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EXECUTIVE SUMMARY

The Elkview Operations Local Aquatic Effects Monitoring Program (EVO LAEMP) was designed
to evaluate changes related to the commissioning of the Saturated Rock Fill (SRF). As per section
8.3.5 in permit 107517 the EVO LAEMP is focused on the immediate receiving environment
downstream of the EVO SRF including Gate, Bodie, Erickson and Michel creeks. The EVO
LAEMP is intended to monitor for changes in water quality, calcite, and temperature in the
receiving environment and how these changes may have potential effects to the biota. After the
EVO SREF trials (EVO SRF Phase 1), the EVO SRF started treating Erickson Creek water as part
of Phase 2 (referred to as EVO SRF P2) on February 15, 2021. During EVO SRF P2 in 2021,
water was discharged from the SRF back into Erickson Creek, with limited discharge from the
SRF to Bodie and Gate creeks. Although the primary focus of the first EVO LAEMP report is
related to the influence of the EVO SRF on Erickson and Michel creeks in 2021, aquatic conditions
(water quality, calcite, and selenium concentrations in biota) in Gate and Bodie are
also discussed.

Based on the above, the objectives for the EVO LAEMP were expressed as the following
study questions (which were determined with Environmental Monitoring Committee (EMC)
engagement and detailed in the approved 2021 - 2023 EVO LAEMP study design):
(1) Has temperature changed in the receiving environment of Erickson Creek as the result of SRF
water treatment? (2) Has calcite in the receiving environment (Erickson, Bodie, Gate, and
Michel creeks) been influenced by SRF water treatment and/or calcite prevention
(e.g. antiscalant) efforts? (3) Has SRF water treatment and/or calcite prevention (e.g. antiscalant)
(a) decreased aqueous concentrations of selenium and nitrate and/or (b) changed other
mine-related constituents in effluent and receiving environment (Erickson, Bodie, Gate, and
Michel creeks)? (4) Have benthic invertebrate tissue selenium concentrations changed as a
result of the SRF in Erickson, Bodie, Gate, and Michel creeks? (5) Are there changes in the
benthic invertebrate community in Erickson, Bodie, Gate, and Michel creeks associated with
SRF treatment (including calcite prevention)? (6) Is SRF water treatment affecting indicators
of productivity (e.g. phosphorus) in the receiving environment? Many areas monitored under the
EVO LAEMP have been routinely monitored under the Regional Aquatic Effects
Monitoring Program (RAEMP), with additional areas around the SRF outfall (both upstream
and downstream) added for additional spatial resolution in Erickson Creek. This LAEMP report
details 2021 sampling in September as well as additional confirmatory sampling that occurred in
December in Erickson Creek. It should also be noted that results detailed herein take into
consideration the lack of fish access in Gate, Bodie, and upper portions of Erickson Creek (due to
fish barriers in all three systems).
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Water temperature in Erickson Creek downstream of the SRF outfall increased in 2021 in
comparison to pre-EVO SRF P2 and were higher than temperatures upstream of the SRF in
Erickson Creek throughout the year (~5°C). Water temperatures at the confluence of Erickson
and Michel Creek, with few exceptions, met the Site Performance Objective (SPO; which went
into effect on August 13, 2021) and this area, as well as those in Michel Creek, were largely within
or below guidelines for critical life stages of WCT and bull trout. Calcite in the receiving
environment of Gate, Bodie, Erickson and Michel creeks in 2021 was largely similar to, or lower
than, previous years (pre-EVO SRF P2) based on observations from this LAEMP as well as the
annual Regional Calcite Monitoring Program. The commissioning of the EVO SRF P2 has
decreased concentrations of nitrate and total selenium in monitoring areas in Erickson, Gate,
Bodie and Michel creeks as expected, but decreases were also noted in Erickson Creek for
phosphorus, orthophosphate, and total barium. Although total selenium concentrations
decreased in multiple areas of the receiving environment with the commissioning of the EVO
SRF P2, both selenite and organoselenium species concentrations increased in Erickson
Creek (although not in Gate, Bodie or Michel creeks). A number of other mine-related
constituents also increased, with total nickel and total uranium above the interim
screening value and the BCWQG, respectively, in the receiving environment of Erickson
Creek (and to a lesser degree in Michel Creek below the confluence with Erickson Creek
for total nickel). Acute toxicity in areas of Erickson, Gate, Bodie, and Michel creeks, and
chronic toxicity testing at the compliance point in Michel Creek, showed no adverse
responses to either invertebrate and fish species after exposure to site water in 2021.

Mean benthic invertebrate tissue (BIT) selenium concentrations in Gate and Bodie creeks and
the upper portion of Erickson Creek that is below the SRF outfall were above the Level 1
benchmark for effects to benthic invertebrates in 2021. Furthermore, mean BIT selenium
concentrations in Gate and the upper portion of Erickson Creek which is below the SRF outfall
increased in relation to pre-EVO SRF P2. Selenium concentrations in benthic invertebrates in
these areas were not well predicted using the regional one-step water-to-invertebrate lotic
selenium accumulation model or the selenium speciation bioaccumulation tool (B-tool).
This suggests that evaluations of aqueous total selenium and/or selenium speciation using these
models is not sufficient in explaining the elevated BIT selenium concentrations in these areas.
Additional investigations to better understand the cause of the elevated selenium concentrations
in BIT in Erickson Creek (which received the majority of SRF discharge in 2021) are currently
underway as part of an Adaptive Management Plan (AMP) response framework. Mean BIT
selenium concentrations in Michel Creek were below the Level 1 benchmark, within the normal
range, and similar to reference areas suggesting that elevated BIT selenium concentrations
related to SRF discharge are localized to a small area of Erickson Creek.
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Although a subset of benthic invertebrate community endpoints (including taxa richness
and % EPT [Ephemeroptera, Plecoptera, and Trichoptera]) were lower than reference and below
regional and/or habitat-adjusted normal ranges at areas in Erickson Creek (which was not the
case for Michel Creek), spatial and temporal trends (both up- and downstream of the SRF outfall)
as well as multivariate analyses of BIC composition suggest that these responses are unrelated
to commissioning of the SRF. Although periphyton did not show any changes associated with
the commissioning of the SRF in 2021, increases in benthic invertebrate productivity (as evident
in increases in overall and taxa-specific density and, to a lesser degree, increases in biomass)
were observed downstream of the SRF outfall in Erickson Creek. These increases are unlikely
due to increased nutrients in the receiving environment (as decreased concentrations of nitrate,
phosphorus, and orthophosphate were noted below the outfall of the SRF in Erickson Creek).

Results of the 2021 EVO LAEMP provide information that supports Teck's AMP and inform future
monitoring and management efforts. Teck continues to operate the EVO SRF with adjustments
to water source treated and discharge location consistent with the designed operating flexibility
of the facility. The additional investigations underway to evaluate the cause of elevated selenium
concentrations in BIT in Erickson Creek will be included in next year’s report.

June 2022 | iii
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1 INTRODUCTION

1.1 Background

Teck Coal Limited (Teck) operates four mines in the Elk River watershed to extract
steel-making coal. The four mines are the Fording River Operation (FRO), Greenhills Operation
(GHO), Line Creek Operation (LCO), and Elkview Operation (EVO; Figure 1.1). A fifth mine, Coal
Mountain Mine (CMm), is also owned by Teck and located in the Elk River watershed; 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 periodically
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.

Section 8.3.5 of Permit 107517 outlines the requirements for the EVO Local Aquatic Effects
Monitoring Program (LAEMP) as follows:

“The permittee must develop and implement a LAEMP to determine the magnitude and
extent of influence from EVO SRF (Saturated Rock Fill) discharge on water quality
(including temperature), calcite and benthic invertebrate communities to assess what
factors are contributing to the observed effects. The study design must be reviewed by
the EMC? and submitted to the director for approval by June 30, 2021. The LAEMP must
be designed to an appropriate temporal scale to capture short term, local effects to the
immediate receiving environment, and must consider the possibility of impacts resulting
from potential selenium speciation.”

The study design was approved on October 15, 2021, and then amended on March 4, 20223,
Section 9.5 of Permit 107517 states:

' Permit 107517 was initially issued on November 19, 2014 but has been amended on numerous occasions with the
most recent revisions occurring on December 1, 2021.

2 EMC refers to the Environmental Monitoring Committee, which Teck was required to form under Permit 107517.
The EMC consists of representatives from Teck, ENV, the Ministry of Energy and Mines, Environment Canada, the
Ktunaxa Nation Council, Interior Health Authority, and an independent scientist. Environment Canada has agreed to
provide input on a case-by-case basis when requested by the other members of the EMC but has not yet been called
upon to participate. The EMC reviews submissions and provides technical advice to Teck and the ENV Director
regarding monitoring programs.

3 The amended study design required sediment quality data from RG_MI3 be included in the EVO LAEMP Annual
report, monthly water quality monitoring for EV_MC3a and EV_MC3, selenium bioaccumulation by benthic
invertebrates for all areas included in the annual EVO LAEMP report. Additionally, monthly sampling at RG_ERCKUT
was required from January to June 2022 with a statistical comparison of water quality to F2_ECIN.

/_\_
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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 by
June 30 of each year following the data collection calendar year.

In addition to local monitoring under the LAEMP, Teck's Regional Aquatic Effects
Monitoring Program (RAEMP) is a requirement under Permit 107517 and provides
comprehensive routine monitoring and assessment of potential mine-related effects on the
aquatic environment downstream from Teck’s mines in the Elk Valley (i.e., annual sampling and
more comprehensive monitoring every three years). Data collected under the EVO LAEMP is
incorporated into RAEMP reporting.

Teck conducts a variety of additional programs to monitor, evaluate, and/or manage the aquatic
effects of mining operations, within the EVO area those include:

e Water Quality Monitoring

e Calcite Management Plan (Calcite Monitoring Program)

e Fish and Fish Habitat Management

e Chronic Toxicity Testing Program

e Tributary Management Plan

e Adaptive Management Plan

o Regional and Site-Specific Groundwater Monitoring Programs
e Environmental Flow Needs (EFN)

e Flow Accretion Studies

o Elkview Operational and Treatment Facilities Report

The EVO LAEMP assesses site-specific conditions as it relates to Saturated Rock Fill (SRF)
operation on a more frequent and localized basis than the RAEMP and is spatially restricted
to Erickson (upstream and downstream of the SRF Outfall), Gate (upstream and downstream of
settling pond), Bodie, and Michel creeks (upstream and downstream of the confluence with
Erickson Creek), as well as two upstream reference areas (located on Lower Alexander Creek
and upper Michel Creek). The LAEMP will continue as required until sufficient data have been
collected to evaluate the study questions and/or relevant ongoing monitoring requirements can
be incorporated into the RAEMP.
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1.2 SRF Operational Timeline

A key component of Permit 107517 is the incorporation of an adaptive management approach for
the advancement of research on treatment technologies to both reduce contaminant loadings in
the environment as well as reduce the reliance on long term active water treatment (as noted in
Section 7.2 of the Permit). In accordance with this approach, Teck, in January of
2018, commenced a full-scale trial of the EVO SRF (SRF P1) for the removal of aqueous nitrate
and selenium from water sourced from Natal Pit, and reported >90% removal of selenium and
nitrate from influent waters with a treatment capacity of up to 10,000 m3d (Teck 2020a,
Figure 1.2). On February 22, 2018 SRF effluent discharge commenced through the Bodie Creek
Rock Drain, which then flows to either Bodie or Gate creeks (Teck 2020a). Teck initiated wet-
testing of Erickson Creek intake/outfall structure on December 10, 2020, prior to the
commissioning phase of EVO SRF P2, and during this time EVO SRF remained in recirculation
as the facility continued the biomass growth stage in advance of moving into Erickson Creek
forward flow (i.e. treating and discharging back to Erickson Creek) on February 15, 2021
(EVO SRF P2; Teck 2022a). The commissioning phase of the EVP SRF P2 was completed on
August 13, 2021, and the facility transitioned to the operations phase on August 14, 2021. Natal
pit was brought online as a supplemental influent source for Erickson Creek on November 9, 2021
(Teck 2022a).

The maximum treatment capacity of EVO SRF P2 is 20,000 m?¥d (Teck 2020a), which can be
achieved during low flow when water from Erickson Creek is combined with water from Natal Pit
for treatment (Figure 1.3) For the majority of 20214, treated effluent from the SRF was returned
through the intake/outfall structure into the non-fish bearing reach of Erickson Creek (Figure 1.3),
with limited discharge in Gate Creek and Bodie Creek through the Bodie Rock Drain. Both the
Bodie and Gate Creek catchments have been considerably altered as a result of historical mining,
and the original channels of significant portions of these catchments are composed of rock spoils
and reclaimed slopes and are acting as rock drains (Teck 2020b). Overall, the effect of the EVO
SRF P2 on the receiving environment is expected to be positive (via decreases of selenium
and nitrate), however a subset of constituents (nickel, phosphorus, selenite, and
organo-selenium species) as well as temperature (Figure 1.4; Erickson Creek only)
could increase in the receiving environment as a result of SRF treatment (Golder 20203,
Teck 2020a).

41n 2021, the average throughput of the EVO SRF P2 was 12,604 m®/day and treated a total volume of 4,033,353m?3
in 2021. EVO SRF P2 experienced 53 downtime events in 2021, with five of these events being greater than 24 hours
in duration (Teck 2022a).

(’_\_
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e _ Tissue selenium analysis sampling event included in LAEMP Study Design (Minnow 2021b) or Baseline Study (Minnow 2020a, 2021a).
= Additional tissue selenium analysis sampling event.

|:| SRF Non-Operational :| SRF P1 Operations : SRF P2 Operations
Figure 1.2: Overview of Completed Benthic Invertebrate Tissue Selenium Sampling Events in Relation to Phases of SRF
Operation, 2014 to 2021

Notes: EVO = Elkview Operations; SRF = Saturated Rock Fill; P1 = Phase 1 Operations (Natal Pit to Gate and Bodie creeks); P2 Operations = Phase 2 (Erickson
Creek and Natal Pit to Erickson Creek).
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Prior to commissioning of the SRF, studies were conducted to investigate fish habitat and usage
(Robinson 2009, Wilkinson 2009, Lotic 2015, and Ecofish 2020) in Gate, Bodie, Erickson, and
Michel creeks. In short, results from these studies demonstrated a lack of usage and suitable
habitat for fish in these areas, as Bodie and Gate creeks have established and maintained fish
barriers and thus are considered non-fish bearing)®, while upper portions of Erickson Creek
(referred to as Reach 2) have a natural fish barrier (i.e., 2 m waterfall) present approximately 290
m upstream of the confluence of Michel Creek. Although fish (specifically Westslope Cutthroat
(WCT) and Bull Trout) have been documented in lower portions of Erickson Creek (i.e. below the
natural barrier, referred to as Reach 1), this area contains poor fish habitat and likely only provides
summer foraging habitat for fish from Michel Creek (Ecofish 2020). Additional existing condition
studies evaluating water and sediment quality, benthic invertebrate community, benthic
invertebrate tissue (BIT) selenium concentrations, and calcite and periphyton coverage
(Minnow 2020a°, 2021a) demonstrated that these areas (Gate, Bodie, and Erickson Creek)
had elevated concentrations of aqueous selenium, nitrate, and other water quality constituents
greater than Elk Valley Water Quality Plan (EVWQP) benchmarks and/or British Columbia Water
Quality Guidelines (BCWQGs), high calcification, and low benthic invertebrate
community abundance (in Gate Creek) and richness upstream (RG_ERCKUT) and downstream
(RG_ERCKDT) of the SRF outfall in Erickson Creek), as well as elevated concentrations of
selenium in benthic invertebrate tissue in Gate and Bodie creeks. In Michel Creek, most water
quality constituents were below relevant Elk Valley Water Quality Plan (EVWQP)
benchmarks/BCWQGs and benthic invertebrate community (BIC) metrics were within regional
reference normal ranges.

Sampling completed in September 2021 showed that mean tissue selenium concentrations in
benthic invertebrates were elevated above Level 1 benchmarks for benthic invertebrates
(for growth, reproduction, and survival) at RG_ERCKDT’. Confirmation sampling was conducted
in December of 2021 in multiple sampling areas in Erickson Creek including RG_ERCKUT,
RG_ERCKDT, and RG_ERCK. Additionally, for spatial resolution of selenium concentration in

5 Teck also routinely conducts fish salvage efforts in Bodie and Gate creeks (which are constructed discharge channels)
to manage fish exclusion from these areas (Teck 2020a)

6 The term “baseline” was previously used when evaluating the existing conditions of the EVO area (Minnow 2020a).
As mining was already established in this area, the term “baseline” has been updated to “existing conditions” to more
accurately describe the nature of the data collected.

7 Benthic invertebrate tissue selenium concentrations were also elevated above benchmark values for benthic
invertebrates (for growth, reproduction and survival) in Gate Creek (RG_GATE >Level 2 benchmark and RG_GATEDP
>Level 1 benchmark) and Bodie Creek (RG_BOCK >Level 3 benchmark). However, discharge of the SRF was limited
in Bodie or Gate Creek in 2021, and thus elevated selenium concentrations in BIT at these areas is not believed to be
caused by SRF treatment. Furthermore, concentrations in Bodie Creek (at RG_BOCK) are similar to those Pre-SRF
(2015 and 2016).

/—\_
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BIT an additional sampling area, RG_ERCKMD (located midway between RG_ERCKDT
and RG_ERCK), was also sampled in December of 2021 (Figure 1.3).

1.3 Study Questions

As illustrated by the conceptual site model (CSM; Figure 1.5), the EVO LAEMP was primarily
designed to assess the magnitude and extent of influence from the EVO SRF in
receiving environment (Erickson, Bodie, Gate, and Michel creeks; Figure 1.3) on water quality
(including temperature (Figure 1.5), calcite, benthic invertebrate communities, and BIT
selenium chemistry. The objective of the EVO LAEMP, together with the results from SRF Trial,
the existing conditions studies, and EMC engagement (Minnow 2020a, Minnow 2021a) led to the
development of the following study questions:

1. Has temperature changed in the receiving environment of Erickson Creek as the result of
SRF water treatment?

2. Has calcite in the receiving environment (Erickson, Bodie, Gate, and Michel creeks)
been influenced by SRF water treatment and/or calcite  prevention
(e.g. antiscalant) efforts?

3. Has SRF water treatment and/or calcite prevention (e.g. antiscalant) (a) decreased
aqueous concentrations of selenium and nitrate and/or (b) changed other mine-related
constituents in effluent and receiving environment (Erickson, Bodie, Gate, and
Michel creeks)?

4. Have benthic invertebrate tissue selenium concentrations changed as a result of the SRF
in Erickson, Bodie, Gate, and Michel creeks?

5. Are there changes in the benthic invertebrate community in Erickson, Bodie, Gate, and
Michel creeks associated with SRF treatment (including calcite prevention)?

6. Is SRF water treatment affecting indicators of productivity (e.g. phosphorus) in the

receiving environment?
1.4 Linkages to the Adaptive Management Plan for Teck Coal in the Elk Valley

Teck has developed an Adaptive Management Plan (AMP) to support implementation of the
EVWQP to achieve water quality and calcite targets, to be protective of human health and the
environment, and where necessary, restorative, and to facilitate continuous improvement of water
quality in the Elk Valley (Teck 2018). Following an adaptive management framework, the AMP
identified six Management Questions that are re-evaluated at regular intervals as part of AMP
updates throughout EVWQP implementation. Data from the RAEMP (Minnow 2020b) and the

(’_\_
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various LAEMPs (including the EVO LAEMP) feed into the adaptive management process to
address these Management Questions that collectively address the environmental management
objectives of the AMP (Teck 2018) and the EVWQP (Teck 2014). The AMP also identifies key
uncertainties that need to be reduced to fill gaps in current understanding and support
achievement of the EVWQP objectives.

Although the EVO LAEMP was primarily designed to monitor conditions associated with the SRF
operation and to answer site-specific questions on an annual basis (Section 1.3).
Management actions as part of an AMP response framework may be triggered at any time during
the course of each annual LAEMP cycle (results are reported on June 30" of each year for the
preceding calendar year) depending on the answers to site-specific LAEMP questions and on
available data. For example, the EVO LAEMP Question #4 is: “Have benthic invertebrate tissue
selenium concentrations changed as a result of the SRF in Erickson, Bodie, Gate, and
Michel creeks?”. Monitoring in September 2021 identified that despite decreased total selenium
concentrations below the SRF outfall (as well as other areas downstream in Erickson Creek),
tissue selenium concentrations in benthic invertebrates were elevated in the nearest sampling
areas downstream of the SRF outfall, RG_ERCKDT, (asreported in Section 4
and 6, respectively). This prompted Teck to initiate further investigations in Erickson Creek as
part of adaptive management, which confirmed that elevated BIT selenium concentrations
were present. Teck is currently conducting additional investigations to better understand the
cause of the elevated selenium concentrations in BIT in Erickson Creek using the AMP response
framework with the assistance of subject matter experts (SMEs) and regulators.
Finally, additional BIT sampling events have also been implemented, as part of the AMP response
framework, to allow for a more detailed understanding of SRF performance and stabilization
(starting in March 2022). Investigation monitoring plans and schedules will continue to adapt to
findings in the field and operational needs. Teck continues to operate the EVO SRF with
adjustments to water source treated and discharge location consistent with the designed
operating flexibility of the facility. The additional investigations underway to evaluate the cause of
elevated selenium concentrations in BIT in Erickson Creek will be included in next years report.

In addition to addressing questions specific to the EVO LAEMP on an annual basis, monitoring
data from the LAEMP will contribute to the broader data set assessed every three years within
the RAEMP. The RAEMP is primarily designed to evaluate Management Question #5 of the AMP
(i.e., “Does monitoring indicate that mine-related changes in aquatic ecosystem conditions are
consistent with expectations?”). Data from the RAEMP is also used in the evaluation of
Management Question #2, (i.e., “Will aquatic ecosystem health be protected by meeting the
long-term site performance objectives?) and for each Management Question, a Key Uncertainty
framework has also been developed to identify data gaps and direct future work (as described in

-
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annual AMP Reports, e.g., Teck 2020c). Information acquired from the EVO LAEMP will be used
in conjunction with other studies in the Elk Valley area (including other LAEMPs and the RAEMP)
to reduce these uncertainties and provide additional context to the ecological conditions of the
Elk Valley area as a whole. Furthermore, monitoring as part of the EVO LAEMP will follow an
adaptive approach under the AMP response framework, to inform whether further investigations
or adjustments are required in future EVO LAEMP study designs.

The evaluation of biological triggers is incorporated into the current report as part of Management
Question #5 of the AMP (Teck 2021a). Biological triggers were developed in consultation with
the EMC for a subset of the biological monitoring endpoints that are effective indicators of changes
at the ecosystem level. The purpose of the biological triggers is to quickly identify biological
monitoring areas where unexpected biological conditions may be occurring that may require
management action. In this LAEMP report, percent EPT (Ephemeroptera [mayflies],
Plecoptera [stoneflies], and Trichoptera [caddisflies]) and composite-taxa BIT tissue selenium
concentration in 2021 were assessed against their respective biological triggers

(additional information and methods pertaining to this analysis can be found in Appendix G).

The third annual AMP report was submitted on July 31, 2021 and included monitoring data
collected in 2020 (Teck 2021b). In 2020, concentrations of aqueous total selenium, nitrate,
sulfate, and cadmium met the SPO (monthly average) at both the EVO Michel Creek
Compliance Point (EV_MC2) and the Elk River Compliance Point (EV_ER1; Teck 2021b),
which is similar to past years (Teck 2019a, 2020c). For more information on the adaptive
management framework, the Management Questions, the Key Uncertainties, the Response
Framework, Continuous Improvement, linkages between the AMP and other EVWQP programs,
and AMP reporting, refer to the AMP (Teck 2021a) and the 2020 Annual AMP report (Teck 2021b).
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2 METHODS

2.1 Overview

The general approach for the EVO LAEMP (Table 2.1) includes a description of the collected data
and data evaluation in relation to each of the study questions. This report includes data up to the
end of the 2021 calendar year for all endpoints. Historical data are also presented
where appropriate.

Water quality and biological samples were collected from established monitoring areas in
Erickson, Bodie, Gate, and Michel creeks (Figure 1.3; Tables 2.2 and 2.3). Biological monitoring
areas are the same locations utilized as part of previous existing conditions evaluations to support
the EVO SRF P2 (Minnow 2020a, 2021a). Biological monitoring areas include those potentially
influenced by the SRF, including areas above (RG_ERCKUT) and below (RG_ERCKDT) the SRF
intake/outfall structure in the non-fish bearing reach of Erickson Creek as well as above the
sediment pond in Gate Creek (RG_GATE) and below the sedimentation pond in Bodie Creek
(RG_BOCK), consistent with established RAEMP locations (Minnow 2021c). Four areas in Michel
Creek, the receiving environment for the three potential SRF P2-influenced creeks, were
also sampled. Specifically, sampling locations in Michel Creek included areas directly above
(RG_MI3) and below the Erickson Creek confluence (RG_MIDER), areas further downstream
below the Gate Creek (RG_MIDGA) and Bodie Creek (RG_MIDBO) confluences, and an area
downstream of all EVO influence into Michel Creek (RG_MICOMP; EVO Compliance point).
Two reference areas were included in Alexander Creek (RG_ALUSM) and upper Michel Creek
(RG_MI25). Per request from the EMC, an additional sampling area was also added downstream
of the Gate Creek sedimentation ponds (i.e. RG_GATEDP). Although concurrent water samples
are taken during sampling at each of these areas, biological areas are also paired with Teck
routine water quality stations (when applicable) to provide additional temporal information
regarding water quality. In December 2021, an additional area was sampled for BIT and water
quality to add spatial resolution of BIT selenium concentrations in Erickson Creek (RG_ERCKMD;
Figure 1.3). Additional monitoring under the selenium speciation program (Golder 2021a),
including selenium speciation and BIT sampling at EV_GT1 (RG_GATEDP) and EV_BC1
(RG_BOCK) from August 2021 was evaluated and is included in the current report
where applicable. Continuous water temperature was also monitored at several locations in
Erickson Creek, including RG_ERCKUT, RG_ERCKDT, EV_EC_FLOW3, EV_EC_FLOW?2,
and EV_EC_FLOW?1 (Figure 1.4; Table 2.4).

To address the study questions described in Section 1.3, the 2021 EVO LAEMP included
evaluation of the following components:

/_\__
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Table 2.1: Approach for the EVO LAEMP, 2021 to 2023

Study Questions

Study Question #1: Has temperature changed in
the receiving environment of Erickson Creek as
the result of SRF water treatment?

Study Question #2: Has calcite in the receiving
environment (Erickson, Bodie, Gate, and Michel
creeks) been influenced by SRF water treatment

and/or calcite prevention (e.g. antiscalant)
efforts?

Study Question #3: Has SRF water treatment
and/or calcite prevention (e.g. antiscalant) (a)
decreased aqueous concentrations of selenium
and nitrate and/or (b) changed other mine-related
constituents in effluent and receiving
environment (Erickson, Bodie, Gate, and Michel
creeks)?

Study Question #4: Have benthic invertebrate
tissue selenium concentrations changed as a
result of the SRF in Erickson, Bodie, Gate,
and Michel creeks?

Study Question #5: Are there changes in the
benthic invertebrate community in Erickson,
Bodie, Gate, and Michel creeks associated with
SRF treatment (including calcite prevention)?

Study Question #6: Is SRF water treatment
affecting indicators of productivity (e.g.
phosphorus) in the receiving environment?

Water Biological
Measurement Endpoint Inflj-;::;or Areas?® Evaluation Criteria® Measurement Endpoint Infli_;::;or Areas Evaluation Criteria®
RG_ERCKUT, RG_ERCKDT, EV_EC_FLOWS3, Comparicon to water quali Zfﬂgt‘:;e'“(‘;Zﬁizr::iec"r:zrng;y Comparison to results from past
Temperature Indirect EV_EC_FLOW2, EV_EC_FLOW1, RG_ERCK : p. q_ Y ! ’ Direct RG_ERCKUT, RG_ERCKDT, RG_ERCK | observations, reference areas, and
) guidelines and SPO criteria. %EPT, %Ephemeroptera,
(via data loggers) ; . reference normal ranges.
%Chironomidae)
RG_ALUSM, RG_MI25, RG_ERCKUT, X COtha”SO”fto results for paStdt Benthic invertebrate community RG_ALUSM, RG_MI25, RG_ERCKUT, c ont o t
. . RG_ERCKDT, RG_ERCK, RG_GATE®, observations, reterence areas, ando | . tyre (abundance, richness, . RG_ERCKDT, RG_ERCK, RG_GATE®, omparison to resulls from pas
Calcite Indirect . future SPO criteria. Comparison %EPT. %Ephemeroptera Direct . observations, reference areas, and
RG_BOCK®, RG_MI3, RG_MIDER, RG_MIDGA, between SRF downstream and 0 A oEphemeroptera, RG_BOCK®, RG_MI3, RG_MIDER, reference normal ranges.
RG_MIDBO, RG_MICOMP u %oChironomidae) RG_MIDGA, RG_MIDBO, RG_MICOMP
pstream areas.
ﬁg_él_R%sKl\l/DlTRgéMgécieﬁgRg,ﬁg Comparisons to results for past
Water Quality Indirect — T = ’ observations, reference areas, and to
G MIDGA, RO_MIDEO, RGMCOMP 2T Qually uidelnes and
— P - P benchmarks. Comparison between Benthic invertebrate community RG_ALUSM, RG_MI25, RG_ERCKUT, c . . s 1 .
SRF downstream and upstream : e omparison to results from pas
Sediment Qualit Indirect RG_ALUSM, RG_MI25, RG_ERCKUT, areas. StrL:;E;.(?,/bgniz:::'jo”i::ss’ Direct RG_ERCKDZ' RG_ERCK, RG_GATE', observations, reference areas, and
! uaity : RG_ERCKDT, RG_MICOMP ° o o=phemeroptera, RG_BOCK’, RG_MI3, RG_MIDER, reference normal ranges.
%Chironomidae) RG_MIDGA, RG_MIDBO, RG_MICOMP
Acute: F2_BPO, EV_ECOUT, EV_EC1, EV_GT1, CZT;’:;:?IE;‘S’ g:f:;fj”;::éizzj;d
L o
Aqueous Toxicity Semi-direct and E_V—BC1 concentrations of mine-related
Chronic: EV_MC2 .
chemicals.
RG_ALUSM, RG_MI25, RG_ERCKUT
RG_ALUSM, RG_MI25, RG_ERCKUT, RG E_RCKMD’f RG_ ERC,KDT_RG ERC’K Concentrations relative to effect
Total and dissolved selenium Indirect RG_ERCKDT, RG_ERCK, RG_GATE, Benthic invertebrate tissue selenium Indirect REE GATE I'\;G G_ATEDP F\”G B_OCK ' | benchmarks, past observations, and
concentrations RG_GATEDP, RG_BOCK, RG_MI3, RG_MIDER, Comparison to results for past (composite taxa samples) RG MI3 ,RG "MIDER R’G MIDGA ’ reference area results. Comparison
RG_MIDGA, RG_MIDBO, RG_MICOMP ! u — ’ — ! — ’ to lotic bioaccumulation models.
- - - observations and reference areas. RG_MIDBO, RG_MICOMP
Comparison between SRF
RG_ALUSM, RG_MI25, RG_ERCKUT, downstream and upstream areas. Benthic invertebrate community RG_ALUSM, RG_MI25, RG_ERCKUT, .
. e Comparison to results from past
Selenium speciation Indirect RG_ERCKDT, RG_ERCK, RG_GATE, structure (abundance, richness, Direct RG_ERCKDT, RG_ERCK, RG_GATE", observations. reference areas. and
P RG_GATEDP, RG_BOCK, RG_MI3, RG_MIDER, %EPT, %Ephemeroptera, RG_BOCK®, RG_MI3, RG_MIDER, referenée normal ran esy
RG_MIDGA, RG_MIDBO, RG_MICOMP %Chironomidae) RG_MIDGA, RG_MIDBO, RG_MICOMP ges.
Temperature Indirect See Study Question #1 Benthic invertebrate community RG_ALUSM, RG_MI25, RG_ERCKUT, Comparison to results from past
Calcite Indirect See Study Question #2 structure (abundance, richness, Direct RG_ERCKDT, RG_ERCK, RG_GATE?®, observations. reference areas. and
. . %EPT, %Ephemeroptera, RG_BOCK®, RG_MI3, RG_MIDER . '
Wat: lit dS rti . . — PN T e ? reference normal ranges.
ater Q”Z:/i’;zzced“ppo "9 Indirect See Study Question #3 %Chironomidae) RG_MIDGA, RG_MIDBO, RG_MICOMP 9
RG_ALUSM, RG_MI25, RG_ERCKUT,
RG_ERCKDT, RG_ERCK, RG_GATE, Comparison to results from past
Visual Periphyton Coverage Direct RG_GATEDP, RG_BOCK, RG_MI3, P observations P
RG_MIDER, RG_MIDGA, RG_MIDBO,
RG_MICOMP
RG_ALUSM, RG_MI25, RG_ERCKUT, Comparison to results from past
Phosphorus and o?her nutrient Indirect RG_ERCKDT, RG_ERCK, RG_GATE, observations, reference areas, and to Benthic invertebrate den§ity, biomass, Direct RG ERCKUT. RG ERCKDT Comparison to results from past
concentrations RG_GATEDP, RG_BOCK, RG_MI3, RG_MIDER, available water quality guidelines and community - P observations and reference areas.
RG_MIDGA, RG_MIDBO, RG_MICOMP Y '
Benthic invertebrate community RG_ALUSM, RG_MI25, RG_ERCKUT, Comparison to results from past
structure (abundance, richness, . RG_ERCKDT, RG_ERCK, RG_GATE®, pa P
Direct observations, reference areas, and

%EPT, %Ephemeroptera,
%Chironomidae)

RG_BOCK®, RG_MI3, RG_MIDER,
RG_MIDGA, RG_MIDBO, RG_MICOMP

reference normal ranges.

Notes: SPO = Site Performance Objective. EPT = Ephemeroptera, Plecoptera, and Trichoptera. SRF = Saturated Rock Fill.

2 Areas listed under 'Water' include only those taken for the purposes of the EVO LAEMP (i.e. sampling conducted concurrently with biological sampling). Additional information regarding Teck's routine water quality monitoring is shown in Table 2.3.
e Comparison to past observations refers to comparison of results during SRF operation to results prior to SRF operation.
° Aqueous acute and chronic toxicity are evaluated as part of permit 107517 through the Annual Water Quality Monitoring Program and Annual Chronic Toxicity Testing Program, respectively. Results from these studies are used to support the water quality results collected for the EVO LAEMP.
d Supporting evidence includes sediment quality and aqueous acute and chronic toxicity.
° Benthic invertebrate community structure and calcite were not evaluated at RG_GATE or RG_BODIE in 2021 as suitable riffle habitat was not identified, which is consistent with CABIN protocols.
fRG_ERCKMD was added in December 2021 to add spatial resolution to selenium concentrations in benthic invertebrate tissue in Erickson Creek.
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Table 2.2: Sampling Design for EVO SRF P2 LAEMP Monitoring in 2021

September 2021 Additional Sampling - December 2021
UTMs Water® Benthic Invertebrates Water
. . Periphyton .
Area Biological Area Sediment . b Visual Hess Sampling . BIC T|§sue
Code . . Calcite Index . . . BIC Tissue . Selenium
. . Selenium . Quality Coverage Kick Sampling (Density, . Selenium . .
Easting Northing - Water Quality . . Selenium A Water Quality Sampling
Speciation Score (Community) Biomass, . Speciation
. Sampling
Community)
RG_ALUSM 663516 5502707 n=1(v) n=1(v) n=3 (v n=3 (v) n=5 (v') n=3 (v - n=3 (v - - -
Reference
RG_MI25 668195 5482814 n=1(v) n=1(v) n=3 (v) n=3 (v) n=5 (v') n=3 (v) - n=3 (v - - -
RG_ERCKUT 660791 5506595 n=1(v) n=1(v) n=5 (v) n=3 (v) n=5 (v) n=3 (v) n=10 (v) n=5 (v) n=1 n=1 n=5
RG_ERCKDT 660816 5506325 n=1(v) n=1(v) n=5 (v) n=3 (v) n=5 (v) n=3 (v) n=10 (v) n=5 (v) n=1 n=1 n=5
RG_ERCKMD 660662 5505759 - - - - - - - - n=1 n=1 n=5
RG_ERCK 659748 5505095 n=1(v) n=1(v) n=5° n=1(v) n=5 (v) n=1(v) - n=1(v) n=1 n=1 n=3
RG_GATE 655845 5509206 n=1(v) n=1(v) - n=0¢ n=5 (/)f n=0¢° - n=3 (v) - - -
RG_GATEDP® 655654 5509261 n=1(v) n=1(v) - - n=1 (v - - n=3 (v) - - -
Mine-exposed
RG_BOCKC 655417 5509642 n=1 (‘/) n=1 (\/) - n:Od n:’]f n:Od - n=3 (\/) - - -
RG_MI3 660022 550524 n=1(v) n=1(v) n=4° n=3 (v) n=5 (v') n=3 (v) - n=3 (v - - -
RG_MIDER 659591 5505157 n=1(v) n=1(v) n=5° n=3 (v) n=5 (v') n=3 (v) - n=3 (v - - -
RG_MIDGA 660022 5505024 n=1(v) n=1(v) - n=3 (v) n=5 (v') n=3 (v) - n=3 (v - - -
RG_MIDBO 655225 5509758 n=1(v) n=1(v) - n=3 (v) n=5 (v') n=3 (v) - n=3 (v - - -
RG_MICOMP 654308 5510897 n=1(v) n=1(v) n=5 (v) n=5 (v n=5 (v') n=5 (v') - n=5 (v') - - -
Notes: (v') = target sample size met, "-" = no sampling expected, BIC = Benthic Invertebrate Composite-Taxa, LAEMP = local aquatic environmental monitoring program, TBD = to be determined (new sampling). Target sample size is shown. RG_ERCKMD was added in December 2021

for additional spatial resolution of benthic invertebrate tissue selenium concentrations in Erickson Creek.

@ Water sampling does not include sampling conducted by Teck.

® In the initial study design, calcite index was to be evaluated once at each area. To be consistent with CABIN protocols (and other LAEMP projects and the RAEMP), calcite was evaluated at each riffle that kick sampling (community) was evaluated.
¢ Benthic invertebrate tissue and selenium speciation sampling at RG_GATEDP and RG_BOCK also occurred in August 2022 as part of the Selenium Speciation program.

d RG_GATE and RG_BOCK were not evaluated using kick and sweep sampling for benthic invertebrate community monitoring or calcite index as the sampling reach did not have a "well-established riffle or straight run" present (which is a requirement for CABIN sampling [Environment
Canada 2012a]).

¢ Sediment sampling was conducted as part of the RAEMP at RG_ERCK, RG_MI3, and RG_MIDER.

fvVisual periphyton monitoring is part of the CABIN protocol and thus only expected to occur if benthic invertebrate community evaluations and other CABIN protocols are conducted. Although CABIN protocols did not occur at RG_GATE, RG_GATEDP, and RG_BOCK, periphyton visual
scores were still utilized. In the study design, RG_BOCK was to be evaluated at five areas, but to the limited habitat and area of study only one visual inspection was conducted.
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Table 2.3: Summary of Water Quality Monitoring for EVO LAEMP SRF per Permit 107517

Stream (Location Description) Biological Station | Teck Water Station EMS UTM (NADg3, 11U) :v:t;:_hqe:ﬂ:rasmaerr:ses . - Toxicity®
Code Code Number . . Area Type Field Parameters® Required Under Mine Selenium Speciation d e
Easting Northing Permits® Acute Chronic
Alexander Creek RG_ALUSM EV_AC2 - 663482 5502718 Reference S S - - -
Michel Creek (upstream of Coal Mountain Operations) RG_MI25 CM_MC1 E258175 668209 5482832 Reference W/M W/M - - -
Natal West Pit Intake - F2_NWPI E321791 656193 5511083 Influent D M W - -
Erickson Creek Intake - F2_ECIN' E321811 656195 5511082 Influent D M W - -
Effluent Retention Pond Outlet - F2_BPO E321812 658874 5511362 Effluent D M W Q -
Erickson Creek Outfall - F2_ECF E321813 660812 5506372 Effluent C - - - -
Bodie Rock Drain - F2_BRDF E321815 656185 5511108 Effluent - - - - -
Erickson Creek upstream of SRF Outfalll RG_ERCKUT' - - 660811 5506509 Mine-exposed S S S - -
Erickson Creek downstream of SRF Outfall RG_ERCKDT EV_ECOUT E321814 660816 5506325 Mine-exposed WIM M S Q -
Midpoint in Erickson Creek RG_ERCKMD? -- -- 660659 5505736 Mine-exposed S S S - -
Erickson Creek at Mouth (discharge to Michel Creek) RG_ERCK EV_EC1 0200097 659909 5505172 Mine-exposed WM M S Q -
Gate Creek (upstream of settling pond) RG_GATE -- -- 655824 5509196 Mine-exposed S S S - -
Gate Creek Sedimentation Pond Decant RG_GATEDP EV_GT1 E206231 655654 5509261 Mine-exposed WIM W/M S Q -
Bodie Creek Sedimentation Pond Decant RG_BOCK EV_BC1 E102685 655536 5509605 Mine-exposed WI/M W/M S Q -
Michel Creek upstream of Erickson Creek RG_MI3 EV_MC3h 200203 660032 5505022 Mine-exposed W/M W/M M - -
Michel Creek downstream of Erickson Creek RG_MIDER EV_MC3a' E327471 659482 5505234 Mine-exposed M M M - -
Michel Creek upstream of Gate Creek - EV_MC2a E310168 655871 5508994 Mine-exposed W/M M M - -
Michel Creek downstream of Gate Creek RG_MIDGA - - 655565 5509332 Mine-exposed S S S - -
Michel Creek downstream of Bodie Creek RG_MIDBO - - 655194 5509803 Mine-exposed S S S - -
Michel Creek downstream of Hwy #3 Bridge (Compliance Point) RG_MICOMP EV_MmC2 E300091 654367 5510857 Mine-exposed W/M W/M M - Q/SA
Elk River downstream of Michel Creek at C.P.R. Roadhouse - EV_ER1 200393 651354 5511080 Mine-exposed W/M W/M - - -
Notes: "-" =sampling will not be completed at this area, UTM = Universal Transverse Mercator, EVO = Elkview Operations, SRF = Saturated Rock Fill, C = Continuous Monitoring (Temperature Only), D = daily, M = monthly, W = weekly, W/M = weekly during freshet (March 15 to July 15), monthly otherwise, Q = quarterly, S =

September (once), SA = semi-annual. Sampling frequency is currently managed through the permit.

2 Dissolved oxygen, water temperature, specific conductance, pH.

® Parameters consistent with Permit 107517 (see Table 2.5 for details).

¢ Aqueous acute and chronic toxicity are evaluated as part of permit 107517 through the Annual Water Quality Monitoring Program and Annual Chronic Toxicity Testing Program, respectively. Results from these studies are used to support the water quality results collected for the EVO LAEMP.
9Q = Quarterly 96-hr rainbow trout LTs; 48-hr Daphnia spp. LTs.

°Q = Quarterly 7-day C. dubia growth and survival, 72-hr P. subcapitata growth tests; SA = Semi-annual 28-day H. azteca growth and survival tests in spring and fall, 30-day early life stage rainbow trout tests in spring and fall, 30-day early life stage fathead minnow tests in summer and winter.
"Routine water quality from Erickson Creek Intake (i.e. Influent) will be paired with the biological sampling area, RG_ERCKUT.

9 RG_ERCKMD was added in December 2022 to add additional spatial resolution to selenium concentrations in benthic invertebrate tissue in Erickson Creek.

"The location of the Teck Compliance station, EV_MCS3, is different than the biological sampling area (RG_MI3). The UTMs for EV_MC3 are 659833E and 5505234N.

' Monthly sampling at EV_MC3a was added to the EVO LAEMP study design on March 4, 2022 and will be paired with RG_MIDER.

' The location of the Teck Compliance station, EV_MC2, is different than the biological sampling area (RG_MICOMP). The UTMs for EV_MC2 are 65587 1E and 5508994N.
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Table 2.4: Temperature Data Logger Locations in Erickson Creek, 2021

UTM (NADS3, 11U)

Logger ID Location Description
Easting | Northing
RG_ERCKUT? Temperature upstream of Intake/ Outfall 660794 5506508
RG_ERCKDT Temperature downstream of Intake/ Outfall 660851 5506333
EV_EC_FLOW3 Temperature ~450 m downstream of Intake/ Outfall 660809 5506052
EV_EC_FLOW2 Temperature ~800 m downstream of Intake/ Outfall 660662 5505759
EV_EC_FLOW1 Temperature ~1,250 m downstream of Intake/ Outfall 660502 5505446
RG_ERCK® Temperature ~50 m upstream of Erickson Creek confluence with Michel Creek| 659866 5505130

Note: UTM = Universal Transverse Mercator.

@ The UTMs shown are those for the temperature logger furthest upstream and the logger that was part of the initial study design. The
other logger location is roughly 35 m downstream of this location (UTM: 660817E, 5506482N).

® The UTMs shown are those for the temperature logger at RG_ERCK that was part of the initial study design. An additional
temperature logger, which is within ~25 m of the initial logger (UTM: 659872, 5505089) was utilized for contingency purposes. EV_EC1
temperature logger (UTM: 659867, 5505170) is in a similar vicinity but upstream of both of the RG_ERCK temperature loggers.
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o Water temperature in Erickson Creek recorded continuously with data loggers;

e Concentration of total selenium and other constituents (i.e. those listed in Section 2.2.2)
in sediment;

e Calcite presence and concretion in receiving environment;

e Concentrations of nutrients, total selenium, selenium species, and other constituents (i.e.
those listed in Section 2.3.1) in water, based on concurrent and routine water
quality monitoring;

e Acute toxicity of SRF retention pond outlet effluent (F2_BPO) and four surface water
locations from Erickson (EV_ECOUT [RG_ERCKDT] and EV_EC1 [RG_ERCK]),
Bodie (EV_BC1 [RG_BOCK]), and Gate (EV_GT1 [RG_GATEDP]), as well as chronic
toxicity of surface water from the compliance point EV_MC2 (RG_MICOMP);

o Periphyton visual coverage scores; and

e Benthic invertebrate density, biomass, community, and composite-taxa tissue
selenium concentrations.

Water quality monitoring and acute and chronic water toxicity testing results presented in this
report include requirements specified under Permit 107517. Biological sampling in 2021 was
completed in September in accordance with the 2021 to 2023 EVO LAEMP study design
(Minnow 2021b), with confirmatory sampling of water quality and BIT selenium concentrations
conducted in Erickson Creek in December 2021. As noted in Section 1.2, no fish habitat and
usage is present in upstream portions of Erickson Creek as well as Gate and Bodie creeks® and
thus, fish tissue monitoring was not conducted as part of the 2021 EVO LAEMP®.

8 Westslope cutthroat trout, bull trout, eastern brook trout, mountain whitefish, longnose sucker, and longnose dace are
present in Michel Creek and may access the lowermost portion of Erickson Creek (Ecofish 2020). Although fish
(specifically Westslope Cutthroat and Bull Trout) have been documented in Reach 1 of Erickson Creek (i.e. below the
natural barrier), this area contains poor fish habitat and likely only provides summer foraging habitat for fish from Michel
Creek. Both Bodie and Gate Creeks have established and maintained fish barriers and thus are considered non-fish
bearing. In Erickson Creek, a natural fish barrier (i.e., 2 m waterfall) is present approximately 290 m upstream of the
confluence of Michel Creek. The area upstream of this barrier (referred to as Reach 2) in Erickson Creek is non-fish
bearing.

9 Fish sampling was conducted at the compliance point in Michel Creek (EV_MC2 [RG_MICOMP]), results for this work
(and corresponding biological trigger analysis) will be discussed as part of the RAEMP.

/_\_
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2.2 Physical Habitat and Supporting Measures
2.21 Temperature and Dissolved Oxygen
2.21.1 Sampling Overview

To evaluate potential temperature-related effects associated with the SRF discharge, instream
continuous data loggers (TidbiT v2 Temp [UtBI-001]) were deployed at six locations
(RG_ERCKUT, RG_ERCKDT, EV_EC_FLOW3, EV_EC FLOW2, EV_EC_FLOWA1,
and RG_ERCK) in Erickson Creek in December 2020 (Figure 1.4; Table 2.4). Temperature data
from these loggers was downloaded three times in 2021 (April, June, and October/November).
Loggers were deployed in sets of two'° to confirm logger accuracy and for contingency purposes.
Two additional temperature loggers were installed at RG_ERCKUT and RG_ERCK
on June 29", 2021. The additional logger at RG_ERCKUT was installed to better understand
temperature gradient upstream of the SRF, while the additional logger at RG_ERCK was added
for contingency purposes due to the high calcification in the area, a lack of structures to anchor
temperature loggers, as well as substantial flows in the area during freshet. Data from previously
established temperature loggers monitored by Teck at F2_ECF (SRF effluent),
EV_ECOUT (RG_ERCKDT), and EV_EC1 (RG_ERCK) were also included.
Temperature loggers were downloaded onto a base station and uploaded to a computer
for analysis. Following download, the loggers were placed back at the same depth for
continued monitoring. Temperature and dissolved oxygen for fish-bearing areas
(EV_EC1 [RG_ERCK]), Michel Creek (EV_MC3 [RG_MI3]), EV_MC2a [RG_MIDER],
EV_MC2 [RG_MICOMP]), were collected per Permit 107517. This information was downloaded
from Teck’s EQuIS database and included both routine monitoring results collected by Teck and
samples collected concurrently with biological sampling.

2.2.1.2 Data Analysis

Temperature and dissolved oxygen data from Teck routine water monitoring in fish-bearing areas
of Erickson Creek (EV_EC1 [RG_ERCK]), Michel Creek (EV_MC3 [RG_MI3)),
EV_MC2a [RG_MIDER], EV_MC2 [RG_MICOMP]), and the Elk River (EV_ER1) were evaluated
relative to British Columbia water quality guidelines'. British Columbia water temperature
guidelines for bull trout and westslope cutthroat trout specify a maximum £ 1 °C change from the
optimum temperature range for different life stages of these species (spawning, incubation, and
rearing; BCMOE 2001). Dissolved oxygen guidelines are also specific to life stage

0 The replicate logger at RG_ERCK was lost during collection on June 3, 2021.

" Air temperature at these areas was also considered in the interpretation of water temperature results.
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(buried embryo/alevin and all other life stages; BCMOE 1997). Guidelines for both these
parameters were applied to periods of the year relevant to the specific life stage of each of the
two species, with the time periods approximated from available literature (McPhail and Baxter
1996; McPhail 2007; COSEWIC 2016).

Maximum daily temperature from temperature loggers at EV_EC1 (RG_ERCK) were compared
directly to the SPO (which is based largely on the optimum temperatures for fish noted above)
per Permit 1075172, Tabulated maximum daily temperature values via routine Teck monitoring
in relation to the SPO was performed in Microsoft Excel and plots of temperature logger data were
generated using R (R Core Team 2022).

2.2.2 Sediment Quality
2.2.2.1 Sampling Overview

Sediment quality samples were collected using collection procedures consistent with those
outlined in the British Columbia Field Sampling Manual (BCMOECCS 2020a). Three replicate
sediment samples from both reference areas (RG_ALUSM and RG_MI25) were collected, while
five replicate sediment samples were collected immediately upstream (RG_ERCKUT)
and downstream of the SRF outfall (RG_ERCKDT) in Erickson Creek as well as at the compliance
point in Michel Creek (RG_MICOMP; Figure 1.3; Table 2.2). Additional sediment samples were
also collected at RG_MI3 (n=4), RG_ERCK (n=5), and RG_MIDER (n=5) as part of the 2021 to
2023 RAEMP study design (Minnow 2021c). Sediment samples were collected using a
stainless-steel spoon and transferred into glass jars for analysis of polycyclic
aromatic hydrocarbons (PAHSs), and into polyethylene bags for all other analyses (i.e., metals,
moisture content, total organic carbon, and particle size distribution). 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 1to 2 cm, where possible. The spoon was slowly lifted to the surface to avoid sample washout.
The content of each spoonful was inspected to confirm that it is predominantly fine sediment
(i.e., no pieces of vegetation, woody debris, or rocks), and, if acceptable, was placed into a clean
plastic tub. It is important to note that these sediments and associated grain size did not reflect
the general substrate in areas (riffles) where biological (benthic invertebrate) samples
were collected. Substrates in riffles consisted primarily of cobble with some sand, gravel, and
boulders, while the sediment collected consisted of smaller particles. This procedure was
repeated to form a composite sample with sufficient material for analysis, and the stainless-steel

2 The SPOs for temperature per Permit 107517 went into effect on August 13, 2021. The SPO atEV_EC1 (RG_ERCK)
from January 1 to April 30 and November 1 to December 31 is <7°C, while from May 1 to August 31 it is <13°C, and
September 1 to October 31 it is <10°C.
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spoon was used to homogenize the sediment. Sampling equipment was rinsed with site water
between stations. Details pertaining to the samples (e.g., depth, substrate characteristics, colour,
texture, presence of aquatic vegetation) were recorded on field sheets to support the
sediment results.

2.2.2.2 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 2020b), where applicable, and
include analyses of physical parameters (e.g., moisture content, particle size, total organic carbon
[TOC], metals and metalloids, and polycyclic aromatic hydrocarbons (PAHs; Table 2.5).

Sediment samples were analyzed using the following methods:

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

e mercury by Cold Vapour Atomic Fluorescence Spectroscopy (CVAFS; EPA 200.2/245.7);
e TOC by combustion method (Carter and Gregorich 2008); and

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

Particle size distribution was determined by dry sieving (coarse particles), wet sieving (sand),
and the pipette sedimentation method (fine particles). Moisture content was determined
gravimetrically by drying the sample at 105°C. Upon completion of the laboratory analyses, data
reports were provided to Minnow and Teck electronically as Adobe Acrobat Portable
Document Format (PDF) and Microsoft Excel files (Appendix H).

2.2.2.3 Data Analysis

Upon receipt of the analytical data, a data quality review (DQR) was completed, which included
a review of data completeness, achieved laboratory report limits (LRLs), laboratory precision and
accuracy, and field precision. Following the completion of the DQR, results for each constituent
were summarized by area by calculating mean, median, standard deviation, minimum and
maximum concentrations. Sediment concentrations from each area in 2021 (as well as
previous years) were then evaluated, tabulated, and plotted relative to (1) the regional reference
normal range as determined in the RAEMP report (Minnow 2020b), and (2) the British Columbia
Working Sediment Quality Guidelines (BCWSQGs; BCMOECSS 2021a,b). Constituents in
sediment from mine-exposed areas that exceeded both the BCWSQG and the regional reference
normal range (when available) for 2021 were the focus of data interpretation. Tabulated sediment

P
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Table 2.5: Water and Sediment Quality Parameters Associated with the EVO LAEMP, 2021

Category

Water Quality Parameters (as required under Permit 107517%)

Field Parameters

water temperature, specific conductance, dissolved oxygen, pH

Conventional Parameters

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

Maijor lons

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

Nutrients

ammonia, nitrate, nitrite, total Kjeldahl nitrogen, orthophosphate, total phosphorus

Total and Dissolved Metals

total and dissolved concentrations of: 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, and zinc

Category

Sediment Quality Parameters

Physical Tests

moisture, pH, particle size, texture, total organic carbon (TOC)

Total Metals

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

Polycyclic Aromatic
Hydrocarbons (PAHs)

acenaphthene, acenaphthylene, acridine, anthracene, benz(a)anthracene, benzo(a)pyrene, benzo(b,j)fluoranthene,
benzo(b,j,k,)fluoranthene, benzo(e)pyrene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, fluoranthene,
fluorene, indeno(1,2,3-c,d)pyrene, 1-methylnaphthalene, 2-methylnaphthalene, naphthalene, perylene, phenanthrene, pyrene, quinoline

Notes: EVO = Elkview Operations. LAEMP = Local Aquatic Environmental Monitoring Program.
@ Parameters are consistent with those outlined in Table 18 of Permit 107517.
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quality screening against BCWSQG was performed in Microsoft Excel and plots were generated
using R (R Core Team 2022). Quality assurance and control results (e.g. duplicate samples, etc.)
associated with sediment samples collected concurrently with biological samples are discussed
in greater detail in the DQR in Appendix B (see Appendix H for applicable laboratory reports).

2.2.3 Calcite and CABIN Measures
2.2.3.1 Sampling Overview

Consistent with the requirements of the Canadian Aquatic Biomonitoring Network (CABIN)
sampling protocol, supporting habitat information (e.g., water velocity and depth, in situ
water quality [temperature, dissolved oxygen, specific conductivity, pH], canopy cover, and
substrate characteristics [100 pebble count]) was documented concurrent with benthic
invertebrate community samples (Environment Canada 2012a)'3. Visual scores of periphyton
coverage were recorded in accordance with the CABIN method (and are discussed in greater
detail in Section 2.4).

In addition to the CABIN requirements, 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) that scored the proportion of the particle surface
area covered by calcite as a decimal to the nearest 10" percentile (0.1, 0.2, 0.3, etc.)'s.
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 0 (for presence) and 0 (for concretion) were recorded. If rocks were visible under fine

material, the rock was selected for calcite measurements.

3 As benthic invertebrate community sampling was not conducted at RG_GATE and RG_BOCK (as discussed in more
detail in Section 2.5.4 and Section 7.6), the 100-pebble count was also not conducted. As such calcite for these areas
is based on information provided by the 2021 Regional Calcite Monitoring Program (Robinson et al. 2022).

4 The new calcite assessment method was developed under the Regional Calcite Monitoring Program as a means to
better describe the degree, extent, and trends of calcite deposition (Zathey et al. 2021).
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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):

Cl=Cp+CcorCl'=Cp’+Cc
Where:

Cl or CI' = Calcite Index15

Number of particles with calcite

Cp = Calcite Presence Score = .
100 (binary score)

Number of particles with calcite

Cp’ = Calcite Presence Score = :
100 (proportional score)

Sum of particle concretion scores
100

Cc = Calcite Concretion Score =

2.2.3.2 Data Analysis

Calcite measurements made among 40 reference areas sampled in 2015 were used to
characterize the regional reference normal range as part of the 2015 to 2016 RAEMP report
(Minnow 2018a), and the upper limit of the normal range (97.5" percentile) is defined as a calcite
index of 1.0. Calcite index calculated for stations within the EVO LAEMP study area were
tabulated, plotted, and compared to the upper limit of the normal range and the future site
performance objective (SPO; by December 31, 2024: Cc < 0.5). Tabulation of calcite index
measurements was performed in Microsoft Excel and plots were generated using R
(R Core Team 2022).

23 Water Quality and Toxicity
2.3.1 Water Quality
2.3.1.1 Sampling Overview

Water quality data assessed as part of the EVO LAEMP included data for routine monitoring
managed by Teck and single surficial water samples collected at the biological monitoring stations
concurrently with biological sampling in September and December (Figure 1.3; Table 2.3).
Water samples included analysis of constituents stipulated in Permit 107517 as well as
selenium speciation (Table 2.5). Sample collection procedures were consistent with those
outlined in the British Columbia Field Sampling Manual (BCMOE 2013). Dissolved metals,
dissolved organic carbon, and dissolved mercury were field filtered using a 0.45 pm filter.
After concurrent sample collection, samples were kept on ice in the field, then stored in a

15 Cl refers to the binary assessment of Cp and CI' refers to the proportional assessment of Cp'.
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refrigerator at approximately 4°C until they were transported overnight in coolers with ice packs
to the analytical laboratory.

2.3.1.2 Laboratory Analysis

Water quality samples were analyzed by ALS Environmental in Calgary, AB for the analytes listed
in Permit 107517 except for selenium species (Table 2.5). Analysis of selenium species was
performed by Brooks Applied Labs in Bothell, WA. Methods used were consistent with the British
Columbia Environmental Laboratory Manual (BCMOECCS 2020b) where applicable.
Upon completion of the laboratory analyses, data reports were provided to Minnow and Teck
electronically as Adobe Acrobat PDF and Microsoft Excel files (Appendix H) and were uploaded
to Teck’s EQuIS database.

2.3.1.3 Data Analysis

Upon receipt of the analytical data, a DQR was completed, which included a review of data
completeness, achieved LRLs, laboratory precision and accuracy, and field precision.
Water quality data collected routinely (by Teck) and concurrently with biological sampling were
stored in Teck’s EQuIS™ database, and relevant data was downloaded from the database in
Excel format for analysis. Analyses of water quality data were completed using the
following approaches (see Appendix A for detailed methodology):

e Tabular and graphical comparison to applicable benchmarks, SPOs, interim screening
values, and BCWQGs (Appendix Table A.1);

e Evaluation of temporal changes between SRF2 (or 2021) compared to the early phase (or
the earlier year) of selected water concentrations at all areas'® were conducted using 2
two approaches: (i) temporal differences relative to reference (Relative change model)
where the percentage of data below the laboratory reporting limit was less than 80% for
both the mine-exposed and reference area, and (ii) temporal changes at the mine-exposed
area alone (Temporal change model) where the reference area % LRL was greater than
80%, but the mine-exposed was not. In both cases, temporal differences were tested using
a censored regression ANOVA (Analyses of Variance) with a = 0.05. Post hoc
comparisons were corrected for the number of tests using a Tukey's Honestly Significant
Difference Test. If both the exposed and reference area were above 80 % LRL no tests
were conducted.

6 Due to limited data pre-SRF P2 as well as increased variability in constituent concentrations in 2021 associated with
the SRF frequently non-operational at EV_ECOUT (RG_ERCKDT), visual observations in combination with the
aforementioned statistical analysis were conducted at this area.
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Quality assurance and control results (e.g. field blanks, duplicate samples, etc.) associated with
water samples collected concurrently with biological samples are discussed in greater detail in
the DQR in Appendix B (see Appendix H for applicable laboratory reports).

2.3.2 Acute Toxicity

Acute toxicity tests were conducted on a quarterly basis at five stations in the EVO LAEMP as
discussed in the Annual Water Quality Report (Table 2.3; Teck 2022b):

o Effluent retention pond outlet (F2_BPO);

o Downstream of outfall in Erickson Creek (EV_ECOUT);

e Erickson Creek at confluence of Michel Creek (EV_EC1);

e Gate Creek discharge monitoring location (EV_GT1); and

o Bodie Creek discharge monitoring location (EV_BC1).
Acute toxicity consisted of two bioassays as per Permit 107517:

e Single concentration acute toxicity test (96-hour LTso) using rainbow trout
(Oncorhynchus mykiss); universal method: EPS 1/RM/9 (Environment Canada 2007a);
and

e Single concentration acute toxicity test (48-hour LTse) using Daphnia spp.; universal
method: EPS 1/RM/11 (Environment Canada 1996).

2.3.3 Chronic Toxicity

Aqueous chronic toxicity was monitored, analyzed, and interpreted under the Regional Chronic
Toxicity Testing Program (Golder 2022), details of the methods and analysis employed as part of
that program are described in short below. Chronic toxicity tests were completed on water
samples collected quarterly and semi-annually at compliance point EV_MC2 (RG_MICOMP)
as per the Permit 107517 (Table 2.3). The quarterly and semi-annual tests which were evaluated
under the Regional Chronic Toxicity Testing Program include:

Quarterly tests:

e 72-hour growth/inhibition test using the freshwater alga, Pseudokirchneriella subcapitata,
conducted using method: EPS1/RM/25 (Environment Canada 2007b); and

e 7-day test of reproduction and survival using a cladoceran, Ceriodaphnia dubia, conducted
using method: EPS1/RM/21 (Environment Canada 2007c).

Semi-annual tests - Q2 and Q4:
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o 28-day water-only test of growth and survival using the amphipod, Hyalella azteca, using
methods adapted from US EPA (2000); and

o 30-day early life stage toxicity tests using rainbow trout, Oncorhynchus mykiss, using
method: EPS 1/RM/28- 1E (Environment Canada 1998).

Semi-annual tests — Q1 and Q3:

o 30-day early life stage toxicity test using fathead minnow, Pimephales promelas,
conducted semi-annually (i.e., in summer and winter) using methods: EPA-712-C-96-121;
US EPA 1996; and E1241-05; ASTM 2013.

Chronic toxicity results for each individual endpoint for each species were then categorized into
one of the three categories: ‘no adverse response’, ‘possible adverse response’, and ‘likely
adverse response’.'” Toxicity tests and associated quality assurance and quality control (QA/QC)
measures were completed by an accredited third-party laboratory. Water quality samples were
collected during toxicity testing to support evaluation of toxicity results. The results were
summarized in annual reports completed in accordance with Permit 107517 (Teck 2022b,
Golder 2022). Applicable results (i.e., for monitoring stations associated with the EVO LAEMP)

are summarized in this report.

24 Periphyton
2.41 Sampling Overview

Periphyton sampling for the purpose of assessing productivity involved visual scoring as specified
in the CABIN method for benthic invertebrate sampling (Environment Canada 2012a).

The assessment of periphyton was completed prior to initiation of other sampling activities to
avoid disturbance of the periphyton cover within the sampling area, and was based on the
categories stipulated by the CABIN protocol (Environment Canada 2012a)'e:

1. Rocks not slippery, no obvious colour (<0.5 mm thick);

7 No adverse response: response not significantly lower than one or more references or response is below the regional
normal range with an effect size of <20% relative to the mean of batch-specific references. Possible adverse response:
response significantly lower than one or more references in the batch and not below the local normal range with an
effect size of 20-50% relative to the mean of batch specific references or response is significantly lower than references
and the local normal range, but not below the regional normal range. Likely adverse response: response significantly
lower than one or more references in the batch and below the local and regional normal range or response
is significantly lower than references but not below the local normal range with an effect size >50% relative to the mean
of batch-specific references.

'8 Visual periphyton monitoring is part of the CABIN protocol and thus only expected to occur if benthic invertebrate
community evaluations and other CABIN protocols are conducted. Although benthic invertebrate community and
calcite monitoring did not occur at RG_GATE, RG_GATEDP, and RG_BOCK periphyton visual scores were still
completed.
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2. Rocks slightly slippery, yellow-brown to light green colour (0.5 to 1 mm thick);

3. Rocks have noticeable slippery feel, patches of thicker green to brown algae (1 to
5 mm thick);

4. Rocks are very slippery, numerous clumps (5 to 20 mm thick); and
5. Rocks mostly obscured by algae mat, may have long strands (>20 mm thick).

Although only a single score is required per area under the CABIN protocol, scores were recorded
for five stations (a minimum of 5 metres apart) in each area as part of the EVO LAEMP, except
for RG_BOCK and RG_GATEDP which had limited sampling area and thus only one score for
the area was recorded. The collection of periphyton coverage data from a larger area allowed for
a more representative evaluation of periphyton in the area sampled for benthic invertebrate
productivity and community and allowed for comparisons among areas and over time.
Photos were also taken to document current conditions of not only periphyton conditions but also
bryophytes, which are prominent in the Erickson Creek area.

2.4.2 Data Analysis

Periphyton coverage was evaluated spatially and temporally in conjunction with other measures
of productivity, including temporal/spatial trends of phosphorus and other nutrients (Section 4.1),
as well as measurements of density and biomass of benthic invertebrates upstream and
downstream of the SRF intake/outfall structure in Erickson Creek (Section 6.2.1) to better
understand the influence of the SRF on productivity. Tabulated periphyton scores was performed
in Microsoft Excel.

2.5 Benthic Invertebrates

Benthic invertebrate samples were collected to address study questions related to benthic
invertebrate tissue (BIT) selenium bioaccumulation (Section 2.5.1), productivity (as determined
via Hess sampling; Section 2.5.2), and community structure (as determined via CABIN
sampling; Section 2.5.3). Consistent with other LAEMPs and the RAEMP (Minnow 2021c,d,
Minnow and Lotic 2021), benthic invertebrate sampling was completed in September. As noted
in Section 2.3.1, individual water samples for routine water quality analysis (Tables 2.5)
and selenium speciation analysis were collected from each monitoring area during the sampling
event, concurrently with the collection of biological samples.
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251 Tissue Selenium
2.5.1.1 Sampling Overview

Benthic invertebrate tissue (BIT) samples for selenium analysis were collected using the kick and
sweep sampling method (which is described in greater detail in Section 2.5.4), except that
sampling was not timed. Three replicate samples were collected in September from each
reference area (RG_ALUSM and RG_MI25) and each mine-exposed area (Table 2.2), with the
exception of five replicate samples collected per area at RG_ERCKUT, RG_ERCKDT, and
RG_MICOMP?, and one replicate sample collected at RG_ERCK. In December 2021 (as part of
confirmation sampling), five replicate samples were taken from three areas in Erickson Creek,
RG_ERCKUT, RG_ERCKDT, and RG_ERCKMD?, while three replicate samples were taken
from RG_ERCK?',

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 approximately 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 are known to hyperaccumulate some metals resulting
in potentially biased composite results (Golder 2021b). 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.

Each BIT sample was photographed to document taxa composition, placed into a labelled vial,
and stored in a cooler with ice packs until transfer to a freezer later in the day.

9 As noted in the 2021 to 2023 EVO Study Design (Minnow 2021b), additional replication at RG_ERCKUT and
RG_ERCKDT, located upstream and downstream of the SRF intake/outfall structure, respectively, allowed for more
robust statistical power (Minnow 2015) to detect changes between upstream and downstream related to the SRF, while
the five replicates at RG_MICOMP are a requirement of the RAEMP (Minnow 2021c). Furthermore, the limited sample
collection at RG_ERCK was a function of the limited suitable habitat for sampling (e.g. one riffle area).

20 Sampling completed in September 2021 showed that mean tissue selenium concentrations in benthic invertebrates
was elevated above Level 1 benchmarks for benthic invertebrates (for growth, reproduction, and survival) at
RG_ERCKDT, RG_GATEDP, and RG_GATE. Confirmation sampling was conducted in December of 2021 in multiple
sampling areas in Erickson Creek including RG_ERCKUT, RG_ERCKDT, and RG_ERCK. Additionally, for spatial
resolution of selenium concentration in benthic invertebrate tissue an additional sampling area, RG_ERCKMD (located
midway between RG_ERCKDT and RG_ERCK), was also evaluated in December of 2021 (Figure 1.3).

21 Although the location of replicates did not conform to CABIN protocols as locations were not 50 meters apart
(Environment Canada 2012a), three replicates were taken at RG_ERCK to better understand the variability of selenium
concentrations in BIT at this area.
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2.5.1.2 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 Ilaboratory and analyzed using Laser Ablation Inductively Coupled Plasma
Mass Spectrometry (ICP-MS). Quality assurance/quality control measures associated with the
tissue chemistry analyses included evaluation of laboratory duplicates and certified refence
materials, discussed in greater detail in the Data Quality Review (DQR) in Appendix B
(see Appendix H for applicable laboratory reports). Results are reported on a dry weight basis
along with moisture content.

2.5.1.3 Data Analysis

Analyses of composite-taxa BIT selenium data were completed using the following approaches
(see Appendix A for detailed methodology):

e Graphical comparison of tissue selenium  concentrations relative to
applicable benchmarks (Appendix Table A.2) and the regional reference normal range;

e Evaluation of spatial differences among areas in tissue selenium concentrations for each
sampling event in 2021, using a one-way ANOVA.

o Evaluation of the potential effects of SRF operational phases on tissue selenium
concentrations from mine-exposed areas relative to reference wusing a
Before-After-Control-Impact ANOVA;

e Comparison of observed tissue selenium concentrations to those predicted using
selenium bioaccumulation tools (one-step water-to-invertebrate selenium bioaccumulation
model and selenium speciation bioaccumulation tool [B-tool; de Bruyn, A. and
S.N. Luoma. 2021]); and

e Comparison of the relationship between observed and predicted selenium concentrations
using bioaccumulation models (one-step water-to-invertebrate selenium bioaccumulation
model and B-tool model) to other areas in the Elk Valley using a linear
mixed-model approach.

2.5.2 Hess Sampling (Density, Biomass, and Community)
2.5.2.1 Sample Overview

Benthic invertebrate community samples were collected using a Hess sampler with 500 ym mesh,
which allowed for evaluation of density, biomass, and community structure of the area sampled.
Ten single-Hess samples were collected at each of two mine-exposed areas, one
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immediately upstream (RG_ERCKUT) and one downstream of the SRF outfall (RG_ERCKDT),
with the replicate sampling locations a minimum of 5 m apart (Figure 1.3; Table 2.2).

Each sample was collected by carefully inserting the base of the Hess sampler into the substrate
to a depth of approximately 5 to 10 cm, after which the gravel and cobble contained within the
sampler was carefully rubbed, allowing the current to carry dislodged organisms into the mesh
collection net. Organisms collected into the net were carefully rinsed into a labelled wide-mouth
plastic jar. Samples were preserved to a nominal concentration of 10% buffered formalin in
ambient water so that biomass was not lost through predation or decomposition of tissues before
sample sorting at the laboratory. Water depth and velocity measurements were also collected at
each Hess sampling station.

2.5.2.2 Laboratory Analysis

Hess samples for benthic invertebrate analysis were shipped to ZEAS Inc. (lead taxonomist
Danuta Zaranko) in Nobleton, Ontario, for analysis. At the laboratory, preserved organisms in
each sample were sorted from the debris and identified and weighed at the family-level
of taxonomy. Each family group of organisms was gently placed onto a fine cloth or paper towel
to drain excess preservative before being weighed to the nearest 0.1 mg. Total and family-level
density and biomass of organisms were reported for each sample.

2.5.2.3 Data Analysis

To understand the influence of the SRF on productivity measures of biomass and density of
benthic invertebrates were evaluated (as well as evaluations of periphyton coverage and water
quality as discussed in earlier sections). Overall biomass and density of benthic invertebrates as
well as taxa-specific measures (specifically EPT, Ephemeroptera alone, Plectoptera alone,
Trichoptera alone, and Chironomidae alone) of these endpoints, determined via Hess sampling,
were converted to number of organisms per square metre based on the area sampled. A spatial
comparison between areas upstream (RG_ERCKUT) and downstream (RG_ERCKDT) of SRF
water treatment were conducted and further information for these analyses can be found
in Appendix A.

2.5.3 CABIN Sampling (Community)
2.5.3.1 Sampling Overview

Benthic invertebrate samples were collected using a kick and sweep method to allow evaluation
of community structure. Similar to the RAEMP (Minnow 2020b), three replicate samples were
collected from each reference area (RG_ALUSM and RG_MI25) and each mine-exposed area
(Table 2.2), with the exception of RG_MICOMP where five replicate samples were collected to

(’_\_
June 2022 | 31



minnow environmental inc. Teck
Project 217202.0009 2021 Elkview Operations LAEMP

support the RAEMP study design requirements (Minnow 2021c). Replicate samples were
collected at locations that were established in 2019 (Minnow 2020c) and were spaced a minimum
of 50 m apart (where habitat allows, and where sampling could be completed safely) or in
separate riffles. As noted in the 2021 to 2023 EVO Study Design (Minnow 2021b), one sample
was taken from RG_ERCK (replication not possible due to the presence of a single riffle habitat),
while no samples were taken at RG_GATEDP due to lack of riffle habitat®?. Similar conditions
(i.e. a lack of suitable sampling habitat [riffles]) were noted at RG_GATE and RG_BOCK during
the September sampling event, and thus benthic invertebrate community were not evaluated in
these areas in 2021 (further information regarding the lack of suitable sampling habitat is
discussed in Section 7.6).

Benthic invertebrate community sampling followed the CABIN protocol, which involved a 3-minute
travelling kick to dislodge benthic invertebrates from the substrate (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. The net (consisting of a
triangular aperture measuring 36 cm per side and equipped with 400 ym mesh) was held
immediately downstream of the technician’s feet, the detritus and invertebrates disturbed from the
substrate were 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, and the kick-net was
subsequently 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 ambient water.

2.5.3.2 Laboratory Analysis

Benthic invertebrate community samples were sent to Cordillera Consulting®® (lead taxonomist
Scott Finlayson), in Summerland BC, for sorting and taxonomic identification. Organisms were
identified to the lowest practical level (LPL; typically genus or species).

At the beginning of the sorting process, each sample was examined and evaluated to estimate
total invertebrate numbers. If the total number was estimated to be greater than 300, then
samples were sub-sampled for sorting and enumeration. A minimum of 5% of each sample was

22 As specified in the CABIN protocol — “The habitat type where invertebrate samples are collected in CABIN is the
erosional zone (riffle, straight run, or rapid). A reach that does not have a well-established riffle or straight run should
not be used for CABIN sampling.” (Environment Canada 2012a).

23 Similar to other LAEMPs and the RAEMP (Minnow 2021¢,d, Minnow and Lotic 2021), two different laboratories are
utilized to measure benthic invertebrate community samples (Cordillera Consulting) and Hess samples (Zeas Inc).
These samples are evaluated by different laboratories for two reasons (1) methodology differences (subsampling is
utilized for benthic community analysis using the CABIN protocols, while Hess sampling requires the analysis of the
complete sample) and (2) lab capacity and timeframe for analysis.
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sorted, consistent with requirements specified by Environment Canada (2012b, 2014).
Sorting efficiency and sub-sampling accuracy and precision was also quantified using methods
outlined by Environment Canada (2012b, 2014) and can be found in the DQR (Appendix B).

2.5.3.3 Data Analysis

Benthic invertebrate community endpoints were evaluated via kick and sweep sampling, and
included total abundance, LPL richness, and the total and relative abundances of major
taxonomic groups (e.g., Ephemeroptera [mayflies], Plecoptera [stoneflies],
Trichoptera [caddisflies], EPT [Ephemeroptera, Plecoptera, and Trichoptera]
and Chironomidae [midges]). Community data for kick and sweep samples were plotted to show
changes over time, changes relative to regional reference normal ranges?* and changes relative
to habitat-adjusted normal ranges?® as defined in the RAEMP (Minnow 2020b) using R
(R Core Team 2022). In previous existing condition evaluations of benthic invertebrate
community structure (Minnow 2020a, 2021a), single replicates were evaluated for some of the
areas studied: RG_ERCK, RG_GATE, RG_BOCK, RG_MIDGA, and RG_MIDBO, consistent with
the requirements under the 2018 to 2020 RAEMP study design (Minnow 2018b). The limited
replication in these previous evaluations was treated with caution when interpreting temporal and
spatial trends. Benthic invertebrate community structure was also assessed using multivariate
ordination  techniques including correspondence analysis (CA) and canonical
correspondence analysis (CCA) to further understand community structure as part of the EVO
LAEMP, further information regarding these analyses can be found in Appendix A.

24 The reference normal range as presented in the RAEMP represents the 2.5 and 97.5™ percentiles of the 2012 to
2019 (Minnow 2020b).

25 Habitat-adjusted normal ranges represent the 2.5" and 97.5" percentile for a given area as determined by habitat
predictors for that area in relation to the complete set of RAEMP reference monitoring areas. The habitat-adjusted
normal ranges were estimated using regression modelling as presented in the RAEMP (Minnow 2020b).
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3 PHYSICAL HABITAT AND SUPPORTING MEASURES

3.1 Temperature and Dissolved Oxygen

Although the SRF does not utilize heating or cooling, the effluent (or treated water)
being discharged from the effluent retention pond was expected to be influenced by seasonally
elevated air temperatures when compared to water upstream of the SRF outfall which is
consistently between 5°C and 6°C (Golder 2020c, Teck 2020a). As such, water temperatures
were measured by continuous data loggers in Erickson Creek upstream of the SRF
(RG_ERCKUT) were consistent throughout 2021 at approximately 5°C, while water temperatures
downstream of the SRF (RG_ERCKDT) showed more seasonality, with minimum temperatures
in winter months (December to February) typically ranging from 4 to 6 °C and in summer having
a maximum temperature of 15.1°C (observed in July), with temperatures being similar or
lower downstream (EV_EC FLOW3, EV_EC FLOW2, EV_EC FLOWH1). Annual range of
temperatures at RG_ERCKDT as well as lower downstream were also in close alignment with
effluent temperature when the SRF was operating (F2_ECF; Figure 3.1). As the SRF was
non-operational on multiple events in 2021, temperature variability downstream of the SRF outfall
at RG_ERCKDT (specifically during summer) was more pronounced. On several occasions,
temperatures at EV_EC1 (RG_ERCK) were higher than upstream areas, likely due to the lack of
canopy cover and shallower water in that area. Starting August 13, 2021 (when the permit SPO
came into effect), maximum daily temperature from loggers at EV_EC1 (as well as the RG_ERCK
temperature loggers) were compared to the SPO and the total number of daily temperature
exceedances was measured (Figure 3.1; Appendix Table C.1). The SPO was only exceeded at
EV_EC1 in September for 15 days, with no other exceedances throughout 2021.
The exceedances at EV_EC1 have been investigated and subsequent information regarding
those exceedances can be found in the 2021 Annual Water Treatment Performance Report
(Teck 2022a). The two temperature loggers installed at RG_ERCK (Logger 1 and Logger 2)
for the EVO LAEMP (i.e., not utilized for compliance purposes), showed similar findings as the
EV_EC1 temperature logger as the maximum daily temperature was greater than the SPO
temperature on 18 and 16 days in September, respectively (as well as three and one days in
August, respectively; Figure 3.1, Appendix Table C.1). The two RG_ERCK temperature loggers
were deployed slightly further downstream from EV_EC1 (Figure 1.4) and represent a
different microhabitat (decreased canopy cover, differences in flow rate, and/or lower water depth)
when compared to habitat where the EV_EC1 logger is located, which likely explains the slightly
higher temperatures observed with the RG_ERCK loggers in comparison to the EV_EC logger.
Increased management and engineering measures are currently under consideration by Teck to
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Figure 3.1: Water Temperature Recorded by Temperature Loggers, EVO LAEMP, 2021

Note: Solid black horizontal lines indicate the maximum daily temperature as specified in Permit 107517, which came into effect August 13, 2021. Dashed

horizontal lines indicate the minimum and maximum average hourly temperature from 2018 to 2020. Temperatures outside of the range (0 to 25°C) were considered

ported up until the last date when data was retrieved.
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better understand and manage the influence of the SRF on the water temperature of
Erickson Creek (Teck 2022a).

In situ water temperature measurements at fish-bearing areas of Erickson and Michel Creek were
also compared to British Columbia guidelines?®, which are defined as a maximum + 1° C change
from the optimum temperature range for spawning, incubation, and alevin / rearing temperature
guidelines for both WCT and bull trout (BCMOE 2001). Temperatures in Erickson Creek
(EV_EC1 [RG_ERCK]) were within or below the optimum temperature ranges specified for both
species, throughout the year, with the exception of one event in September which was above the
optimum threshold (Figure 3.2). Temperatures were largely comparable between Erickson Creek
and those further downstream in Michel Creek (EV_MC3 [RG_MI3], EV_MC2a, EV_MC2
[RG_MICOMP]) and the Elk River (EV_ER1). Michel Creek and the Elk River generally had lower
temperatures than Erickson Creek in the spring, fall and winter, but higher temperatures in
the summer (Figure 3.2). Although temperatures were elevated above the WCT threshold for
incubation in a few events between July and August in areas of Michel Creek and the Elk River,
similar temperatures were apparent at EV_MC3 (RG_MI3; Figure 3.2), which is upstream of the
confluence of the Erickson and Michel Creek, suggesting that elevated temperatures in Michel
Creek and the Elk River during this time was not related to SRF discharge. Decreased canopy
cover and increased distance from groundwater or melt water sources is known to be a natural
cause of increased temperatures as water moves from lower order streams (such as
Erickson Creek) to high order streams (such as Michel Creek and the Elk River; Vannote
and Sweeney 1980). Overall, these results suggest that the SRF has little effect on temperature
in fish-bearing areas of Erickson Creek, Michel Creek, or the Elk River.

In situ dissolved oxygen measurements in fish-bearing areas of Erickson and Michel Creek were
compared to provincial dissolved oxygen guidelines, which are based on the minimum
concentration of dissolved oxygen required to protect aquatic life, specifically for the protection of
WCT and bull trout during spawning, incubation, and alevin rearing stages (BCMOE 1997).
In situ measures of dissolved oxygen concentrations in Erickson Creek (EV_EC1 [RG_ERCK])
showed similar patterns to temperature, as dissolved oxygen remained within or above the
optimum dissolved oxygen ranges specified for both fish species, throughout the year, with the
exception of one event in September (Figure 3.3). Concentrations of dissolved oxygen were within
or above respective guidelines in spring, early fall, and winter in Michel Creek and the Elk River,
with the exception of a few events at EV_MC2 (RG_MICOMP) between July and October, as
noted with temperature this is unlikely related to SRF discharge, as dissolved oxygen

26 As noted in Section 1.2, upper portions of Erickson Creek and both Bodie and Gate Creek have been confirmed to
be non-fish bearing.
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Figure 3.2: Water Temperatures at Fish Bearing Monitoring Areas for the EVO LAEMP in 2021 Relative to BCMOE
(2001b) Guidelines for Maximum (Solid Lines) and Minimum (Dotted Lines) Temperatures for Protection of Westslope
Cutthroat Trout and Bull Trout

Notes: BT = bull trout; WCT = westslope cutthroat trout; S = spawning; | = incubation; A/R = alevin/rearing. The timing of fish life history stages was
approximated from COSEWIC (2016), McPhail and Baxter (1996), and McPhail (2007). Green symbols represent reference areas.
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Figure 3.3: Dissolved Oxygen Concentrations at Fish-Bearing Monitoring Areas for the EVO LAEMP in 2021, Relative
to the BCMOE (1997) Criteria for the Protection of Fish Life Stages

Notes: BT = bull trout; WCT = westslope cutthroat trout; S = spawning; | = incubation; A/R = alevin/rearing. The timing of fish life history stages was
approximated from COSEWIC (2016), McPhail and Baxter (1996), and McPhail (2007). Spawning, incubation, and alevin stages were included in
application of buried embryo/alevin guideline values. Green symbols represent reference areas.
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concentrations further upstream were above or within guidelines in Erickson Creek
(EV_EC1 [RG_ERCK]) as well as an upstream area of Michel Creek (EV_MC2a). Similar to
temperature, the results suggest that the SRF has little influence on dissolved oxygen
concentrations on fish-bearing areas of Erickson Creek, Michel Creek, or the Elk River.

3.2 Sediment Quality

In September 2021, both RG_ERCKUT and RG_ERCKDT (upstream and downstream of the
SRF outfall, respectively) had similar mean TOC values (8.57% and 9.42%, respectively),
which were higher than those from the next downstream area, RG_ERCK (2.72%). The higher
TOC in upper Erickson Creek (RG_ERCKUT and RG_ERCKDT) t could be a result of additional
detritus from decaying bryophytes that are not as abundant at RG_ERCK. The mean particle size
of sediment collected from RG_ERCKDT, had a higher composition of silt-sized particles (66.4%)
when compared to the upstream area, RG_ERCKUT (33.1%) or the next downstream
area, RG_ERCK (24.7%), which both had a higher composition of sand-size particles (59.7% and
70.9%, respectively; Appendix Table C.2). Sediments from RG_MIDER and RG_MICOMP
(both below the Erickson and Michel Creek confluence) were also predominately silt-size
particle based (48.8% and 53.9% silt, respectively) and had correspondingly higher TOC values
(4.49 and 5.13%, respectively), when compared to RG_MI3 (which is upstream of the Erickson
Creek confluence) where a higher proportion of sand-size particles (63.5%) and lower TOC
(2.30%) was observed. Slight differences in silt-sized particle ratios and TOC contents were also
noted between the reference areas, as RG_ALUSM had a higher silt-sized particle ratio and
organic content (mean silt: 52.1%, mean TOC: 5.21%) when compared to RG_MI25 (mean silt:
41.9%, mean TOC: 1.91%) highlighting the natural variability in the Elk Valley.

The mean concentrations of seven metals (arsenic, cadmium, iron, manganese, nickel, selenium,
and zinc) and eleven PAHs (acenaphthene?’, acenaphthylene, benz(a)anthracene,
benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, fluorene, 2-methylnaphthalene, naphthalene,
phenanthrene, and pyrene) in sediment were above the lower BCWSQG at RG_ERCKDT, with
six of those constituents (cadmium, manganese, nickel, fluorene, 2-methylnapthalene,
and phenanthrene) also above the upper BCWSQG (Appendix Figure C.1; Appendix Table C.2).
For nearly of all of these constituents (excluding benzo(a)anthracene), mean concentrations in
sediment were highest at RG_ERCKDT when compared to the other mine-exposed
areas evaluated (RG_ERCKUT, RG_ERCK, RG_MI3, RG_MIDER, and RG_MICOMP;
Appendix Figure C.1; Appendix Table C.2). Furthermore, a majority of these constituents

27 Although acenaphthene was not detected in any replicate at RG_ERCKDT (and was not detected in a majority of
EVO areas samples (~88%), due to the high detection limit associated with this compound uncertainty remains
regarding the presence as well the possible concentration of this compound.

(’_\_
June 2022 | 39



minnow environmental inc. Teck
Project 217202.0009 2021 Elkview Operations LAEMP

at RG_ERCKDT (with the exceptions of iron, manganese, and acenaphthylene) had mean
concentrations above the regional reference normal range (Appendix Figure C.1).
Mean concentrations in sediment for arsenic, cadmium, nickel, zinc, benz(a)anthracene,
benzo(a)pyrene, chrysene, fluorene, 2-methylnaphthalene, naphthalene, phenanthrene, and
pyrene were more than two-fold higher at RG_ERCKDT in 2021 when compared to 2020
(Figure 3.4).

At RG_ERCKUT (which is upstream of the SRF outfall), only selenium and dibenz(a,h)anthracene
exceeded sediment quality guidelines (BCWQG or EVWQP benchmarks) and the regional
reference normal range of Elk Valley and even then both were similar to pre-EVO SRF P2
concentrations (Figure 3.4; Appendix Table C.2). Similar results were observed for RG_ERCK,
as only nickel and selenium exceeded these criteria (Figure 3.4; Appendix Table C.2). At both
RG_ERCKUT and RG_ERCK, a maijority of sediment constituent concentrations have been
stable or decreasing when comparing concentrations of 2021 to past results (2019 and 2020),
with exception of benz(a)anthracene at RG_ERCKUT and nickel at RG_ERCK which showed
slight increases in 2021 (Figure 3.4).

Mean sediment constituent concentrations in the area upstream of the Erickson Creek confluence
with Michel Creek, RG_MI3, and both areas downstream of the confluence, RG_MIDER and
RG_MICOMP, were either below the BCWSQG or the regional reference normal range of the Elk
Valley, and/or similar to results pre-EVO SRF P2 (Figure 3.4; Appendix Table C.2).
Metal concentrations that exceeded the BCWSQG in these areas (such as arsenic, cadmium,
nickel, and a few PAHs) also commonly exceeded guidelines in a reference area
(RG_MI25 and/or RG_ALUSM) suggesting that these constituents are naturally elevated in the
Elk Valley (Figure 3.4). Overall, sediment metal and PAH concentrations in lower Erickson and
Michel Creek were largely similar pre- and post-EVO SRF P2 suggesting a minimal influence of
the SRF on these constituents.

In summary, although a number of constituents at RG_ERCKDT had concentrations in sediment
that exceeded the BCWSQG and the regional reference normal range of the Elk Valley, the
elevated sediment metal and PAH concentrations appeared localized to directly below the
SRF outfall. The cause of the elevated sediment constituent concentrations at RG_ERCKDT
(when comparing results from 2019 and 2020 to 2021) is currently being evaluated as part of the
AMP response framework (in conjunction with the investigation into the cause of elevated BIT
selenium concentrations downstream of the SRF outfall [see Section 6.1]) , it should be noted
that a spill event occurred earlier in 2021. On May 26, 2021, Teck completed scheduled
maintenance work on the Erickson Creek effluent line. Upon restarting the treatment of Erickson
Creek water, it was noted that the effluent being discharged (directly upstream of RG_ERCKDT)

/_\__
40



25

°
20 ®

Arsenic (mg/kg)

6
5 [ ]
[ ]
)
X 4 o
> L]
é _____________________________________________________________________________________________________
4 [ ]
N .
£
]2
(@)

= 2018 & 2019 A 2020 e 2021

Figure 3.4: Selected Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH)
Concentrations, EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value. Constituents shown are those where the mean concentration exceeded an
available guideline value and the normal range (when available).
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Figure 3.4: Selected Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH)
Concentrations, EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value. Constituents shown are those where the mean concentration exceeded an
available guideline value and the normal range (when available).
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Figure 3.4: Selected Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH)
Concentrations, EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value. Constituents shown are those where the mean concentration exceeded an
available guideline value and the normal range (when available).
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Figure 3.4: Selected Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH)
Concentrations, EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value. Constituents shown are those where the mean concentration exceeded an
available guideline value and the normal range (when available).
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Figure 3.4: Selected Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH)
Concentrations, EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value. Constituents shown are those where the mean concentration exceeded an
available guideline value and the normal range (when available).
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Figure 3.4: Selected Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH)
Concentrations, EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value. Constituents shown are those where the mean concentration exceeded an
available guideline value and the normal range (when available).
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Figure 3.4: Selected Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH)
Concentrations, EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value. Constituents shown are those where the mean concentration exceeded an
available guideline value and the normal range (when available).
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Figure 3.4: Selected Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH)
Concentrations, EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value. Constituents shown are those where the mean concentration exceeded an
available guideline value and the normal range (when available).
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was abnormal in colour and the system was immediately shut down (within seven minutes of
discharge commencing). It was determined that iron precipitate in the effluent line was disturbed
during startup and this event resulted in a release of 24,000 L of treated effluent into Erickson
Creek which was turbid and orange in color (Teck 2022a). The influence of this release on
constituent concentrations in sediment downstream is currently unknown. Concentrations of
metals and PAHs at the mouth of Erickson Creek (RG_ERCK) and in Michel Creek
(RG_MIDER and RG_MICOMP) that were above BCWQG were within the regional reference
normal range, and/or similar to past years suggesting elevated sediment concentrations were
localized to immediately downstream of the SRF outfall (ERCKDT) and that the SRF had minimal
influence on sediment concentrations in lower Erickson and Michel Creek.

3.3 Calcite and other CABIN Supporting Measures

Calcite accumulation has the potential to negatively affect aquatic habitat through changes to
stream substrate characteristics (Barrett et al. 2016; Hocking et al. 2020). Calcite concretion can
adversely affect fish via reduced suitability of habitat for spawning, egg incubation, and
overwintering, or via effects to benthic invertebrates that are important prey for adult and
juvenile fish (Robinson 2010; Barrett et al. 2016; Wright et al. 2018; Hocking et al. 2020;
Minnow 2022). As many of the areas assessed in the EVO LAEMP are non-fish bearing
(Gate, Bodie, and upper portions of Erickson Creek), the potential effects of calcite on fish is
limited to lower portions of Erickson (specifically RG_ERCK) and in Michel Creek.
Regardless, direct effects to benthic invertebrates in all of the study areas were considered.

Benthic invertebrate sampling targeted riffle habitat during September sampling and calcite
measurements and other CABIN supporting information were collected concurrently (Figure 3.5;
Appendix Tables C.3 to C.9). Mean ClI values?® in 2021 for both reference areas (RG_ALUSM
[0.29 to 0.63] and RG_MI25 [0]) were either similar or lower than previous years (2015 to 2020;
Figure 3.5; Appendix Tables C.3). While the reference areas showed consistent Cl temporal
trends, mean CIl values at RG_ERCKUT (above the SRF outfall; ranging from 0.17 to 0.25)
and RG_ERCKDT (below the SRF outfall; ranging from 0.54 to 0.88) were notably lower than
previous years (2019 to 2020; RG_ERCKUT: ranging from 0.96 to 1.56, RG_ERCKDT: ranging
from 1.14 to 1.90). The area further downstream, RG_ERCK, had a mean CI value of 2.20 in
2021, which was slightly higher than previous years (2018 to 2020; ranging from 1.58 to 1.89).
Calcite index values at each of these Erickson Creek areas were lower than those reported in the
2021 Regional Calcite Monitoring Program (which were evaluated between August and October;

28 Cl values discussed are those which used a binary evaluation for calcite presence as all data pre-EVO SRF P2 used
this method. CI’ values in 2021 (which uses a proportion rather than a binary evaluation for calcite presence) were as
expected lower than Cl values.
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Presence was measured using both a presence absence and proportional method. RG_GATE and RG_BOCK were
not evaluated for calcite index as the sampling reach did not have a "well-established riffle or straight run" present

(which is a requirement for CABIN sampling [Environment Canada 2012a]).
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Robinson et al., 2022); the mean 2021 Cl score for the Erickson Creek area above the SRF outfall
was 1.42 and below the outfall and further downstream in Erickson Creek ranged from 2.71 to
2.94. Results from the 2021 Regional Calcite Monitoring Program report suggest that pre-EVO
SRF P2 calcite presence and concretion in the Erickson Creek area above (CI values: 1.68
to 1.73) and below the outfall (Cl values: 2.46 to 2.96) were largely similar to or lower than 2021.
Although the cause for the differences between the Erickson Creek calcite scores is currently
unknown it is likely due to the high presence of bryophytes in the area (which is a unique habitat
characteristic in the Elk Valley as well as a different sampling method between the programs?°,
see supporting CABIN measurements for further details Appendix Tables C.4 to C.9)
which makes assessment of calcite difficult.

Although CI was not evaluated in Bodie and Gate Creek at part of this study (see Section 2.2.3),
the CI for these areas was evaluated as part of the 2021 Regional Calcite Monitoring Program
(Robinson et al., 2022). The mean Cl in Bodie (1.22 [below the settling pond] and 2.55 [above the
settling pond]) and Gate Creek (1.46 [above the settling pond]) were in alignment with
observations from previous years (Robinson et al., 2022). As noted in the 2021 Regional Calcite
Monitoring Program, areas in Bodie and Gate Creek (as well as Erickson Creek [including the
above the SRF outfall] currently have Cc scores that are greater than the future SPO
(December 31, 2024: Cc < 0.5). All four Michel Creek areas downstream of the Erickson Creek
and Michel Creek confluence (RG_MIDER, RG_MIDGA, RG_MIDBO, and RG_MICOMP)
and the area above the confluence (RG_MI3) had no reportable calcite presence or concretion in
the current study (resulting in a Cl of 0; Figure 3.5; Appendix Table C.3) and were overall lower
than results from 2020 (as well as below the future SPO). Similar low ClI values in Michel Creek
study areas (and decreases in comparison to 2020 data) were also reported in the 2021 Regional
Calcite Monitoring Program, as the mean CIl ranged from 0.02 to 0.29 in area of Michel Creek
(Robinson et al., 2022).

3.4 Summary

Results pertaining to physical habitat and CABIN supporting measurements included analysis of
temperature, dissolved oxygen, sediment quality, and calcite and other CABIN
supporting measures. Overall, this information was directly used to address Study Questions #1
(SRF influence on temperature) and #2 (SRF influence on calcite), and indirectly used in
addressing Study Questions #4 (SRF influence on selenium BIT concentrations),
#5 (SRF influence on benthic community structure), and #6 (SRF influence on productivity).

2% The 2021 Regional Calcite Monitoring Program (Robinson et al., 2022) assesses calcite for a given reach, while
calcite as part of the EVO LAEMP was evaluated in the riffles where benthic invertebrate community monitoring was
conducted per CABIN protocols (Environment Canada 2012a).
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Further information regarding the indirect influence of changes to the physical habitat and CABIN
supporting measurements (as influenced by the operation of the SRF) on selenium BIT
concentrations, benthic community structure, and productivity is discussed in greater detail
in Section 6 (Benthic Invertebrates).

As water temperature above the SRF outfall (RG_ERCKUT) is consistently ~5°C, the increase in
water temperature downstream of the outfall (at RG_ERCKDT) was expected, as the process of
treating Erickson Creek water requires the source water from Erickson Creek to be drawn into the
treatment system from the watershed and instantaneously replaced with treated effluent.
Although water temperature was higher in areas below the SRF outfall compared to
pre-EVO SRF P2 (or upstream), water temperatures at the confluence of Erickson Creek and
Michel Creek (EV_EC1 [RG_ERCK]) largely met the SPO in 2021. Additional evaluations of
temperature at routine water quality stations at fish-bearing areas of the EVO LAEMP confirmed
that water temperatures were within or below guidelines for critical life stages of WCT and bull
trout and that the influence of the SRF on water temperature in the receiving environment
is minimal.

The calcite index in Gate and Bodie creeks (which both received limited discharge from the SRF
in 2021), as well as Erickson Creek in 2021 was either similar to or lower than previous years
(pre-EVO SRF P2), with the exception of RG_ERCK which showed a slight increase.
The decreases in calcite upstream (RG_ERCKUT) and downstream (RG_ERCKDT) of the SRF
outfall in 2021 compared to previous years conflicts with findings from the annual Regional Calcite
Monitoring Program which suggested similar calcite levels in 2021 when compared to
past evaluations. The small increase in Cl noted at RG_ERCK (which is area at the confluence
of Erickson Creek and Michel Creek in the current study) was not observed in the Regional Calcite
Monitoring Program (i.e., showed no change over time). Understanding calcite deposition in
Erickson is complex because its unique habitat characteristics (i.e., high bryophyte presence in
the area) and the potential high spatial variability of calcite in the creek. Calcite presence and
concretion in areas of Michel Creek (which receives water from Gate, Bodie, and Erickson creeks)
had scores in 2021 of zero, which was similar to findings in the annual Regional Calcite
Monitoring Program. Overall, the SRF does not appear to have increased the overall calcite
presence and concretion in the receiving environment of Gate, Bodie, Erickson or Michel creeks.
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4 WATER QUALITY

41 Nutrients

The EVO SRF was effective in decreasing the aqueous concentrations of phosphorus and
orthophosphate (Table 4.1, Appendix Table D.1 and D.2; Appendix Figures D.1, D.2, and D.3),
as concentrations were lower at EV_ECOUT (RG_ERCKDT) when compared to pre-EVO SRF
P2 concentrations or concentrations upstream of the SRF outfall (RG_ERCKUT).
Decreased concentrations further downstream in Erickson Creek, at the confluence with
Michel Creek (EV_EC1 [RG_ERCK]) were also observed in 2021 when compared to pre-EVO
SRF P2 concentrations. Concentrations of these constituents in Gate Creek
(EV_GT1 [RG_GATEDP]) and RG_GATE), Bodie Creek (EV_BC1 [RG_BOCK]),
and Michel Creek (downstream of the Erickson and Michel Creek confluence: EV_MC2a,
RG_MIDER, RG_MIDGA, RG_MIDBO, and EV_MC2 [RG_MICOMP]) had similar or lower
concentrations in 2021 when compared to pre-EVO SRF P2 (Table 4.1, Appendix Figures D.1,
D.2, and D.3). The only area where an increase in orthophosphate concentrations was observed
relative to pre-EVO SRF P2 was at EV_MC3 (RG_MI3), located in Michel Creek upstream of the
confluence with Erickson Creek (Table 4.1, Appendix Figure D.3), and not influenced by the SRF.

One function of the EVO SRF P2 is to decrease nitrate loads in the receiving environment.
In 2021, the EVO SRF P2 removed 55,574 kg of nitrate (Teck 2022a), and in doing so decreased
the concentration in the receiving environment of Erickson Creek (EV_ECOUT and EV_EC1
[which are associated with biological stations RG_ERCKDT and RG_ERCK, respectively])
when compared to upstream concentrations at F2_ECIN (which is associated with biological
station RG_ERCKUT) and is analogous to pre-EVO SRF P2 conditions (Table 4.1, Appendix
Table D.1 and D.2; Appendix Figures D.1 and D.4). Nitrate concentrations in Gate and Bodie
creeks were either similar (RG_GATE) or lower (EV_GT1 [RG_GATEDP] and EV_BC1
[RG_BOCK]) than pre-EVO SRF P2 concentrations. Although concentrations decreased in a
majority of areas in Erickson, Gate, and Bodie creeks, concentrations were still higher than the
long-term BCWQG (which is equivalent to the EVWQP Level 1 Benchmark for this operational
unit) at these areas (with the exception of a few sampling events at EV_ECOUT [RG_ERCKDT]
and EV_EC1 [RG_ERCK]; Table 4.1, Appendix Table D.2). Further downstream in Michel Creek,
nitrate concentrations were either similar (RG_MIDGA) or lower (EV_MC2a, RG_MIDER,
RG_MIDBO, and EV_MC2 [RG_MICOMP]) during EVO SRF P2 operation when compared to
pre-EVO SRF P2 concentrations, while concentrations of nitrate at EV_MC3 (RG_MI3), which is
above the confluence of Erickson Creek with Michel Creek, in 2021 was similar to previous years
(2018 to 2020; Appendix Figures D.1 and D.4).
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Table 4.1: Temporal Trends and Guideline Assessment of Key Constituents, EVO LAEMP, 2021

Did constituent concentration increase with initiation of SRF P2??

Constituent Erickson Creek Gate Creek Bodie Creek Michel Creek
n>BCL or F2_EC|Nb n>BCLor EV_ECOUT® n>BCLor EV_EC1 n>BCL or EV_GT1 n>BCL or EV_BC1 n>BCL or EV_MC3 n>BCL or EV MC2a n>BCL or EV_MC2 n>BCL or EV ER1
BM1 (RG_ERCKUT) BM1 (RG_ERCKDT) BM1 (RG_ERCK) BM1 (RG_GATEDP) BM1 (EV_BOCK) BM1 (RG_MI3) BM1 - BM1 (RG_MICOMP) BM1 -
Nitrate (as N) 99% ns 87% decrease”* 84% decrease 100% decrease 100% ns 0% ns 0% decrease 1% decrease 19% ns
Nitrite (as N) 0% nt 0% ns 0% nt 2% ns 8% ns 0% ns 0% ns 0% ns 2% increase
Phosphorus (P)-Total - ns - decrease - decrease - ns - ns - ns - ns - ns - ns
Orthophosphate - increase - decrease* - decrease - ns - ns - increase - ns - ns - ns
Sulphate 100% increase 100% increase 100% ns 100% ns 100% ns 0% ns 0% ns 0% ns 0% ns
Total Dissolved Solids 99% increase 100% increase 100% increase 98% decrease 96% ns 0% ns 0% ns 0% ns 0% ns
Antimony (Sb)-Total 0% increase 0% increase 0% increase 0% decrease 0% decrease 0% ns 0% ns 0% ns 0% ns
Barium (Ba)-Total 0% increase 0% decrease” 0% decrease 0% ns 0% ns 0% ns 0% ns 0% ns 0% ns
Boron (B)-Total 0% increase 0% increase 0% increase 0% decrease 0% ns 0% ns 0% ns 0% ns 0% nt
Iron (Fe)-Total 0% ns 0% increase” 0% nt 0% increase 0% ns 2% ns 2% ns 3% ns 3% ns
Lithium (Li)-Total - increase - increase - increase - decrease - decrease - ns - ns - ns - ns
Manganese (Mn)-Total 0% ns 0% increase 0% increase 0% ns 0% increase 0% ns 0% increase 0% increase 0% ns
Molybdenum (Mo)-Total 0% ns 0% increase 0% increase 0% decrease 0% decrease 0% ns 0% increase 0% increase 0% ns
Nickel (Ni)-Total 0% ns 73% increase 88% increase 100% decrease 100% decrease 2% ns 0% increase 1% increase 0% ns
Selenium (Se)-Total 100% ns 93% decrease 97% decrease 100% ns 100% ns 0% ns 0% decrease 1% ns 0% ns
Uranium (U)-Total 65% increase 90% increase 88% increase 55% decrease 90% decrease 0% ns 0% increase 0% ns 0% ns
Zinc (Zn)-Total 0% nt 0% increase* 0% nt 0% ns 0% increase 2% ns 0% nt 1% ns 0% ns
Cadmium (Cd)-Dissolved 0% increase 0% increase 0% increase 0% ns 0% ns 0% increase 0% ns 0% ns 0% ns
Cobalt (Co)-Dissolved - nt - increase” - increase - decrease - decrease - nt - nt - nt - nt
Selenium (Se)-Dissolved 0% ns 0% decrease 0% decrease 0% ns 0% ns 0% ns 0% decrease 0% ns 0% ns

Notes: BCL = Long-term average BCQWG for the Protection of Aquatic Life; BM1 = EVWQP Level 1 Benchmark; ns = no significance, nt = not tested (due to low detection limit in sample);

visual confirmation.

@ For each key constituent (i.e. primarily those with early warning triggers), concentrations for each area during SRF P2 were compared relative to pre-SRF P2 conditions using a Relative change model (BACI) or Temporal change model at exposed area alone when the reference area % LRL was greater than 80%. A trend
(increase or decrease) was identified based on the magnitude of difference between SRF P2 and pre-SRF P2 (when year interaction was not significant) or between 2021 vs 2020 or between 2021 vs all historical years (when year interaction was significant).

®Due to a lack of pre-SRF P2 data the strength of the BACI analysis is reduced.
°Due to a lack of pre-SRF P2 data as well as the variability of the SRF operating in 2021, determination of increases and/or decreases were based on visual comparison as well as the BACI analysis.

= no data; " * " = trends determined not significant via BACI analysis, but were confirmed to be either decreasing/increasing via
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Aqueous concentrations of nitrite downstream of the outfall (F2_ECIN [RG_ERCKUT])
were similar to concentrations upstream of the outfall (EV_ECOUT [RG_ERCKDT];
Appendix Figure D.5), while total ammonia showed subtle increases downstream of the outfall
(Appendix Figure D.6). Regardless, concentrations of nitrite and ammonia in Erickson and Michel
Creek as well as the reference areas (RG_MI25 and RG_ALUSM) were below the lower BCWQG
throughout all of 2021 and were largely similar to pre-EVO SRF P2 concentrations
(Appendix Table D.2; Appendix Figures D.5 and D.6). Concentrations of nitrite and ammonia
were also below the long-term BCWQG in Bodie Creek and Gate creeks as well in most samples
(<10% of samples exceeded the respective BCWQG; Appendix Tables D.2).

4.2 Selenium and Selenium Speciation

In 2021, EVO SRF P2 removed 548 kg of selenium (Teck 2022a). The removal of total selenium
was evident as decreased concentrations in the receiving environment of Erickson Creek
(EV_ECOUT [RG_ERCKDT] and EV_EC1 [RG_ERCK]) as well the upper portion of Michel Creek
(EV_MC2a); Figure 4.1; Table 4.1; Appendix Figure D.7) when compared to upstream
concentrations at RG_ERCKUT. The SRF, however, was not operational during multiple
sampling events in 2021,% which led to variability in measured aqueous selenium concentrations
(as well as other constituents) throughout the year (Figure 4.2; Appendix Figure D.8 [using SRF
flow as a proxy for operational status]). Aqueous total selenium concentrations above the
SRF outfall (F2_ECIN [RG_ERCKUT]) were above the EVWQP Level 2 benchmark during all
sampling events in 2021 (Figure 4.1; Appendix Table D.2), while only 66% of samples directly
below the SRF outfall (EV_ECOUT [RG_ERCKDT]) exceeded this threshold (with 7% being lower
than the EVWQP Level 1 benchmark). Concentrations further downstream at EV_EC1
(RG_ERCK) had fewer selenium EVWQP Level 2 benchmark exceedances (39%) than those
upstream in Erickson Creek. Aqueous total selenium concentrations at Gate and Bodie Creek
study areas (RG_GATE, EV_GT1 [RG_GATEDP], and EV_BC1 [RG_BOCK]), which were
increasing prior to EVO SRF P23, decreased with the commissioning of EVO SRF P2 (Figure 4.1)
but remained above the EVWQP Level 2 benchmark throughout 2021 (Appendix Table D.2).
These decreases in selenium at Gate and Bodie, however, were unlikely related to the SRF as
limited discharge from the SRF occurred in these areas in 2021. Aqueous total selenium
concentrations at all study areas in Michel Creek and the Elk River, (with the exception of 1% of

30 |n 2021, the EVO SRF P2 experienced 53 downtime events, with five of these events being greater than 24 hours
in duration (Teck 2022a).

31 Increases in constituent concentrations (namely selenium and sulfate) in Gate (EV_GT1) and Bodie creeks
(EV_BC1) from 2018 to 2020 (which have stabilized or declined in 2021) are likely related to a change in pit dewatering
in the area (Teck 2022b).
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Figure 4.1: Time Series Plots for Total Selenium from EVO LAEMP Areas, 2012 to 2021

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan and
an early warning trigger was defined (Azimuth 2018).
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Figure 4.1: Time Series Plots for Total Selenium from EVO LAEMP Areas, 2012 to 2021

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018).
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Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan and
an early warning trigger was defined (Azimuth 2018).
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Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan and
an early warning trigger was defined (Azimuth 2018).
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samples at EV_MC2) were below the EVWQP Level 1 benchmark (Appendix Table D.2) and were
similar or lower than previous years (pre-EVO SRF P2) at all Michel Creek study areas
(Figure 4.1; Table 4.1).

Although total and dissolved selenium concentrations (including selenate, the predominant
selenium species, Appendix Figure D.9) decreased in the receiving environment after the
commissioning of the SRF in Erickson Creek, the concentrations of selenite and some
organoselenium species increased (Figure 4.3; Appendix Figures D.10 to D.17). While the
maximum aqueous concentration of selenite at F2_ECIN (RG_ERCKUT) in 2021 was 0.29 ug/L,
the maximum aqueous concentrations of selenite at areas below the SRF outfall in Erickson
Creek, specifically EV_ECOUT (RG_ERCKDT) and EV_EC1 (RG_ERCK), was 1.9 and
1.4 ug/L, respectively (Appendix Table D.3). Similarly, while organoselenium species were
largely undetected prior to EVO SRF P2 and upstream of the SRF (F2_ECIN [RG_ERCKUT])
in 2021 (with the exception of a few detectable concentrations of selenosulfate and unknown
selenium species), dimethylselenoxide (DMSeQO), methylselenoinic acid (MeSe(lV)),
and selenocyanate (SeCN) were observed on multiple occasions in Erickson Creek areas
downstream of the SRF outfall in 2021 (Figure 4.3; Appendix Figure D.11 to D.17).
Although limited discharge from the EVO SRF occurred in these areas in 2021, a similar increase
in aqueous selenite and organoselenium species was not observed in Gate and Bodie Creek as
these constituents had either similar or lower concentrations in 2021 when compared to pre-EVO
SRF P2 concentrations (Figure 4.3; Appendix Figure D.11 to D.17). Selenite concentrations in
Michel Creek in 2021 were consistent with previous years (pre-EVO SRF P2),
and organoselenium  species were generally not detected in these areas.
Aqueous concentrations in in Gate (RG_GATE and EV_GT1 [RG_GATEDP]) and Bodie creeks
(EV_BC1 [RG_BOCK]) were above thedraft screening value for a subset of
organoselenium species® (i.e. 0.025 ug/L expressed as the sum of DMSeO and MeSe(IV);
ADEPT 2022) for all samples collected. Meanwhile, concentrations of these organoselenium
were less frequently above this draft screening value in Erickson Creek
(EV_ECOUT [RG_ERCKDT]: 14% of samples and EV_EC1 [RG_ERCK]: 47% of samples) and
were below this screening value in all evaluated areas of Michel Creek (EV_MC3 (RG_MI3),
EV_MC2a, RG_MIDER, RG_MIDGA, RG_MIDBO, EV_MC2 (RG_MICOMP) or the Elk River
(EV_ERH1; Figure 4.3; Appendix Figure D.11 and D.13).

32 As noted in the 2021 Selenium Speciation Monitoring Program (ADEPT, 2021), “Patterns of bioaccumulation support
a draft screening value of 0.025 pg/L (expressed as the sum of DMSeO and MeSe(1V)) to indicate conditions that might
cause an incremental increase in bioaccumulation relative to the normal range of variation in monitoring data.” The
sum of DMSeO and MeSe(lV) in each water sample was calculated by substituting zero for organoselenium results
that were below detection (i.e., <LRL = 0).

(’_\_
June 2022 | 63



EV_AC2 (RG_ALUSM) w
1,000 1,000 &
2
— 3
<'g 100 100 g:'g
g
® 101 10 3
= o
8 g
Q 14 1 o
O 5
g g
©
= 01 01 o
g 2
3 =
5 2
T 0.01- 0.01 8
U) ~
&
«
0.00173 [FMjam[a]a]als|o|N[D|a|FMaM]a]s|a[s|o|N[Da [FIM[aM]a]a|a]s|o|N[D]a [FM]aM]a]a[a[s|o]N|D 0.001 g
2018 2019 2020 2021
CM_MC1 (RG_MI25) w
1,000 1,000 &
=
c
— 3
S 100 100 @
= 2
2 :
E 101 10 §
= ol
8 2
Q 14 1 o
O o
% e®°°°°%% 00 g
S 0.1 . 01 3§
g 8886888888888 2
< 2
% 0.01- 000000000000 0.01 S
«
0.0017; [FM[aM]a]a]a[s|o|N[D[a[FM[aM]a]a]a[s[o]N]D|a [FM[aIM|J|J|A]s[oN[D]3 [FIM[aM]a]a |A[s|o|N|D 0.001 2
2018 2019 2020 2021

©® Selenate @ Methylseleninic Acid @ Selenocyanate Selenomethionine @  Se Unknown

@ Selenite @ Dimethylseleneoxide @ Selenosulphate @® Methaneselenonic Acid Benthic Invertebrate Tissue

|:| EVO SRF P1 . EVO SRF P2

Figure 4.3: Monthly Mean Selenium Species and Benthic Invertebrate Tissue
Selenium at Mine—-Exposed and Reference Stations, EVO LAEMP, 2018 to 2021

Note: Samples at the laboratory reporting limit (LRL) are plotted with open symbols.
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Note: Samples at the laboratory reporting limit (LRL) are plotted with open symbols.
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Figure 4.3: Monthly Mean Selenium Species and Benthic Invertebrate Tissue
Selenium at Mine—-Exposed and Reference Stations, EVO LAEMP, 2018 to 2021

Note: Samples at the laboratory reporting limit (LRL) are plotted with open symbols.

June 2022 66



EV_MC2a 7
1,000 1,000 &
2.
— 3
S 100 100 @
= =
[ ) >
S . 5
3 104e © eee,* ‘ e ©%0c0 e®e oo 10 3
= ° O ° <
< ° O ° L] @
3 ° %o LIPS @
5 1 1 5
8 @
= 01- oo oo °©%e,® 01 3
§ e,o 868008888888888008888888888000° 2
15 0000 ° %_
[5) 0.011 00000000000 O0OO0OO0OOODOOODODOOOOOOOO00DOO 0.01 S
n 000 =
«Q
=)
0.001 75 [FMjam[a]a]als|o|N[D|a|FMaM]a]s|a[s|o|N[Da [FIM[aM]a]a|a]s|o|N[D]a [FM]aM]a]a[a[s|o]N|D 0.001 2
2018 2019 2020 2021
RG_GATE 7
1,000 1,000 &
2.
—~ O 3
S 100 . 100 @
2 =2
E :
g  10- 10 3
= o
) [} —
% 1 ° 1 %
3 &
3 0
© o
= 01- . 01 3
g 8 8 2
2 A
() =,
T 0.01- U 001 S
w ~—~
=
Q
«
0.0017; [FM[aM]a]a]a[s|o|N[D[a[FM[aM]a]a]a[s[o]N]D|a [FM[aIM|J|J|A]s[oN[D]3 [FIM[aM]a]a |A[s|o|N|D 0.001 2
2018 2019 2020 2021

©® Selenate @ Methylseleninic Acid @ Selenocyanate Selenomethionine @  Se Unknown

@ Selenite @ Dimethylseleneoxide @ Selenosulphate @® Methaneselenonic Acid Benthic Invertebrate Tissue

|:| EVO SRF P1 . EVO SRF P2

Figure 4.3: Monthly Mean Selenium Species and Benthic Invertebrate Tissue
Selenium at Mine—-Exposed and Reference Stations, EVO LAEMP, 2018 to 2021

Note: Samples at the laboratory reporting limit (LRL) are plotted with open symbols.
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Figure 4.3: Monthly Mean Selenium Species and Benthic Invertebrate Tissue
Selenium at Mine—-Exposed and Reference Stations, EVO LAEMP, 2018 to 2021
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Figure 4.3: Monthly Mean Selenium Species and Benthic Invertebrate Tissue
Selenium at Mine—-Exposed and Reference Stations, EVO LAEMP, 2018 to 2021

Note: Samples at the laboratory reporting limit (LRL) are plotted with open symbols.
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Note: Samples at the laboratory reporting limit (LRL) are plotted with open symbols.
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4.3 Nickel and Other Water Quality Constituents

SRF operational activities that maximize removal of nitrate and selenium also have the greatest
potential to increase nickel concentrations in Erickson Creek (Teck 2022a). Concentrations of a
number of mine-related constituents with EWTs increased directly downstream of the SRF outfall
(EV_EC1 [RG_ERCKDT]) in 2021 when compared to aqueous concentrations prior to the
commissioning of EVO SRF P2, albeit most were still below available water quality criteria, such
as BCWQGs (Table 4.1; Appendix Table D.1 and D.2; Appendix Figure D.1, D.18 to D.29).
These included: total antimony, total boron, dissolved cadmium, dissolved cobalt, total iron33, total
lithium, total manganese, total molybdenum, total nickel, sulphate, total dissolved solids, total
uranium, and total zinc (Table 4.1). Although many of these constituents also increased upstream
of the SRF outfall (F2_ECIN [RG_ERCKUT]; Table 4.1) in 2021 compared to previous years, the
increase was more pronounced immediately downstream of the SRF outfall except for sulphate
and total dissolved solids which showed similar increases between the areas (Appendix Figure
D.20 and D.24, respectively). Some increases, such as total molybdenum,
(Appendix Figure D.27) can be attributed to antiscalant addition to the SRF effluent (19,993 L of
antiscalant was used for EVO operations in 2021; Teck 2022a). Although increased
concentrations in 2021 were noted for a number of constituents downstream of the SRF outfall, a
majority of these constituents had concentrations below available water quality criteria
(BCWQGs, EVWQP benchmarks, etc.; Table 4.1, Appendix Table D.1 and D.2), with the
exception of total nickel and total uranium (Figures 4.4 and 4.5). Concentrations of total
nickel downstream of the SRF outfall at EV_ECOUT (RG_ERCKDT) and EV_EC1 (RG_ERCK)
were above the Level 3 interim screening value in 67% and 75% of samples, respectively, while
total uranium was above the BCWQG in 90% and 88% of samples, respectively
(Appendix Table D.2). Dissolved cobalt and total lithium also increased downstream of the outfall
in comparison to concentrations upstream of the SRF outfall or pre-EVO SRF P2, but guidelines
for these constituents are currently not available (Appendix Figure D.19 and D.25, respectively).
Total barium concentrations decreased at RG_ERCKDT in 2021 when compared to
concentrations pre- EVO SRF P2 (Table 4.1; Appendix Figure D.22). Similar temporal trends
noted for EV_ECOUT (RG_ERCKDT) were also noted at EV_EC1 (RG_ERCK; Table 4.1).

The majority of mine-related constituent concentrations were either similar or lower than
concentrations pre-EVO SRF P2 in Gate Creek and Bodie Creek in 2021 (Table 4.1).
Specifically, aqueous concentrations of total antimony, dissolved cobalt, total molybdenum, total
nickel, and total uranium were lower in 2021 in Gate and Bodie relative to pre-SRF P2 (Table 4.1).

33 Although total iron is not a constituent with an EWT, it is included in the analysis for WQ as is it has been identified
as a by-product of the SRF and was elevated in sediment downstream of the SRF outfall compared to upstream.
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Figure 4.4: Time Series Plots for Total Nickel from EVO LAEMP Areas, 2012 to 2021

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure 4.4: Time Series Plots for Total Nickel from EVO LAEMP Areas, 2012 to 2021

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018).
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Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018).
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Constituent was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018).
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Total manganese and total zinc increased in 2021 in Gate and Bodie creeks (in comparison to
previous years), but concentrations in in both areas remained below the BCWQGs. In both
routine water quality stations evaluated in Michel Creek downstream of the Erickson
Creek confluence (EV_MC2a and EV_MC2 [RG_MICOMP]), most of the mine-related constituent
concentrations were similar in 2021 to previous years (pre-EVO SRF P2), with increases
observed in only a few constituents, namely total manganese, total molybdenum, and total nickel,
while total uranium only increased at EV_MC2a. Regardless, concentrations typically remained
below available water quality criteria (<1% of samples exceeded the respective criteria; Table 4.1,
Appendix Table D.2).  Other constituents were all below available BCWQG guidelines
(where available) and/or similar to reference areas in Erickson, Gate, Bodie, and Michel creeks.

44 Toxicity Results
4.41 Acute Toxicity Results

Acute toxicity testing (using the water flea [D. magna] and rainbow trout) was conducted with
water collected from four EVO LAEMP mine-exposed areas in 2021, EV_ECOUT
(RG_ERCKDT; n=29), EV_EC1 (RG_ERCK; n=29), EV_GT1 (RG_GATEDP; n=31),
and EV_BC1 (RG_BOCK; n=26; Table 4.2, Appendix Table D.4). Toxicity testing occurred at
least monthly at each area, with a maximum of five events in a given month (e.g. EV_ECOUT
in June). Additionally, testing was conducted with effluent from the SRF retention pond
(F2_BPO; n=3). No water samples collected from these areas in 2021 failed the test criteria for
acute toxicity (i.e., did not cause > 50% mortality with either organism; Table 4.2). A few individual
water samples did show acute toxicity to rainbow trout (EV_ECOUT and EV_GT1 [n=1]; EV_EC1
[n=3]) or the water flea (EV_EC1 [n=2]) but in all cases toxicity was less than 10%
(Appendix Table D.4). Effluent collected at F2_BPO and water collected from EV_BC1 did not
cause mortality to either test species in toxicity tests throughout 2021. Further information
regarding acute toxicity test can be found in the Annual Water Quality Monitoring Program
(Teck 2022b).

4.4.2 Chronic Toxicity Results

Chronic toxicity testing at the Compliance Point, EV_MC2 (RG_MICOMP), started in 2015 and
has been performed quarterly with the water flea (C. dubia) and algae, while semi-annual tests
have been conducted with fathead minnow and rainbow trout (Table 4.3). In 2018, chronic toxicity
testing with the amphipod, H. azteca, was initiated and has occurred one to three times per
year thereafter. Chronic toxicity results with water collected for EV_MC2 (RG_MICOMP)
is discussed on a species-specific basis below (Golder 2022).
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Table 4.2: Summary of Acute Toxicity Test Results for EVO LAEMP Monitoring Stations,
2021 (Teck 2022b)

Water Station

Water Flea
(Daphnia magna)

Rainbow Trout
(Oncorhynchus mykiss)

Teck Code

Description

Year

# Tests > 50%
mortality

Total # Tests

# Tests > 50%
mortality

Total # Tests

F2_BPO

Effluent
Retention Pond
Outlet

2021

EV_ECOUT

Erickson Creek
d/s of SRF
Outfall
(RG_ERCKDT)

2021

29

29

EV_EC1

Erickson Creek
at Mouth
(discharge to
Michel Creek;
RG_ERCK)

2021

29

29

EV_GT1

Gate Creek
Sedimentation

Pond Decant
(RG_GATEDP)

2021

31

31

EV_BC1

Bodie Creek
Sedimentation
Pond Decant
(RG_BOCK)

2021

27

27

|:| Acute toxicity test failure(s) ( > 50% test mortality).
Notes: d/s = downstream, SRF = saturated rock fill.

June 2022 82



Table 4.3: Results of Quarterly and Semi-Annual Chronic Toxicity Testing at EV_MC2, 2015 t02021° (Golder 2016, 2017a, 2018, 2019, 2020a, 2021, 2022)

Water Flea . Amphipod ( Pselg::ir;c?llr?:rie lla Rainbow Trout ) ) Fathead Minnow
(Ceriodaphnia dubia) (Hyalella azteca)® subcapitata) (Oncorhynchus mykiss) (Pimephales promelas)
b -

Area Quarter Survival R(?’Zr:::t(:'::ﬁn Reproduction Survival Dry Weight . Survival Viability Length Wet Weight Hatch Survival Biomass Length Normal
(% control- normalized; (% con_trol- (% control- (% control- ci" Yield (% control- (% control- (% control- (% control- (% control- (% control- (% control- (% control- Development
normalized) Protocol- normalized; normalized) normalized) (x10" cells/ml) normalized) | normalized) | normalized) @ normalized) | normalized) normalized) normalized) normalized) (% con.trol-

specified) 8-day) normalized)
Q1 100 109+14 - - - 130.3+12.4 - - - - - - - - -
2016 Q2 100 77217 : - - 111.5% 8.1 [eess e | 1053 11313 - - - - )
Q3 100 9649 - - - 120.0£ 5.7 - - - - - - - - -
Q4 100 [ gesaa - - 166.3+ 2.2 8719 8817 10241 11024 - - - - -
Q1 100 94120 - - - 216.3+¥13.3 - - - - - - - - -
2017 Q2 90432 80+20 - - - 139.549.3 102122 108122 11015 119+10 - - - - -
Q3 100 96+11 - - - 157+12.1 - - - - - - - - -
Q4 100 126414 - - - 107.8+7 | 2amae™ T osmag | 01w 10246 - - - - -
Qi 100 [ 86s22 | 62:22 - - 167.3£3.3 - - - - - - - - -
2018 Q2 90432 94+17 87417 - - 155.545.3 106+2 10915 1053 111+22 - - - - -
Q3 100 89+26 97+15 - - 106.5+4.2 - - - - - - - - -
g Q4 111 92431 100£11 98+14 5116 90.5%5.3 91.5¢15 96416 1051 106+3 - - - - -
EI Q1 100 96+16 96+16 - - 81.5£2.9 100 98 8848 883 9647
2019 Q2 100 837 8317 - - 1056.2+ 9.7 92417 94120 105+1 108+10 - - - - -
Q3 100 96+16 81114 104 14311 - - - - 98+ 3 78424 86+13 103+8 100
Q4 80442 10219 9948 98+9 84+40 106.8% 3.5 10042 1016 - - - - -
Q1 111 100427 100427 - - 73.0% 5.0 - - - - 95+6M 84+25M 84+10M 97+5" 9546
2020 Q2 100 10910 10910 10019 92112 124.5+ 5.4 g7+27M 99+30™ 98+8" 108+18" - - - - -
Q3 100 10049 100+9 - - 82.0+7.2 - - - - 98.3+3.3 94+11 88+12 9546 100£0
Q4 100 9849 9819 86123 55427 130+2.4 975 975 10512 109+4 - - - - -
Q1 100 107+8 - - - 82.5%6.8 - - - - 98+10 97+9 848 9645 9845
2021 Q2 100 86132 - 1026 -d 70.046.1 100+9" 98+14M 104£2" 122+16" - - - - -
Q3 100 113+25 - 98+9 7111 94.8+8.1 - - - - 102+4 112412 99+8 8348 9847
Q4 100 11018 - 1046 98+14 65.348.5 94413 91412 99+3 10111 - - - - -
Bold result significantly lower than Fording River reference (FR_UFR1). :| test categorized as no adverse response.
Underline  result significantly lower than Elk River reference (GH_ER?2). :| test categorized as possible adverse response.
Italic result significantly lower than Michel Creek reference (CM_MC1). - test categorized as likely adverse response.
E result significantly lower than South Line Creek reference (LC_SLC). M test had evidence of microbes in one or more replicates.
Notes: Q, = Calendar year quarters; "-" = no data available. Possible and likely symbols are annotated with constituent identified as potentially contributing to observed response: H_RV = high inter-replicate variability; NO3 = nitrate; Ni = Nickel UN =unknown, no water quality constituent identified.

? Results presented as percent survival or mean + standard deviation.

b Toxicity work in 2015 was not normalized to % control and thus is not shown
°H. azteca testing began in Q4 2018.

9H. azteca testing was conducted in Q2 and Q4, per Permit 107517. Tests in Q2 were successfully conducted and survival was measured; however, test organisms were disposed prior to measuring dry weight due to a lab technician error.
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Water flea survival and reproduction when exposed to water from EV_MC2 showed “no adverse
response” in 2021. Toxicity testing with amphipods (H. azteca) showed similar results as “no
adverse response” was noted in each of the three sampling events in 2021. Similar results were
also encountered for both fish species as fathead minnows (Q1 and Q3; via evaluation of hatch,
survival, biomass, length, and normal development) and rainbow trout (Q2 and Q4; survival,
viability, length, and wet weight) were either not significantly different from reference or were
categorized as “no adverse response” (Golder 2022).

Algae chronic toxicity testing in Q1 and Q4 of 2021 with water collected from EV_MC2 showed
“possible adverse effects” to cell yield (as cell yield was significantly less at this area when
compared to each of the four reference locations in both quarters; Table 4.3). However, water
quality screening did not reveal any constituent as a potential cause of response (all constituent
concentrations in  these toxicity tests were below BCWQG or EVWQP
benchmarks; Appendix Table A.1). However, it should be noted that mean cell yields in both Q1
and Q4 were systematically depressed across all treatments (i.e. all test areas for that quarter)
despite variability in water chemistry, which adds a level of uncertainty associated with toxicity
testing observed effects EV_MC2 (RG_MICOMP) surface waters in both quarters (Golder 2022).

Temporal comparisons of chronic toxicity results for EV_MC2 indicated that observed
organism responses (or lack thereof) for chronic toxicity testing in 2021 were similar to or lower
than previous years. In addition, few adverse responses have been observed since initiation of
testing in 2015, there is no apparent consistent pattern of responses, and there is no clear
evidence of casual factors (Golder 2022), suggesting a lack of influence of the SRF (in either EVO
SRF P1 or P2).

4.5 Summary

Water quality and toxicity results were used to address Study Questions #3 (SRF influence on
water quality) and indirectly used in addressing changes in Study Questions #4 (SRF influence
on selenium BIT concentrations), #5 (SRF influence on benthic community structure), and #6
(SRF influence on productivity). Further information regarding the indirect influence of changes
to water quality (as influenced by the operation of the SRF) on selenium BIT concentrations,
benthic community structure, and productivity is discussed in greater detail in Section 6
(Benthic Invertebrates).

Overall, water quality results suggest a number of constituents have decreased in the receiving
environment of Erickson Creek with the commissioning of the EVO SRF P2, including nitrate,
phosphorus, orthophosphate, and barium. Although total selenium concentration (as well as
selenate and dissolved selenium) in the receiving environment of Erickson and upper portions of
Michel Creek have decreased, selenite and some organoselenium species concentrations

-
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increased in Erickson Creek with the commissioning of the EVO SRF P2. In aquatic receiving
environments, some reduced selenium species are accumulated into the base of the food web
more readily than selenate (Ogle et al. 1988; Riedel et al. 1996; Stewart et al. 2010;
Golder 2021c), leading to increases in tissue selenium concentrations in benthic invertebrates,
fish and/or other aquatic and aquatic dependent biota via dietary exposure. While the
concentrations of a number of constituents decreased in Erickson Creek, several constituent
concentrations increased (including total antimony, total boron, dissolved cadmium, dissolved
cobalt, total iron, total manganese, total molybdenum, total nickel, total uranium, and total zinc).
All of these constituents, with the exception of nickel and uranium, were below available water
quality criteria. Increases in nickel (as well as cobalt and possibly other constituents) in 2021
were largely limited to Erickson Creek and likely related to in situ water entrained in the SRF3*,
however as modelled in the application for EVO SRF P2, nickel (and cobalt) concentrations
(at EV_EC1) are expected to decrease in roughly one year of treatment at designed throughput
as entrained water is displaced by Erickson Creek water (Teck 2022b). Not only are
concentrations of nickel expected to decrease in the next year, a review of expected nickel
concentrations in this area completed in January 2022 (to support the EVO SRF nickel trigger
response plan) suggested that elevated concentrations of nickel will not cause additional impacts
to the current benthic community (Teck 2022a). Teck continues to work with EMC on nickel
management, including the derivation of a nickel benchmark for the Elk Valley.

Concentrations of nutrients (namely nitrate, phosphorus, and orthophosphate) and total selenium
in Gate and Bodie (which received limited discharge from the SRF in 2021) as well as Michel
Creek were either similar or lower in 2021 than pre-EVO SRF P2 concentrations. While an
increase in the concentrations of aqueous selenite and organoselenium species was observed
downstream of the SRF outfall in Erickson Creek, similar trends were not observed in Gate, Bodie,
and Michel Creek.

Areas evaluated in Erickson, Gate, Bodie, and Michel creeks showed no acute toxicity testing
failures during 2021 to either the water flea or rainbow trout. With the exception of algae chronic
toxicity results (which have an associated degree of uncertainty due to suppressed cell yield
throughout the study), chronic toxicity results with water flea, amphipods, fathead minnows, and
rainbow trout showed no adverse effects when exposed to water from the compliance point at
Michel Creek (EV_MC2 [RG_MICOMP]).

34 By December 2021, the EVO SRF P2 effluent was estimated to be approximately 92% treated Erickson Creek water
and more representative of EVO SRF P2 effluent, while earlier conditions more representing in situ water (i.e. water
that was present in the SRF at the time the new influent source [Erickson Creek] was introduced; Teck 2022a).
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5 PERIPHYTON

5.1 Visual Periphyton Coverage

In September 2021, mean periphyton coverage was moderate at the reference study areas
(RG_ALUSM and RG_MI25) and at nine of eleven mine-exposed study areas evaluated
(Table 5.1; Appendix Figure E.1). Mean visual periphyton coverage scores ranged between 2.0
and 3.2 of a possible range from one (rocks not slippery and no obvious colour) to five
(rocks mostly obscured by algae mats; Environment Canada 2012a). Moderate coverage in Gate,
Bodie, Erickson (upstream of the SRF), and Michel creeks were similar to previous years (Minnow
2020a, 2021a). Periphyton scores at RG_ERCKDT, located directly downstream of the SRF
outfall, were lower than other areas (mean visual score of 1.6) and compared to previous years
(periphyton scores in 2019 and 2020 were 4 and 5, respectively). Erickson Creek near the
confluence with Michel Creek which was slightly higher than the score of three in 2019
(Minnow 2020a, 2021a).

Visual periphyton coverage was sampled as an indicator of primary productivity. However, the
method of scoring periphyton coverage (Environment Canada 2012a) does not fully consider the
presence of other primary producers, such as bryophytes. Although RG_ERCKDT had the lowest
visual coverage score for periphyton, bryophytes were abundant (Appendix Figure E.1),
representing 76 to 100% coverage on substrates (Appendix Table C.5). Similarly, bryophyte
coverage was also observed at other areas in Erickson Creek including RG_ERCKUT
and RG_ERCK (Appendix Table C.5; Appendix Figure E.1) despite high variability among the
areas for visual periphyton coverage. Bryophyte coverage in Erickson Creek will be evaluated as
part of the EVO LAEMP study design moving forward to be understand the influence of the SRF
on primary productivity. Regardless, no consistent changes associated with SRF discharge were
apparent in 2021.
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Table 5.1: Visual Periphyton Coverage Scores, EVO LAEMP, September 2021

Area Type Biological Area Station Mean | Standard
Code 1 2 3 4 5 Deviation
Reference RG_ALUSM 4 4 2 2 3 3.0 1.00
RG_MI25 2 2 2 2 3 2.2 0.447
RG_ERCKUT 4 3 3 4 2 3.2 0.837
RG_ERCKDT 1 1 1 1 4 1.6 1.34
RG_ERCK 5 5 4 5 4 4.6 0.548
RG_GATE 2 2 3 2 1 20 0.707
RG_GATEDP 3 - - - - 3.0 -
Mine-Exposed RG_BOCK 2 - - - - 20 -
RG_MI3 3 2 3 2 2 2.4 0.548
RG_MIDER 3 2 3 1 2 2.2 0.837
RG_MIDGA 2 2 2 2 2 2.0 0
RG_MIDBO 3 2 2 2 2 22 0.447
RG_MICOMP 2 4 3 3 4 3.2 0.837
Notes: "-" = not sampled. Periphyton Coverage Scores (Environment Canada, 2012b):

1 = Rocks not slippery, no obvious colour (<0.5mm thick)
2 = Rocks slightly slippery, yellow-brown to light green 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)

5 = Rocks mostly obscured by algae mat, may have long strands (>20mm thick)
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6 BENTHIC INVERTEBRATES

6.1 Tissue Selenium Concentrations
6.1.1 Spatial and Temporal Trends

Mean composite-taxa benthic invertebrate tissue (BIT) selenium concentrations at four mine-
exposed areas in September 2021, RG_ERCKDT (directly below the SRF outfall in
Erickson Creek), RG_BOCK (directly below the setting pond in Bodie Creek),
RG_GATE (above the settling pond in Gate Creek), and RG_GATEDP (directly below the settling
pond in Gate Creek), exceeded the Level 1 benchmark for effects to benthic invertebrates (as well
as the Level 2 and Level 3 benchmark for RG_GATE and RG_BOCK, respectively), were above
the regional reference normal range, and were significantly higher than the reference areas
(RG_ALUSM and RG_MI25; Figure 6.1; Appendix Table F.1). Mean BIT selenium concentrations
in the other areas evaluated as part of the EVO LAEMP, including the area above the SRF outfall
(RG_ERCKUT), the area at the confluence of Erickson and Michel Creek (RG_ERCK), as well as
the entire study area of Michel Creek (which is the receiving water body for Erickson Creek, Gate
Creek, and Bodie Creek), which included five study areas: (RG_MI3 [which is above the Erickson
and Michel Creek confluence], RG_MIDER, RG_MIDGA, RG_MIDBO, and RG_MICOMP, which
were all below the Level 1 benchmark. These areas had BIT selenium concentrations that were
also within the regional reference normal range and not significantly different from reference,
suggesting that elevated BIT selenium concentrations were localized to a small area with the EVO
LAEMP study area. Confirmation sampling in December 2021 confirmed the localized nature of
elevated tissue selenium concentrations in Erickson Creek as mean tissue
selenium concentrations (18.2 mg/kg dw) at RG_ERCKDT were similar to observed
concentrations in September (16.2 mg/kg; Figure 6.1, Appendix Table F.1), while further
downstream at RG_ERCKMD (added to evaluate spatial extent of the elevated BIT selenium
concentrations in December) and RG_ERCK, mean BIT selenium concentrations were below the
Level 1 benchmark (Figure 6.1, Appendix Table F.1).

Of the four areas where mean BIT selenium concentrations exceeded the Level 1 benchmark,
RG_ERCKDT and RG_GATE, also had BIT selenium concentrations that significantly increased
in 2021 when compared to pre-EVO SRF P2 (when compared to changes at both reference areas
over the same time frame; Figure 6.2; Appendix Figure F.1, Appendix Table F.2). In contrast,
selenium concentrations in BIT was similar in 2021 compared to recent years at both RG_BOCK
and RG_GATEDP (Appendix Figure F.1; Appendix Tables F.1 and F.2). Selenium concentrations
in BIT in Michel Creek in 2021, both upstream (RG_MI3) and downstream of the confluence with
Erickson Creek (RG_MIDER), Gate Creek (RG_MIDGA), and Bodie Creek (RG_MIDBO), as well

/_\__
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Figure 6.1: Selenium Concentrations in Composite-Taxa Benthic Invertebrate Samples Collected at Reference (Green) and
Mine-Exposed (Blue) Areas of Bodie, Erickson, Gate, and Michel Creeks, EVO LAEMP, 2021

Notes: SRF Operational (blue shading) only applies to mine—exposed areas. 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). Black horizonal lines represent
geometric means. Areas that do not share a letter (e.g. a,b,c) are significantly different (a = 0.05) in a Tukey's HSD test following a one-way ANOVA by area
with selenium logje-transformed. Selenium concentrations in composite-taxa benthic invertebrates collected from EV_GT1 (near RG_GATEDP) and EV_BC1
(near RG_BOCK) in August are not shown in the above plots (as sampling was conducted as part of the Selenium Speciation program), but are shown in
the temporal plots (Figure 6.2).
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Figure 6.2: Benthic Invertebrate Tissue Selenium Concentrations in Bodie, Erickson,
Gate, and Michel Creeks, 2012 to 2022

Notes: Reference areas are shown in green and mine—exposed areas are shown in blue. Area between the black lines
represents the reference area normal range defined as the 2.5th and 97.5th percentiles of the distribution of reference
area data (pooled 1996 to 2019 data) reported in the Regional Aquatic Effects Monitoring Program (RAEMP). For the
remaining lines: Solid line = Level 1 Benchmark, long hashed line = Level 2 benchmark, short hashed line = Level 3

benchmark. EVWQP = Elk Valley Water Quality Plan..
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Figure 6.2: Benthic Invertebrate Tissue Selenium Concentrations, Bodie, Erickson,
Gate, and Michel Creeks, 2012 to 2022

Notes: Reference areas are shown in green and mine—exposed areas are shown in blue. Area between the black lines
represents the reference area normal range defined as the 2.5th and 97.5th percentiles of the distribution of reference
area data (pooled 1996 to 2019 data) reported in the Regional Aquatic Effects Monitoring Program (RAEMP). For the
remaining lines: Solid line = Level 1 Benchmark, long hashed line = Level 2 benchmark, short hashed line = Level 3
benchmark. EVWQP = Elk Valley Water Quality Plan..
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Figure 6.2: Benthic Invertebrate Tissue Selenium Concentrations, Bodie, Erickson,
Gate, and Michel Creeks, 2012 to 2022

Notes: Reference areas are shown in green and mine—exposed areas are shown in blue. Area between the black lines
represents the reference area normal range defined as the 2.5th and 97.5th percentiles of the distribution of reference
area data (pooled 1996 to 2019 data) reported in the Regional Aquatic Effects Monitoring Program (RAEMP). For the
remaining lines: Solid line = Level 1 Benchmark, long hashed line = Level 2 benchmark, short hashed line = Level 3
benchmark. EVWQP = Elk Valley Water Quality Plan..
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Figure 6.2: Benthic Invertebrate Tissue Selenium Concentrations, Bodie, Erickson,
Gate, and Michel Creeks, 2012 to 2022

Notes: Reference areas are shown in green and mine—exposed areas are shown in blue. Area between the black lines
represents the reference area normal range defined as the 2.5th and 97.5th percentiles of the distribution of reference
area data (pooled 1996 to 2019 data) reported in the Regional Aquatic Effects Monitoring Program (RAEMP). For the
remaining lines: Solid line = Level 1 Benchmark, long hashed line = Level 2 benchmark, short hashed line = Level 3
benchmark. EVWQP = Elk Valley Water Quality Plan..
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Figure 6.2: Benthic Invertebrate Tissue Selenium Concentrations, Bodie, Erickson,
Gate, and Michel Creeks, 2012 to 2022

Notes: Reference areas are shown in green and mine—exposed areas are shown in blue. Area between the black lines
represents the reference area normal range defined as the 2.5th and 97.5th percentiles of the distribution of reference
area data (pooled 1996 to 2019 data) reported in the Regional Aquatic Effects Monitoring Program (RAEMP). For the
remaining lines: Solid line = Level 1 Benchmark, long hashed line = Level 2 benchmark, short hashed line = Level 3
benchmark. EVWQP = Elk Valley Water Quality Plan..
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Figure 6.2: Benthic Invertebrate Tissue Selenium Concentrations, Bodie, Erickson,
Gate, and Michel Creeks, 2012 to 2022

Notes: Reference areas are shown in green and mine—exposed areas are shown in blue. Area between the black lines
represents the reference area normal range defined as the 2.5th and 97.5th percentiles of the distribution of reference
area data (pooled 1996 to 2019 data) reported in the Regional Aquatic Effects Monitoring Program (RAEMP). For the
remaining lines: Solid line = Level 1 Benchmark, long hashed line = Level 2 benchmark, short hashed line = Level 3

benchmark. EVWQP = Elk Valley Water Quality Plan..
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Figure 6.2: Benthic Invertebrate Tissue Selenium Concentrations, Bodie, Erickson,
Gate, and Michel Creeks, 2012 to 2022

Notes: Reference areas are shown in green and mine—exposed areas are shown in blue. Area between the black lines
represents the reference area normal range defined as the 2.5th and 97.5th percentiles of the distribution of reference
area data (pooled 1996 to 2019 data) reported in the Regional Aquatic Effects Monitoring Program (RAEMP). For the
remaining lines: Solid line = Level 1 Benchmark, long hashed line = Level 2 benchmark, short hashed line = Level 3

benchmark. EVWQP = Elk Valley Water Quality Plan..
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as the compliance point (RG_MICOMP) were either similar or lower than previous years except
for one sample at RG_MIDGA in 2020 and one sample at RG_MI3 in 2015 that were lower.

Two areas sampled in September 2021, RG_BOCK (n=1) and RG_GATEDP (n=1), had a
proportion of annelids that met the criteria to evaluate annelids separately®s. The ‘annelid only’
tissue replicates for both areas were substantially higher than the composite sample
(RG_BOCK: annelid only sample: 240 mg/kg dw; composite sample: 92 mg/kg dw; RG_GATEDP:
annelid only sample: 138 mg/kg dw; composite sample: 18 mg/kg dw; Appendix Table F.1).
Overall, the presence of annelids in these two samples (of the 53 samples taken throughout the
EVO LAEMP in September) are not expected to greatly affect the results of the study and the
analysis will focus on composite-taxa benthic invertebrate results.

Selenium concentrations in BIT was also assessed against the biological trigger (see Appendix
G for details). This was completed for each replicate from EVO LAEMP monitoring areas where
water quality projections are available for each sampling event (i.e., (evaluated in August
[RG_BOCK], September [RG_ERCK, RG_GATE, RG_BOCK, RG_MI3, RG_MICOMP]),
and December [RG_ERCK]). The biological trigger for BIT selenium concentrations was
exceeded in all replicates from both RG_BOCK and RG_GATE (during the August and
September sampling events). The BIT selenium concentration at RG_ERCK in Erickson Creek

and the two areas evaluated in Michel Creek, were below the biological trigger threshold.
6.1.2 Bioaccumulation

Observed selenium results in BIT from 2012 to 2021 were plotted relative to the regional one-step
water-to-invertebrate lotic selenium accumulation model (Golder 2020b) and the selenium
speciation bioaccumulation tool (B-tool; de Bruyn and Luoma 2021) to better understand the
relationships between aqueous selenium (with the models using total selenium and selenium
speciation, respectively) and BIT selenium concentrations. These models provide insight into
selenium bioaccumulation mechanisms in relation to samples collected previously in the EIk
River watershed (Golder 2020b). A maijority of values directly downstream of the SRF outfall
(RG_ERCKDT, one replicate at RG_ERCKMD, and most BIT values from Bodie and Gate Creek
(RG_BOCK, RG_GATE, and RG_GATEDP) were above the 95% prediction limits of the regional
one-step water-to-invertebrate lotic selenium accumulation model in 2021 (Figure 6.3).
Benthic invertebrates tissue samples at Bodie Creek (RG_BOCK), however, were higher than

35 As noted in the methods, annelids were only included in the composite-taxa tissue sample if the proportion of annelids
was >5% of the total biomass sample, and if so, an additional ‘annelids only’ sample was also evaluated. This process
started in September 2021 as previous assessments have suggested that the presence of annelids in composite-taxa
BIT samples may bias the results high (Golder 2021b). Annelids were not found at a high enough proportion in
December sampling for any area to be evaluated separately.
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Figure 6.3: Observed and Modelled Selenium Concentrations in Benthic Invertebrate
Composite Samples Relative to Aqueous Selenium Concentrations, 2012 to 2021

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+0.0.072 x log10[Selaq (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, Erickson Creek is shown in blue,
Bodie and Gate Creeks are shown in orange and Michel Creek is shown in purple.
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prediction limits in previous years as well (2015, 2018, 2019, and 2020). To better contextualize
values that fell above the 95% prediction limits of the regional one-step water-to-invertebrate lotic
selenium accumulation model at RG_ERCK, RG_BOCK, RG_GATE, and RG_GATEDP, the
observed to predicted tissue selenium relationship of each EVO LAEMP area was compared to
the 95% prediction interval based on the same relationship for all Elk Valley samples (Figure 6.4).
Overall, the relationship between the predicted and observed tissue selenium concentrations for
these three areas fell outside the 95% prediction interval of the Elk Valley. This suggests that
these areas are not within the typical range for the observed-to-predicted relationship for
tissue concentrations. Thus, the use of the regional one-step water-to-invertebrate lotic selenium
accumulation model (and hence the use of aqueous total selenium to evaluate bioaccumulation)
may not evaluate the potential factors contributing to the elevated selenium concentrations in
these samples.

Similar findings were observed when evaluating these results using the selenium speciation B-tool
(Figure 6.4; Appendix Table F.3), as sampling areas in Bodie (RG_BOCK),
Gate (RG_GATE and RG_GATEDP), and upper portions of Erickson Creek below the SRF outfall
(RG_ERCKDT and RG_ERCKMD) had observed selenium concentrations in benthic invertebrate
selenium that were up to 3.5 fold-higher than the predicted selenium concentration
(Appendix Table F.3). This model was also used to compare BIT selenium concentrations
downstream of the outfall (RG_ERCKDT) with concurrent concentrations from the effluent
retention pond of the SRF (F2_BPO) to better understand the influence of selenium and selenium
speciation of the effluent on the receiving environment (i.e. most conservative scenario), in this
scenario the model still under predicted selenium bioaccumulation (observed BIT Se: 16.6 to
18.2 ug/g dw; predicted BIT Se: 6.4 to 8.1 ug/g dw). Taking this one step further, B-tool BIT Se
predictions from F2_BPO based on all available data from 2021 (n=157) were all below
9 mg/kg dw, with the exception of two sampling events in Aprii which were 10.6
and 11.4 mg/kg dw. Similar to the regional one-step water-to-invertebrate lotic selenium
accumulation model, the observed to predicted tissue selenium relationship of each of the EVO
LAEMP areas was compared to other areas in the Elk Valley (via 95% prediction intervals;
Figure 6.4). The results from this analysis (similar to those with the regional one-step
water-to-invertebrate lotic selenium accumulation model) suggested that samples fall outside the
typical range in the Elk Valley and the use of the B-tool may not evaluate the potential factors
contributing to the elevated selenium concentrations in these samples. Interestingly, RG_ERCK,
which is at the confluence of Michel Creek was generally over-predicted based on the total
selenium and selenium species present in the water of that area. In contrast to Erickson, Gate,
and Bodie Creek areas, both models (the one-step model and the B-tool model) were able to
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Figure 6.4: Observed and Predicted Selenium Concentrations in Benthic Invertebrate
Composite Samples for the One-Step Bioaccumulation Model (Top) and B-tool Model
(Bottom)

Notes: mg/kg dw = milligrams per kilogram dry weight. Predicted benthic invertebrate selenium concentrations were
estimated using a one-step water to benthic invertebrate selenium accumulation model (Golder 2020b) in the top plot
and using the speciation bioaccumulation tool (B-tool) to predict bioaccumulation in areas with detectable
organoselenium species (deBruyn and Luoma 2021) in the bottom plot. Mean (solid line) and 95% prediction intervals
(dashed lines) are shown for a linear mixed—model of observed to predicted concentrations for Elk Valley samples
(2012 to 2021) for each respective relationship. Only water data collected with + 5 days with tissue samples at each
biological area were included in the plots and analysis. Selenium speciation was not evaluated any area (excluding
RG_BOCK in 2020) in the 2019 or 2020 EVO Existing Conditions Study (Minnow 2020a, 2021a).
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accurately predict BIT selenium concentrations for areas in Michel Creek (Figures 6.3 and 6.4;
Appendix Table F.3).

6.2 Biomass, Density, and Community Structure
6.2.1 Biomass and Density

The total density of benthic invertebrates determined by Hess sampling in Erickson Creek in
September 2021 was significantly higher at RG_ERCKDT, downstream of the SRF water
treatment outfall, than at RG_ERCKUT, upstream of the SRF water treatment outfall (Figure 6.5;
Appendix Tables F.4 and F.5). This difference was driven by significantly higher densities of most
major taxa at RG_ERCKDT, including Ephemeroptera, Plecoptera, and Chironomidae, as well as
combined EPT density (Figure 6.5; Appendix Tables F.4 and F.5). Trichoptera density was also
higher at RG_ERCKDT than RG_ERCKUT and, although the difference was not statistically
significant, the magnitude of difference between the areas was similar to the difference in areas
for other taxa (Figure 6.5; Appendix Tables F.4 and F.5). Greater organism densities at
RG_ERCKDT compared to RG_ERCKUT suggests higher benthic invertebrate productivity
immediately downstream of the SRF outfall in Erickson Creek. Based on water quality results in
2021, there was no indication of an increase in nutrient concentrations resulting from the
commissioning of EVO SRF P2 (Section 4.1) and variable results for periphyton coverage
(Section 5.1), suggests that water quality and primary productivity are unlikely to be contributing
factors. Water temperatures at RG_ERCKDT, downstream of the SRF outfall, were higher than
at RG_ERCKUT and pre-EVO SRF P2 (Section 3.1), which may have contributed to higher
benthic invertebrate productivity at RG_ERCKDT in 2021.

The total biomass of benthic invertebrates in Hess samples did not differ significantly between
the two areas, although the mean biomass was slightly higher at RG_ERCKDT
than RG_ERCKUT (57.5 and 37.9 g/m? ww, respectively; Figure 6.5; Appendix Table F.4).
Similarity in total biomass despite relatively large differences in organism density between the two
areas could be due to the relatively greater density contribution of smaller taxa
(e.g., Chironomidae, Nadidae) at RG_ERCKDT than at RG_ERCKUT (Appendix H).

6.2.2 Community Structure

Temporal changes in endpoints related to benthic invertebrate community (BIC) structure as
determined by kick and sweep (i.e., CABIN) sampling in Erickson and Michel creeks downstream
of SRF discharge were evaluated relative to reference areas in Alexander and Michel creeks,
other mine-exposed areas in Michel Creek, and regional and habitat-adjusted normal ranges
defined in the RAEMP (Appendix Table F.6; Minnow 2020b). Richness (# of taxa at Lowest
Practical Level [LPL]) was within or above the regional and habitat-adjusted normal ranges at
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Figure 6.5: Benthic Invertebrate Density and Biomass Metrics from Hess Sampling for Upstream (RG_ERCKUT) and
Downstream (RG_ERCKDT) Areas, EVO LAEMP, September 2021

Notes: org/m? = organisms per metre squared. g/m2 ww = grams per metre squared wet weight. EPT = Ephemeroptera, Plecoptera, Trichoptera.
Areas that share a letter are not significantly different (p—value=0.1).
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mine-exposed sites in Michel Creek and reference sites in Michel and Alexander creeks in
sampled years between 2012 and 2021 (Figure 6.6; Appendix Figure F.2). Downstream of the
SRF outfall at RG_ERCKDT, taxa richness was largely within the normal range and the habitat-
adjusted range, and greater than upstream of the SRF outfall at RG_ERCKUT where richness
was below the habitat-adjusted and normal range in both 2020 and 2021 (Appendix Figure F.2).
Further downstream at RG_ERCK, taxa richness in 2021 was within the normal range and habitat-
adjusted range and similar to all pre-EVO SRF P2 years except 2012 (Appendix Figure F.2).
Data from Erickson Creek suggest that taxa richness at RG_ERCKUT and RG_ERCKDT may be
at the lower limit of the regional reference normal range and, and although this may be related to
mine influence in general, no effects associated with the SRF outfall is apparent.

Total organism abundance and EPT Abundance (i.e., # of organisms/ 3-min kick) were within
regional reference normal ranges and within or above habitat-adjusted normal ranges in all
sampled years at all areas (mine-exposed and reference; Figures 6.6 and 6.7; Appendix Figures
F.3 and F.4), except the reference area RG_MI25 where interannual variability resulted in
abundance and EPT abundance lower than the habitat-adjusted normal range in multiple years
(i.e., 2012, 2019, and 2020; Appendix Figures F.3 and F.4). An increase in total organism
abundance was observed at RG_ERCKDT (downstream of the SRF outfall) and to a lesser extent
at RG_MIDBO (downstream of SRF inputs to Bodie, Gate, and Erickson Creek) in 2021 when
compared to previous years, while a small decrease was noted at RG_MIDER when the same
comparison was made (Appendix Figure F.3). In combination with higher organism density at
RG_ERCKDT compared to RG_ERCKUT in Hess sampling in 2021 (Section 6.2.1),
higher organism abundance at RG_ERCKDT may indicate greater benthic invertebrate
productivity downstream of the SRF outfall in Erickson Creek, which as noted in Section 6.2.1
could be the result of increased temperature directly downstream of the SRF oultfall.
However, given only a single year of monitoring during EVO SRF P2, and that increases in
organism abundance are similar in magnitude to variability observed at reference areas over time,
it is unclear if changes are associated with SRF discharge.

Despite EPT abundance within regional reference normal ranges, % EPT in 2021 fell below the
regional and habitat-adjusted normal ranges at areas downstream of the SRF outfall in
Erickson Creek (RG_ERCKDT and RG_ERCK). Additionally, % EPT at RG_ERCKDT in 2021
was lower than in either 2019 or 2020. A similar pattern was also noted, to a lesser degree,
upstream of the SRF outfall at RG_ERCKUT where % EPT was lower in 2021 compared to 2020
and 2019, and one replicate fell below the regional and habitat-adjusted normal ranges
(Figure 6.7; Appendix Figure F.5). Further downstream at RG_ERCK, % EPT was similar or
increased in 2021 when compared to recent years (2019 and 2020) but was lower than in 2012
or 2018 (Appendix Figure F.5). At other mine-exposed areas in Michel Creek and reference areas
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Figure 6.6: Benthic Invertebrate Abundance and Richness, EVO LAEMP, September 2021

Notes: Site specific normal ranges developed using regression models for the Regional Aquatic Environmental
Monitoring Program (RAEMP; Minnow 2020b) are shown, when applicable, with grey shading. Dashed horizontal
lines represent the normal range defined as the 2.5th and 97.5 percentiles of the 2012 to 2019 reference area data
from the RAEMP.
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Figure 6.7: Percent Ephemeroptera, Plectoptera, Trichoptera (%EPT) and Abundance,
EVO LAEMP, September 2021

Notes: Site specific normal ranges developed using regression models for the Regional Aquatic Environmental
Monitoring Program (RAEMP; Minnow 2020a) are shown, when applicable, with grey shading (Minnow 2020a).
Dashed horizontal lines represent the normal range defined as the 2.5th and 97.5 percentiles of the 2012 to
2019 reference area data from the RAEMP.
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in Michel and Alexander creeks, % EPT was within or above the regional and habitat-adjusted
normal ranges in all sampled years, except at RG_MICOMP in 2019 where some replicates were
below one or both ranges (Appendix Figure F.5).

Lower % EPT at RG_ERCKDT in 2021 and RG_ERCK from 2018 to 2021 appears to be driven
by low total and relative abundance of Ephemeroptera and high total and relative abundance of
Chironomidae at all sampling areas in Erickson Creek, including those upstream of the SRF outfall
(RG_ERCKUT). Total Ephemeroptera and % Ephemeroptera were below the regional and
habitat-adjusted normal ranges at all three areas in Erickson  Creek
(RG_ERCKUT, RG_ERCKDT, and RG_ERCK) in all samples collected since 2018, with
Ephemeroptera abundance <100 individuals for each replicate at RG_ERCKUT in 2021
(Figure 6.8; Appendix Figures F.6 and F.7; Appendix Table F.6). Conversely, the total and
relative abundance of Plecoptera was within or above the regional normal range at all sampled
areas and was highest at RG_ERCKUT and RG_ERCKDT when compared to the other study
areas, though relative abundance at these two areas declined in 2021 compared to 2019
and 2020 (Figure 6.9; Appendix Figures F.8 and F.9). Trichoptera total and relative abundance,
although generally lower at areas in Erickson Creek than at reference areas and areas in Michel
Creek, were also within the regional normal range between 2018 and 2021 (Figure 6.10; Appendix
Figures F.10 and F.11).

The total abundance of Chironomidae has been high at RG_ERCK since 2018, sometimes
exceeding the regional normal range, and increased at RG_ERCKUT and RG_ERCKDT in 2021
relative to earlier sampled years (Figure 6.11; Appendix Figure F.12). These observed high
abundances of Chironomidae translated to higher % Chironomidae, which were above the
regional normal range at RG_ERCK from 2018 to 2021 and at RG_ERCKUT and RG_ERCKDT
in 2021 (Figure 6.11; Appendix Figure F.13). The shiftin community composition at RG_ERCKDT
(increase in % Chironomidae and decrease in % Plecoptera), although coinciding with
commissioning of EVO SRF P2 in early 2021, occurred at areas both upstream and downstream
of the SRF outfall and therefore does not appear to be directly related to SRF discharge.

Relative abundance of EPT was also assessed against the biological trigger established for this
endpoint (see Appendix G for details). This was completed for each replicate from EVO LAEMP
monitoring areas where water quality projections were available for each sampling event in 2021
(i.e., September sampling at RG_ERCK, RG_MI3, RG_MICOMP; see Appendix G for details).
Biological trigger results indicated that of the three mine-exposed areas evaluated only RG_ERCK
had % EPT that reached the biological trigger criteria (i.e., % EPT was below the
biological trigger).
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Figure 6.8: Percent (%) Ephemeroptera and Abundance, EVO LAEMP, September
2021

Notes: Site specific normal ranges developed using regression models for the Regional Aquatic Environmental
Monitoring Program (RAEMP; Minnow 2020a) are shown, when applicable, with grey shading (Minnow 2020a).
Dashed horizontal lines represent the normal range defined as the 2.5th and 97.5 percentiles of the 2012 to
2019 reference area data from the RAEMP.

June 2022 107



<
S
< 100,000 5
£ ]
£ ]
) ]
% 10,0001 o
:g ] o H °
é ] g ° ° ° '
5 10003 8 ° e s °
‘S ]
& ] ° 3
e 100 T e
@ ]
'O -
2 ]
é .
s 10
5 ]
e ]
5 ]
2 l T T T T T T T T T T
o
Q o & « - &) & v 0 Q
SO G O S Y & ¢ & &
N X oS < b o S N ©
o5 <& ¢ < &7 T @ @ »
& & & &
100
801
$ 601 .
Q.
8 _______________________________________________________________
Q °
S 40 ¢ °
[
201 8 . . .
e N IO .. e _____ : -
0 2 ”
Q o & « - & Q- v 0 Q
9 A N S & & S
N o & & N & < S N R\
< <& Q& O/ <X o7
& &7 &7 <& & <& &7

® Reference @ Mine-Exposed

Figure 6.9: Percent (%) Plecoptera and Abundance, EVO LAEMP, September 2021

Notes: Site specific normal ranges developed using regression models for the Regional Aquatic Environmental
Monitoring Program (RAEMP; Minnow 2020a) are shown, when applicable, with grey shading (Minnow 2020a).
Dashed horizontal lines represent the normal range defined as the 2.5th and 97.5 percentiles of the 2012 to 2019
reference area data from the RAEMP.

June 2022 108



<
Q
¥ 100,000
< E
£ ]
™ ]
B 0000 g - o o
2] ]
c 1 ° °
S | « . . . o .
S 10005 g . o o . o
o ] ® [
® 1 ]
[} [ ]
e 100 o
e} ]
c i
3 L o e e oo
© 104
o 3
E ]
8 N
'8 1 T T T T T T T T T T
|_
S VAN S oF » & <8 & N
O ) O O & > © O 4 O
N & s s ) L N < N ¥
o7 N S © & & &
€ & & &
100
80-
©
§ 60
o
o
<
Q
l_
o 401
_________________________________________ g mmmmmmmmm oo
20 . : °
o ° °
g ’ : °
o ® 8 ®
Q=== ===== _" _____ === === L B B — L
Q & K - & Q- X O Q
R @W ) L © \ \<><" \Oo \o‘b N
S S S o N S O ¢
v i Q- Q- &7 <& N
(CX4 Q‘ Q/ Q‘ (CXd (CY4 (X4
& &7 &7 & & <& &7

® Reference @ Mine-Exposed

Figure 6.10: Percent (%) Trichoptera and Abundance, EVO LAEMP, September 2021

Notes: Site specific normal ranges developed using regression models for the Regional Aquatic Environmental
Monitoring Program (RAEMP; Minnow 2020a) are shown, when applicable, with grey shading (Minnow
2020a). Dashed horizontal lines represent the normal range defined as the 2.5th and 97.5 percentiles of the
2012 to 2019 reference area data from the RAEMP.
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Figure 6.11: Percent (%) Chironomidae and Abundance, EVO LAEMP, September 2021

Notes: Site specific normal ranges developed using regression models for the Regional Aquatic Environmental
Monitoring Program (RAEMP; Minnow 2020a) are shown, when applicable, with grey shading (Minnow 2020a).
Dashed horizontal lines represent the normal range defined as the 2.5th and 97.5 percentiles of the 2012 to 2019
reference area data from the RAEMP.
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Correspondence analysis was conducted on September LPL benthic invertebrate abundance
data for all study years (2012 to 2021), with CA axis 1 (CA1) and CA axis 2 (CA2) accounting for
33.0% and 14.5% of the variability in the community, respectively (Figure 6.12). Sampling areas
were separated in ordination space into three groups: Erickson Creek areas, mine-exposed
Michel Creek areas, and reference areas, with Erickson Creek areas being the most
divergent group (Figure 6.12). Erickson Creek areas were primarily separated from Michel Creek
areas along CA1, but separated from reference areas along both CA1 and CA2.

The taxa driving separation among the groups of areas included: Peltoperlidae and Zapada
(Plecoptera) which were associated with Erickson Creek areas, Megarcys (Plecoptera) which was
associated with reference and Erickson Creek areas, Taeniopterygidae (Plecoptera)
and Rhyacophila taxa (Trichoptera) which were associated with reference areas,
and Polypedilum (Chironomidae), Nais (Nadidae), and Torrenticola (Arachnidae) which were
associated with mine-exposed Michel Creek areas (Figure 6.12). There were also multiple
Ephemeroptera taxa (e.g., Heptageniidae, Baetis, Ephemerellidae, Ephemerella,
and Rhithrogena) and some Trichoptera taxa (e.g., Hydropsychidae, Glossosomatidae
and Brahycentrus) with low to moderate positive scores on CA1 and CA2, suggesting a general
association of these species with both the mine-exposed areas in Michel Creek and
reference areas (Figure 6.12). Chironomidae taxa including Eukiefferiella and Tventenia had
positive scores on CA2, and therefore were mainly associated with Erickson Creek and
mine-exposed Michel Creek areas (Figure 6.12). Overall, the CA analysis indicates that the
benthic invertebrate communities in mine-exposed Erickson and Michel creeks differ from each
other and from reference areas, and that Erickson Creek areas are characterized by higher
abundances of certain Plecoptera and Chironomidae taxa and lower overall abundances of most
Ephemeroptera and Trichoptera taxa. Correspondence analysis also indicated that the difference
in Erickson Creek BIC composition compared to other sampled areas has been consistent over
the time and not a result of SRF discharge (Figure 6.12).

Detailed examination of CA results for Erickson Creek identified a BIC shift at Erickson Creek
areas in 2021, relative to earlier sampling years. Erickson Creek areas generally had higher
scores on CA1 (i.e., less negative) in 2021, potentially suggesting lower abundance of Plecoptera
taxa with negative scores on CA1 (Peltoperlidae, Zapada columbiana, and Megarcys) and greater
abundance of Chironomidae taxa that scored higher on CA1 (Figure 6.12). This shift is observed
at all three Erickson Creek areas (RG_ERCKUT, RG_ERCKDT, and RG_ERCK), and suggests
that observed differences in 2021 are unrelated to SRF discharge.

Canonical Correspondence Analysis (CCA) were used to explain variation in BIC using habitat,
calcite and water chemistry variables. Canonical correspondence analysis was conducted on
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Figure 6.12: Correspondence Analysis of Benthic Invertebrate Communities in September, EVO LAEMP, 2012 to 2021

Notes: Green symbols represent reference stations and other colours represents mine—exposed stations. Lowest Practical Level taxon abundances were In.qy-transformed prior to analysis

occurred in fewer than 10% of samples were excluded from analysis. Samples from 2021 are circled in grey.
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September LPL benthic invertebrate abundance data for all study years for which environmental
variable data were available (i.e., 2018 to 2021; Figures 6.13 and 6.14). This subset of the
temporal dataset is considered appropriate for the CCA analysis as CA analysis on this subset
resulted in equivalent results to CA analysis on the full dataset (i.e., 2012 to 2021; Figure 6.12
and Appendix Figure F.14). The separation among Erickson Creek, mine-exposed Michel Creek,
and reference areas observed in the CA was maintained when the dataset was constrained by
both stressors (water chemistry and calcite) and habitat variables and the taxa responsible for
area separation were also consistent with the CA analysis results (Figures 6.13 and 6.14).

When the BIC data were constrained by water chemistry and calcite variables, the first and second
CCA axes (CCA1 and CCA2) explained 38.7% and 14.7% of variability, respectively (Figure 6.13).
The first axis strongly separated Erickson Creek from both mine-exposed Michel Creek areas and
reference areas, with Erickson Creek separating in the negative direction and associating with
most mine-related water quality constituents (except total barium and total molybdenum)
and calcite. The second axis separated the mine-exposed areas (both Erickson Creek and
Michel Creek) from the reference areas in the positive direction and was driven by higher
concentrations of all water quality constituents and calcite variables (Figure 6.13).
Results suggest that mine-related effects on BIC follow a stressor gradient, with the most impacts
on BIC associated with elevated mine-influenced water quality in Erickson Creek, followed by
Michel Creek where BIC structure is more similar to reference areas.

When BIC data were constrained by habitat, the first and second CCA axes (CCA1 and CCA2)
explained 36.4% and 11.9% of variability, respectively (Figure 6.14). The first axis separated
Erickson Creek from mine-exposed areas in Michel Creek and the reference areas in the negative
primarily by station gradient and high watershed slope. In the positive direction on CCA1,
mine-exposed Michel Creek areas were associated with larger watershed area, larger bankfull
width, and larger substrate size. The second axis separated the mine-exposed areas from the
reference areas, similar to the CA and the CCA constrained by water quality and stressors.
The reference areas were generally defined by their small watershed area and low
watershed slope (Figure 6.14). While strong associations with mine-related stressors were
apparent, habitat features are likely also contributing significantly to variations in BIC
among areas.

6.3 Summary

Results pertaining to the evaluation of benthic invertebrates are directly used to address
Study Questions #4 (SRF influence on selenium BIT concentrations), #5 (SRF influence on
benthic community structure), and #6 (SRF influence on productivity). A summary of the direct
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influence of the SRF on selenium BIT concentrations, benthic community structure, and
productivity are detailed below.

Mean BIT selenium concentrations in areas of upper portions of Erickson (below the SRF outfall),
Gate, and Bodie Creek exceeded the Level 1 benchmark for effects to benthic invertebrates, were
above the regional reference normal range, and were significantly higher than the reference areas
evaluated in the EVO LAEMP. As noted previously, elevated BIT selenium concentrations in
Bodie and Gate creeks were not likely related to the SRF as limited discharge occurred in these
areas in 2021. This is supported by elevated BIT selenium concentrations pre-EVO SRF P2,
suggesting that the elevated concentrations in 2021 at these areas are not related to pre-EVO
SRF P2 commissioning. Mean BIT selenium concentrations in the other areas evaluated as part
of the EVO LAEMP, including the area above the SRF outfall in Erickson Creek, lower portions of
Erickson Creek, and all areas in Michel Creek were below the Level 1 benchmark for benthic
invertebrates, within the normal range, and not significantly different from reference areas,
suggesting that elevated BIT selenium concentrations were localized to downstream of EVO SRF
P2 discharges. Both bioaccumulation models (the regional one-step water-to-invertebrate lotic
selenium accumulation model and the B-tool) were unable to accurately predict BIT selenium
concentrations for those areas where elevated tissue concentrations were noted suggesting that
aqueous total selenium and selenium speciation is not the sole cause of the elevated
concentrations in these areas. Additional investigations to better understand the cause of the
elevated selenium concentrations in BIT are currently underway as part of an AMP
response framework.

In 2021, the total density, but not the total biomass, of benthic invertebrates was greater in the
area directly downstream of the SRF outfall in Erickson Creek when compared to the area above
the SRF outfall. The density of individual taxa was also higher downstream, in particular
Chironomidae, Plecoptera, and Ephemeroptera, and total abundance measured by kick and
sweep sampling was higher in 2021 at RG_ERCKDT compared to 2019 and 2021.
Taken together, benthic invertebrate productivity appears to be elevated downstream of the SRF
outfall in 2021 (i.e., following the initiation of EVO SRF P2). An observed increase in water
temperature at RG_ERCKDT compared to pre-EVO SRF P2 was identified as a potential factor
for the increased productivity.

Effects on BIC endpoints (i.e., values lower than regional reference normal ranges or lower than
other areas evaluated under the EVO LAEMP) were generally limited to areas in Erickson Creek.
A few individual BIC replicates had % EPT values in 2021 which were lower than regional and/or
habitat-adjusted normal ranges at areas both upstream (RG_ERCKUT) and downstream
(RG_ERCKDT and RG_ERCK) of the SRF outfall in Erickson Creek. Ephemeroptera abundance
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and relative abundance have been consistently low both upstream (RG_ERCKUT)
and downstream of the SRF (RG_ERCKDT and RG_ERCK) in all years evaluated
pre-EVO SRF P2. Increases in total and relative abundance of Chironomidae and decreases in
relative abundance of Plecoptera in 2021 at both RG_ERCKUT and RG_ERCKDT suggest that
a shift in BIC structure may be occurring, but as it has occurred both upstream and downstream
of the SRF oultfall, it is likely unrelated to treatment.

Multivariate ordinations of BIC composition identified unique BIC among Erickson Creek areas,
mine-exposed Michel Creek areas, and reference areas. When BIC data were constrained by
mine-related stressors (water quality and calcite) and habitat, the separations were maintained.
When constrained by water quality and calcite, areas were separated based on a stressor
gradient, with Erickson Creek being associated with the highest concentrations of mine-related
water quality constituents and calcite along CCA1, but all mine-exposed areas separating from
the reference areas based on water quality along CCA2. When BIC data were constrained by
habitat, Erickson Creek separated out based on watershed slope and station gradient, while the
mine-exposed areas separated from other areas primarily based on larger watershed area and
bankfull width. As both constrained ordinations delineated the same three groupings of
monitoring areas, it is likely that both mine-related stressors and habitat variables are important
contributors to variations in BIC structure among areas, which is consistent with findings in other
areas of the Elk River watershed (Minnow 2020b).
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7 SUMMARY

Potential effects to the aquatic environment related to the commissioning of the EVO SRF P2 in
Erickson and Michel creeks (Gate and Bodie creeks received limited discharge from the SRF
in 2021) were evaluated by addressing six study questions, a summary of the results for each
study question are discussed below (as well as in Table 7.1).

7.1 Study Question #1

The first study question in the EVO LAEMP Study Design is “Has temperature changed in the
receiving environment of Erickson Creek as the result of SRF water treatment?”
Water temperature downstream of the SRF outfall in Erickson Creek increased in 2021 compared
to temperatures upstream of the outfall (i.e., consistently ~5°C) and also compared to
temperatures downstream of the outfall prior to operation of the EVO SRF P2. These increases
were expected as the treatment process involves water retention and ponding (i.e. use of
buffer pond) to manage effluent quality, increasing the likelihood of temperature increases during
periods of seasonally elevated ambient air temperature (i.e., summer). The increase in water
temperature downstream of the outfall (RG_ERCKDT, which is non-fish bearing) compared to
pre-SRF conditions and upstream temperatures was related to higher effluent temperatures.
The potential influence of increased temperatures from the SRF on fish in lower Erickson Creek,
specifically at the confluence of Erickson Creek with Michel Creek is expected to be minimal as
water temperatures at this area met the SPO that came into effect August 13, 2021, and were
also largely within or below guidelines for critical life stages of WCT and bull trout.
Temperatures in Michel Creek were also within or below guidelines for critical life stages of
these fish. Overall, the influence of the SRF on water temperature is localized and is expected to
have minimal impact on the fish-bearing portions of the receiving environment.

7.2 Study Question #2

The second study question of the EVO LAEMP Study Design is “Has calcite in the receiving
environment (Erickson, Bodie, Gate, and Michel creeks) been influenced by SRF water treatment
and/or calcite prevention (e.g. antiscalant) efforts?” In 2021, calcite in the receiving environment
(Gate, Bodie, Erickson and Michel creeks) was largely similar to or lower than previous years
(pre-EVO SRF P2) based on observations from the present study as well as the annual Regional
Calcite Monitoring Program. Although calcite presence and concretion scores were high in Gate,
Bodie, and Erickson Creek, calcite was low (Cl <0.3) or not present in areas of Michel Creek.
Based on monitoring results collected under the EVO LAEMP and under the Regional Calcite
Monitoring Program, the SRF did not appear to influence calcite in the receiving environment of
Gate, Bodie, Erickson or Michel creeks in 2021.
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Table 7.1: Summary of Findings, Responses, and Adjustments Related to the EVO LAEMP, 2021

Key Question(s)

Data Evaluation Process

Outcome(s)

Responses & Adjustments in 2021

EMC Engagement

Study Question #1: Has temperature changed in the receiving
environment of Erickson Creek as the result of SRF water
treatment?

Comparison of temperature to pre-EVO SRF P2 results,
guidelines, and/or literature (such as the optimal temperature for
different WCT life stages).

Water temperatures increased below the EVO SRF outfall at RG_ERCKDT when
compared to upstream temperatures at RG_ERCKUT, due to the heavy influence of
groundwater in upstream areas of Erickson Creek (upstream temperatures are
consistently 5°C). Regardless, maximum daily water temperatures at the confluence of
Erickson Creek and Michel Creek, RG_ERCK, was largely within limits for WCT rearing
and survival in 2021. Maximum daily temperature at RG_ERCK, with the exception of
some results in September, met the SPO (which was initiated on August 13, 2021) .

Ongoing monitoring of temperature at RG_ERCK in
2022 will provide information regarding whether
mitigation efforts during parts of the year are
required.

Study Question #2: Has calcite in the receiving environment
(Erickson, Bodie, Gate, and Michel creeks) been influenced by
SRF water treatment and/or calcite prevention

(e.g. antiscalant) efforts?

Comparison of calcite index to regional normal range and future
SPO, visual evaluation of temporal and spatial trends relative to
reference and conditions pre-EVO SRF P2. Summarized in
relationship to ongoing calcite work under the annual Regional
Calcite Monitoring Program.

Calcite in Gate, Bodie, Erickson and Michel Creeks in 2021 were largely similar to or lower
than pre-EVO SRF P2 based on observations from the present study and/or the annual
Regional Calcite Monitoring Program. Although calcite presence and concretion scores
were high in Gate, Bodie, and Erickson Creek (as based on the annual Regional Calcite
Monitoring Program), calcite was low or not present in Michel Creek.

Further work with the annual calcite monitoring team
to be understand differences in calcite scores for
Erickson Creek in 2021 will take place in 2022.

Study Question #3: Has SRF water treatment and/or calcite
prevention (e.g. antiscalant) (a) decreased aqueous
concentrations of selenium and nitrate and/or (b) changed other
mine-related constituents in effluent and receiving
environments (Erickson, Bodie, Gate, and Michel creeks)?

Comparison of water quality data to reference areas, regional
and site-specific normal ranges, comparison to BCWQGs and
EVWQP benchmarks (and interim screening values for total
nickel). Statistical analysis of temporal trends over time and
among years.

Quarterly acute toxicity test at EV_ECOUT (RG_ERCKDT),
EV_EC1 (RG_ERCK), EV_GT1 (RG_GATE), and EV_BC1
(RG_BOCK). Evaluation of chronic toxicity test results from
EV_MC2 (RG_MICOMP) in comparison to pooled regional
references and pre-EVO SRF P2 results.

Statistical analyses were completed for Order Constituents, constituents with early
warning triggers under the AMP, and constituents with benchmarks and/or available
guidelines (listed in Section 2.3.1). Aqueous concentrations of nutrients, (such as
nitrate, phosphorus, and orthophosphate) and total selenium showed decreases below
the SRF outfall (as well as other areas evaluated). Increases in selenite and
organoselenium species, however, were observed below the SRF outfall as well,
although these trends were largely localized to Erickson Creek. Concentrations of other
mine-related constituents, namely nickel and uranium, also increased and above
available water quality guidelines in Erickson Creek, but did not show the same trend in
Gate, Bodie, or Michel Creeks.

Areas evaluated in Erickson, Gate, Bodie, and Michel creeks showed no acute toxicity
testing failures during 2021, and with the exception of a few algae chronic toxicity
results (which have an associated degree of uncertainty due to suppressed cell yield
throughout the study), chronic toxicity results suggested no adverse effects to test
species at Michel Creek (RG_MICOMP).

Further investigation to understand the influence of
the SRF (and water quality) and elevated benthic
invertebrate tissue selenium concentrations through
the AMP process (triggered by Sept 2021 results)
and consideration of additional mitigation options is
ongoing.

Study Question #4: Have benthic invertebrate tissue selenium
concentrations changed as a result of the SRF in Erickson,
Bodie, Gate, and Michel creeks?

Comparison of benthic invertebrate tissue selenium
concentrations to regional normal range and EVWQP
benchmarks, statistical evaluation of temporal and spatial trends
relative to reference.

Mean benthic invertebrate tissue selenium concentrations in Gate, Bodie, and upper
portions of Erickson Creek (all of which are non-fish bearing) were above the Level 1
benchmark for effects to benthic invertebrates in 2021. These elevated concentrations
represent increases in comparison pre-EVO SRF P2 for Gate and upper portions of
Erickson Creek, but are similar to pre-EVO SRF P2 concentrations in Bodie Creek.
Selenium concentrations in benthic invertebrates in each of these areas was not well
predicted using the one-step model or the selenium speciation bioaccumulation tool
suggesting that total selenium and/or selenium speciation is not the sole cause of elevated
benthic invertebrate tissue selenium concentrations . Mean benthic invertebrate tissue
selenium concentrations in Michel Creek were below benchmark, within the normal range,
and similar to reference areas suggesting that effects are largely localized.

Further investigation to understand the influence of
the SRF and elevated benthic invertebrate tissue
selenium concentrations through the AMP process
(triggered by Sept 2021 results) and consideration
of additional mitigation options is ongoing.

Study Question #5: Are there changes in the benthic
invertebrate community in Erickson, Bodie, Gate, and
Michel creeks associated with SRF treatment (including
calcite prevention)?

Comparison of benthic invertebrate community endpoints to
regional and site-specific normal ranges, visual evaluation of
spatial and temporal trends relative to reference, and
multivariate analyses.

Comparison of biomass and density (as well as taxa-specific
evaluation of these parameters) upstream and downstream of
the SRF outfall in Erickson Creek (RG_ERCKUT and
RG_ERCKDT) via Hess sampling.

BIC endpoints including taxa richness and % EPT were lower than reference and below
regional and/or site-specific normal ranges at sites in Erickson Creek in 2021.
Investigation of spatial and temporal trends indicated that these differences were either
observed both up- and downstream of the SRF outfall and/or were observed prior to
commissioning for EVO SRF P2. Multivariate analyses of BIC composition indicated that
Erickson and mine-exposed Michel creek benthic invertebrate taxa occurrences were
positively correlated with indicators of mine-related effects but relative BIC composition at
all sites was consistent over the 2018 to 2021 sampling period as well as up- and
downstream of SRF oultfall locations. Overall, analyses suggest that observed changes in
BIC in 2021 are unrelated to commissioning of the SRF.

Increases in density (overall and taxa-specific) and to a lesser degree biomass were
observed downstream of the SRF outfall in Erickson Creek when compared to above the
SRF outfall. These increases are believed to be due to temperature increases below the
outfall as nutrient concentrations have decreased with the commissioning of the SRF.

No response or adjustment required. Additional
monitoring in 2022 will provide additional
information in understanding the results observed
in 2021.

Study Question #6: Is SRF water treatment affecting
indicators of productivity (e.g. phosphorus) in the receiving
environment?

Collective evaluation of indicators that have the potential to affect
productivity such as temperature (Study Question #1) and water
quality (specifically nitrate, phosphorus, and orthophosphate;
Study Question #2) were investigated and evaluated in relation to
primary productivity (periphyton visual scores), and biomass and
density of benthic invertebrates (via Hess sampling which is also
part of Study Question #5).

Visual periphyton coverage as an indicator of changes in primary productivity did not show
any trends associated with the SRF in 2021. Increases in benthic invertebrate productivity
as evident in increases in density (overall and taxa-specific) and to a lesser degree
biomass were observed downstream of the SRF outfall in Erickson Creek. These
increases are unlikely due to increased nutrients in the receiving environment as
decreased concentrations of nitrate, phosphorus, and orthophosphate were noted below
the outfall of the SRF in Erickson Creek (as well as other evaluated study areas).
Increases in temperature in comparison to pre-EVO SRF P2 were observed and are
believed to be the cause of the elevated benthic invertebrate productivity in the area.

No response or adjustment required. Additional
monitoring in 2022 will provide additional
information in understanding the results observed
in 2021.

EMC and other external stakeholders notified via email of
localized elevated benthic invertebrate tissue selenium
concentrations on March 25, 2022.

Additional benthic invertebrate tissue sampling results from
April provided to EMC on May 12, 2022.

Preliminary 2021 data sent to EMC on May 13, 2022.
Presentation with preliminary 2021 EVO LAEMP data
discussed with EMC on May 17, 2022.

Written input from ENV and KNC was May 31st and June
17th, respectively.

2021 EVO LAEMP report delivered to EMC by June 30, 2022.
Updates to 2021-2023 EVO LAEMP study design by July 1st,
2022.
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7.3 Study Question #3

The third study question of the EVO LAEMP Study Design is “Has SRF water treatment and/or
calcite prevention (e.g. antiscalant) (a) decreased aqueous concentrations of selenium and
nitrate and/or (b) changed other mine-related constituents in effluent and the receiving
environment (Erickson, Bodie, Gate, and Michel creeks)?” The commissioning of the EVO SRF
P2 has decreased concentrations of nitrate and selenium in the receiving environment of Erickson
and Michel Creek as expected, and decreases in other constituents
(phosphorus, orthophosphate, and barium) were also observed in Erickson Creek.
Although decreases in concentrations of nitrate and selenium were also noted in Gate and Bodie
creeks in 2021 when compared to previous years, this is more likely related to water management
and not SRF operation (as limited discharge occurred in these areas in 2021). Although total
selenium concentrations decreased in Erickson following the commissioning of the EVO SRF P2,
both selenite and organoselenium species concentrations increased. A number of other mine-
related constituents increased in the receiving environment downstream of the SRF outfall
following commissioning of the EVO SRF P2, including total antimony, total boron, dissolved
cadmium, dissolved cobalt, total iron, total manganese, total molybdenum, total nickel, total
uranium, and total zinc. All of these constituents, with the exception of nickel and uranium in
Erickson Creek, were below available water quality criteria in Erickson Creek. Increases in some
of these constituents (such as total nickel) is likely due to higher concentrations present in the in
situ water entrained in the SRF, which is expected to decrease overtime. Additionally,
acute toxicity (in areas of Erickson, Gate, Bodie, and Michel) and chronic toxicity testing (at the
compliance point in Michel Creek) showed no adverse responses to either invertebrate and fish
species after exposure to site water.

7.4  Study Question #4

The fourth study question of the EVO LAEMP Study Design is “Have benthic invertebrate tissue
selenium concentrations changed as a result of the SRF in Erickson, Bodie, Gate, and
Michel creeks?” Mean benthic invertebrate tissue (BIT) selenium concentrations in Gate, Bodie,
and upper portions of Erickson Creek (below the SRF outfall) were above the Level 1 benchmark
for effects to benthic invertebrates in 2021 and increased in comparison to pre-EVO SRF P2 for
areas directly downstream of the outfall in Erickson Creek (as well as upstream of the settling
pond in Gate Creek). In contrast, mean BIT selenium concentrations at the confluence of Erickson
Creek and Michel Creek (RG_ERCK) and the study areas in Michel Creek were all below EVWQP
benchmarks, within the normal range, and similar to reference areas. As discharge from the SRF
was limited in Gate and Bodie Creek in 2021, the influence of the SRF on elevated BIT selenium
concentrations is isolated to a small area directly below the SRF outfall in Erickson Creek.

(’_\_
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Selenium concentrations in benthic invertebrates in these areas were not well predicted using the
regional one-step water-to-invertebrate lotic selenium accumulation model or the selenium
speciation bioaccumulation tool suggesting that aqueous total selenium and/or selenium
speciation cannot fully explain the elevated BIT selenium concentrations in these areas.
Additional investigations to better understand the cause of the elevated selenium concentrations
in BIT are currently underway as part of an AMP response framework.

7.5  Study Question #5

The fifth study question of the EVO LAEMP Study Design is “Are there changes in the benthic
invertebrate community in Erickson, Bodie, Gate, and Michel creeks associated with
SRF treatment (including calcite prevention)?” BIC endpoints including taxa richness and % EPT
were lower than reference and below regional and/or habitat-adjusted normal ranges at areas in
Erickson Creek in 2021. Investigation of spatial and temporal trends indicated that these
differences were either observed both up- and downstream of the SRF outfall (e.g., lower taxa
richness and % EPT at both RG_ERCKUT and RG_ERCKDT) and/or were observed prior to
commissioning for EVO SRF P2 (e.g., lower taxa richness at RG_ERCKUT; lower % EPT
at RG_ERCK).  Multivariate ordinations of BIC structure indicated that Erickson and
mine-exposed Michel creek benthic invertebrate taxa occurrences were associated with higher
concentrations of mine-related water quality constituents and calcite, but relative BIC composition
at all areas was consistent over the 2018 to 2021 sampling period as well as up- and downstream
of SRF outfall locations. Overall, while BIC effects were apparent in Erickson Creek, they were
present prior to SRF commissioning and have not changed substantially over time, indicating
minimal effects of the SRF.

7.6  Study Question #6

The last study question of the EVO LAEMP Study Design is “Is SRF water treatment affecting
indicators of productivity (e.g. phosphorus) in the receiving environment?” Visual periphyton
coverage as an indicator of changes in primary productivity did not show any patterns that could
be attributed to the SRF in 2021. Higher benthic organism density (overall and taxa-specific)
downstream of the SRF outfall compared to upstream in Erickson Creek suggested an increase
in benthic invertebrate productivity associated with SRF operation but were not due to increased
nutrients in the receiving environment as decreased concentrations of nitrate, phosphorus, and
orthophosphate were noted below the outfall of the SRF in Erickson Creek (as well as other
evaluated study areas). Increases in temperature in comparison to pre-EVO SRF P2 were
observed and are believed to be the cause of the elevated benthic invertebrate productivity in
the area.
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7.7 AMP and Biological Triggers

The results from the EVO LAEMP provide information that supports Teck’s Adaptive
Management Plan (AMP; Teck 2021a) and Table 7.1 summarizes material presented in this
report that is relevant to the AMP.

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. Biological trigger results indicated that of the three mine-exposed
areas evaluated (RG_ERCK, RG_MI3, and RG_MICOMP), only RG_ERCK had % EPT which
corresponded to a biological trigger (i.e., % EPT was below the biological trigger; Table 7.2).
However, low % EPT (i.e., below regional and habitat-adjusted normal ranges) has been
observed at RG_ERCK since 2018 suggesting the trigger result is unrelated to EVO SRF P2.
The cause of % EPT lower than the biological trigger has been assessed as part of Study
Question #5 in the current report, and this area will continue to be assessed for biological triggers
as part of the EVO LAEMP as well as the RAEMP. Other efforts are also currently underway,
namely BIC predictive modeling, to resolve uncertainty around effects of mine-related stressors
on benthic invertebrate community endpoints. Replicate BIT selenium samples from mine-
exposed areas in Michel Creek had selenium concentrations that did not exceed the biological
trigger, and results were consistent with observations in the EVO LAEMP report where mean
concentrations were below benchmarks and within the normal range). Investigations under the
AMP are currently underway to investigate the elevated BIT concentrations in Gate and
Bodie Creek, as well as in Erickson Creek downstream of the SRF outfall. Further information
regarding percent EPT and BIT selenium concentration biological triggers as it pertains to the
EVO LAEMP can be found in Appendix G. Given that current biological triggers were sufficient
to identify monitoring areas where biological responses are occurring, no additional triggers are
recommended at this time. Additional work conducted in 2022, to better understand biological
responses to SRF effluent, will be included in the AMP annual report (2023) and the 2023 annual
EVO LAEMP report as well through ongoing external engagements.
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Table 7.2: Summary of Biological Trigger Analysis for Percent EPT and Selenium Benthic Invertebrate Tissue, EVOLAEMP,

2021
% EPT? Selenium BIT®
Waterbody Area Number Replicates  Number of Replicates Reaching| Number Replicates Number of Replicates
Evaluated Biological Trigger® Evaluated Reaching Biological Trigger®
Erickson Creek RG_ERCK Reference 1 100 4 0
Gate Creek RG_GATE - - 3 100
Bodie Creek RG_BOCK - - 6 100
Mine-exposed
RG_MI3 3 0 3 0
Michel Creek
RG_MICOMP 5 0 5 0

Notes: % EPT = percent 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 August (RG_BOCK), September (RG_ERCK, RG_BOCK, RG_MI3, RG_MICOMP), and December sampling events

(RG_ERCK).

°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 Appendix G for further 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 Appendix G for further details.

June 2022
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8 UPDATES TO 2021 TO 2023 EVO LAEMP STUDY DESIGN

Section 8.3.5 of Permit 107517 outlines the LAEMP requirements for any changes to the
approved 2021 to 2023 study design as follows:

The permittee must notify the director at 15 days prior to implementing any proposed changes
to the approved LAEMP. Any changes to the approved study design must be reported in the
annual LAEMP report.

Several adjustments to the approved EVO LAEMP 2021 to 2023 study design are proposed below
based on learnings from the 2021 LAEMP monitoring and reporting cycle, input from the EMC,
and monitoring needs associated with the EVO SRF P2:

1. Adjustment: Relocation of EV_ECOUT Station. Field observations indicated
incomplete mixing of EVO SRF P2 effluent and non-treated Erickson Creek water at the
current EV_ECOUT location (which is 10 meters below the EVO SRF outfall).
Additional investigations using nitrate as a surrogate was conducted during high flow
conditions to measure mixing conditions of water being discharged from the SRF outfall
and overflow Erickson Creek water bypassing treatment. This investigation confirmed
field observations as nitrate was substantially lower on the right side of the
downstream bank (i.e. which is on the same side as the SRF outfall and thus receives a
higher proportion of flow from the SRF) than the left side of the downstream bank.
Investigations were also conducted further downstream to determine the closest area
downstream of the outfall which had more homogenous water conditions throughout the
transect. These investigations suggested that conditions approximately 60 meters
downstream of the outfall provide a more representative water sample for the area which
is imperative for accurately addressing exposure to potential effect to biota.
Per discussion with the EMC, a technical memo regarding these findings as well as
additional supporting information is provided as part of the EVO LAEMP report
(see Appendix I).

2. Adjustment: Discontinue BIC Sampling in Gate and Bodie Creek. As per the 2021-
2023 EVO LAEMP study design (and agreed upon with the EMC; Minnow 2021b),
benthic invertebrate community and calcite index (which is conducted as part of
CABIN protocols) were not evaluated in 2021 at RG_GATEDP, as this area lacked
riffle habitat. During September sampling, similar conditions were noted at RG_BOCK
and RG_GATE. As noted in the CABIN protocol (Environment Canada 2012a):

124



minnow environmental inc. Teck
Project 217202.0009 2021 Elkview Operations LAEMP

“The habitat type where invertebrate samples are collected in CABIN is the
erosional zone (riffle, straight run, or rapid). A reach that does not have a well-
established riffle or straight run should not be used for CABIN sampling.”

The purposes of the benthic invertebrate community sampling for the EVO LAEMP is to
(1) understand the influence of the SRF on these communities, and (2) understand how
these communities relate to other areas in the Elk Valley (either reference areas or other
mine-exposed areas). Overall, the evaluation of benthic invertebrate communities in these
areas to answer these questions is confounded for a number of reasons: (1) discharge in
these areas did not occur in 2021 in comparison to the past (change in habitat and flow);
(2) systems are anthropogenic in nature and lack riffle-run-pool characteristics
(more comparable to drainage ditches or constructed discharge channels than creeks);
and (3) a limited area for effective sampling with replication. While selenium
concentrations in benthic invertebrate tissue will continue to be monitored at RG_GATE,
RG_BOCK, and RG_GATEDP, we propose that benthic invertebrate community is not
evaluated at these areas moving forward. Photos of these areas in 2021 can be found in
Appendix Figure E.1.

3. Adjustment: Pairing of Water Quality Stations: F2_ECIN and RG_ERCKUT.
On December 7t, 2022, Teck Coal Limited (Teck) submitted a request to ENV to revise
the approval for the study design on the basis that the routine water quality
station F2_ECIN (water collected from the Erickson Creek intake) is representative of
RG_ERCKUT water quality. Following a review of advice from the Environmental
Monitoring Committee (EMC), the Ktunaxa Nation Council (KNC), and Teck’s responses
to the EMC, the revised Study Design approval was issued by ENV on March 4th, 2022,
but required, as one of its conditions, a statistical comparison of water quality between
RG_ERCKUT and F2_ECIN to determine if F2_ECIN is a suitable surrogate for monthly
water quality monitoring at RG_ERCKUT (BCMOECC 2022). Overall, results of the
statistical analysis comparing water quality at RG_ERCKUT and F2_ECIN revealed very
few significant differences in water quality constituents between these areas using two
different data analysis approaches. For constituents that differed, where concentration at
F2_ECIN was higher, this could provide a conservative representation of conditions
at RG_ERCKUT. Where the concentration was lower at F2_ECIN, the difference in nearly
all cases was relatively small. Collectively, this suggests that the F2_ECIN routine water
quality sampling location is reflective of water quality conditions at RG_ERCKUT and
would act as a suitable surrogate for water quality sampling at RG_ERCKUT for the 2021
to 2023 EVO LAEMP. Per discussion with EMC a technical memo regarding these results
is provided as part of the EVO LAEMP report (see Appendix J).

-
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4. Adjustment: Additional Erickson Creek Bryophyte Coverage Monitoring. As noted
in Section 5, the current EVO LAEMP study design evaluates changes in periphyton
coverage as a means to understand changes in productivity to primary producers.
While visual periphyton coverage maybe appropriate in Gate Creek, Bodie Creek, and
Michel Creek, the high prevalence of bryophytes in Erickson Creek (and the corresponding
low presence of periphyton in these areas) suggests that additional investigations of
bryophyte coverage in subsequent sampling events is warranted to better understand the
influence of the SRF on primary productivity. Bryophytes coverage has been evaluated
in past monitoring programs in the Elk Valley and similar protocols will be utilized as part
of the 2022 monitoring efforts (Minnow 2018c).

The above updates to the 2021-2023 EVO LAEMP study design reflect discussions between
the study team and the EMC during the May 17th, 2022, EMC meeting and the subsequent
advice table provided to the study team from the EMC.
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DATA ANALYSIS



A1 DATA ANALYSIS

A1.1 Water Quality

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. Data extracted from Teck's EQuIS database were screened for text values and
converted to a common unit (all metal concentrations were converted to mg/L, except for total
and dissolved cadmium, dissolved cobalt, total nickel, total selenium which were stored
as ug/L).

Water quality data for select constituents reported was screened against BCWQG
(BCMOECSS 2021a,b), interim screening values (Golder 2017), and EVWQP Water Quality
Benchmarks (Teck 2014; Table A.1). These select constituents included Order constituents
(i.e., nitrate, sulphate, total selenium, and dissolved cadmium), nutrients (i.e., nitrate, nitrite,
ammonia, total phosphorus, and orthophosphate), and analytes with early warning triggers
under the AMP ([i.e., total dissolved solids, sulphate, total concentrations of antimony, barium,
boron, lithium, manganese, molybdenum, nickel, selenium, uranium, and zinc, and dissolved
concentrations of cadmium and cobalt]). Constituent concentrations relative to BCWQG,
EVWQP Water Quality Benchmarks (where applicable), or interim screening values
(total nickel only) were plotted over time (when historical data was available) for each water
quality station, or biological monitoring area if a water quality station was not available, to aid
in visual assessment of the data.

Constituents that were expected to decrease (i.e., nitrate and selenium) or
increase (i.e., nickel) with SRF treatment and those that showed increases/decreases based
upon on the visual analysis noted above were further analyzed to determine if the trend
was significant.

Specifically, a censored regression ANOVA was conducted to determine temporal changes in
constituent concentrations between pre- (2021) and post- EVO SRF P2 commissioning for the
years of 2012 to 2021. The censored regression ANOVA models assumed a log-normal
distribution of the response variable and were fit using maximum likelihood estimation. The
significance of each term in the model was assessed using likelihood-ratio tests to determine
if there was a significant change in log-likelihood with the addition of each term in the model,
utilizing an a = 0.05 for all tests. Constituent results for each monitoring area were also plotted
as monthly mean concentrations and compared visually to support the temporal evaluations
of water quality.



Table A.1: British Columbia Water Quality Guidelines (BCWQG), Site-Specific Elk Valley Water Quality Plan (EVWQP) Benchmarks,
and Interim Screening Values for Parameters Assessed in EVO LAEMP, 2021

. " - A
Variable Units British Columbia Water Quality Guldellnes. Site-Specific Benchmark®
Long-term Average Short-term Maximum Year | Status
For dissolved calcium = < 4mg/L, BCWQG = <10
For dissolved calcium = 4 to 8 mg/L, BCWQG =
Total Alkalinity [ mg/L 10 to 20 - 2015 | Working -
For dissolved calcium = > 8 mg/L, BCWQG = >
20
Unionized
Ammonia® mg/L pH and Temperature dependent (tabular) pH and Temperature dependent (tabular) | 2009 |Approved -
Chloride mg/L 150 600 2003 |Approved -
For hardness < 10 mg/L, BCWQG = 0.4
For hardness > 10 mg/L,
Fluoride mg/L - BCWQG = [-51.73 + 92.57 x 1990 |Approved -
log10(hardness)]*0.01
Maximum applicable hardness = 385 mg/L
_-3 Level 1 EVWQP benchmark= 10 "-0003llcghardness)i-1.52
§ Maximum applicable hardness = 500 mg/L
< Nitrate as N | mg/L 3 33 2009 |Approved
2 Level 2 EVWQP benchmark= 10" 0003eghardness)i1.38
Maximum applicable hardness = 500 mg/L
Nitrite as N¢ | mg/L 0.02 to 0.20 0.06 to 0.60 2009 |Approved -
For buried embryo/alevin life stages, For buried embryo/alevin life stages,
Dissolved BCWQG (water column) = 11 BCWQG (water column) =9
o o mg/L BCWQG (interstitial) = 8; BCWQG (interstitial) = 6 1997 |Approved -
Xygen for other life stages, For other life stages,
BCWQG (water column) = 8 BCWQG (water column) =5
f pH _ -
pH units 6.5-9.0 1991 |Approved
128 to 429 Level 1 EVWQP
g -
Sulphate mg/L Maximum applicable hardness = 250 mg/L 2013 |Approved Benchmark = BCWQG = 429
Total
Dissolved mg/L - - - - Screening Level 1 Benchmark = 1,000
Solids
Antimony(lll) | mg/L 0.009 - 2015 | Working -
Arsenic mg/L - 0.005 2002 [Approved -
Barium mg/L 1 - 2015 | Working -
Beryllium mg/L 0.00013 - 2015 | Working -
Boron mg/L 1.2 - 2003 |Approved -
. For Cr(VI), BCWQG = 0.001 )
h ’ - -
Chromium” | mg/L For Cr(lll), BOWQG = 0.0089 2015 | Working
Cobalt ug/L 4 110 2004 |Approved -
Iron mg/L - 1 2008 |Approved -
For hardness < 8 mg/L, none proposed
For hardness 8 to 360 mg/L, For hardness < 8 mg/L, BCWQG < 0.003
BCWQG = 0.001%{3.31+ exp[1.273 x For hardness 8 to 360 mg/L,
Lead® mg/L In(hardness) - 4.7041} BCWQG = 0.001%{exp[1.273 x In(hardness) -| 1987 [Approved -
No more than 20% of samples in a 30-d period 1.460]}
should be >1.5X the guideline. Maximum applicable hardness = 360 mg/L
Maximum applicable hardness = 360 mg/L
For hardness 37 to 450 mg/L, For hardness 25 to 259 mg/L,
Manganese® | mg/L BCWQG < 0.004 x hardness + 0.605 BCWQG < 0.01102 x hardness + 0.54 2001 |Approved -
Maximum applicable hardness = 450 mg/L Maximum applicable hardness = 259 mg/L
_ MeHg < 0.5% of THg, BCWQG = 0.00002
g Else, BCWQG = [0.0001/(MeHg/THg)] OR
[ i When MeHg = 0.5% of THg, BCWQG= 0.00002
P Mercury’ | M3/L| \ypen MeHg = 1.0% of THg, BCWQG = 0.00001 . 2001 | Approved .
o When MeHg = 8.0% of THg, BCWQG=
g 0.00000125
E Molybdenum | mg/L 7.6 46 2021 [Approved -
& Level 1 Interim Screening Value = 5.3
% Nickel Mg/l - - - - Level 2 Interim Screening Value = 15
g Level 3 Interim Screening Value = 22
. Level 1 EVWQP Benchmark = 19
Selenium | ug/L 2 - 2014 | Approved Level 2 EVWQP Benchmark = 74
Silver’ ma/L For hardness < 100 mg/L, BCWQG = 0.00005 | For hardness < 100 mg/L, BCWQG = 0.0001 1996 | Approved )
tiver 9 For hardness > 100 mg/L, BOWQG = 0.0015 | For hardness > 100 mg/L, BCWQG = 0.003 PP
Thallium mg/L 0.0008 - 1997 | Working -
Uranium mg/L 0.0085 - 2011 | Working -
For hardness < 90 mg/L, BCWQG = 0.0075 For hardness < 90 mg/L, BCWQG = 0.033
Zincd mall For hardness 90 to 330 mg/L, For hardness 90 to 500 mg/L, 1999 | Approved )
inc 9 BCWQG = [7.5 + 0.75 (hardness - 90)]x0.001; |BCWQG = [33 + 0.75 (hardness - 90)]x0.001; PP
Maximum applicable hardness = 330 mg/L Maximum applicable hardness = 500 mg/L
When pH 2 6.5, BCWQG = 0.05 When pH 2 6.5, BCWQG = 0.1
. When pH < 6.5, When pH < 6.5,
Aluminum | mg/L BCWQG = exp[1.6 - 3.327(median pH)+ BCWQG = exp[1.209 - 2.426(pH)+ 0.286 | 2001 |Approved
] 0.402(median pH)2] (pH)2]
2 Level 1 EVWQP Benchmark =
o For hardness = 3.4 to 285 mgl/L, For hardness = 7 to 455 mgl/L, 100 83(ogtharaness)-2.53
2| Cadmium?® | pg/L BCWQG = {exp[0.736xIn(hardness) - 4.943]} BCWQG = {exp[1.03xIn(hardness)-5.274]} |2015 |Approved Maxi licabl
a Maximum applicable hardness = 285 mg/L Maximum applicable hardness = 455 mg/L aximum applicable
hardness = 285 mg/L
Copper mg/L Biotic Ligand Model Biotic Ligand Model 2019 |Approved -
Iron mg/L - BCWQG = 0.35 mg/L 2008 | Approved -
Notes: "-" = no data available. The EVWQP Level 1 Benchmark for Nitrate is consistent with the longer term BCWQG.

@ British Columbia Working (BCMOECCS 2021a) or Accepted (BCMOECCS 2021b) Water Quality Guidelines for the Protection of Aquatic Life. For guidelines dependent on other analytes (e.g., hardness), guidelines
were screened using concurrent values.

® When appropriate, site-specific Elk Valley Water Quality Plan Benchmarks (EVWQP; Teck 2014) or interim screening values were applied in addition to or instead of BC water quality guidelines. Interim screening
values are displayed for nickel (Golder 2017b).

¢ Temperature and pH dependent; range of minimum and maximum values.

d Dependent on concurrent chloride, range of values reported (BCMOECCS 2021b).
¢ Dissolved oxygen guidelines represent a minimum value, and so exceedances were quantified below this guideline.
f Unrestricted change permitted within this pH range.
9 For hardness-based guidelines, concurrent hardness values were used for calculating guidelines. If hardness values exceeding the maximum applicable hardness, then guidelines were determined using the maximum
applicable hardness. If hardness values is lower than the minimum hardness, then guidelines were determined using the minimum hardness.

n Chromium(V1) is the dominant oxidation state in oxygenated environments, and so its guideline was applied.
' The most conservative guideline (0.00000125 mg/L) was applied.




The percentage of data below the laboratory reporting limit (LRL) in both the mine-exposed
and reference areas determined the specific approach of the ANOVA model: (i) a relative
change model was used when the percent LRL was less than 80% for both the exposed and
reference area, or (ii) a temporal change model was used when the reference area % LRL was
greater than 80%, but the mine-exposed was not. If both the exposed and reference area were
above 80 % LRL no tests were conducted. Post-hoc comparisons for both approaches were
corrected for the number of comparisons using Tukey’s Honestly Significant Differences (HSD)
method. January and February data were excluded from the analyses because there were no
EVO SFR P2 data for these months.

The relative change model was used to quantify temporal changes at the mine-exposed area
relative to concentrations at the reference area (CM_MC1 [RG_MI25]) and included terms for
month (Month), before and after EVO SRF P2 (BA), exposed or reference areas (Cl), year
nested in BA (Year[BA]), and the interaction terms BA x ClI, and Year(BA) x ClI.

The analysis proceeded by first assessing the significance of the Year(BA) x ClI interaction
term. A significant interaction with year suggested a before-after affect that was dependent on
the years being compared and a post-hoc test comparing the relative differences in 2021 to
the differences in all pre EVO SRF P2 years was conducted. A magnitude of difference for
significant post-hoc comparisons was calculated as:

_ (ObservedExposed 2021 — PrediCtedExposed 2021)

MOD = - X 100%
PT@dlCtedExposed 2021

where the predicted concentration was calculated as:
PrediCtedExposed 2021 = (ObservedReference 2021 T ObservedExposed yeari ObservedReference yeari)

and year; was the earlier year before SFR2 commissioning. All concentrations used in the
calculation were estimated marginal means from the ANOVA model. If the Year(BA) x Cl was
not significant the BA x Cl term was assessed with a significant term suggesting an overall
before-after effect and a magnitude of difference (MOD) was calculated as:

MOD = (ObservedExposed SRF2 — PrediCtedExposedPre)

: x 100%
Predictedgyposeapre

where the predicted concentration was calculated as:

ObservedExposed SRF2 = (ObservedReference srF2 T ObservedExposedPre - ObservedReferencePre)



All concentrations were estimated marginal means from the ANOVA model. If neither of the
BA interaction terms were significant it suggested that there have not been any changes in
concentrations relative to the reference area since the EVO SRF P2 commissioning.

When the censoring at the reference area did not allow for use of the relative change model,
a simplified temporal change model was used for the mine exposed area and included terms
for month (Month), before and after EVO SRF P2 (BA), and year nested in BA (Year[BA]). A
significant Year(BA) term suggested differences in concentrations in years proceeding EVO
SRF P2 and post-hoc tests comparing concentrations in 2021 to the concentrations in all pre-
EVO SRF P2 years were conducted. A magnitude of difference for significant post-hoc
comparisons was calculated as:
_ (MCTypp1 — MCTyeqr;)
MCTZOZl
, Where the measure of central tendency (MCT) were estimated marginal means from the

X 100%

ANOVA model. When the Year(BA) was not significant, the BA term was assessed and an
MOD was calculated for EVO SRF P2 relative to the combined pre-EVO SRF P2 years when
significant.

A1.2 Benthic Invertebrate Tissue (BIT) Selenium

Selenium concentrations measured in benthic invertebrate tissue were plotted over time
(including those prior to commissioning the SRF; Minnow 2020a, 2021a) relative to
corresponding EVWQP effect benchmarks (Teck 2014; Table A.2) as well as the regional
normal ranges' for tissue selenium concentrations defined in the RAEMP (Minnow 2020b).

Potential changes in benthic invertebrate composite-taxa selenium concentrations pre- and
post- initiation of the SRF were assessed using an ANOVA model with post-hoc contrasts.
A p-value of 0.05 was used to test for statistical significance. Similarly, spatial differences in
benthic invertebrate composite-taxa selenium concentrations were tested among areas using
a before-after-control-impact ANOVA with post hoc contrasts. Models compared each mine-
exposed area each reference area (RG_ALUSM and RG_MI25) using the same approach as
for the relative change model described in section A1.1. Single replicates were present in past
evaluations, including sampling in areas: RG_ERCK, RG_GATE, RG_BOCK, RG_MIDGA,
and RG_MIDBO (Minnow 2020a, 2021a). Similar to the RAEMP (Minnow 2020b), variability
for results in these circumstances were estimated based on monitoring areas and years where

' The regional reference normal range (i.e., 1.41 mg/kg dw to 7.79 mg/kg dw) as presented in the RAEMP
represents the 2.5 and 97.5" percentiles of reference area data from 1996 to 2019 (Minnow 2020b).



Table A.2: Selenium Benchmarks for Benthic Invertebrate Tissues in the Elk Valley

Benchmark
Tissue Type Value Type Description Source
(Hg/g dw)
S Interim guideline for aquatic dietary tissue based on weight of evidence
a
Whole body 4 BC guideline of lowest published toxicity thresholds and no uncertainty factor applied BCMOE (2014)
. e Level 1 (~10% effect) benchmark for growth, reproduction and survival
Whole body 13 Site-specific benchmark of invertebrates Teck (2014)
. e Level 2 (~20% effect) benchmark for growth, reproduction and survival
Whole body 20 Site-specific benchmark of invertebrates Teck (2014)
~ 0, i i
Whole body 27 Site-specific benchmark Leyel 3 (~50% effect) benchmark for growth, reproduction and survival Golder (2014)
of invertebrates
4o . . I
Whole body 11 Site-specific benchmark I(_;r\é?/\lltl)( 10% effect) benchmark for dietary effects to juvenile fish Teck (2014)
oo . . I
Whole body 18 Site-specific benchmark I(_:r\é)?/\llti)( 20% effect) benchmark for dietary effects to juvenile fish Teck (2014)
=M . . S
Whole body 26 Site-specific benchmark I(_ger\é)?/\llti)( 50% effect) benchmark for dietary effects to juvenile fish Golder (2014)
Whole body 15 Site-specific benchmark |Level 1 (~10% effect) benchmark for dietary effects to juvenile birds Teck (2014)
Whole body 22 Site-specific benchmark |Level 2 (~20% effect) benchmark for dietary effects to juvenile birds Teck (2014)
Whole body 41 Site-specific benchmark |Level 3 (~50% effect) benchmark for dietary effects to juvenile birds Golder (2014)

Note: pg/g dw = micrograms per gram dry weight.

@ British Columbia (BC) guidelines were not used in assessment of benthic invertebrate selenium tissue concentrations. Assessment was completed relative to site-
specific benchmarks only.




replicates were collected, with the result of that area (i.e., the value of the single replicate)
assumed to represent the mean.

Composite-taxa benthic invertebrate tissue selenium results from September 2012 to
December 2021 were plotted relative to total selenium concentrations measured in water
samples collected at or near the same time (within approximately three days) and location as
the tissue samples. A line representing the regional one-step water-to-invertebrate selenium
bioaccumulation model was also presented on the plot (Golder 2020b, 2021c). Prediction
intervals (95% percentile) for the model were calculated using the formula below (as described
in Whitmore 1986):

1 (x—x)2

V+ta S |1+ -+ ——=
- gn-2 TJ( n (n—1)5,%)

where:

e Y= the fitted regression value at X

e S,= the root mean square deviation of the fitted regression model
(= 0.148; log+o transformed)

e n =sample size (= 530)
e X = mean of the sample X; values (= 0.817)
e S2 =variance of the sample X; values (= 0.866).

Teck has also developed a selenium speciation bioaccumulation tool (B-tool) to help predict
and interpret bioaccumulation in areas with detectable organoselenium species (deBruyn
and Luoma 2021). For every 2021 biological sampling event, predicted benthic invertebrate
tissue selenium concentrations were generated from water quality data (specifically, selenium
speciation data and sulphate concentrations) using this bioaccumulation tool and presented
alongside field-measured tissue concentrations.

For both the bioaccumulation model and the b-tool a typical range for the relationship between
the observed and predicted values was developed for the Elk Valley using a linear mixed-
model approach. Specifically, all tissue samples collected in the Elk Valley (Appendix Figure
A.1) were matched with a water sample collected at the same station within a five-day buffer.
Using this dataset the relationship between the observed-to-predicted concentrations were
modelled using a mixed-model with a random intercept term for area and a 95% prediction
interval was estimated using the predictinterval function in R (R Core Team 2022). Values
outside this range can be view as being outside the typical range for this relationship.
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Figure A.1: Observed and Predicted Selenium Concentrations in Benthic Invertebrate
Composite Samples for the One Step Bioaccumulation Model (Top) and B-tool Model
(Bottom)

Notes: Predicted benthic invertebrate selenium concentrations were estimated using a one-step water to benthic
invertebrate selenium accumulation model (Golder 2020c) in the top plot and using the speciation
bioaccumulation tool to predict bioaccumulation in areas with detectable organoselenium species (deBruyn and
Luoma 2021) in the bottom plot. Mean (solid line) and 95% prediction intervals (dashed lines) are shown for a
linear mixed—model of observed to predicted concentrations for Elk Valley samples (2012 to 2021) for each
respective relationship. Only water data collected with £ 5 days with tissue samples at each biological area were
included in the plots and analysis.



A1.3 Hess Sampling (Density, Biomass, and Community)

To understand the influence of the SRF on productivity measures of biomass and density of
benthic invertebrates were evaluated (as well as evaluations of periphyton coverage and water
quality as discussed in earlier sections). Overall biomass and density of benthic invertebrates
as well as taxa-specific measures (specifically EPT, Ephemeroptera alone, Plectoptera alone,
Trichoptera alone, and Chironomidae alone) of these endpoints, determined via Hess
sampling, were converted to number of organisms per square metre based on the area
sampled. A spatial comparison between areas upstream (RG_ERCKUT) and downstream
(RG_ERCKDT) of SRF water treatment were conducted using a Student’s t-test, with a = 0.1.
When the assumption of normality was met, but homogeneity of variance was not, a t-test with
unequal variance was used (Ruxton 2006). In instances where normality could not be
achieved through data transformation, the non-parametric Mann-Whitney U-test was used.
Statistical comparisons were conducted using R (R Core Team 2022). A magnitude of
difference (MOD) was calculated for each endpoint as:

(MCTDownstream - MCTUpstream)

MOD =
SDUpstream

X 100%

, Where the measures of central tendency (MCT) were means (untransformed) or geometric
means (logo transformed) and the SD was standard deviation. The MOD calculations were
conducted on the transformed scale when the data were transformed for analysis. When the
Mann-Whitney test was used, the MOD was estimated using median values instead of means,
and the Median Absolute Deviations (MAD) instead of SD.

A14 CABIN Sampling (Community)

Benthic invertebrate community structure was assessed using multivariate ordination
techniques including correspondence analysis (CA) and canonical correspondence analysis
(CCA). These techniques create synthetic species abundance axes extracted in a sequential
manner. In CA, each score (number) on a CA axis is the sum of a weighted vector of species
abundances. Species with correlated abundances vary together and have similar weights and
scores on a CA axis. When depicted in two-dimensional plots, taxa that tend to co-occur plot
together, while those that rarely co-occur plot farther apart. Similarly, areas sharing many taxa
plot closest to one another, while those with little in common plot furthest apart. The greatest
variation among either taxa or areas is explained by the first axis, with other axes accounting
for progressively less variation. Therefore, this type of multivariate analysis describes not only
which areas have distinct benthic communities, but also how these benthic communities differ
among areas (i.e., which particular taxa differ in abundance).



In CCA, the analysis is taken a step further to look at relationships between the assemblages
of species and their environment. The CCA constrained CA axes by a suite of predictor
variables by applying a multivariate multiple regression to the CA axis. This resulted in a set
of new CCA axes that were linear combinations of predictor variables that explained a subset
of variation of the original CA. The scores for environmental variables on each CCA represent
the relationship of the variable with the axis such that the position of species and site scores
in the ordination plot indicate their association with environmental variables. Two separate
CCA analyses were completed for sampling years with available environmental
data (i.e., 2018 to 2021), using different suites of constraining environmental variables: one
using water chemistry and calcite variables (i.e., nutrients, metals, TDS, alkalinity, and calcite
presence and concretion) and another using habitat variables (i.e., watershed and station
gradient, watershed area, stream depth, width, and velocity, and substrate size
and embeddedness). Habitat variables used in the development of the BIC predictive models
(and their transformation; Minnow 2020b) were selected for inclusion in the CCA model with
some redundant variables removed through best professional judgement. Key constituents
of concern were considered for inclusion from concurrent water data, and only constituents
with fewer than 15% of observations below the detection limit were considered. The Variance
Inflation Factor (VIF) of the final variables were all below 20 indicating the variable coefficients
were not strongly inflated by the presence of correlation among explanatory variables (i.e., no
multicollinearity).

Prior to CA and CCA, the BIC data were Inx+1) transformed and screened for rare taxa, as
these can distort results. Taxa occurring in fewer than 10% of samples and constituting less
than 1% of the total organism abundance, were excluded from the analysis. Water quality
variables were log10 transformed, and values below reporting limits were substituted at the
reporting limit. Scores for both taxa and areas were calculated using the vegan package
(Oksanen et al. 2022) in R (R Core Team 2022) to evaluate the associations of organisms
and stations.
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B1 INTRODUCTION

B1.1 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 or 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
(LRLs), 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 B.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.

B1.2  Quality Control Samples

A DQR was conducted on all laboratory data collected as part of the 2021 Elkview Operations
(EVO) 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. A DQR involves the examination of
analytical results associated with several types of Quality Control (QC) samples collected or

Y.
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Table B.1: Laboratory Data Quality Objectives for the EVO LAEMP, 2021

Study Component
Quality Control . . . . . . . . . - :
Measure Quality Control Sample Type Water Chemistry Selenium Speciation Sediment Chemistry Benthic Invertebrate Community Benthic Invertebrate Tissue Chemistry
ALS Environmental Brooks Applied Labs ALS Cordillera Consulting TrichAnalytics
Analytical Comparison of actual LRL LRL for eagh param.ete.r should be at least as low | LRL for eagh param.ete.r should be at least as low LRL for each parameter should be at least as low LRL for each parameter should be at least as low
as applicable guidelines, benchmarks, and as applicable guidelines, benchmarks, and . - - . -
Laboratory LRLs versus target LRL ) ) as applicable guidelines and benchmarks as applicable guidelines and benchmarks
screening values screening values
Blank Analvsis | Field. Trio, or Laboratory Blank Concentrations measured in blank samples should | Concentrations measured in blank samples should | Concentrations measured in blank samples should ) }
y > 111Ps Yy be < LRL be < LRL be < LRL
0.2 (pH)
<5% to 25% RPD (particle size)
<4% (pH) <20% RPD (inorganic and total carbon, moisture)
Laboratory Duplicates <10% (conductivity) <25% RPD (selenium species) <30% RPD (all remaining analytes) ) <60% RPD (calcium and strontium)
rybup <15% RPD or <2x LRL (ORP, turbidity) <20% RPD (total selenium) <40% RPD (aluminum, barium, lead, mercury, <40% RPD (all remaining analytes)
<20% RPD or <2x LRL (all remaining analytes) molybdenum, potassium, silver, sodium, strontium,
Laboratory R
Precisi tin, titanium)
recision <50% RPD (PAHSs)
Organism Sorting Efficiency - - - > 95% _
Orgaplgm Sub-Sampling - - - <20% between subsamples -
Precision and Accuracy
75% to 125% (methylseleninic acid, selenate,
Recovery of Blank Spike - selenite, selenocyanate, selenomethionine, total - - -
selenium)
70% to 130% (TKN, orthophosphate, phosphorus,
Recovery of Matrix Spike TOC, DOC, total and dissolved metals) 75% to 125% (selenate, selenite, selenocyanate, } } }
ry 75% to 125% (ammonia, bromide, chloride, selenomethionine, total selenium)
fluoride, nitrate, nitrite, sulphate)
0, 0, H
Matrix Spike Duplicate ) 75% to 125% (selepatg, selenite, selgnocyanate, ) )
selenomethionine, total selenium)
0.15 mg/kg to 0.55 mg/kg (Se)
0.16 mg/kg to 0.36 mg/kg (Ag)
0.2 mg/kg to 4.2 mg/kg (Sn)
1 mg/kg to 2 mg/kg (W) 60% to 140% (antimony, barium, boron, silver, tin,
Recovery of Certified Reference o o . 70% to 130% (all other metals) titanium)
Material 75% to 125% (total selenium) 7.7 t0 8.3 pH units (pH) 90% to 110% (selenium)
50% to 130% (Naphthalene) 70% to 130% (all remaining analytes)
Accuracy 80% to 120% (Inorganic Carbon, Total Carbon)
60% to 130% (all other PAHSs)
0% to 26.5% (particle size)
60% to 130% (d10-acenaphthene, d12-chrysene,
Ri f S I¢ - - - -
ecovery of surrogate d8-naphthalene, d10-phenanthrene)
6.9t0 7.1 (pH)
75% to 125% (TKN)
0, 0,
80% to 120% (orthophosphate, phosphorus, DOC, 0 to 26.5 (particle size)
TOC, total and dissolved metals)
- o . 60% to 130% (PAHSs)
Laboratory Control Sample 85% to 115% (acidity, alkalinity, ammonia, - o o /i . - -
. - 80% to 120% (inorganic carbon, total carbon)
bromide, TDS, TSS, turbidity) 7.4 10 8 (pH 1:2 soil-water)
90% to 110% (conductivity, chloride, fluoride, ’ PRt '
nitrate, nitrite, sulphate)
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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prepared in the field and laboratory. General QC samples collected for this project include

the following:

DRAFT

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. 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.

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

/—\_
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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.

Laboratory Sorting Duplicates 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.

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.

June 2022 | B-3
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B2 WATER CHEMISTRY

B2.1 Laboratory Reporting Limits

The analytical reports for water chemistry from ALS Environmental (ALS; Appendix H)
and Brooks Applied Labs (BAL; Appendix H) were examined to assess LRLs relative to analyte
concentrations and applicable guidelines (Tables B.2 and B.3). Water quality data from 2021
were entered directly into Teck’s EQuIS database and thus were assessed as part of Teck’s
annual water quality reporting for 2021. The LRLs for water quality analytes were assessed
relative to British Columbia Water Quality Guidelines (BC WQG; BCMOECCS 2021a,
BCMOECCS 2021b) for the protection of freshwater aquatic life, Elk Valley Water Quality Plan
(EVWQP) benchmarks, screening values for water quality (Teck 2014), and relevant
site-specific benchmarks. Several analytes were reported at concentrations below the LRL in
100% of samples (Tables B.2 and B.3). For those analytes with one or more result(s)
below the LRL, achieved LRLs were consistently lower than the BC WQG, EVWQP
benchmarks, and screening values for water quality, if relevant guidelines exist. Therefore,
the achieved LRLs were appropriate for this study.

B2.2 Laboratory and Field Blanks

A total of 133 method blank (MB) samples were analyzed in the ALS laboratory reports for
water chemistry (Appendix H). Of the 693 reported method blank results, only one result did
not meet the laboratory DQO (total arsenic, see laboratory report CG210419). The above MB
result for total arsenic caused the LRL to be adjusted in total arsenic samples in laboratory
report CG2104194 that were below five-times the MB result concentration. Total arsenic
concentrations in the two water samples analyzed in the above laboratory report were below
detection, possibly due to the adjusted LRL. Overall, as only 0.14% of MB samples did not
meet the laboratory DQO and all MB results for analytes of concern met the laboratory DQO,
these results do not suggest significant laboratory contamination.

A total of 41 MB samples were analyzed in the BAL laboratory reports (Appendix H). Of the
177 reported method blank results, seven had detectable concentrations: total selenium in four
blank samples and selenite in three blank samples (see laboratory reports 2109233 and
2109308 in Appendix H). For all 12 of the above results, concentrations were below the LRL
despite exceeding the method detection limit, and so met the DQO. Therefore, all BAL MB
samples met the laboratory DQO.
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Table B.2: Laboratory Reporting Limit (LRL) Evaluation for Water Chemistry Analyses, EVO LAEMP, 2021

BC WQG? EVWQP Level 1 No. LRLs > No. Sample
Parameter Units Benchmarks/ Relevant | Range of LRLs o c Results
: b Guideline
Long-term Short-term| Screening Values <LRL

Physical Tests
Total Suspended Solids mg/L - - - 1 - 6 (30.0%)
Turbidity NTU - - - 0.1 - 1 (5.00%)
Anions and Nutrients
Acidity (as CaCO,) mg/L - - - 2 - 15 (75.0%)
Alkalinity, Carbonate (as COs;) mg/L - - - 1 - 8 (40.0%)
Alkalinity, Carbonate (as CaCOx) mg/L - - - 1 - 8 (40.0%)
Alkalinity, Hydroxide (as CaCOs;) mg/L - - - 1 - 20 (100%)
Alkalinity, Hydroxide (as OH) mg/L - - - 1 - 20 (100%)
Bromide mg/L - - - 0.25 - 20 (100%)
Fluoride mg/L - 1.52 - 0.1 0 1 (5.00%)
Ammonia, Total (as N)° mg/L 0.102 0.752 - 0.005 0 5 (25.0%)
Nitrite (as N) mg/L 0.02 0.06 - 0.005 0 11 (55.0%)
Total Kjeldahl Nitrogen mg/L - - - 0.05 - 8 (40.0%)
Orthophosphate mg/L - - - 0.001 - 6 (30.0%)
Phosphorus - Total mg/L - - - 0.002 to 0.01 - 1 (5.00%)
Total Metals
Aluminum mg/L - - - 0.003 - 7 (35.0%)
Antimony mg/L 0.009 - - 0.0001 0 6 (30.0%)
Arsenic mg/L - 0.005 - 0.0001 to 0.0004 0 2 (10.0%)
Beryllium Mg/l 0.13 - - 0.02 0 20 (100%)
Bismuth mg/L - - - 0.00005 - 20 (100%)
Boron mg/L 1.2 - - 0.01 0 4 (20.0%)
Chromium® mg/L 0.001 - - 0.0001 0 4 (20.0%)
Cobalt pg/L 4 110 - 0.1 0 12 (60.0%)
Copper mg/L - - - 0.0005 - 20 (100%)
Iron mg/L - 1 - 0.01 0 10 (50.0%)
Lead® mg/L 0.0091 0.149 - 0.00005 0 18 (90.0%)
Manganese' mg/L 1.31 2.3 - 0.0001 0 3 (15.0%)
Mercury?® pg/L 0.00125 - - 0.0005 t0 0.5 0 16 (80.0%)
Nickel’ mg/L 0.137 - 0.0053 0.0005 0 3 (15.0%)
Silver' mg/L 0.0015 0.003 - 0.00001 0 20 (100%)
Thallium mg/L 0.0008 - - 0.00001 0 12 (60.0%)
Tin mg/L - - - 0.0001 - 20 (100%)
Titanium mg/L - - - 0.0003 17 (85.0%)
Vanadium mg/L - - - 0.0005 - 19 (95.0%)
Zinc' mg/L 0.06 0.0855 - 0.003 0 15 (75.0%)
Dissolved Metals
Aluminum” mg/L 0.05 0.1 - 0.001 0 16 (80.0%)
Antimony mg/L - - - 0.0001 - 5 (25.0%)
Beryllium Mg/l - - - 0.02 - 20 (100%)
Bismuth mg/L - - - 0.00005 - 14 (100%)
Boron mg/L - - - 0.01 - 2 (14.3%)
Cadmium’ pg/L 0.299 0.954 0.199 0.005 0 1 (5.00%)
Chromium mg/L - - - 0.0001 - 4 (20.0%)
Cobalt pg/L - - - 0.1 - 10 (71.4%)
Copper mg/L - - - 0.0002 - 17 (85.0%)
Iron mg/L - 0.35 - 0.01 0 19 (95.0%)
Lead mg/L - - - 0.00005 - 14 (100%)
Manganese mg/L - - - 0.0001 - 3 (15.0%)
Mercury pg/L - - - 0.000005 - 20 (100%)
Nickel mg/L - - - 0.0005 - 2 (10.0%)
Silver mg/L - - - 0.00001 - 20 (100%)
Thallium mg/L - - - 0.00001 - 11 (55.0%)
Tin mg/L - - - 0.0001 - 14 (100%)
Titanium mg/L - - - 0.0003 - 19 (95.0%)
Vanadium mg/L - - - 0.0005 - 20 (100%)
Zinc mg/L - - - 0.001 - 6 (30.0%)

Notes: Only analytes with at least one result < Laboratory Reporting Limit (LRL) were displayed. The total number of samples in 2021 (n) was 19, which

included three field duplicate samples. EVWQP = Elk Valley Water Quality Plan;

"-" = no applicable guideline exists.

@ British Columbia Water Quality Guidelines for the protection of Aquatic Life (BCMOECCS 2021a, BCMOECCS 2021b).
® Where more than one EVWQP Level 1 Benchmark or screening value was applicable, the most conservative (lowest) value was used.

© The LRLs for all analytes were consistently less than the applicable EVWQP Level 1 benchmarks (Teck 2014) or screening values (Golder 2014;

Teck 2020).

4 Guideline is the most conservative (lowest), based on estimates of a maximum temperature of 20°C and a minimum pH of 8.04.

¢ 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 (402 mg/L).

9 The most conservative guideline (0.125 ug/L) was applied.
" Guideline based on minimum field pH (8.04).




Table B.3: Laboratory Reporting Limit (LRL) Evaluation for Selenium Speciation Analyses, EVO LAEMP, 2021

BC WQG*
Parameter Units Long- Short- Benf:\r:‘r’nan.rT(sLlel;I:IIe‘:lint RT_':_\?:SOf N(;.Jilc_:l::;:: N;é:;ﬂp:e
term term Screening Values LRL

DMSeO - Dimethylselenoxide mg/L - - - 0.01 - 18 (85.7%)
DMSe - Dimethyl Selenide mg/L - - - 0.022 - 5 (100%)
DMDSe- Dimethyl Diselenide mg/L - - - 0.022 - 5 (100%)
MeSe(1V) - Methylseleninic Acid mg/L - - - 0.01 - 13 (61.9%)
MeSe(VI) - Methaneselenonic Acid mg/L - - - 0.01 - 21 (100%)
Se(lV) - Selenite mg/L - - - 0.01 - 0
Se(VI) - Selenate mg/L - - - 0.01 - 0
SeCN - Selenocyanate mg/L - - - 0.01 - 21 (100%)
SeMe - Selenomethionine mg/L - - - 0.01 - 21 (100%)
Selenosulfate mg/L - - - 0.01 - 21 (100%)
Selenium Unknown mg/L - - - 0.01 - 21 (100%)

Notes: Only analytes with at least one result < LRL or an LRL above guidelines were displayed. The total number of samples in 2021 (n) was 19
including three field duplicate samples. EVWQP = Elk Valley Water Quality Plan; LRL = Laboratory Reporting Limit, "-" = no applicable guideline exists.

@ British Columbia Water Quality Guidelines for the protection of Aquatic Life (BCMOECCS 2021a, BCMOECCS 2021b).
® Where more than one EVWQP Level 1 Benchmark or screening value was applicable, the most conservative (lowest) value was used.
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As the overall number of DQO exceedances was low (ALS: 0.14%; BAL: 0%), the impacted
results were considered to have a negligible impact on data interpretability and laboratory
precision was considered excellent.

Three field blank samples and three trip blank samples were submitted to ALS for water
chemistry analyses to assess the potential for field sampling contamination (Table B.4). Of the
291 field blank individual analyte results, 98.2% were below detection and so met the DQO
(Table B.1). Of the 226 trip blank individual analyte results, 98.6% were below detection and
so met the DQO (Table B.1). Analyte results in field blank samples that did not meet the
laboratory DQO included one result for dissolved molybdenum and two results for acidity and
total ammonia. Analyte results in trip blank samples that did not meet the laboratory DQO
included one result for total ammonia and two results for acidity. Overall, the low frequency of
detectable concentrations in both field and trip blanks does not suggest significant
field contamination.

One field blank sample was submitted to BAL to assess the potential for field
sampling contamination associated with selenium speciation samples (Table B.5). Of the 13
analyte results, two (15.4%) did not meet the laboratory DQO. These consisted of one result
for selenate and one result for total selenium. The relatively high number of DQO exceedances
for samples submitted to BAL (15.4%) indicates potential field sampling contamination, and
this will be taken into account during data interpretation. However, the high percentage of
DQO exceedances associated with BAL field blank samples is in part due to the small sample
size, and in future studies more field blanks will be submitted to BAL to gain a better
understanding of potential field sampling contamination. Trip blank samples were not collected
for selenium speciation.

B2.3 Data Precision

A total of 19 laboratory duplicate samples were used to evaluate precision within the ALS
laboratory reports (Appendix H). Out of 695 individual analyte results, only three did not meet
the laboratory DQO. These three TKN results were biased low due to interference from high
nitrate in the parent sample that was used, which causes a negative bias in TKN
(see laboratory reports CG2104194, CG2104005, and CG2106846 in Appendix H). As these
three DQO exceedances only represent 0.43% of laboratory duplicate results, ALS laboratory
analytical precision was overall considered excellent.

A total of five laboratory duplicate samples were used to evaluate precision within the BAL
laboratory reports (Appendix H). Out of the 32 individual analyte results, all met the
laboratory DQO. Therefore, BAL laboratory analytical precision was considered excellent.
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Table B.4: Field Blank and Trip Blank Evaluation for Water Chemistry Analyses, EVO LAEMP, 2021

Parameter Units Range of LRLs r‘:;;sljﬁlsdfll_:lk ::sz::: E:j::f
Anions and Nutrients
Acidity (as CaCOs3) mg/L 2 2 (66.7%) 2 (66.7%)
Ammonia, Total (as N) mg/L 0.005 2 (66.7%) 1 (33.3%)
Dissolved Metals
Molybdenum mg/L 0.00005 1(33.3%) 0 (0%)

Notes: LRL = Laboratory Reporting Limit. Three field blank samples and three trip blank sample were collected in 2021. Only analytes with at least
one blank results > LRL were displayed. Calcium, magnesium, potassium, and sodium are the only dissolved metals measured in trip
blank samples.



Table B.5: Field Blank Evaluation for Selenium Speciation Analyses, EVO LAEMP,
2021

. No. LRLs > No. Field Blank

Parameter Units Range of LRLs Guideline Results > LRL
Se(VI) - Selenate mg/L 0.01 - 1 (100%)
Selenium (Se) - Total pg/L 0.01 0 1 (100%)

Notes: LRL = Laboratory Reporting Limit. One field blank sample was collected in 2021. Only analytes with
at least one blank results > LRL were displayed.
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Three sets of field duplicate samples were collected to assess field sampling precision for
water chemistry analyzed by ALS (Table B.6). Several relative percent differences (RPDs)
could not be calculated as analyte concentrations in both samples were below the LRL. Of the
194 RPDs that could be calculated, 18 analyte sets had RPDs greater than 30% (9.3% of
all pairs; Table B.6). Of the comparisons with RPDs greater than 30%, five RPDs resulted
from analyte concentrations near and below the LRL, where greater variability is expected.
RPDs for analytes of primary concern that exceeded the DQO included one RPD for total
phosphorus, dissolved organic carbon (DOC), total boron, total mercury, and total and
dissolved aluminum, and two RPDs for total suspended solids (TSS), turbidity, Total
Kjeldahl Nitrogen (TKN), and total ammonia. RPDs for analytes that are not of primary concern
that exceeded the DQO included three RPDs for cation-anion difference. Overall, as only 9.3%
of calculable RPDs exceeded the DQO, water chemistry samples submitted to ALS were
considered to have adequate field precision and reproducibility.

Three sets of field duplicate samples were collected to assess field sampling precision for
water chemistry analyzed by BAL (Table B.7). Several relative percent differences (RPDs)
could not be calculated as analyte concentrations in both samples were below the LRL. Of the
14 RPDs that could be calculated, two analyte sets had RPDs greater than 30% (14.3% of
all pairs; Table B.7). Both of the RPDs greater than 30% were for methaneselenonic acid.
Overall, as 14.3% of calculable RPDs exceeded the DQO, water chemistry samples submitted
to BAL were considered to have adequate field precision and reproducibility.

B2.4 Data Accuracy

Data accuracy within the ALS water chemistry reports was evaluated based on the results of
152 laboratory control samples (LCS) and 21 matrix spike (MS) samples (Appendix H). All 684
LCS results and 612 MS results met the laboratory DQO. Recovery could not be calculated in
numerous MS samples as background levels were greater than or equal to one-times
spike levels. However, as several other QC tests were successful and do not imply
uncertainties as to ALS data accuracy, MS recovery not being calculable in several MS
samples does not present a great concern as to the reliability of the data. Overall, all results
met the laboratory DQO, ALS laboratory analytical precision was considered excellent.

Data accuracy within the BAL laboratory reports was evaluated based on results of 21 LCS, six
MS samples, six Matrix Spike Duplicate (MSD) samples, and 14 Reference Material (RM)
samples (Appendix H). All 39 LCS results, 13 MS results, 12 MSD results, and 14 RM
results met the Ilaboratory DQO. Therefore, BAL laboratory analytical
accuracy was considered excellent.
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Table B.6: Field Duplicate Results for Water Chemistry Analyses, EVO LAEMP, 2021

RG_ERCKUT

RG_RIVER_

RG_MIDER_

RG_MICOMP_

Parameter Units _WS_LAEMP_| WS_LAEMP_ | RPD | WS_LAEMP_ ‘zg—zrg;,f_ Eg_ RPD | WS_LAEMP_ xg—;)l;,f_ l;g_ RPD
EVO_2021-12-| EVO_2021- (%) |EVO_2021-09- 09 1435 (%) |EVO_2021-09- 13 1600 (%)
14_1330 09_1330 09_1435 - 13_1600 -

Physical Tests
Conductivity uS/icm 1,960 1,990 1.52 398 402 1.00 529 536 1.31
Hardness (as CaCOs3) mg/L 1,390 1,420 2.14 214 210 1.89 271 284 4.68
pH pH 7.76 8.22 5.76 8.42 8.42 0 8.51 8.51 0
ORP mV 439 421 4.19 488 449 8.32 491 453 8.05
Total Suspended Solids mg/L 1,670 1,720 2.95 261 251 3.91 348 337 3.21
Total Dissolved Solids mg/L 2.60 7.60 98.0 <1.0 <1.0 - 2.50 1.60 43.9
Turbidity NTU <0.10 2.08 182 0.350 0.290 18.8 0.180 0.250 32.6
Anions and Nutrients
Acidity (as CaCO,) mg/L 8.40 10.5 22.2 <2.0 <2.0 - <2.0 <2.0 -
Alkalinity, Bicarbonate (as CaCQO3) mg/L 484 478 1.25 149 147 1.35 160 164 2.47
Alkalinity, Bicarbonate (as HCOs) mg/L 590 583 1.19 182 179 1.66 196 200 2.02
Alkalinity, Carbonate (as CaCO3) mg/L <1.0 <1.0 - 11.8 12.4 4.96 9.00 12.0 28.6
Alkalinity, Carbonate (as COs;) mg/L <1.0 <1.0 - 7.10 7.40 414 5.40 7.20 28.6
Alkalinity, Hydroxide (as CaCQOs;) mg/L <1.0 <1.0 - <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, Hydroxide (as OH) mg/L <1.0 <1.0 - <1.0 <1.0 - <1.0 <1.0 -
Alkalinity, Total (as CaCOs) mg/L 484 478 1.25 161 160 0.623 175 176 0.570
Bromide mg/L <0.250 <0.250 - <0.050 <0.050 - <0.050 <0.050 -
Chloride mg/L 6.46 6.24 3.46 1.11 1.12 0.897 2.21 2.24 1.35
Fluoride mg/L 0.130 0.112 14.9 0.127 0.127 0 0.172 0.175 1.73
Ammonia, Total (as N) mg/L 0.00600 0.00910 411 0.0311 0.0162 63.0 0.0172 0.0222 254
Nitrate (as N) mg/L 17.5 17.6 0.570 0.153 0.131 15.5 0.704 0.703 0.142
Nitrite (as N) mg/L <0.0050 <0.0050 - <0.0010 <0.0010 - 0.00380 0.00480 23.3
Total Kjeldahl Nitrogen mg/L <0.050 0.377 153 0.112 0.0920 19.6 0.156 0.291 60.4
Orthophosphate mg/L 0.0222 0.0215 3.20 0.00300 0.00270 10.5 <0.0010 0.00120 18.2
Phosphorus, Total mg/L 0.0229 0.0215 6.31 0.00480 0.00580 18.9 0.00440 0.00320 31.6
Sulphate mg/L 802 807 0.622 62.4 62.0 0.643 116 117 0.858
Anion Sum meq/L 27.8 27.8 0 4.56 4.54 0.440 6.03 6.08 0.826
Cation Sum meq/L 281 28.6 1.76 4.47 4.40 1.58 5.60 5.88 4.88
Cation - Anion Difference % 0.537 1.42 90.2 0.997 1.56 44.0 3.70 1.67 75.6
Cation - Anion Ratio % 101 103 1.96 98.0 96.9 1.13 92.9 96.7 4.01
Organic / Inorganic Carbon
Dissolved Organic Carbon mg/L 0.680 0.810 17.4 1.75 1.81 3.37 0.860 1.20 33.0
Total Organic Carbon mg/L 0.670 0.680 1.48 1.80 1.80 0 0.980 1.00 2.02
Total Metals
Aluminum mg/L <0.0030 <0.0060 - 0.00550 0.00750 30.8 0.00360 <0.0030 18.2
Antimony mg/L 0.000200 <0.00020 0 <0.00010 <0.00010 - 0.000120 0.000120 0
Arsenic mg/L 0.000250 0.000270 7.69 0.000190 0.000180 5.41 0.000200 0.000170 16.2
Barium mg/L 0.0652 0.0664 1.82 0.113 0.114 0.881 0.116 0.115 0.866
Beryllium pg/L <0.020 <0.040 - <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L <0.000050 <0.000100 - <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L 0.0140 <0.020 35.3 0.0110 0.0110 0 0.0140 0.0140 0
Cadmium pg/L 0.0819 0.104 23.8 0.0227 0.0192 16.7 0.0263 0.0247 6.27
Calcium mg/L 263 267 1.51 53.7 55.0 2.39 69.2 68.4 1.16
Chromium mg/L 0.000200 <0.00020 0 0.000120 0.000120 0 0.000140 0.000120 15.4
Cobalt pg/L <0.10 <0.20 - <0.10 <0.10 - <0.10 <0.10 -
Copper mg/L <0.00050 <0.00100 - <0.00050 <0.00050 - <0.00050 <0.00050 -
Iron mg/L <0.010 <0.020 - <0.010 <0.010 - 0.0130 <0.010 26.1
Lead mg/L <0.000050 <0.000100 - <0.000050 <0.000050 - <0.000050 <0.000050 -
Lithium mg/L 0.0281 0.0288 2.46 0.00660 0.00670 1.50 0.0114 0.0114 0
Magnesium mg/L 156 157 0.639 16.3 16.6 1.82 26.8 26.7 0.374
Manganese mg/L <0.00010 <0.00020 - 0.00141 0.00144 2.11 0.00322 0.00288 11.1
Mercury pg/L 0.850 <0.50 51.9 0.000530 0.000530 0 <0.00050 <0.00050 -
Molybdenum mg/L 0.00104 0.00108 3.77 0.000858 0.000877 2.19 0.00173 0.00179 3.41
Nickel mg/L 0.000900 <0.00100 10.5 0.000700 0.000710 1.42 0.00191 0.00188 1.58
Potassium mg/L 2.73 2.72 0.367 0.680 0.684 0.587 1.06 1.07 0.939
Selenium pg/L 169 161 4.85 2.03 1.90 6.62 7.28 7.14 1.94
Silicon mg/L 3.98 3.97 0.252 2.15 2.25 4.55 2.34 2.32 0.858
Silver mg/L <0.000010 <0.000020 - <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 3.48 3.45 0.866 3.58 3.59 0.279 3.92 3.94 0.509
Strontium mg/L 0.245 0.240 2.06 0.159 0.164 3.10 0.178 0.180 1.12
Sulphur mg/L 312 303 2.93 21.0 21.6 2.82 39.3 39.0 0.766
Thallium mg/L <0.000010 <0.000020 - <0.000010 <0.000010 - <0.000010 <0.000010 -
Tin mg/L <0.00010 <0.00020 - <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L <0.00030 <0.00060 - <0.00030 <0.00030 - <0.00030 <0.00030 -
Uranium mg/L 0.00895 0.00822 8.50 0.000841 0.000863 2.58 0.00156 0.00157 0.639
Vanadium mg/L <0.00050 <0.00100 - <0.00050 <0.00050 - <0.00050 <0.00050 -
Zinc mg/L <0.0030 <0.0060 - <0.0030 <0.0030 - <0.0030 <0.0030 -

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

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 B.6: Field Duplicate Results for Water Chemistry Analyses, EVO LAEMP, 2021

RG_ERCKUT | RG_RIVER RG_MIDER RG_MICOMP
Parameter Units _WS_LAEMP_| WS_LAEMP_ | RPD | WS_LAEMP_ vsg—;:;,f_ Eg_ RPD | WS_LAEMP_ ‘zg—;)l;,f_ 55_ RPD
EVO_2021-12-| EVO_2021- (%) |EVO_2021-09- 09 1435 (%) |EVO_2021-09- 13 1600 (%)
14_1330 09_1330 09_1435 - 13_1600 -
Dissolved Metals
Aluminum mg/L <0.0010 0.00730 152 <0.0010 <0.0010 - <0.0010 <0.0010 -
Antimony mg/L 0.000180 0.000170 5.71 <0.00010 <0.00010 - 0.000110 0.000110 0
Arsenic mg/L 0.000250 0.000290 14.8 0.000170 0.000170 0 0.000190 0.000180 5.41
Barium mg/L 0.0672 0.0682 1.48 0.108 0.110 1.83 0.112 0.117 4.37
Beryllium pg/L <0.020 <0.020 - <0.020 <0.020 - <0.020 <0.020 -
Bismuth mg/L - - - <0.000050 <0.000050 - <0.000050 <0.000050 -
Boron mg/L - - - 0.0100 0.0100 0 0.0120 0.0130 8.00
Cadmium pg/L 0.0884 0.101 13.3 0.0190 0.0173 9.37 0.0191 0.0183 4.28
Calcium mg/L 291 294 1.03 54.9 53.8 2.02 65.0 68.7 5.53
Chromium mg/L 0.000200 0.000230 14.0 0.000120 0.000150 22.2 0.000120 0.000110 8.70
Cobalt ug/L - - - <0.10 <0.10 - <0.10 <0.10 -
Copper mg/L <0.00020 <0.00020 - <0.00020 0.000220 - <0.00020 <0.00020 -
Iron mg/L <0.010 <0.010 - <0.010 <0.010 - <0.010 <0.010 -
Lead mg/L - - - <0.000050 <0.000050 - <0.000050 <0.000050 -
Lithium mg/L 0.0292 0.0288 1.38 0.00660 0.00650 1.53 0.0111 0.0117 5.26
Magnesium mg/L 162 166 2.44 18.7 18.5 1.08 26.3 27.3 3.73
Manganese mg/L <0.00010 <0.00010 - 0.000940 0.000940 0 0.00172 0.00170 1.17
Mercury ug/L <0.0000050 | <0.0000050 - <0.0000050 | <0.0000050 - <0.0000050 | <0.0000050 -
Molybdenum mg/L 0.00110 0.00105 4.65 0.000895 0.000909 1.55 0.00169 0.00174 2.92
Nickel mg/L 0.000920 0.000940 2.15 0.000960 0.000930 3.17 0.00178 0.00179 0.560
Potassium mg/L 2.93 3.07 4.67 0.701 0.714 1.84 0.997 1.08 7.99
Selenium pg/L 204 199 2.48 2.10 1.75 18.2 7.52 7.61 1.19
Silicon mg/L 4.04 4.04 0 2.23 2.21 0.901 2.19 2.20 0.456
Silver mg/L <0.000010 <0.000010 - <0.000010 <0.000010 - <0.000010 <0.000010 -
Sodium mg/L 3.60 3.72 3.28 3.96 3.97 0.252 3.84 4.00 4.08
Strontium mg/L 0.242 0.241 0.414 0.160 0.163 1.86 0.172 0.177 2.87
Sulphur mg/L 306 297 2.99 22.0 20.9 5.13 36.9 35.8 3.03
Thallium mg/L <0.000010 <0.000010 - <0.000010 <0.000010 - 0.0000130 <0.000010 26.1
Tin mg/L - - - <0.00010 <0.00010 - <0.00010 <0.00010 -
Titanium mg/L <0.00030 <0.00030 - <0.00030 <0.00030 - <0.00030 <0.00030 -
Uranium mg/L 0.00874 0.00873 0.114 0.000786 0.000785 0.127 0.00144 0.00146 1.38
Vanadium mg/L <0.00050 <0.00050 - <0.00050 <0.00050 - <0.00050 <0.00050 -
Zinc mg/L 0.00180 0.00370 69.1 <0.0010 <0.0010 - <0.0010 <0.0010 -

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

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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B2.5 Hold Times

The recommended hold times for pH and ORP analyses (0.25 to 0.34 hrs) were exceeded in
all samples collected. As in situ pH and ORP were used for data interpretation, these hold
time exceedances had no impact on data interpretability. The hold time for turbidity was
exceeded by less than one day in two samples (see laboratory report CG2104005 in
Appendix H) and by one day in two additional samples (see laboratory report CG2104077).
Hold times for nitrite and nitrate were exceeded by one day in two samples (see laboratory
report CG2104077) and by three days in three samples (see laboratory reports CG2104114).
The hold time for nitrate was exceeded in one additional sample by two days (see laboratory
report CG2104214). For three of the above nitrite hold time exceedances and four of the above
nitrate hold time exceedances, nitrite and nitrate initially did not exceed hold times but
exceeded hold times when re-analyzed or during dilution. The hold time for dissolved
orthophosphate was exceeded by one day in six samples (see laboratory reports CG2104077
and CG2104214). The only analytes of primary concern for which hold times were exceeded
were nitrate and nitrite, and these hold time exceedances will be taken into consideration
during data interpretation. All hold times were met for selenium speciation samples.

B2.6 Other Concerns

Five results for TKN were flagged by ALS as possibly being biased low due to interference
from high nitrate concentrations (see laboratory reports CG2104214 and CG2104194
in Appendix H). One result for selenosulfate was flagged as an estimate by BAL
(see laboratory report 2100308 in Appendix H). This result was affected by chromatic
interference, as indicated by elevated baselines or co-eluting peaks. The volatile selenium
sample from RG_ERCKUT in December, 2021, was not submitted to BAL; therefore, volatile
selenium data is not available for this sample.

B2.7 Data Quality Statement

Water chemistry data collected for the 2021 EVO LAEMP were of acceptable quality as
characterized by appropriate LRLs, negligible analyte concentrations in method blanks,
excellent laboratory precision and accuracy, adequate field precision and reproducibility, and
few hold time exceedances. Field duplicates submitted to BAL indicated potential issues with
field sampling accuracy that will be taken into consideration during data interpretation.
Overall, the associated data can be used with a high level of confidence in the derivation
of conclusions.
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B3 SEDIMENT CHEMISTRY

B3.1 Laboratory Reporting Limits

The analytical reports for sediment chemistry from ALS (Appendix H) were examined to assess
LRLs relative to analyte concentrations and applicable guidelines (Table B.8). The LRLs for
these analytes were assessed relative to existing British Columbia Working Sediment
Quality Guidelines (BC WSQG; BCMOECCS 2021b). Bismuth, tungsten, and quinoline were
reported at concentrations below the LRL in 100% of samples (Table B.8); however, no
relevant guidelines exist for these analytes. All LRLs for metals were above relevant
guidelines, but several LRLs for polycyclic aromatic hydrocarbons (PAHS)
including acenaphthene, acenaphthylene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene,
fluorene, naphthalene, and pyrene exceeded the lower BC WSQG (i.e., Interim Sediment
Quality Guideline) in 16.0 to 80.0% of samples. The LRLs for acenaphthene also exceeded
the upper BC WSQG (i.e., Probable Effect Limit) in 6.67% of samples. The reason for these
high LRLs was 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.

B3.2 Laboratory Blanks

A total of 27 MB samples were analyzed in the ALS laboratory reports (Appendix H). All 463
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.

B3.3 Data Precision

Ten laboratory duplicate samples were used to evaluate precision within the ALS
laboratory reports (Appendix H). All 102 individual analyte results met the laboratory DQO
(Table B.1). Therefore, ALS laboratory analytical precision was considered excellent.

Three sets of field duplicate samples were collected to assess field sampling precision for
sediment chemistry (Table B.9). Samples were collected as split samples (i.e., a larger sample
was homogenized and then split into two duplicate sub-samples), and some variability was
expected based on the inherent heterogeneity of sediments. Several relative
percent differences (RPDs) could not be calculated as both analyte concentrations in the pair
were below the LRL. Of the 191 RPDs that could be calculated, 38 RPDs were greater
than 30% (19.9% of comparisons; Table B.9). Of the RPDs greater than 30%, 10 were from
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Table B.7: Field Duplicate Results for Selenium Speciation Analyses, EVO, 2021

RG_ERCKUT | RG_RIVER RG_MIDGA RG_MICOMP
Parameter Units _WS_LAEMP | WS_LAEMP_| RPD | WS_LAEMP_ ng_ZROI;I'IEEE- RPD | _WS_LAEMP ng_ZROI;I'IEEE- RPD
_EVO_2021- [EVO_2021-12- (%) |EVO_2021-09- 1; 1530 (%) | _EVO_2021- 15 1600 (%)
12-14_1330 14_1330 11_1530 - 09-13_1600 -

Dimethylselenoxide mg/L <0.010 <0.010 - <0.010 <0.010 - <0.010 <0.010 -
MeSe(lV) - Methylseleninic Acid mg/L <0.010 <0.010 - 0.008 0.011 31.6 0.014 0.009 43.5
Methaneselenonic Acid mg/L <0.010 <0.010 - <0.010 <0.010 - <0.010 <0.010 -
Se(lV) - Selenite mg/L 0.03 0.024 22.2 0.163 0.149 9.0 0.174 0.194 10.9
Se(VI) - Selenate mg/L 139 134 3.7 3.01 3 0.3 6.97 6.94 0.4
SeCN - Selenocyanate mg/L <0.010 <0.010 - <0.010 <0.010 - <0.010 <0.010 -
SeMe - Selenomethionine mg/L <0.010 <0.010 - <0.010 <0.010 - <0.010 <0.010 -
Selenosulfate mg/L <0.010 <0.010 - <0.010 <0.010 - <0.010 <0.010 -
Unknown Selenium Species mg/L <0.010 <0.010 - <0.010 <0.010 - <0.010 <0.010 -
Total Selenium Mg/L 137 138 0.7 3.12 2.98 4.6 6.33 6.61 4.3
Dissolved Selenium ug/L 129 135 4.5 2.96 2.81 5.2 6.47 6.83 5.4
[ Tlindicates RPD exceeded 30%.
Notes: RPD = relative percent difference; LRL = Laboratory Reporting Limit; "-" = no data/not calculated. 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.




Table B.8: Laboratory Reporting Limit (LRL) Evaluation for Sediment Chemistry Analyses,

EVO LAEMP, 2021

Parameter Units |scB:; WSQ?ZL Range of LRLs No.ISLQR(I;s > No.lla.II:LLs > RZ:&I?:T'I)_II:L
Particle Size
% Gravel (>2 mm) % - - 1 - - 16 (47.1%)
% Sand (2.00 mm - 1.00 mm) % - - 1 - - 9 (26.5%)
Metals
Bismuth mg/kg - - 0.2 - - 34 (100%)
Boron mg/kg - - 5 - - 9 (26.5%)
Mercury mg/kg 0.17 0.486 0.005 0 0 1(2.94%)
Silver mg/kg 0.5 - 0.1 0 - 4 (11.8%)
Sulphur mg/kg - - 1000 - - 24 (70.6%)
Tin mg/kg - - 2 - - 33 (97.1%)
Tungsten mg/kg - - 0.5 - - 34 (100%)
Zirconium mg/kg - - 1 - - 25 (73.5%)
Polycyclic Aromatic Hydrocarbons
Acenaphthene mg/kg | 0.00671 = 0.0889 | 0.0051t0 0.095 | 24 (80.0%) | 2 (6.67%) 30 (88.2%)
Acenaphthylene mg/kg | 0.00587 | 0.128 0.005 to 0.05 13 (54.2%) 0 24 (70.6%)
Acridine mg/kg - - 0.01to 0.22 - - 31 (91.2%)
Anthracene mg/kg | 0.0469 0.245 0.004 to 0.04 0 0 30 (88.2%)
Benzo(a)anthracene mg/kg - - 0.01 - - 13 (38.2%)
Benzo(a)pyrene mg/kg | 0.0319 0.782 0.01to0 0.1 4 (16.0%) 0 25 (73.5%)
Benzo(b&j)fluoranthene mg/kg - - 0.01t0 0.1 - - 4 (11.8%)
Benzo(b+j+k)fluoranthene mg/kg - - 0.015t0 0.14 - - 7 (20.6%)
Benzo(g,h,i)perylene mg/kg 0.17 0.32 0.01t0 0.1 0 0 19 (55.9%)
Benzo(k)fluoranthene mg/kg 0.24 13.4 0.01t0 0.1 0 0 33 (97.1%)
Benzo(e)pyrene mg/kg - - 0.01t0 0.1 - - 5 (14.7%)
Chrysene mg/kg | 0.0571 0.862 0.01 to 0.39 3 (75.0%) 0 4 (11.8%)
Dibenz(a,h)anthracene mg/kg | 0.00622 | 0.135 0.005 to 0.05 14 (58.3%) 0 24 (70.6%)
Fluoranthene mg/kg 0.111 2.36 0.01t0 0.1 0 0 11 (32.4%)
Fluorene mg/kg | 0.0212 0.144 0.01to0 0.1 5(29.4%) 0 17 (50.0%)
Indeno(1,2,3-c,d)pyrene mg/kg 0.2 3.2 0.01t0 0.1 0 0 32 (94.1%)
Perylene mg/kg - - 0.01t0 0.1 - - 29 (85.3%)
Pyrene mg/kg 0.053 0.875 0.01to0 0.1 3 (37.5%) 0 8 (23.5%)
Quinoline mg/kg - - 0.015t0 0.1 - - 34 (100%)
B(a)P Total Potency Equivalent | mg/kg - - 0.02 to 0.096 - - 11 (32.4%)
Notes: "-" = no applicable guideline exists, BC WSQGs = British Columbia Sediment Quality Guidelines (BCMOECCS 2021b); ISQG = Interim

Sediment Quality Guideline; PEL = Probable Effects Limit. Only analytes with at least one result < Laboratory Reporting Limit (LRL) or LRL
were above guidelines were displayed. The total number of samples in 2021 (n) was 34, which included three field duplicate samples.




Table B.9: Field Duplicate Results for Sediment Chemistry Analyses, EVO LAEMP, 2021

RG_ERCKDT_SE RG_MICOMP_SE RG_MI3_SE- RG_RIVER_SE-
Parameter Units 1_2021-09- r‘;%i';’_fi—fﬁf RPD (%)| 2 2021-00- R;)Gz?i)ls\;l-f?_foi_sz RPD (%)| 3_2021-09- 4_2021-09- |RPD (%)
14_1100 - 13_1045 - 12_1440 12_1440
Physical Tests
Moisture % 86.4 85.8 0.697 75.3 721 4.34 44.5 452 1.56
pH (1:2 soil:water) pH 8.01 8.03 0.249 8.17 8.18 0.122 7.33 7.32 0.137
Particle Size
% Gravel (>2 mm) % <1.0 <1.0 - <1.0 <1.0 - 4.30 1.90 77.4
% Sand (2.00 mm - 1.00 mm) % <1.0 <1.0 - 2.40 <1.0 82.4 3.30 2.00 491
% Sand (1.00 mm - 0.50 mm) % <1.0 <1.0 - 6.50 1.50 125 7.30 3.40 72.9
% Sand (0.50 mm - 0.25 mm) % <1.0 <1.0 - 19.0 3.00 145 8.30 5.90 33.8
% Sand (0.25 mm - 0.125 mm) % 3.20 2.80 13.3 15.3 3.80 120 16.6 17.7 6.41
% Sand (0.125 mm - 0.063 mm) % 4.70 5.00 6.19 9.60 5.60 52.6 23.2 26.2 121
% Silt (0.063 mm - 0.0312 mm) % 24.7 27.7 11.5 201 37.4 60.2 18.4 21.3 14.6
% Silt (0.0312 mm - 0.004 mm) % 50.8 50.4 0.791 221 40.5 58.8 16.2 18.8 14.9
% Clay (<4 ym) % 15.5 13.6 13.1 5.00 7.90 45.0 2.40 2.80 15.4
Organic / Inorganic Carbon
Total Organic Carbon % 11.8 1.1 6.11 | 4.40 717 47.9 3.22 5.81 57.4
Metals
Aluminum mg/kg 3,610 4,110 13.0 5,780 4,660 215 7,920 7,900 0.253
Antimony mg/kg 0.950 1.08 12.8 0.590 0.630 6.56 0.840 0.860 2.35
Arsenic mg/kg 14.5 14.6 0.687 4.71 4.79 1.68 6.18 6.03 2.46
Barium mg/kg 178 173 2.85 216 202 6.70 219 247 12.0
Beryllium mg/kg 0.460 0.480 4.26 0.450 0.420 6.90 0.580 0.570 1.74
Bismuth mg/kg <0.20 <0.20 - <0.20 <0.20 - <0.20 <0.20 -
Boron mg/kg 8.50 10.4 201 6.00 <5.0 18.2 6.50 6.40 1.55
Cadmium mg/kg 3.85 3.60 6.71 1.21 1.20 0.830 1.40 1.46 4.20
Calcium mg/kg 67,400 64,000 5.18 39,300 42,400 7.59 29,100 29,000 0.344
Chromium mg/kg 8.58 9.97 15.0 10.7 8.99 17.4 15.7 16.2 3.13
Cobalt mg/kg 63.6 57.7 9.73 7.57 712 6.13 6.82 6.55 4.04
Copper mg/kg 15.4 14.5 6.02 12.0 11.8 1.68 12.7 131 3.10
Iron mg/kg 25,700 24,300 5.60 12,800 12,400 3.17 14,300 14,200 0.702
Lead mg/kg 7.56 7.04 712 9.41 8.76 7.15 10.3 9.07 12.7
Lithium mg/kg 5.50 5.70 3.57 7.10 6.40 10.4 8.60 7.60 12.3
Magnesium mg/kg 8,620 8,020 7.21 5,190 5,120 1.36 5,400 5,210 3.58
Manganese mg/kg 1,290 1,140 12.3 313 309 1.29 215 233 8.04
Mercury mg/kg 0.0366 0.0314 15.3 0.0417 0.0443 6.05 0.0385 0.0640 49.8
Molybdenum mg/kg 1.72 1.83 6.20 1.03 1.07 3.81 1.39 1.51 8.28
Nickel mg/kg 98.0 91.9 6.42 33.4 321 3.97 28.0 27.4 217
Phosphorus mg/kg 1,170 1,160 0.858 981 1,040 5.84 1,150 1,260 9.13
Potassium mg/kg 1,100 1,290 15.9 1,260 900 33.3 1,670 1,720 2.95
Selenium mg/kg 321 329 2.46 1.66 1.57 5.57 1.08 1.18 8.85
Silver mg/kg 0.190 0.180 5.41 0.160 0.160 0 0.180 0.180 0
Sodium mg/kg 84.0 75.0 11.3 72.0 67.0 719 88.0 89.0 1.13
Strontium mg/kg 71.4 68.9 3.56 67.6 69.8 3.20 61.7 71.8 151
Sulfur mg/kg 2,100 1,800 15.4 <1,000 <1,000 - <1,000 <1,000 -
Thallium mg/kg 0.355 0.394 10.4 0.193 0.173 10.9 0.233 0.271 151
Tin mg/kg <2.0 15.8 155 <2.0 <2.0 - <2.0 <2.0 -
Titanium mg/kg 5.60 9.70 53.6 16.3 9.10 56.7 40.3 37.9 6.14
Tungsten mg/kg <0.50 <0.50 - <0.50 <0.50 - <0.50 <0.50 -
Uranium mg/kg 1.55 1.55 0 0.875 0.892 1.92 1.1 1.31 16.5
Vanadium mg/kg 18.9 21.3 11.9 27.2 23.0 16.7 41.3 41.9 1.44
Zinc mg/kg 243 227 6.81 90.1 87.5 2.93 96.9 96.4 0.517
Zirconium mg/kg <1.0 <1.0 - <1.0 <1.0 - 1.10 1.10 0
Polycyclic Aromatic Hydrocarbons
Acenaphthene mg/kg <0.085 <0.085 - <0.025 <0.015 - 0.0173 <0.020 14.5
Acenaphthylene mg/kg <0.018 <0.018 - 0.0110 <0.0085 25.6 0.00520 0.00530 1.90
Acridine mg/kg <0.22 <0.22 - <0.030 0.0190 44.9 <0.020 <0.020 -
Anthracene mg/kg <0.020 <0.014 - 0.0119 <0.0068 54.5 <0.0040 0.00440 9.52
Benz(a)anthracene mg/kg 0.102 0.272 90.9 0.0420 0.0260 471 0.0290 0.0240 18.9
Benzo(a)pyrene mg/kg 0.0640 <0.035 58.6 0.0360 0.0200 57.1 0.0150 <0.010 40.0
Benzo(b&j)fluoranthene mg/kg 0.162 0.152 6.37 0.0900 0.0560 46.6 0.0520 0.0400 26.1
Benzo(b+j+k)fluoranthene mg/kg 0.162 0.152 6.37 0.0900 0.0560 46.6 0.0520 0.0400 26.1
Benzo(e)pyrene mg/kg 0.156 0.147 5.94 0.0740 0.0540 31.3 0.0570 0.0480 171
Benzo(g,h,i)perylene mg/kg 0.0730 0.0560 26.4 0.0320 <0.017 61.2 0.0170 0.0130 26.7
Benzo(k)fluoranthene mg/kg <0.035 <0.035 - <0.020 <0.017 - <0.010 <0.010 -
Chrysene mg/kg <0.39 0.212 59.1 0.0670 0.0500 291 0.111 0.0850 26.5
Dibenz(a,h)anthracene mg/kg 0.0190 <0.018 5.41 <0.010 <0.0085 - <0.0050 <0.0050 -
Fluoranthene mg/kg 0.0810 0.0600 29.8 <0.050 0.0380 27.3 0.0420 <0.040 4.88
Fluorene mg/kg 0.274 0.302 9.72 <0.050 0.0350 35.3 <0.030 <0.020 -
Indeno(1,2,3-c,d)pyrene mg/kg <0.035 <0.035 - <0.020 <0.017 - <0.010 <0.010 -
1-Methylnaphthalene mg/kg 0.751 0.836 10.7 0.166 0.131 23.6 0.294 0.215 31.0
2-Methylnaphthalene mg/kg 1.48 1.55 4.62 0.234 0.201 15.2 0.372 0.257 36.6
Naphthalene mg/kg 0.374 0.380 1.59 0.113 0.0990 13.2 0.159 0.127 224
Perylene mg/kg <0.035 <0.035 - <0.020 <0.017 - <0.010 <0.010 -
Phenanthrene mg/kg 1.06 1.12 5.50 0.291 0.233 221 0.370 0.330 11.4
Pyrene mg/kg 0.101 0.112 10.3 0.0550 <0.050 9.52 0.0460 <0.040 14.0
Quinoline mg/kg <0.035 <0.035 - <0.020 <0.017 - <0.050 <0.050 -
d10-Acenaphthene % 123 122 0.570 99.3 101 1.70 81.7 86.6 5.82
d12-Chrysene % 119 N/A - 111 110 1.18 103 107 3.89
d8-Naphthalene % 115 115 0.0870 92.4 94.6 2.35 83.6 84.5 1.07
d10-Phenanthrene % 110 N/A - 108 105 273 95.0 100 5.23
B(a)P Total Potency Equivalent mg/kg 0.116 0.0750 42.9 0.0570 0.0350 47.8 0.0280 <0.020 33.3
|:|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.




minnow environmental inc. Teck
Project 217202.0009 2021 EVO LAEMP — Data Quality Review

pairs where one analyte concentration was below the LRL, where greater variability is
expected. Additionally, of the RPDs greater than 30%, 22 were from one set of field duplicate
samples, indicating poor homogenization of this pair of samples. Polycyclic aromatic
hydrocarbons (PAHs) overall had more RPDs greater than 30% than did metals. The greater
variability observed for PAHSs is likely attributed to residual heterogeneity in the samples.
Subtle differences in the distribution of fine particulate matter and associated PAHs amongst
split samples may exist even after homogenization in the field. As 19.9%% of calculable RPDs
exceeded the DQO, the data were considered to have adequate field precision
and reproducibility.

B3.4 Data Accuracy

Data accuracy for sediment chemistry analyses completed by ALS was evaluated based on
the analysis of 29 LCS, four CRM samples, and 24 Internal Reference Material (IRM) samples.
All 395 LCS, 132 CRM, and 256 IRM individual analyte results met the laboratory DQO
(Table B.1). Therefore, the accuracy achieved by the laboratory was considered excellent.

B3.5 Hold Times
All recommended hold times were met for all samples.
B3.6 Data Quality Statement

Sediment chemistry data collected for the 2021 EVO LAEMP were of acceptable quality as
characterized by appropriate LRLs, excellent laboratory precision and accuracy, adequate field
precision and reproducibility, and no hold time exceedances. Overall, the associated data
were considered acceptable for this study.
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B4 BENTHIC INVERTEBRATE COMMUNITY

B4.1 Organism Sorting Efficiency

The analytical reports from Cordillera Consulting Inc. (benthic invertebrate
community structure; see Appendix H for laboratory reports) were examined to assess
subsampling accuracy. 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. The proportion of subsampled material ranged from 5%
to 12% of the total sample material (Table B.10). Both the precision and accuracy of the
subsamples randomly chosen for subsample assessment (approximately 10% of samples that
were subsampled; n = 3) met the DQO in all subsamples (<20%; Table B.11). Thus, the
precision and accuracy for sub-sampling of the benthic invertebrate community samples was
considered excellent.

B4.2 Subsampling Accuracy and Accuracy

To measure the effectiveness of the sorters, at least 10% of samples (n = 3) were selected at
random for resorting analysis by a different sorter. As average sorting efficiency of benthic
invertebrate samples (96.7%, Table B.12) was above the laboratory DQO (95%),
organism sorting efficiency was considered excellent.

B4.3 Taxonomic ldentification Accuracy

Cordillera Consulting Inc. performed an internal audit of taxonomic identification for
approximately 10% of all community structure samples (n = 3; Table B.13). The analysts
reported a total identification error rate (TIR) of 0% for all relevant samples, a percent
difference in enumeration (PDE) of 0% to 0.128%, a percent taxonomic disagreement (PTD)
of 0.415% to 1.02%, and a Bray Curtis Dissimilarity Index (BCDI, a measure of the differences
in identifications between different analysts) of 0.003 to 0.009 (Table B.13). The laboratory
DQO was based on TIR as per CABIN Ilaboratory methods (<5% TIR;
Environment Canada 2014). As the TIR was below 5% for all samples examined, the
taxonomic accuracy of the analysis was considered excellent.

B4.4 Data Quality Statement

Benthic community data collected for the 2021 EVO LAEMP and analyzed by Cordillera
Consulting Inc. were of good quality as characterized by excellent sorting efficiency,
subsampling precision and accuracy, and taxonomic identification accuracy. Therefore, the
associated data can be used with a high level of confidence in the derivation of conclusions.

Y.
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Table B.10: Percent of Sample Sorted and the Total Number of Invertebrates Recovered from the Sampled Fraction, EVO
LAEMP, 2021

Sample ID Laboratory ID Proportion Sampled (%) Numbersoafr:‘np\::;tebrates
RG_ERCKUT_BIC-1_2021-09-15 CC221287 5 556
RG_ERCKUT_BIC-2_2021-09-15 CC221288 5 722
RG_ERCKUT_BIC-3_2021-09-15 CC221289 5 373

RG_MIDBO_BIC-1_2021-09-11 CC221290 5 524
RG_MIDBO_BIC-2_2021-09-11 CC221291 5 404
RG_MIDBO_BIC-3_2021-09-11 CC221292 5 400
RG_ERCKDT_BIC-1_2021-09-15 CC221293 5 942
RG_ERCKDT_BIC-2_2021-09-15 CC221294 5 599
RG_ERCKDT_BIC-3_2021-09-15 CC221295 5 782
RG_MIDER_BIC-1_2021-09-09 CC221296 12 417
RG_MIDER_BIC-2_2021-09-09 CC221297 8 324
RG_MIDER_BIC-3_2021-09-09 CC221298 5 340
RG_ERCK_BIC-1_2021-09-10 CC221299 5 868
RG_ALUSM_BIC-1_2021-09-12 CC221300 5 475
RG_ALUSM_BIC-2_2021-09-12 CC221301 5 427
RG_ALUSM_BIC-3_2021-09-12 CC221302 5 362
RG_MIDGA_BIC-1_2021-09-11 CC221303 5 647
RG_MIDGA_BIC-2_2021-09-11 CC221304 5 391
RG_MIDGA_BIC-3_2021-09-11 CC221305 5 400
RG_MI3_BIC-1_2021-09-11 CC221306 5 356
RG_MI3_BIC-2_2021-09-11 CC221307 5 633
RG_MI3_BIC-3_2021-09-11 CC221308 5 474
RG_MICOMP_BIC-1_2021-09-13 CC221309 5 800
RG_MICOMP_BIC-2_2021-09-13 CC221310 5 399
RG_MICOMP_BIC-3_2021-09-13 CC221311 5 561
RG_MICOMP_BIC-4_2021-09-13 CC221312 5 671
RG_MICOMP_BIC-5_2021-09-13 CC221313 5 784




Table B.11: Benthic Invertebrate Community Sub-sampling Precision and Accuracy, EVO LAEMP, 2021

Station ID Organisms in Subsample (n) Precision Error | Accuracy Error
Total
Sample ID Lab‘:'D‘“"y 1 2 3 4 5 6 7 8 9 0 1 12 13 14 15 16 17 18 19 20 Min (%) Max (%)| Min (%) Max (%)
RG_MIDBO_BIC-2_2021-09-11 ~ CC221291 | 384 = 369 370 413 369 - . . . . . . . . . . . . . - | 195 o | 107 | 079 84
RG_MI3_BIC-3_2021-09-11 CC221308 | 437 | 447 446 435 433 - - - - - - - - - - - - - - - | 2198 | 022 31 | 059 168
RG_ALUSM_BIC-2_2021-09-12 | CC221301 | 414 = 410 392 = 380 415 408 418 425 426 373 378 377 414 400 440 364 409 = 384 385 410 | 8022 | 0.00 173 | 027 970
0.07 104 | 055 659

Note: "-" indicates subsample was not analyzed.



Table B.12: Benthic Invertebrate Community Sorting Efficiency, EVO LAEMP, 2021

Number of

Laboratory | Organisms Numper Of. Sorting
Sample ID Organisms in . .
ID Recovered Re-sort Efficiency (%)
(Initial Sort)
RG_ALUSM_BIC-1_2021-09-12 CC221300 18 475 96.0
RG_MIDGA_BIC-1_2021-09-11 CC221303 30 647 95.0
RG_MI3_BIC-1_2021-09-11 CC221306 5 356 99.0

96.7




Table B.13: Percent Benthic Invertebrate Community Organism Recovery®, EVO LAEMP,

2021
Laboratory | Percent Taxa o o o
Sample ID D Sampled (%)|Identified (n) TIR (%) PDE (%) PTD (%) BCDI
RG_ERCKUT_BIC-
2 2021-0915 CC221288 5 723 0 0 0.415 0.003
RG_ERCKDT_BIC-
2 2021-0915 CC221294 5 599 0 0 0.501 0.005
RG_MIDGABIC- | 50291304 5 392 0 0.128 1.02 0.009

2_2021-09-11

Notes: TIR = Total Identification Error Rate, PDE = Percent Difference in Enumeration, PTD = Percent Taxonomic Disagreement,
BCDI = Bray Curtis Dissimilarity Index to quantify differences in identifications.

@ For error rationale and calculations, refer to Cordillera Consulting laboratory report (Appendix H).
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Quality control procedures were not conducted on benthic invertebrate community structure
and density data analyzed by Zeas.
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B5 BENTHIC INVERTEBRATE TISSUE CHEMISTRY

B5.1 Laboratory Reporting Limits

Analytical reports of benthic invertebrate tissue metal concentrations from TrichAnalytics
(see laboratory reports in Appendix H) were examined to provide an inventory of analyte
results below the LRL and to compare the LRLs for these analytes to available benchmarks
(Table B.14). Arsenic and mercury were the only analytes that had at least one result below
the LRL (Table B.14). However, the sole focus of interpretation of benthic invertebrate tissue
chemistry results for the EVO LAEMP was selenium. Selenium was detectable (i.e.,
above the LRL) in all benthic invertebrate samples, therefore comparison of the selenium LRL
to the applicable guidelines was not necessary to assess whether adequate detectability
was achieved. Overall, the detectability of selenium in all samples (i.e., below the LRL)
indicates that the achieved LRLs were suitable for the study.

B5.2 Data Accuracy and Precision

Data accuracy and precision were evaluated based on the analysis of six CRM samples
(see laboratory reports in Appendix H). As all 180 CRM results met the laboratory DQO,
laboratory accuracy and precision as determined by CRM analyses were considered excellent.
Laboratory precision was also evaluated by duplicate analysis of seven benthic invertebrate
tissue samples see laboratory reports in Appendix H). As all 210 duplicate results met the
laboratory DQO, laboratory accuracy and precision as determined by duplicate analyses were
considered excellent.

B5.3 Data Quality Statement

Benthic invertebrate tissue data collected for the 2021 EVO LAEMP were of good quality as
characterized by 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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Table B.14: Laboratory Reporting Limit (LRL) Evaluation for Benthic Invertebrate
Tissue Chemistry Analyses, FRO LAEMP, 2021

. No. Sample
Parameter Units Range of LRLs Results < LRL
Arsenic mg/kg dw 0.441 to 0.451 17 (28.8%)
Mercury mg/kg dw 0.023 to 0.025 4 (6.78%)
Notes: "-" = no applicable guideline exists; LRL = Laboratory Reporting Limit; dw = dry weight. Only analytes with

at least one sample results < LRL are displayed. Total number of samples was 59. The only guidelines that exist
for benthic invertebrate tissue are for selenium, and LRLs for selenium were below the
applicable guidelines.
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B6 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 2021 EVO LAEMP.
Field sampling precision was relatively low in water chemistry samples submitted to BAL,
suggesting potential field contamination. However, the number of QA/QC samples submitted
to BAL was low, which may be contributing to a false perception that samples submitted to
BAL were of a lower quality. In future studies, more QC samples will be submitted to BAL to
gain a clearer understanding of field contamination or inaccuracies associated with
these samples. Additionally, some water chemistry samples exceeded hold times for nitrite
and nitrate. Sediment LRLs for PAHs were relatively high, and RPDs for sediment were also
relatively high, largely contributed to by one field duplicate set. All of the above will be taken
into consideration during data interpretation.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.

Page 1 of 16



6
5 [ ]
[ ]
o
X 4 [
) L]
é ____________________________________________________________________________________________________
. [ ]
53 .
S
]2
O

80

(o]
o

N
o

Chromium (mg/kg)

N
o

= 2018 & 2019 A 2020 e 2021

Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
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= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.

Page 4 of 16



o
ol
1

© o
w B
1 1

o
N
1

Mercury (mg/kg)

o
[EEY
I

o
o
1

25,000
20,000 ~

15,000 -

10,000 A

Molybdenum (mg/kg)

5,000 A

01— H0AG—HOAI —0A 00— A0 —0A 06— 0A0—¢A o —E6ho—

= 2018 & 2019 A 2020 e 2021

Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,

EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).

Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020
regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,

EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.

Page 10 of 16



S O A
o wu o wu o
! ! ! ) !

Benzo(g,h,i)perylene (mg/kg)

o
&)
)

o
o
1]
<
>
o
1]
*
>
©
<
>
®
<
>
®
*
>
o

o 0Ao “PYY)

o < < + & & Q
U @ O Q/Qo 03\ \o(" OQ@
7 & M &

/

Benzo(k)fluoranthene (mg/kg)

= 2018 & 2019 A 2020 e 2021

Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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Figure C.1: Sediment Metal and Polycyclic Aromatic Hydrocarbon (PAH) Concentrations,
EVO LAEMP, 2018 to 2021

Notes: Green symbols represent reference areas and blue symbols represent exposed areas. Solid red line

= Lower BC WSQG,; broken red line = Upper BC WSQG. BC WSQG = British Columbia Working Sediment Quality
Guidelines (BCMOECCS 2021a) and approved BC Sediment Quality Guideline for Selenium (BCMOECCS 2021b).
Shading represents the normal range which represents the 2.5th to 97.5th percentiles of 2017 and 2020

regional reference area data. Concentrations below the laboratory reporting limit (LRL) are plotted as

open symbols at the LRL value.
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