCT population. Overall, population monitoring has indicated that
the abundance of sub-adult and adult WCT has been increasing since 2019. An increase in the
number of fish in the 100 to 200 mm range (age-1 and age-2+) between 2021 and 2022, may
lead to continued increases in adult abundance which would in turn result in increased
egg deposition. Estimated egg to age-1 survival declined in 2022 presumably due to a
density-dependent response as the population approaches its carrying capacity. The assessment
of fish condition under the RAEMP suggests that fish in the upper Fording River are in good health
and in 2022 body condition was better than the historic average. All but one fish sampled in 2022
under the RAEMP had tissue selenium concentrations that were below the benchmark for
potential effects of selenium on reproduction (15.5 mg/kg dw; muscle equivalent based on egg
EC1o; Nautilus and Interior Reforestation 2011) and selenium concentrations in fish tissue were
consistent with expectations based on benthic invertebrate tissue selenium concentrations and
aqueous selenium  concentrations (bioaccumulation model and B-tool ~model).
Furthermore, quarterly chronic toxicity testing conducted on rainbow trout and fathead minnow
with water collected from within the FRO LAEMP study area in 2022 demonstrated no effects on
fish reproduction, survival, or health endpoints. Overall, based on assessments of fish health
endpoints reported in the LAEMP, there is little indication of a risk to WCT health within the FRO
LAEMP study area.

The results from the FRO LAEMP were summarized (Tables 4.1 and 4.2) to support Teck’s
Adaptive Management Program (Teck 2018). The results from this study also supported the
evaluation of biological triggers, which are intended to identify unexpected monitoring results that
may lead to responses under the AMP response framework. Of the areas within the FRO LAEMP
study area that were assessed for biological triggers, the monitoring area downstream of Henretta
Creek in the Fording River (RG_FODHE) was the only one that had replicates (two of three)
that did not reach biological triggers for % EPT (Table 4.3; Appendix K). Uncertainty remains
around the cause of biological responses associated with the change in % EPT at the areas where
biological triggers were reached. Therefore, the % EPT biological trigger, along with other BIC
endpoints, will continue to be monitored as part of the 2023 FRO LAEMP and the RAEMP.

I
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Table 4.1: Summary of Results, FRO LAEMP, 2022

Evaluation

Assessment Endpoint

Indicator
Type

Measurement Endpoint

Evaluation Criteria

Results

Conclusion

1. Are nitrate concentrations in
the study area changing and do
they have the potential for
adverse effects on biota?

Benthic invertebrate
abundance and assemblage

Direct

Benthic invertebrate community (BIC)

endpoints

Benthic invertebrate community relative to nitrate
concentrations in the upper Fording River

Nitrate concentrations correlated strongly and negatively with
Ephemeroptera endpoints and positively with Plecoptera endpoints;
however, other mine-related constituents were also correlated along
with several habitat variables (e.g., substrate size, water
temperature). Covariation among water chemistry, including nitrate
concentrations, and habitat meant the contribution of nitrate could
not be separated. Lower nitrate concentrations from FRO-S AWTF
commissioning were not related to a direct change in BIC.

Semi-
indirect

Chronic Toxicity Testing

Ceriodaphnia dubia, Hyalella azteca, Oncorhynchus

mykiss, and Pimephales promelas relative to water

samples at FR_FRCP1 and the Compliance Point
(FR_FRABCH).

Recent chronic toxicity studies have not identified nitrate as a
potential causative factor in any observed adverse effects at
FR_FRCP1 or FR_FRABCH. Previous (2015 to 2020) studies have
identified multiple constituents (nitrate, sulphate, TDS, and/or nickel)
as simultaneously contributing to possible or likely effects to flea
reproduction and amphipod dry weight in water collected during low
flow periods.

Indirect

Surface water nitrate concentrations

Evaluate changes to nitrate concentrations and
concentrations relative to updated effects
concentrations (UECs)

Nitrate concentrations have gradually increased throughout the
FRO LAEMP study area since 2012 but concentrations were below
UECs, except for a portion of samples in the lower section of the
upper study area, throughout the middle study area, and in some
areas in the lower study area during low flow seasons.
Commissioning of the FRO-S AWTF reduced nitrate concentrations
in monitoring areas throughout the lower study area.

Nitrate concentrations have increased over time in parts of
the FRO LAEMP study area, and were higher than UECs
in most areas where %Ephemeroptera was below normal
ranges; however, other mine-related constituents were
also elevated in these areas in addition to simultaneous
changes in habitat, thus confounding the contributions and
a direct causal link from nitrate. Covariation among water
quality and habitat variables makes contributions from
nitrate alone difficult to determine, and while nitrate likely
contributes to BIC variation, it cannot be considered the
sole cause of effects to BIC endpoints.

2. Is water treatment affecting
biological productivity
downstream in the Fording River?

Benthic invertebrate biomass
and density

Direct

Benthic invertebrate biomass and density

Evaluate benthic invertebrate biomass and density
downstream of treatment relative to pre-commissioning
and relative to RG_FOBKS upstream of the outfall.

Benthic invertebrate biomass and density increased at the area

(RG_SCOUTDS) immediately downstream of the FRO-S AWTF

outfall relative to pre-commissioning and relative to RG_FOBKS,

and biomass (not density) increased slightly at the Compliance
Point RG_F0O22.

Semi-
indirect

Visual Periphyton Assessments

Evaluate any changes in periphyton CABIN (visual)
scores

Periphyton (CABIN) scores did not change relative to areas
upstream or previous years.

Indirect

Surface water total phosphorus and
orthophosphate concentrations

Evaluate total phosphorus and orthophosphate
concentrations downstream of treatment relative to pre-
commissioning and relative to RG_FOBKS upstream of

the outfall

Total phosphorus and orthophosphate concentrations increased
from RG_SCOUTDS to RG_FOBCP relative to pre-commissioning
and relative to RG_FOBKS upstream of the outfall but these
increases did not occur further downstream past the Greenhouse
Side Channel confluence.

An increase in aqueous phosphorus concentrations and
benthic invertebrate productivity was identified post-
commissioning of the FRO-S AWTF, however, productivity
increases were localized to the area (RG_SCOUTDS)
immediately downstream of the outfall location.

Note: NR = Normal Range. BIC = Benthic Invertebrate Community. CA = Correspondence Analysis. Cl = Calcite Index. EPT = Ephemeroptera,-Plecoptera-Trichoptera. EVWQP = Elk Valley Water Quality Plan. FRO = Fording River Operations. LPL = Lowest Practical Level. PCA = Principal Component Analysis. TDS = Total Dissolved

Solids. CCA = canonical correspondence analysis. WCT = Westslope Cutthroat Trout.
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Table 4.1: Summary of Results, FRO LAEMP, 2022

Evaluation

Assessment Endpoint

Indicator
Type

Measurement Endpoint

Evaluation Criteria

Results

Conclusion

3. Are benthic invertebrate
tissue selenium concentrations
downstream of FRO water
treatment consistent with
predictions, and if not, why?

Benthic invertebrate tissue
selenium concentrations

Direct

Benthic invertebrate tissue selenium
concentrations

Benthic Invertebrate tissue selenium concentrations
relative to EVWQP benchmarks, selenium
bioaccumulation mode, and Bioaccumulation Tool (B-
tool) predictions

Benthic invertebrate tissue selenium concentrations did not change
downstream of water treatment despite changes in aqueous
selenium concentrations. In 2022, tissue selenium concentrations
were below EVWQP benchmarks in 94% of samples and many that
were above benchmarks contained annelids. Except for samples
containing annelids, tissue selenium concentrations were consistent
with predictions based on the aqueous total selenium (i.e., the
selenium bioaccumulation model) and aqueous reduced selenium
(i.e., B-tool) concentrations.

Indirect

Aqueous total and reduced selenium
concentrations

Evaluate aqueous total and selenium concentrations
relative to benthic invertebrate tissue selenium
concentrations

Total and dissolved selenium concentrations decreased at most
areas downstream of the FRO-S AWTF outfall relative to
immediately upstream at RG_FOBKS, but qualitative observation of
the data identified notable increases of organoselenium
concentrations in areas between the outfall and Greenhouse Side
Channel confluence. When considering the full study area, total
selenium and selenite concentrations were higher at areas
downstream of the Lake Mountain Creek influence (RG_FODNGD)
and downstream of the FRO-S AWTF outfall (RG_SCOUTDS), and
while total selenium was higher downstream of the Greenhouse
Side Channel confluence (RG_FRUPOQO), selenite was lower.

Total and dissolved selenium concentrations have
decreased at most monitoring areas downstream of the
FRO-S AWTF outfall compared to pre-commissioning and
the area (RG_FOBKS) immediately upstream, but there
has been a qualitative increase in organoselenium
concentrations at some areas immediately downstream.
Despite this, benthic invertebrate tissue selenium
concentrations have remain unchanged at all areas
downstream of treatment and concentrations have been
consistent with predictions based on aqueous selenium
concentrations throughout the study area

4. How is temperature changing
over time in the FRO LAEMP
study area?
4a. Is water temperature
measurably different (greater
than 1 degree Celsius)
downstream of the AWTF and/or
SREF effluent discharge relative to
the upstream baseline condition?
4b. If changes in water
temperature are observed, are
these changes attributed to
mitigations (i.e., AWTF and/or
SRF)?

Water Temperature

Direct

Water temperature

Evaluate changes in water temperature throughout the

study area and assess whether water temperature was

greater than 1°C different downstream compared upstream
of the FRO-S AWTF outfall

Water temperatures have remained stable throughout most of the
FRO LAEMP study area, except for three stations in the middle
study area where small but statistically significant increases in

temperature have been observed since 2017. Water temperatures

downstream of treatment compared to upstream only exceeded the
1°C threshold for three days post-commissioning.

With few exceptions, water temperatures have remained
stable throughout the FRO LAEMP study area since 2017.
Minor differences in water temperature were observed
when comparing the areas immediately downstream
(RG_SCOUTDS) and upstream (RG_FOBKS) of treatment
pre- and post-commissioning, but they rarely exceeded the
1°C threshold indicating minimal influence of FRO-S AWTF
operation on water temperatures in the receiving
environment.

Note: NR = Normal Range. BIC = Benthic Invertebrate Community. CA = Correspondence Analysis. Cl = Calcite Index. EPT = Ephemeroptera,-Plecoptera-Trichoptera. EVWQP = Elk Valley Water Quality Plan. FRO = Fording River Operations. LPL = Lowest Practical Level. PCA = Principal Component Analysis. TDS = Total Dissolved

Solids. CCA = canonical correspondence analysis. WCT = Westslope Cutthroat Trout.
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Table 4.1: Summary of Results, FRO LAEMP, 2022

Evaluation

Assessment Endpoint

Indicator
Type

Measurement Endpoint

Evaluation Criteria

Results

Conclusion

5. What are the factors
contributing to the variations in
benthic invertebrate communities
in the FRO LAEMP study area?

Benthic invertebrate
abundance and assemblage

Direct

Benthic invertebrate community endpoints
(abundance, richness [LPL taxonomy],
percent [%] and total abundance of
Ephemeroptera-Plecoptera-Trichoptera
[EPT], Ephemeroptera, Plecoptera,
Trichoptera, and Chironomidae, total
abundance of key Ephemeroptera families
[Baetidae, Heptageniidaie,
Ephemerellidae])

Spatial and temporal comparisons to site-specific and
regional normal ranges and evaluations over time;
evaluation of BIC endpoint changes downstream of
treatment post-commissioning of the FRO-S AWTF

Most BIC endpoints assessed, including all abundance endpoints,
were within site-specific and/or regional normal ranges and have
not changed significantly over time. Percent EPT was below site-
specific normal ranges from RG_FOUNGD to RG_FOUEW and
below the regional normal range from RG_FOUSH and RG_FOBSC
(except RG_FOBKS), while % Ephemeroptera was below the site-
specific normal range from RG_FOUSH to RG_FOUEW and below
the regional normal range from RG_FRCP1SW to RG_FOUEW.
Both %EPT and % Ephemeroptera decreased in sections of the
upper and middle study area compared to previous years.
Consistent with previous years, % Plecoptera was near or above
the upper limit of the normal range from RG_FRCP1SW to
RG_FOUEW but was lower than previous years at some areas in
the upper and middle study areas. There were few significant and
meaningful changes in BIC endpoints downstream of water
treatment post-commissioning of the FRO-S AWTF.

Benthic invertebrate
abundance and assemblage

Indirect

Surface water chemistry

Concentrations of mine-related constituents relative to
EVWAQP effect benchmarks, UECs, proposed
benchmarks, screening values, and past observations;
evaluation of water quality changes in relation to FRO-S
AWTF commissioning

Decreases in nitrate, selenium, and to some extent dissolved nickel
concentrations, and increases in total phosphorus, orthophosphate,
nitrite, and total molybdenum were observed downstream of the
FRO-S AWTF post-commissioning. In the upper study area,
concentrations of most mine-related constituents, including Order
constituents, rarely exceeded their respective UECs, proposed
benchmarks, or screening values, except for nitrate which was
above the Level 1 UEC from RG_FODNGD to RG_FOUSH and
dissolved nickel which exceeded the Level 2 proposed benchmark
from RG_FOUNGD to RG_FOUSH. The middle study area had the
most exceedances as the Level 2 proposed benchmark for
dissolved nickel, Level 1 screening value for TDS, multiple levels of
UEC:s for nitrate, and Level 1 UECs for sulphate were exceeded at
most areas and during the low flow season. The lower study area
had fewer exceedances than the middle study area but
exceedances included Level 1 screening value for TDS from
RG_FRUPO to RG_FO022, Level 1 UECs for nitrate at RG_FRUPO
and Level 3 UECs at RG_F022, and the proposed benchmark at
RG_FODPO.

Water Temperature

Continuous Monitoring of temperature and discharge at
FR_UFR1, FR_FR1, FR_FOUCL, FR_FRDSSC1,
FR_FR2, FR_FR3, FR_SCOUTDS, FR_FR4,
FR_FRCP1, FR_FRCP1SW, FR_FRRD, GH_PC2,
FR_FRABCH evaluated over time and in integrated
analyses

The lower study area (FR_FRRD and GH_PC2) was warmer in the
winter and cooler in the summer compared to areas upstream,
while the upper and middle study areas had colder winter and

warmer summer water temperatures.

Monitoring has continued to show spatial gradients in key
relative abundance endpoints (% EPT, % Ephemeroptera,
and % Plecoptera) from upstream to downstream within
the FRO LAEMP study area but while a similar spatial
pattern in Ephemeroptera abundance and relative
abundance was observed, all abundance endpoints were
within their respective reference normal ranges and have
remained stable. Changes in the relative abundance of
EPT taxa often corresponded with shifts in the abundance
of other non-EPT taxa and, together with consistently high
abundance in all key taxa, including EPT, represent no
limitation of food available to fish throughout the study
area. Consistent with previous years, spatial changes in
key relative abundance endpoints occurred simultaneous
with changes in concentrations of mine-related
constituents, including those that exceeded effects levels
during low flows, and variations of habitat, including
substrate size, water temperature, water depth, and
calcite. Both water quality stressors and habitat variables
affected BIC variation, particularly through the full study
area and the middle study area, but the effect from
individual predictors was difficult to separate. Most habitat
variables influenced BIC variation throughout the full study
area, however, substrate size and water temperature had a
particularly strong effect on BIC variation in the lower study
area where very high % Plecoptera and low %
Ephemeroptera continue to be observed. Although some
nutrient and mine-related constituent concentrations have
changed in relation to water treatment, these changes did
not cause any notable changes in BIC structure.

Note: NR = Normal Range. BIC = Benthic Invertebrate Community. CA = Correspondence Analysis. Cl = Calcite Index. EPT = Ephemeroptera,-Plecoptera-Trichoptera. EVWQP = Elk Valley Water Quality Plan. FRO = Fording River Operations. LPL = Lowest Practical Level. PCA = Principal Component Analysis. TDS = Total Dissolved
Solids. CCA = canonical correspondence analysis. WCT = Westslope Cutthroat Trout.
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Table 4.1: Summary of Results, FRO LAEMP, 2022

Evaluation

Assessment Endpoint

Indicator
Type

Measurement Endpoint

Evaluation Criteria

Results

Conclusion

5. What are the factors
contributing to the variations in
benthic invertebrate communities
in the FRO LAEMP study area?

Benthic invertebrate
abundance and assemblage

Indirect

Calcite

Calcite index relative to known or suspected effect
levels and past observations

Calcite indices increased from upstream to downstream in the FRO
LAEMP study area but was generally similar to or lower than the
previous year and below 1.0 at each area.

Correlations between physical and
chemical factors, and BIC metrics

Physical: Cl, calcite presence, concretion Score,
embeddedness, pebble size (D16 and D84), water
velocity, water depth, minimum winter temperature,

maximum summer temperature, annual temperature;

Chemical: PC1, PC2, individual constituents; BIC

metrics: total abundance, richness, % Ephemeroptera,
% Plecoptera, % Trichoptera, % EPT, and %
Chironomidae, Abundance Ephemeroptera, Plecoptera,
Trichoptera, EPT, and Chironomidae, Habitat Model
Residuals for Abundance, Richness, % Ephemeroptera,
% EPT, Ephemeroptera abundance, and EPT
abundance, Feeding and Habitat Indices

Consistent with previous years, key BIC endpoints had strong,
significant relationships with mine-related constituents, most notably
negative correlations with % Ephemeroptera, Ephemeroptera
abundance and, to a lesser extent % EPT, but positive correlations
with % Plecoptera. Significant correlations with several habitat
variables also occurred, including a positive correlation of substrate
size and % Ephemeroptera but a negative correlation with %
Plecoptera and Plecoptera abundance. Within individual study
areas % Plecoptera and/or Plecoptera abundance correlated with
calcite presence and index in the upper study area (positive), calcite
concretion in the middle study area (positive), minimum winter water
temperature in the middle and lower study area (negative and
positive, respectively), and water depth in the lower study area
(negative).

Canonical Correspondence Analysis

Habitat Variables: bankfull width, mean depth, mean
velocity, substrate size D16, station gradient, watershed
area, station gradient; Stressor Variables: calcite
presence, calcite concretion, summer mean
temperature, winter mean temperature, total nickel,
nitrate, total selenium, sulphate, total dissolved solids,
total uranium, dissolved cadmium

Habitat and water quality variables, along with calcite and water
temperature, explained 37% of the BIC variation but 22-23% was
shared by the predictor groups, making individual contributions
difficult to separate. Except for calcite concretion, every habitat and
water quality stressor was flagged as influencing BIC variation in the
full study area which may be related to the large gradient in the
data. The fewest number of habitat and water quality stressors
affected BIC variation in the upper study area, while most habitat
and water quality stressors affected BIC variation throughout the
middle study area. In the lower study area, substrate size and
summer and winter mean water temperatures were strongly
associated with BIC variation, and these habitat variables are
markedly different throughout this section of the Fording River.
Notably, dissolved nickel and cadmium were not associated with
BIC variation in the lower study area, despite significant
contributions in the middle study area.

Note: NR = Normal Range. BIC = Benthic Invertebrate Community. CA = Correspondence Analysis. Cl = Calcite Index. EPT = Ephemeroptera,-Plecoptera-Trichoptera. EVWQP = Elk Valley Water Quality Plan. FRO = Fording River Operations. LPL = Lowest Practical Level. PCA = Principal Component Analysis. TDS = Total Dissolved
Solids. CCA = canonical correspondence analysis. WCT = Westslope Cutthroat Trout.
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Table 4.1: Summary of Results, FRO LAEMP, 2022

Evaluation

Assessment Endpoint

Indicator
Type

Measurement Endpoint

Evaluation Criteria

Results

Conclusion

6. What are the factors
influencing fish health and
population in the upper Fording
River?

WCT health and population

Direct

WCT population

WCT population monitoring within the study area,
including redd surveys, length at age-0, body condition,
abundance, egg to age-1 survival (Thorley 2023)

Population monitoring has indicated a continued increase in the
subadult and adult population in the upper Fording River in 2022,
now up to ~2,300 fish from ~330 in 2019. The estimated number of
eggs deposited by WCT has increased steadily since 2019 (inferred
from adult abundance and size). The 2022 age-1 abundance was
similar to the previous two years, while the number of fish in the 100
to 200 mm range (age-1 and age-2+) increased between 2021 and
2022, which may lead to continued increases in adult abundance.
A decline in estimated egg to age-1 survival for the 2021 cohort
relative to 2019 and 2020 suggests there may be a density-
dependent response as the population approaches its carrying
capacity. The decrease in the estimated number of nests in 2022
compared to 2021 is likely associated with cold early season water
temperatures. A more detailed presentation and discussion of the
2022 upper Fording River Population monitoring program are
provided in Thorley et al. (2023).

Indirect

Chronic Toxicity Testing

Oncorhynchus mykiss and Pimephales promelas
relative to water samples at FR_FRCP1 and the
Compliance Point (FR_FRABCH).

No adverse effect to rainbow trout (O. mykiss) or fathead minnow
(P. promelas ) reproduction, survival, or health endpoints were
observed from water collected within the FRO LAEMP study area in
2022, indicating that concentrations of mine-related constituents
were unlikely to cause toxicity to fish.

Indirect

WCT Critical Habitat (Henretta Lake)

Evaluate WCT habitat quantity and quality using in situ
measures (temperature, oxygen, conductivity) and
supporting water chemistry data

For most of the 2022 monitoring period, high concentrations of
dissolved oxygen (above the 8 mg/L chronic BC WQGL) suggest
that Henretta Lake contains high volumes of oxygenated habitat

(suitable for resident WCT) during the open-water period.

since the steep population decline of 2019, and overall, the

Indirect

Seasonal drying

Determination of timing and spatial extent of drying
within the Fording River

Drying was first observed in the Fording River upstream of the
Greenhouse Side Channel confluence in late September and
downstream of the Clode Creek confluence in mid-October in 2022.
The timing and location of drying in the FRO LAEMP study area in
2022 was similar to previous years and may represent a barrier to
fish movement. Multiple years of monitoring have identified year-to-
year variability on the timing of drying; however, once low flows
were established in early winter dry sections expanded but no new
dry aeras were observed throughout the season.

Direct

WCT anomalies

Observation of external anomalies on WCT captured for
muscle tissue sampling

Only one of thirteen fish captured in the study area in 2022 had
anomalies.

Indirect

WCT condition factor

Observation of overall fitness in WCT caught for muscle
tissue sampling

WCT condition at mine-exposed areas was similar or higher than
those caught at reference areas in 2018 and 2022.

Indirect

WCT tissue selenium concentrations

Muscle selenium concentrations of WCT caught at mine
exposed areas within the upper Fording River

Muscle selenium concentrations in all but one WCT sampled in
2022 under the RAEMP were below the site-specific effects
benchmark

Westslope Cutthroat Trout captured within the study area
under the RAEMP were considered to be in good health,
indicated by low observations of external anomalies and
condition factor similar or higher than that of reference
areas. Monitoring under the Population Monitoring
Program indicated that the WCT population is recovering

abundance of sub-adult and adult WCT has been
increasing since the decline.

Note: NR = Normal Range. BIC = Benthic Invertebrate Community. CA = Correspondence Analysis. Cl = Calcite Index. EPT = Ephemeroptera,-Plecoptera-Trichoptera. EVWQP = Elk Valley Water Quality Plan. FRO = Fording River Operations. LPL = Lowest Practical Level. PCA = Principal Component Analysis. TDS = Total Dissolved

Solids. CCA = canonical correspondence analysis. WCT = Westslope Cutthroat Trout.

May 2023

97



Table 4.2: Summary of Findings, Responses and Adjustments Related to the FRO LAEMP in 2022

Data Evaluation Process

Outcome(s)

Responses & Adjustments in 2022

EMC Engagement

Determine if benthic invertebrate community
endpoints are outside of site specific and regional
normal ranges or moving away from normal ranges
in accordance with observed nitrate concentrations.

Determine if benthic invertebrate community results
correspond with expectations based on nitrate
concentrations in water relative to the updated

effects concentrations for nitrate.

Nitrate concentrations have increased over time
throughout most of the FRO LAEMP study area, and
were higher than updated effects concentrations
(UECs) in most areas where % Ephemeroptera was
below normal ranges; however, simultaneous
changes in other mine-related constituents and
habitat variables make the contribution of nitrate to
BIC variation difficult to determine. Nitrate
concentrations likely contribute to observed BIC
variation but is not the only factor.

There were no responses and adjustments in
2022

Program .
Name Study Question(s)
1. Are nitrate concentrations in the
study area changing and do they have the

potential for adverse effects on biota?

o

=

w

<

|

o

x

(™

2. |Is water treatment affecting biological
productivity downstream in the Fording
River?

Evaluate aqueous phosphorus concentrations
downstream of the FRO-S AWTF outfall relative to
pre-commissioning concentrations and relative to
the area (RG_FOBKS) immediately upstream of the
outfall.

Evaluate benthic invertebrate biomass and density
downstream of the FRO-S AWTF outfall relative to
pre-commissioning concentrations and relative to
the area (RG_FOBKS) immediately upstream of the
outfall.

Total phosphorus and orthophosphate concentrations

increased between the FRO-S AWTF outfall and the

Greenhouse Side Channel confluence relative to pre-

commissioning concentrations and RG_FOBKS

(upstream), while benthic invertebrate biomass and
density increased at the area immediately
downstream from the FRO-S AWTF outfall

(RG_SCOUTDS).

There were no responses and adjustments in
2022

- Draft data package of 2017 results submitted to EMC Feb 15, 2018; Additional
results for early 2018 presented May 3 and submitted October 23, 2018
- Report of 2017 results submitted to ENV/EMC May 31, 2018
- 2018 Study design submitted to ENV/EMC May 31, 2018
- In-person meetings on Feb 22 and May 2; and conference call on March 27,
2018
- Written input from EMC received between June 1 and July 18, 2018
- Draft data package of additional 2018 results submitted to EMC March 22, 2019
and discussed at in-person meeting March February 22, 2019
-Report of 2018 results submitted to ENV/EMC May 31, 2019
-Second FRO LAEMP study design (2019-2020) submitted May 31, 2019
-Written input from 2018 FRO LAEMP report received July 2019
-Draft data package of 2019 FRO LAEMP report data submitted March 3, 2020
-Written input from 2019 FRO LAEMP data package received March 17, 2020
-Report of 2019 results submitted to ENV/EMC May 31, 2020
-Study design amendment letter for the 2019-2020 FRO LAEMP Study Design
submitted to ENV/EMC June 1, 2020
-Conference call December 3, 2020 to discuss study question and study design
updates for next FRO LAEMP cycle
-Written input from EMC about study question and study design updates received
December 17, 2020
-Conference call February 3, 2021 to discuss study question and study design
updates for next FRO LAEMP cycle
-Written input from EMC about study question and study design updates received
February 18, 2021
-Conference call February 23, 2021 to discuss study question and study design
updates for next FRO LAEMP cycle
-Third FRO LAEMP study design (2021-2023) submitted April 1, 2021
-Draft data package data package of 2020 FRO LAEMP report data submitted
April 8, 2021
-Written input from 2020 FRO LAEMP data package received April 22, 2021
-Report of 2020 results submitted to ENV/EMC May 31, 2021

Notes: ATWF = Active Water Treatment Facility; LAEMP = Local Aquatic Effects Monitoring Program; EMC = Environmental Monitoring Committee; ENV = Ministry of Environment and Climate Change Strategy; FRO = Fording River Operation; EVWQP = Elk Valley Water Quality Plan; BIC = Benthic Invertebrate Community;
CCA = Canonical Correspondence Analysis; EPT = Ephemeroptera-Plecoptera-Trichoptera; WCT = Westslope Cutthroat Trout
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Table 4.2: Summary of Findings, Responses and Adjustments Related to the FRO LAEMP in 2022

Program
Name

Study Question(s)

Data Evaluation Process

Outcome(s)

Responses & Adjustments in 2022

EMC Engagement

FRO LAEMP

3. Are benthic invertebrate tissue
selenium concentrations downstream of
FRO water treatment consistent with
predictions, and if not, why?

Evaluate benthic invertebrate tissue selenium
concentrations relative to selenium bioaccumulation
model and the selenium bioaccumulation tool (B-
tool).

Benthic invertebrate tissue selenium concentrations
were consistent with predictions except for samples
that contained annelids and one sample taken in the
Greenhouse Side Channel in January which could
not be explained by sample composition or selenium
speciation.

There were no responses and adjustments in
2022

4. How is temperature changing over
time in the FRO LAEMP study area?
4a. Is water temperature measurably

different (greater than 1 degree Celsius)
downstream of the AWTF and/or SRF

effluent discharge relative to the upstream
baseline condition?

4b. If changes in water temperature are

observed, are these changes attributed to
mitigations (i.e., AWTF and/or SRF)?

Evaluate changes in water temperature throughout
the study area and temperature differences at the
area (RG_SCOUTDS) downstream compared to the
area (RG_FOBKS) immediately upstream of the
FRO-S AWTF outfall.

Water temperatures have increased slightly at a few
stations in the middle part of the FRO LAEMP study
areas and although there have been demonstrated
water temperature differences downstream
compared to upstream relative to pre-commissioning,
there were very few exceedances of the 1°C threshold.

There were no responses and adjustments in
2022

5. What are the factors contributing to
the variations in benthic invertebrate
communities in the FRO LAEMP study
area?

Determine if benthic invertebrate community
endpoints, particularly Ephemeroptera and
associated families, are outside of site-specific and
regional normal ranges or moving away from the
normal ranges.

Investigate connection between benthic
invertebrate community variation and water
chemistry and habitat within the study area.

Consistent with previous years, %EPT,
%Ephemeroptera, and %Plecoptera changed
significantly from upstream to downstream within the
FRO LAEMP study area in 2022, and these changes
occurred simultaneous with changes in correlations
of mine-related constituents, including those that
exceeded established effects concentrations and
variations of habitat. Both water quality stressors
and habitat variables affected BIC variation,
particularly through the full study area and the middle
study area, but the effect of individual predictors was
difficult to separate.

There were no responses and adjustments in
2022

Polyaromatic hydrocarbon (PAH) and, to a
lesser extent, selenium concentrations were
significantly higher at the area
(RG_SCOUTDS) immediately downstream of
the FRO-S AWTF outfall in September 2022
so confirmatory sampling was conducted in
February 2023 to verify anomalous results.
Samples collected in February had PAH and
selenium concentrations that were consistent
with previous years so the adjustment that
follows will be to evaluate the sediment
collection methods in the updated study design

next cycle.

-Draft data package of 2021 FRO LAEMP report data submitted April 6,
2022
-Follow up call to discuss FRO LAEMP data package April 12, 2022
-Written input from 2021 FRO LAEMP data package received April 20,
2022
-Report of 2021 results submitted to ENV/EMC May 31, 2022
-Draft data package of 2022 FRO LAEMP report submitted April 5, 2023
-Written input from 2022 FRO LAEMP data package received April 19,
2023 (except for from KNC)-

Notes: ATWF = Active Water Treatment Facility; LAEMP = Local Aquatic Effects Monitoring Program; EMC = Environmental Monitoring Committee; ENV = Ministry of Environment and Climate Change Strategy; FRO = Fording River Operation; EVWQP = Elk Valley Water Quality Plan; BIC = Benthic Invertebrate Community;
CCA = Canonical Correspondence Analysis; EPT = Ephemeroptera-Plecoptera-Trichoptera; WCT = Westslope Cutthroat Trout
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Table 4.2: Summary of Findings, Responses and Adjustments Related to the FRO LAEMP in 2022

P;‘lofnl;im Study Question(s) Data Evaluation Process Outcome(s) Responses & Adjustments in 2022 EMC Engagement
Evaluate WCT health through tissue selenium
concentrations, observed external abnormalities and
condition factor of fish caught.
Westslope Cutthroat Trout captured within the study
area under the RAEMP were considered to be in
o good health, indicated by low observations of
E 6. What are the factors influencing fish Determine potential limitations to overwintering external anomalies and condition factor similar or | There were no responses and adjustments in
< : o g tish habitat during fall migration as a result of seasonal |higher than that of reference areas. Monitoring under| 2022 under the FRO LAEMP. Responses and
35 health and population in the upper Fording . . o - ) -
. drying. the Population Monitoring Program indicated that the adjustments under other programs are
@) River? . f . :
x WCT population is recovering since the steep reported therein.
o

WCT population monitoring within the study area,
including redd surveys, length at age-0, body
condition, abundance, egg to age-1 survival

(Thorley 2023)

population decline of 2019, and overall, the
abundance of sub-adult and adult WCT has been
increasing since the decline.

Notes: ATWF = Active Water Treatment Facility; LAEMP = Local Aquatic Effects Monitoring Program; EMC = Environmental Monitoring Committee; ENV = Ministry of Environment and Climate Change Strategy; FRO = Fording River Operation; EVWQP = Elk Valley Water Quality Plan; BIC = Benthic Invertebrate Community;
CCA = Canonical Correspondence Analysis; EPT = Ephemeroptera-Plecoptera-Trichoptera; WCT = Westslope Cutthroat Trout
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Table 4.3: Summary of Biological Trigger Analysis for Percent EPT and Benthic Invertebrate Tissue Selenium
Concentrations, FRO LAEMP, 2022

% EPT 2 Selenium BIT °
Waterbody Area Number Replicates Number of Replicates Reaching| Number Replicates Number of Replicates
Evaluated Biological Trigger ° Evaluated Reaching Biological Trigger d

RG_F0O26 Reference 3 3 6 0

RG_FODHE 3 1 6 0

RG_FOUKI 3 3 30 0

Fording | o5 Fomsc 3 3 35 0

River Mine-exposed

RG_FOBCP 5 5 15 0
RG_FODPO 3 3 30 2°

RG_F0O22 5 5 30 0

Notes: % EPT = Percent EPT (Ephemeroptera ([mayflies], Plecoptera [stoneflies], and Trichoptera [caddisflies]); Selenium BIT = Selenium concentrations in benthic
invertebrate tissue (mg/kg dw).

@ Biological Trigger analysis for %EPT was for the September sampling event.

b Biological Trigger analysis for Selenium BIT was for the January, February, March, June, September, November, and December sampling events.

°Number of Replicates Reaching Biological Trigger for % EPT refers to those replicates which were below both triggering steps (i.e., below the lower 2.5th percentile of the
habitat-adjusted normal range and expectations [as based on predicted ADIT Scores]). See section K.2.2 for more details.

4 Number of Replicates Reaching Biological Trigger for Selenium BIT refers to those replicates which were above both triggering steps (i.e., above the upper 97.5th percentile
prediction limit of the regional normal range and expectations [as based on the predicted 95% percentile from the water to benthic invertebrate selenium bioaccumulation
model]). See section K.2.3 for more details.

¢ Both samples that exceeded the biological trigger at RG_FODPO contained annelids which are known to accumulate selenium more readily than other taxa (Luoma 2021)
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Other efforts are also currently underway (i.e., BIC predictive modeling) to resolve uncertainty
around effects of mine-related stressors on BIC endpoints (further information regarding the
response for these biological triggers can be found in Appendix K). Benthic invertebrate tissue
selenium concentrations did not exceed the biological triggers, except for two of five replicates at
the monitoring area (RG_FODPO) located downstream of Porter Creek, (Table 4.3; Appendix K).
The two composite-taxa benthic invertebrate samples that exceeded biological triggers at
RG_FODPO contained annelids, which are known to more readily accumulate selenium
compared to other taxa (Luoma 2021). Overall, results of the biological trigger evaluation were
consistent with the findings of the data evaluation conducted under the 2022 FRO LAEMP.
Given that current biological triggers were sufficient to identify monitoring areas where biological
responses are occurring, no additional biological triggers are recommended at this time.
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5 UPDATES TO 2021 TO 2023 FRO LAEMP STUDY DESIGN

No changes to the 2021 to 2023 FRO LAEMP Study design are recommended for 2023.

Permit 107517 was amended in March 2021 to include the third cycle of FRO LAEMP monitoring,
and Section 8.3.2 outlines the LAEMP requirements for any changes to the approved 2021 to
2023 study design as follows:

8.3.2: The permittee must complete to the satisfaction of the director a study design for a
LAEMP which will focus on the upper Fording River for 2021 to 2023 by April 1, 2021.
The study design must be reviewed by the EMC and be designed to an appropriate temporal
scale to capture short term, local effects to the immediate receiving environment.
Any changes to the approved study design must be reported in the annual LAEMP report.

Several adjustments to the approved FRO LAEMP 2021 to 2023 study design have previously
been made (Minnow and Lotic 2022) based on learnings from the LAEMP, input from the EMC,
and monitoring needs associated with post-commissioning of the FRO-S AWTF and the future
commissioning of the FRO-N SRF:

1. Benthic invertebrate community sampling in June and December was discontinued
in 2022 (Table 5.1); data has shown that the largest variations in BIC occur in September
across the largest spatial extent. In addition, a large historical and reference dataset is
available for September and thus provides the most information for evaluating
FRO LAEMP study questions.

2. Benthic invertebrate community sampling was added at the monitoring area in the Fording
River Side Channel #2 (RG_FRSCH2) in September 2022 because this side channel is
becoming an important flow path in this section of the Fording River (Table 5.1).

3. The FRO-N SRF commissioning sampling plan (Table 5.2) will be added to the study
design for 2023 monitoring to help understand any potential changes to water and tissue
chemistry as a result of commissioning, which is scheduled for Q2 2023 (Teck 2022).

4. Replicates of five benthic invertebrate tissue samples will be collected at areas associated
with the FRO-N SRF commissioning sampling plan to provide additional pre- and
post-commissioning data for greater statistical power (Tables 5.1 and 5.2).

The above updates to the 2021 to 2023 FRO LAEMP study design reflect agreements between
the study team and the EMC during the April 6, 2022, and the April 5, 2023, EMC meeting and
the subsequent advice table provided to the study team from the EMC.
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Table 5.1: Summary of Proposed Sampling Plan for the FRO LAEMP, 2023

Biological Monitoring Area
(Associated Teck Water

Area Description

Biological Monitoring
Area UTM Coordinates

Water Quality

Sediment Quality

Benthic Invertebrates

Hess

Kick and Sweep

Biomass/Density

Community

Composite-taxon Selenium

Station)® Water Chemistry Selenium (# of samples) (# of samples) (# of samples)®
Easting Northing June Sept Dec June Sept Dec June Sept Dec June Sept Dec June Sept Dec June Sept Dec
RG_HENUP . )
3 (FR_HC3) Henretta Creek u/s all mine operations 655771 5567710 1 1 1 1 - 3 - - 10 - 3 - 3 3 -
c cg
g RG_FO26 Fording River u/s Henretta (u/s all mines) 653064 5569601 1 1 1 1 - 3 ; - 10 ; 3 ; 3 3 -
T (FR_UFR1)
o RG_UFR1* : ; ;
(FR_UFR1) Fording River u/s Henretta at Teck WQ station 651376 5566758 1 1 1 1 1 - - - - - - - 5 5 5
Fording River side channel 2 beginning d/s of FRCP1SW
eh - - - - - -
RG_FRSCH2 reconnecting u/s of FODPO 653549 5555700 1 1 1 1 1 3 5 5 5
RG FRGHSC® Greenhouse side channel connecting with Fording River d/s 653672 5556307 1 1 1 1 1 ) ) ) ) ) ) ) 5 5 5
— of FRUPO
RG_FODHE Fording River d/s Henretta Creek 651320 5565422 1 1 1 1 1 - - - - - 3 - 3 3 3
(FR_FR1)
RG_FOUCL Fording River u/s of Clode Creek 650787 5564445 1 1 1 1 1 - - - 10 - 3 - 5 5 5
RG_FOUNGD Fording River u/s NGD 650870 5563476 1 1 1 1 1 - - - 10 - 3 - 5 5 5
RG FODNGD Fording River d/s Lake Mguntgln Creek/ North Greenhills 650972 5563162 1 1 1 1 1 ) ) ) ) ) 3 ) 5 5 5
- Diversion
RG_MP1 Fording River d/s Multiplate d/s Eagle Ponds 651143 5562400 1 1 1 1 1 - - - - - 3 - 5 5 5
(FR_MULTIPLATE) 9 P 9
RG_FOUSH Fording River u/s Shandley Creek 650876 5560957 1 1 1 1 1 - - - - - 3 - 3 3 3
RG_FOUKI Fording River u/s Kilmarnock Creek 651859 5559804 1 1 1 1 1 5 - - 10 - 3 - 5 5 5
= (FR_FR2)
(0]
§ ilGrﬁFgE;()S Fording River between Kilmarnock Creek & Swift Creek 652074 5558652 1 1 1 1 1 5 - - 10 - 3 - 5 5 5
g _
(]
' RG_SCOUTDS . .
_g (FR_SCOUTDS) Fording River d/s of FRO AWTF-S outfall 652307 5558501 1 1 1 1 1 5 - - 10 - 3 - 5 5 5
= RG_FOBSC
(Fﬁ FR4) Fording River d/s Swift Creek, u/s Cataract Creek 652407 5558109 1 1 1 1 1 - - - 10 - 3 - 5 5 5
RG_F_OBCPf Fording River between Cataract & Porter Creek
(FR_FRCP1) (Compliance Point) 652920 5556982 1 1 1 1 1 5 - - 10 - 5 - 5 5 5
RG_FRCP1SW Fording River ~1150 m d/s of Compliance Point 653387 5556201 1 1 1 1 1 - - - 10 - 3 - 5 5 5
RG_FRUPO . .
(FR_FRRD) Fording River u/s of Porter Creek 653894 5555975 1 1 1 1 1 5 - - 10 - 3 - 5 5 5
R(gr_r(;gzs Fording River d/s Porter Creek, u/s Chauncey Creek 653935 5555085 1 1 1 1 1 - - - - - 3 - 5 5 5
ey
(FEGF—SSS(%H) Fording River u/s Chauncey Creek 654841 5553523 1 1 1 1 1 5 ; - 10 ; 5 ; 5 5 5
R(GFTRF(I):EE;N Fording River d/s Chauncey Creek, u/s Ewin Creek 656365 5551875 1 1 1 1 1 - - - - - 3 - 5 5 5

Notes: '-' indicates sample that was not a part of the sampling design.
# RG_UFR1 will be used as a reference area in winter months when there is no access to RG_F026 or RG_HENUP.
® =5 for composite-taxon tissue samples in areas associated with the FRO AWTF-S Commissioning Sampling Plan and the FRO-N SRF Commissioning Sampling Plan.
° The water quality monitoring station is the same for biological monitoring stations RG_F026 and RG_UFR1.

4 Routine water quality monitoring stations associated with biological monitoring areas are outlined in brackets.

®RG_FRSCH2 and RG_FRGHSCH will continue to be monitored for water and benthic invertebrate tissue chemistry for post-FRO AWTF-S commissioning monitoring.

fTriplicate samples of periphyton for both ash free dry mass and chlorophyll-a analysis for RAEMP requirements.
9 Periphyton scores of n=5 will be taken at each biological monitoring area in September.
"BIC monitoring added in 2022 and will continue to be monitored in 2023.
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Table 5.2: FRO-N SRF Commissioning Sampling Plan, 2023

Biological Monitoring
Area (Associated Teck

Area Description

Biological
Monitoring Area
UTM Coordinates

Sampling Design

Water Chemistry

Water Selenium Speciation

Composite-taxon Selenium

Water Station)” Easting | Northing | 0 Weeks® | 4 Weeks | 12 Weeks | 20 Weeks | 0 Weeks® | 4 Weeks | 12 Weeks | 20 Weeks | 0 Weeks® | 4 Weeks | 12 Weeks | 20 Weeks

5 (F;(;:ﬂ';ir; Fording River ufs fenretia at Tek | 651376 | 5566758 | 1 1 1 1 1 1 1 1 5 5 5 5

R((:ﬁ(_)égli))E Clode Cr. near mouth 650871 | 5564287 1 1 1 1 1 1 1 1 5 5 5 5
RG_WED" Adjacent to Clode Pond 650853 | 5563996 1 1 1 1 1 1 1 1 5 5 5 5
RG GRAsSY® | Crassy Creig:f/lz :r::emding River | 650944 | 5563681 1 1 1 1 1 1 1 1 5 5 5 5

3 (Egjfgbjgll__) Fording River u/s of Clode Creek | 650787 | 5564445 1 1 1 1 1 1 1 1 5 5 5 5

(@]

u%- ;S:Eggggg:) Fording River d/s of Clode Creek 650855 | 5563915 1 1 1 1 1 1 1 1 5 5 5 5
RG_FOUNGD Foé‘:(ialgk E'r:’j:;é So?g‘;:y'\"gr‘ggsi“ 650870 | 5563476 1 1 1 1 1 1 1 1 5 5 5 5
FRFRABECT) | Gy o Groomme araen | 50972 o010z 1| 1 | ) | ) | | s | s | s |

RG_MP1 Fording River d/s Multiplate d/s Eagle 651143 | 5562400 1 1 1 1 1 1 1 1 5 5 5 5

(FR_MULTIPLATE)

Ponds

Notes: the FRO-N SRF primary outfall will be through Clode Creek, located downstream of RG_FOUCL and upstream of RG_FRDSCC1.
@ RG_UFR1 will be used as the reference location because of limited access to RG_F026 or RG_HENUP during winter months.

® Riffles within tributaries to Fording River may be frozen during winter months.
¢ Week zero sampling will be conducted before FRO-N SRF commences water discharge from phase 2 operations.

4 Routine water quality monitoring stations associated with biological monitoring areas are outlined in brackets.
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A1 INTRODUCTION

A11 Background

A variety of factors can influence the physical, chemical, and biological measurements made
in an environmental study and thus affect the accuracy and/or precision of the data.
Depending on their magnitude, inaccuracy and imprecision have the potential to affect the
reliability of conclusions made from data; therefore, it is important to ensure that programs
incorporate appropriate steps to control non-natural sources of data variability
(i.e., minimize variability that does not reflect authentic spatial and temporal variability in
the environment) and thus assure the quality of the data. Data quality as a concept is
meaningful only when it relates to the intended use of the data. That is, one must know the
context in which the data will be interpreted in order to establish a relevant basis for judging
whether or not the data set is adequate. A data quality review (DQR) involves the comparison
of field and laboratory measurement performance to Data Quality Objectives (DQOs)
established for a particular study, such as evaluation of Laboratory Reporting Limits (LRL),
blank sample data, data precision (based on field and laboratory duplicate samples),
and data accuracy (based on matrix spike recoveries and/or analysis of standards or certified
reference materials). Trusted analytical laboratories certified by Canadian Association for
Laboratory  Accreditation (CALA) or the National Environmental Laboratory
Accreditation Program (NELAP) with a rigorous internal quality assurance program were
selected to ensure the highest possible data quality. Data Quality Objectives were established
a priori to reflect reasonable and achievable performance expectations (Table A.1).
Programs involving many samples and analytes usually yield some results that exceed DQOs.
This is particularly so for multi-element scans, as the analytical conditions are not necessarily
optimal for every element included in the scan. Generally, scan results may be considered
acceptable if no more than 20% of the parameters fail to meet DQOs. Overall, the intent of a
DQR is not to reject any measurement that did not meet a DQO, but to ensure that any
questionable data received more scrutiny to determine what effect, if any, this had on
interpretation of results within the context of the project.

A1.2 Quality Control Samples

A DQR as conducted on all laboratory data collected as part of the 2022 Fording River
Operations (FRO) Local Aquatic Effects Monitoring Program (LAEMP). The objective of a
DQR is to define the overall quality of the data presented in the report, and, by extension, the
confidence with which the data can be used to derive conclusions.
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Table A.1: Laboratory Data Quality Objectives for the FRO LAEMP, 2022

Quality Control Measure

Quality Control Sample Type/Check

Study Component

Water Chemistry

Selenium Speciation

Sediment Chemistry

Benthic Invertebrate Community

Benthic Invertebrate Tissue Chemistry

ALS Environmental

Brooks Applied Labs

ALS Environmental

Cordillera Consulting

TrichAnalytics

Analytical Laboratory LRLs

Comparison of actual LRL versus target
LRL

LRL for each parameter should be at least
as low as applicable guidelines,
benchmarks, and screening values

LRL for each parameter should be at least
as low as applicable guidelines,
benchmarks, and screening values

LRL for each parameter should be at least
as low as applicable guidelines and
benchmarks

LRL for each parameter should be at least
as low as applicable guidelines and
benchmarks

Blank Analysis

Field, Trip, or Laboratory Blank

Concentrations measured in blank samples
should be < LRL

Concentrations measured in blank samples
should be < LRL

Concentrations measured in blank samples
should be < LRL

Laboratory Precision

Laboratory Duplicates

< 4% (pH)
<10% (conductivity)
<15% RPD or <2x LRL (ORP, turbidity)
<20% RPD or <2x LRL
(all remaining analytes)

<25% RPD (selenium species)
<20% RPD (total selenium)

< 5% RPD (pH 1:2soil:water)
<20% RPD (inorganic carbon, moisture)
<30% RPD, 40% RPD or diff < 2x LOR
(total metals)
<50% RPD, 60-130% RPD or diff < 2xLOR
RPD (PAHSs)

<60% RPD (calcium and strontium)
<40% RPD (all remaining analytes)

Organism Sorting Efficiency

2 95%

Organism Sub-Sampling Precision and

< 20% between subsamples

Accuracy
75 to 125% (methylseleninic acid, selenate,
Recovery of Blank Spike - selenite, selenocyanate, selenomethionine, - - -
total selenium)
70 to 130% (TKN, orthophosphate,
phosphorus, TOC, DOC, total and dissolved 75 to 125% (selenate, selenite,
Recovery of Matrix Spike metals) selenocyanate, selenomethionine, - - -

75 to 125% (ammonia, bromide, chloride,
fluoride, nitrate, nitrite, sulphate)

total selenium)

Matrix Spike Duplicate

75 to 125% (selenate, selenite,
selenocyanate, selenomethionine,
total selenium)

40 - 160 % (boron, thallium)

60 to 140% (antimony, barium, boron, silver,

Accuracy Recovery of Certified Reference ) 75 to 125% (total selenium) 70 130 % (all other analytes) ) tin, titanium)
Material ° 80 - 120 % (inorganic carbon, total carbon) 90 to 110% (selenium)
96 - 104 % (pH) 70 to 130% (all remaining analytes)
75 to 125% (TKN)
0,
80 to 120% (orthophosphate, phosphorus, 50 - 130% (naphthalene, naphthalene-d8)
DOC, TOC, total and dissolved metals) o
. o ; 60 - 130% (PAHSs)
85 to 115% (acidity, alkalinity, ammonia, o
Laboratory Control Sample . e - 80 - 120% (all other analytes) - -
bromide, TDS, TSS, turbidity) o i . .
;o . . 90 - 110% (inorganic carbon, moisture)
90 to 110% (conductivity, chloride, fluoride, o . .
. o 97 - 103% (pH 1:2 soil:water)
nitrate, nitrite, sulphate)
98.6-101% (pH), 95.4 to 104% (ORP)
Taxonomic Accuracy - - - <5%TIR -
Notes: LRL = Laboratory Reporting Limit; "-" = not applicable; < = less than; < = less than or equal to; % = percent; RPD = Relative Percent Difference; ORP = oxidation-reduction potential; TKN = Total Kjeldahl Nitrogen; TOC = total organic carbon; DOC = dissolved organic carbon; TSS = total suspended solids; TDS = total

dissolved solids; mg/kg dw = milligrams per kilogram dry weight; TIR = total identification error rate.
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A DQR involves the examination of analytical results associated with several types of

Quality Control (QC) samples collected or prepared in the field and laboratory. General QC

samples collected for this project include the following:

Blanks are samples of de-ionized water and/or appropriate reagent(s) that are handled
and analyzed in the same way as regular samples. These samples will reflect any
contamination of samples occurring in the field (in the case of field or travel blanks)
or in the laboratory (in the case of laboratory or method blanks). Analyte concentrations
should be below detection.

Laboratory Duplicates are replicate sub-samples created in the laboratory from
randomly selected field samples which are sub-sampled and then analyzed
independently using identical analytical methods. The laboratory duplicate sample
results reflect any variability introduced during laboratory sample handling and analysis
and thus provide a measure of laboratory precision.

Field Duplicates are samples collected from a randomly selected field station that are
homogenized to the extent possible, split and analyzed separately in the laboratory.
The duplicate samples are handled and analyzed in an identical manner in
the laboratory.

Spike Recovery Samples are created in the laboratory by adding a known
amount/concentration of a given analyte (or mixture of analytes) to a randomly selected
test sample previously divided to create two sub-samples. The spiked and regular
sub-samples are then analyzed in an identical manner. The spike recovery represents
the difference between the measured spike amount (total amount in the spiked sample
minus the amount in the original sample) relative to the known spike amount
(as a percentage). Two types of spike recovery samples are commonly analyzed:
spiked blanks (or blank spikes) are created using laboratory control materials whereas
matrix spikes (MS) are created using field-collected samples and are sometimes further
tested in duplicate (matrix spike duplicates, MSD). The analysis of spiked samples
provides an indication of the accuracy of analytical results.

Certified Reference Materials (CRM) or Reference Materials (RM) are
commercially prepared (or commercially homogenized) samples containing known
chemical concentrations that are processed and analyzed along with batches of
environmental samples. The sample results are then compared to the known
concentrations to provide a measure of analytical accuracy. The results are reported
as the percent of the known concentration that was recovered in the analysis.
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e Laboratory Control Samples are created in the laboratory to have a known analyte
concentration in a matrix free of interferences, such as deionized water or
reference sand. The sample results are compared to the target results to confirm that
the analytical method is accurate in a purified reference sample. The results are
reported as the percent of the known concentration that was recovered in the analysis.

o Laboratory Sorting Efficiency are randomly selected grabs of the initially sorted
community material. These samples are recounted and the number of invertebrates
that were not recovered during the initial sort was determined. In order to reduce bias,
recounting is conducted by an analyst uninvolved in the initial sample processing.
This check is performed on 10% of samples and determines the accuracy through
assessment of recovery (sorting) efficiency and quantifies any under-estimation of
organism enumeration.

¢ Taxonomic Quality Control Samples are a randomly selected portion of a benthic
invertebrate community field sample to be assessed by the laboratory using an internal
quality control audit. A blind re-enumeration and re-identification of random samples
is performed by an analyst uninvolved in the original sample processing.
This assessment quantifies taxonomic misidentification among laboratory analysts and
ensures accurate organism identities are reported.

o Laboratory Subsamples are community samples prepared by the laboratory to
ensure that the fraction of the total sample examined was an accurate representation
of the total number of organisms. By comparing the amount recovered between at
least two sub-samples, one can assess the analytical precision. In addition,
comparisons of the sub-samples from the whole community sample allows for an
evaluation of sub-sampling accuracy.
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A2 WATER CHEMISTRY

A2.1 Laboratory Reporting Limits

The analytical reports for water chemistry from ALS Environmental (ALS; see laboratory
reports CG2207615, G2208450, CG2208562, CG2212410, CG2212555, CG2212630,
CG2212662, CG2212823, CG2212860, CG2212981, CG2215634, CG2216906, and
CG2217060 in Appendix M) and Brooks Applied Labs (BAL; see laboratory reports 2206336,
2207059, 2209287, 2209378, 2211135, and 2212301 in Appendix M) were examined to
assess LRLs relative to analyte concentrations and applicable guidelines (Tables A.2 and A.3).
The LRLs for water quality analytes were assessed relative to British Columbia Water
Quality Guidelines (BCWQG; BCMOECCS 2021a,b) for the protection of freshwater aquatic
life, Elk Valley Water Quality Plan (EVWQP; Teck 2014) benchmarks, Updated Effects
Concentrations (UEC; WSP Golder 2022), screening values for water quality (Teck 2020),
and relevant site-specific benchmarks. Several analytes were reported at concentrations
below the LRL in 100% of samples (Tables A.2 and A.3). For those analytes with one or more
result(s) below the LRL, achieved LRLs were consistently lower than the BCWQG, EVWQP
benchmarks, UEC, and screening values for water quality (as applicable), except for total
mercury. The LRL for all total mercury samples was 0.000005 pg/L, which is higher than the
BCWQG of 0.00000125 pg/L; however, Azimuth (2019) determined that mercury inputs
(total and methyl) in the Elk Valley Area are not related to mining activities. Therefore, the
achieved LRLs were appropriate for this study.

A2.2 Laboratory and Field Blanks

A total of 243 method blank (MB) samples were analyzed in the ALS
laboratory reports (Appendix M). Ofthe 1,352 reported method blank individual analyte
results, only one result was above detection (for total vanadium; see laboratory report
CG2212630 in Appendix M). However, this exceedance was below five-times the blank level
and the laboratory reporting limit was appropriately adjusted for total vanadium results within
this laboratory report. As only one result (0.07% of MB results) did not meet the laboratory
DQO and these did not include any primary analytes, these laboratory flags had a negligible
impact on ALS water chemistry data reliability and laboratory precision was overall
considered excellent.

A total of 53 MB samples were analyzed in the BAL laboratory reports (Appendix M). Of the
245 reported method blank results, only one result was above the LRL (for total selenium;
see laboratory report 2207059 in Appendix M) and so did not meet the DQO. As only
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Table A.2: Laboratory Reporting Limit (LRL) Evaluation for Water Chemistry Analyses, FRO LAEMP, 2022

BC WQG"® EVWQP Level 1
Parameter Units Belgl:l::‘:;rs, Range of LRLs No. .LRITS > No. Sample
Screening Guideline Results < LRL
Long-term | Short-term Values/UEC®

Physical Tests
Total Suspended Solids mg/L - - - 1 - 11 (18.3%)
Anions and Nutrients
Acidity (as CaCOs) mg/L - - - 2 - 51 (85.0%)
Alkalinity, Carbonate (as CO3) mg/L - - - 1 - 42 (70.0%)
Alkalinity, Carbonate (as CaCOs) mg/L - - - 1 - 42 (70.0%)
Alkalinity, Hydroxide (as CaCO,) mg/L - - - 1 - 60 (100%)
Alkalinity, Hydroxide (as OH) mg/L - - - 1 60 (100%)
Bromide (Br) mg/L - - - 0.05 - 60 (100%)
Chloride (Cl) mg/L 150 600 - 0.1 0 1(1.67%)
Ammonia, Total (as N)° mg/L 0.196 1.02 - 0.005 0 42 (70.0%)
Nitrite (as N)° mg/L 0.02 0.06 - 0.001 0 20 (33.3%)
Total Kjeldahl Nitrogen mg/L - - - 0.05t0 0.5 - 13 (21.7%)
Orthophosphate mg/L - - - 0.001 - 42 (70.0%)
Phosphorus, Total mg/L - - - 0.002 - 7 (11.7%)
Organic/lnorganic Carbon
Dissolved Organic Carbon mg/L - - - 0.5 - 29 (48.3%)
Total Organic Carbon mg/L - - - 0.5 - 29 (48.3%)
Total Metals
Antimony mg/L 0.009 - - 0.0001 0 17 (28.3%)
Arsenic mg/L - 0.005 - 0.0001 0 12 (20.0%)
Beryllium ug/L 0.13 - - 0.02 0 60 (100%)
Bismuth mg/L - - - 0.00005 - 60 (100%)
Boron mg/L 1.2 - - 0.01 0 29 (48.3%)
Cadmium ug/L - - - 0.005 - 1(1.67%)
Chromium® mg/L 0.001 - - 0.0001 0 8 (13.3%)
Cobalt pg/L 4 110 - 0.1 0 52 (86.7%)
Copper mg/L - - - 0.0005 - 57 (95.0%)
Iron mg/L - 1 - 0.01 0 18 (30.0%)
Lead' mg/L 0.007 0.095 - 0.00005 0 45 (75.0%)
Manganese'’ mg/L 1.10 1.79 - 0.0001 0 1(1.67%)
Mercury® mg/L 0.00000125 - - 0.000005 60 (100%) 60 (100%)
Nickel’ mg/L 0.105 - - 0.0005 0 13 (21.7%)
Silver’ mg/L 0.0015 0.003 - 0.00001 0 60 (100%)
Thallium mg/L 0.0008 - - 0.00001 0 57 (95.0%)
Tin mg/L - - - 0.0001 - 58 (96.7%)
Titanium mg/L - - - 0.0003 - 42 (70.0%)
Vanadium mg/L - - - 0.0005 - 51 (85.0%)
Zinc' mg/L 0.025 0.050 - 0.003 0 36 (60.0%)
Dissolved Metals
Aluminum” mg/L 0.05 0.1 - 0.001 0 30 (50.0%)
Antimony mg/L - - - 0.0001 - 23 (38.3%)
Arsenic mg/L - - - 0.0001 - 51 (85.0%)
Beryllium ug/L - - - 0.02 - 60 (100%)
Bismuth mg/L - - - 0.00005 - 60 (100%)
Boron mg/L - - - 0.01 - 34 (56.7%)
Cadmium'’ pg/L 0.231 0.667 0.149 0.005 0 1(1.67%)
Chromium mg/L - - - 0.0001 - 32 (53.3%)
Cobalt ug/L - - - 0.1 - 58 (96.7%)
Copper mg/L - - - 0.0002 - 34 (56.7%)
Iron mg/L - 0.35 - 0.01 0 44 (73.3%)
Lead mg/L - - - 0.00005 - 60 (100%)
Lithium mg/L - - - 0.001 - 1(1.67%)
Manganese mg/L - - - 0.0001 - 3 (5.00%)
Mercury mg/L - - - 0.000005 - 60 (100%)
Nickel mg/L - - 0.002 0.0005 0 16 (26.7%)
Silver mg/L - - - 0.00001 - 60 (100%)
Thallium mg/L - - - 0.00001 - 57 (95.0%)
Tin mg/L - - - 0.0001 - 60 (100%)
Titanium mg/L - - - 0.0003 - 60 (100%)
Vanadium mg/L - - - 0.0005 - 60 (100%)
Zinc mg/L - - - 0.001 - 20 (33.3%)

Notes: Only analytes with at least one result < Laboratory Reporting Limit (LRL) or LRL were above guidelines were displayed. The total number of samples in 2022 (n) was
60. EVWQP = Elk Valley Water Quality Plan; "-" = no applicable guideline exists.

@ British Columbia Water Quality Guidelines for the protection of Aquatic Life (BCMOECCS 2021a,b).

® Where more than one EVWQP Level 1 Benchmark, screening value, or Updated Effects Concentration (UEC; WSP Golder 2022) was applicable, the most conservative
(lowest) value was used.

¢ Guideline is the most conservative (lowest), based on estimates of a maximum temperature of 20°C and a minimum pH of 8.04.
4 Minimum water quality guidelines for Nitrite (as N) reported in BCMOECCS (2021a) for chloride concentrations < 2 mg/L.

€ Guideline for Chromium VI (0.001 mg/L) was selected, as this is the principal species found in surface waters.
"Hardness-based guidelines calculated using the minimum hardness observed for all samples (113 mg/L).

9 The most conservative guideline (0.125 pg/L) was applied.

" Guideline based on minimum field pH (8.04).




Table A.3: Laboratory Reporting Limit (LRL) Evaluation for Selenium Speciation

Analyses, FRO LAEMP, 2022

Parameter

Units

Range of LRLs

No. Sample Results

<LRL
DMSeO - Dimethylselenoxide Mg/l 0.01 59 (96.7%)
MeSe(IV) - Methylseleninic Acid pg/L 0.01 48 (78.7%)
MeSe(VI) - Methaneselenonic Acid Mg/l 0.01 59 (96.7%)
Se(lV) - Selenite pg/L 0.01 to 0.02 5 (8.20%)
SeCN - Selenocyanate Mg/l 0.01 61 (100%)
SeMe - Selenomethionine Mg/l 0.01 61 (100%)
Selenosulfate Mg/l 0.01 60 (98.4%)
Selenium Unknown Mg/l 0.01 61 (100%)

Notes: Only analytes with at least one result < LRL or an LRL above guidelines were displayed. The total
number of samples in 2022 (n) was 61. LRL = Laboratory Reporting Limit. No guidelines exist for any analyte

that had at least one result below the LRL.
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one result (0.41% of MB results) did not meet the DQO, laboratory contamination was not
considered to be of concern and laboratory precision was overall considered excellent.

Eight field blank samples and five trip blank samples were submitted to ALS for water chemistry
analyses to assess the potential for field sampling contamination. The same DQOs that were
used for laboratory blanks were also used for field blanks (i.e., concentrations should be below
the LRL). Of the 744 individual analyte results measured in the field blanks, only seven
(0.94% of results; one result each for acidity, total ammonia, total copper, total lead, dissolved
copper, dissolved lead, and dissolved zinc) were above the LRL and did not meet the
laboratory DQO (Table A.4). Of the 319 individual analyte results for trip blank samples, only
three results (0.94% of results; one result for acidity as CaCO3 and two results for total barium)
were above the LRL and did not meet the laboratory DQO (Table A.4). None of the analytes
that were above detection in field or trip blank samples were analytes of concern in the
FRO LAEMP. Additionally, as relatively few results were above detection (~ 1% in both field
and trip blanks), field and laboratory contamination of water samples was considered of little
to no concern and laboratory precision was overall considered good.

One field blank sample was submitted to BAL for aqueous selenium speciation analyses to
assess potential field sampling contamination. All analytes were below detection and field
contamination was not of concern.

A2.3 Data Precision

A total of 38 laboratory duplicate samples were used to evaluate precision within the ALS
laboratory reports (Appendix M). All of the 1,308 individual analyte results met the laboratory
DQO and ALS laboratory analytical precision was considered excellent. A total of 23 laboratory
duplicate samples were used to evaluate precision within the BAL laboratory reports
(Appendix M). All of the 87 individual analyte results met the laboratory DQO and BAL
laboratory analytical precision was considered excellent.

Eight sets of field duplicate samples were collected to assess field sampling precision for water
chemistry analyzed by ALS (Table A.5). Several relative percent differences (RPDs) could not
be calculated as both analyte concentrations were below the LRL. Of the 502 RPDs that could
be calculated, 40 RPDs were greater than the 30% DQO, including one result each for acidity
(as CaCO:s), fluoride, orthophosphate, dissolved and total organic carbon, total aluminum,
cadmium, chromium, and zinc, and dissolved aluminum, cadmium, iron, manganese,
molybdenum, nickel, and zinc, two results each for total suspended solids, pH, bromide, and
total iron, three results each for turbidity, total ammonia, and total phosphorous, and six results
for ion balance (Table A.5). As a relatively low number of RPDs (7.97% of all results)
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Table A.4: Field Blank and Trip Blank Evaluation for Water Chemistry Analyses, FRO LAEMP, 2022

Parameter | No. Field Blank Results > LRL | No. Trip Blank Results > LRL
Physical Tests
Conductivity 8 (100%) 5 (100%)
Hardness (as CaCO3) 8 (100%) 3 (100%)
Hardness - Dissolved (as CaCO3) 8 (100%) 3 (100%)
ORP - -
Total Suspended Solids 8 (100%) 5 (100%)
Total Dissolved Solids 8 (100%) 5 (100%)
Anions and Nutrients
Acidity (as CaCO3) 7 (87.5%) 4 (80.0%)
Alkalinity, Bicarbonate (as HCO3) 8 (100%) 5 (100%)
Alkalinity, Bicarbonate (as CaCOj3) 8 (100%) 5 (100%)
Alkalinity, Carbonate (as CO3) 8 (100%) 5 (100%)
Alkalinity, Carbonate (as CaCO3) 8 (100%) 5 (100%)
Alkalinity, Hydroxide (as CaCOs) 8 (100%) 5 (100%)
Alkalinity, Hydroxide (as OH) 8 (100%) 5 (100%)
Alkalinity, Total (as CaCOj3) 8 (100%) 5 (100%)
Bromide (Br) 8 (100%) 5 (100%)
Chloride (Cl) 8 (100%) 5 (100%)
Fluoride 8 (100%) 5 (100%)
Ammonia, Total (as N) 7 (87.5%) -
Nitrate (as N) 8 (100%) 5 (100%)
Nitrite (as N) 8 (100%) 5 (100%)
Total Kjeldahl Nitrogen 8 (100%) 5 (100%)
Orthophosphate 8 (100%) 5 (100%)
Phosphorus, Total 8 (100%) 5 (100%)
Sulphate 8 (100%) 5 (100%)
Anion Sum 8 (100%) 5 (100%)
Cation Sum 8 (100%) 5 (100%)
Cation - Anion Balance - -
Carbon
Dissolved Organic Carbon 8 (100%) -
Total Organic Carbon 8 (100%) 5 (100%)
Total Metals
Aluminum 8 (100%) 5 (100%)
Antimony 8 (100%) 5 (100%)
Arsenic 8 (100%) 5 (100%)
Barium 8 (100%) 3 (60.0%)
Beryllium 8 (100%) 5 (100%)
Bismuth 8 (100%) 5 (100%)
Boron 8 (100%) 5 (100%)
Cadmium 8 (100%) 5 (100%)
Calcium 8 (100%) 5 (100%)
Chromium 8 (100%) 5 (100%)
Cobalt 8 (100%) 5 (100%)
Copper 7 (87.5%) 5 (100%)
Iron 8 (100%) 5 (100%)
Lead 7 (87.5%) 5 (100%)
Lithium 8 (100%) 5 (100%)
Magnesium 8 (100%) 5 (100%)
Manganese 8 (100%) 5 (100%)
Mercury 8 (100%)
Molybdenum 8 (100%) 5 (100%)
Nickel 8 (100%) 5 (100%)
Potassium 8 (100%) 5 (100%)
Selenium 8 (100%) 5 (100%)
Silicon 8 (100%) 5 (100%)
Silver 8 (100%) 5 (100%)
Sodium 8 (100%) 5 (100%)
Strontium 8 (100%) 5 (100%)
Sulphur 8 (100%) 5 (100%)
Thallium 8 (100%) 5 (100%)
Tin 8 (100%) 5 (100%)
Titanium 8 (100%) 5 (100%)
Uranium 8 (100%) 5 (100%)
Vanadium 8 (100%) -
Zinc 8 (100%) 5 (100%)
Dissolved Metals
Aluminum 8 (100%) 1(100%)
Antimony 8 (100%) 1 (100%)
Arsenic 8 (100%) 1(100%)
Barium 8 (100%) 1 (100%)
Beryllium 8 (100%) 1(100%)
Bismuth 8 (100%) 1 (100%)
Boron 8 (100%) 1(100%)
Cadmium 8 (100%) 1 (100%)
Calcium 8 (100%) 5 (100%)
Chromium 8 (100%) 1(100%)
Cobalt 8 (100%) 1(100%)
Copper 7 (87.5%) 1 (100%)
Iron 8 (100%) 1(100%)
Lead 7 (87.5%) 1 (100%)
Lithium 8 (100%) 1(100%)
Magnesium 8 (100%) 5 (100%)
Manganese 8 (100%) 1 (100%)
Mercury 8 (100%) -
Molybdenum 8 (100%) 1(100%)
Nickel 8 (100%) 1(100%)
Potassium 8 (100%) 5 (100%)
Selenium 8 (100%) 1 (100%)
Silicon 8 (100%) 1(100%)
Silver 8 (100%) 1 (100%)
Sodium 8 (100%) 5 (100%)
Strontium 8 (100%) 1 (100%)
Sulphur 8 (100%) 1(100%)
Thallium 8 (100%) 1 (100%)
Tin 8 (100%) 1(100%)
Titanium 8 (100%) 1 (100%)
Uranium 8 (100%) 1(100%)
Vanadium 8 (100%) 1 (100%)
Zinc 7 (87.5%) 1 (100%)

Notes: LRL = Laboratory Reporting Limit; "-" = data not collected. Eight field blank samples and five trip blank samples were collected in 2022. Only analytes with at least one blank results >
LRL were displayed. Calcium, magnesium, potassium, and sodium were the only dissolved metals measured in most trip blank samples.




Table A.5: Field Duplicate Results for Water Chemistry Analyses, FRO LAEMP, 2022

RG_FOBKS_ RG_RIVER_WS RG_FOUKI_WS_ | RG_RIVER_WS_
Parameter Units |WS_LAEMP_FRO| _LAEMP_FRO_ RPD (%) LAEMP_FRO_ LAEMP_FRO_ RPD (%)

_2022-11_7 2022-11_7 2022-12_8 2022-12_8
Physical Tests
Conductivity uS/cm 988 995 0.706 1170 1160 0.858
Acidity (as CaCO3) mg/L <2.0 <2.0 - <2.0 <2.0 -
Alkalinity, bicarbonate (as CaCO3) mg/L 179 186 3.84 205 208 1.45
Alkalinity, bicarbonate (as HCO3) mg/L 219 226 3.15 250 254 1.59
Alkalinity, carbonate (as COs) mg/L 6.50 7.00 7.41 <1.0 <1.0 -
Alkalinity, carbonate (as CaCO3) mg/L 10.8 11.6 7.14 <1.0 <1.0 -
Alkalinity, hydroxide (as CaCOs) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, hydroxide (as OH) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, total (as CaCO3) mg/L 190 197 3.62 205 208 1.45
Hardness (as CaCO3), dissolved mg/L 570 598 4.79 604 609 0.824
Oxidation-reduction potential [ORP] mV 288 299 3.75 424 424 0
Solids, total dissolved [TDS] mg/L 8.40 8.41 0.119 909 979 7.42
Solids, total suspended [TSS] mg/L 775 801 3.30 2.00 2.70 29.8
Turbidity NTU 5.70 4.70 19.2 0.390 0.570 37.5
pH pH units 0.350 0.700 66.7 8.27 8.24 0.363
Anions and Nutrients
Ammonia, total (as N) mg/L 1.40 1.34 4.38 <0.0050 <0.0050 -
Bromide mg/L <0.0050 0.0128 88 <0.250 <0.250 -
Chloride mg/L <0.250 <0.250 - 2.01 2.06 2.46
Fluoride mg/L 1.71 1.78 4.01 0.172 0.169 1.76
Kjeldahl nitrogen, total [TKN] mg/L 0.181 0.179 1.1 1.46 1.48 1.36
Nitrate (as N) mg/L 19.2 19.4 1.04 27.3 27.3 0
Nitrite (as N) mg/L <0.0050 <0.0050 - 0.007 0.007 2.86
Orthophosphate, dissolved (as P) mg/L <0.0010 <0.0010 - <0.0010 <0.0010 -
Phosphorus, total mg/L 0.003 0.006 66.7 <0.0020 <0.0020 -
Sulfate (as SO4) mg/L 321 322 0.311 409 408 0.245
Organic/lnorganic Carbon
Carbon, dissolved organic [DOC] mg/L 0.820 2.20 91.4 <0.50 <0.50 -
Carbon, total organic [TOC] mg/L 0.620 2.35 116 <0.50 <0.50 -
lon Balance (Matrix: Water)
Anion sum meq/L 11.9 121 1.67 14.6 14.7 0.683
Cation sum meq/L 11.6 121 4.22 12.2 12.3 0.816
lon balance (APHA) % -1.28 <0.01 203 -8.960 -8.890 0.78
lon balance (cations/anions) % 97.5 100 2.53 83.6 83.7 0.120
Total Metals
Aluminum mg/L 0.007 0.0102 38.6 0.004 0.004 0
Antimony mg/L 0.0002 0.0002 20.0 0.0002 0.0002 9.52
Arsenic mg/L <0.00010 <0.00010 - 0.0001 0.0001 0
Barium mg/L 0.0857 0.104 19.3 0.102 0.104 1.94
Beryllium pg/L <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L 0.0140 0.0140 0 0.0110 <0.010 9.52
Cadmium pg/L 0.0719 0.0814 124 0.0812 0.0877 7.70
Calcium mg/L 126 148 16.1 167 167 0
Chromium mg/L 0.0001 0.0001 26.1 <0.00010 <0.00010 -
Cobalt pg/L <0.10 <0.10 - <0.10 <0.10 -
Copper mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Iron mg/L 0.0390 0.0450 14.3 0.0410 0.0440 7.06
Lead mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Lithium mg/L 0.0598 0.0648 8.03 0.0873 0.0793 9.60
Magnesium mg/L 62.9 7.7 131 78.7 82.5 4.71
Manganese mg/L 0.0121 0.0134 10.2 0.0136 0.0148 8.45
Mercury pg/L <0.0000050 <0.0000050 - <0.0000050 <0.0000050 -
Molybdenum mg/L 0.001 0.002 19.2 0.001 0.001 6.25
Nickel mg/L 0.004 0.005 15.9 0.005 0.005 4.63
Potassium mg/L 1.76 2.07 16.2 210 214 1.89
Selenium pg/L 69.5 74.0 6.27 98.7 99.3 0.606
Silicon mg/L 1.67 1.91 13.4 1.76 1.88 6.59
Silver mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 3.16 3.20 1.26 3.93 3.87 1.54
Strontium mg/L 0.185 0.213 141 0.231 0.231 0
Sulphur mg/L 124 119 412 143 146 2.08
Thallium mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Tin mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L <0.00030 <0.00030 - <0.00030 <0.00030 -
Uranium mg/L 0.004 0.004 1.4 0.005 0.005 0.618
Vanadium mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Zinc mg/L 0.005 0.009 58.6 <0.0030 <0.0030 -

:l Indicates RPD exceeded 30%.

Notes: RPD = relative percent difference; "-"=

pair was below the LRL. The RPD was not calculated if both results were < LRL. Turbidity was not analyzed in duplicate samples.
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Table A.5: Field Duplicate Results for Water Chemistry Analyses, FRO LAEMP, 2022

RG_FOBKS_ RG_RIVER_WS RG_FOUKI_WS_ | RG_RIVER_WS_
Parameter Units (WS_LAEMP_FRO| _LAEMP_FRO_ RPD (%) LAEMP_FRO_ LAEMP_FRO_ RPD (%)

_2022-11_7 2022-11_7 2022-12_8 2022-12_8
Dissolved Metals
Aluminum mg/L <0.0010 <0.0010 - <0.0010 0.001 0
Antimony mg/L 0.0002 0.0002 154 0.0002 0.0002 10.5
Arsenic mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Barium mg/L 0.0916 0.0918 0.218 0.0897 0.0942 4.89
Beryllium pg/L <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L 0.0120 0.0110 8.70 <0.010 <0.010 -
Cadmium pg/L 0.0696 0.0671 3.66 0.0547 0.0691 23.3
Calcium mg/L 122 130 6.35 136 146 7.09
Chromium mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Cobalt pg/L <0.10 <0.10 - <0.10 <0.10 -
Copper mg/L <0.00020 <0.00020 - <0.00020 <0.00020 -
Iron mg/L 0.0280 0.0280 0 0.0290 0.0320 9.84
Lead mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Lithium mg/L 0.0572 0.0580 1.39 0.0748 0.0796 6.22
Magnesium mg/L 64.5 66.3 2.75 64.3 59.3 8.09
Manganese mg/L 0.0118 0.0118 0 0.0114 0.0122 6.78
Mercury pg/L <0.0000050 <0.0000050 - <0.0000050 <0.0000050 -
Molybdenum mg/L 0.001 0.001 5.05 0.001 0.001 7.21
Nickel mg/L 0.004 0.005 5.31 0.003 0.004 11.7
Potassium mg/L 1.72 1.82 5.65 1.77 1.85 4.42
Selenium pg/L 139 105 27.9 98.3 103 4.67
Silicon mg/L 2.1 1.98 6.36 1.60 1.88 16.1
Silver mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 2.89 2.86 1.04 3.12 3.17 1.59
Strontium mg/L 0.177 0.182 2.79 0.198 0.210 5.88
Sulphur mg/L 126 128 1.57 142 152 6.80
Thallium mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Tin mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L <0.00030 <0.00030 - <0.00030 <0.00030 -
Uranium mg/L 0.004 0.004 5.59 0.005 0.005 9.73
Vanadium mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Zinc mg/L 0.005 0.005 6.32 0.002 0.002 0
:l Indicates RPD exceeded 30%.
Notes: RPD = relative percent difference; "-"= no data/not calculated; LRL = Laboratory Reporting Limit. The RPD was calculated using < LRL results at the LRL if one result in a duplicate

pair was below the LRL. The RPD was not calculated if both results were < LRL. Turbidity was not analyzed in duplicate samples.
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Table A.5: Field Duplicate Results for Water Chemistry Analyses, FRO LAEMP, 2022

RG_FRUPO_WS_| RG_RIVER_WS_ RG_FRDSCC1_ | RG_RIVER_WS_
Parameter Units LAEMP_ LAEMP_FRO_202 RPD (%) WS_LAEMP_ LAEMP_FRO_ RPD (%)
FRO_2022-12_7 2127 FRO_2022-09_N 2022-09_N
Physical Tests
Conductivity uS/cm 1320 1310 0.760 925 925 0
Acidity (as CaCO,) mg/L 3.70 <2.0 59.6 <2.0 <2.0 -
Alkalinity, bicarbonate (as CaCO3) mg/L 266 257 3.44 187 183 2.16
Alkalinity, bicarbonate (as HCO3) mg/L 324 313 3.45 228 224 1.77
Alkalinity, carbonate (as COs) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, carbonate (as CaCO3) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, hydroxide (as CaCOs) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, hydroxide (as OH) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, total (as CaCO3) mg/L 266 257 3.44 187 183 2.16
Hardness (as CaCO3), dissolved mg/L 706 745 5.38 500 529 5.64
Oxidation-reduction potential [ORP] mV 420 417 0.717 300 302 0.664
Solids, total dissolved [TDS] mg/L 1000 983 1.71 8.26 8.26 0
Solids, total suspended [TSS] mg/L 4.20 <1.0 71.0 675 669 0.893
Turbidity NTU 0.180 0.230 24.4 2.20 1.10 66.7
pH pH units 8.08 8.13 0.617 0.360 0.460 24.4
Anions and Nutrients
Ammonia, total (as N) mg/L <0.0050 <0.0050 - 1.38 2.06 39.5
Bromide mg/L <0.250 <0.250 - <0.0050 <0.0050 -
Chloride mg/L 16.9 17.0 0.590 <0.250 <0.050 -
Fluoride mg/L 0.154 0.154 0 1.02 0.710 35.8
Kjeldahl nitrogen, total [TKN] mg/L 1.08 1.72 45.7 0.191 0.187 212
Nitrate (as N) mg/L 23.0 23.0 0 211 20.8 1.43
Nitrite (as N) mg/L 0.005 <0.0050 1.98 0.0147 0.0144 2.06
Orthophosphate, dissolved (as P) mg/L <0.0010 <0.0010 - <0.0010 <0.0010 -
Phosphorus, total mg/L 0.005 0.003 57.1 0.003 0.002 19.6
Sulfate (as SO4) mg/L 450 451 0.222 280 266 5.13
Organic/lnorganic Carbon
Carbon, dissolved organic [DOC] mg/L <0.50 <0.50 - <0.50 <0.50 -
Carbon, total organic [TOC] mg/L <0.50 <0.50 - <0.50 <0.50 -
lon Balance (Matrix: Water)
Anion sum meq/L 16.8 16.6 1.20 111 10.7 3.67
Cation sum meq/L 14.5 15.3 5.37 10.1 10.8 6.70
lon balance (APHA) % -7.35 -4.08 57.2 4.72 0.465 164
lon balance (cations/anions) % 86.3 92.2 6.61 91.0 101 10.4
Total Metals
Aluminum mg/L 0.004 0.003 11 0.006 0.006 8.70
Antimony mg/L <0.00010 <0.00010 - 0.0003 0.0002 25.0
Arsenic mg/L 0.0001 <0.00010 0 0.0001 0.0001 0
Barium mg/L 0.100 0.0997 0.300 0.0743 0.0707 4.97
Beryllium pg/L <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L 0.0160 0.0160 0 0.0130 0.0120 8.00
Cadmium pg/L 0.0443 0.0465 4.85 0.112 0.0939 17.6
Calcium mg/L 192 189 1.57 115 108 6.28
Chromium mg/L 0.0002 0.0002 0 0.0001 0.0001 15.4
Cobalt pg/L <0.10 <0.10 - <0.10 <0.10 -
Copper mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Iron mg/L <0.010 <0.010 - <0.010 <0.010 -
Lead mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Lithium mg/L 0.0684 0.0667 2.52 0.0760 0.0738 2.94
Magnesium mg/L 88.4 88.0 0.454 54.8 52.3 4.67
Manganese mg/L 0.0006 0.0005 28.6 0.0008 0.0006 171
Mercury pg/L <0.0000050 <0.0000050 - <0.0000050 <0.0000050 -
Molybdenum mg/L 0.0008 0.0008 7.16 0.001 0.001 3.60
Nickel mg/L <0.00050 <0.00050 - 0.0113 0.0110 2.69
Potassium mg/L 2.74 2.72 0.733 1.90 1.81 4.85
Selenium pg/L 99.2 98.1 1.12 58.2 59.3 1.87
Silicon mg/L 2.54 2.51 1.19 1.86 1.70 8.99
Silver mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 8.62 8.40 2.59 2.84 2.72 4.32
Strontium mg/L 0.205 0.204 0.489 0.180 0.175 2.82
Sulphur mg/L 158 158 0 101 95.7 5.39
Thallium mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Tin mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L <0.00030 <0.00030 - <0.00030 <0.00030 -
Uranium mg/L 0.005 0.005 0.414 0.004 0.004 3.14
Vanadium mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Zinc mg/L <0.0030 <0.0030 - 0.006 0.005 12.6

:l Indicates RPD exceeded 30%.
Notes: RPD = relative percent difference;

pair was below the LRL. The RPD was not calculated if both results were < LRL. Turbidity was not analyzed in duplicate samples.
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no data/not calculated; LRL = Laboratory Reporting Limit. The RPD was calculated using < LRL results at the LRL if one result in a duplicate




Table A.5: Field Duplicate Results for Water Chemistry Analyses, FRO LAEMP, 2022

RG_FRUPO_WS_| RG_RIVER_WS_ RG_FRDSCC1_ | RG_RIVER_WS_
Parameter Units LAEMP_ LAEMP_FRO_202 RPD (%) WS_LAEMP_ LAEMP_FRO_ RPD (%)
FRO_2022-12_7 2127 FRO_2022-09_N 2022-09_N
Dissolved Metals
Aluminum mg/L <0.0010 <0.0010 - <0.0010 <0.0010 -
Antimony mg/L <0.00010 <0.00010 - 0.0002 0.0002 0
Arsenic mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Barium mg/L 0.0858 0.0967 11.9 0.0744 0.0823 10.1
Beryllium pg/L <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L 0.0130 0.0150 14.3 0.0120 0.0120 0
Cadmium pg/L 0.0374 0.0490 26.9 0.0542 0.0592 8.82
Calcium mg/L 164 170 3.59 116 120 3.39
Chromium mg/L 0.0001 0.0002 14.3 <0.00010 0.0001 -
Cobalt pg/L <0.10 <0.10 - <0.10 <0.10 -
Copper mg/L <0.00020 <0.00020 - <0.00020 <0.00020 -
Iron mg/L <0.010 <0.010 - <0.010 <0.010 -
Lead mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Lithium mg/L 0.0638 0.0682 6.67 0.0761 0.0796 4.50
Magnesium mg/L 72.0 77.9 7.87 51.1 55.8 8.79
Manganese mg/L 0.0004 0.0004 12.0 0.0004 0.0005 6.59
Mercury pg/L <0.0000050 <0.0000050 - <0.0000050 <0.0000050 -
Molybdenum mg/L 0.0007 0.0008 17.8 0.001 0.001 4.18
Nickel mg/L <0.00050 <0.00050 - 0.0102 0.0109 6.64
Potassium mg/L 2.37 2.56 7.71 1.62 1.79 9.97
Selenium pg/L 96.7 123 23.9 78.5 71.0 10.0
Silicon mg/L 2.34 2.64 12.0 1.91 1.88 1.58
Silver mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 7.01 7.69 9.25 2.66 2.94 10.0
Strontium mg/L 0.193 0.209 7.96 0.183 0.193 5.32
Sulphur mg/L 154 186 18.8 104 97.2 6.76
Thallium mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Tin mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L <0.00030 <0.00030 - <0.00030 <0.00030 -
Uranium mg/L 0.005 0.005 13.2 0.004 0.004 5.51
Vanadium mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Zinc mg/L <0.0010 <0.0010 - 0.004 0.004 7.79
:l Indicates RPD exceeded 30%.
Notes: RPD = relative percent difference; "-"= no data/not calculated; LRL = Laboratory Reporting Limit. The RPD was calculated using < LRL results at the LRL if one result in a duplicate

pair was below the LRL. The RPD was not calculated if both results were < LRL. Turbidity was not analyzed in duplicate samples.
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Table A.5: Field Duplicate Results for Water Chemistry Analyses, FRO LAEMP, 2022

RG_FRSCH2_WS| RG_RIVER2_ RG_FOBKS_ RG_RIVER_WS_
Parameter Units _LAEMP_ WS_LAEMP_ RPD (%) WS_LAEMP_ LAEMP_FRO_ RPD (%)

FRO_2022-09_14 | FRO_2022-09_14 FRO_2022-09_13 2022-09_13
Physical Tests
Conductivity uS/cm 1060 1080 1.87 944 941 0.318
Acidity (as CaCO,) mg/L 4.70 4.70 0 <2.0 <2.0 -
Alkalinity, bicarbonate (as CaCO3) mg/L 234 247 5.41 205 178 141
Alkalinity, bicarbonate (as HCO3) mg/L 285 301 5.46 250 217 14.1
Alkalinity, carbonate (as COs) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, carbonate (as CaCO3) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, hydroxide (as CaCOs) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, hydroxide (as OH) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, total (as CaCO3) mg/L 234 247 5.41 205 178 14.1
Hardness (as CaCO3), dissolved mg/L 594 585 1.53 480 532 10.3
Oxidation-reduction potential [ORP] mV 279 284 1.78 326 327 0.306
Solids, total dissolved [TDS] mg/L 8.03 7.93 1.25 730 715 2.08
Solids, total suspended [TSS] mg/L 811 820 1.10 1.40 10.3 152
Turbidity NTU 2.00 1.80 10.5 0.560 2.10 116
pH pH units 0.160 0.150 6.45 8.26 8.27 0.121
Anions and Nutrients
Ammonia, total (as N) mg/L 2.32 2.52 8.26 <0.0050 <0.0050 -
Bromide mg/L 0.005 0.005 1.87 <0.250 <0.050 -
Chloride mg/L <0.250 <0.250 - 1.32 1.16 12.9
Fluoride mg/L 4.24 4.24 0 0.189 0.192 1.57
Kjeldahl nitrogen, total [TKN] mg/L 0.159 0.160 0.627 2.59 2.10 20.9
Nitrate (as N) mg/L 21.2 21.4 0.939 21.6 214 0.930
Nitrite (as N) mg/L 0.007 0.007 4.26 0.0105 0.0095 10.0
Orthophosphate, dissolved (as P) mg/L <0.0010 <0.0010 - <0.0010 <0.0010 -
Phosphorus, total mg/L 0.003 0.004 27.8 <0.0020 0.0139 1.77
Sulfate (as SO4) mg/L 364 363 0.275 295 289 2.05
Organic/lnorganic Carbon
Carbon, dissolved organic [DOC] mg/L <0.50 <0.50 - <0.50 <0.50 -
Carbon, total organic [TOC] mg/L <0.50 0.560 11.3 <0.50 <0.50 -
lon Balance (Matrix: Water)
Anion sum meq/L 13.9 141 1.43 11.8 111 6.11
Cation sum meq/L 12.0 11.9 0.837 9.76 10.8 10.1
lon balance (APHA) % 7.34 8.46 14.2 9.46 1.37 149
lon balance (cations/anions) % 86.3 84.4 2.23 82.7 97.3 16.2
Total Metals
Aluminum mg/L 0.007 0.008 8.33 0.007 0.007 10.2
Antimony mg/L 0.0002 0.0002 9.52 0.0002 0.0002 4.26
Arsenic mg/L 0.0001 0.0001 7.41 0.0002 0.0002 14.6
Barium mg/L 0.0826 0.0817 1.10 0.0820 0.0826 0.729
Beryllium pg/L <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L 0.0140 0.0140 0 0.0140 0.0140 0
Cadmium pg/L 0.0500 0.0370 29.9 0.0594 0.006 165
Calcium mg/L 148 143 3.44 115 114 0.873
Chromium mg/L 0.0002 <0.00010 40.0 0.0001 <0.00010 -
Cobalt pg/L <0.10 <0.10 - <0.10 <0.10 -
Copper mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Iron mg/L <0.010 0.0140 33.3 0.0300 0.0150 66.7
Lead mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Lithium mg/L 0.0606 0.0568 6.47 0.0666 0.0654 1.82
Magnesium mg/L 75.0 73.6 1.88 56.0 57.4 2.47
Manganese mg/L 0.002 0.002 9.80 0.007 0.006 20.5
Mercury pg/L <0.0000050 <0.0000050 - <0.0000050 <0.0000050 -
Molybdenum mg/L 0.003 0.002 4.43 0.001 0.001 3.86
Nickel mg/L 0.003 0.003 1.59 0.006 0.006 0.495
Potassium mg/L 2.26 2.20 2.69 1.99 2.08 4.42
Selenium pg/L 89.3 82.4 8.04 67.9 70.0 3.05
Silicon mg/L 2.57 2.34 9.37 1.92 2.09 8.48
Silver mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 3.74 3.67 1.89 2.88 2.95 2.40
Strontium mg/L 0.191 0.176 8.17 0.176 0.178 1.13
Sulphur mg/L 145 133 8.63 106 114 7.27
Thallium mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Tin mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L <0.00030 <0.00030 - <0.00030 <0.00030 -
Uranium mg/L 0.004 0.004 6.00 0.004 0.004 1.31
Vanadium mg/L <0.00050 <0.00050 - <0.00250 <0.00250 -
Zinc mg/L <0.0030 <0.0030 - <0.0030 <0.0030 -

:l Indicates RPD exceeded 30%.

Notes: RPD = relative percent difference; "-"= no data/not calculated; LRL = Laboratory Reporting Limit. The RPD was calculated using < LRL results at the LRL if one result in a duplicate
pair was below the LRL. The RPD was not calculated if both results were < LRL. Turbidity was not analyzed in duplicate samples.
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Table A.5: Field Duplicate Results for Water Chemistry Analyses, FRO LAEMP, 2022

RG_FRSCH2_WS RG_RIVER2_ RG_FOBKS_ RG_RIVER_WS _
Parameter Units _LAEMP_ WS_LAEMP_ RPD (%) WS_LAEMP_ LAEMP_FRO_ RPD (%)
FRO_2022-09_14 | FRO_2022-09_14 FRO_2022-09_13 2022-09_13
Dissolved Metals
Aluminum mg/L <0.0010 0.001 1.80 0.002 <0.0010 46.2
Antimony mg/L 0.0001 0.0002 28.6 0.0002 0.0002 14.0
Arsenic mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Barium mg/L 0.0699 0.0735 5.02 0.0844 0.0856 1.41
Beryllium pg/L <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L 0.0110 0.0110 0 0.0120 0.0140 15.4
Cadmium pg/L 0.0400 0.0402 0.499 0.0577 0.009 149
Calcium mg/L 130 129 0.772 101 117 14.7
Chromium mg/L 0.0001 <0.00010 0 0.0001 <0.00010 0.0
Cobalt pg/L <0.10 <0.10 - <0.10 <0.10 -
Copper mg/L <0.00020 <0.00020 - <0.00020 <0.00020 -
Iron mg/L <0.010 <0.010 - 0.0190 0.0110 53.3
Lead mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Lithium mg/L 0.0570 0.0609 6.62 0.0627 0.0723 14.2
Magnesium mg/L 65.3 63.8 2.32 55.3 58.3 5.28
Manganese mg/L 0.0006 0.001 60.7 0.007 0.005 23.7
Mercury pg/L <0.0000050 <0.0000050 - <0.0000050 <0.0000050 -
Molybdenum mg/L 0.001 0.002 51.8 0.001 0.001 16.7
Nickel mg/L 0.001 0.002 53.1 0.006 0.006 0.495
Potassium mg/L 1.95 1.98 1.53 2.05 2.16 5.23
Selenium pg/L 87.9 80.9 8.29 76.4 824 7.56
Silicon mg/L 2.30 2.19 4.90 2.00 2.09 4.40
Silver mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 3.40 3.42 0.587 2.84 2.96 4.14
Strontium mg/L 0.172 0.176 2.30 0.157 0.188 18.0
Sulphur mg/L 117 120 2.53 98.8 101 2.20
Thallium mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Tin mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L <0.00030 <0.00030 - <0.00030 <0.00030 -
Uranium mg/L 0.003 0.004 9.13 0.003 0.004 201
Vanadium mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Zinc mg/L <0.0010 0.001 0 0.002 <0.0010 63.6
:l Indicates RPD exceeded 30%.
Notes: RPD = relative percent difference; "-"= no data/not calculated; LRL = Laboratory Reporting Limit. The RPD was calculated using < LRL results at the LRL if one result in a duplicate

pair was below the LRL. The RPD was not calculated if both results were < LRL. Turbidity was not analyzed in duplicate samples.
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Table A.5: Field Duplicate Results for Water Chemistry Analyses, FRO LAEMP, 2022

RG_FRUPO_WS_| RG_RIVER_WS_ RG_FRCP1SW_ | RG_RIVER_WS_
Parameter Units LAEMP_ LAEMP_ RPD (%) WS_LAEMP_ LAEMP_FRO_ RPD (%)

FRO_2022-06_29 | FRO_2022-06_29 FRO_2022-06_28 2022-06_28
Physical Tests
Conductivity uS/cm 549 558 1.63 531 528 0.567
Acidity (as CaCO,) mg/L <2.0 <2.0 - <2.0 <2.0 -
Alkalinity, bicarbonate (as CaCO3) mg/L 172 190 9.94 176 158 10.8
Alkalinity, bicarbonate (as HCO3) mg/L 210 232 9.95 214 193 10.3
Alkalinity, carbonate (as COs) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, carbonate (as CaCO3) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, hydroxide (as CaCOs) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, hydroxide (as OH) mg/L <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, total (as CaCO3) mg/L 172 190 9.94 176 158 10.8
Hardness (as CaCO3), dissolved mg/L 317 330 4.02 278 276 0.722
Oxidation-reduction potential [ORP] mV 367 281 26.5 347 292 17.2
Solids, total dissolved [TDS] mg/L 8.01 8.00 0.125 8.20 8.23 0.365
Solids, total suspended [TSS] mg/L 388 399 2.80 380 344 9.94
Turbidity NTU 9.00 8.30 8.09 10.7 8.40 241
pH pH units 1.64 1.96 17.8 3.50 2.28 42.2
Anions and Nutrients
Ammonia, total (as N) mg/L 1.19 0.674 55.4 <0.500 1.20 82.4
Bromide mg/L 0.100 0.0288 111 <0.0050 <0.0050 -
Chloride mg/L <0.050 <0.050 - <0.050 <0.050 -
Fluoride mg/L 1.10 0.940 15.7 0.860 0.850 117
Kjeldahl nitrogen, total [TKN] mg/L 0.159 0.144 9.90 0.166 0.163 1.82
Nitrate (as N) mg/L 9.66 9.77 1.13 8.50 8.35 1.78
Nitrite (as N) mg/L 0.0129 0.0101 24.3 0.004 0.003 20.3
Orthophosphate, dissolved (as P) mg/L <0.0010 <0.0010 - 0.005 0.002 81.3
Phosphorus, total mg/L 0.0200 0.0126 45.4 0.0192 0.0217 12.2
Sulfate (as SO4) mg/L 113 113 0 109 107 1.85
Organic/lnorganic Carbon
Carbon, dissolved organic [DOC] mg/L 1.34 1.18 12.7 1.37 1.47 7.04
Carbon, total organic [TOC] mg/L 1.38 1.46 5.63 1.52 1.48 2.67
lon Balance (Matrix: Water)
Anion sum meq/L 6.52 6.88 5.37 6.43 6.01 6.75
Cation sum meq/L 6.46 6.71 3.80 5.67 5.62 0.886
lon balance (APHA) % 0.462 1.25 92.1 6.28 3.35 60.9
lon balance (cations/anions) % 99.1 97.5 1.63 88.2 93.5 5.83
Total Metals
Aluminum mg/L 0.0733 0.0772 5.18 0.0413 0.0419 1.44
Antimony mg/L 0.0002 0.0002 22.2 0.0002 0.0002 0
Arsenic mg/L 0.0002 0.0002 0 0.0001 0.0001 0
Barium mg/L 0.0392 0.0398 1.52 0.0336 0.0344 2.35
Beryllium pg/L <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L <0.010 <0.010 - <0.010 <0.010 -
Cadmium pg/L 0.0811 0.0825 1.71 0.106 0.103 2.87
Calcium mg/L 73.9 76.8 3.85 66.2 63.7 3.85
Chromium mg/L 0.0003 0.0002 8.00 0.0001 0.0001 0
Cobalt pg/L 0.100 0.100 0 <0.10 <0.10 -
Copper mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Iron mg/L 0.116 0.129 10.6 0.0690 0.0650 5.97
Lead mg/L 0.000088 0.000083 5.85 0.00007 0.000072 2.82
Lithium mg/L 0.0260 0.0278 6.69 0.0258 0.0252 2.35
Magnesium mg/L 31.7 31.5 0.633 281 28.6 1.76
Manganese mg/L 0.007 0.007 4.76 0.007 0.007 4.29
Mercury pg/L <0.0000050 <0.0000050 - <0.0000050 <0.0000050 -
Molybdenum mg/L 0.001 0.001 10.3 0.001 0.001 0.687
Nickel mg/L 0.003 0.003 3.07 0.004 0.004 2.47
Potassium mg/L 1.37 1.37 0 1.21 1.24 2.45
Selenium pg/L 36.5 36.1 1.10 321 32.5 1.24
Silicon mg/L 1.78 1.82 2.22 1.63 1.65 1.22
Silver mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 1.75 1.78 1.70 1.75 1.71 2.31
Strontium mg/L 0.0925 0.0964 413 0.0914 0.0926 1.30
Sulphur mg/L 43.3 45.2 4.29 36.7 375 2.16
Thallium mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Tin mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L 0.0009 0.001 20.5 0.0005 0.0005 12.5
Uranium mg/L 0.002 0.002 0 0.002 0.002 0.506
Vanadium mg/L 0.0006 0.0005 8.85 <0.00050 <0.00050 -
Zinc mg/L 0.004 0.004 0 0.004 0.004 7.59

:l Indicates RPD exceeded 30%.

Notes: RPD = relative percent difference; "-"=

pair was below the LRL. The RPD was not calculated if both results were < LRL. Turbidity was not analyzed in duplicate samples.
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Table A.5: Field Duplicate Results for Water Chemistry Analyses, FRO LAEMP, 2022

RG_FRUPO_WS_| RG_RIVER_WS_ RG_FRCP1SW_ | RG_RIVER_WS_
Parameter Units LAEMP_ LAEMP_ RPD (%) WS_LAEMP_ LAEMP_FRO_ RPD (%)

FRO_2022-06_29 | FRO_2022-06_29 FRO_2022-06_28 2022-06_28
Dissolved Metals
Aluminum mg/L 0.002 0.003 15.4 0.003 0.003 18.2
Antimony mg/L 0.0002 0.0002 0 0.0002 0.0002 5.41
Arsenic mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Barium mg/L 0.0380 0.0401 5.38 0.0332 0.0331 0.302
Beryllium pg/L <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L <0.010 <0.010 - <0.010 <0.010 -
Cadmium pg/L 0.0633 0.0654 3.26 0.0807 0.0815 0.986
Calcium mg/L 75.4 7.7 3.00 65.1 63.8 2.02
Chromium mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Cobalt pg/L <0.10 <0.10 - <0.10 <0.10 -
Copper mg/L 0.0002 0.0002 0 0.0003 0.0002 21.3
Iron mg/L <0.010 <0.010 - <0.010 <0.010 -
Lead mg/L <0.000050 <0.000050 - <0.000050 <0.000050 -
Lithium mg/L 0.0266 0.0274 2.96 0.0247 0.0255 3.19
Magnesium mg/L 31.3 33.0 5.29 28.1 284 1.06
Manganese mg/L 0.001 0.001 6.06 0.001 0.001 3.51
Mercury pg/L <0.0000050 <0.0000050 - <0.0000050 <0.0000050 -
Molybdenum mg/L 0.001 0.001 1.53 0.002 0.001 2.67
Nickel mg/L 0.002 0.003 4.74 0.003 0.003 0.913
Potassium mg/L 1.36 1.39 2.18 1.21 1.24 2.45
Selenium pg/L 37.6 38.8 3.14 32.3 32.2 0.310
Silicon mg/L 1.56 1.59 1.90 1.56 1.57 0.639
Silver mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 1.77 1.82 2.79 1.80 1.66 8.09
Strontium mg/L 0.0890 0.0890 0 0.0906 0.0881 2.80
Sulphur mg/L 43.5 43.3 0.461 35.3 35.9 1.69
Thallium mg/L <0.000010 <0.000010 - <0.000010 <0.000010 -
Tin mg/L <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L <0.00030 <0.00030 - <0.00030 <0.00030 -
Uranium mg/L 0.002 0.002 0 0.002 0.002 1.53
Vanadium mg/L <0.00050 <0.00050 - <0.00050 <0.00050 -
Zinc mg/L 0.003 0.003 7.41 0.003 0.003 3.28
:l Indicates RPD exceeded 30%.
Notes: RPD = relative percent difference; "-"= no data/not calculated; LRL = Laboratory Reporting Limit. The RPD was calculated using < LRL results at the LRL if one result in a duplicate

pair was below the LRL. The RPD was not calculated if both results were < LRL. Turbidity was not analyzed in duplicate samples.
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were greater than 30% and most of those analytes were of low concern for the FRO LAEMP,
field sampling precision was overall considered good.

Four sets of field duplicate samples were collected to assess field sampling precision for
selenium speciation (Table A.6). Relative percent differences could not be calculated for
several selenium speciation duplicate samples as the analyte concentrations in both samples
were below the LRL. Of the 18 comparisons that could be calculated, only one did not meet
the DQO of 30% (methylseleninic acid; Table A.6). As this result represents only 5.56% of all
field duplicate comparisons, field sampling precision was overall considered good.

A2.4 Data Accuracy

Data accuracy within the ALS laboratory reports was evaluated based on results of 285
Laboratory Control Samples (LCS) and 39 Matrix Spike (MS) samples (see laboratory reports
in Appendix M). Only one of the 1,342 LCS analyte results (total silicon) did not meet the
laboratory DQO (total silicon; see laboratory report CG2208562 in Appendix M). However, this
DQO exceedance was marginal (by < 10% absolute value) and was for < 10% of analytes in
a Multi-Element/Multi-Parameter Scan, which is considered acceptable as per the Ontario
Ministry of the Environment, Conservation, and Parks (previously the Ontario Ministry of the
Environment; OMOE) and Canadian Council of Ministers of the Environment
(CCME; see laboratory report CG2208562 in Appendix M). All 1,208 MS analyte results met
the laboratory DQO. Recovery could not be calculated in several MS samples as background
levels were greater than or equal to the initial spike concentration. However, as several other
QC tests were successful and matrix spike issues due to high background presence is not
uncommon, MS recovery not being calculable in several MS samples was not of great concern.
Overall, the accuracy achieved by the laboratory was considered excellent.

Data accuracy within the BAL laboratory reports was evaluated based on results of 30 LCS, 23
MS samples, 23 Matrix Spike Duplicate (MSD) samples, and 24 Reference Material
(RM) samples (see laboratory reports in Appendix M). All 39 LCS, 26 MS, 26 MSD, and 14
RM individual analyte results met the laboratory DQO. Therefore, the accuracy achieved by
the laboratory was considered excellent.

A2.5 Hold Times

The recommended hold times for pH and oxidation-reduction potential (ORP) analyses
(0.25 hrs) were exceeded in all samples collected. As in situ pH was used for data
interpretation, these pH exceedances had no impact on data interpretability. Additionally, ORP
is not used in any analyses. The hold times for turbidity were exceeded by one to three days
in seven samples. Hold times for dissolved orthophosphate and nitrite were exceeded by two

/_\__
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Table A.6: Field Duplicate Results for Selenium Speciation Analyses, FRO LAEMP, 2022

RG_FOBKS_ RG_RIVER_ RG_FRGHSC_ RG_RIVER_ RG_FOUKI_ | RG_RIVER_ RG_FOBKS_ | RG_RIVER_
11_N 11_N 09_N 09_N 12_N 12_N 12_N 06_N
Total Selenium pg/L 711 71.9 1.12 82.6 84.1 1.80 76.1 75.5 0.792 78 77.5 0.643
Dissolved Selenium pg/L 74.4 74.8 0.536 83.1 88.2 5.95 77.9 86.9 10.9 72.7 72.3 0.552
Dimethylselenoxide pg/L 0 0 - 0 0 - 0 0 - 0 0 -
MeSe(lV) - Methylseleninic acid pg/L 0 0 - 0 0 - 0.005 0.006 18.2 0.006 0.009 40.0
Methaneselenonic Acid Mg/l 0 0 - 0 0 - 0 0 - 0 0 -
Se(lV) - Selenite pg/L 0.169 0.207 20.2 0.087 0.094 7.73 0.206 0.210 1.92 0.196 0.204 4.00
Se(VI) - Selenate pg/L 56 71 23.6 87.4 88.4 1.14 83.6 79.3 5.28 824 80.5 2.33
SeCN - Selenocyanate Mg/l 0 0 - 0 0 - 0 0 - 0 0 -
SeMe - Selenomethionine Mg/l 0 0 - 0 0 - 0 0 - 0 0 -
Selenosulphate Mg/l 0 0 - 0 0 - 0 0 - 0 0 -
Unknown Selenium Species Mg/l 0 0 - 0 0 - 0 0 - 0 0 -

|:| Indicates RPD exceeded 30%.

Notes: RPD = relative percent difference;
LRL.

"-"= no data/not calculated;

LRL = Laboratory Reporting Limit.

The RPD was calculated using < LRL results at the LRL if one result in a duplicate pair was below the LRL. The RPD was not calculated if both results were <
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days in eight samples each (see laboratory reports CG2212410 and CG2212823
in Appendix M). The hold time for nitrate was exceeded by two days in one sample
(see laboratory reports CG221410, CG2212555, and CG2212823 in Appendix M). None of
the above hold time exceedances are expected to impact conclusions derived from the data
but will still be taken into consideration during data interpretation. All hold times were met for
selenium speciation samples. Overall, few samples exceeded hold times and hold time
exceedances are expected to have little effect on the interpretation of results.

A2.6 Other Concerns

Total Kjeldahl nitrogen (TKN) concentrations in several water samples may have been biased
low due to high nitrate concentrations (see laboratory reports CG2217060, CG2212555,
CG2208450, CG2212630, CG2216906, CG2208562, CG2212981, CG2212860, CG2212410,
and CG2212823 in Appendix M). This may have lowered results for TKN in field duplicate
samples, thereby increasing the RPD calculated between two of the field duplicate
sample pairs (Table A.5). However, no comparison between TKN in field duplicate samples
exceeded the DQO, and lowered and undetectable TKN concentrations are expected to have
little effect on the overall interpretation of TKN or other water chemistry results.

A2.7 Data Quality Statement

Water chemistry data collected for the 2022 FRO LAEMP were of acceptable quality as
characterized by good detectability, appropriate LRLs, minimal evidence of laboratory or field
contamination, good laboratory and field precision and accuracy, and few hold
time exceedances. Overall, the associated water chemistry data from ALS and BAL can be
used with a high level of confidence in the derivation of conclusions.
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A3 SEDIMENT CHEMISTRY

A3.1 Laboratory Reporting Limits

The analytical reports for sediment chemistry from ALS (see laboratory reports CG2213010,
CG2213410, CG2213498, and CG2213501 in Appendix M) were examined to assess LRLs
relative to analyte concentrations and applicable guidelines (Table A.7). The LRLs for these
analytes were assessed relative to existing British Columbia Working Sediment
Quality Guidelines (BCWSQG; BCMOECCS 2021a). Several analytes were reported at
concentrations below the LRL in 100% of samples (Table A.7). Although several metals had
at least one result below the LRL, all metal LRLs were above the relevant guidelines and were
therefore considered appropriate for this study. However, several LRLs for polycyclic
aromatic hydrocarbons (PAHs) were below the BCWSQG Interim Sediment Quality Guideline,
including 100% of LRLs for acenaphthene, acenaphthylene, anthracene, benzo(a)pyrene,
dibenz(a,h)anthracene, fluorene, and phenanthrene (Table A.7). These relatively high LRLs
was likely due to a combination of chromatographic interference due to PAH co-elution effects
and high moisture content (resulting in low sample volume) in specific sediment samples.
Sediment LRLs were overall considered appropriate for this study, and relatively high LRLs for
PAHs will be considered during data interpretation. No LRLs for PAHs were above the
BCWSQG Probable Effects Limit. Overall, the achieved LRLs were appropriate for this study.

A3.2 Laboratory Blanks

A total of 43 MB samples were analyzed in the ALS laboratory reports (see laboratory reports
CG2213010, CG2213410, CG2213498, and CG2213501 in Appendix M). All 550 individual
analyte results met the laboratory DQO, indicating no inadvertent contamination of sediment
samples during analysis. Therefore, laboratory precision as determined by laboratory blanks
was considered excellent.

A3.3 Data Precision

A total of 25 laboratory duplicate samples were used to evaluate precision within the ALS
laboratory reports (see laboratory reports CG2213010, CG2213410, CG2213498, and
CG2213501 in Appendix M). All 587 individual analyte results met the laboratory DQO.
Therefore, ALS laboratory analytical precision was considered excellent.

Four sets of field duplicate samples were collected to assess field sampling precision for
sediment chemistry (Table A.8). Several RPDs could not be calculated as both analyte
concentrations in the pair were below the LRL. Of the 225 RPDs that could be calculated, only
14 were greater than 30%, included 13 RPDs for particle size measurements and one RPD
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for titanium (Table A.8). As this represents only 6.22% of field duplicate comparisons,
sediment data was overall considered to have excellent field precision and reproducibility.

A3.4 Data Accuracy

Data accuracy for sediment chemistry analyses completed by ALS was evaluated based on
the analysis of 53 LCS samples, six MS samples, and 34 reference material (RM) samples.
All 587 LCS, 168 MS, and 334 RM individual analyte results met the laboratory DQO.
Therefore, the accuracy achieved by the laboratory was considered excellent.

A3.5 Hold Times

Recommended preparation holding times for polycyclic aromatic hydrocarbons (PAHs)
were exceeded by two to three days in 16 samples each (see laboratory reports CG2213501
and CG2213410 in Appendix M). However, the analysis holding time (40 days) was met.
The recommended analysis holding time for mercury (28 days) was exceeded by one day in
six samples, two days in three samples, and four days in five samples (see laboratory report
CG2213498 in Appendix M). These are expected to have minimal impact on the data.
However, this will be considered during interpretation of results.

A3.6 Other Comments

Four samples (RG_FOUKI_SE-1_2022-09-13_N, RG_FOUKI_SE-3_2022-09-13_N,
RG_SCOUTDS_SE-3 2022-09-14_N, and RG_RIVER_SE-1_LAEMP_FRO_2022-09-18_N)
were submitted to ALS with a limited sample volume available for particle size analysis, and
therefore the measurement uncertainty for particle size analysis results for these samples may
be higher than usual.

A3.7  Data Quality Statement

Sediment chemistry data collected for the 2022 FRO LAEMP were of acceptable quality as
characterized by appropriate LRLs, good detectability, excellent laboratory precision and
accuracy, excellent field precision and reproducibility, and few hold time exceedances.
Overall, the associated data were considered acceptable for this study.
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A4 BENTHIC INVERTEBRATE COMMUNITY

Ad.A1 Sub-Sampling proportions, Precision, and Accuracy

The analytical reports from Cordillera Consulting Inc. (laboratory report in Appendix M)
were examined to assess sub-sampling accuracy. For all samples, Canadian Aquatic
Biomonitoring Network (CABIN) protocols were followed for sub-sampling (i.e., identification of
a minimum 300 invertebrates), with a minimum of 5% of a sample being assessed, except for
one sample that had 1% of sample volume assessed. All 61 benthic invertebrate community
structure samples were subsampled (Table A.9). Both the precision and accuracy of the
sub-samples randomly chosen for sub-sample assessment (n = 6) met the DQO in all
sub-samples (20%; Table A.10). Thus, the precision and accuracy for sub-sampling of the
benthic invertebrate community samples was considered excellent.

A4.2 Organism Sorting Efficiency

To measure the effectiveness of the sorters, at least 10% of samples were selected at random
for resorting analysis by a different sorter (n = 6). Sorting efficiency (i.e., percent recovery)
of benthic invertebrate samples was excellent, achieving an average of 98.3% for the six
community structure samples evaluated (Table A.11). Therefore, organism sorting efficiency
was considered excellent.

A4.3 Taxonomic ldentification Accuracy

Cordillera Consulting Inc. performed an internal audit of taxonomic identification for at least
10% of all community structure samples (n = 6; Table A.12). The analysts reported a total
identification error rate (TIR) of 0%, a percentdifference in enumeration (PDE)
of 0.064 to 0.154%, a percent taxonomic disagreement (PTD) of 0.304 to 0.855%, and a Bray
Curtis Dissimilarity Index (BCDI [which is a measure of the differences in identifications
between different analysts] of 0.002 to 0.007). The laboratory DQO was based on TIR as per
CABIN laboratory methods (< 5% TIR; Environment Canada 2014). As TIR was below 5% for
all samples examined, the taxonomic accuracy of the analysis was considered excellent.

Ad4.4 Data Quality Statement

Benthic invertebrate community data collected for the present study were of excellent quality
as characterized by excellent sorting efficiency and excellent taxonomic
identification accuracy. Therefore, the associated data can be used with a high level of
confidence in the derivation of conclusions.
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A5 BENTHIC INVERTEBRATE TISSUE CHEMISTRY

A5.1 Laboratory Reporting Limits

Analytical reports of benthic invertebrate tissue metal concentrations from TrichAnalytics Inc.
(see laboratory reports 2022-359, 2022-403, 2022-449, and 2022-425 in Appendix M)
were examined to provide an inventory of analyte results below the LRL and to compare the
LRLs for these analytes to available benchmarks (Table A.13). Most analyte concentrations
were consistently above detection limits, except for several results for arsenic, lead, mercury,
thallium, tin, and uranium (0.36 to 22.1% of results for each analyte). However, all results for
selenium were above detection and selenium is the only analyte with an applicable guideline.
Therefore, the achieved LRLs were appropriate for this study.

Ab5.2 Data Accuracy and Precision

Data accuracy and precision were evaluated based on the analysis of 20 CRM samples.
No CRM results for titanium could be calculated as the certified concentrations were too close
to the reportable detection limit (see laboratory reports 2022-359, 2022-403, 2022-449, and
2022-425 in Appendix M). Of the 580 CRM results that could be calculated for other analytes,
all met the laboratory DQO. As titanium is not an analyte of concern in benthic invertebrate
tissue in the FRO LAEMP, laboratory accuracy and precision as determined by CRM analyses
was overall considered excellent.

Laboratory precision was also evaluated by duplicate analysis of 29 benthic invertebrate
tissue samples (see laboratory reports 2022-359, 2022-403, 2022-449, and 2022-425
in Appendix M). Several results that could not be calculated due to values below the
detection limit. All 768 duplicate results that could be calculated met the laboratory DQO.
Therefore, laboratory  precision as determined by duplicate analyses was
considered excellent.

A5.3  Data Quality Statement

Benthic invertebrate tissue data collected for the 2022 FRO LAEMP were of good quality as
characterized by excellent detectability, appropriate LRLs, and excellent laboratory precision
and accuracy. Therefore, the associated data can be used with a good level of confidence in
the derivation of conclusions for this study.
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A6 DATA QUALITY REVIEW SUMMARY

Overall, the quality of the data collected for this project was considered acceptable for the
derivation of conclusions associated with the objectives of the 2022 FRO LAEMP.
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B1 WATER QUALITY

B1.1 Sample Collection

One water sample was collected concurrently with biological monitoring and included analysis
of constituents stipulated in Permit 107517 (Appendix Table B.1), as well as selenium
speciation. Sample collection procedures were consistent with those outlined in the British
Columbia Field Sampling Manual (Province of British Columbia 2013). In situ measurements
of temperature, dissolved oxygen (DO), pH, and specific conductance were recorded
concurrently with biological monitoring. The water quality meter used to collect in situ
measurements was calibrated regularly and maintained according to
manufacturer instructions.

Water samples were collected far enough upstream or downstream of confluences
(tributaries, discharges) to avoid areas of incomplete mixing (lateral, vertical), and upstream
from bridges or other structures to avoid the potential for associated influence.

Water samples were collected by wading into a mid-channel area (unless it was not practical
or safe to do so), moving from downstream to upstream, to avoid collection of water
downstream of disturbed substrates. Samples were collected from mid-depth by inverting
sample bottles below the surface before they were taken to shore prior to the addition of
applicable preservatives. Water samples being analyzed for dissolved constituents were
filtered in the field using a clean syringe affixed with a 0.45-um membrane. Once filtered, the
sample was preserved immediately in the manner specified by the analytical laboratory.
Station location (i.e., GPS coordinates), date, time, and identifier were recorded on field sheets.
All samples were kept at ~4°C until analysis. Samples were shipped to the analytical
laboratory daily or every other day to achieve compliance with recommended analytical
hold times.

Quality assurance and quality control (QA/QC) samples were collected in the field concurrent
with water samples. A minimum of one water chemistry duplicate, one field blank, and one trip
blank were collected for every 10 samples (10%).

B1.2 Laboratory Analysis

Water quality samples were analyzed by a qualified third-party Canadian Association for
Laboratory Accreditation Inc. (CALA)-certified laboratory (ALS Environmental) for constituents
listed in Permit 107517 (Appendix Table B.1). Analysis of selenium species was performed by
a qualified third-party laboratory (Brooks Applied Labs, Bothell, WA). Methods were consistent
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Table B.1: Water Quality Parameters Required Under Permit 107517°

Category

Parameters

Field Parameters

water temperature, specific conductance, dissolved oxygen (DO), pH

Conventional Parameters

specific conductance, total dissolved solids, total suspended solids,
hardness, alkalinity, dissolved organic carbon, total organic carbon, and
turbidity

Major lons

bromide, fluoride, calcium, chloride, magnesium, potassium, sodium, and
sulphate

Nutrients

ammonia, nitrate, nitrite, total Kjeldahl nitrogen (TKN), orthophosphate,
and total phosphorus

Total and Dissolved Metals

aluminum, antimony, arsenic, barium, beryllium, bismuth, boron, cadmium,
chromium, cobalt, copper, iron, lead, lithium, manganese, mercury,
molybdenum, nickel, selenium, silver, strontium, thallium, tin, titanium,
uranium, vanadium, zinc

@ Parameters are consistent with those outlined in Table 27, Appendix 3 of Permit 107517.
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with the British Columbia Environmental Laboratory Manual (Province of British Columbia
2016), where applicable.

Water samples were analyzed by ALS Environmental (ALS; Calgary, AB) for constituents
consistent with Permit 107517 (i.e., conventional constituents, major ions, nutrients, and total
and dissolved metals; Appendix Table B.1) using the following methods indicated in
parentheses:

o total organic carbon (TOC) and dissolved organic carbon (DOC; combustion method;
American Public Health Association [APHA] 5310 for TOC);

e Total suspended solids (TSS) and total dissolved solids (TDS; gravimetric method;
APHA 2540 D and C for TSS and TDS, respectively);

o alkalinity (potentiometric titration; APHA 2320);
o turbidity (nephelometric method; APHA 2130 Turbidity);
e hardness, as CaCOs; (by calculation; APHA 2340 B);

e total and dissolved metals®, (collision cell inductively coupled plasma - mass
spectrometry and inductively coupled plasma - optical emission spectrophotometry;
APHA 3030 B&E/ Environmental Protection Agency [EPA] SW-846 6020A, and
EPA 3005A/6010B, respectively);

e bromide, chloride, fluoride, and sulphate (ion chromatography; APHA 4110 B);
e ammonia, as N (fluorescence; J. Env. Monit., 2005, 7:37-42);

e nitrate and nitrite, as N (ion chromatography; EPA 300.0);

o total Kjeldahl nitrogen (TKN) (fluorescence; APHA 4500-NORG D.);

e orthophosphate and total phosphorus (colourimetric  method; APHA
4500-P Phosphorus); and

e DMSeO, MeSe(lV), MeSe(VI), Se(lV), Se(VI), SeCN, SeMet, SeSO3, unknown Se Sp,
total Se and Dissolved Se.

Selenium speciation analysis was conducted by Brooks Applied Labs (Bothell, Washington)
using ion chromatography inductively coupled plasma collision reaction cell mass spectrometry
(ICICPCRC-MS). Constituents included selenate, selenite, dimethylselenoxide,
methylseleninic acid, methaneselenonic acid, selenocyanate, selenomethionine,
selenosulphate, and unknown selenium species. Selenium species were first separated on an
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ion exchange column and then detected using a collision/reaction cell-equipped inductively
coupled plasma mass spectrophotometry (ICP-MS). The applied method was optimized to
provide interference free quantitation of individual selenium species at part-per-trillion
(ppt) levels. Total (unfiltered) and dissolved (filtered) selenium analyses were also performed
by Brooks Applied Labs using inductively coupled plasma triple quadrupole mass spectrometry
(ICP-QQQ-MS). Watersamples were collected into borosilicate glass containers and
preserved to a pH < 2 with nitric acid. An aliquot of each preserved sample was further
digested with nitric and hydrochloric acids in a closed vessel (bomb) prior to analysis.
The applied sample collection, preservation, digestion, and analytical procedures are designed
to accurately quantify selenium in the presence of potential interferences
(e.g., chloride and bromide) and regardless of the chemical form of selenium present
in solution (e.g., ionic, particulate, or volatile molecular forms).

Water chemistry data collected for the 2022 FRO LAEMP were of acceptable quality as
characterized by good detectability, appropriate LRLs, minimal evidence of laboratory or field
contamination, good laboratory and field precision and accuracy, and few hold
time exceedances (Appendix A). Overall, the associated water chemistry data from ALS and
BAL can be used with a high level of confidence in the derivation of conclusions.

B1.3 Data Analysis

Water quality assessment focused on constituents with early warning triggers (EWTSs)
as defined under the AMP (Azimuth 2018) as well as other constituents required to assess
study questions. Total mercury was not included as the source of aqueous mercury
concentrations in the Elk Valley is not considered mining (Teck 2019). Total phosphorus and
orthophosphate were included in water quality assessment to assess productivity relative to
water treatment. Data extracted from Teck’s EQuIS database were screened for text values
and converted to a common unit.

Routine water quality monitoring results were screened against British Columbia Water
Quality Guidelines (BCWQG; BCMOECCS 2019, 2021a) as part of Teck's Annual Water
Quality Monitoring Report under Permit 107517 (Teck 2022). Water samples taken
concurrently with biological monitoring samples were integrated with routine water quality
monitoring stations for a more complete data set. Routine water quality monitoring stations
were matched with concurrent water samples according to proximity (Table 2.4). Water quality
constituents were compared to BCWQGs (BCMOECCS 2019, 2021a), EVWQP benchmarks
(Teck 2014), updated effects concentrations (i.e., for nitrate and sulphate), screening values
for TDS, and the proposed benchmark for dissolved nickel, as applicable, for the 2022
calendar year. Plots of constituents with EWTs under the AMP (i.e., TDS, sulphate, total

T
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concentrations of antimony, barium, boron, lithium, manganese, molybdenum, nickel,
selenium, uranium, and zinc, and dissolved concentrations of cadmium and cobalt;
Azimuth 2018), nutrients, and selenium species from 2012 to 2022 were plotted individually for
each monitoring station.

Potential changes in water quality constituents at individual stations were analyzed statistically
to evaluate (1) if there was an increase or decrease since the base year of monitoring (2012 or
the earliest year if monitoring was initiated post-2012), (2) whether the annual mean was within
the range of historical annual means, and (3) if the current monitoring year (2022) was different
from the previous monitoring year (2021).

Monthly mean concentrations of each constituent were estimated using the Kaplan-Meier
(K-M) method. The method involves transforming the left censored (i.e., < value) data set to
a right censored (i.e., > value) data set, and then using the K-M estimator (used to estimate
the mean survival time in survival analysis) to estimate the mean. The calculation was
conducted using the survfit() function in the survival package (Therneau 2017) in R and
involves calculating the area under the K-M survival curve. The K-M method is non-parametric
and can accommodate multiple LRLs. The method of estimating the mean is equivalent to
using the distribution of detectable values below the LRL to represent values that are < LRL.
For example, the mean of the data set {1, 2, <4, 5} is estimated as the mean of 1, 2,
['2x1 + ¥2x2], and 5 which is 2.375. The value <4 is replaced by the distribution of
values below 4 (i.e., 1 and 2 with equal weight of 2). Similarly, the mean of the data set
{1,1.6, 2, 2.1, <4, 5} is estimated as the mean of 1, 1.6, 2, 2.1, [Vax1 + Vax1.6 + Vax2 + V4x2 1],
and 5 which is 2.229. Again, the value <4 is replaced by the distribution of values below 4
(i.e., 1,1.6, 2, and 2.1 with equal weight of 7). If there is only one LRL and no detected values
below the LRL, then the K-M estimate of the mean is equivalent to replacing the value below
the LRL with the LRL (i.e., the best estimate for the values < LRL is the LRL).

Temporal changes in monthly mean concentrations for water quality constituents were
evaluated for each station (reference and mine-exposed) from 2012 to 2022. Only years with
at least six months and only stations with at least three years of data were included in
the analysis. Because of the presence of LRLs for most parameters, a censored regression
analysis of variance (ANOVA) model with factors Year and Month and assuming a log-normal
distribution of the response variable was fit with maximum likelihood estimation for
each station. The significance of each term in the model was assessed using likelihood-ratio
tests to determine if there is a significant change in log-likelihood with the addition of the term
in the model. This tested for an overall difference among years (including the Month term in
the model controlled for seasonal effects within a year). If the Year term was significant
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(a = 0.05) then post-hoc contrasts were conducted to test for pairwise differences among years
with an a = 0.05 in a Tukey’s HSD test which corrects for the number of comparisons.

For each year, a percent magnitude of difference from the base year (i.e., first year with
minimum number of months) was calculated as:

Year; — Base Year
X 100 %

Base Year

and the significant difference between 2022 and previous years was assessed.

Tests for temporal trends were also conducted using the non-parametric seasonal Kendall test
described by Hirsch et al. (1982). The tests were conducted using scripts written in R software
(R Core Team 2022). The seasonal Kendall test assesses temporal trends separately for
each season (or month in this case) and combines the results for each season into an overall
test for trend. The test is non-parametric and assesses whether there is a monotonic
increasing or monotonic decreasing trend over time. The test is conducted by calculating the
test statistic S; which is equal to the sum of the number of increases and decreases from a
time period t to all time periods after t for each observation in season i. The overall test
statistic S is computed as the sum of §; for all seasons. The significance of the observed S is
determined by comparing it to a critical value of S (at the significance level a = 0.05)
determined from the exact sampling distribution of S (calculated by determining all possible
permutations and combinations of § based on the increases and decreases from the number
of pairwise comparisons made; Hirsch et al. 1982). If more than 45 pairwise comparisons
are made (equivalent to the number of pairwise comparisons for n = 10 in a single season),
then the normal approximation is used to calculate a p-value and to assess significance
(Hirsch et al. 1982). The standard normal deviate Z is calculated as:

S—1
ifS>0
7o
Z={ 0 ifS=0
S+1

ifS<0

N

{(ni—1)(2n;+5)~ S, ti(ti—1)(2t;+5)
Where g5 = 3k, 0 18Tl — :

and n; is the number of samples in month i, t;

is the number of tied values for each tied value T;, and k is the number of seasons (Hirsch et
al. 1982).

An estimate of the trend slope over time was estimated by computing the median of all slopes
between data pairs within the same month (Helsel and Hirsch 2002). The slope was reported
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as a percentage change in concentration per year. The intercept of a line through the time
series was estimated as the median intercept of all lines through each point with the
estimated slope (Pohlert 2016). The trend analysis was only conducted with a minimum
number of 5 pairwise comparisons, the minimum number required for all consecutive increases
or decrease to be significant at a = 0.05.

Potential temporal changes in constituents with EWTs, nutrients (total phosphorus
and orthophosphate) and selenium speciation were also evaluated relative to the
commissioning of water treatment in December of 2021. Specifically, a censored analysis
of variance (ANOVA) was conducted to compare differences in concentrations between the
station immediately upstream (RG_FOBKS) and all stations downstream of water treatment
(Treatment term), and pre- and post-commissioning (Before-After term). A term for year
(nested in BA; Year(BA) term) was also included in the model , as well as, month (Month)
to control for seasonal effects within a year. The analysis was designed to test for interactions
between the Treatment and the Before-After terms. First the interaction between Year(BA)
and BA was assessed with a significant interaction (p-value < 0.05) suggesting that changes
upstream and downstream of treatment are different between the pre-commissioning and post-
commissioning periods, but the effect is dependent on which years are compared. In that
case, post-hoc tests (Tukey corrected for multiple comparisons) were conducted to determine
significant differences between years in the before period versus years in the after period.
Where there were significant differences a magnitude of difference (MOD) for each year
comparison was calculated as:

MCTTreated, After — MCTPredicted, After

MOD = x 100%

MCTPredicted, After

: where:

MCTPredicted,After = MCTUntreated,After + (MCTTreated,Before - MCTUntreated,Before);

and the measures of central tendency (MCT) are the estimated marginal means from the full
ANOVA model. The MOD captures the change in concentrations at the treated station relative
to what was expected given the differences pre-treatment. If the interaction between Year(BA)
and BA was not significant, the BA x Treatment term was assessed with a significant interaction
(p-value < 0.05) suggesting that changes upstream and downstream of treatment are different
between the pre- and post-commissioning periods and this change was consistent across
all years. In this case, an overall magnitude of difference was calculated using the formula
above, but with MCTs calculated across the pre- and post-commissioning years (i.e., not
separately for each year). Testing the significance of the interaction terms is the key
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hypothesis of interest in the BACI model as it tests for changes in the relative differences
among stations over time. If both interaction terms were not significant it suggested the
differences between treated and untreaded stations remained consistent pre- and
post-commissioning (i.e., there were no BACI effects). Because any effects of treatment are
expected to decrease as you move away from the treatment facility a separate model was fit
for each downstream station. All analysis was conducted in R (R Core Team, 2021).

A principal components analysis (PCA) is a multivariate approach which transforms a group of
‘n’ variables into a smaller new set of uncorrelated variables (the principal components; PCs).
The principal components are defined to be linear combinations of the original ‘n’ variables.
A PCA was conducted using Kaplan-Meier (KM) mean water chemistry constituents calculated
over the year prior to the benthic sampling date. Annual means accounted for seasonality by
first defining seasons that were based on changes in water chemistry across a year and
designed to capture high and low concentration periods throughout a year. For each year, four
seasons were defined: winter (December to March), early spring (May), spring (June)
and summer (July). Each season had to have at least one record for an annual concentration
to be calculated and used in the PCA. Because a PCA cannot incorporate LRL values, any
constituents with >25% of the mean values below the LRL were excluded from the PCA and
Kaplan-Meier mean values at the LRL were replaced with the LRL (Farnham et al. 2002).
When there was more than one LRL for a given constituent, or detected values were below
the highest LRL, these values were replaced with the highest LRL. The contribution of
individual constituents to the first two principal components were quantified by calculating their
correlation using a Pearson’s correlation coefficient. The PCA and correlation analysis were
conducted in R (R Core Team 2021).

Seasonal mean concentrations of order constituents (nitrate, total selenium, dissolved
cadmium, and sulphate) and total nickel from 2022 were plotted spatially, while selenium
species concentrations of samples taken concurrent with biological monitoring in 2022 were
also plotted spatially.

B1.4  Chronic Toxicity Testing

The following chronic toxicity tests were completed quarterly or semi-annually for water
samples collected at mine-exposed and reference sites, as per the Permit 107517 Chronic
Toxicity Program:

e 72-hour growth/inhibition test using a freshwater alga
(Pseudokirchneriella subcapitata)  conducted  quarterly  using method:
EPS1/RM/25; Environment Canada 2007a;
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e 7-day test of reproduction and survival using the cladoceran,
Ceriodaphnia dubia conducted quarterly using method: EPS1/RM/21; Environment
Canada 2007b;

e 28-day water-only test of growth and survival using the amphipod,
Hyalella azteca conducted semi-annually (in Q2 and Q4) using methods adapted
from USEPA (2000);

o 30-day early life stage toxicity tests using rainbow trout, Oncorhynchus mykiss
conducted semi-annually (in Q2 and Q4) using method: EPS 1/RM/28- 1E;
Environment Canada 1998; and

o 28-day early life stage toxicity test using fathead minnow, Pimephales promelas
conducted semi-annually (in Q1 and Q3) using methods: EPA-712-C-96-121;
USEPA 1998; and E1241-05; ASTM 2013.

Toxicity tests and associated QA/QC measures were completed by a qualified third-party
biological testing laboratory. Water quality samples were collected at the same time to support
evaluation of toxicity test results. Results were reported quarterly and summarized annually
by Teck in accordance with Permit 107517 requirements.
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B2 HYDROLOGY

B2.1 Drying and Stranding Surveys

In 2022, monthly drying surveys were completed (January to April and August to December)
to evaluate surface water connectivity (i.e., seasonal drying) along the Fording River and
Henretta Creek in the FRO LAEMP study area (Figure 2.2). The drying survey sections in the
FRO LAEMP study area are broken down into three sections: the southern survey, the northern
survey, and the Henretta Creek survey. The southern survey covers a 12.8 km section of the
Fording River from the Chauncey Creek confluence (FR_FRABCH) upstream to the south
tailings pond (FR_FR2). The southern survey also includes two side channels of the Fording
River that were added in November 2020: Fording River Side Channel 2 and the Greenhouse
Side Channel. Stranding surveys also evaluated surface water connectivity each month
(i.e., approximately two weeks apart from drying surveys) at the same FRO LAEMP study area
locations, except these surveys did not include assessments of the two side channels or the
section of the Fording River downstream of FR_FRRD. The northern survey covers a 6.1 km
section of the Fording River from the Multiplate culvert (FR_MULTIPLATE) to a location on the
Fording River upstream of the Henretta Creek confluence (FR_UFR1). The Henretta Creek
survey covers a 3.5 km section of Henretta Creek upstream of Henretta Lake (i.e., upstream
of FRO licensed water use; Table 2.3; Figure 2.2). Methods followed those used in previous
years; field crews walked each section to delineate any extent of drying, isolated pools, fish,
and wildlife observations by marking them with a handheld global positioning system (GPS)
and on an iPad with geo-referenced map to facilitate mapping (Minnow and Lotic 2019,
2020, 2021a). Drying sections were also recorded as GPS tracks on an iPad to facilitate
mapping and estimate the extent of drying.

B2.1.1 Data Analysis

Coordinates (taken by GPS) and tracks collected during the drying surveys were mapped to
display the monthly/biweekly conditions and any observed drying sections of the Fording River.
The results of monthly surveys were used, in combination with water level logger data and trail
cameras, to determine the exact dates when a section of the Fording River had become dry
between visits. Dry days for each survey section and hydrometric station were summarized
for each year from 2017 to 2022 and were calculated for each low flow season not per
calendar year. Dry areas were mapped for each month when drying was observed.
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B2.2 Water Levels and Temperature Methods
B2.2.1 Data Collection

Water level and temperature were continuously monitored at 13 hydrometric stations in 2022
using a combination of three types of level loggers, which were installed in stilling wells
(Table 2.3; Figure 2.2). The combination of loggers was included for protection against the
loss of data in the event of a logger malfunction and included Solinst M5 loggers (primary),
Solinst 3250 LevelVent Dataloggers (secondary), and Onset Hobo U-20 level-loggers
(tertiary; Table 2.3). The loggers were programed to record water level and water temperature
at 15-minute intervals. Data was downloaded from the loggers pre-freshet in April, post-freshet
in July, and October before freeze-up to avoid data loss.

Monthly discharge measurements were collected by field crews at each station using a Hach
FH950 velocity meter, where surface flow conditions permitted (i.e., wadable and limited
ice cover). Flow measurement methods were consistent with those reported previously
(Minnow and Lotic 2018, 2019, 2020, 2021a, 2022), following the Manual of British Columbia
Hydrometric Standards (RISC 2009). The Hach FH950 profiler function was used to determine
if flow panels exceeded 10% of the discharge in the field to increase hydrological data grading
in 2022. During ice covered visits, a transect was cut into the ice by hand or a minimum of five
holes were drilled through the ice with an auger to get an estimate for discharge; however,
winter flow measurements under ice are unlikely to serve as reliable data points and are for
informational purposes only. Ice affected discharge measurements were flagged and were not
used in stage-discharge development. One high flow measurement was collected at each site
in June 2022 using a Sontek M9 ADP unit to enable flows to be collected without wading and
to assist in developing the upper end of each rating curve. Benchmark surveys were
completed three times a year at each site before level loggers were downloaded to determine
if the stilling well had shifted and to comply with Resources Information Standards Committee
(RISC) standards (RISC 2009).

B2.2.2 Data Analysis

Continuous water level data were collected and corrected for barometric pressure from
October 2017 to October 2022, where applicable. For each hydrometric station, a log-linear
stage-discharge curve was generated using manual stage and discharge measurements.
Stage (m) and discharge (m®/s) values were manually verified and measurements with
suspected errors or high uncertainty (e.g., flows conducted under ice conditions)
were removed from further analyses. All stage measurements below 0.001 m were treated as
‘dry’ and were excluded. Benchmarks were checked for each site and shifts were corrected.
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The water level record was also verified by comparing to manual measurements, spikes, and
other erroneous readings were cleaned. Hourly discharge and stage records were compared
against manual observations to calculate the Offset (m), Absolute Error (m?/s), and the mean
Relative Error (Absolute Error divided by Measured Flow; %; Schaefer and Chernos 2022).

Paired stage readings and manual discharge measurements at each site were used to develop
site specific power function stage-discharge relationships. The stage discharge relationship
was used to convert the continuous water level records recorded at each site into a
discharge record. Stage (m) and discharge (m%s) values were manually verified and
qualitatively determined outliers (relative to the existing relationship) or measurements with
high uncertainty (e.g., flows conducted under ice conditions) were removed from the
stage-discharge relationship. All stage measurements below 0.001 m were treated as ‘dry’
and were excluded. A discharge time series (i.e., hydrograph) was plotted for each station.
Lotic retained MacDonald Hydrology Consultants for senior review and quality grading of the
hydrological data. Grades were assigned for each site following British Columbia Ministry of
Environment Hydrological RISC Standards (RISC 2009). A water temperature time series was
also plotted for each station.

Changes in temperature and flow from 2017 to 2022 were quantified using seasonal Kendall
test using monthly means calculated from 14 data loggers. The analysis tests for monotonic
increases or decreases are described in Section B.1.3.

Temporal changes in temperature were also evaluated relative to the commissioning of water
treatment in December of 2021. Specifically, the change in the difference of daily mean water
temperature upstream and downstream of water treatment (RG_SCOUTDS - RG_FOBKS)
was tabulated and screened against the temperature difference limits (difference of 1 °C)
outlined in Study Question #4. The daily differences also varied within years before
(2020 and 2021) and after treatment (2022). A non-linear seasonal pattern was observed,
however, and thus were statistically compared using a generalized additive model (GAM).
Specially, the model included a term for year, a cubic regression smoothing term to account
for non-linear changes within a year, and an autoregressive model term (time lag of 1 day)
to control for temporal autocorrelation. The predictions and corresponding confidence
intervals were used to compare the estimated temperature differences before and
after treatment.
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B3 SUBSTRATE QUALITY

B3.1 Sediment
B3.1.1 Sample Collection

Sediment quality samples were collected concurrently with benthic invertebrate sampling at
eight areas in September 2022 (RG_HENUP, RG FO026, RG _FOUKI, RG_FOBKS,
RG_SCOUTDS, RG_FOBCP, RG_FRUPO, and RG_F022). Surficial sediment was collected
by slowly and carefully placing the spoon on the sediment surface in a manner that minimized
disturbance and inserting the spoon into the sediment to capture sediment to a depth of 1
to 2 cm. Samples were collected into glass jars for analysis of polyaromatic hydrocarbons
(PAHSs) and into polyethylene bags for analysis of metals, moisture content, and particle size
distribution. Five sediment samples were collected at each mine-exposed area and three
samples were collected in each reference area, consistent with the previous RAEMP cycle
(Minnow 2020). Duplicate QC samples (split samples) were collected in the field concurrent
with sediment chemistry samples at a rate of 10%. Following collection, samples were placed
in a refrigerator at approximately 4°C until submitted to a qualified laboratory (ALS Calgary)
for analysis.

B3.1.2 Laboratory Analysis

Sediment samples were analyzed by ALS Environmental in Calgary, Alberta. The laboratory
thoroughly homogenized each sample prior to analysis. Methods used were consistent with
the British Columbia Environmental Laboratory Manual (BCMOECCS 2020), where applicable,
and include analyses of physical and chemical parameters (e.g., moisture content, particle
size, total organic carbon [TOC], metals and metalloids, and PAHS).

Sediment samples wee analyzed for the following constituents:

o Physical tests (moisture and pH);

e particle size and type (clay, grain size curve, silt, sand, gravel);

e Inorganic carbon, total carbon, total organic carbon, inorganic carbon
(IC; as CaCO3 equivalent);

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

/_\__
May 2023 | B-12



minnow environmental inc. Teck
Project 227202.0014 Teck FRO LAEMP 2022

polycyclic aromatic hydrocarbons (acenaphthene, acenaphthylene, acridine,
anthracene, benz(a)anthracene, benzo(a)pyrene, benzo(b+j)fluoranthene,
benzo(b+j+k)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene,
dibenz(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-c,d)pyrene,
methylnaphthalene, 1+2-, methylnaphthalene, 1-, methylnaphthalene, 2-, naphthalene,
phenanthrene, pyrene, quinoline, B(a)P total potency equivalents [B(a)P TPE],
IACR (CCME), IACR AB (coarse), IACR AB (fine), PAHSs, total (BC Sched 3.4),
PAHSs, total (EPA 16); not all projects measure polycyclic aromatic hydrocarbons and
polycyclic aromatic hydrocarbons surrogates (acridine-d9, chrysene-d12,
naphthalene-d8, phenanthrene-d10). Not all projects measure polycyclic
aromatic hydrocarbons.

Upon completion of the laboratory analyses, data reports were provided to Minnow and Teck

electronically as Adobe Acrobat PDF and Microsoft Excel files.

Sediment samples were analyzed using the following methods:

Moisture content was determined gravimetrically by drying the sample at 105°C;
particle size distribution was determined by dry sieving (coarse particles), wet sieving
(sand), and the pipette sedimentation method (fine particles);

metals by Collision Reaction Cell Inductively Coupled Plasma-Mass Spectrometry
(CRC ICP-MS; EPA 200.2/6020A);

mercury by Cold Vapour Atomic Fluorescence Spectroscopy
(CVAFS; EPA 200.2/245.7);

TOC by combustion method (Carter and Gregorich 2008); and

PAHSs by rotary extraction using hexane/acetone (EPA 3570/8270) followed by capillary
column gas chromatography with mass spectrometric detection (GC/MS).

Sediment chemistry data collected for the 2022 FRO LAEMP were of acceptable quality as

characterized by appropriate LRLs, good detectability, excellent laboratory precision and

accuracy, excellent field precision and reproducibility, and few hold time exceedances

(Appendix A). Overall, the associated data were considered acceptable for this study.

B3.1.3

Data Analysis

Sediment quality data were tabulated, summarized, and compared to British Columbia

Working Sediment Quality Guidelines (WSQGs), except for selenium concentrations which

were compared to an alert concentration considered equivalent to an upper WSQG
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(BCMOECCS 2019, 2021a). The sediment data were also compared to reference area normal
ranges, which were the 2.5 and 97.5" percentiles of pooled reference area distribution after
removal of outliers (Minnow 2021b). Normal ranges could not be calculated for several PAHs
because most of the values were below laboratory reporting limits (LRL). Data from 2017 to
2021 were plotted for all constituents for which a WSQG was available and visually assessed
for temporal changes.

Temporal changes in sediment chemistry were evaluated relative to the commissioning of
water treatment in December of 2021. Specifically, a censored analysis of variance (ANOVA)
was conducted to compare differences in selenium concentrations between the station
immediately upstream (RG_FOBKS) and all stations downstream of water treatment
(Treatment term), and pre- and post-commissioning (Before-After term). A term for year
(nested in BA; Year(BA) term) was also included in the model. The analysis was designed to
test for interactions between the Treatment and the Before-After terms. First the interaction
between Year(BA) and BA was assessed with a significant interaction (p-value < 0.05)
suggesting that changes upstream and downstream of treatment are different between the
pre-commissioning and post-commissioning periods, but the effect is dependent on which
years are compared. In that case, post-hoc tests (Tukey corrected for multiple comparisons)
were conducted to determine significant differences between years in the before period versus
years in the after period. Where there were significant differences a magnitude of difference
(MOD) for each year comparison was calculated as:

MCTTreated, After — MCTPredicted, After

MOD = x 100%

MCTPredicted, After

: where:

MCTPredicted,After = MCTUntreated,After + (MCTTreated,Before - MCTUntreated,Before);

and the measures of central tendency (MCT) are the estimated marginal means from the full
ANOVA model. The MOD captures the change in concentrations at the treated station relative
to what was expected given the differences pre-treatment. If the interaction between Year(BA)
and BA was not significant, the BA x Treatment term was assessed with a significant interaction
(p-value < 0.05) suggesting that changes upstream and downstream of treatment are different
between the pre- and post-commissioning periods and this change was consistent across all
years. In this case, an overall magnitude of difference was calculated using the formula above,
but with MCTs calculated across the pre- and post-commissioning years (i.e., not separately
for each year). Testing the significance of the interaction terms is the key hypothesis of interest
in the BACI model as it tests for changes in the relative differences among stations over time.
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If both interaction terms were not significant it suggested the differences between treated and
untreaded stations remained consistent pre- and post-commissioning (i.e., there were no
BACI effects). Because any effects of treatment are expected to decrease as you move away
from the treatment facility a separate model was fit for each downstream station. All analysis
was conducted in R (R Core Team, 2022).

The BACI magnitude of difference (MOD) results were visualized using a heatmap, with
colours corresponding to the overall MOD averaged across all years with cells identified as
having a significant BACI effect. In order to visualize the similarities among MODs between
analytes, the axes show hierarchical clustering diagrams using unweighted paired group mean
method with arithmetic mean.

B3.2 Calcite

B3.2.1 Calcite Measurement

Measurements of calcite presence and concretion were conducted on 100 particles (pebbles)
at each biological sampling location concurrent with (and using the same particles as)
the 100-pebble count. Calcite presence (Cp) has historically been a binary assessment
(i.e., presence [score = 1] or absence [score = 0]; Teck 2016, Lotic 2021). In 2021, an
additional method for assessing calcite presence in lotic environments was included (Cp’, Lotic
2021, Zathey et al. 2021, Robinson et al. 2022) that scored the fraction of the particle surface
area covered by calcite as a decimal to the nearest 10th percentile (0.1, 0.2, 0.3, etc.; see
Appendix I). The degree of concretion (Cc) was assessed by determining if the particle was
removed with negligible resistance (not concreted; score = 0), noticeable resistance but
removable (partially concreted; score = 1), orimmovable (fully concreted; score = 2). If distinct
particles were not visible due to heavy calcification, values of 1 (for presence) and 2
(for concretion) were recorded. If fines were encountered and calcite presence could not be
visually confirmed, values of O (for presence) and 0 (for concretion) were recorded. If rocks
were visible under fine material, the rock was selected for calcite measurements.

B3.2.2 Data Analysis

The results for the 100 particles were expressed as a Calcite Index (Cl and CI') based on the
following equations (Lotic 2021, Zathey et al. 2021, Robinson et al. 2022):

Cl=C,+ C. or CI = Cy' + C,
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Where:

CI or CI' = Calcite Index!

Number of particles with calcite

C = Calcite Presence Score = -
100 (binary score)
. Number of particles with calcite
C,' = Calcite Presence Score = /v -
p 100 (proportional score)

Sum of particle concretion scores
100

C. = Calcite Concretion Score =

Calcite data collected as part of the Regional Calcite Monitoring Program (Lotic 2022)
were reported but were not used in analyses as the calcite measurements taken concurrently
with biological sampling were deemed more appropriate because they are representative of
the areas sampled for benthic invertebrates (i.e., riffles).

' Cl refers to the binary assessment of Cp and CI' refers to the proportional assessment of Cp'.
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B4 BENTHIC INVERTEBRATES

B4.1 Overview

Benthic invertebrates are an important component of the aquatic ecosystem of the
Elk River watershed because they can be used as indicators of localized food availability
(based on abundance), food quality (based on tissue chemistry) and habitat quality (based on
richness, % Ephemeroptera, Plecoptera and Trichoptera [EPT], and % Ephemeroptera, as
well as abundance of EPT and Ephemeroptera, Plecoptera, and Trichoptera individually)
for receptors at higher trophic levels. Benthic invertebrate monitoring in the FRO LAEMP
consisted of community sampling, productivity, and composite-taxa tissue chemistry sampling.
Supporting measures, including habitat characterization, were also collected concurrent with
benthic invertebrate community samples, as described below.

Benthic invertebrate samples were collected to address study questions related to
community structure (as determined via CABIN sampling; Section B4.2), productivity
(as determined via Hess sampling; Section B4.3), and invertebrate tissue accumulation
of selenium (Section B4.4). Consistent with other LAEMPs and the RAEMP (Minnow 2021a,b,
Minnow and Lotic 2021b), benthic invertebrate community and productivity sampling was
completed in September; however, benthic invertebrate tissue sampling occurred in June,
September, and December. Individual water samples for routine water quality analysis and
selenium speciation analysis were collected from each monitoring area during each sampling
event, concurrently with the collection of biological samples.

B4.2 Community Structure

B4.2.1 Sample Collection — Canadian Aquatic Biomonitoring Network (CABIN)

Benthic invertebrate community sampling followed the CABIN protocol, which involved a
3-minute travelling kick into a net with a triangular aperture measuring 36 cm per side and a
mesh having 400-um openings (Environment Canada 2012a). During sampling, the field
technician moved across the stream channel (from bank to bank, depending on stream depth
and width) in an upstream direction. With the net held immediately downstream of the
technician’s feet, the detritus and invertebrates disturbed from the substrate passively
collected in the kick-net by the stream current. After three minutes of sampling time, the
sampler returned to the stream bank with the sample. The kick-net was rinsed with water to
move debris and invertebrates into the collection cup at the bottom of the net. The collection
cup was then removed, and the contents poured into a labelled plastic jar and preserved to a
concentration of 10% buffered formalin solution in water.
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B4.2.2 Laboratory Analysis

Benthic invertebrate community samples were sent to Cordillera Consulting (lead taxonomist
Scott Finlayson), in Summerland BC, for sorting and taxonomic identification. Taxonomists at
Cordillera have achieved certification for Group 1 (general Arthropods West), 2 (EPT East
and West), and 3 (Chironomids West) benthic organisms in the Taxonomic Certification
Program of the Society for Freshwater Science. At the beginning of the sorting process, each
sample was examined and evaluated for estimation of total invertebrate numbers. If the total
number was estimated to be greater than 600, then the laboratory’s sub-sampling protocol was
followed. Sorting efficiency and sub-sampling accuracy and precision was quantified using
methods specified by Environment Canada (2014). Organisms were identified to the lowest
practical level (LPL; typically genus or species).

Benthic invertebrate community data collected for the present study were of excellent quality
as characterized by excellent sorting efficiency and excellent taxonomic identification accuracy
(Appendix A). Therefore, the associated data can be used with a high level of confidence in
the derivation of conclusions.

B4.2.3 Supporting Measures

Consistent with the requirements of the CABIN sampling protocol, supporting
habitat information (i.e., water velocity and depth, in situ water quality [temperature, dissolved
oxygen [DO], conductivity, pH], and substrate characteristics [Wolman 100-pebble count and
substrate embeddedness]) were collected concurrently with BIC sampled in riffle habitats
(Environment Canada 2012a). Periphyton scores (n=3 at all monitoring areas except
RG_FOBCP and RG_F022 which both had n=5) were also ascribed to each biological
monitoring area during September sampling, and according to CABIN sampling protocol
(Environment Canada 2012a, Minnow and Lotic 2021b). The scoring was ascribed as follows:

1 — rocks not slippery, no obvious colour (<0.5mm thick);

2 —rocks slightly slippery, yellow-brown to light green in colour (0.5-1mm thick);

3 —rocks have noticeable slippery feel, patches of thicker green to brown algae (1-5mm thick);
4 — rocks are very slippery, numerous clumps (5-20mm thick); and

5 — rocks mostly obscured by algae mat, may have long strands (>20mm thick).
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B4.2.4 Data Analysis

To address the investigation into the changes in BIC structure, endpoints of total sample
abundance, richness (LPL taxonomy), percent (%) and total abundance of Chirnonomidae,
EPT, Ephemeroptera, Plecoptera, and Trichoptera individually, and total abundance of key
Ephemeroptera families (Baetidae, Heptageniidaie, Ephemerellidae) were plotted spatially
and temporally. Autotrophic to Heterotrophic Index, Shredder Index, Filtering to Collector
Index, Predator Index, and Hyporheic to Benthic Index (Table B.2) were also computed for
each biological monitoring area from CABIN kick samples and using the following equations:

Scrapers )

A i H icl = 1
utotrophic to Heterotrophic Index = log10 (Shredders + Collector Gatherers + Filterers

Filterers )

Filtering Collector Index = log10 (Collector Catherers

Predator Index = | 10( Predators )
reaator ingex = tog All other Feeding Groups

Burrowers )

Hyporheic to Benthic Index = | 10(
yporhetc to Bentiic index = 1092\ Clingers + Sprawlers

Shredders )

Shredder Index = log10 (Collector Gatherers + Filterers

Benthic invertebrate community data collected in September were compared to
regional normal (reference area) ranges and habitat adjusted site-specific normal ranges.
The regional normal range is defined as the 2.5" and 97.5" percentiles of the distribution of
reference area data (pooled 2012 to 2019 data) reported in the 2017 to 2019 RAEMP report
(Minnow 2020). The site-specific normal ranges were calculated as prediction intervals from
the final habitat model (Minnow 2020). Ninety-fifth percentile prediction intervals were
calculated from linear mixed-effects models using simulations (n=100,000) to generate
residual variation in random-effects terms. For Ephemeroptera and EPT Abundance
endpoints, the prediction intervals from the % Ephemeroptera and % EPT models were
multiplied by the prediction intervals from the Abundance model to generate the taxa specific
abundance predictions.  Prediction intervals were calculated using the predictinterval()
function in the merTools R package (Knowles and Frederick, 2019). The residuals from the
habitat models (observed minus model predicted values; on the transformed scale) were used
in correlation analyses below.

Endpoints from September were plotted spatially (2022), and temporally (2012 to 2022)
for each area where data were available. The relative composition of BIC was plotted spatially
by monitoring area where samples were collected in 2022.

May 2023 | B-19



Table B.2: Benthic Invertebrate Community Index Descriptions, FRO LAEMP, 2022

Index

Description

Autotrophic to
Heterotrophic Index

Reflects the ratio of energy use by the benthic invertebrate community (BIC)
as primary productivity within the stream from algae growth to heterotrophic
energy sources (e.g., leaves and sticks).

Shredder Index

Reflects the ratio of coarse particulate organic matter (CPOM) to fine
particulate matter (FPOM) used by BIC.

Filtering Collector Index

Reflects the ratio of suspended Fine Particular Organic Matter (FPOM) to
depositional FPOM used by the BIC.

Predator Index

Reflects the abundance of predators.

Benthic to Hyporheic Index

Reflects the ratio of habitats used by BIC, reflects sediment stability and
flow permanence.
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Temporal changes in benthic endpoints calculated from September kick and sweep data were
evaluated for 2012 to 2022. For some (but not all) years there were replicate data for a given
area within a year. Thus, for each endpoint, an ANOVA with factors Year, Area and
Year x Area was fit. The best transformation for each endpoint was chosen as the
transformation for which a Shapiro-Wilk’s test on the residuals gave the highest P-value
(i.e., most normally distributed). If there was a significant Year term, the variability within years
and areas from the full model was used to test for significant differences between all pairwise
comparisons of year for each area (i.e., is the difference between year i and year j greater than
would be expected given the variability within areas for all stations for which we
have replicates). This assumes the variability to be consistent among areas and years but
allows for comparisons between years without replicates. Significance of the pairwise
comparisons was assessed with an a of 0.05 in a Tukey’s Honestly Significant Difference test
(HSD) which corrects for the number of comparisons.

For each year, a magnitude of difference from the base year (i.e., first year with data) was
calculated as:

Year; — Base Year
Pooled SD

and the significant differences between 2022 and previous years was assessed. All statistics
were conducted in R (R Core Team 2021).

Temporal changes in BIC endpoints were also evaluated relative to the commissioning of water
treatment in December of 2021. Specifically, an Analysis of Variance (ANOVA) was conducted
to compare differences in endpoints between the station immediately upstream (RG_FOBKS)
and all stations downstream of water treatment (Treatment term), and pre- and
post-commissioning (Before-After term). A term for year (nested in BA; Year(BA) term)
was also included in the model. The analysis was designed to test for interactions between
the Treatment and the Before-After terms. First the interaction between Year(BA) and BA was
assessed with a significant interaction (p-value < 0.05) suggesting that changes upstream and
downstream of treatment are different between the pre-commissioning and
post-commissioning periods, but the effect is dependent on which years are compared. In that
case, post-hoc tests (Tukey corrected for multiple comparisons) were conducted to determine
significant differences between years in the before period versus years in the after period.
Where there were significant differences a magnitude of difference (MOD) for each year
comparison was calculated as:

(MCTTreated After — MCTUntreated After ) - (MCTTreated Before — MCTUntreated Before )

MOD = Pooled SD

/—\_
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where the measures of central tendency (MCT) are the estimated marginal means from the
full ANOVA model. The MOD captures the change in the difference between treated and
untreated stations before and after treatment relative to the variability within a station in a
given year. If the interaction between Year(BA) and BA was not significant, the BA x Treatment
term was assessed with a significant interaction (p-value < 0.05) suggesting that changes
upstream and downstream of treatment are different between the pre- and post-commissioning
periods and this change was consistent across all years. In this case, an overall magnitude of
difference was calculated using the formula above, but with MCTs calculated across the pre-
and post-commissioning years (i.e., not separately for each year). Testing the significance of
the interaction terms is the key hypothesis of interest in the BACI model as it tests for changes
in the relative differences among stations over time. If both interaction terms were not
significant it suggested the differences between treated and untreaded stations remained
consistent pre- and post-commissioning (i.e., there were no BACI effects). Because any
effects of treatment are expected to decrease as you move away from the treatment facility a
separate model was fit for each downstream station. All analysis was conducted in R (R Core
Team, 2021).

B4.3 Biomass and Density (HESS)

B4.3.1 Sample Collection

Samples for analysis of benthic invertebrate density and biomass were collected using a
Hess sampler (0.1 m? sampling area) with 500 um mesh. Ten replicate stations were sampled
at each of twelve biological monitoring areas (mine exposed: RG_FOUCL, RG_FOUNGD,
RG_FOUKI, RG_FOBKS, RG_SCOUTDS, RG_FOBSC, RG_FOBCP, RG_FRCP1SW,
RG_FRUPO, and RG_FO022; reference: RG_F026, RG_HENUP) in September 2022 for
analysis of benthic invertebrate biomass and density (Table 2.1; Figure 2.1). Stations were
located a minimum of 5 m apart to represent the overall area.

A single sample was collected at each station by carefully inserting the base of the Hess
sampler into the substrate to a depth of approximately 5 to 10 cm. Gravel or cobble enclosed
within the Hess sampler was carefully washed while allowing the current to carry dislodged
organisms into the mesh collection net. Organisms collected into the net were rinsed into the
bottom of the net, and then into a labelled wide-mouth plastic jar. Samples were preserved to
a nominal concentration of 10% buffered formalin in ambient water within approximately
6 hours of collection, so biomass was not lost through predation or decomposition of tissues
before the samples were sorted at the laboratory.
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B4.3.2 Laboratory Analysis

Benthic invertebrate biomass samples were sent to ZEAS Inc. (lead taxonomist
Danuta Zaranko) in Nobleton, ON, for sorting and taxonomic identification. At the laboratory,
preserved organisms in each sample were sorted from the sample debris, identified, and
weighed at the family-level of taxonomy. Each family group of organisms was placed onto a
fine cloth to drain excess surface moisture before being weighed to the nearest 0.1 mg.
Total and family-level density and biomass were reported for each sample.

B4.3.3 Data Analysis

Laboratory data for benthic invertebrate biomass and density samples were converted to units
of number of organisms per square meter (org/m?) based on the known area sampled.
Biomass and density data from 2017 to 2022 were plotted and changes were visually
compared to assess spatial and temporal patterns pre-commissioning of the FRO-S AWTF.
Biomass and density data from 2022 were also plotted spatially to compared upstream to
downstream patterns in the study area.

Temporal changes in benthic invertebrate biomass and density were also evaluated relative to
the commissioning of water treatment in December of 2021 using the same approach as
described for the BIC endpoints calculated using CABIN kick samples (see Section
B.4.2.4 above).

B4.4 Benthic Invertebrate Tissue

B4.4.1 Sample Collection

Benthic invertebrate samples were collected for tissue chemistry using the kick and sweep
sampling method described in section B4.2.1, except that sample collection was not timed.
Samples were a composite of representative benthic invertebrate taxa in each sampling area.
For each sample, clean tweezers were used to pick invertebrates from the debris until about 1
to 2 g wet weight (ww) was obtained. A photo was taken of each sample, and the dominant
taxa added to the sample was recorded. Once sufficient tissue was picked from the debris,
the sample was placed in a labelled vial and stored in a cooler with ice packs until it could be
transferred to a freezer at the end of the day. Tissue samples were stored in a freezer and
shipped frozen.

Upon collection of the sample using the kick and sweep sampling method at each replicate
station, organisms were carefully removed from sample debris using tweezers until about 0.5 g
of wet tissue was obtained. Field crews paid particular attention to proportions of annelids in
kick and sweep collections, as these organisms have been known to hyperaccumulate some
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metals resulting in potentially biased results (Golder 2021). If annelids occurred at a proportion
greater than 5% of the total sample biomass at a given replicate station, then these organisms
were included in the composite sample (at that same proportion). Additionally in this scenario,
a separate ‘annelid only’ sample was collected for analysis from the replicate station. If the
proportion of annelids represented less than 5% of the sample biomass for a given station,
these organisms were not included in the composite-taxa sample.

B4.4.2 Laboratory Analysis

Tissue samples were kept in a freezer until they were transported by courier in coolers with ice
packs to TrichAnalytics Inc. in Saanichton, BC. Samples were dehydrated (<60°C)
upon receipt by the laboratory and analyzed using Laser Ablation Inductively Coupled Plasma
Mass Spectrometry (ICP-MS). Results were reported on a dry weight basis along with
moisture content. Quality assurance/quality control measures associated with the tissue
chemistry analyses included evaluation of laboratory duplicates and certified refence materials.
Benthic invertebrate tissue data collected for the 2022 FRO LAEMP were of good quality as
characterized by excellent detectability, appropriate LRLs, and excellent laboratory precision
and accuracy (Appendix A). Therefore, the associated data can be used with a good level of
confidence in the derivation of conclusions for this study.

B4.4.3 Data Analysis

Composite-taxa benthic invertebrate tissue selenium concentrations were plotted for each
FRO LAEMP monitoring area sampled in 2022 relative to:

e the regional normal (reference area) range, defined as the 2.5 and 97.5" percentiles
of tissue selenium concentrations measured in reference areas that have not been
disturbed by mining in historical studies completed in the Elk River watershed from
1996 to 2019 reported in RAEMP (Minnow 2020);

e data from previous sampling periods from 2012 to present, where available;

o the Level 1 EVWQP benchmarks for effects to invertebrates (13 milligrams/kilogram
[mg/kg] dry weight [dw]), dietary effects to birds (15 mg/kg dw), and dietary effects to
juvenile fish (11 mg/kg dw; Golder 2014);

o the Level 2 EVWQP benchmarks for effects to invertebrates (20 milligrams/kilogram
[mg/kg] dry weight [dw]), dietary effects to birds (22 mg/kg dw), and dietary effects to
juvenile fish (18 mg/kg dw; Golder 2014); and
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o the Level 3 EVWQP benchmarks for effects to invertebrates (27 milligrams/kilogram
[mg/kg] dry weight [dw]), dietary effects to birds (41 mg/kg dw), and dietary effects to
juvenile fish (26 mg/kg dw; Golder 2014).

Tissue selenium concentrations were paired with corresponding water selenium
concentrations and compared to predictions from selenium bioaccumulation model
(Golder 2020a) and the bioaccumulation tool (i.e., the ‘B-tool; predicts selenium tissue
concentrations accounting for differences in selenium species and sulphate concentrations
[Golder 2020b]).

Temporal changes in benthic invertebrate tissue selenium concentrations were evaluated
relative to the commissioning of water treatment in December of 2021. Specifically, an analysis
of variance (ANOVA) was conducted to compare differences in selenium concentrations
between the station immediately upstream (RG_FOBKS) and all stations downstream of
water treatment (Treatment term), and pre- and post-commissioning (Before-After term).
A term for month (within a year and nested in BA; Time Group(BA) term) was also included in
the model. The analysis was designed to test for interactions between the Treatment and the
Before-After terms. First the interaction between Time Group(BA) and BA was assessed with
a significant interaction (p-value < 0.05) suggesting that changes upstream and downstream
of treatment are different between the pre-commissioning and post-commissioning periods,
but the effect is dependent on which time groups are compared. In that case, post-hoc tests
(Tukey corrected for multiple comparisons) were conducted to determine significant
differences between time groups in the before period versus the after period. Where there
were significant differences a magnitude of difference (MOD) was calculated as:

MCT. — MCT, ;
MOD = Treated, After Predicted, After

x 100%
MCTPredicted, After

where:

MCTPredicted,After = MCTUntreated,After + (MCTTreated,Before - MCTUntreated,Before)

and the measures of central tendency (MCT) are the estimated marginal means from the full
ANOVA model. The MOD captures the change in concentrations at the treated station relative
to what was expected given the differences pre-treatment. If the interaction between Time
Group and BA was not significant, the BA x Treatment term was assessed with a significant
interaction (p-value < 0.05) suggesting that changes upstream and downstream of treatment
are different between the pre-commissioning and post-commissioning periods and this change
was consistent across all time groups. In this case, an overall magnitude of difference was
calculated using the formula above, but with MCTs calculated across the pre- and

T
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post-commissioning periods (i.e., not separately for each Time Group). Testing the
significance of the interaction terms is the key hypothesis of interest in the BACI model as it
tests for changes in the relative differences among stations over time. If both interaction terms
were not significant it suggested the differences between treated and untreaded stations
remained consistent pre- and post-commissioning (i.e., there were no BACI effects).
Because any effects of treatment are expected to decrease as you move away from the
treatment facility a separate model was fit for each downstream station. All analysis was
conducted in R (R Core Team, 2021).
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BS5 HENRETTA LAKE

B5.1 Bathymetry

Teck conducted a bathymetry survey of Henretta Lake in November 2022 to improve the
spatial understanding of water depths within the lake. Henretta Lake volumes were calculated
using ESRIs ArcGIS Spatial Analyst extension at depth intervals of 0.5 m based on a
bathymetric raster provided by Teck. Total volumes for each 0.5 m interval and the percentage
of each interval out of the total lake volume were calculated. Lake volumes were also
calculated at 1.25 m intervals to align with the in situ data logger installation (as described in
Section B.5.3).

B5.2 Water Chemistry and Temperature-Oxygen Dynamics

Data collection for water chemistry (metals, nutrient, major ions, and selenium speciation)
and in situ measures of physical parameters (temperature, dissolved oxygen, conductivity,
and pH) occurred in various frequencies and sampling locations between 2016 and 2022
(summarized in Minnow 2022). In brief, in situ water profiles were typically collected during
the winter (February in 2016, 2020, and 2021, and January, February, and March in 2022),
from 8 to 11 sampling locations. To confirm that the sampling location HENLAKES3 (the current
location of the in situ logger installment) was representative of lake-wide conditions, the
variability between in situ measures were calculated at each location, and at each
sampling depth.

Water chemistry samples were collected in February and March of 2021 and in February, June,
and October of 2022. Water samples were analyzed for metals, nutrients, and major ions from
three depths within the water column (1.0 m, 3.5 m, and 7.5 m). Sampling occurred at one
location in 2021 (FR_HENLAKE), and three locations in 2022
(FR_HENLAKE1, FR_HENLAKE2, FR_HENLAKES3; Figure B.1). Methodology associated
with the 2022 water chemistry samples is summarized in Arnett, 2023 (Appendix N).
Water samples collected for selenium speciation analysis were collected from one location
within Henretta Lake (FR_HENLAKE in 2021 and FR_HENLAKES in 2022), also from 1.0 m,
3.5 m, and 7.5 m depth. Water quality data collected between February 2021 and June 2022
are summarized in the Summary of Henretta Lake Temperature-Oxygen Data Report
(Minnow 2022; Appendix N). However, water chemistry results from October 2022 were not
available at the time of reporting. The results section, therefore, provides a summary of the
available water chemistry data collected from Henretta Lake (including data
from October 2022).
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Following ice out in 2022, a vertical chain of HOBO data loggers was installed to collect
measures of temperature, oxygen, and conductivity at 6 depths in the water column
(1.25m,2.5m, 3.75m, 5.0 m, 6.25 m, and 7.5 m). The loggers were deployed in May 2022
with the first data download occurring at the end of June 2022. Additional data downloads
occurred at the end of August, September, and October 2022 (summarized in Appendix N).
On November 4, 2022, a sub-surface vertical chain of in situ loggers was deployed for the
duration of the winter (the next time data will be retrieved from the deployment will be after ice-
off in 2023).

B5.3 Habitat Availability Assessment

As assessment of habitat availability was conducted using the continuous logger data and
WCT-specific criteria for dissolved oxygen. Habitat classifications were based solely on criteria
for dissolved oxygen because the maximum summer temperature in Henretta Lake was
10.08 °C, and thus always below the WCT lethal limit of 25.0 °C identified for the Upper
Fording River (Macnaughton et al. 2021). The continuous logger data and the updated
bathymetric volumes for each 1.25 m strata (i.e., volume between loggers) was used to
calculate the proportion of lake volume that would be classified as low, medium, and high risk
to WCT. The habitat classifications were defined as:

¢ Oxygenated habitat with low to no risk to WCT: DO concentrations > 8 mg/L (above the
chronic dissolved oxygen WQL for the protection of aquatic life; BC MOE 1997);

o Oxygenated habitat with medium to low risk to WCT: DO concentration > 5 mg/L and
<8 mg/L; and

o Oxygenated habitat with high risk to WCT: < 5 mg/L (below the acute critical threshold
for the protection of aquatic life; BC MOE 1997).

The total lake volume was divided into horizontal strata based on logger deployment depths
and daily mean DO concentrations were screened against the criteria above.
Dissolved oxygen was assumed to be constant between 1.25 m depths. No data logger was
deployed at the maximum lake depth, and thus the maximum volume of the lake was calculated
based on a depth of 7.5 m (i.e., the deepest logger depth).
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B6 FISH

B6.1 RAEMP Sample Collection

Non-lethal sampling of mature WCT tissue for muscle selenium concentrations is required
under the RAEMP once per monitoring cycle (Minnow 2021a); however, one WCT had high
muscle selenium concentrations at the Multiplate Culvert (RG_MP1) in September 2021,
prompting confirmatory sampling (n=8) as part of the AMP response framework at this location
in September 2022. Westslope cutthroat trout tissue sampling (n=5) was also conducted in
Henretta Lake in September 2022 as part of the RAEMP lentic study.
Previous (2018 and 2021) WCT muscle sampling occurred around RG_FODGH?,
RG_FOBCP?, and RG_MP1# for monitoring water quality under Permit 107517, and at two
reference areas (Bull River, Flathead River), in accordance with the approved RAEMP
study design (n=8 per area; Minnow 2021a). In addition to fish sampling under the RAEMP,
Teck collects tissue (dorsal muscle and whole body) samples from WCT incidental mortalities
and fish salvages when relevant, to add valuable information to the dataset on fish
selenium concentrations.

Sampling methods followed those outlined in the RAEMP study design (Minnow 2021a).
Upon capture, fish were anesthetized using clove oil prior to processing. Measures of body
weight were collected using appropriately sized spring scales (e.g., 100 g, 500 g, 1,000 g),
and total and fork lengths were recorded using a measuring board equipped with a meter stick
(1 mm). All fish were inspected for any external anomalies such as deformities, erosions
(fin and gill), lesions, tumors, injuries, infections and/or parasites during processing and
representative photographs were collected (Minnow 2021a). A biopsy punch was used to
collect a non-lethal muscle sample from each fish, and Vetbond™ tissue adhesive was used
to seal the wound and prevent infection. Skin was removed from each muscle sample using
a scalpel and the remaining tissue was placed into a sterile microcentrifuge tube.
Samples were stored on ice in the field and transferred to a freezer later in the day. Tissue
samples were kept in a freezer until they were transported overnight in coolers with ice packs
to an accredited laboratory.

2 Fording River between Chauncey Creek and Greenhills Creek.

3 Monitoring area RG_FOBCP is associated with Teck’s water quality station FR_FRCP1. At the time, the 2021 to
2023 RAEMP study design was submitted (February 2021), FR_FRCP1 was the Compliance point for FRO; this
was changed to FR_FRABCH later in 2021.

4 As sampling success is dependent on where fish are located, WCT associated with RG_FOBCP were caught
further upstream at sampling area RG_MP1 (located downstream of the Multiplate culvert) but are still considered
representative of fish from the area.

/—\_
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B6.2 Laboratory Analysis

Fish tissue samples were kept in a freezer until they were shipped in coolers on ice to
TrichAnalytics Inc. (Trich) in Saanichton, BC. At the laboratory, samples were freeze-dried
and analyzed for metals (including selenium) using laser ablation inductively coupled
plasma spectrometry (LA-ICPMS). Results were reported on a dry weight (dw) basis, along
with moisture content (based on the difference between wet and freeze-dried sample weights).

B6.3 Data Analysis

For the purposes of the FRO LAEMP report, muscle selenium concentrations of WCT from
RAEMP fish sampling in the upper Fording River in 2022 were plotted with data from 2021
and 2018 (where available), reference area data, and in comparison, to the applicable
site-specific muscle benchmark (15.5 mg/kg dw; muscle equivalent site-specific benchmark;
Nautilus and Interior Reforestation 2011) and the British Columbia selenium guideline for
fish muscle (4 mg/kg dw; BCMOE 2019). Additionally, tissue selenium concentrations from
incidental mortality WCT samples were plotted with reference area data, and in comparison to
the British Columbia selenium guideline for fish muscle. Corresponding meristics data
(total weight, length and fork length) were tabulated along with observations of anomalies and
calculated Fulton’s condition factor. Fulton’s condition factor was calculated as:

w
K = (L_3) x 100
Where W = weigh (g) of the individual fish;
L = fork length (cm) of the individual fish

Condition factor was also plotted for visual comparison among areas.

External anomalies in fish may occur for many reasons, and can often be used as a line of
evidence in the assessment of fish health (Sanders et al. 1999). These anomalies can include
deformities, erosions, lesions, tumours, injuries, infections, and/or parasites. A number of
different anomalies have been observed historically in the Elk Valley and Koocanusa
Reservoir. These include spinal curvature (scoliosis, lordosis, kyphosis), deformed or missing
fin rays, deformed or missing opercula, tumour-like growths, eye anomalies, hemorrhaging, fin
erosions, and parasites. Each fish sampled was assessed for anomalies using the
severity scale (Appendix Table B.3) which was designed to guide the sampler through a
detailed assessment of the fish (Environment Canada 2012b). Additionally, a photograph was
taken of each anomaly. Should an anomaly be present that was not described in the severity
scale table, then a thorough description and a detailed photograph was provided by
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Table B.3: Suggested Classification of Anomalies

Physical
giing (e.g., predation, injury) P
_ Spinal curvature
Tears/punctures around Torn caudal or pectoral fins 5 '
mouth Deformed fin ray, arasites
operculum, jaw, etc.
Wounds to body caused by .
dat Eye anomalies
Torn/hanging maxilla predators Infections
Lesions/Hemorrhaging (fungus, bacteria, virus)
Eye injuries Erosion Tumours
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the sampler. In a case where the severity of an anomaly was difficult to score, or was
uncommon or the type was not discernible, additional photos were taken and the observation
was flagged for follow-up with a qualified professional (e.g., fish pathologist).

B6.4 Fish Population Monitoring

In 2022 the Westslope Cutthroat Trout population monitoring program in the upper Fording
River continued to implement the standard protocols introduced in 2021 (e.g., more systematic
redd surveys as well as single-pass electrofishing at large [~300 m] open sites [Thorley et
al 2022a]). The program was further expanded to include increased electrofishing coverage as
well as night snorkeling; as an alternative and less invasive method of enumerating juveniles,
night-time dip-net surveys; to inform the length distributions of age-0, and Passive Integrated
Transponder tagging captured fish; to better understand capture efficiencies, movement,
growth, and survival and angling in Henretta Lake to supplement snorkeling data for fish >200
mm, to improve the understanding of WCT use of Henretta Lake (Penman et al. 2022; Thorley
et al. 2023a; Thorley et al. 2022b). The expanded monitoring program helps to reduce
uncertainty about status and trends of the upper Fording River Cutthroat Trout population as
well as to answer key questions to assess the carrying capacity, intrinsic productivity, and
viability of the population.

B6.4.1 Redd Surveys

Redd surveys are conducted to count the number of redds, which may contain one or more
nests, where fish eggs are deposited. These surveys provide information about the spatial
distribution and timing of spawning. Prior to 2021, the number of redds was recorded, but not
the number of nests within the redd unless more than one spawning pair was observed
(Cope 2020). Field and analytical methods were revised in 2021 to improve the estimates of
how many unique nests are present in any given year and to allow for comparisons
across years (Smit et al. 2022). Beginning in 2021, all visible nests were counted each week,
to provide data suitable for the modelling approach that estimates the total count of unique
nests that would have been observed over the whole season using an Area-Under-the-Curve
(AUC) model (Hilborn et al. 1999; Su et al. 2001, Thorley et al. 2023a).

In 2022, suitable gravels in areas of historically high spawning were monitored for spawning
activity starting in the first week of June. Once spawning was confirmed, surveys were
conducted once a week in the key areas until spawning activity was judged to have ceased.
The key areas included:
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e Segments 1 to 11 of the of the Fording River. This includes mainstem habitat from
approximately 25 to 75 km upstream of the confluence with the Elk River, and major
side channels

o Chauncey Creek from its mouth to approximately 6 km upstream
e LCO Dry Creek from its mouth to approximately 4.5 km upstream

e Greenhills Creek from its mouth to approximately 3 km upstream (excluding the
sedimentation pond)

e Porter Creek — first 400 m

Around peak spawning, surveys also included one survey in each of the following lower priority
spawning areas:

e Gardine Creek

o Ewin Creek from its mouth upstream to approximately 7 km upstream

o Todhunter Creek from its mouth upstream to end of suitable habitat or practical access
e Chauncey North Tributary from its mouth upstream to approximately 2.5 km upstream

e Henretta Creek from the Fording River to approximately 9 km, in 2022, 3 km
immediately upstream of Henretta Lake were not surveyed.

e Fish Pond Creek

B6.4.2 Electrofishing

The size, densities, and distribution of age-1 and age-2+ (referring to fish from the age of 2
until the development of the adult body form) WCT in the UFR were assessed through
backpack electrofishing using removal-depletion electrofishing and single open passes
(Thorley et al. 2022a).

Removal-depletion electrofishing used stop nets at three single mesohabitat (pool, riffle, glide
or cascade; see Cope et al. 2016 for a description) sites of about 10 to 35 m in length
(and 100 m? in wetted area) at 25 different index locations (75 sites total) (Thorley et al. 2023a).
Between one and three passes, randomly assigned prior to fieldwork, were conducted at each
site to estimate capture efficiency based on the decline in catches. Electrofishing effort
(seconds) was recorded at the end of each pass.

Eleven ~300 m long open (without stop-nets) sites were sampled: six in the mainstem Fording
River, and one site each in Greenhills, LCO Dry, Ewin, Chauncey, and Henretta creeks
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(Thorley et al. 2023a). The starting point for each site was randomly generated prior to the
field season. A subset of sites were resampled within 24 hours to calculate capture efficiency
from the ratio of recaptured fish with Passive Integrated Transponder (PIT) tags.

Fish processing followed the Teck backpack electrofishing protocol (Thorley et al. 2022a)
and the 2022 study design for UFR WCT population monitoring (Thorley et al. 2022c).
All captured fish were measured for fork length to the nearest 1 mm, weighed to the nearest
0.1 g, scanned for a PIT tag (if larger than 99 mm), and photographed. The total number of
fish observed but not captured was also recorded. A PIT tag was inserted into all uninjured
fish 2100 mm in fork length. Fish were inspected for any deformities, erosion, lesions, or
tumours (anomalies) and the information was recorded using the new anomaly categories and
scale (Ings and Weech 2020 ). Processed fish were allowed to recover before being released
as close to their capture location as possible, preferably near cover and in slow moving water.

The data from the backpack electrofishing data (2013 to 2022) were used to estimate the
density of age-1 and age-2+ fish using a hierarchical Bayesian removal model (Wyatt 2002).
The model estimated capture efficiency using removal-depletion data from the subset of small,
closed sites that received more than one electrofishing pass (Thorley et al. 2023a).

Body condition for age-1 and age-2+ fish was analyzed using weight-length regression. Length
and weight data for individuals between 90 and 169 mm were analyzed using an allometric
mass-length model to estimate body condition (He et al. 2008; Thorley et al., 2023a; Thorley
et al., 2023b). The simplified equation for body condition is:

w
Body Condition = ——
Y (aLp)

Where W = is the weight (g) of the individual fish
a = 6.6*10°, the expected weight (g) of a 1 mm fish
L = is the length (mm) of the individual fish
B = scaling term of 3.1

The a and B terms were calculated for fish from 90 to 169 mm using UFR monitoring data
collected from 2013 to 2022 (Thorley et al. 2023a, Thorley et al 2023b). The model was used
to estimate the percent difference in body condition of a fish one subpopulation relative to a
typical subpopulation in the UFR, in a typical year (Thorley et al 2023a). Additional details are
available in the technical appendix to the UFR WCT population monitoring report (Thorley et
al., 2023b).
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