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EXECUTIVE SUMMARY

This report presents the results of the 2021 Greenhills and Gardine Creeks Aquatic Monitoring
Program (GGCAMP), which is intended to address the influences and mitigation projects that are
expected to interact with Greenhills and Gardine creeks, as well as the Greenhills Creek
Sedimentation Pond. Teck Coal Limited (Teck) is committed to improving the environmental
conditions in Greenhills Creek through several mitigation projects and initiatives.
Calcite management (i.e., antiscalant addition) began in Lower Greenhills Creek in 2017 and has
proven successful at preventing further calcite deposition. Consequently, Teck intends to relocate
the antiscalant addition facility to Upper Greenhills Creek in 2022. Other rehabilitation projects
are also proposed within the watershed.

Data collected as part of the program are expected to address three key questions:

1. What is the current status of aquatic health in Greenbhills and Gardine creeks, as
evidenced by physical, chemical, and biological conditions?

2. Have physical, chemical, and/or biological conditions indicative of aquatic health in
Greenhills and Gardine creeks changed over time and are the changes unexpected
based on the activities and projects occurring in the watershed?

3. Can observed changes be linked to antiscalant addition in Lower Greenhills
Creek, specifically?

This report summarizes the 2021 results for the GGCAMP. Sampling in 2021 consisted of a sixth
year of monitoring on Upper Greenhills Creek, a third year of monitoring on Gardine Creek, a
fourth year of sampling in Greenhills Creek Sedimentation Pond, and a fourth year of aquatic
effects monitoring following initiation of antiscalant addition in Lower Greenbhills Creek.

Question 1 (“What is the current status of aquatic health in Greenhills and Gardine creeks, as
evidenced by physical, chemical, and biological conditions?”) was addressed by characterizing
existing conditions within Greenhills and Gardine creeks in 2021.

Aqueous concentrations of most mine-related constituents with Early Warning Triggers (EWTs)
were below water quality guidelines, benchmarks, and screening values in 2021, except for total
dissolved solids (TDS); nitrate; sulphate; total nickel, selenium, uranium, and
dissolved cadmium." Water quality was generally better in Gardine Creek than in Greenhills
Creek and the Greenhills Creek Sedimentation Pond. Additionally, concentrations of

' Mine-related constituents with EWTs include TDS, nitrate, nitrite, sulphate, total antimony, total barium, total boron,
total lithium, total manganese, total molybdenum, total nickel, total selenium, total uranium, total zinc, dissolved
cadmium, and dissolved cobalt.
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organoselenium species tended to increase with distance downstream in Greenhills Creek in
2021. Aqueous selenium species were consistently dominated by selenate.

In 2021, calcite was present throughout Greenhills Creek and in the section of Gardine Creek
within and downstream from the seeps from the Greenbhills Operations (GHO) east spoil. Of these
areas, Lower Greenhills Creek had the lowest proportional calcite presence scores. Concretion
and calcite indices generally decreased with increasing distance downstream in Greenhills Creek.

Sediment concentrations of arsenic and manganese were highest at upper Gardine Creek and
concentrations of cadmium, nickel, selenium, and most polycyclic aromatic hydrocarbons (PAHSs)
were highest at Lower Greenhills Creek. Sediment Quality Indices (SQI) were generally indicative
of poor sediment quality and the Greenhills Creek Sedimentation Pond had the lowest SQlI in
2021, followed by Lower Greenhills Creek. Overall, exceedances of upper British Columbia
Working Sediment Quality Guidelines (BC WSQG) or the alert concentration for selenium in 2021
were identified for nickel, selenium, silver, acenaphthene, acenaphthylene, benzo(a)anthracene,
chrysene, dibenz(a,h)anthracene, fluorene, 2-methylnaphthalene, naphthalene, and
phenanthrene. Concentrations of arsenic, cadmium, iron, manganese, zinc, benzo(a)pyrene,
benzo(g,h,i)perylene, fluoranthene, and pyrene exceeded the lower, but not upper, BC WSQG in
at least one sample. However, concentrations of arsenic, cadmium, and iron in sediments were
within reference area normal ranges. As expected, calcium concentrations were consistently
higher at areas with calcified substrates.

Sequential Extraction Analysis (SEA) indicated that the distribution of metals among the
potentially mobile sediment fractions (i.e., fractions 1 to 4) and fraction 5 (residual metals)
was fairly consistent among sediment sampling areas. Additionally, guideline exceedances
based on the potentially mobile, and therefore potentially bioavailable?, sediment fractions
(fractions 1 to 4) were limited to cadmium, manganese, nickel, and selenium in 2021.

Benthic invertebrate abundances, densities, Lowest Practical Level (LPL) richness, and
proportions (%) of Ephemeroptera and Plecoptera in 2021 were generally similar among the
biological monitoring areas on Greenhills Creek. However, the significantly higher benthic
invertebrate biomass on Lower Greenhills Creek suggests the availability of food for fish may
have been better in Lower Greenhills Creek in 2021.

Benthic invertebrate densities were higher at lower Gardine Creek, relative to upper Gardine
Creek, and biomass was similar between the two areas. The higher %Diptera in the samples

2 The potentially mobile sediment fractions represent a highly conservative estimate of the bioavailable constituent
concentrations, given that it would take highly unusual/aggressive reducing and oxidizing conditions, respectively, to
mobilize fractions 3 and 4 and these conditions are not likely to occur in Greenhills and Gardine creeks.
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from lower Gardine Creek, downstream from the seeps and within the area of heavily calcified
substrates, likely reflects this taxonomic group’s ability to tolerate a wider range of environmental
conditions.

The highest selenium concentrations in composite-taxa benthic invertebrate tissues collected
from the study area in 2021 were for Lower Greenhills Creek. The higher concentrations are likely
due to enhanced generation of organoselenium species in the Greenhills Creek Sedimentation
Pond and carry-over effects downstream. Mean selenium concentrations in February and
September 2021 exceeded Elk Valley Water Quality Plan (EVWQP) Level 3 Benchmarks for
effects to invertebrates and juvenile fish and birds. Additionally, selenium concentrations in each
of the nine samples collected from Lower Greenhills Creek exceeded the biological trigger. Mean
selenium concentrations in composite-taxa benthic invertebrate tissues from Upper Greenhills
Creek and the Greenhills Creek Sedimentation Pond only occasionally exceeded the lowest
benchmarks and concentrations in Upper Greenhills Creek did not exceed the biological trigger.
Benthic invertebrate tissue samples collected from Gardine Creek had selenium concentrations
that were within the reference area normal range and lower than applicable benchmarks.

In 2021, estimates of westslope cutthroat trout (WCT; Oncorhynchus clarkii lewisi) fish
abundance, density, and biomass, were higher at lower Gardine Creek than at biological
monitoring areas on Upper and Lower Greenhills Creek. Additionally, there was no indication that
WCT densities within Upper Greenhills Creek increased with increasing distance downstream
and proximity to the Greenhills Creek Sedimentation Pond.

Answering question 2 (“Have physical, chemical, and/or biological conditions indicative of aquatic
health in Greenhills and Gardine creeks changed over time and are the changes unexpected
based on the activities and projects occurring in the watershed?”) required temporal evaluations
of physical, chemical, and biological data to identify patterns that may be indicative unexpected
changes over time.

Aqueous concentrations of most mine-related constituents with EWTs remained stable or
decreased over time (i.e., nickel) on Greenhills and Gardine creeks. Decreases over time are
attributed to stabilization of the GHO east spoil (post-2014 failure) and cessation of pumping from
the Cougar Phase 3 Pit after 2018.

In Lower Greenbhills Creek, an 89% decrease in calcite concretion relative to 2017 (pre-treatment)
was observed in 2021. Concretion was also lower relative to all other treatment years
(2018 to 2020). These results are consistent with expectations or desired outcomes of water
treatment to prevent further calcite concretion.
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In general, sediment texture and constituent concentrations in samples from Lower Greenhills
Creek, Gardine Creek, and the Greenhills Creek Sedimentation Pond did not show consistent
trends over time. Key exceptions include nickel and zinc, which generally showed increasing
concentrations over time. Additionally, concentrations of manganese, selenium, and 12 PAHs in
sediments from Lower Greenhills Creek were higher throughout the period of antiscalant addition
(2018 to 2021) relative to before (2017). However, it remains unclear whether observed increases
are attributable to water treatment or some (other) combination of factors. Results of the SEA
have been consistent year after year, which highlights the need to reassess the utility of annual
sampling for SEA.

Few notable temporal changes in benthic invertebrate community endpoints were identified.
Subtle shifts from more sensitive (e.g., Ephemeroptera, Plecoptera, and Trichoptera [collectively
referred to as EPT]) to more tolerant (e.g., Diptera) taxa at some areas on Upper Greenhills Creek
are not surprising given the changes in calcite conditions. Apparent increases in %EPT and
%Ephemeroptera at lower Gardine Creek 2021 were likely explained by delayed emergence and
higher numbers of Baetis in some of the samples.

Selenium concentrations in benthic invertebrate tissues from Lower Greenhills Creek were
consistently and substantially higher than those collected from Upper Greenhills and Gardine
creeks. Additionally, tissue selenium concentrations for Lower Greenhills Creek were higher than
expected, based on the lotic bioaccumulation model, throughout 2018 to 2021.

Densities, abundances, and biomass for WCT in Upper and Lower Greenhills Creek were
generally lower in 2021 than in previous years. The fork lengths of WCT captured from Upper
and Lower Greenhills and Gardine creeks in 2021 were consistent with previous years.
However, condition (weight-at-length) of WCT captured from Upper Greenhills Creek (26%
decrease relative to 2017) and upper Gardine Creek (14% decrease relative to 2019) was lower.
These results may be attributable to some regional factor(s) that depressed fish condition within
the isolated population in 2021. Additionally, higher fish densities in the isolated pools at upper
Gardine Creek in 2021 versus 2019 may have contributed to the reduced fish condition observed
in 2021. Fish condition in the Upper Fording River WCT population, which has access to habitats
in Lower Greenhills Creek, was near (2019 and 2020) or above average (2021) in recent years.

Question 3 (“Can observed changes be linked to antiscalant addition in Lower Greenhills
Creek, specifically?”) was addressed by comparing the treated area on Lower Greenhills Creek
to untreated areas before and after initiation of antiscalant addition in 2017.

Overall, antiscalant addition has had limited influence in water quality in Lower Greenhills Creek;
differences in aqueous concentrations of mine-related constituents upstream and downstream of
treatment in 2021 did not differ significantly from pre-treatment. Total and dissolved molybdenum

.
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were the only exceptions, but molybdenum is a component of the antiscalant compound
(i.e., these results are expected) and concentrations were still far lower than guidelines.
Elevated concentrations of organoselenium species in water from Lower Greenhills Creek appear
to be attributed to the influence of the Greenhills Creek Sedimentation Pond, rather than water
treatment or processes within the creek itself.

The 89% decrease in calcite concretion in Lower Greenhills Creek from 2017 to 2021 is primarily
attributed to successful water treatment. Overall, it appears water treatment has prevented further
calcification of the stream bed.

Benthic invertebrate biomass and LPL and family richness have not changed significantly in
Lower Greenhills Creek, relative to Upper Greenhills Creek, since the initiation of antiscalant
addition in 2017. In 2021, differences in %Diptera between treated and untreated areas were
larger relative to 2017, due to a decrease in %Diptera at the treated area in Lower
Greenhills Creek.

The absence of change over time for selenium concentrations in benthic invertebrate tissues from
Lower Greenhills Creek suggests that tissue selenium concentrations associated with that area
are likely unrelated to antiscalant addition.

The WCT captured from Lower Greenhills Creek in 2021 were in good condition and good
external health. Therefore, it is concluded that antiscalant addition was not negatively impacting
these endpoints in 2021. The lower fry and juvenile densities, as well as lower estimates of
abundance and biomass, on Lower Greenhills Creek in 2021 relative to previous years is also not
likely attributed to antiscalant addition. Conditions of water quality, calcite concretion, and food
availability have remained unchanged or improved relative to pre-treatment.
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Teck — Teck Coal Limited

TOC — Total Organic Carbon

Trich — TrichAnalytics Inc.

TSS — Total Suspended Solids

UTM — Universal Transverse Mercator
WCT - Westslope Cutthroat Trout
ZEAS — Zeas Inc.
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1 INTRODUCTION

1.1 Background

Teck Coal Limited (Teck) owns five open pit, metallurgical coal mines in the Elk River watershed
in southeast British Columbia (BC; Figure 1.1). Calcite (calcium carbonate precipitate) has been
observed in several creeks within the Elk River watershed downstream from Teck’s mines and,
to a lesser extent, in reference creeks unaffected by mining. In parts of some creeks, calcite
precipitation completely covers portions of the creek bed, making the substrate
largely immovable. The Elk Valley Water Quality Plan (EVWQP; Teck 2014) identified four priority
creeks for calcite management: Greenhills Creek (Greenhills Operations [GHO]), Corbin Creek
(Coal Mountain Mine [CMm]), Dry Creek (Elkview Operations [EVO]), and Erickson Creek (EVO).
Permits 107517 (Environmental Management Act) and C-137 (Mines Act) required that Teck
initiate calcite management in at least one priority creek by October 31, 2017. Greenhills Creek
was selected as the first creek for calcite management.

Focused pre-treatment aquatic environmental studies were initiated in Greenhills Creek in 2016
to characterize the existing environment and support the evaluation of potential effects associated
with the proposed calcite management. Application of antiscalant to Lower Greenhills Creek
(i.e., the portion of the creek from immediately downstream of Greenhills Creek Sedimentation
Pond to the Fording River) was initiated on October 23, 2017. In 2018, the Lower Greenhills
Creek Aquatics Effect Monitoring Program was initiated and separate baseline monitoring
continued on Upper Greenhills Creek. Gardine Creek, a tributary to Greenhills Creek, was
identified as a priority stream for potential calcite management in July 2019 (Teck 2019a).
Gardine Creek receives inputs from groundwater seeps originating from the GHO east spoil,
downstream of which calcite has been documented. Focused studies were initiated upstream
and downstream from the documented seeps in 2019 to characterize existing conditions and
support decision-making around the implementation of calcite management/water treatment in
Gardine Creek (Minnow 2020a,b, 2021a,b). The pre-treatment monitoring completed at Upper
Greenhills and Gardine creeks and the aquatic effects monitoring completed at Lower Greenhills
Creek in 2019 were combined into a single program and report (Minnow 2020a). Following
completion of the 2020 monitoring and reporting cycle (i.e., effective in 2021), the program was
renamed as the Greenhills and Gardine Creeks Aquatic Monitoring Program (GGCAMP).

Application of antiscalant to Lower Greenhills Creek has been successful at preventing further
calcite deposition in the approximately 750 metre (m) section of creek downstream from the
Greenhills Creek Sedimentation Pond to the Fording River confluence (Minnow 2019a). As such,
Teck proposed implementing calcite management via antiscalant addition within Upper Greenhills

(’_\_
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Creek in October 2019. The plan was to relocate the antiscalant addition facility from Lower
Greenhills Creek to approximately 4.9 kilometres (km) upstream from the Greenhills Creek
Sedimentation Pond. The intention was to prevent further calcite deposition throughout the full
5.65 km section of Greenhills Creek. In 2018, however, comparisons of projected water quality
data to benchmarks/screening values for metal® contaminants of potential concern (COPCs; i.e.,
cadmium, cobalt, manganese, nickel, selenium, and zinc) resulted in uncertainty in the conclusion
that prevention could be safely carried out without the potential for adverse aquatic effects.
Modelled predictions indicated prevention of calcite precipitation could eliminate a meaningful
mechanism of metal sequestration, resulting in unacceptable higher aqueous
metal concentrations (i.e., could result in seasonal exceedances for cadmium that would not be
expected to occur without antiscalant addition, as well as an overall increase in nickel
concentrations, which were already above the interim screening value that has not been proven
to be protective of the aquatic environment). In 2020 and present day, modelling predicted water
quality changes following antiscalant addition is conservatively executed based on the
assumption that 100 percent (%) of the metal attenuation observed is due to calcite precipitation.
Currently, there is no way to address the conservatism in this modelling method. Consequently,
the Upper Greenhills Creek Calcite Management Project was suspended. In 2020, as part of the
Upper Greenhills Creek Calcite Remediation Trial and Antiscalant Addition Project, Teck
proposed to relocate the antiscalant addition facility from Lower Greenhills Creek 2.25 km
upstream to a location 500 m upstream from the Greenhills Creek and Gardine Creek confluence.
Projected changes to water quality within the approximately 3 km management area were
conservatively predicted to be safe.

In 2021, the Calcite Remediation Trial and relocation of the antiscalant addition facility were
deferred for a year to provide time for engagement with the Ktunaxa Nation Council (KNC), who
had expressed concerns regarding the proposed remediation trial location. In 2022, the Calcite
Remediation Trial component of the project was further deferred in response to inability to address
KNC’s opposition to completing calcite remediation in Greenhills Creek. Currently, under the
Mines Act C-137 Permit and Water Sustainability Act Water License amendments received May
2022, Teck is completing the powerline construction required to support relocation of the
antiscalant addition facility. Teck is also awaiting finalized Environmental Management Act Permit
107571 and Effluent Permit amendments and a Fisheries Act Authorization before complete site
preparation and infrastructure installation within the riparian zone, infrastructure installation within
the creek, and commissioning and operation of the facility. The antiscalant addition facility on

3 Throughout this report, metals, metalloids, and non-metals typically included in a multi-element scan are collectively
referred to as “metals”.

/—\_
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Upper Greenhills Creek is predicted to result in a safe, yet measurable change in aqueous
concentrations of cadmium, cobalt, manganese, and zinc. It is anticipated that the water quality
monitoring data collected to confirm the potential environmental effects predicted from the
operation of this facility will provide a line of evidence to address the conservatism in the current
modelling method.

As indicated previously, Gardine Creek, which flows into Upper Greenhills Creek, was also
identified as a priority stream for potential calcite managementin July 2019 (Teck 2019a). Initially,
relocation of the antiscalant addition facility to support the Upper Greenhills Creek Calcite
Remediation Trial and Antiscalant Addition Project was intended to manage both Gardine and
Greenhills creeks. It was hoped that the benefits of antiscalant addition would be realized from
the Gardine Creek/Upper Greenhills Creek confluence down to the Fording River. However, in
the winter of 2019/2020 it was identified that flow within Gardine Creek is intermitted during low
flow periods and it was ultimately decided that Teck would not proceed with antiscalant addition
downstream from the seeps on Gardine Creek (Ferguson 2021, pers. comm.).
However, because Gardine Creek is used by fish and influences water quality and other
conditions in Greenhills Creek, Gardine Creek will continue to be monitored as part of the
GGCAMP.

Teck is committed to improving the environmental conditions in Greenhills Creek. The Greenhills
Creek Rehabilitation Program is a holistic management approach that integrates environmental
management of water quality, aquatic habitat, and water usage throughout the Greenhills Creek
watershed. There are several mitigation projects and regional initiatives currently planned or
being implemented in the Greenhills Creek drainage to support the objectives of the EVWQP and
compliance with Environmental Management Act Permit 107517, and the Environment and
Climate Change Canada (ECCC) Directive. The intended output of the program would be a
rehabilitation plan, including the establishment of a road map of mitigation projects to improve
Greenhills Creek water quality, aquatic habitat, and fish connectivity with the Upper Fording River
in a coordinated and logically sequenced manner. Work is progressing on this initiative in parallel
to other projects and further engagement with external stakeholders is anticipated throughout late
2022 and into 2023. Current proposed rehabilitation projects in the Greenhills Creek watershed
under the Greenhills Creek Watershed Rehabilitation Program include:

e the Calcite Remediation Trial;
e selenium treatment in Greenhills Creek;
¢ the Greenhills Creek water management project;

¢ ageosynthetic cover trial; and

(’_\_
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o the Greenhills Creek reconnection project.

Until 2021, the scope of the GGCAMP focused on the collection of pre-treatment data from Upper
Greenhills and Gardine creeks, as well as aquatic effects monitoring in Lower Greenhills Creek.
However, starting in 2021, the scope of the monitoring program was updated to address the
proposed mitigation projects within the watershed that are expected to interact with the aquatic
environments in Greenhills and Gardine creeks. The updated scope of the GGCAMP is reflected
in the Key Questions (Section 1.2), which were reviewed and revised for 2021.

The 2021 GGCAMP was administered by Teck based on advice from the Environmental
Monitoring Committee (EMC). The EMC consists of representatives from Teck, British Columbia
Ministry of Environment and Climate Change Strategy (BCMOECCS/ENV*#), the Ministry of
Energy, Mines, and Petroleum Resources (MEMPR), the KNC, Interior Health Authority, and an
Independent Scientist.® Components of the 2021 study design were presented to the EMC on
May 5, 2021. Feedback received from the EMC during the meeting and in the form of written
input and advice were integrated into the 2021 study design, which was finalized in July 2021.
On May 27, 2022, results of the monitoring completed in 2021 were presented to the EMC, along
with proposed plans for the 2022 monitoring program. The advice and input received from the
EMC during and after the May 2022 meeting have been integrated into this monitoring program
report and will be integrated in the 2022 study design, as appropriate.

This report is submitted to satisfy the requirement outlined in Appendix 5B section 5B3
of Permit 107517 (amended December 1, 2021):

The Greenhills Creek Aquatic Effects Assessment and Monitoring Program annual report must
be reported on in accordance with generally accepted standards of good scientific practice in a
written report and submitted to the Director of each year following the data collection calendar
year by June 30.

1.2 Key Questions

Focused pre-treatment studies to support decision-making regarding antiscalant addition were
conducted in 2016 and 2017 (Upper and Lower Greenbhills Creek), 2018 (Upper Greenhills Creek),
and 2019 to 2021 (Upper Greenhills and Gardine creeks). Sampling continued in Lower
Greenhills Creek in 2018 to 2021 following the initiation of antiscalant addition in October 2017 to

4 The abbreviation “ENV” is commonly used to refer to representatives from BCMOECCS who participate in the EMC.

5 To date, ECCC has not been called on to participate in engagement with the EMC. However, ECCC has agreed to
provide its perspectives on matters related to Permit 107517 and the EMC’s activities on a case-by-case basis and
when requested to do so by the EMC.
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confirm the environmental effects predictions made for the Lower Greenhills Creek Calcite
Management Project.

From 2016 to the end of 2020, the Key Questions for the GGCAMP focused on calcite
management and were identified as follows:

1. WIill the prevention of calcite by water treatment (e.g., antiscalant addition) cause
adverse effects on aquatic health (based on specific metrics outlined below) in Upper
Greenhills Creek and Gardine Creek?

2. Has addition of antiscalant prevented further calcification of substrate without causing
adverse effects on aquatic health (based on specific metrics outlined below) in Lower
Greenbhills Creek?

Answering these Key Questions required the characterization of conditions at various locations
throughout Greenhills and Gardine creeks. Characterization was based on a suite of monitoring
components including water quality, selenium speciation, substrate conditions (i.e., calcite indices
[CI], sediment characteristics, and sediment quality) and aquatic organism health
(i.e., benthic invertebrate community structure, benthic invertebrate biomass, benthic invertebrate
tissue chemistry, fish numbers, health, and tissue chemistry).® These metrics were used to
describe current conditions within Upper Greenhills and Gardine creeks, support comparisons of
pre-treatment and post-treatment (i.e., after initiation of antiscalant addition) conditions in Lower
Greenhills Creek, and identify potential temporal trends.

As indicated in Section 1.1, the Key Questions were revised by the study team in early 2021 to
better reflect the aquatic monitoring needs for Greenhills and Gardine creeks, based on the
activities that are ongoing or proposed in the watershed. Early versions of these revised Key
Questions were presented to Teck’'s EMC on May 5, 2021 and were included in the 2021 study
design for the GGCAMP (Minnow 2021b). The Key Questions for 2021 were as follows:

1. What is the current status of aquatic health in Greenhills and Gardine creeks, as evidenced
by physical, chemical, and biological conditions?

2. Have physical, chemical, and/or biological conditions indicative of aquatic health in
Greenhills and Gardine creeks changed over time and are the changes unexpected based
on the activities and projects occurring in the watershed?

6 Selenium speciation sampling was not initiated until September 2020 (Minnow 2020b,c) and no westslope cutthroat
trout (WCT; Oncorhynchus clarkii lewisi) population monitoring was completed in 2020 as a proactive response to the
reported population decline in Management Unit 1 (Cope 2020).
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3. Can observed changes be linked to antiscalant addition in Lower Greenhills
Creek, specifically?

These Key Questions were addressed by characterizing existing conditions within Greenhills and
Gardine creeks in 2021 and evaluating changes over time (i.e., since the initiation of focused
monitoring in 2016) to identify any patterns that may be indicative of unexpected changes
(i.e., relative to predictions or general expectations).” Endpoints related to water quality, selenium
speciation, substrate conditions (i.e., Cl and calcite index prime [CI’], sediment characteristics,
and sediment quality), and aquatic organism health (i.e., benthic invertebrate community
structure, benthic invertebrate biomass, benthic invertebrate tissue chemistry, and fish numbers
and health) were evaluated, as data allowed. Fish tissue chemistry sampling and fish tagging
were not completed in 2021 to minimize fish handling stress and potential risks to westslope
cutthroat trout (WCT; Oncorhynchus clarkii lewisi) (see Sections 2.6 and 3.5). Relevant data
(e.g., flows and water temperatures, calcite indices) collectedas part of other
monitoring programs (e.g., the Regional Calcite Monitoring Program) were integrated into this
2021 report for the GGCAMP, as appropriate, to address the Key Questions.

1.3 Objectives

The broader objective of the GGCAMP is to monitor and evaluate site-specific indicators of
aquatic ecosystem conditions within Greenhills and Gardine creeks (including Greenhills Creek
Sedimentation Pond). However, the program is designed with a primary focus on monitoring
aquatic health to support assessment of effects (e.g., of ongoing antiscalant addition in Lower
Greenhills Creek) and provide benchmarks for assessing future changes that may result from
activities planned within the watershed (e.g., relocation of the antiscalant addition facility,
decommissioning of Greenhills Creek Sedimentation Pond). Additionally, the 2021 GGCAMP is
expected to support the Regional Aquatic Effects Monitoring Program (RAEMP) and the Adaptive
Management Plan (AMP) by assessing site-specific conditions on a more focused basis.
This includes helping to answer questions around effective management of calcite and
achievement of site performance objectives (SPOs), as well as broader questions around
mine-related changes in aquatic ecosystem conditions.

1.4 Linkages to Adaptive Management

As required in Permit 107517 Section 10, Teck has developed an AMP. The purpose of the AMP
is to support implementation of the EVWQP through attainment of water quality and calcite

7 “General expectations” may include predictions that were presented in approved plans in a narrative or
semi-quantitative form or biological characteristics that are considered to be consistent with expectations based on
observed chemical concentrations or calcite conditions, for example.
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targets, the protection of human health and the environment, and continuous improvement of
water quality in the Elk Valley (Teck 2021a). Following an adaptive management framework, the
AMP identifies six Management Questions (MQ) that are re-evaluated at regular intervals as part
of AMP updates throughout EVWQP implementation. Data from the RAEMP (Minnow 2018a,
2020d, 2021c¢), Local Aquatic Effects Monitoring Programs (LAEMPs), and the GGCAMP feed
into the adaptive management process. The data address the MQ that collectively address the
environmental management objectives of the AMP (Teck 2021a) and the EVWQP (Teck 2014).
The AMP also identifies Key Uncertainties (KU) that need to be reduced to fill gaps in current
understanding of mine-related effects to the aquatic environment and support achievement of the
EVWQP objectives.

The GGCAMP provides supportive information to help answer AMP MQ #4 (“Is calcite being
managed effectively to meet site SPOs and to protect the aquatic ecosystem?”). Answering MQ
#4 is accomplished by addressing KU 4.1 through 4.3 (“Are the calcite SPOs protective of fish
and aquatic life?”; “What are the most effective management methods for calcite?”; and “Are there
interrelationships with calcite and select constituents of interest in surface water that need to be
considered for calcite management?”’). These KU need to be reduced to fill gaps in current
understanding and support the attainment of the EVWQP objectives. The MQ are re-evaluated
and adjusted at regular intervals as part of AMP updates throughout EVWQP implementation and
after relevant investigations.

Additionally, the 2021 GGCAMP will contribute to the RAEMP, which is designed to evaluate
AMP MQ #5 (“Does monitoring indicate that mine-related changes in aquatic ecosystem
conditions are consistent with expectations?”). During the development of the AMP, a number of
uncertainties related to MQ #5 were identified that were summarized as KU 5.1 (i.e., “How will
monitoring data be used to identify potentially important mine-related effects on the
aquatic ecosystem?”). Teck is working with its consultants and the EMC to address KU 5.1 and
its underlying uncertainties prior to submission of the next RAEMP report in 2023. Progress on
reducing these uncertainties, and associated learnings, is described in Annual AMP Reports
(e.g., Teck 2021b).

The evaluation of biological triggers for potential management action is a requirement of Permit
107517 and is incorporated as part of MQ #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 considered effective indicators of changes at the ecosystem level. Generally, the biological
triggers are intended as a simple way to flag potentially unexpected monitoring results that may
require management action. For the 2021 GGCAMP, comparisons to the biological triggers
for proportions (expressed as %) of Ephemeroptera (mayflies), Plecoptera (stoneflies), and
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Trichoptera (caddisflies) (collectively referred to as EPT) in benthic invertebrate community
samples and selenium concentrations in benthic invertebrate tissues and WCT muscle
were made. Comparisons included data collected from biological monitoring areas that have
supporting water quality projections (Minnow 2021b,c; Teck 2021a).

The third annual AMP report was submitted on July 31, 2021 and included data from 2020
(Teck 2021b). This report indicated that selenium concentrations in fish tissues, selenium
bioaccumulation, and fish habitat quality in Greenhills Creek were less favorable than previously
expected, based on predictive tools and conceptual model assumptions for the EIk
River watershed.  Additionally, results of biological monitoring completed downstream of
Greenhills Creek Sedimentation Pond were not as expected. Selenium concentrations in benthic
invertebrate and fish tissues were higher than anticipated given the measured water
concentrations. Actions associated with the AMP responses to these issues focused on further
investigations and adjustments, as outlined in detail in the 2020 AMP report (Teck 2021b).
Examples include initiation of a Greenhills Creek Rehabilitation Program, a sulphate removal pilot
program, the Greenhills Creek Sediment Pond Bypass, continuation of permitting activities for the
Greenhills Creek Calcite Remediation Field Trial and Antiscalant Addition Project, and the
completion of additional pre-treatment monitoring in Upper Greenhills Creek.

For more information on the adaptive management framework, the MQ, the KU, the Response
Framework®, Continuous Improvement, linkages between the AMP and other EVWQP programs,
and AMP reporting, refer to the AMP update (Teck 2021a) and the 2020 annual AMP report
(Teck 2021b).

8 A response framework was opened for Greenhills Creek based on the unexpected conditions for selenium
concentrations in benthic invertebrate tissues.
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2 METHODS

2.1 Design Overview

Aquatic monitoring completed in 2021 to support the GGCAMP included the following core
technical components (Table 2.1):

1. Water quality monitoring, including sampling for determination of selenium speciation,
upstream and downstream from the existing antiscalant addition location on Lower
Greenhills Creek, upstream and downstream of the future location of the antiscalant
addition facility on Upper Greenhills Creek®, and in Greenhills Creek Sedimentation Pond;

2. Water quality monitoring, including selenium speciation sampling, in Gardine Creek
upstream and downstream from the seeps from the GHO east spoil;

3. Calcite index measurements throughout Greenhills and Gardine creeks'?;

4. Sediment quality monitoring in depositional areas in Lower Greenhills Creek and
throughout Gardine Creek, as well as in Greenhills Creek Sedimentation Pond;

5. Benthic invertebrate community and biomass sampling (i.e., area-based kick and sweep
sampling) at areas (six stations per area) throughout Greenhills and Gardine creeks;

6. Timed benthic invertebrate community sampling at one biological monitoring area
(three stations) on Upper Greenhills Creek (i.e., three-minute kick and sweep)'";

7. Benthic invertebrate community sampling at six depositional stations within Greenhills
Creek Sedimentation Pond;

8. Benthic invertebrate tissue chemistry sampling at areas (three stations per area)
throughout Greenhills and Gardine creeks and within Greenhills Creek
Sedimentation Pond;

9. WCT fry and juvenile surveys to support assessments of fish presence, density, and
biomass in Upper Greenhills and Gardine creeks; and

9 The antiscalant addition facility was scheduled to be relocated from Lower Greenhills Creek to Upper Greenhills Creek
in August to early October 2021, but this project has been postponed to 2022 (Hillman 2021a,b, pers. comm.).

10 Calcite index measurements were collected from lotic habitats where benthic invertebrate community samples were
collected. This was in addition to the Cl measurements completed in Greenhills and Gardine creeks as part of the
Regional Calcite Monitoring Program.

" Benthic invertebrate community data for the timed kick sampling site on Lower Greenhills Creek (i.e., RG_GHCKD;
Greenhills Creek downstream of the Greenhills Creek Sedimentation Pond), which is sampled as part of the RAEMP,
was also included in the evaluation of biological triggers (see Section 2.4.3).
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Table 2.1: Overview of the 2021 Greenhills and Gardine Creeks Aquatic Monitoring Program

February 2021 September 2021
Approximate UTMs River RTectI.( ) Water Quality Ianeft:tl:'I:tes Water Quality Benthic Invertebrates
Location | Monitoring Area (NAD 83, 11U) Kilometre Area Description Vc\’ll;t:]re Calcite Index | Sediment Fish
2 . o . . . o .
(km) Quality Chemistry Selermfm In situ Quality (.:omposﬂe t.axa Chemistry Selermfm In situ Quality Measurements Quality | Community (.:omposue t.axa Population
Easting | Northing Speciation Tissue Chemistry Speciation Structure | Tissue Chemistry
. . o . 3 (1ateach 6 (1 ateach 6 (1 ateach
Biological Monitoring Area in . 1 (concurrent : . ; ;
Reach 10 of Upper Greenhills 1 (concurrent with with tissue benthic 1 (concurrent with| 1 (concurrent benthic benthic 3 closed
RG_GHUT 654134 | 5549945 5.20 Creek Unstream from Proposed - tissue chemistry chemistr invertebrate 3 stations biological with biological invertebrate invertebrate - 6 stations 3 stations stations
. P " ”p monitoring) o y tissue chemistry monitoring) monitoring) community community
Antiscalant Addition Facility monitoring) . . .
station) station) station)
Regional Calcite Monitoring 1 as part of
GREE4-75 654152 | 5549910 5.20 Program Station in Reach 10 of - - - - - - - - regional calcite - - - -
Upper Greenhills Creek monitoring
Permitted Water Quality Station
GH_CTF 654165 | 5549540 4.86 in Reach 10 of Upper Greenhills v Teck - routine - Teck - routine - Teck - routine - Teck - routine - - - - -
Creek
Biological Monitoring Area in 1 (concurrent 3 (1 ateach 6 (1 at each 6 (1 at each 6 stations
Reach 9 of Upper Greenhills 1 (concurrent with with tissue benthic 1 (concurrent with| 1 (concurrent benthic benthic (area-based); 3 closed
RG_GHNF 654367 | 5549052 4.26 Creek Downstream from - tissue chemistry chemistr invertebrate 3 stations biological with biological invertebrate invertebrate - 3 stations ’ 3 stations stations
Proposed Antiscalant Addition monitoring) monitoriny) tissue chemistry monitoring) monitoring) community community (CABIN)
Facility 9 station) station) station)
x Regional Calcite Monitoring 1 as part of
g GREE4-50 654336 | 5549133 4.36 Program Station in Reach 9 of - - - - - - - - regional calcite - - - -
o Upper Greenhills Creek monitoring
£ Regional Calcite Monitoring 1 as part of
£ GREE4-25 654512 | 5548365 3.52 Program Station in Reach 8 of - - - - - - - - regional calcite - - - -
g Upper Greenhills Creek monitoring
o . L
§  |GH_HWGH BRBI 654435 5548079 | 3.18 \;Vg;‘ﬂp?":'gi:ﬁmz pReach | v | Teck- routine ; Teck - routine - Teck - routine - Teck - routine - - - - -
Q.
> Regional Calcite Monitoring 1 as part of
GREE3-75 654172 | 5547243 2.51 Program Station in Reach 6 of - - - - - - - - regional calcite - - - -
Upper Greenhills Creek monitoring
. . . . 3 (1ateach 6 (1 ateach 6 (1 ateach
Biological Monitoring Area in . 1 (concurrent : . ; ;
Reach 6 of Upper Greenhills 1 (concurrent with with tissue benthic 1 (concurrent with| 1 (concurrent benthic benthic 3 closed
RG_GHFF 654135 | 5547185 2.28 Creek Downstream from - tissue chemistry chemistr invertebrate 3 stations biological with biological invertebrate invertebrate - 6 stations 3 stations stations
. monitoring) mistry tissue chemistry monitoring) monitoring) community community
Gardine Creek monitoring) . . .
station) station) station)
Regional Calcite Monitoring 1 as part of
GREE3-50 653990 = 5546883 1.81 Program Station in Reach 6 of - - - - - - - - regional calcite - - - -
Upper Greenhills Creek monitoring
Regional Calcite Monitoring 1 as part of
GREE3-25 653918 | 5546481 1.36 Program Station in Reach 5 of - - - - - - - - regional calcite - - - -
Upper Greenhills Creek monitoring
Permitted Water Quality Station
GH_GH1B 653740 | 5546142 0.95 at the Inlet of Greenhills v Teck - routine - Teck - routine - Teck - routine - Teck - routine - - - - -
Sediment Pond
6 (concurrent with
2 1 or 2 (concurrent Tor2 biological
=5 . . B N ; t with itori
§5 RG_GHP | 653445 5546033 . |Greenhills Sediment Pond - - - - - with biological  (°°7eurent with monitoring) and a - 6 stations | 6 stations 3 stations -
- Depositional Area toring) ® biological profile at the
1G] monitoring) monitoring) ® | deepest area of
the pond

Notes: UTMs = Universal Transverse Mercator Coordinates; NAD = North American Datum; km = kilometre; - = sampling not included in program design; CABIN = Canadian Aquatic Biomonitoring Network; GHO = Greenhills Operation; RAEMP = Regional Aquatic Effects Monitoring Program.
@ Distance from the confluence with the Upper Fording River (Greenhills Creek) or Greenhills Creek (Gardine Creek).
® If no stratification was observed at the time of sampling, a single surface grab was collected from RG_GHP. If stratification was observed, then two water samples were collected (i.e., one above and one below the thermocline).
° Monitoring area GH_DSAF (Downstream of Antiscalant Facility; see Figure 2.2) was excluded from the table because it was only sampled one year (2018) and for calcite indices only.
9 Data are collected from this location as part of the RAEMP and are used, as appropriate, to support the Greenhills and Gardine Creeks Aquatic Monitoring Program.
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Table 2.1: Overview of the 2021 Greenhills and Gardine Creeks Aquatic Monitoring Program

Teck February 2021 September 2021
Approximate UTMs River B . Benthic . .
. i Water Qualit Water Qualit Benthic Invertebrates
Location | Monitoring Area|  (NAD 83, 11U) Kilometre Area Description va\);;:?re v Invertebrates v Calcite Index | Sediment Fish
(km) ? N . Selenium . . Composite-taxa . Selenium . . Measurements Quality | Community | Composite-taxa | Population
Easting | Northing Quality Chemistry Speciation In situ Quality Tissue Chemistry Chemistry Speciation In situ Quality Structure | Tissue Chemistry
Permitted Water Quality Station
Downstream from Greenhills
GH_GH1 653577 5545871 0.62 Sediment Pond and the Stilling v Teck - routine - Teck - routine - Teck - routine - Teck - routine - - - - -
Basin V-notch (Upstream of
Antiscalant Addition)
Regional Calcite Monitoring 1 as part of
GREE1-75 653534 | 5545668 0.38 Program Station in Reach 2 of - - - - - - - - regional calcite - - - -
o Lower Greenhills Creek monitoring
= Greenhills Creek Downstream 1 (concurrent with| 1 (concurrent |1 (concurrent with|1 (concurrent with
[ RG_GHCKD ¢ | 653537 | 5545602 0.38 from the Greenhills Creek - - - - - biological with biological biological biological - 1 station 1 station -
L‘: Sedimentation Pond monitoring) monitoring) monitoring) monitoring)
= . ) o ) 3 (1ateach 6 (1 ateach 6 (1 ateach
<= Biological Monitoring Area in . 1 (concurrent : . . .
S Reach 2 of Lower Greenhills 1 (concurrent with with tissue benthic 1 (concurrent with| 1 (concurrent benthic benthic
o RG_GHBP 653521 | 5545623 0.33 Creek Downstream from the - tissue chemistry chemistr invertebrate 3 stations biological with biological invertebrate invertebrate 5 stations 6 stations 3 stations -
o . . monitoring) o Y tissue chemistry monitoring) monitoring) community community
5 Fording Mine Road monitoring) ) . .
g station) station) station)
S Regional Calcite Monitoring 1 as part of
GREE1-50 653494 | 5545590 0.27 Program Station in Reach 2 of - - - - - - - - regional calcite - - - -
Lower Greenhills Creek monitoring
Regional Calcite Monitoring 1 as part of
GREE1-25 653386 = 5545504 0.12 Program Station in Reach 1 of - - - - - - - - regional calcite - - - -
Lower Greenhills Creek monitoring
Permitted Water Quality Station
GH_GH2 653325 = 5545481 0.05 in Reach 1 of Lower Greenhills v Teck - routine - Teck - routine - Teck - routine - Teck - routine - - - - -
Creek Downstream from the
Fording Mine Road
Regional Calcite Monitoring 1 as part of
GARD1-75 653316 | 5549076 1.85 Program Station in Reach 5 of - - - - - - - - regional calcite - - - -
Gardine Creek monitoring
. . - . 3 (1 ateach 6 (1 at each 6 (1 at each
Biological Monitoring Area in . 1 (concurrent : . . .
Reach 4 of Gardine Creek 1 (concurrent with with tissue benthic 1 (concurrent with| 1 (concurrent benthic benthic 3 closed
RG_GAUT 653451 | 5548928 1.79 . - tissue chemistry ) invertebrate 3 stations biological with biological invertebrate invertebrate 5 stations 6 stations 3 stations .
Upstream from GHO East Spoil o chemistry ) . e o - - stations
Seeps monitoring) monitoring) tissue chemistry monitoring) monitoring) community community
station) station) station)
Regional Calcite Monitoring 1 as part of
3 GARD1-50 653641 | 5548601 1.24 Program Station in Reach 2 of - - - - - - - - regional calcite - - - -
e Gardine Creek monitoring
": Regional Calcite Monitoring 1 as part of
£ GARD1-25 653928 = 5548090 0.64 Program Station in Reach 1 of - - - - - - - - regional calcite - - - -
g Gardine Creek monitoring
8 - : P -
Biological Monltqung Area in 3 (1 ateach 6 (1 ateach 6 (1 ateach
Reach 1 of Gardine Creek . 1 (concurrent : . . .
Upstream from the Confluence 1 (concurrent with with tissue benthic 1 (concurrent with| 1 (concurrent benthic benthic 3 closed
RG_GANF 654277 | 5547746 0.15 . . - tissue chemistry . invertebrate 3 stations biological with biological invertebrate invertebrate 5 stations 6 stations 3 stations .
with Upper Greenhills Creek and o chemistry . . e o . . stations
monitoring) o tissue chemistry monitoring) monitoring) community community
Downstream from the GHO East monitoring) ) ) )
) station) station) station)
Spoil Seeps
Permitted Water Quality Station
GH_GC1 654271 | 5547734 0.06 on Gardine Creek Upst_ream v Teck - routine - Teck - routine - Teck - routine - Teck - routine - - - - -
from the Confluence with Upper
Greenhills Creek

Notes: UTMs = Universal Transverse Mercator Coordinates; NAD = North American Datum; km = kilometre; - = sampling not included in program design; CABIN = Canadian Aquatic Biomonitoring Network; GHO = Greenhills Operation; RAEMP = Regional Aquatic Effects Monitoring Program.
@ Distance from the confluence with the Upper Fording River (Greenhills Creek) or Greenhills Creek (Gardine Creek).

® I no stratification was observed at the time of sampling, a single surface grab was collected from RG_GHP. If stratification was observed, then two water samples were collected (i.e., one above and one below the thermocline).

° Monitoring area GH_DSAF (Downstream of Antiscalant Facility; see Figure 2.2) was excluded from the table because it was only sampled one year (2018) and for calcite indices only.

9 Data are collected from this location as part of the RAEMP and are used, as appropriate, to support the Greenhills and Gardine Creeks Aquatic Monitoring Program.
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10. A survey of external anomalies (e.g., tumors, fin erosion, parasites) on captured WCT,
consistent with the RAEMP methods (Minnow 2021c).

The 2021 field programs were implemented according to the 2021 study design (Minnow 2021b)
and sampling was completed in February and September 2021. Results from other projects and
monitoring programs (e.g., the Regional Calcite Monitoring Program and the Upper Fording River
WCT Population Monitoring Program) have been integrated into this report, where appropriate,
to support interpretation of data collected as part of the GGCAMP.

2.2  Water Quality
2.21 Field Sampling

Data for water chemistry samples collected by Teck under Permit 107517 were used, as
appropriate, to support interpretation of the GGCAMP data. Water quality is routinely monitored
by Teck at three stations on Upper Greenhills Creek, two stations on Lower Greenhills Creek, and
one station on Gardine Creek (Figure 2.1; Table 2.1). The stations in Reach 10 (GH_CTF)
and Reach 7 (GH_HWGH_BRB) of Upper Greenhills Creek are approximately 4.86 and 3.18 km,
respectively, upstream from where Greenhills Creek flows into the Upper Fording River
(Figure 2.1; Table 2.1). The third Upper Greenhills Creek station is at the inlet to Greenbhills Creek
Sedimentation Pond (GH_GH1B) (i.e., 0.95 km from the Greenhills Creek mouth; Figure 2.1).
The Lower Greenhills Creek stations are located downstream from Greenhills Creek
Sedimentation Pond at the outfall for the Stilling Basin (GH_GH1; 0.62 km from the Greenhills
Creek mouth) and close to the confluence with the Fording River (GH_GH2; Figure 2.1).
Teck’s routine water quality monitoring station on Gardine Creek (GH_GC1) is located 0.06 km
upstream of the confluence with Upper Greenhills Creek (Figure 2.1; Table 2.1).

As required under Permit 107517, water samples are collected monthly at each of Teck’s routine
monitoring stations (and weekly for certain analytes at GH_GH1 from March 15 to July 31).
Monthly samples are analyzed for total and dissolved metals, nutrients, major ions, and other
conventional analytes (i.e., total suspended and dissolved solids, and total and dissolved
organic carbon; Table 2.2). Additional weekly samples from GH_GH1 are analyzed for turbidity
and total suspended solids (TSS) only. In situ water quality measurements including temperature,
dissolved oxygen (DO), pH, specific conductance, and turbidity are also taken concurrent with
each water sample.

In addition to the routine water sampling completed by Teck, water quality monitoring was
completed in February and September 2021, concurrent with benthic invertebrate tissue
chemistry and benthic invertebrate community sampling, respectively. In February 2021,
RG_GHUT, RG_GHNF, and RG_GHFF on Upper Greenhills Creek, RG_GHBP on Lower

(’_\_
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Table 2.2: Analytical Methods for Water Samples

Analyte Units Method Reference
pH pH units |pH electrode APHA 4500 H-electrode
Turbidity NTU Nephelometric APHA 2130 B
Hardness (as CaCO,) mg/L  [Calculation APHA 2340B
Total Suspended Solids mg/L Gravimetric APHA 2540 D
Total Dissolved Solids mg/L Gravimetric APHA 2540 C
Alkalinity mg/L Potentiometric Titration APHA 2320 B
Ammonia (as N) mg/L Fluorescence Watson et al. 2005
Bromide (Br) mg/L lon Chromatography EPA 300.1
Chloride (Cl) mg/L lon Chromatography EPA 300.1
Fluoride (F) mg/L lon Chromatography EPA 300.1
Total Kjeldahl Nitrogen mg/L Fluorescence APHA 4500-NORG D.
Nitrate (as N) mg/L lon Chromatography EPA 300.1
Nitrite (as N) mg/L lon Chromatography EPA 300.1
Phosphorus (P)-Total mg/L Colourimetrically APHA 4500-P Phosphorous
. . APHA 4500-P Phosphorous
Orthophosphate mg/L Colourimetrically (filtered through a 0.45 pm filter)
Sulphate (SO,) mg/L lon Chromatography EPA 300.1
. . . APHA 5310 B TOC
Dissolved Organic Carbon mg/L Combustion (filtered through a 0.45 um filter)
Total Organic Carbon mg/L  [Combustion APHA 5310 TOC
. APHA 3030 B/EPA 6020B, EPA 200.2/6020B
Total and Dissolved Metals mg/L CRC-ICPMS (dissolved metals filtered through a 0.45 um filter)
Total and Dissolved Mercury mg/L  [CVAAS, CVAFS APHA 3030B/EPA 1631E, EPA 1631E

Notes: APHA = American Public Health Association; NTU = nephelometric turbidity units; CaCO ; = calcium carbonate; mg/L = milligrams per litre;
EPA = United States Environmental Protection Agency; um = micrometres; TOC = total organic carbon; CRC-ICPMS = collision reaction cell
inductively coupled plasma-mass spectrophotometry; CVAAS = cold vapour atomic absorption spectroscopy; CVAFS = cold vapour atomic

fluorescence spectroscopy.
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Greenhills Creek, and RG_GAUT and RG_GANF on Gardine Creek were targeted for water
chemistry and selenium speciation sampling (Figure 2.1; Table 2.1). The same sampling areas
were targeted for water chemistry and selenium speciation sampling again in September 2021,
along with RG_GHP in Greenhills Creek Sedimentation Pond (Figure 2.1; Table 2.1).

Additional selenium speciation data from Greenhills Creek Sedimentation Pond and Lower
Greenhills Creek were collected as part of Teck’s Selenium Speciation Monitoring Program, which
was implemented starting in 2021 (Golder 2021a; ADEPT 2022).'? Sampling to support this
program was completed by field personnel from Teck and Minnow Environmental Inc. (Minnow).
Relevant information from the 2021 Selenium Speciation Monitoring Program annual report was
included in the interpretation of the GGCAMP data, as appropriate, to address the KU
(Section 1.2).

Chemistry and aqueous selenium speciation samples collected from lotic habitats consisted of
grabs from just below the water surface. In situ water quality measurements including
temperature, DO, pH, and specific conductance were taken concurrent with all water chemistry
and selenium speciation samples collected from lotic habitats in February and September 2021.
A calibrated YSI ProDSS (handheld multi-parameter meter equipped with Digital Sampling
System sensors; YSI Inc., Yellow Springs, Ohio) was used to collect in situ water quality data.

The approach for collecting water chemistry and selenium speciation samples from RG_GHP,
which represents deeper, depositional locations within Greenhills Creek Sedimentation Pond,
was dependent on conditions encountered in the pond at the time of sampling. First, a calibrated
YSI ProDSS was used to take a water quality profile at the deepest part of the pond to confirm if
stratification was present. Profile measurements (temperature, DO, pH, and
specific conductance) were taken at 1 m intervals. A Van Dorn or beta bottle sampler was used
to collect separate surface and bottom water samples from the deepest area of the pond if
stratification was observed."® [f stratification was not present, then only a single grab sample from
just below the water surface was required.

Quality assurance and quality control (QA/QC) measures included the collection of field
duplicates, field blanks, and trip blanks for water chemistry and field duplicates for selenium
speciation. Quality control (QC) samples comprised at least 10% of the total samples collected
during each sampling event (see Appendix A).

2 Aqueous selenium speciation data collected to directly support the GGCAMP in 2021 were included in the 2021
annual report for the Selenium Speciation Monitoring Program (ADEPT 2022).

13 |.e., if distinct “layers” of water with differing temperature (e.g., an upper, warmer layer over a deeper, colder layer),
DO, pH, or specific conductance were evident from the profile measurements, then the water in Greenhills Creek
Sedimentation Pond was considered “stratified”.

/—\_

June 2022 | 16



minnow environmental inc. Teck Coal Limited
Project 217202.0052 2021 Greenhills and Gardine Creeks Aquatic Monitoring

2.2.2 Laboratory Analysis

Water chemistry samples were analyzed by ALS Environmental (ALS) in Calgary, Alberta (AB),
which is a third-party analytical laboratory that is accredited by the Canadian Association for
Laboratory Accreditation Inc. (CALA). The requested analyses were completed in accordance
with procedures described in the most recent edition of the “British Columbia Environmental
Laboratory Methods Manual” (Austin 2020) per Permit 107517 requirements (see also Table 2.2).
Laboratory QA/QC included an assessment of the laboratory sensitivity (i.e., an evaluation of
laboratory reporting limits [LRLs] and blank samples), accuracy (matrix spikes, laboratory control
samples, and certified reference materials [CRM]), and precision (laboratory duplicates; see
Appendices A and B).

Selenium speciation samples collected as part of the GGCAMP in February and September 2021
were submitted to Brooks Applied Labs in Bothell, Washington for analysis. Concentrations of
total selenium, dissolved selenium, and selenium species (dimethylselenoxide, methylseleninic
acid, methaneselenonic acid, selenate, selenite, selenocyanate, selenomethionine,
selenosulphate, and unknown selenium species) were quantified using ion chromatography
inductively coupled plasma collision reaction cell mass spectrometry (IC-ICP-CRC-MS).
Laboratory QA/QC included an assessment of laboratory sensitivity (i.e., an evaluation of LRLs
and blank samples), accuracy (matrix spikes, blank spikes, and CRM) and precision
(laboratory duplicates and matrix spike duplicates) (see Appendices A and B). Brooks Applied
Labs are accredited by the National Environmental Laboratory Accreditation Program (NELAP).

A Data Quality Review (DQR) was completed following receipt of the water chemistry and
selenium speciation data for samples collected in February and September 2021 (Appendix A).
Data quality information associated with Teck’s routine water sampling and other consultant
reports are provided elsewhere (e.g., in annual reports for Permits 107517 and 6248).

2.2.3 Data Analysis

Concentrations of mine-related constituents were compared among Teck’s routine water quality
monitoring stations along Greenhills and Gardine creeks to address the following
general questions:

Q1: Do the concentrations of mine-related constituents differ among areas?

Q2: Have the concentrations of mine-related constituents at the monitoring areas changed
over time and are these changes unexpected based on the activities and projects
occurring in the watershed?
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Q3: Have concentrations of mine-related constituents in Lower Greenhills Creek changed
relative to upstream following the application of antiscalant (i.e., can observed differences
between Upper and Lower Greenhills Creek be attributed to antiscalant addition)?

Data analyses included comparisons to EVWQP benchmarks, interim screening values,
and British Columbia Water Quality Guidelines (BC WQG; BCMOECCS 2021a,b) for constituents
without site-specific benchmarks (Table 2.3). Constituents with Early Warning Triggers (EWTs;
Azimuth 2018; Teck 2018, 2021a; i.e., total dissolved solids [TDS], nitrate, nitrite, sulphate, total
antimony, total barium, total boron, total lithium, total manganese, total molybdenum, total nickel,
total selenium, total uranium, total zinc, dissolved cadmium, and dissolved cobalt) were plotted
with applicable benchmarks, screening values, and BC WQG to allow for qualitative comparisons
among Teck’s routine monitoring stations. The assessment of water chemistry data from Teck'’s
routine monitoring stations was based on comparisons of monthly mean concentrations. Water
chemistry and selenium speciation data collected from biological monitoring areas in February
and September 2021 were screened relative to benchmarks, screening values, and BC WQG, as
appropriate, but were not subject to statistical analyses due to limited sample sizes. As indicated
in Section 2.2.1, selenium speciation data collected as part of the Selenium Speciation Monitoring
Program were used, as appropriate, to support data interpretation.

Question 1 was addressed by comparing water chemistry data among Teck’s routine monitoring
stations on Greenhills and Gardine creeks to evaluate potential mine-related influences on
water quality. Statistical analyses of the 2021 water chemistry data focused on the constituents
for which EWTs have been established and comparisons among stations were completed using
an Analysis of Variance (ANOVA). Interpretation focused on identifying spatial patterns, such as
upstream-to-downstream differences in concentrations or dilution effects like those observed for
some constituents in Greenhills Creek downstream of Gardine Creek (Minnow 2021a).

Question 2 was addressed by evaluating differences in concentrations of mine-related
constituents among years for each one of Teck’s routine monitoring stations. Data collected from
2016 to 2021 were used; however, the analysis was restricted to years with at least six months of
data and stations with at least two years of data. This statistical analysis also focused on the
constituents for which EWTs have been established.

The differences in monthly mean concentrations over the years for each station were tested using
an approach similar to that of the most recent RAEMP report (Minnow 2020d). For each year, a
percent magnitude of difference (MOD) relative to the base year (i.e., first year with at least six
months of data) was calculated as:

Year; — Base Year
x 100 %

Base Year
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Table 2.3: British Columbia Water Quality Guidelines, Site-specific Elk Valley Water Quality Plan Benchmarks, and Screening
Values Relevant to the Greenhills and Gardine Creeks Aquatic Monitoring Program, 2021

British Columbia Water Quality Guidelines®

Site-specific

Relevant Screening

Parameter Units b b
Long-term Average Short-term Maximum Year| Status Benchmark Values
For dissolved calcium = <4mgl/L,
WQG = <10
L For dissolved calcium = 4 to 8 mg/L, )
Total Alkalinity [ mg/L WQG = 10 to 20 9 - 2015| Working - -
For dissolved calcium = >8 mgl/L,
WQG >20
Ammonia mg/L pH and temperature-dependent pH and temperature-dependent 2009 [ Approved - -
Chloride mg/L 150 600 2003 [ Approved - -
For hardness <10 mg/L, WQG = 0.4
For hardness >10 mg/L,
Fluoride mg/L - WQG =[-51.73 + 92.57 x 2011 | Approved - -
logyg(hardness)]x0.01
Maximum applicable hardness = 385 mg/L
1 01 .0003[log(hardness)]-
0 152
8 .
2 | Nitrate (as N) | mg/L 3 32.8 2009 | Approved Maximum -
T applicable
o hardness = 500
z mg/L
Nitrite (as N) ©| mg/L 0.020 to 0.20 0.060 to 0.60 2009 [ Approved - 190-829llog(chloride)]-1.49
For buried embryo/alevin life stages, For buried embryo/alevin life stages,
WQG (water column) 211 WQG (water column) 29
Dissolved mg/L WQG (interstitial) =28 WQG (interstitial) 26 1997 | Approved B )
Oxygen
For other life stages, For other life stages,
WQG (water column) 28 WQG (water column) 25
pH ¢ pH units 6.5t09.0 1991 | Approved - -
128 to 429
Sulphate ® mg/L Maximum applicable hardness = 250 mg/L j 2013 | Approved 481 429
Tota'sz'lfjso"’ed mg/L 1,000 to 3,000 . 1987 | Working - 1,000
Antimony (1) | 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 0.0053
Boron mg/L 1.2 - 2003 | Approved - -
Chromium | mg/L 0.001 - 1999 [ Working - 0.005
Cobalt mg/L 0.004 0.11 2004 | Approved - exp414lin(hardness)}-0.99
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, WQG <0.003
= x + [1-273 x In(hardness) - 4.704] For hardness 8 to 360 mg/L,
Lead® mg/L WQNGo m%?eosh;: -gg%iﬁiamples in a 30-d ) WQG = 0.001x{exp!2* '”(“a’“”g“’”-“e”]} 1987 Approved i ;
period should be >1.5X the guideline. Maximum applicable hardness = 360 mg/L
Maximum applicable hardness = 360 mg/L
For hardness 37 to 450 mgl/L, For hardness 25 to 259 mgl/L,
Manganese © | mg/L WQG <0.004 x hardness + 0.605 WQG <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, WQG = 0.00002
s Else, WQG =[0.0001/(MeHg/THg)] OR
o When MeHg = 0.5% of THg, WQG= 0.00002
o T | Mercury® | malL | \yhen MeHg = 1.0% of THg, WQG = 0.00001 . 2001 | Approved . -
3 When MeHg = 8.0% of THg, WQG=
2 0.00000125
?
E Molybdenum | mg/L 7.6 46 2021 | Approved - -
& For hardness <60, WQG = 0.025
[72]
5 Nickel " | mg/L oo zogjsgggs(shi b £?§0.001 - 1987 | Working - 0.0053
= For hardness 2180, WQG = 0.15
Selenium mg/L 0.002 - 2014 | Approved 0.070 -
Silver ® mg/L For hardness <100 mg/L, WQG = 0.00005 For hardness <100 mg/L, WQG = 0.0001 1996 | Approved R }
For hardness >100 mg/L, WQG = 0.0015 For hardness >100 mg/L, WQG = 0.003
Thallium mg/L 0.0008 - 1997 | Working - -
Uranium mg/L 0.0085 - 2011 | Working - -
Vanadium mg/L - - - - - 0.12
For hardness <90 mg/L, WQG = 0.0075 For hardness <90 mg/L, WQG = 0.033
. For hardness 90 to 330 mg/L, For hardness 90 to 500 mg/L,
Zinc ® ML | \WQG = [7.5 + 0.75 (hardness - 9%)]xo.oo1; WQG = [33 + 0.75 (hardness - 98)]x0.001; 1999 Approved . -
Maximum applicable hardness = 330 mg/L Maximum applicable hardness = 500 mg/L
When pH 26.5, WQG = 0.05 When pH 26.5, WQG = 0.1
Aluminum mg/L When pH <6.5, When pH <6.5, 2001 | Approved - -
WQG = exp“ .6 - 3.327(median pH)+ 0.402(median pH)"2] WQG = e)([__)[1.209 - 2.426(pH)+ 0.286 (pH)"2]
x 0.83(log(hardn
g 0.001 e;ls()))-2453
% For hardness = 3.4 to 285 mg/L, For hardness = 7 to 455 mg/L, i
g Cadmium ¢ mg/L WQG = {exp[0.736><|n(hardness)-4.943]}X0.001 WQG = {exp[1.03><In(hardness)-5,274]}XO-OO1 2015 Approved g/il)a’;))l(ll(:gubrl'fe] _
=) Maximum applicable hardness = 285 mg/L Maximum applicable hardness = 455 mg/L hardness = 285
mg/L
Copper mg/L Biotic Ligand Model Biotic Ligand Model 2019 | Approved - -
Iron mg/L - 0.35 2008 | Approved - 1.1

Notes: mg/L = milligrams per litre; < = less than; WQG = water quality guideline; > = greater than; - = no data/not applicable; < = less than or equal to; > = greater than or equal to; % = percent; 30-d = 30-day;
MeHg = methylmercury; THg = total mercury; BC WQG = British Columbia Water Quality Guideline.
@ 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 are screened using concurrent values.
b Site-specific benchmarks or interim screening values are applied instead of BC WQG, as appropriate. The most conservative (i.e., lowest) relevant benchmark or screening value is listed in the table.
¢ Dependent on concurrent chloride concentration.

4 Unrestricted change permitted within this pH range.
° Hardness-based guidelines are calculated using concurrent hardness values. If hardness values exceed the maximum applicable hardness, then guidelines are determined using the maximum applicable
hardness. If hardness values are lower than the minimum hardness, then guidelines are determined using the minimum hardness.
fChromium(VI) is the dominant and most toxic form of chromium in oxygenated environments; therefore, its guideline was applied.
9 The most conservative guideline (0.00000125 mg/L) is applied.
" Interim screening value.
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with the annual concentrations represented by the estimated marginal means from the
ANOVA model. The significant difference between the current study year (Year;) and all other
years was assessed.

Question 3 was addressed by comparing differences in concentrations of mine-related
constituents observed downstream of the antiscalant addition location relative to upstream both
before and after the introduction of antiscalant treatment (i.e., using a Before-After-Control-Impact
[BACI] design). A two-way ANOVA with factors Area and Year was used to evaluate the
difference between monthly mean values at GH_GH2 and GH_GH1, which are downstream and
upstream of the antiscalant addition facility on Lower Greenhills Creek, respectively (Figure 2.1).
Water chemistry data collected prior to initiation of calcite management on October 23, 2017,
represent the “before” period and data collected thereafter represent the “after” period. Because
sampling at GH_GH2 started in May 2017, an evaluation of seasonal differences between
GH_GH1 and GH_GH2 in the absence of calcite management could not be completed. Instead,
the analyses only included May to September means for 2017 through 2021.%4

When the overall p-value from the ANOVA was significant, the post hoc Tukey’s Honestly
Significant Difference (HSD) Test was used to compare among years. For significant
comparisons, a MOD was calculated as the relative difference between observed and predicted
post-treatment concentrations at GH_GH2:

MOD = GH—GHzobserued post—treatment ~— GH—GHzpredicted post—treatment % 100%

GH_GHZpredicted post—treatment

where GH_GH2,pserved post—treatment 1S the geometric mean for monthly mean analyte
concentrations calculated for GH_GH2 post-treatment, and GH_GH2,cqicted post-treatment 1S the

predicted mean concentration for GH_GH2. This assumes that the ratio of concentration of
GH_GH1 to GH_GH2 is the same as pre-treatment:

GH—GHZpredicted post—treatment

=107 [10910 (GH—GHZpost—treatment) + loglO (GH—GHZpre—treatment)
- loglo (GH—GHlpre—treatment)]

The significant difference between 2017 and each of the post-treatment years (i.e., 2018 to 2021)
was assessed.

4 The antiscalant addition facility was not operating in September 2019; consequently, September 2019 data were
excluded from the “after” data set, consistent with previous years of reporting (Minnow 2020a, 2021a). Additionally,
based on a review of unpublished flow data and operational reports, it was determined that the antiscalant addition
facility was not operating in May 2018 or May 2020 (Teck 2021c). Consequently, these data were also excluded from
the “after” data set used for this report.

.
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Data analyses were completed using R statistical software (R Core Team 2021). Water quality
and aqueous selenium speciation data were used to interpret the results of substrate, benthic
invertebrate community, benthic invertebrate tissue chemistry, and WCT data analyses,
as appropriate (see Sections 3.2 to 3.5, below).

2.3 Substrate Quality
2.3.1 Calcite
2.3.1.1 Field Sampling

Calcite in Greenhills and Gardine creeks was monitored at the following locations in 2021 as part
of the Regional Calcite Monitoring Program for Teck (Figure 2.2; Robinson et al. 2022):

o GREE3-25, GREE3-50, GREE3-75, GREE4-25, GREE4-50, and GREE4-75 on Upper
Greenhills Creek;

¢ GREE1-25, GREE1-50, and GREE1-75 on Lower Greenhills Creek; and
¢ GARD1-25, GARD1-50, and GARD1-75 on Gardine Creek.

Calcite monitoring methods employed for the Regional Calcite Monitoring Program in 2021 were
consistent with those described by Lotic Environmental Ltd. (Lotic 2021; Robinson et al. 2022).
Historically (i.e., from 2015 to 2020), data collected from Gardine Creek as part of the Regional
Calcite Monitoring Program were reported as an average of three stations. In 2022, data were
reported individually for each of the three stations on Gardine Creek (i.e., GARD1-25, GARD1-50,
and GARD1-75) (Robinson et al. 2022); this change is reflected in the data tables presented in
Section 3.2.1.

As part of the September 2021 GGCAMP sampling, Minnow collected calcite data from the
immediate vicinity of each area-based benthic invertebrate creek sampling station (i.e.,
RG_GHUT, RG_GHNF, RG_GHFF, RG_GHBP, RG_GAUT, and RG_GANF [six stations per
biological monitoring area]) to allow for direct correlation of benthic invertebrate community
endpoints with Cl and CI’ values (Figure 2.2; Table 2.1). Calcite measurements were made on
50 randomly selected pebbles, rather than 100, at each benthic invertebrate community sampling
station (i.e., for a total of 300 pebbles per biological monitoring area, which is consistent with the
resolution applied for LAEMP and RAEMP areas).

Calcite index measurements at biological monitoring areas were made using updated methods
that Teck is implementing on a trial basis; these methods are described in detail
by Zathey et al. (2021). A summary of the methods used in 2021 are presented in Lotic (2021).
First, the presence (Cyp; score = 1) or absence (score = 0) of calcite was recorded to estimate Cl,

consistent with previous years (Minnow 2021a,b). Second, the proportional presence score
.

June 2022 | 21



652,500 653,000 653,500 654,000 654,500 655,000 655,500
g ) RE_GHUT6 g
=2 7 Re_CHUTS g
2 . RE_CHUT-4 s
5 RE_GHUTS . RES 5
RG_@EHUT-2 ; CH-OREEATS
G  RE_@HUT-A
{
] % 3
. RE_CHINF-
CH_CREE4B0 [ CHNFS
@ARDATS ORI O
o 7 RE_CHN"4 R@@mﬁ% 2
8 @ |Reach 4 R‘=@H|N|F 8
-+ RO_GAUTS 2, - RE_GHNF 2
5 RE_GAUTS ON = &
RE_@AUT4
. RE_CAUT-8
Greenhills RE_GAUT-2
Operations RE_@AUTA
GARDA-E0
" G I
%ﬁ 1l CH_CREE4-28
. @ARDA2ZS L] [Reach 7[> Proposed o
=1 \ S
3 3
© @reanillls Craak Seclimentiion Pome! Faelity B
0205
Antiscalant REG_CANFBG 1O))
Addition |:| QANES %
Done Facility 3 ( -
@ : CANF4
RE_GANF-®
RE_GANE2
_ Fordfng m, RE_GANREA 5
3 eR, 3
51 %3 CH_CREES-TS =
(
ol RE_CHFTS
GR )
R@_GHFF-, ' RG_CHFF4
CREEI-rS [ RG_EHCKD RE_CHBP6
CREET-7S | [RC_CHCID [ Re Re_GHFFAS’ Re_GHFF-2
o RE_CHBPB -
S RE_CHBR-3 S
51 Re_GHBP2” Ro-CHER4 g v 5
CHBP=A
= | @H_CREESE0
RE_GCREE23
] 3
2 o @H_CREES-25 g
@ O ® 100} 200 °
il 0 0 0 il 0 0 0 n
=% e
:
. . Graanhills Srask .
2 : Sedlmentziion g
3’ . Pomnel §
2 2
652,500 653,000 653,500 654,000 654,500 655,000 655,500
LEGEND Calcite Monitoring Locations
© Upper Greenhills Creek Calcite Monitoring (Biological Area) @ Antiscalant Discharge Location
[]  Upper Greenhills Creek Calcite Monitoring (Regional) A Seep
® Gardine Creek Calcite Monitoring (Biological Area) @ Remediation Area Selected (2023)
[ Gardine Creek Calcite Monitoring (Regional) emm Reach Break fIJ 0.25 0i5 % N
1 1 1 1 1 1
® Lower Greenbhills Creek Calcite Monitoring (Biological Area) C] Antiscalant Addition Facility Kilometers
[ Lower Greenhills Creek Calcite Monitoring (Regional) W F
. L. . ) Projection: North American Datum 1983 UTM Zone 11U
X Proposed Antiscalant Addition Facility Location (2022) Reproduced under licence from Her Majesty the Queen in Right of s
Canada, Department of Natural Resources Canada. All rights reserved.
Date: June 2022 i
Project 227202.0016 Flgure 2.2

Document Path: C:\Users\capol\Trinity Consultants, Inc\Teck - 227202.0016 - 2022 GGCAMP\D - GIS\2021 GGCAMP Report\22-16 Figure 2.2 Calcite Monitoring Locations.mxd

June 2022 | 22




minnow environmental inc. Teck Coal Limited
Project 217202.0052 2021 Greenhills and Gardine Creeks Aquatic Monitoring

(i.e., calcite presence prime [C,’]) was recorded; C,’ represents the proportion of a given particle’s
surface area that is covered in calcite (e.g., C,’ = 0.2 for a particle with 20% calcite coverage).
If calcite is absent, Cp,’ = 0 and for full coverage, C,’ = 1 (Zathey et al. 2021). Next, the degree
of concretion (C.) was recorded based on the particle being removed with negligible resistance
(not concreted; score = 0), removed with 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 a thick layer (greater than [>] 1 centimetre [cm]) of fines was encountered and
calcite presence could not be visually confirmed, fines were pinched between the thumb and
fingers and evaluated for calcite presence. If fines contained calcified conglomerates in loose
sediment, then values of 0 (for concretion) and 1 (for presence) were recorded (Lotic 2021). If
conglomerates were not observed, then concretion and presence values were recorded as 0.
Where moss was present on a particle, it was removed to determine if calcite was present. Where
calcite was present, a value of 1 (for presence) and 0 (for concretion, when moss was easily
removed) was recorded, and where the moss was removed with calcite-induced resistance a
value of 1 (for concretion) was recorded. If the moss was fully encrusted and immovable, values
of 1 (for presence) and 2 (for concretion) were recorded (Lotic 2021). If a rock was visible under
fines, the rock was selected for calcite index measurements.

2.3.1.2 Data Analysis

Calcite indices for the 2021 GGCAMP were calculated in two ways, the first being consistent with
methods used historically and in 2020 (Minnow 2021a; Teck 2016) and the second based on the
trial methods and calculation steps described by Zathey et al. (2021) (see also Lotic 2021).

Calcite indices (Cl and CI’) calculated for each biological monitoring area were used to address
the following general questions:

Q1: Do calcite scores differ among areas?

Q2: Have calcite scores changed at the monitoring areas over time and are these changes
unexpected based on the activities and projects occurring in the watershed?

Q3: Have calcite scores in Lower Greenhills Creek changed relative to upstream following the
application of antiscalant?

These questions were addressed using methods consistent with those employed for the 2020
GGCAMP report (Minnow 2021a) and those laid out in the 2021 GGCAMP study design
(Minnow 2021b). Statistical analyses were completed in R (R Core Team 2021).
Calcite presence (C, and Cp’) and concretion scores were also plotted by area to support visual
(i.e., qualitative) comparisons among areas and over time within areas. Additionally, Cl and CI’

(’_\_
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were used to support interpretation of benthic invertebrate community data (i.e., by correlation
analysis of benthic invertebrate community endpoints and calcite scores; see Section 2.4).
Results from the 2021 Regional Calcite Monitoring Program Report (Robinson et al. 2022) were
used, as appropriate, to support interpretation of calcite data collected as part of the GGCAMP.

2.3.2 Sediment
2.3.2.1 Field Sampling

Sediment chemistry samples (five replicates per area) were collected from Lower
Greenhills Creek (RG_GHBP) and Gardine Creek (RG_GAUT and RG_GANF)
in September 2021 (Figure 2.3; Table 2.1). Sediment chemistry sampling was also completed at
deeper, depositional habitats within Greenhills Creek Sedimentation Pond in September 2021
(RG_GHP; Figure 2.4; Table 2.1). Consistent with previous years of sediment
chemistry monitoring (e.g., Minnow 2020a, 2021a), no sediment chemistry sampling was
completed in Upper Greenhills Creek. This is because during the September 2016 assessment
of Greenhills Creek, only a few small (e.g., 1 to 2 square metres [m?]) sediment deposits were
noted in Upper Greenhills Creek, most of which were likely ephemeral (i.e., would be washed
downstream during a storm event or freshet) (Minnow 2017). Similar observations were noted by
the field crew in 2020 and 2021. This is consistent with the relatively high gradient (i.e., 4 to 8%)
of the creek (Minnow 2017). Thus, Greenhills Creek Sedimentation Pond represents the main
deposition area for fine sediments originating from Upper Greenhills Creek.

Sampling in Lower Greenhills and Gardine creeks was completed by individuals on foot and
sampling locations were approached in such a way as to avoid sediment disturbance
before sampling. To the extent possible, the same locations sampled for sediment in
previous years (i.e., 2017 to 2020; Figure 2.3) were sampled in 2021. A handheld Global
Positioning System (GPS) was used to mark the Universal Transverse Mercator (UTM)
coordinates of each sediment sampling location. A stainless-steel spoon was used to collect
sediment samples from deposits of fines amongst the cobbles. Sediment was collected until
sufficient volume was obtained for the required analyses. The sediment collected from a given
sampling location was deposited into a clean plastic tub, homogenized, photographed, and
divided between a 250 millilitre (mL) glass jar and a large, labelled Ziploc® bag provided by the
analytical laboratory (i.e., ALS). Samples were placed in a cooler with ice following collection and
transferred to a refrigerator until shipment to the analytical laboratory. Details pertaining to the
samples (e.g., depth, substrate characteristics, colour, texture, and presence of
aquatic vegetation) were recorded on field sheets. These included observations of calcite
presence within the sediment samples (e.g., based on sample texture and colour). Field QA/QC
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measures included the collection of field duplicates at a minimum frequency of 10% of total
samples collected during the sampling event (see Appendix A).

Sediment samples were collected from Greenhills Creek Sedimentation Pond by deploying a
stainless-steel Petite Ponar grab sampler from a boat. A single sample, consisting of a composite
of the top 2 cm of five to 10 grabs's, was collected at each of five of the six'® sediment sampling
stations (i.e., RG_GHP-1, RG_GHP-3, RG_GHP-4, RG_GHP-5 and RG_GHP-6). Care was
taken so that each grab captured the surface material and was full to each edge. Incomplete
grabs were discarded. Grabs deemed to be of sufficient fullness and quality were deposited into
a clean plastic tub, homogenized, photographed, and split between a 250 mL glass jar and a
large, labelled Ziploc® bag provided by the analytical laboratory (i.e., ALS). Samples were placed
in a cooler with ice following collection and transferred to a refrigerator until shipment to
the analytical laboratory. Details pertaining to the samples (e.g., depth, substrate characteristics,
colour, texture, and presence of aquatic vegetation and calcite particles) were recorded on field
sheets. To the extent possible, the same locations sampled for sediment in previous years (2018
to 2020; Figure 2.4) were sampled in 2021. Field duplicates for QA/QC purposes were collected
at a rate of at least 10% of total samples collected during the sampling event.

2.3.2.2 Laboratory Analysis

Sediment chemistry samples were sent to ALS, a CALA-certified laboratory, in Calgary, AB
for analysis. The laboratory was instructed to thoroughly homogenize each sediment sample, as
per standard laboratory protocols, so that sub-samples were representative and comparable.
Separate sub-samples were taken from the samples submitted in Ziploc® bags for analysis of
moisture content, particle size, total organic carbon (TOC), sequential extraction analysis (SEA),
and metals. Samples submitted in glass jars were used for analysis of polycyclic
aromatic hydrocarbons (PAHSs).

Sediment chemistry samples were analyzed using the following methods:

o Metals by Collision Reaction Cell Inductively Coupled Plasma-Mass Spectrophotometry
(CRC-ICPMS; United States Environmental Protection Agency [EPA] 200.2/6020A mod)
and Collision Cell Mass Spectrophotometry (CCMS; Tessier Extraction 1979/EPA 6020A);

15 The study design for 2021 (Minnow 2021b) indicated that each sample would consist of the top 2 cm of three grabs.
However, a decision was made in the field to collect five grabs instead of three (or 10 grabs in the case of a field
duplicate) to ensure that target sample volumes for laboratory analyses (Section 2.3.2.2) would be achieved.

16 A total of n = 6 stations were targeted for sampling (Minnow 2021b). However, the field crew was unable to collect
sediment from station RG_GHP-2, despite multiple attempts, due to the presence of dense aquatic vegetation at this
location.

/—\_
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Mercury by Cold Vapour Atomic Absorption Spectroscopy
(CVAAS; EPA 200.2/1631E mod);

TOC calculated from total and inorganic carbon (Canadian Society of Soil Science [CSSS]
[2008] 21.2)";

Inorganic Carbon as a calcium carbonate (CaCOs3) equivalent calculation;

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

Particle size distribution by dry sieving (coarse particles), wet sieving (sand), and the
pipette sedimentation method (fine particles);

pH by 1:2 soil:water extraction (CSSS Chapter 16); and

Moisture content by gravimetry (i.e., weighing the sample before and after drying at
105 degrees Celsius [°C]).

The SEA was performed by the ALS laboratory in Vancouver, BC in accordance with Tessier et al.

(1979). Reagents used to analyze the first four sediment fractions typically assessed in SEA are

weaker than those used for the analysis of “total” or “bulk” metal concentrations in sediments.

The method involves five sequential extraction steps; each extraction step represents a different

fraction of sediment-associated metals that could potentially be released under specific

conditions. These include:

1.

Fraction 1 (exchangeable and adsorbed metals fraction) — potentially released due to
changes in ionic strength;

Fraction 2 (carbonate fraction) — potentially released due to changes in pH;

Fraction 3 (easily reducible metals and metals bound to iron and manganese oxides) —
potentially released under reducing conditions;

Fraction 4 (metals bound to organic matter) — potentially released under
oxidizing conditions; and

Fraction 5 (residual metals) — metals resistant to the first four digestion steps
(Tessier et al. 1979).

7 Total carbon and inorganic carbon content are determined by combustion methods (CSSS [2008] 21.2) and reaction
with acetic acid (CSSS [2008] P216-217), respectively.
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Laboratory QA/QC included an assessment of sensitivity (i.e., evaluation of LRLs and
blank samples), accuracy (laboratory control samples, internal reference materials, and CRM),
and precision (laboratory duplicates) (see Appendices A and B).

2.3.2.3 Data Analysis

Metal and PAH concentrations in sediment samples from Lower Greenhills Creek, Gardine Creek,
and Greenhills Creek Sedimentation Pond were tabulated and plotted to support comparisons to
applicable BC Working Sediment Quality Guidelines™ (BC WSQG; BCMOECCS 2021a).
Concentrations in “bulk” sediment and the sums of concentrations in sediment fractions 1 to 4
were included in the comparisons.’ The upper and lower BC WSQG were included in the
evaluation, recognizing that the BC WSQG are based on co-occurrence analysis, rather than
cause-effect studies (BCMOECCS 2021a). The lower BC WSQG that were used to screen the
“bulk” and SEA results represent concentrations below which adverse biological effects would not
be expected to occur under most circumstances and are considered comparable to the Canadian
Council of Ministers of the Environment (CCME) Threshold Effects Levels or Interim Sediment
Quality Guidelines (ISQG; BCMOECCS 2021a). In contrast, the upper BC WSQG are considered
equivalent to the CCME’s Probable Effects Levels (CCME 2001) and represent a concentration
above which effects to aquatic biota may be more frequently observed (BCMOECCS 2021a).

Regional reference area normal ranges, which represent the 2.5" and 97.5™" percentiles of the
reference area data for a particular constituent, were also included in the plots of metal and PAH
concentrations in sediments (Minnow 2020d,e). For lotic areas (i.e., RG_GHBP, RG_GAUT,
and RG_GANF), regional reference area normal ranges calculated based on sediment chemistry
data collected from creek habitats as part of the RAEMP (Minnow 2020d) were used.?°
Reference area normal ranges derived as part of the Lentic Area Supporting Study
(Minnow 2020e) were applied to the Greenhills Creek Sedimentation Pond (RG_GHP; Figure 2.1;
Table 2.1). Although Greenhills Creek Sedimentation Pond is not a natural or naturalized lentic
area, this approach was used because the pond possesses a number of lentic characteristics
(e.g., longer water retention time, areas of dense vegetation). It is also recognized that, in the Elk
River watershed, the concentrations of many constituents in sediment from areas considered to
be in reference condition (i.e., areas unexposed to mine-influence) are above the

'8 Including the alert concentration for selenium (see BCMOE 2014 and BCMOECCS 2021b).

19 The comparisons of sediment fractions 1 to 4 to the BC WSQG are considered to be a conservative screening of the
potentially mobile, and therefore potentially bioavailable, sediment constituents. It would take highly
unusual/aggressive reducing and oxidizing conditions, respectively, to mobilize fractions 3 and 4 and these conditions
are not likely to occur in Greenhills and Gardine creeks.

20 The most up-to-date regional reference area normal ranges for lotic sediments were first reported in the 2020 GHO
LAEMP report (Minnow 2021d).
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lower BC WSQG (Minnow 2020d,e). Consequently, the upper limits of regional reference normal
ranges for both lotic and lentic areas are greater than the respective lower BC WSQG for many
constituents, including selenium (Minnow 2020e; Minnow 2021d).

Sediment chemistry (“‘bulk” chemistry and SEA data) were used to address the following
general questions:

Q1: Does sediment chemistry differ among areas?

Q2: Have concentrations of mine-related constituents at the monitoring areas changed over
time and are these changes unexpected based on the activities and projects occurring in
the watershed?

Q3: Has sediment chemistry downstream of the antiscalant addition facility changed relative
to upstream after the introduction of water treatment?

Question 1 was addressed by comparing sediment chemistry (“bulk” and SEA) among biological
monitoring areas to evaluate potential mine-related influences on sediment. A censored
regression two-way ANOVA with factors Area, Year, and Area x Year was used to compare
sediment chemistry among areas on Lower Greenhills Creek (RG_GHBP), Gardine Creek
(RG_GAUT and RG_GANF), and Greenhills Creek Sedimentation Pond (RG_GHP).
The censored regression allowed and accounted for censored data (i.e., values less than [<] the
LRL); however, analytes that had >75% censored data were excluded from the analyses.
Appropriate post hoc contrasts were completed when the main effects (Area or Year)
or interaction terms were significant and p-values were corrected accordingly. When the Area x
Year term was insignificant, the MOD was calculated as:

MOD = (EMMgyeq 2— EMMgreq 1)/ EMMgreq1 % 100%

where EMM is the estimated marginal mean from the censored regression ANOVA model based
on all years combined. When the Area x Year term was significant, the MOD was calculated
using the same equation as above, but for comparisons within each year, rather than all
years combined.

To address Question 2, temporal differences in metal and calcium?' concentrations in “bulk”
sediments and SEA fractions 1 to 5 (individually and combined) were examined for RG_GHBP
on Lower Greenhills Creek, RG_GAUT and RG_GANF on Gardine Creek, and Greenhills Creek
Sedimentation Pond (RG_GHP). Again, a censored regression two-way ANOVA with factors

21 Calcium is a correlate for calcite (see Minnow 2021a).
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Area, Year, and Area x Year was used. When the Area x Year term was insignificant, the MOD
was calculated as:

MOD = (EMMypqr 5~ EMM,y0qr 1)/ EMMyeqy 1 X 100%

where EMM is the estimated marginal mean from the censored regression ANOVA model based
on all areas combined. When the Area x Year term was significant, the MOD was calculated
using the same equation as above, but for comparisons within each area, rather than all
areas combined.

The two-way ANOVAs were restricted to the years 2019 to 2021 to standardize the sizes of the
“bulk” sediment chemistry and SEA data sets among areas and years. Within each two-way
ANOVA, there is a test for interactions (i.e., between Area and Year). If interaction is not
significant, then the temporal comparisons, as an example, would continue by combining data for
all areas (RG_GHBP, RG_GAUT, RG_GANF, and RG_GHP) within a year to support the
comparison among years (e.g., to compare 2021 to 2019). If a similar temporal comparison
between the SEA results for 2021 and 2018 was completed, the results would not be very
meaningful. This is because pooled data for RG_GHBP, RG_GAUT, RG_GANF, and RG_GHP
(2021) would be compared to RG_GHBP only (i.e., no other areas were sampled for SEA
that year).

Question 3 was addressed by comparing differences in concentrations of analytes in “bulk”
sediment before (2017) and after (2018 to 2021) initiation of antiscalant addition. A censored
regression ANOVA with a nested design with factors BA, which denotes before versus after
treatment, and Year, which is nested within BA, was used, consistent with the approach described
in the 2021 GGCAMP study design (Minnow 2021b). Within the nested design, the nested Year
term represents differences among years in the “after” period. If significant, post hoc tests were
completed to compare each “after” year (i.e., one of 2018 to 2021) to the “before” year (i.e., 2017).
For significant differences, a MOD was calculated as:

MODyear = (MCTafter year—=MCT2017)/ MCT2017 X 100%

where the MCT is the measure of central tendency or, more specifically, the estimated marginal
mean from the censored regression ANOVA model. If the BA term was significant in the absence
of a year effect, the marginal means were estimated for the grouped “after” years and the MOD
was calculated as:

MODyear = (MCTafter_ MCTbefore)/ MCTbefore X 100%

All censored regressions were conducted in R (R Core Team 2021).
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To support conclusions regarding overall sediment quality (i.e., all analytes considered together),
Sediment Quality Indices (SQI) were calculated by year within each area, based on
concentrations of metals and PAHs measured in “bulk” sediment samples. Calculations were
completed in R (R Core Team 2021) following the approach of the CCME Sediment Quality Index
1.0 (CCME 2002, 2014; see also Minnow 2020e). The SQI integrate the following qualities of
guideline exceedances:

e scope (i.e., percentage of analytes that did not meet their respective guidelines [number
of analytes with failed samples/total number of analytes*100]);

o frequency (percentage of samples that did not meet guidelines [number of failed
samples/total number of samples*100]); and

o amplitude (i.e., normalized sum of extent above guidelines, scaled between 0 and 100).

The lower BC WSQG were used, to be more conservative in the calculation of the SQI, along with
the alert concentration for selenium (BCMOECCS 2021a,b).2?2 The SQI were reviewed to support
identification of biological monitoring areas where overall sediment quality has changed over time,
as well as differences among sampling areas.

24 Benthic Invertebrate Community
241 Field Sampling
2.41.1 Greenhills and Gardine Creeks

Benthic invertebrate community samples representative of lotic habitats were collected from the
following biological monitoring areas in September 2021 (Figure 2.5; Table 2.1):

¢ RG_GHUT, RG_GHNF, and RG_GHFF on Upper Greenhills Creek;
¢ RG_GHBP on Lower Greenhills Creek; and
¢ RG_GAUT and RG_GANF on Gardine Creek.

Consistent with previous years, area-based kick sampling was completed at six stations per
biological monitoring area to support detection of a two standard deviation change in the relative
differences among the three areas on Upper Greenhills Creek over two sampling periods
(one before and one after) using a = B = 0.1. This sample size was estimated by assuming that
an ANOVA on the paired area differences (after-before) will be conducted for the three areas.

22 The I1SQG from the CCME (2002) and lower BC WSQG (BCMOECCS 2021a) are equivalent for most parameters,
with the exception of iron, manganese, nickel, silver, benzo(g,h,i)perylene, benzo(k)fluoranthene, and
indeno(1,2,3-c,d)pyrene, for which there are no CCME guidelines. Additionally, the selenium alert concentration is
unique to the BC WSQG.
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Monitoring on Upper Greenhills Creek provided a sixth year of pre-treatment data and monitoring
on Lower Greenhills Creek provided a fourth year of data following the activation of the antiscalant
addition system. The year 2021 represented the third year of data collection on Gardine Creek.

Area-based benthic invertebrate samples were collected to support estimations of benthic
invertebrate densities and productivity (biomass), which are considered general indicators of food
availability for WCT. Each of the area-based benthic invertebrate community samples was
collected by kick sampling an area of approximately 1/3 m? into a 400 micrometre (um) mesh net
with a triangular aperture measuring 36 cm per side. This is a modification of the Canadian
Aquatic Biomonitoring Network (CABIN) technique wherein a defined area is sampled rather than
sampling for a predetermined period of time. Other methods of area-based sampling, such as
Hess or Surber sampling, cannot be completed effectively in Greenhills Creek (and parts of
Gardine Creek) due to the calcification of the substrates. During sampling, the net was held
immediately downstream of the sampler’s feet so that all detritus and invertebrates disturbed from
the substrate were passively collected in the kick-net by the stream current. After sampling, the
kick-net was rinsed with water to move all 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 with both external and internal station identification labels. Samples were preserved to
a level of 10% buffered formalin in ambient water.

In addition to the area-based kick sampling, three-minute CABIN kick (i.e., timed kick) sampling
was completed at RG_GHNF (three stations) on Upper Greenhills Creek to support comparisons
to reference area normal ranges and the assessment of biological triggers for %EPT
(see Section 2.4.3).22 The timed kick sampling on Upper Greenhills Creek was completed using
methods consistent with CABIN protocols (Environment Canada 2012a) and the RAEMP (Minnow
2021c). However, the field crew noted that no true riffle habitat was present at RG_GHNF at the
time of the 2021 sampling due to the presence of barrage tufa that blocked flow and formed
cascades and calcite terraces. Regardless, travelling timed kicks were completed using a net
with a triangular aperture of 36 cm per side and a 400 ym mesh. During sampling, the field crew
member moved across the stream channel (from bank to bank, depending on the width and depth
of the creek and the presence of hazards/calcite terraces) in an upstream direction. The net was
held immediately downstream of the sampler's feet so that detritus and invertebrates were
passively collected in the kick-net. After sampling, the kick-net was rinsed to move all debris and
invertebrates into the collection cup at the bottom of the net. The collection cup was removed,

23 For Lower Greenhills Creek, the assessment of biological triggers for %EPT relied on data collected from
RG_GHCKD (Greenhills Creek downstream of sediment pond) as part of the annual RAEMP sampling (three stations;
Minnow 2021b,c). This is consistent with the approach for Lower Greenhills Creek in 2020 (Minnow 2021a).
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and the contents poured into a labelled plastic jar with both external and internal station
identification labels. Samples were preserved to a level of 10% buffered formalin in
ambient water.

Supporting habitat information consistent with CABIN sampling (e.g., water velocity and depth,
in situ water quality [temperature, DO, pH, and specific conductance], canopy cover)
was collected concurrent with, and at the same locations as, benthic invertebrate
community samples. As described in Section 2.3.1, Cl and CI’ measurements were made on a
total of 50 undisturbed pebbles in the immediate vicinity of each area-based benthic invertebrate
community sampling station on Greenhills and Gardine creeks (i.e., for a total of 300 pebbles per
biological monitoring area).

2.4.1.2 Greenhills Creek Sedimentation Pond

Benthic invertebrate community samples were collected from six locations in Greenhills Creek
Sedimentation Pond in September 2021 (Figure 2.4; Table 2.1). The year 2021 represented the
fourth year of benthic invertebrate community data collection in Greenhills Creek
Sedimentation Pond.

Benthic invertebrate community samples were collected using a stainless-steel Petite Ponar grab
sampler deployed from a boat. A single sample, consisting of a composite of five Petite
Ponar grabs (i.e., a total sampling area of 0.116 m?), was collected at each station. Care was
taken so that each grab captured the surface material and was full to each edge. Any incomplete
grabs were discarded. Each acceptable grab was field-sieved using a 500 ym mesh bag.
The material retained in the bag was transferred into one or more plastic sampling jar(s)
containing both external and internal station identification labels. Benthic invertebrate community
samples were preserved to a level of 10% buffered formalin in ambient water.

Supporting habitat information (e.g., water depth and in situ water quality [temperature, DO, pH,
and specific conductance]) was collected concurrent with, and at the same locations as, each
benthic invertebrate community sample.

2.4.2 Laboratory Analysis

Benthic invertebrate community samples collected using area-based kicks and Petite Ponar grabs
were sent to ZEAS Inc. (ZEAS) in Nobleton, Ontario for analysis. At the laboratory, preserved
organisms in each sample were sorted from the sample debris and identified to the lowest
practical level (LPL) of taxonomy (typically genus or species) using methods described by
Environment Canada (2014). Organisms were then grouped at the family level of taxonomy
for weighing (i.e., preserved wet weight biomass). Each family group of organisms was gently
placed onto a fine cloth or paper towel to drain excess surface moisture (preservative)
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before being weighed to the nearest 0.1 milligram (mg). Total and family-level biomass and the
density of each taxon was reported for each of the area-based samples. Laboratory QA/QC
procedures included assessments of sub-sampling accuracy and precision and percent
organism recovery (Appendices A and B).

Benthic invertebrate community samples collected using the timed kick method were sent to
Cordillera Consulting (Cordillera) in Summerland, BC for sorting and taxonomic identification.
Organisms were identified to the LPL of taxonomy (typically genus or species). At the beginning
of the sorting process, each sample was examined and evaluated to estimate the total
invertebrate number. If the total number was estimated to be >600, then the laboratory’s
subsampling protocol was followed; otherwise, the whole sample was sorted. Samples were
sorted using methods consistent with those described by Environment Canada (2014) and CABIN
requirements (i.e., a minimum of 5% of each sample was sorted and at least 300 organisms were
counted in every sample). Sorting efficiency and sub-sampling accuracy and precision were
quantified using methods specified by Environment Canada (2012b, 2014).

2.4.3 Data Analysis

Data for area-based samples collected from Upper Greenhills Creek, Lower Greenhills Creek,
Gardine Creek, and Greenhills Creek Sedimentation Pond were summarized by calculating
endpoints that are considered to be indicators of changes in benthic invertebrate community
production and structure. Endpoints included:

e density (number of organisms per square metre [no./m?]);
e biomass (grams per square metre [g/m?]);
e LPL richness and family richness; and

o the proportions of major taxa (i.e., EPT combined, as well as Ephemeroptera, Plecoptera,
Trichoptera, and Diptera).

Endpoints typically reported for the RAEMP (e.g., Minnow 2020d) were also calculated for timed
kick samples. For RG_GHCKD (Greenhills Creek downstream of the Greenhills Creek
Sedimentation Pond), results for these endpoints will be reported in the next RAEMP report.
However, results for RG_GHCKD were used in this report to support comparisons to reference
area normal ranges and the biological trigger evaluation for %EPT (see below).

Biological monitoring areas on Upper Greenhills Creek, Gardine Creek, and Greenhills Creek
Sedimentation Pond are upstream of the antiscalant dosing module, which is scheduled to be
relocated to Upper Greenhills Creek in 2022 (Hillman 2021a, pers. comm.). Therefore, data
collected from these areas in 2021 were included with pre-treatment data collected from 2016
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to 2020. Data collected from RG_GHBP on Lower Greenhills Creek represents a fourth year of
monitoring post-antiscalant addition.

Benthic invertebrate community endpoints were summarized and used to address the following
general questions:

¢ Q1: Do community endpoints differ among areas?

e Q2: Have community endpoints changed at the monitoring areas over time and are these
changes unexpected based on the activities and projects occurring in the watershed?

¢ Q3: Have community endpoints in Lower Greenhills Creek changed relative to upstream
following the application of antiscalant (i.e., can observed differences between Upper and
Lower Greenhills Creek be attributed to antiscalant addition)?

Questions 1 and 2 were addressed together. Differences among areas and years for benthic
community endpoints were compared using ANOVA with factors Area and Year and Area x Year.
Methods were consistent with those outlined in the 2021 GGCAMP study design (Minnow 2021b).
For significant post hoc comparisons among years, the MOD was calculated in standard
deviations (SD) of the reference year as:

MCTyear - MCT2016
SDz016

where MCT,..r is the measure of central tendency for a given year after 201624, MCTz1s is the
MCT in 2016, and SD1¢ is the standard deviation for 2016. Similarly, the MODs between areas
with significant post hoc comparisons were calculated as:

MCTuntreated - MCTRG_GHBP

SDRG_GHBP

Question 3 was addressed by comparing differences in benthic community endpoints in relation
to the addition of antiscalant based on a BACI design (Green 1979), where an ANOVA model is
used to fit the data for each area from pre- and post-application of antiscalant (see
Minnow 2021b). Potential BACI effects were assessed by testing the significance of the
interaction terms containing the BA (fixed factor with two levels: before [2016 and 2017] and after
[2018 to 2021] use of antiscalant) and CI (fixed factor for area type with two levels: use of
antiscalant and no antiscalant) terms. A p-value of 0.1 was used to test the significance of the
interaction terms. Interpretation of the ANOVA table was carried out following the approach
described in detail in the 2021 GGCAMP study design (Minnow 2021b).

24 The first year of baseline for Greenhills Creek.
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If significant differences were found, the MOD was calculated as:

((After Yeartreated - After Yearuntreated) - (Before Yeartreated - Before Yearuntreated))
SD

where:

o After Yearyeqtea — After Year,nireatea = difference between treated and untreated areas
in the after treatment time period;

e BeforeYearyreqrea — Before Yearynireatea = difference between treated and untreated

areas in the before treatment time period; and

e SD = the standard deviation of the residuals in the ANOVA on the transformed scale,
where appropriate.

If the interaction term between BA and CI was not significant, then it was concluded that there
were no BA effects that could be attributed to treatment with antiscalant.

Additionally, potential relationships between benthic invertebrate community endpoints and
calcite measurements (Cl, CI’, and concretion scores) and water chemistry data were examined
by correlation analysis.?® Benthic invertebrate community endpoints for area-based samples were
correlated with paired calcite indices and concretion scores collected concurrently with the benthic
community samples in 2021, and from 2017 to 2020. Specific endpoints included of density,
biomass, LPL richness, family richness, %EPT, %Ephemeroptera, %Plecoptera, %Trichoptera,
and %Diptera. Significant correlations were assessed at a = 0.05, with Bonferroni corrections for
the number of independent comparisons. Water quality data for analytes with EWTs were also
included in the correlation analyses; concentrations measured in samples collected concurrent
with area-based benthic invertebrate community sampling in September 2021 were used.
Again, significance was assessed at a = 0.05, with Bonferroni corrections for the number of
comparisons. Statistical analyses were completed in R (R Core Team 2021).

Comparisons to regional reference area normal ranges from the RAEMP (Minnow 2020d)
were completed for the timed kick samples collected from RG_GHNF and RG_GHCKD
(RAEMP area) on Upper and Lower Greenhills Creek, respectively. Data from area-based kicks
completed in 2021 were not compared to regional reference area normal ranges. This change
relative to previous years (e.g., Minnow 2020a, 2021a) is based on the acknowledgement that
the methods underlying the reference area normal ranges (i.e., timed kicks) and the area-based

25 Predictive models for benthic invertebrate communities are being developed for use in adaptive management and
biological monitoring. Once these models are available for implementation, they may be used in place of the correlation
analyses described herein.

/—\_

June 2022 | 38



minnow environmental inc. Teck Coal Limited
Project 217202.0052 2021 Greenhills and Gardine Creeks Aquatic Monitoring

(1/3 m?) benthic invertebrate community kicks are not comparable or compatible.?® For example,
Minnow has found that, in general, LPL and family richness calculated for area-based kick
samples tend to fall toward the lower end of or below regional reference area normal ranges
calculated from timed kick samples. This is attributed to the greater likelihood that rarer taxa will
be missed when sampling the smaller area (m?) and lower overall diversity of habitats associated
with the area-based versus timed kicks (Minnow 2018b).

Comparisons to the %EPT biological triggers (Teck 2018, 2021a) were made for timed kick
samples, specifically those from RG_GHNF on Upper Greenhills Creek (n = 3 replicates) and
from RAEMP area RG_GHCKD on Lower Greenhills Creek (n = 3 replicates). Data for
RG_GHCKD was used for Lower Greenhills Creek because, as indicated above, the sampling
method for RG_GHCKD (i.e., timed kicks) is consistent with the methods on which the %EPT
biological triggers are based, whereas the sampling method used for RG_GHBP (i.e., area-based
kicks) is not. Biological monitoring areas RG_GHBP and RG_GHCKD are on the same reach in
Lower Greenhills Creek.

25 Benthic Invertebrate Tissue Chemistry
2.51 Field Sampling
2.5.1.1 Greenhills and Gardine Creeks

Composite-taxa benthic invertebrate tissue chemistry samples were collected from biological
monitoring areas on Greenhills and Gardine creeks in February and September 2021.
Target sample sizes were one sample from each of the three replicate stations at biological
monitoring areas on Upper Greenhills Creek (RG_GHUT, RG_GHNF, and RG_GHFF),
Lower Greenhills Creek (RG_GHBP), and Gardine Creek (RG_GANF and RG_GAUT;
Figure 2.5; Table 2.1).

Benthic invertebrate tissue chemistry samples were collected using the kick sampling method
described in Section 2.4.1.1, except that sampling was not timed or limited to 1/3 m?
(i.e., kicks were completed until the desired mass of benthic invertebrate tissue was obtained).
Following each kick, the contents of the net were emptied into a white plastic tub and examined
visually to document the presence of annelids, which can introduce variability in selenium
chemistry results if included in the composite-taxa samples for tissue chemistry analyses
(Golder 2021b; Luoma 2021). If annelids were presentin a given sample, the field crew estimated
the abundance (i.e., number) of annelids in the sample as well as the proportion (%) of total

26 A comparison of benthic invertebrate community endpoints between co-located area-based and timed kick samples
is provided in Appendix F and supports the shift away from comparing area-based kick data to regional reference area
normal ranges based on timed kicks.
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invertebrate biomass represented by annelids (Golder 2021b). If annelids represented less than
or equal to (<) 5% of the total invertebrate biomass in the sample, annelids were excluded from
the composite-taxa tissue chemistry sample. If annelids represented >5% of the invertebrate
biomass in the sample, the protocol was to include them in the composite-taxa sub-sample for
tissue chemistry analysis, such that the proportion of annelid biomass in the composite-taxa
sub-sample was representative of annelid biomass in the parent kick sample (Golder 2021b).
Additionally, separate “annelid-only” tissue chemistry samples were collected and labelled
appropriately from any tissue chemistry kicks identified as containing annelids. For all samples,
tweezers were used to carefully remove organisms until a target sample mass of 1 to 2 grams (g)
was obtained. Each sample for tissue chemistry analysis was photographed. Samples were
placed into labelled scintillation vials and stored in a cooler with ice until they could be transferred
to a freezer later in the day.

2.5.1.2 Greenhills Creek Sedimentation Pond

Three composite-taxa benthic invertebrate tissue chemistry samples were collected from deeper,
depositional areas within Greenhills Creek Sedimentation Pond (RG_GHP) in September 2021
(Figure 2.4; Table 2.1). Each of the three samples corresponded with one of the six benthic
invertebrate community sampling locations (i.e., RG_GHBP-1, RG_GHP-3, and RG_GHBP-5)
and were collected using the same methods described in Section 2.4.1.2. Each benthic
invertebrate tissue chemistry sample was assessed visually for the presence of annelids.
If annelids were identified in the sample, sub-sampling was completed as described
in Section 2.5.1.1 (Golder 2021b). Each sample for tissue chemistry analysis was photographed,
placed into a labelled scintillation vial, and stored in a cooler with ice until it could be transferred
to a freezer later in the day.

Benthic invertebrate tissue chemistry sampling completed in September 2021 focused on the
deeper, depositional areas of Greenhills Creek Sedimentation Pond. This is because selenium
concentrations in the samples collected along the shoreline (RG_GHPS) and from deeper,
depositional habitats (RG_GHP) in previous years (2018, 2019, and 2020) were identified as
being statistically comparable (Minnow 2021b). Therefore the samples from RG_GHP are
considered sufficiently representative of selenium concentrations in benthic invertebrate tissues
from within Greenbhills Creek Sedimentation Pond.

2.5.2 Laboratory Analysis

Benthic invertebrate tissue samples were stored frozen until they could be shipped on ice
to TrichAnalytics Inc. (Trich), which is a CALA-accredited laboratory, in Saanichton, BC.
Following receipt of the samples by the analytical laboratory, the laboratory staff noted that
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bivalves comprised part (RG_GHP_INV-3 and RG_GHP-5) or all (RG_GHP_INV-1) of the
biomass in the samples from Greenhills Creek Sedimentation Pond. Because the high calcium
content of the bivalves’ shells could significantly impact the analytical results for multiple analytes
(e.g., strontium, barium, lead, and possibly selenium), replicates RG_GHP_INV-3 and
RG_GHP-5 were split into “bivalve-only” and “all other taxa” sub-samples prior to analysis
(Christensen 2021, pers. comm.). Individual samples were desiccated and then analyzed for
metal concentrations using laser ablation inductively coupled plasma mass spectrometry
(LA-ICPMS). Results were reported on a dry weight basis. Laboratory QA/QC procedures
employed by Trich included assessments of sensitivity (i.e., evaluation of LRLSs),
accuracy (i.e., CRM), and precision (laboratory duplicates) (see Appendices A and B).

2.5.3 Data Analysis

Benthic invertebrate tissue selenium concentrations were summarized for the sampling areas in
Greenhills Creek, Gardine Creek, and Greenhills Creek Sedimentation Pond and were used to
address the following general questions:

o Q1: Do tissue selenium concentrations differ among areas?

¢ Q2: Have selenium concentrations in benthic invertebrate tissues at the monitoring areas
changed over time and are these changes attributable to activities and projects occurring
in the watershed, including the addition of antiscalant to Lower Greenhills Creek?

¢ Q3: Are selenium concentrations in benthic invertebrate tissues from Upper and Lower
Greenhills Creek and Gardine Creek as expected, based on water quality?

Questions 1 and 2 were addressed together. Differences among areas and years for benthic
invertebrate tissue selenium concentrations reported for September samples were compared
using ANOVA with factors Area and Year and Area x Year as described in Minnow (2021b). The
MODs for comparisons over time and among areas were calculated as:

MOD = (MCTexamined year MCTbase year)/ MCTbase year X 100%
or
MOD = (MCTgreq 2= MCTarea 1)/ MCTgreq 1 X 100%

respectively, where the MCT is the measure of central tendency (i.e., the back-transformed
estimated marginal means).

A separate comparison of tissue selenium concentrations measured in composite-taxa samples
from February and September was completed within each year (i.e., 2019 to 2021; no winter
sampling was completed in 2018) to determine if tissue concentrations differed in fall (September)
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versus winter (February). An ANOVA with factors Area, Year, Month, and their interactions
was used. If the main effect term was significant (p-value <0.05), and subsequent post hoc
contrasts were also significant, the MODs were expressed as a percent difference from February
of a given year. More specifically, the MODs for the comparisons were calculated as:

MOD = (MCTFebruary_ MCTSeptember)/ MCTFebruary x 100%

where the MCT is the measure of central tendency (i.e., the back-transformed estimated
marginal means).

To address Question 3, concentrations of selenium in composite-taxa benthic invertebrate tissue
chemistry samples from lotic habitats were compared to prediction intervals generated from the
regional lotic bioaccumulation model (Golder 2020), consistent with the RAEMP (Minnow 2020d).
If observed concentrations were higher than the upper prediction limit, tissue concentrations were
be considered higher than expected.

Concentrations of selenium in benthic invertebrate tissues from Greenhills Creek Sedimentation
Pond were not evaluated using the lotic or lentic bioaccumulation models developed for the Elk
River watershed (Golder 2020). Greenhills Creek Sedimentation Pond possesses some
characteristics of a lentic environment (e.g., longer residence time, finer substrates, and
abundant vegetation). However, the lentic bioaccumulation model was developed based on data
for natural and naturalized lentic areas (i.e., data for sedimentation ponds were not included).
Therefore, there is too much uncertainty regarding the applicability of the lentic model to
Greenhills Creek Sedimentation Pond to warrant comparisons to model predictions at this time.

Biological triggers developed for selenium concentrations in benthic invertebrate tissues as part
of Teck’'s AMP (Teck 2018, 2021a) were applied to RG_GHNF on Upper Greenhills Creek and
RG_GHBP on Lower Greenhills Creek as an additional means of addressing Question 3.
Biological monitoring areas RG_GHNF and RG_GHBP are in proximity to routine water quality
monitoring locations with water quality projections (i.e., GH_HWGH_BRB and GH_GH1,
respectively; Figure 2.1). Biological monitoring area RG_GHBP was also included in the
assessment of biological triggers for 2020 (Minnow 2021a). Interpretation of biological triggers
for RG_GHBP was completed in consideration of the fact that GH_GH1 is upstream of the
antiscalant addition facility and RG_GHBP is downstream from the facility.

Selenium concentrations in benthic invertebrate tissue samples collected in February and
September 2021 were also interpreted in consideration of site-specific selenium
speciation information (see Section 2.2) and compared to regional reference area normal ranges
and EVWQP Benchmarks. Selenium concentrations in benthic invertebrate tissues collected from
lotic habitats and the Greenhills Creek Sedimentation Pond were compared to predictions
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generated using the selenium speciation bioaccumulation tool
(B-tool; de Bruyn and Luoma 2021). Comparisons to EVWQP Benchmarks included the Level 1,
2, and 3 Benchmarks for effects to growth, reproduction, and survival of benthic invertebrates and
dietary effects to juvenile fish and birds (Table 2.4; Golder 2014).2” Concentrations were also
compared to the preliminary dietary benchmark (i.e., 45 milligrams per kilogram dry weight
[Mg/g dw]) for maternal amphibian diet (Massé et al. 2015). Comparisons to the BCMOECCS
interim guideline (i.e., 4 yg/g dw) were not made because the EVWQP Benchmarks are
considered more site-specific and therefore more relevant (BCMOE 2014; Golder 2014).

2.6 Westslope Cutthroat Trout
2.6.1 Field Sampling

Fishing for WCT was completed at three biological monitoring areas on Upper Greenhills Creek
and two areas on Gardine Creek in September 2021 (Ministry of Forests, Lands, Natural
Resource Operations, and Rural Development [MFLNRORD] permit CB21-631191). In Upper
Greenhills Creek, fishing was completed at RG_GHFF (Reach 6), RG_GHNF (Reach 9),
and RG_GHUT (Reach 10; Figure 2.6; Table 2.1). In Gardine Creek, fishing was completed near
RG_GANF (Reach 1) and RG_GAUT (Reach 3). Monitoring in Upper Greenhills Creek in 2021
represented a fourth year of pre-treatment data collection and monitoring in Gardine Creek
provided a second year of WCT data collection.

The 2021 GGCAMP did not include fishing in Lower Greenhills Creek. Instead, data interpretation
for Lower Greenhills Creek (see Section 3.5) relied on the results of Teck’s 2021 Upper Fording
River Population Monitoring Program (Thorley et al. 2022). This approach was taken primarily to
minimize fish handling, and therefore potential risks to fish, in Lower Greenhills Creek. It is also
recognized that the range of the WCT population in the mainstem of the Upper Fording River
extends into Lower Greenhills Creek whereas the WCT in Upper Greenhills and Gardine creeks
represent an isolated population. Detailed field sampling methods for WCT in Lower Greenhills
Creek are provided in the 2021 Upper Fording River WCT Population Monitoring report
(Thorley et al. 2022).

Methods for monitoring WCT in Upper Greenhills and Gardine creeks in September 2021 were
consistent with those used from 2017 to 2019 (Minnow 2018b, 2019a,b, 2020a) and similar to the
closed station electrofishing completed as part of the Upper Fording River Population Monitoring
Program in 2021 (Thorley et al. 2022). Three closed stations (approximately 100 m? each)

27 However, the site-specific EVWQP Level 1 Benchmark for dietary effects to growth of juvenile fish (i.e., 11 ug/g dw)
is not applicable to juvenile WCT and WCT are the only fish species known to occur in Greenhills and Gardine Creeks
(Table 2.4; Teck 2014).

(’_\_
June 2022 | 43



Table 2.4: Selenium Benchmarks for Benthic Invertebrate Tissues, Elk River Watershed ?

Benchmark
Endpoint Tissue Type Value Description Source
(ng/g dw)
Whole body 13 Level 1 (~10% effect) benchmark for growth, reproduction, and survival of invertebrates Teck 2014
Whole body 20 Level 2 (~20% effect) benchmark for growth, reproduction, and survival of invertebrates Teck 2014
Whole body 27 Level 3 (~50% effect) benchmark for growth, reproduction, and survival of invertebrates Golder 2014
Whole body 11° Level 1 (~10% effect) benchmark for dietary effects to juvenile fish (growth) Teck 2014
Benthic Whole body 18 Level 2 (~20% effect) benchmark for dietary effects to juvenile fish (growth) Teck 2014
Invertebrates | \yhole body 26 Level 3 (~50% effect) benchmark for dietary effects to juvenile fish (growth) Golder 2014
Whole body 15 Level 1 (~10% effect) benchmark for dietary effects to juvenile birds Teck 2014
Whole body 22 Level 2 (~20% effect) benchmark for dietary effects to juvenile birds Teck 2014
Whole body 41 Level 3 (~50% effect) benchmark for dietary effects to juvenile birds Golder 2014
Whole body 45 Level 1 (~10% effect) benchmark for maternal amphibian diet Massé et al. 2015

Notes: pg/g dw = micrograms per gram dry weight; ~ = approximate; % = percent.
@ The 4 pg/g dw British Columbia guideline (BCMOE 2014) was not used in the assessment of benthic invertebrate tissue selenium concentrations. The assessment was
completed relative to site-specific benchmarks only.

b Site-specific benchmark is not applicable to effects to juvenile westslope cutthroat trout because studies with Yellowstone cutthroat trout have reported no effects at the
Level 1 Benchmark (see Teck [2014], Annex E, Appendix D [Elk Valley Water Quality Plan - Selenium Toxicity Literature Review]).
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were backpack electrofished at four of the five biological monitoring areas targeted for fishing
(i.e., at RG_GHUT, RG_GHNF, RG_GHFF, and RG_GANF). Stop nets were used to enclose
each of the electrofishing stations. Care was taken to confirm that stream morphology and total
sampling areas (m?) of each station were as similar as possible and stations were spaced at least
10 m apart. Efforts were made to include representative stream habitat types (e.g., riffle, run,
and pool) within each of the approximately 100 m? closed stations. The length of each closed
station was recorded. Wetted and bankfull widths were measured along five equally-spaced
transects within each station and water depths were also measured at three points along each of
these transects.

Due to low water levels, the presence of dry channel sections, and poor access at RG_GAUT in
September 2021, three 100 m? closed stations could not be established, consistent with
monitoring completed in 2019 (Minnow 2020a). Instead, electrofishing was completed in pools
that were isolated by existing barriers (e.g., culverts, low water levels) and/or with stop nets.
The two pools that were electrofished at RG_GAUT in 2019 (RG_GAUT-EF1 and
RG_GAUT-EF2; Minnow 2020a) were fished again in 2021, along with a smaller, third pool that
was identified by the field crew in September 2021 (RG_GAUT-EF3; Figure 2.6). The size (m?)
and depth of each pool was recorded.

Supporting habitat data, including in situ water quality measurements (i.e., temperature, dissolved
oxygen, pH, and specific conductance) were collected from each closed station or pool,
concurrent with fishing activities in Upper Greenhills and Gardine creeks. The GPS coordinates
of the upstream and downstream station boundaries (closed stations) or pools were recorded.
Each station or pool was photographed and data pertaining to substrate characteristics, riparian
vegetation types, and canopy cover were recorded.

To support density estimates for fry and juvenile WCT (i.e., fish with fork lengths <20 cm),
each closed station on Upper Greenhills or Gardine creek was fished by a two-person crew using
three-pass removal depletion methods (adapted from Ptolemy etal. 2006). A pulsed
direct current (DC) backpack electrofishing unit (Smith Root LR24) was used to make three
successive passes of declining catch. The anode operator worked closely with the netter to turn
over rocks or move away overhanging vegetation to help recover stunned fish. Fishing was
completed by certified and experienced crews. At each sampling area, electrofishing was initiated
at the downstream net, and consisted of a thorough surprise/ambush search in an upstream
direction, followed by a systematic sweep back towards the downstream net. Electrofishing
seconds were monitored and recorded so that each successive depletion used similar effort.
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Fish captured during electrofishing were processed according to the following methods to support
assessments of fish condition (i.e., weight-at-length) and external health (i.e., anomalies??, such
as parasites, deformities, erosions [fin and gill], lesions, or tumors), in addition to estimates of fish
density and biomass. Care was taken to minimize fish handling, to the extent reasonably possible.
Fork lengths for WCT captured from Upper Greenhills and Gardine creeks were measured to the
nearest millimetre (mm) using a measuring board. Fresh body weight of fish less than
approximately 30 g was measured using a Scout Pro balance (to the nearest 0.001 g with plus
or minus [t] 1% precision) and fresh body weight of fish >30 g was measured using Pesola™
spring scales (precision to the nearest 1% to 5% of total weight). External anomalies observed
during processing were evaluated and recorded, consistent with the approach identified in the
2021 to 2023 RAEMP study design (Table 2.5; Minnow 2021c). Caudal fin length was measured
to the nearest hundredth of a millimetre using digital calipers following the methods of
Bosakowski and Wagner (1994) to assess fin erosion.?® Fish larger than the minimum fork length
for insertion of Passive Integrated Transponder (PIT) tags (i.e., 6.5 cm; Teck 2017) were scanned
with a Biomark handheld PIT tag reader to support calculation of growth rates for recaptured fish.
This approach was taken by the field crew to minimize handling and potential stress to smaller
WCT, and because any previously-tagged WCT (i.e., fish that were tagged in 2019 or earlier)
would logically have fork lengths greater than 6.5 cm in 2021. No PIT tagging (regardless of fish
body size) or tissue chemistry sampling was completed in 2021 to minimize fish handling.
Upon completion of external data collection, fish were released back to their capture areas.
Capture, effort (area and electrofishing time for each pass), WCT body size (length and weight),
and external health data were submitted to MFLNRORD within 90 days of permit expiration
(as per the requirements of permit CB21-631191).3°

In addition to the late summer/fall monitoring described above, redd surveys, environmental DNA
(eDNA) sampling, and opportunistic sampling of WCT tissues for chemistry analyses were
completed within the Greenhills Creek watershed in 2021. Redd surveys were completed in
Lower Greenhills Creek in 2021 as part of Teck's Upper Fording River Population
Monitoring Program. Details for the survey methods used in 2021 are provided in the Upper
Fording River WCT Population Monitoring 2021 report (Thorley et al. 2022). From June to August

28 These external assessments were formerly referred to as “DELT” (deformities, erosion, lesion, and tumor) surveys,
based on classifications by Sanders et al. (1999). The approach used for the 2021 GGCAMP is consistent with the
revised approach used for the RAEMP (Minnow 2021b,c).

2% Due to an equipment malfunction, the field crew was required to read the calipers manually (rather than relying on
the digital read-out) for a sub-set of the WCT captured in 2021. Manual readings were completed to the nearest 1 mm.

30 Typically, individual PIT tag identification data would also be submitted to MFLNRORD as part of the permit response
package; however, as indicated in Section 3.5, no tagged fish were captured from Upper Greenhills or Gardine creeks
in 2021.
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Table 2.5: Severity Assessment for External Anomalies in Fish?

Body . . Lips/Jaws/ . Infection .
Scale Surface Body Form Lesions Tumours Fins Snout Eyes Gills Opercula (fungus, Parasites
bacteria, virus)
Normal, no No Normal: No Normal; both
0 Normal; no Normal None None No active lesions, aberrations; a arént opercula No observed No observed
aberrations erosion swelling, tears| good "clear" abZlF')rations intact and infections parasites
etc. eye complete
Tears or Tumour prgsent, . Gll!s with Slight
. but localized Swelling on or light, .
Slight . . wounds on . . . . Swollen or . shortening of . .
. . Slight spinal } and with no Light active | around lips, . discolored Minor, spatially |Few observed
1 inflammation caudal fins, . . protruding . one or both |, . . .
. curvature signs of erosion mouth or margin along . |isolated infection| parasites
or reddening pectoral or . eyes . opercula, gills
) sloughing/ snout tips of the
dorsal fins . covered
ulceration lamellae
More than one Frayed;
) . . Moderate
One of . tumour or one Moderate Hemorrhaging | erosion of tips ) Moderate
Moderate - Lesions or ) . Small . ) shortening of |. ) Moderate
. . lordosis, large tumour | active erosion eye(s) or blind of gill infection or more .
2 inflammation . wounds on . . . punctures or |, one or both parasite
. kyphosis or ) with no/minor with some ) in one or both lamellae ) than one body . .
or reddening o side of body . . lesions S opercula, gills infestation
scoliosis sloughing/ hemorrhaging eyes resulting in exposed surface affected
ulceration "ragged" gills P
One or more
. large ‘”!“0‘”. One or both
Many lesions, | that may impair opercula Infection
Signs of rips or tears breathing/ . Tears, Clubbed; P ) .
Severe . . Severe active ) . . substantially | covering large
. . lordosis and | on body and feeding/ . . hanging Missing swelling of the . Numerous
3 inflammation . ) N erosion with . . .| shortened or spatial area .
. kyphosis and on fins, swimming . maxilla, eye(s) tips of the gill | ~ .~ . o parasites
or reddening . . . |hemorrhaging Lo missing, gills (>25% of
scoliosis possibly on | performance; missing lips lamellae
: completely surface)
face as well signs of p
ulceration and/ expose
or sloughing

Notes: > = greater than; % = percent.
a This severity assessment replaces “DELT” (deformities, erosion, lesion, and tumor) surveys (Sanders et al. 1999) completed in previous years.
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2021, eDNA samples were collected from five locations on Upper Greenhills Creek, as well as a
negative control site on Rush Creek, which is to the west of GHO (Ecofish 2022). Tissue samples
collected opportunistically by Teck and/or Teck’'s consultants from incidental WCT mortalities
identified within the Greenhills Creek watershed in 2021 were analyzed by Trich for the same
suite of parameters as the benthic invertebrate tissue samples described in Section 2.5.

2.6.2 Data Analysis

Estimates of fish abundance, densities, and biomass and health endpoint measurements were
summarized for the sampling areas in Upper Greenhills and Gardine creeks and were used to
address the following general questions:

o Q1: Do estimates of WCT abundance, densities, biomass, and health endpoints differ
among areas?

¢ Q2: Have endpoints changed at the monitoring areas over time and are these changes
unexpected based on the activities and projects occurring in the watershed, including the
addition of antiscalant to Lower Greenhills Creek?

Estimates of WCT densities, abundance, and biomass at the closed electrofishing stations on
Greenhills (RG_GHUT, RG_GHNF, RG_GHFF, and Reach 1) and lower Gardine (RG_GANF)
creeks were calculated as described in the 2021 GGCAMP study design (Minnow 2021b).3"
Densities, abundance, and biomass were not estimated for the isolated pools on upper Gardine
Creek (RG_GAUT; Figure 2.6).

Estimates of abundance, densities, biomass, and fish meristics (lengths, weights, and condition
[weight-at-length]) in 2021 were qualitatively compared among areas sampled in Upper Greenhills
and Gardine creeks in 2021 and previous years. Results for the isolated population of WCT in
Upper Greenhills and Gardine creeks were also qualitatively compared with fish captured from
Lower Greenhills Creek as part of the Upper Fording River WCT Population Monitoring Program
(Thorley et al. 2022). To support comparisons to Lower Greenhills Creek, a visual examination
of length-frequency plots was completed to identify age-1 and age-2+ fish. Because no
previously-tagged fish were captured from Greenhills or Gardine creeks in 2021 (see Section 3.5),
no estimates of growth rates were completed as part of this report (see Minnow 2021b).

Statistical comparisons of fish health endpoints among years were completed in accordance with
the study design (Minnow 2021b). Fish with fork lengths <6.5 cm were excluded from statistical
analyses to minimize the influence of factors such as low capture efficiency and

31 Abundances were also estimated differently, using new methods, as part of the Upper Fording River WCT Population
Monitoring Program; these new methods will be applied in the 2022 GGCAMP report.
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density-dependence, consistent with the cut-off used in the analyses for Lower Greenhills Creek
(Thorley et al. 2022). All statistical analyses were completed in R (R Core Team 2021).

Fish tissue sampling was not completed as part of the GGCAMP in 2021. However, biological
triggers developed for selenium concentrations in WCT muscle as part of Teck's AMP
(Teck 2018, 2021a) were applied to tissue samples that were collected opportunistically from
incidental mortalities. Additionally, all tissue selenium data collected opportunistically from WCT
in 2021 were compared to estimated effects thresholds and site-specific benchmarks
(Nautilus Environmental and Interior Reforestation 2011; Teck 2014).
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3 RESULTS

3.1 Water Quality

Water quality sampling at Teck’s routine monitoring stations and at biological monitoring areas on
Greenhills and Gardine creeks was completed as described in Section 2.2.1. However, due to
unsafe access or the absence of flow, in situ measurements of water quality and water chemistry
samples were not collected from RG_GHNF and RG_GHFF on Upper Greenhills Creek or
RG_GAUT and RG_GANF on Gardine Creek in February 2021. Target sample/data types and
numbers were achieved for RG_GHUT (Upper Greenhills Creek) and RG_GHBP
(Lower Greenhills Creek) in February 2021 and at all biological monitoring areas targeted for
sampling in September 2021 (see Table 2.1).

In Upper Greenhills Creek, concentrations of mine-related constituents with EWTs were below
BC WQG, EVWQP Level 1 Benchmarks, and/or interim screening values in 2021, except for TDS,
nitrate, sulphate, total nickel, total selenium, total uranium, and dissolved cadmium?3?
(Appendix Figures C.1 to C.16; Appendix Tables C.1 and C.2). Comparison of mine-related
constituents measured at the routine monitoring station on Upper Greenhills Creek above the
confluence with Gardine Creek (GH_CTF and GH_HWGH_BRB) and the routine monitoring
station above Greenhills Creek Sedimentation Pond (GH_GH1B) generally showed similar
seasonal patterns between 2017 and 2021 (i.e., lower concentrations in spring versus summer
and fall). Additionally, concentrations of most constituents with EWTs were statistically similar
among GH_CTF, GH_HWGH_BRB, and GH_GH1B in 2021 (Appendix Figure C.17).
Exceptions included total antimony, nickel, and selenium, which had lower concentrations at
GH_GH1B, downstream from the Gardine Creek mouth, relative to upstream, and total
manganese and uranium concentrations, which were the highest at GH_CTF and lowest
at GH_GH1B (Figure 2.1; Appendix Figures C.1to C.17). Concentrations of total barium
decreased with increasing distance downstream on Upper Greenhills Creek
(Appendix Figure C.17). The higher concentrations at GH_CTF and GH_HWGH_BRB relative to
further downstream at GH_GH1B indicate that Gardine Creek acts as a source of dilution for
some constituents with EWTs, with the exception of total barium. Station GH_GC1 on Gardine
Creek had the highest annual mean total barium concentration in 2021 and higher concentrations
in Gardine Creek appear to have influenced concentrations at GH_GH1B (Appendix Figure C.17;
Appendix Table C.1).

32 The water chemistry samples collected from the furthest upstream biological monitoring area on Upper Greenhills
Creek (i.e., RG_GHUT) in February and September were the only samples with dissolved cadmium concentrations in
excess of the long-term average BC WQG in 2021 (Appendix Figure C.15; Appendix Tables C.1 and C.2).
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In Lower Greenhills Creek, most mine-related constituents with EWTs were below BC WQG,
EVWQP Level 1 Benchmarks, and/or interim screening values in 2021, except for TDS, nitrate,
sulphate, and total nickel, selenium, and uranium (Appendix Figures C.1 to C.16;
Appendix Tables C.1 and C.2). Mine-related constituents with EWTs that were measured at
routine monitoring stations upstream (GH_GH1) and downstream (GH_GH2) of the antiscalant
addition facility generally showed similar seasonal patterns (i.e., dips in concentrations during
freshet; Figure 2.1; Appendix Figures C.1 to C.16). Concentrations of most mine-related
constituents at GH_GH1 and GH_GH2 did not differ significantly from concentrations at
GH_GH1B upstream from the Greenhills Creek Sedimentation Pond (Figure 2.1;
Appendix Figure C.17). Specific exceptions include total manganese and molybdenum at
GH_GH1B versus GH_GH2 (with the differences for total molybdenum being attributed to
antiscalant addition; see below) (Appendix Figures C.1 to C.17; Appendix Table C.1).

Water quality in Gardine Creek in 2021 was generally of better quality than Greenhills Creek
(despite the results noted for total barium, above); sulphate and selenium were the only
constituents with EWTs that had concentrations greater than the long-term BC WQG
(Appendix Figures C.1 to C.17; Appendix Tables C.1 and C.2). However, selenium
concentrations were consistently below the Level 1 EVWQP Benchmark (Appendix Tables C.1
and C.2). Again, Gardine Creek appears to act as a source of dilution for some mine-related
constituents in Greenhills Creek.

Water quality monitoring was also completed at Greenhills Creek Sedimentation Pond (RG_GHP)
in September 2021 (Appendix Figures C.1 to C.16; Appendix Tables C.2 and C.3).
Concentrations of most mine-related constituents with EWTs were below BC WQG, EVWQP
Level 1 Benchmarks, and/or interim screening values in September 2021, except for TDS, nitrate,
sulphate, and total nickel, selenium, and uranium. These results are similar to those for Lower
Greenhills Creek, downstream from the pond.

Selenium speciation samples were collected from two biological monitoring areas
in February 2021 (i.e., RG_GHUT and RG_GHBP) and from seven biological monitoring areas
in September 2021 (i.e., RG_GHUT, RG_GHNF, RG_GHFF, RG_GHBP, RG_GAUT,
RG_GANF, and RG_GHP; Figure 2.1; Appendix Table C.4). Samples were not collected from
RG_GHNF and RG_GHFF on Upper Greenhills Creek or RG_GAUT and RG_GANF on Gardine
Creek in February 2021 due to unsafe access or the absence of flow. Water sampling for
selenium speciation was also completed upstream and downstream from the Greenhills Creek
Sedimentation Pond in 2021 to support the Elk Valley Selenium Speciation Monitoring Program
(Appendix Table C.4; ADEPT 2022). Aqueous selenium species were dominated by selenate for
all areas and sampling events. However, concentrations of dimethylselenoxide and

/—\_
June 2022 | 52



minnow environmental inc. Teck Coal Limited
Project 217202.0052 2021 Greenhills and Gardine Creeks Aquatic Monitoring

methylseleninic acid in water samples collected from Upper Greenhills Creek
(RG_GHNF, RG_GHFF, and GH_GH1A), Lower Greenhills Creek (GH_GH1SP_DS1
and RG_GHBP), and Greenhills Creek Sedimentation Pond (RG_GHP) in 2021 were above the
draft screening value (0.025 micrograms per litre [ug/L]) for enhanced bioaccumulation
(ADEPT 2022). The highest combined concentrations of dimethylselenoxide and methylseleninic
acid were observed in the Greenhills Creek Sedimentation Pond and downstream at RG_GHBP.
These results are attributed to enhanced formation of organoselenium species resulting from
processes within the pond environment and carry-over effects to lotic habitats
immediately downstream (i.e., RG_GHBP) (Golder 2021a).

Overall, concentrations of mine-related constituents and organoselenium species tended to differ
among areas, depending on whether they were upstream or downstream from Gardine Creek
and/or the Greenhills Creek Sedimentation Pond. This was largely attributed to the comparatively
good water quality in Gardine Creek having a dilution effect on constituent concentrations in
Greenhills Creek downstream from the Gardine Creek mouth. Concentrations of organoselenium
species tended to increase with increasing distance downstream in Greenhills Creek; the highest
concentrations were observed within the Greenhills Creek Sedimentation Pond and Lower
Greenhills Creek in September 2021.

Concentrations of most mine-related constituents with EWTs have remained relatively stable or
have decreased over time at Teck’s routine water quality monitoring stations on Greenhills and
Gardine creeks (Appendix Table C.5). Concentrations of total nickel were significantly and
substantially lower (i.e., 57 to 66%) at all stations in 2021 relative to the base year of sampling
(i.e., 2016 or 2017) and 2018 (Appendix Figure C.11; Appendix Table C.5). Decreases in nickel
concentrations may be associated with inter-annual variations in flow volumes (e.g., 2016 being
a low flow year) and the declining influences of a 2014 spoil failure and Teck’s pumping of water
with elevated nickel concentrations from the Cougar Phase 3 Pit to Greenhills Creek for a short
period in 2018 (Minnow 2021a). A spoil failure occurred in December 2014 and increased
aqueous concentrations of nickel were identified downstream following the failure. Itis considered
likely that stabilization of the spoil and weathering of the exposed material since 2014 has
contributed to the reduction in nickel concentrations over time (Jaeger 2020, pers. comm.).
Additionally, the temporal decreases in nickel concentrations to current levels also appear to
coincide with the period following cessation of pumping from the Cougar Phase 3 Pit in 2018,
after which no additional pumping was completed. Total antimony concentrations at GH_CTF on
Upper Greenhills Creek significantly decreased year-over-year from 2017 to 2021 and
concentrations at all stations were substantially lower (i.e., 41 to 52%) in 2021 relative to the base
year of sampling (i.e., either 2016 or 2017; Appendix Figure C.5; Appendix Table C.5). It is
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uncertain whether these results for total antimony are attributed to stabilization of the spoil, as
indicated above for nickel, or some other factor(s).

Aqueous concentrations of total selenium were higher at GH_GH1, between the Greenhills Creek
Sedimentation Pond outlet and the antiscalant addition facility, throughout 2017 to 2021, relative
to 2016 (Appendix Figure C.12; Appendix Table C.5). These results could be attributed to 2016
being a low flow year. The timing of the shift in concentrations (i.e., in 2017) and the fact that
GH_GH1 is upstream of the antiscalant addition facility suggest that the increasing concentrations
are not related to initiation of treatment with antiscalant. No other significant changes in selenium
concentrations over time were identified for Teck’s routine monitoring stations on Greenhills or
Gardine Creeks.

Preventative treatment for calcite in Lower Greenhills Creek commenced October 23, 2017.
Thus, water quality samples collected after that date (including all samples collected in 2021)
are considered representative of conditions associated with calcite management. In 2021, the
ratios between upstream (GH_GH1) and downstream (GH_GH2) concentrations of mine-related
constituents were not significantly different when compared to before treatment in 2017
(Appendix Table C.6). Total and dissolved molybdenum were the only exceptions; concentrations
were 87% (p-value = 0.005) and 88% (p-value = 0.002) higher, respectively, downstream relative
to upstream in 2021 versus 2017 (Appendix Table C.6). Similar results for molybdenum were
also observed in 2019 (Figure 3.1). The higher concentrations of molybdenum associated with
calcite treatment in 2019 and 2021 were still well below the BC WQG (Appendix Figure C.10)
and were as expected, due to molybdenum being a component of the antiscalant compound
(Teck 2019b). The lack of a difference in the ratio of concentrations between GH_GH1 and
GH_GH2 in 2020 is likely attributed to a dip in molybdenum concentrations at GH_GH2 in June
of that year (Figure 3.1). This dip likely reflects reduced dosing at the start of June 2020, when
flows in Lower Greenhills Creek were outside the allowable window that is used to maintain the
correct dose of antiscalant within the creek (Teck 2021c). Regardless, it can be concluded that,
overall, concentrations of mine-related constituents in Lower Greenhills Creek have not
undergone unexpected changes relative to upstream following the application of antiscalant.

3.2 Substrate Quality
3.21 Calcite

In 2021, calcite measurements completed as part of the Regional Calcite Monitoring Program
(Robinson et al. 2022) and the GGCAMP indicated that calcified substrates were present
throughout Greenhills Creek (Table 3.1; Appendix Tables D.1 to D.4). No statistically significant
differences in C, were identified among areas on Upper and Lower Greenhills Creek in 2021,
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Figure 3.1: Monthly Mean Concentrations of Analytes Showing Significant Differences
Before and After Calcite Treatment for Stations Upstream (GH_GH1) and Downstream
(GH_GH2) from the Water Treatment Facility, 2017 to 2021

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Grey shading represents prevention—mode calcite treatment. Only analytes with significant overall p-values in the
ANOVA table were included in the plots.
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Table 3.1: Calcite Indices (Cl and CI') for Monitoring Locations on Greenhills and Gardine Creeks, 2015 to 2021

UTM Coordinates

Calcite Index (ClI)

Calcite Index
Prime (CI')

2019

2.9
2.6
2.9

3.0
26 [IFEEE

2.9
25

2020
22 ]
25
26
25
27
26
24

2021
1.9
17
23
16
27
16
2.7

2021
1.8

3.0
29
3.0
29
2.9
3.0
3.0

1.8

2.9
29
2.6
29
2.7
25
2.8

2.9

22
28
1.9
25
22 |
1.9

24

2.2
A
1.9

25
22
1.9

24

2.6

2.6

2.6
2.6
1.6
2.8
2.8
22

2.0

25

26
25|

25

22

2.4

2.5
2.7
2.7

25
2.7

2.6

23

2.7

Watercourse Station ID (NAD83, 11U)
Easting Northing 2015 2016 2017 2018
RG_GHUT-6 654138 5550027 - - 22 2.8
RG_GHUT-5 654127 5549988 - - 1.7
RG_GHUT-4 654134 5549945
RG_GHUT-3 654123 5549927 . 238
GREE4-75 654152 5549910
RG_GHUT-2 654145 5549895 25
RG_GHUT-1 654149 5549848 238
RG_GH-CTF 654165 5549540 - -
GREE4-62.5 654195 5549512 -
RG_GHNF-6 654336 5549159 26
GREE4-50 654336 5549133 2.9
RG_GHNF-5 654342 5549130 - - 3.0
RG_GHNF-4 654335 5549104 - -
RG_GHNF-3 654367 5549052 3.0 2.7
Upper RG_GHNF-2 654375 5549036 2.9 27
Greenhills RG_GHNF-1 654384 5549004 - 3.0 2.8
Creek GREE4-37.5 654447 5548758 - - -]
GREE4-25 654512 5548365 . 2.8 2.8
GRE-CA06 654451 5548079 - -
GREE4-12.5 654393 5547996 - -
RG_GHFF-6 654181 5547271 - - 2.0 2.7
RG_GHFF-5 654187 5547244 2.7
GREE3-75 654172 5547243 2.7 25
RG_GHFF-4 654161 5547200
RG_GHFF-3 654135 5547185 - - 1.8 26
RG_GHFF-2 654118 5547137 - - 2.0
RG_GHFF-1 654099 5547120 2.6 26
GREE3-62.5 654048 5547076 -
GREE3-50 653990 5546883 25
GREE3-37.5 653954 5546673 - -
GREE3-25 653918 5546481 2.4 2.4

Calcite Index 0 to 0.50.
Calcite Index 0.51 to 1.00.
Calcite Index 1.00 to 1.50.

[ Calcite Index 1.51 to 2.00.
[—_] Calcite Index 2.01 to 2.50.

[ Calcite Index = 2.51.

Notes: ID = identifier; UTM = Universal Transverse Mercator; NAD = North American Datum; - = no data; = = greater than or equal to.
@ From 2015 to 2020, data for Reach 1 of Gardine Creek were reported as an average of three stations. In 2021, the data were reported for individual stations.

2.9

26
22
26
2.0

2.9

2.4

2.4
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Table 3.1: Calcite Indices (Cl and CI') for Monitoring Locations on Greenhills and Gardine Creeks, 2015 to 2021

UTM Coordinates

Calcite Index (ClI)

Calcite Index

Watercourse Station ID (NAD83, 11U) Prime (CI')
Easting Northing 2015 2016 2017 2018 2019 2020 2021 2021
GH_DSAF 653543 5545805 - - - 1.5 - - - -
RG_GHBP-6 653547 5545677 - 24 24 2.1 20 1.2 1.0
GH_GREE1-75 653534 5545668 1.4 2.1 2.1 1.4 1.2 1.3 1.2 1.2
Lower RG_GHBP-5 653538 5545647 - 1.4 1.4 1.1 0.92 0.44
Greenhills RG_GHBP-4 653538 5545628 - 0.72 0.72 0.76 0.50 0.90 0.42
s RG_GHBP-3 653521 5545623 - 0.68 0.68 0.24 0.62 0.42 0.90 0.45
RG_GHBP-2 653513 5545618 - 0.52 0.52 0.40 0.54 0.64 0.90 0.47
RG_GHBP-1 653501 5545593 - 0.30 0.30 0.32 0.72 0.30 0.86 0.36
GH_GREE1-50 653494 5545590 0.88 0.90 0.90 0.26 0.54 0.11 1.0 0.26
GH_GREE1-25 653386 5545504 0.30 0.23 0.23 0.23 0.21 0.47 1.1 0.86
RG_GAUT-6 653321 5549045 - - - - 0 0 0 0
RG_GAUT-5 653346 5549023 - - - - 0 0 0 0
RG_GAUT-4 653379 5548991 - - - - 0 0 0 0
RG_GAUT-3 653392 5548984 - - - - 0 0 0 0
RG_GAUT-2 653431 5548953 - - - - 0.08 0 0 0
RG_GAUT-1 653451 5548928 - - - - 0 0 0.14 0.04
GARD1-75| 653316 5549076 0 0
Gardine Creek| GARD1 ® | GARD1-50| 653641 5548601 0.32 0.14 0.60 0.64 0.50 0.60 0 0
GARD1-25| 653316 5549076 22 2.1
RG_GANF-6 654125 5547829 - - - -
RG_GANF-5 654186 5547833 - - - - . ; 2.1 2.0
RG_GANF-4 654204 5547822 - - - - 1.3 1.1
RG_GANF-3 654234 5547802 - - - - 1.0 0.55
RG_GANF-2 654247 5547794 - - - - 1.0 0.50
RG_GANF-1 654277 5547746 - - - - 1.1 0.67

Calcite Index 0 to 0.50.
Calcite Index 0.51 to 1.00.
Calcite Index 1.00 to 1.50.

[ Calcite Index 1.51 to 2.00.

[—_] Calcite Index 2.01 to 2.50.
[ Calcite Index = 2.51.

Notes: ID = identifier; UTM = Universal Transverse Mercator; NAD = North American Datum; - = no data; > = greater than or equal to.
@ From 2015 to 2020, data for Reach 1 of Gardine Creek were reported as an average of three stations. In 2021, the data were reported for individual stations.
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whereas C, was significantly lower for Lower Greenhills Creek relative to Upper Greenhills Creek
during previous years of monitoring (i.e., 2017 to 2020; Appendix Table D.5). However, C,’ values
for the areas on Upper Greenhills Creek were approximately double the values for Lower
Greenhills Creek in 2021 (Figure 3.2; Appendix Tables D.1 to D.4). This suggests that although
calcite was frequently encountered on Lower Greenhills Creek, the assessed particles were not
fully covered in calcite, whereas particles from Upper Greenhills Creek were more often fully
covered in calcite (hence higher C,’ values for Upper Greenhills Creek). Concretion scores (Cc)
were also significantly higher in Upper Greenhills Creek relative to Lower Greenhills Creek
throughout 2017 to 2021 (Figure 3.2; Appendix Table D.5). The greater incidence of full calcite
coverage and concretion (Table 3.2) in Upper versus Lower Greenhills Creek is evident in the ClI
and CI’ values (Table 3.1). Within Lower Greenhills Creek specifically, Cl showed little variability
within increasing distance downstream (Table 3.1), but CI' and C. decreased with increasing
distance downstream until GH_GREE1-25, which is 0.12 km from the Greenhills Creek mouth
(Tables 3.1 and 3.2).

Calcite presence and concretion were low in Gardine Creek upstream from the seeps (RG_GAUT;
Figures 2.2 and 3.3; Tables 3.1 and 3.2; Appendix Table D.6). An increase in C,, C,’, C., and
overall Cl and CI’ values was observed downstream of where the seeps first enter Gardine Creek
(i.e., at and downstream from regional monitoring location GARD1-25, which is 0.64 km from the
Gardine Creek mouth; Figure 2.2; Tables 3.1 and 3.2; Appendix Table D.7), including at
RG_GANF. Although there was some variability among individual sampling stations, C., and
overall Cl and CI’' tended to decrease within increasing distance downstream from GARD1-25
(Tables 3.1 and 3.2).

Overall, calcified substrates were found throughout Greenhills Creek and in Gardine Creek within
and downstream from the seeps from the GHO east spoil; calcified substrates were encountered
infrequently upstream from the seeps on Gardine Creek. Concretion was highest in Upper
Greenhills Creek and lowest in Lower Greenhills Creek and then Gardine Creek upstream from
the seeps. The high level of calcite presence (C, and C,’) and concretion at areas on Upper
Greenhills Creek was reflected in the higher Cl and CI’ scores relative to other areas on Lower
Greenhills and Gardine Creeks.

No changes in C, over time from 2017 to 2020 were identified for the biological monitoring areas
on Upper Greenhills Creek, but changes to C,, in addition to high-magnitude changes in C., were
identified for Lower Greenhills Creek over the same period (Table 3.2; Appendix Table D.5).
In 2021, C,, for Lower Greenhills Creek was 32% higher than in 2017 and was also higher than
C, values for 2018 to 2020 (i.e., the first three years of antiscalant addition). The field crew noted
that, in September 2021, there were more particles with calcite present relative to previous years,

(’_\_
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Figure 3.2: Calcite Presence and Concretion Scores for Monitoring Areas on

Greenbhills Creek, 2017 to 2021

Note: In 2021, calcite presence was measured using both presence/absence and proportional methods.
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Table 3.2: Calcite Concretion Scores for Stations on Greenhills and Gardine Creeks, 2015 to 2021

UTM Coordinates

Watercourse Station ID (NAD83, 11U) 2015 2016
Easting Northing
RG_GHUT-6 654138 5550027
RG_GHUT-5 654127 5549988
RG_GHUT-4 654134 5549945
RG_GHUT-3 654123 5549927
GREE4-75 654152 5549910
RG_GHUT-2 654145 5549895
RG_GHUT-1 654149 5549848
GREE4-62.5 654195 5549512
RG_GHNF-6 654336 5549159
GREE4-50 654336 5549133
RG_GHNF-5 654342 5549130
RG_GHNF-4 654335 5549104
RG_GHNF-3 654367 5549052
Upper RG_GHNF-2 654375 5549036
Greenhills RG_GHNF-1 654384 5549004
Creek GREE4-37.5 654447 5548758
GREE4-25 654512 5548365
GREE4-12.5 654393 5547996
RG_GHFF-6 654181 5547271
RG_GHFF-5 654187 5547244
GREES3-75 654172 5547243
RG_GHFF-4 654161 5547200
RG_GHFF-3 654135 5547185
RG_GHFF-2 654118 5547137
RG_GHFF-1 654099 5547120
GREE3-62.5 654048 5547076
GREE3-50 653990 5546883
GREE3-37.5 653954 5546673
GREE3-25 653918 5546481
|:| Concretion Score 0 to 0.50.
- Concretion Score 0.51 to 1.00.
- Concretion Score 1.01 to 1.50.
- Concretion Score 1.51 to 2.00.

Notes: ID = identifier; UTM = Universal Transverse Mercator; NAD = North American Datum; - = no data.
@ From 2015 to 2020, data for Reach 1 of Gardine Creek were reported as an average of three stations. In 2021, the data were reported for individual stations.

2017

2018

2019

2020

2021
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Table 3.2: Calcite Concretion Scores for Stations on Greenhills and Gardine Creeks, 2015 to 2021

UTM Coordinates

Watercourse Station ID (NADS3, 11U) 2015 2016 2017 2018 2019 2020 2021
Easting Northing
GH_DSAF 653543 5545805 - - - 0.70 - - -
RG_GHBP-6 653547 5545677 - - 0.24
GH_GREE1-75 653534 5545668 0.10 0.61 0.57 0.28 0.39 0.18
RG_GHBP-5 653538 5545647 - - 0.90 0.44 0.50 0.30 0
Gr';‘;"r:ﬁirns RG_GHBP-4 653538 5545628 - - 0 0.64 0.08 0.02 0
Creek RG_GHBP-3 653521 5545623 - - 0 0 0 0 0
RG_GHBP-2 653513 5545618 - - 0 0.02 0 0.04 0
RG_GHBP-1 653501 5545593 - - 0 0 0 0 0
GH_GREE1-50 653494 5545590 0.02 0.20 0.14 0.03 0 0 0
GH_GREE1-25 653386 5545504 0 0 0.02 0 0 0 0.05
RG_GAUT-6 653321 5549045 - - - - 0 0 0
RG_GAUT-5 653346 5549023 - - - - 0 0 0
RG_GAUT-4 653379 5548991 - - - - 0 0 0
RG_GAUT-3 653392 5548984 - - - - 0 0 0
RG_GAUT-2 653431 5548953 - - - - 0 0 0
RG_GAUT-1 653451 5548928 - - - - 0 0 0
GARD1-75| 653316 5549076 0
Gardine Creek | GARD1 2| GARD1-50| 653641 5548601 0.06 0.02 0.28 0.29 0.01 0.22 0
GARD1-25| 653316 5549076
RG_GANF-6 654125 5547829 - - - -
RG_GANF-5 654186 5547833 - - - -
RG_GANF-4 654204 5547822 - - - -
RG_GANF-3 654234 5547802 - - - -
RG_GANF-2 654247 5547794 - - - -
RG_GANF-1 654277 5547746 - - - -

il

Concretion Score 0 to 0.50.

Concretion Score 0.51 to 1.00.

Concretion Score 1.01 to 1.50.

Concretion Score 1.51 to 2.00.

Notes: ID = identifier; UTM = Universal Transverse Mercator; NAD = North American Datum; - = no data.

@ From 2015 to 2020, data for Reach 1 of Gardine Creek were reported as an average of three stations. In 2021, the data were reported for individual stations.
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Figure 3.3: Calcite Proportion and Concretion Scores for Monitoring Areas on
Gardine Creek, 2017 to 2021

Note: In 2021, calcite presence was measured using both presence/absence and proportional methods.
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but that calcite coverage was not complete and there was visibly less concretion. The latter
observation aligns with the temporal contrasts for C., which indicate that concretion was 29%,
39%, and then 89% lower in Lower Greenhills Creek in 2019, 2020, and 2021, respectively,
relative to the pre-treatment year (2017; Table 3.2; Appendix Table D.5). The observed
decreases in concretion year-over-year in Lower Greenhills Creek are largely attributed to
successful treatment with antiscalant. Also, the prevention of additional calcite precipitation
following antiscalant addition may allow natural processes (e.g., high flows and forces on
substrates during freshet) to support recovery of the natural substrates. It is uncertain whether
the increase in C, in 2021 is also attributed to antiscalant addition (on its own or in combination
with natural factors) or other potential influences on Lower Greenhills Creek. Regardless, the
lack of increase in calcite concretion in Lower Greenhills Creek in 2018 to 2021 (relative to 2017)
provides support that, overall, the calcite management facility has been operating effectively to
prevent further calcification of the stream bed.

3.2.2 Sediment in Creeks

Particle sizes and TOC content differed among biological monitoring areas on Lower Greenhills
and Gardine creeks in 2021 but were consistent over time within each area. Sediment samples
collected from RG_GHBP on Lower Greenhills Creek were primarily composed of silt with smaller
proportions of clay (RG_GHBP-1, RG_GHBP-4, and RG_GHBP-5) or a mix of sand and silt with
smaller proportions of clay (Appendix Table D.8). Samples from the furthest upstream biological
monitoring area on Gardine Creek (RG_GAUT) were predominantly sand. However, the sample
from RG_GAUT-4 had higher proportions of silt and gravel relative to the other four samples
collected from RG_GAUT in 2021. Each of the five sediment chemistry samples collected from
RG_GANF on Gardine Creek downstream from the seeps were a mix of sand and silt
(Appendix Table D.8). In addition to generally having more clay and less sand/gravel, the
samples from RG_GHBP had higher TOC content (i.e., mean = 15%) relative to RG_GAUT
(mean =7.7%) and RG_GANF (mean = 9.3%; n = 5 for each area; Appendix Tables D.8 and D.9).
Overall, the sediment particle size and TOC data for each biological monitoring area in 2021 were
consistent with findings from 2018 to 2020 (Minnow 2019b, 2020a), indicating little to no annual
change in substrate texture at RG_GHBP, RG_GAUT, or RG_GANF. This conclusion was also
largely supported by the results of the statistical tests for differences among years
(Appendix Table D.10).

Concentrations of nickel, fluorene, 2-methylnaphthalene, naphthalene, and phenanthrene in at
least four of the five “bulk” sediment samples collected from RG_GHBP on Lower Greenhills
Creek in 2021 exceeded the upper BC WSQG; similarly, selenium concentrations were above the
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alert concentration (Figure 3.4; Appendix Table D.8).33¢ Concentrations of these constituents
were also consistently elevated relative to their respective reference area normal ranges
(Figure 3.4). In 2021, concentrations of cadmium, manganese, zinc, acenaphthylene,
benzo(a)pyrene, benzo(g,h,i)perylene, chrysene, dibenz(a,h)anthracene, fluoranthene, and
pyrene exceeded the lower, but not upper, BC WSQG in at least one sample from RG_GHBP
(Figure 3.4; Appendix Table D.8). Concentrations of cadmium and zinc were within reference
area normal ranges in 2021 (Figure 3.4).

Concentrations of selenium, acenaphthene, chrysene, fluorene, 2-methylnaphthalene,
naphthalene, and phenanthrene in at least one “bulk” sediment sample collected from RG_GAUT
on upper Gardine Creek in 2021 exceeded the upper BC WSQG or alert concentration
(Figure 3.4; Appendix Table D.8). However, selenium concentrations in sediments were
consistently within the reference area normal range in 2021 (Figure 3.4). Concentrations of
arsenic, cadmium, iron, manganese, nickel, silver, acenaphthylene, benzo(a)anthracene,
benzo(a)pyrene, benzo(g,h,i)perylene, dibenz(a,h)anthracene, fluoranthene, and pyrene
exceeded the lower, but not upper, BC WSQG in at least one sample (Figure 3.4;
Appendix Table D.8). However, concentrations of arsenic, cadmium, and iron were within
reference area normal ranges (Figure 3.4).

Concentrations of selenium, acenaphthene, chrysene, fluorene, 2-methylnaphthalene,
naphthalene, and phenanthrene in at least one “bulk” sediment sample collected from RG_GANF
on lower Gardine Creek in 2021 exceeded the upper BC WSQG or alert concentration (Figure 3.4;
Appendix Table D.8). Concentrations of each of these constituents were also consistently above
the reference area normal ranges, except for selenium (within the reference area normal range)
and acenaphthene (no applicable reference area normal range; Figure 3.4). Concentrations of
cadmium, nickel, acenaphthylene, benzo(a)anthracene, benzo(a)pyrene, dibenz(a,h)anthracene,
fluoranthene, and pyrene exceeded the lower, but not upper, BC WSQG in at least three out of
five samples (Figure 3.4; Appendix Table D.8). Concentrations of cadmium and nickel were within
the reference area normal ranges in 2021 (Figure 3.4).

Of the metals and PAHs with “bulk” concentrations above the lower or upper BC WSQG or the
alert concentration for selenium, most had concentrations that were dissimilar among areas.
Silver was the only exception, given that concentrations were similar among areas in 2021
(Appendix Table D.9). Throughout 2019 to 2021, concentrations of arsenic and manganese were

33 The LRLs for acenaphthene (five of five samples), benz(a)anthracene (two of five samples), and chrysene (two of
five samples) were also elevated relative to the upper BC WSQG (Appendix Table D.8).
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Figure 3.4: Concentrations of Analytes that Exceeded Sediment Quality Guidelines or
the Alert Concentration for Selenium, Greenhills Creek, Gardine Creek, and Greenhills
Creek Sedimentation Pond, September 2013 to 2021

Notes: Concentrations below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL. Solid red

line = lower BC WSQG; hashed red line = upper BC WSQG (or alert concentration in the case of selenium). Grey

shading = the reference area normal range (2.5th and 97.5th percentiles of pooled reference area distribution

after removal of outliers). The lotic normal ranges were applied to the creek sites and the reference area normal

ranges for lentic areas were applied to Greenbhills Creek Sedimentation Pond. Normal ranges were excluded when
75% of the data values were censored (i.e., <LRL).
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Figure 3.4: Concentrations of Analytes that Exceeded Sediment Quality Guidelines or
the Alert Concentration for Selenium, Greenhills Creek, Gardine Creek, and Greenhills
Creek Sedimentation Pond, September 2013 to 2021

Notes: Concentrations below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL. Solid red

line = lower BC WSQG; hashed red line = upper BC WSQG (or alert concentration in the case of selenium). Grey

shading = the reference area normal range (2.5th and 97.5th percentiles of pooled reference area distribution

after removal of outliers). The lotic normal ranges were applied to the creek sites and the reference area normal

ranges for lentic areas were applied to Greenbhills Creek Sedimentation Pond. Normal ranges were excluded when
75% of the data values were censored (i.e., <LRL).
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after removal of outliers). The lotic normal ranges were applied to the creek sites and the reference area normal

ranges for lentic areas were applied to Greenhills Creek Sedimentation Pond. Normal ranges were excluded when
75% of the data values were censored (i.e., <LRL).
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Figure 3.4: Concentrations of Analytes that Exceeded Sediment Quality Guidelines or
the Alert Concentration for Selenium, Greenhills Creek, Gardine Creek, and Greenhills
Creek Sedimentation Pond, September 2013 to 2021

Notes: Concentrations below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL. Solid red

line = lower BC WSQG; hashed red line = upper BC WSQG (or alert concentration in the case of selenium). Grey

shading = the reference area normal range (2.5th and 97.5th percentiles of pooled reference area distribution

after removal of outliers). The lotic normal ranges were applied to the creek sites and the reference area normal

ranges for lentic areas were applied to Greenbhills Creek Sedimentation Pond. Normal ranges were excluded when
75% of the data values were censored (i.e., <LRL).
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Figure 3.4: Concentrations of Analytes that Exceeded Sediment Quality Guidelines or
the Alert Concentration for Selenium, Greenhills Creek, Gardine Creek, and Greenhills
Creek Sedimentation Pond, September 2013 to 2021

Notes: Concentrations below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL. Solid red

line = lower BC WSQG; hashed red line = upper BC WSQG (or alert concentration in the case of selenium). Grey

shading = the reference area normal range (2.5th and 97.5th percentiles of pooled reference area distribution

after removal of outliers). The lotic normal ranges were applied to the creek sites and the reference area normal

ranges for lentic areas were applied to Greenbhills Creek Sedimentation Pond. Normal ranges were excluded when
75% of the data values were censored (i.e., <LRL).
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75% of the data values were censored (i.e., <LRL).
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75% of the data values were censored (i.e., <LRL).
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significantly higher at RG_GAUT (upper Gardine Creek) relative to RG_GHBP
(Lower Greenhills Creek) or RG_GANF (lower Gardine Creek). Cadmium, nickel, and selenium
concentrations were consistently and significantly lower on Gardine Creek versus Lower
Greenhills Creek during the same time period; the opposite was true for iron concentrations
(Appendix Table D.9). Zinc concentrations were highest in the samples from upper Gardine and
Lower Greenhills creeks. Despite some year-to-year variability, concentrations of most PAHs
(e.g., 2-methylnaphthalene, naphthalene) were highest at RG_GHBP on Lower Greenhills Creek
and lowest at RG_GAUT on upper Gardine Creek (Appendix Table D.9). Calcium concentrations,
which are a correlate for calcite, were consistently highest at RG_GHBP and RG_GANF from
2019 to 2021, which is unsurprising given the greater calcification of the substrates at these
locations relative to RG_GAUT (see Section 3.2.1).

As suggested within the comparisons among areas, above, concentrations of most sediment
metals that exceeded guidelines, as well as concentrations of calcium, at creek sampling areas
remained relatively constant over time. Exceptions include concentrations of arsenic, which were
generally lower at all creek monitoring areas in 2021 relative to 2019 and 2020, and iron, which
had lower concentrations overall in 2021 relative to 2019 (Appendix Table D.10). Additionally,
“bulk” concentrations of nickel (all creek areas) and zinc (Gardine Creek) in sediments generally
increased over time. For most PAHs that had “bulk” sediment concentrations greater than BC
WSQG, concentrations were generally higher in 2021 relative to 2019 and, depending on area,
2020 (e.g., chrysene at RG_GAUT versus RG_GANF; Appendix Table D.10).

Sediment sampling for SEA has been completed annually on Lower Greenhills and Gardine
creeks since 2018 and 2019, respectively (Minnow 2019c, 2020a, 2021a). According to Tessier
et al. (1979), metals associated with sediment fractions 1 to 4 (i.e., exchangeable and adsorbed
metals, metals bound to carbonates, reducible metals and iron oxides, and metals bound to
organic material, respectively) are considered potentially mobile, depending on environmental
conditions. As indicated in Section 2.3.2.3, it would take highly unusual/aggressive reducing and
oxidizing conditions, respectively, to mobilize fractions 3 and 4 and these conditions are not likely
to occur in Greenhills and Gardine creeks. Therefore, constituent concentrations in sediment
fractions 1 to 4 are considered to be a highly conservative screening of the potentially bioavailable
sediment constituents. Metals associated with fraction 5 (residual metals) are considered
immobile and not bioavailable.

On Lower Greenhills Creek, concentrations of cadmium (two of five samples) and selenium
(all five samples) in sediment fractions 1 to 4 exceeded the upper BC WSQG or alert
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concentration, respectively, in 2021 (Figure 3.5%; Appendix Tables D.11 to D.15). Exceedance
of the BC WSQG for cadmium was consistently based on concentrations in sediment fractions 2
(bound to carbonates) and 3 (reducible and iron oxide associated). Concentrations of manganese
and nickel in sediment fractions 1 to 4 exceeded the lower, but not upper, BC WSQG in two and
five SEA samples, respectively (Figure 3.5; Appendix Tables D.11 to D.15).

Two SEA samples collected from upper Gardine Creek in 2021 had selenium concentrations in
fractions 1 to 4 that exceeded the alert concentration (Figure 3.6; Appendix Tables D.16 to D.20).
Concentrations of cadmium, manganese, and nickel in sediment fractions 1 to 4 exceeded the
lower, but not upper, BC WSQG in at least two of the five SEA samples from 2021 (Figure 3.6;
Appendix Tables D.16 to D.20).

Concentrations of selenium in four of the five SEA samples collected from lower Gardine Creek
in 2021 exceeded the alert concentration and the majority of the selenium was associated with
sediment fraction 4 (metals bound to organic matter; Figure 3.7; Appendix Tables D.21 to D.25).
Concentrations of cadmium and nickel in at least four out of five SEA samples exceeded the
lower, but not upper, BC WSQG in 2021 (Figure 3.7; Appendix Tables D.21 to D.25).

The spatial and temporal comparisons of the SEA data speak to the complexity of the sediment
chemistry data set for the GGCAMP (Appendix Tables D.26 and D.27). Regardless, the
distribution of constituent concentrations among sediment fractions 1 to 5 was generally
consistent among areas and years (Figures 3.5 to 3.7; Minnow 2020a, 2021a). The largest
proportions of recovered cadmium were consistently within sediment fractions 2 (carbonate) and
3 (easily reducible and iron and manganese oxides) (Figures 3.5 to 3.7). This consistent pattern
was evident despite differences in “bulk” sediment constituent concentrations among areas and
changes over time (e.g., increasing concentrations at RG_GHBP; Appendix Tables D.26 and
D.27). Calcium was also predominantly within fractions 2 and 3 for areas with calcified substrates
(Figures 3.5 to 3.7; Appendix Table D.26). This is somewhat unexpected, given that calcium in
the sediments tested by Tessier et al. (1979) was predominantly in fraction 5 (residual metals),
followed by fraction 2 (carbonate). At RG_GAUT, where calcite is nearly absent (see
Section 3.2.1), higher proportions of calcium were consistently reported in fraction 1

34 |In 2021, concentrations of cadmium, calcium, cobalt, nickel, and selenium in “bulk” sediments and the sums of
sediment fractions 1 to 5 were in generally poorer agreement (Figure 3.5) relative to results for upper and lower Gardine
Creek and the Greenhills Creek Sedimentation Pond (Figures 3.6 to 3.8). To date, a root cause for the differences in
the laboratory results for RG_GHBP on Lower Greenhills Creek has not been identified. However, similar discrepancies
were occasionally observed for particular parameters and areas/stations in previous years of monitoring (e.g., most
parameters in RG_GAUT-1 in 2019 and selenium in each of the five samples collected from RG_GAUT on upper
Gardine Creek in 2020) (Minnow 2020a,2021a).
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Extracted Sediment Fractions to British Columbia Working Sediment Quality
Guidelines, Lower Greenhills Creek (RG_GHBP), 2021

Notes: mg/kg = milligrams per kilogram dry weight; WSQG = British Columbia Working Sediment Quality Guideline.
Values at the Laboratory Reporting Limit (LRL) are plotted at the LRL. Concentrations were determined using

Tessier Extraction (Tessier et al. 1979).
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Figure 3.6: Comparisons of Metal Concentrations (Dry Weight Basis) in Sequentially
Extracted Sediment Fractions to British Columbia Working Sediment Quality
Guidelines, Upper Gardine Creek (RG_GAUT), 2021

Notes: mg/kg = milligrams per kilogram dry weight; WSQG = British Columbia Working Sediment Quality Guideline.
Values at the Laboratory Reporting Limit (LRL) are plotted at the LRL. Concentrations were determined using
Tessier Extraction (Tessier et al. 1979).
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Values at the Laboratory Reporting Limit (LRL) are plotted at the LRL. Concentrations were determined using
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(exchangeable and adsorbed). These results are in good agreement with a more recent study of
lake sediments completed using a modified version of the Tessier et al. (1979) extraction process
(He et al. 2015). The results of the study indicated that calcium was primarily found in fraction 1
(exchangeable and adsorbed), followed by fractions 2 (carbonate) and 3 (easily reducible and
iron and manganese oxides) (He et al. 2015; see also Figure 3.6). Cobalt and manganese were
typically more evenly distributed among the sediment fractions, except manganese was more
often found in oxide form, rather than in the organic-bound fraction (Figures 3.5 to 3.7).
Nickel was consistently predominantly associated with sediment fractions 3 to 5
(residual metals fraction), with lesser amounts in fraction 2. Overall, nickel concentrations in
fractions 1 to 4 were typically highest at RG_GHBP, followed by RG_GAUT, then RG_GANF
(Appendix Table D.26). Most sequentially-extracted selenium was in fraction 4 (organic bound),
regardless of when or where sediments were sampled (Appendix Tables D.26 and D.27).
Finally, zinc was primarily associated with fractions 3 (easily reducible and bound to iron and
manganese oxides) and 5 (residual).

As described in Section 2.3.2.3, statistical tests were completed to answer the question of whether
sediment chemistry downstream of the antiscalant addition facility has changed relative to
upstream after the introduction of water treatment (see Appendix Table D.28).
Overall, concentrations of manganese, selenium, and a variety of PAHs, including
benzo(a)pyrene, benzo(b&j)fluoranthene, benzo(e)pyrene, benzo(g,h,i)perylene, fluoranthene,
fluorene, indeno(1,2,3-c,d)pyrene, 1-methylnaphthalene, 2-methylnaphthalene, naphthalene,
phenanthrene, and pyrene, in “bulk” sediments collected from RG_GHBP were higher during the
treatment period (2018 to 2021) relative to before (2017; Appendix Table D.28).
Concentrations of boron, sodium, titanium, zinc, benz(a)anthracene, and dibenz(a,h)anthracene
were also higher in one or two of the post-treatment years relative to 2017. Although some of the
MODs for the “after” versus “before” treatment periods are relatively large (i.e., >100% for
individual PAHSs), there is still some uncertainty as to whether observed increases are attributable
to water treatment or some combination of factors that may or may not include water treatment.
For example, the sediments in the Greenhills Creek Sedimentation Pond have accumulated
higher concentrations of PAHSs relative to lotic habitats (Appendix Table D.28). Activities or events
that disturb and resuspend sediments within the pond (e.g., dredging to remove sediments,
overfilling of the pond, and heavy precipitation events) can lead to flushing of PAH-laden
sediments to lotic environments downstream (Crane et al. 2010).

The SQI calculated for RG_GHBP on Lower Greenhills Creek and RG_GAUT and RG_GANF on
Gardine Creek in 2021, as well as years prior, were indicative of poor sediment quality and were
lower than SQI for most lotic sampling areas included in the 2017 to 2019 RAEMP report
(Appendix Table D.29; Minnow 2020d). Within the Greenbhills Creek watershed, SQI scores were,

P
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on average, lower on Lower Greenhills Creek relative to Gardine Creek. In 2021, the scope and
frequency of BC WSQG exceedances were higher for RG_GAUT (upper Gardine Creek)
than RG_GANF (lower Gardine Creek), but the amplitude of exceedances was similar between
the two areas.

The SQI also indicate that overall sediment quality was lower at RG_GHBP in 2020 and 2021
relative to previous years, and at RG_GAUT and RG_GANF in 2021 relative to previous years
(Appendix Table D.29). In 2021, the frequency and amplitude of BC WSQG exceedances were
greater than any other year at RG_GHBP on Lower Greenhills Creek. Similarly, 2021 represented
the year with the greatest scope, frequency, and amplitude of BC WSQG exceedances at
RG_GAUT and the greatest amplitude of exceedances at RG_GANF (Appendix Table D.29).

It is noteworthy that although elevated concentrations of sediment constituents were identified in
Lower Greenhills and Gardine creeks, sediment in erosional, lotic systems is not generally
considered to be a primary pathway for aquatic effects. Sediment and fines generally accumulate
in small deposits near banks and pools in lotic systems. As such, changes in the bioavailability
of constituents in the sediment in Lower Greenhills or Gardine creeks is not anticipated to have
the same biological impact as would be expected from changes in water quality.

3.2.3 Sediment in Greenhills Creek Sedimentation Pond

As indicated in Section 2.3.2.1, sediment samples were collected from five of the six targeted
sampling sites in Greenhills Creek Sedimentation Pond (RG_GHP) in 2021. Consistent with
sampling in 2020 (Minnow 2021a), dense vegetation at RG_GHP-2 prevented successful
collection of acceptable surface sediments, despite multiple sampling attempts.
Sediment samples collected from the remaining stations in the pond were predominantly silt and
clay and had TOC contents that ranged from 17% to 22% which is significantly higher relative to
the creek sampling areas (Appendix Tables D.8 and D.9; Section 3.2.2).

Concentrations of selenium and some PAHs (i.e., fluorene, 2-methylnaphthalene, naphthalene,
and phenanthrene) in sediments from Greenhills Creek Sedimentation Pond were consistently
greater than the alert concentration and the upper BC WSQG, respectively, as well as applicable
reference area normal ranges (Figure 3.4). Additionally, “bulk” concentrations of acenaphthylene
and benz(a)anthracene in one sample were greater than the upper BC WSQG
(Appendix Table D.8).35  Concentrations of arsenic, cadmium, manganese, nickel, zinc,
acenaphthylene, benzo(a)pyrene, dibenz(a,h)anthracene, fluoranthene, and pyrene exceeded

35 The LRLs for acenaphthene, benz(a)anthracene, and chrysene were greater than the upper BC WSQG for at least
two samples each (Appendix Table D.8). Additionally, the LRLs for acenaphthylene, dibenz(a)anthracene,
fluoranthene, and pyrene were greater than the lower BC WSQG for at least one sample each.
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the lower, but not upper, BC WSQG in at least two out of five samples (Figure 3.4;
Appendix Table D.8). Concentrations of arsenic and cadmium were within reference area normal
ranges in 2021, but two of the five samples had manganese concentrations above the reference
area normal range (Figure 3.4). Nickel concentrations in sediments were consistently above the
reference area normal range in 2021.

Constituents associated with exceedances of the BC WSQG or alert concentration for selenium
in 2021 (Figure 3.4) were often found at higher concentrations in the pond relative to creek
sampling areas on Gardine Creek, but not Lower Greenhills Creek (Appendix Table D.9).
Iron, manganese, acenaphthylene, benzo(a)anthracene, benzo(g,h,i)perylene (2021 only),
chrysene (2021 only), and dibenz(a,h)anthracene were the exceptions in that concentrations were
typically higher, or at least comparable, in samples from Gardine Creek, relative to the pond
(Appendix Table D.9).

Similar to the creek sampling areas (Section 3.2.2), concentrations of most sediment metals that
exceeded guidelines, calcium, and most PAHs remained relatively constant over time in “bulk”
sediments from Greenhills Creek Sedimentation Pond (Appendix Table D.10).
Dibenz(a,h)anthracene, which had higher concentrations in the samples collected in 2020 relative
to 2019, was the exception (Appendix Table D.10).

Sediment sampling for SEA has been completed annually at RG_GHP since 2019
(Minnow 2020a, 2021a). In 2021, concentrations of cadmium and nickel in sediment fractions 1
to 4 consistently exceeded the lower BC WSQG (Figure 3.8; Appendix Tables D.30 to D.34).
Exceedance of the lower BC WSQG for cadmium was based on concentrations in sediment
fractions 2 (carbonate-bound) and 3 (easily reducible and iron and manganese oxides;
Appendix Tables D.30 to D.34). Concentrations of selenium in sediment fractions 1 to 4
consistently exceeded the alert concentration, whereas concentrations of arsenic, silver, and zinc
in fractions 1 to 4 did not exceed any BC WSQG (Figure 3.8; Appendix Tables D.30 to D.34).

Overall, the distribution of constituent concentrations among sediment fractions 1 to 5 was
generally consistent with the creek sampling areas and over time in the Greenhills Creek
Sedimentation Pond (Figures 3.5 to 3.8; Minnow 2020a, 2021a). Cadmium was primarily within
sediment fractions 2 (carbonate) and 3 (easily reducible and iron and manganese oxides) and
concentrations in these fractions were stable over time (Figures 3.5 to 3.8; Appendix Table D.27).
Calcium was predominantly in fractions 1 (exchangeable and adsorbed), 2, and/or 3, consistent
with the findings of He et al. (2015). Cobalt and manganese were more evenly distributed among
the sediment fractions, except for relatively low concentrations in fractions 1 and 4, respectively
(Figures 3.5 to 3.8). From 2018 to 2021, nickel was predominantly associated with fractions 3 to
5 and concentrations in the potentially mobile fractions were stable and typically lower in the pond
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relative to Lower Greenhills Creek (except in 2021), but higher in the pond relative to Gardine
Creek (Appendix Tables D.26 and D.27). Similar to the creek samples, most
sequentially-extracted selenium was in fraction 4 (organic bound) from 2019 to 2021. Finally, zinc
was primarily associated with fractions 3 (easily reducible and iron and manganese oxides) and
5 (residual metals), regardless of year. Again, the consistency among areas and years in terms
of the distributions of concentrations among the sediment fractions emphasizes the need for the
study team to re-evaluate the need for annual SEA.

The SQI calculated for the Greenhills Creek Sedimentation Pond in 2021, as well as years prior,
were indicative of poor overall sediment quality and were lower than SQI derived for creeks
(Section 3.2.2) and natural or naturalized lentic areas in the Elk River watershed (Appendix Table
D.29; Minnow 2020e). Despite some year-to-year variability in scope, frequency, and amplitude
of BC WSQG exceedances, the overall SQI for Greenhills Creek Sedimentation Pond have not
showed a consistent increase or decrease over time (Appendix Table D.29).

3.3 Benthic Invertebrate Community
3.3.1  Greenhills and Gardine Creeks

Results for the area-based kicks indicate that benthic invertebrate densities in 2021 were similar
among RG_GHUT, RG_GHNF, and RG_GHBP, much like in 2020; however, unlike 2020,
densities were lower at RG_GHFF relative to the other biological monitoring areas in 2021
(Figure 3.9 and 3.10; Appendix Table E.20; Minnow 2021a). Benthic invertebrate biomass was
significantly lower throughout Upper Greenhills Creek, relative to Lower Greenhills Creek, in 2021.
Together, the benthic invertebrate density and biomass results for Greenhills Creek indicate that
the availability of food for fish was better in Lower Greenhills Creek, relative to Upper Greenhills
Creek, in 2021.

Comparisons among areas for the remaining area-based community endpoints indicated that
%Diptera was significantly lower at Lower Greenhills Creek versus all untreated sampling areas
on Upper Greenhills Creek (Appendix Table E.20). These results are consistent with those for
2016 and 2018 through 2020 (Figures 3.9 and 3.10; Minnow 2021a) and indicate that organisms
that are more tolerant of degraded conditions are more predominant in the community of Upper
Greenhills versus Lower Greenhills Creek (Barbour et al. 1999; Minnow 2018c). There were no
differences in LPL richness, %Ephemeroptera, or %Plecoptera among areas in 2021, but family
richness and %Trichoptera were lowest at RG_GHNF and RG_GHFF on Upper Greenhills Creek
(Appendix Table E.20). Overall, the comparisons of benthic invertebrate community endpoints
appear to indicate that the Upper Greenhills Creek benthic invertebrate community is more
impacted relative to Lower Greenhills Creek.
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Note: Samples were collected by kicking an area of 1/3 m2.
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Figure 3.9: Benthic Invertebrate Community Endpoints for Area-based Kick Samples,
Upper Greenhills and Gardine Creeks, September 2016 to 2021

Note: Samples were collected by kicking an area of 1/3 m2.
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Note: Samples were collected by kicking an area of 1/3 m2.
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For the timed kick samples, qualitative comparisons among areas and to reference area normal
ranges indicated that, despite some similarities among samples collected from RG_GHNF
(Upper Greenhills Creek) and RG_GHCKD (Lower Greenhills Creek), there were some subtle
differences between the two areas in 2021. Total benthic invertebrate abundances at both
biological monitoring areas were within the reference area normal range (Figures 3.11 and 3.12).
Plecopteran and dipteran abundances were above their respective reference area normal ranges
and these taxa represented a large proportion of the organisms identified in the timed
kick samples. However, similar to the area-based samples (above), Diptera were more dominant
in the samples from RG_GHNF on Upper Greenhills Creek relative to Lower Greenhills Creek
(Appendix Table E.19). Proportions of Ephemeroptera and Trichoptera (i.e., two groups of EPT
taxa) in the samples were higher at RG_GHCKD than RG_GHNF (Figures 3.11 and 3.12;
Appendix Table E.19), consistent with the results for the area-based samples
(Appendix Table E.18). In 2021, LPL and family richness were both below their respective
reference area normal ranges at RG_GHNF; however, family richness at RG_GHCKD on Lower
Greenhills Creek was higher, and within the regional reference area normal range (Figures 3.11
and 3.12). Overall, it appears that benthic invertebrate community endpoints for RG_GHCKD on
Lower Greenhills Creek may have reflected slightly better aquatic environmental conditions and
a healthier benthic invertebrate community, relative to RG_GHNF on Upper Greenhills Creek, in
2021.

On average, benthic invertebrate densities were higher at RG_GANF, the furthest downstream
biological monitoring area on Gardine Creek, relative to upstream at RG_GAUT; however,
biomass was comparable between the two areas (Figure 3.9; Appendix Table E.18). These
results are likely attributed to chironomid (a dipteran family of organisms) larvae, which tend to
have smaller body sizes relative to EPT taxa, being more abundant relative to Plecoptera and
Trichoptera in the RG_GANF versus RG_GAUT samples. Again, RG_GAUT and RG_GANF are
upstream and downstream, respectively, from the seeps from the GHO east spoil; therefore, the
higher %Diptera in the samples from RG_GANF likely reflect this taxonomic group’s ability to
tolerate a wider range of environmental conditions.

Changes in benthic invertebrate community endpoints over time were evaluated for the
area-based samples collected from Upper Greenhills Creek (RG_GHUT, RG_GHNF,
and RG_GHFF), Lower Greenhills Creek (RG_GHBP), and Gardine Creek
(RG_GAUT and RG_GANF). Few consistent increasing or decreasing trends over time were
identified for the biological monitoring areas on Greenbhills Creek (Figures 3.9 and 3.10; Appendix
Table E.20). At RG_GHFF on Upper Greenhills Creek, %EPT was higher in 2017 to 2020 relative
to 2016, but in 2021, %EPT was lower and more comparable to 2016 than 2017 to 2020. It
appears this pattern was likely driven by opposing shifts in %Ephemeroptera and %Plecoptera
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Figure 3.11: Benthic Invertebrate Community Endpoints for Timed Kick Samples on Upper
Greenhills Creek, September 2012 to 2021

Notes: Samples were collected using timed kicks, consistent with Canadian Aquatic Biomonitoring Network (CABIN)
protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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Figure 3.11: Benthic Invertebrate Community Endpoints for Timed Kick Samples on Upper
Greenhills Creek, September 2012 to 2021

Notes: Samples were collected using timed kicks, consistent with Canadian Aquatic Biomonitoring Network (CABIN)
protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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Figure 3.11: Benthic Invertebrate Community Endpoints for Timed Kick Samples on Upper
Greenhills Creek, September 2012 to 2021

Notes: Samples were collected using timed kicks, consistent with Canadian Aquatic Biomonitoring Network (CABIN)
protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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Figure 3.11: Benthic Invertebrate Community Endpoints for Timed Kick Samples on Upper
Greenhills Creek, September 2012 to 2021

Notes: Samples were collected using timed kicks, consistent with Canadian Aquatic Biomonitoring Network (CABIN)
protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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Figure 3.11: Benthic Invertebrate Community Endpoints for Timed Kick Samples on Upper
Greenhills Creek, September 2012 to 2021

Notes: Samples were collected using timed kicks, consistent with Canadian Aquatic Biomonitoring Network (CABIN)
protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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Figure 3.12: Benthic Invertebrate Community Endpoints for Timed Kick Samples on
Lower Greenhills Creek, September 2012 to 2021

Notes: Samples were collected using timed kicks, consistent with Canadian Aquatic Biomonitoring Network (CABIN)
protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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Figure 3.12: Benthic Invertebrate Community Endpoints for Timed Kick Samples on
Lower Greenhills Creek, September 2012 to 2021

Notes: Samples were collected using timed kicks, consistent with Canadian Aquatic Biomonitoring Network (CABIN)
protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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Figure 3.12: Benthic Invertebrate Community Endpoints for Timed Kick Samples on
Lower Greenhills Creek, September 2012 to 2021

Notes: Samples were collected using timed kicks, consistent with Canadian Aquatic Biomonitoring Network (CABIN)
protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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: Benthic Invertebrate Community Endpoints for Timed Kick Samples on

Lower Greenhills Creek, September 2012 to 2021
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s were collected using timed kicks, consistent with Canadian Aguatic Biomonitoring Network (CABIN)

protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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Figure 3.12: Benthic Invertebrate Community Endpoints for Timed Kick Samples on
Lower Greenhills Creek, September 2012 to 2021

Notes: Samples were collected using timed kicks, consistent with Canadian Aquatic Biomonitoring Network (CABIN)
protocols. Normal ranges representing the 2.5th to 97.5th percentiles of reference area data (2012 to 2019) from
the Regional Aquatic Environmental Monitoring Program (RAEMP) are shown as dashed horizontal lines (as available).
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versus %Diptera (Appendix Table E.20). Concomitant decreases in %Plecoptera and increases
in %Diptera also occurred over time (from 2019 to 2021) at RG_GHUT, which is the furthest
upstream station on Upper Greenhills Creek. At the furthest upstream station on Gardine Creek
(RG_GAUT), benthic invertebrate densities and LPL richness were lower in 2021 relative to 2019
and 2020; biomass was also lower in 2021 than 2020 (Figure E.1; Appendix Table E.21).
Unlike RG_GAUT, benthic invertebrate densities and LPL richness were unchanged over time
(i.e., from 2019 to 2021) at RG_GANF in Reach 1 of Gardine Creek, downstream from the seeps
(Figure E.2; Appendix Table E.21). There was an apparent increase in %EPT and
%Ephemeroptera at RG_GANF in 2021 that was likely driven by higher numbers of Baetis in
some of the samples (Figure E.2).

The higher abundances of Baetis in samples from RG_GANF in 2021 may have been attributed
to inter-annual differences in the timing of invertebrate development given that the timing of
sampling was consistent among years (i.e., mid-September). For example, temperature, and to
a lesser extent flow, are the environmental cues for metamorphosis
(e.g., Harper and Peckarsky 2006). Cooler winter and summer temperatures can delay the
development and emergence of Baetis, which are typically bivoltine (i.e., have two
generations/emergence events per year; Bergman and Hilsenhoff 1978). It is therefore possible
that the second emergence, which would be expected to occur in late summer, prior to sampling
(Bergman and Hilsenhoff 1978), was delayed until after the September 2021 field program.

Comparisons of benthic invertebrate endpoints from before (2016 and 2017) and after
(2018 to 2021) initiation of antiscalant addition showed that, overall, density, biomass, and LPL
and family richness have not changed significantly in Lower Greenhills Creek, relative to Upper
Greenhills Creek, since the initiation of treatment (Figure 3.13; Appendix Tables E.22 and E.23).
However, there was a small number of differences among specific areas and years for
these endpoints. For example, LPL richness at RG_GHBP decreased relative to RG_GHUT and
RG_GHNF based on specific comparisons to 2016 and 2017, respectively
(Appendix Table E.23).3¢ Larger overall differences in %Ephemeroptera between treated and
untreated areas were identified for 2018, 2019, and 2020 relative to 2016 and in 2019 and 2020
relative to 2017, due to higher %Ephemeroptera in the treated area in 2018 to 2020
(Appendix Table E.22). These results are supported by the spatial and temporal comparisons
described above for the area-based and timed kick samples.

36 The samples that were collected from RG_GHBP on Lower Greenhills Creek prior to initiation of antiscalant addition
(i.e., in 2016 or 2017) had greater numbers of different chironomid species than samples collected after treatment with
antiscalant was initiated (i.e., from 2018 to 2021; Appendix Table E.24).
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Overall, some differences in benthic invertebrate community endpoints among areas and over
time were identified for Greenhills and Gardine Creeks and observed differences between Upper
and Lower Greenhills Creek are likely attributed to antiscalant addition. Invertebrate biomass was
higher on Lower Greenhills Creek versus Upper Greenhills Creek, and benthic invertebrate
densities were similar, if not higher. Multiple lines of evidence indicate that %Diptera, which are
more tolerant of degraded environmental conditions, was lower on Lower Greenhills Creek versus
untreated areas on Upper Greenhills Creek. Increases in %EPT and %Ephemeroptera at the
treated area (RG_GHBP) relative to untreated areas during a number of post-treatment years
(i.e., 2018, 2019, and 2020) may indicate a slight improvement in environmental conditions
downstream of the treatment facility. Overall observed differences or changes in the benthic
invertebrate communities are generally as expected.

In addition to evaluating benthic invertebrate community endpoints to address the general
questions identified in Section 2.4.3, relationships between benthic invertebrate community
endpoints and water quality analytes with EWTs (see Section 2.2.3) were evaluated. Data for the
area-based kick samples were used. In 2021, strong significant (rs < -0.6 or rs greater than or
equal to [2] 0.6) relationships between density, biomass, %EPT, %Ephemeroptera, %Plecoptera,
and %Diptera and a number of water quality analytes were identified (Figure 3.14; Table 3.3).%"
Strong positive relationships were observed between density and concentrations of TDS, nitrate,
nitrite, sulphate, and total antimony, boron, molybdenum, nickel, selenium, uranium and zinc
in 2021. Strong positive relationships were also identified between %Diptera and concentrations
of TDS, nitrate, sulphate, and total nickel, selenium, and uranium (Figure 3.14; Table 3.3).
Conversely, strong negative relationships were observed between %EPT, %Ephemeroptera, and
%Plecoptera and these same analytes in 2021. Correlation analyses using data from 2017 to
2021 identified a strong significant negative relationship between %EPT and concentrations of
total uranium and strong significant positive relationships between %Diptera and concentrations
of sulphate and total nickel, selenium, and uranium (Figure 3.15; Table 3.4). No other significant
positive or negative relationships that explained a sufficient (i.e., more than 60%) amount of
variability in the observed benthic invertebrate endpoints were identified (Figure 3.15; Table 3.4).

Comparisons between key endpoints and calcite measures were completed for all area-based
kick samples collected from biological monitoring areas on Greenhills and Gardine creeks.
In 2021, %EPT and %Trichoptera were strongly (rs < -0.6) negatively correlated to ClI, CI’, and
concretion and %Diptera was strongly (rs = 0.6) positively correlated with CI, CI’, and concretion

37 Correlations (with water chemistry and calcite) were considered biologically meaningful when the correlation
coefficients explained at least 60% of the variance in a given benthic invertebrate community endpoint (i.e., rs < -0.6 or
rs = 0.6 were considered indicative of strong, significant relationships).
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Table 3.3: Spearman Rank Correlations Between Benthic Invertebrate Endpoints and Water Quality Analytes with Early Warning Triggers, 2021

Analyte (Nze:rzi.t/{nz) Tmaz;:::;‘ass LPL Richness Family Richness %EPT %Ephemeroptera %Plecoptera %Trichoptera %Diptera
P-value rs P-value rs P-value rs P-value rs P-value rs P-value rs P-value rs P-value rs P-value re
Antimony - Total (mg/L) <0.001 0.766 <0.001 0.633 0.265 0.191 0.181 -0.228 <0.001 -0.623 <0.001 -0.755 <0.001 -0.598 0.151 -0.244 0.001 0.515
Barium - Total (mg/L) <0.001 -0.830 <0.001 -0.642 0.070 -0.306 0.561 0.100 <0.001 0.648 <0.001 0.692 <0.001 0.614 0.062 0.315 <0.001 -0.597
Boron - Total (mg/L) <0.001 0.671 0.002 0.491 0.005 0.460 1.00 0 0.220 -0.210 0.014 -0.405 0.276 -0.187 0.360 -0.157 0.085 0.291
Cadmium - Dissolved (mg/L) 0.212 0.213 0.141 0.251 0.993 -0.002 0.062 -0.314 0.489 -0.119 0.018 -0.394 0.367 -0.155 0.428 0.136 0.786 0.047
Cobalt - Total (mg/L) <0.001 0.590 0.054 0.323 0.077 0.299 0.053 -0.326 0.046 -0.335 <0.001 -0.612 0.108 -0.272 0.067 -0.309 0.003 0.476
Lithium - Total (mg/L) 0.180 0.229 0.624 -0.085 0.018 0.392 0.651 0.078 0.899 -0.022 0.969 -0.007 0.744 0.056 0.035 -0.352 0.035 0.352
Manganese - Total (mg/L) 0.008 0.435 0.027 0.368 0.517 0.112 0.034 -0.354 0.159 -0.240 <0.001 -0.563 0.162 -0.238 0.860 -0.031 0.223 0.208
Molybdenum - Total (mg/L) <0.001 0.712 <0.001 0.675 0.413 0.141 0.715 0.063 0.002 -0.506 0.002 -0.505 0.004 -0.470 0.164 -0.237 0.114 0.268
Nickel - Total (mg/L) <0.001 0.676 0.007 0.440 0.511 0.113 0.027 -0.370 <0.001 -0.725 <0.001 -0.811 <0.001 -0.661 0.011 -0.420 <0.001 0.712
Nitrate as N (mg/L) <0.001 0.741 0.006 0.449 0.181 0.228 0.155 -0.242 <0.001 -0.750 <0.001 -0.748 <0.001 -0.676 0.002 -0.491 <0.001 0.794
Nitrite as N (mg/L) <0.001 0.621 <0.001 0.676 0.173 0.232 0.017 0.396 0.011 -0.417 0.240 -0.201 0.007 -0.440 0.747 -0.056 0.345 0.162
Selenium - Total (mg/L) <0.001 0.741 0.006 0.449 0.181 0.228 0.155 -0.242 <0.001 -0.750 <0.001 -0.748 <0.001 -0.676 0.002 -0.491 <0.001 0.794
Sulphate (mg/L) <0.001 0.753 0.008 0.438 0.170 0.234 0.095 -0.282 <0.001 -0.709 <0.001 -0.769 <0.001 -0.618 <0.001 -0.530 <0.001 0.770
Total Dissolved Solids (mg/L) <0.001 0.741 0.006 0.449 0.181 0.228 0.155 -0.242 <0.001 -0.750 <0.001 -0.748 <0.001 -0.676 0.002 -0.491 <0.001 0.794
Uranium - Total (mg/L) <0.001 0.741 0.006 0.449 0.181 0.228 0.155 -0.242 <0.001 -0.750 <0.001 -0.748 <0.001 -0.676 0.002 -0.491 <0.001 0.794
Zinc - Total (mg/L) <0.001 0.626 <0.001 0.592 0.140 0.251 0.369 -0.154 0.104 -0.276 <0.001 -0.545 0.083 -0.293 0.940 0.013 0.293 0.180

:l P-value <0.05/n parameters = 0.05/16 = 0.00375.

|:| rs<-0.6 orrs 2 0.6.

Notes: No. org./m2 = number of organisms per square metre; g/m2 = grams per square metre; LPL = Lowest Practical Level; % = percent; EPT = Ephemeroptera, Plecoptera, and Trichoptera combined; rs = Spearman's correlation coefficient; mg/L = milligrams per litre; < = less

than; < = less than or equal to; = = greater than or equal to.
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Table 3.4: Spearman Rank Correlations Between Benthic Invertebrate Endpoints and Water Quality Analytes with Early Warning Triggers, 2017 to 2021

Analyte (Nclie:rzi.tlﬁlz) Tota(l;ri:zr)nass LPL Richness Family Richness %EPT %Ephemeroptera %Plecoptera %Trichoptera %Diptera
P-value rs P-value rs P-value rs P-value rs P-value rs P-value rs P-value rs P-value rs P-value rg
Antimony - Total (mg/L) 0.039 0.166 0.753 0.025 0.026 -0.178 <0.001 -0.380 <0.001 -0.447 0.002 -0.247 <0.001 -0.322 <0.001 -0.345 <0.001 0.485
Barium - Total (mg/L) <0.001 -0.450 0.004 -0.231 0.005 0.224 <0.001 0.349 <0.001 0.483 <0.001 0.340 <0.001 0.491 0.047 0.159 <0.001 -0.459
Boron - Total (mg/L) 0.024 0.181 <0.001 0.271 <0.001 0.323 <0.001 0 <0.001 0.269 0.517 0.052 0.063 0.149 <0.001 0.339 <0.001 -0.327
Cadmium - Dissolved (mg/L) 0.108 0.129 0.159 0.113 0.430 0.064 0.329 -0.079 0.110 -0.128 0.897 -0.011 <0.001 -0.268 0.247 0.093 0.473 0.058
Cobalt - Total (mg/L) 0.020 0.186 0.018 0.189 0.113 0.127 0.078 -0.142 <0.001 -0.275 0.002 -0.244 0.023 -0.182 0.297 -0.084 <0.001 0.324
Lithium - Total (mg/L) 0.016 0.192 0.251 0.093 0.969 0.003 0.533 -0.050 0.016 -0.193 0.001 -0.261 0.369 -0.072 0.482 -0.057 0.002 0.244
Manganese - Total (mg/L) 0.007 0.215 0.051 0.157 0.999 0 0.003 -0.237 <0.001 -0.357 <0.001 -0.275 <0.001 -0.305 0.715 -0.029 <0.001 0.294
Molybdenum - Total (mg/L) 0.005 0.226 0.002 0.244 0.793 -0.021 0.268 0.089 0.009 -0.209 0.008 0.212 <0.001 -0.372 0.306 0.083 0.567 0.046
Nickel - Total (mg/L) 0.008 0.212 0.927 0.007 0.003 -0.235 <0.001 -0.485 <0.001 -0.543 <0.001 -0.401 <0.001 -0.364 <0.001 -0.447 <0.001 0.612
Nitrate as N (mg/L) 0.008 0.210 0.631 -0.039 <0.001 -0.305 <0.001 -0.527 <0.001 -0.516 <0.001 -0.445 <0.001 -0.314 <0.001 -0.516 <0.001 0.591
Nitrite as N (mg/L) 0.003 0.238 0.004 0.232 0.430 0.064 <0.001 0.274 0.047 -0.160 0.002 0.242 <0.001 -0.351 0.006 0.218 0.955 -0.005
Selenium - Total (mg/L) <0.001 0.265 0.861 0.014 <0.001 -0.298 <0.001 -0.519 <0.001 -0.564 <0.001 -0.441 <0.001 -0.385 <0.001 -0.431 <0.001 0.626
Sulfate (mg/L) 0.002 0.241 0.993 0.001 <0.001 -0.302 <0.001 -0.531 <0.001 -0.527 <0.001 -0.528 <0.001 -0.310 <0.001 -0.492 <0.001 0.605
Total Dissolved Solids (mg/L) 0.002 0.246 0.898 0.010 0.002 -0.244 <0.001 -0.502 <0.001 -0.509 <0.001 -0.491 <0.001 -0.320 <0.001 -0.467 <0.001 0.598
Uranium - Total (mg/L) <0.001 0.355 0.218 0.099 <0.001 -0.273 <0.001 -0.515 <0.001 -0.638 <0.001 -0.529 <0.001 -0.444 <0.001 -0.426 <0.001 0.695
Zinc - Total (mg/L) <0.001 0.376 0.002 0.244 0.107 -0.130 <0.001 -0.320 <0.001 -0.395 <0.001 -0.399 <0.001 -0.327 0.628 -0.039 <0.001 0.309

[ 1 P-value <0.05/n parameters = 0.05/16 = 0.00375.

[ r,<-060rr,206.

Notes: No. org./m2 = number of organisms per square metre; g/m 2= grams per square metre; LPL = Lowest Practical Level; % = percent; EPT = Ephemeroptera, Plecoptera, and Trichoptera combined;
equal to; = = greater than or equal to.

rs = Spearman's correlation coefficient; mg/L = milligrams per litre; < = less than; < = less than or
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(Figure 3.16; Table 3.5). This means that Diptera tended to make up a greater proportion of the
samples collected from areas with greater calcification of the substrates and proportions of
Trichoptera would be expected to be lower in these same samples in 2021. In considering data
from 2017 to 2021, biomass, LPL and family richness, %EPT, and %Ephemeroptera each
had moderately (i.e., rs -0.3 to -0.6) negative relationships with CI*® and concretion scores,
whereas %Trichoptera were strongly (rs < -0.6) negatively correlated to CI, and concretion
(Figure 3.17; Table 3.6). Proportions of Diptera in the samples from 2017 to 2021 had a
moderately positive (i.e., rs 0.3 to 0.6) relationship with both Cl and concretion scores (Table 3.6).

Because benthic invertebrate community endpoints are correlated with multiple water quality
analytes, calcite indices (Cl and CI’), and concretion scores, it is challenging to identify
causal relationships. However, a significant decrease in concretion scores was observed in
Lower Greenhills Creek since initiation of antiscalant addition, and few significant changes in a
concentrations of water quality analytes have been identified at that location over the same period.
It is therefore considered likely that the observed changes in the benthic invertebrate community
(namely, increases in %Ephemeroptera and %Plecoptera and decreases in %Diptera relative to
untreated areas) in Lower Greenhills Creek are attributable to changes in concretion and,
subsequently, successful application of antiscalant.

3.3.2 Greenhills Creek Sedimentation Pond

Data collected in 2021 represent the fourth year of pre-treatment benthic invertebrate community
data for Greenhills Creek Sedimentation Pond (Appendix Tables E.25 to E.29). Results for each
endpoint were generally comparable from 2018 to 2021 (Figure 3.18).3° Similar to previous years,
%Diptera was much higher than %EPT, which is not unexpected for a pond environment, and
EPT taxa were dominated by Ephemeroptera (Figure 3.18; Appendix Table E.30). Bivalves were
the predominant taxonomic group in each of the n = 6 samples from Greenhills Creek
Sedimentation Pond (i.e., at 41 to 89% of organisms) and gastropods (snails) comprised 39% of
the sample from RG_GHP-2 (Figure 3.18; Appendix Table E.30).

38 Calcite index prime (CI') was not included in the 2017 to 2021 comparisons because only one year of Cp’ and CI’
data has been collected to date (i.e., in 2021; see Section 2.3.1).

39 The apparent decrease in %Diptera over time from 2018 to 2021 might be considered “essentially” significant (Year
term p-value = 0.1005); however, the only significant pairwise contrast at alpha = 0.1 was the 2021 to 2018 contrast
(p-value = 0.077).

/—\_
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Figure 3.16: Significant Spearman's Correlation Relationships (r < -0.6 or r 2 0.6)
Between Benthic Invertebrate Community Endpoints and Calcite Index and Concretion
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Table 3.5: Spearman's Correlation Relationships between Benthic Invertebrate
Community Metrics and Calcite, Greenhills and Gardine Creeks, 2021

. Proportional Caicite .
Endpoint Calicite Index (CI) Index (CI'l Concretion Score
re P-value rs P-value rs P-value
Density (No. organisms/m?) 0.414 0.012 0.426 0.010 0.342 0.041
Total Biomass (g/m?) -0.021 0.901 -0.009 0.960 -0.100 0.563
LPL Richness 0.064 0.709 0.089 0.604 -0.008 0.962
Family Richness -0.258 0.128 -0.270 0.111 -0.344 0.040
%EPT -0.651 <0.001 -0.634 <0.001 -0.617 <0.001
%Ephemeroptera -0.493 0.002 -0.509 0.002 -0.497 0.002
%Plecoptera -0.523 0.001 -0.504 0.002 -0.467 0.004
%Trichoptera -0.714 <0.001 -0.726 <0.001 -0.739 <0.001
Y%Diptera 0.823 <0.001 0.810 <0.001 0.795 <0.001

|:| P-value <0.025 (0.05/2 for Bonferroni correction).

|:| rs<-0.6 orry 20.6.

Notes: ry = Spearman's correlation coefficient; No. organisms/m 2 = number of organisms per square metre; g/m2 =

grams per square metre; LPL = Lowest Practical Level; % = percent; EPT = Ephemeroptera, Plecoptera, and
Trichoptera combined; < = less than; < = less than or equal to; = = greater than or equal to.
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Table 3.6: Spearman's Correlation Relationships between Benthic
Invertebrate Community Metrics and Calcite, Greenhills and
Gardine Creeks, 2017 to 2021

. Calcite Index (ClI) Concretion Score
Endpoint

re p-value re p-value

Density (# organisms/m?) -0.003 0.970 -0.023 0.781
Total Biomass (g/m?) -0.307 <0.001 -0.327 <0.001
LPL Richness -0.337 <0.001 -0.343 <0.001
Family Richness -0.502 <0.001 -0.524 <0.001
%EPT -0.449 <0.001 -0.432 <0.001
%Ephemeroptera -0.477 <0.001 -0.475 <0.001
%Plecoptera -0.221 0.00568 -0.200 0.0128
%Trichoptera -0.603 <0.001 -0.614 <0.001
Y%Diptera 0.589 <0.001 0.586 <0.001

P-value <0.025 (0.05/2 for Bonferroni correction).
rs<-0.6 or rg 20.6.

Notes: ry = Spearman's correlation coefficient; No. organisms/m 2 = number of

organisms per square metre; g/m2 = grams per square metre; < = less than; LPL =
Lowest Practical Level; % = percent; EPT = Ephemeroptera, Plecoptera, and
Trichoptera combined; < = less than or equal to; = = greater than or equal to.
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3.3.3 Biological Triggers

Proportions of EPT in the timed kick samples collected from RG_GHNF and RG_GHCKD on
Greenhills Creek were compared to biological triggers for this endpoint (information pertaining to
the determination of the biological trigger values can be found in Appendix G). Comparisons to
biological triggers were completed based on available water quality predictions for routine water
quality monitoring stations GH_HWGH_BRB (paired with RG_GHNF) and GH_GH1 (paired with
RG_GHCKD). Although %EPT values for samples (n = 3 per area) collected from RG_GHNF
and RG_GHCKD in 2021 were consistently below habitat-adjusted normal ranges, only one
sample from RG_GHCKD exceeded the biological trigger based on the predicted Aquatic Data
Integration Tool (ADIT) score for that location (Appendix G).

34 Benthic Invertebrate Tissue Chemistry
3.4.1 Greenhills and Gardine Creeks

No benthic invertebrate tissue chemistry samples were collected from RG_GHNF and RG_GNFF
(Upper Greenbhills Creek) or RG_GAUT and RG_GANF (Gardine Creek) in February 2021 due to
unsafe access, an absence of flow, and/or the presence of anchor ice; however, samples were
collected from each of the targeted areas in September 2021 (see Section 2.5.1;
Appendix Table H.1).

Selenium concentrations in benthic invertebrate tissue samples collected from Upper Greenhills
Creek did not differ significantly among areas in 2021, which was also the case in 2020
(Figure 3.19; Appendix Table H.2). Selenium concentrations in samples collected from the
furthest upstream biological monitoring area (RG_GHUT) in February and September 2021 were
generally within the reference area normal range and below the lowest EVWQP benchmarks
(Figure 3.19; Appendix Table H.1). Only one sample (RG_GHUT-1) from February 2021 had
selenium concentrations that exceeded the 97.5™ percentile of the reference area normal range.
Mean selenium concentrations at RG_GHNF and RG_GHFF were greater than the reference
area normal range (Figure 3.19; Appendix Table H.1). One composite-taxa sample
(RG_GHFF-1) and the annelid-only sample (RG_GHFF_LUM-1) from RG_GHFF had selenium
concentrations greater than the Level 1 Benchmark for dietary effects to juvenile fish (Figure 3.19;
Appendix Table H.1).40

Selenium concentrations in benthic invertebrate tissues collected from Lower Greenhills Creek in
September of each year were generally greater (by 46 to 77%) than those from Upper

40 However, as noted in Table 2.4, the 11 ug/g dw benchmark for dietary effects to juvenile fish does not apply to WCT,
which are the only fish species present in Greenhills and Gardine creeks (Teck 2014).

(’_\_
June 2022 | 125



100
®
80 -
s
S
\g 60 +
2
S Ao
=)
c
ko)
?
40 A *
A
| |
.‘ I
_______________________________________________________________ A o _____
_____________________________________________________________ .____’__.__________________________________
[ ]
204+ ————— A S ew T
_________________ T T T T
oA *
. s ® $
0 T T T T T T T
RG_GHUT RG_GHNF RG_GHFF GH_GH1_AS RG_GHBP RG_GAUT RG_GANF

e 2018 A 2019Winter A 2019 ¢ 2020 Winter 2020 = 2021 Winter = 2021

— EVWAQP Fish Benchmark — EVWQP Bl Benchmark EVWQP Bird Benchmark — Preliminary Amphibian Benchmark

Figure 3.19: Selenium Concentrations in Composite-taxa Benthic Invertebrate Tissue Samples from Greenhills and
Gardine Creeks, 2018 to 2021

Notes: Grey shading 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). Solid line = Level 1 Benchmark, long hashed line =
Level 2 benchmark, short hashed line = Level 3 benchmark. Annelid-only samples are included in the plot and are circled in black to differentiate them from
the composite-taxa samples.

June 2022 126



minnow environmental inc. Teck Coal Limited
Project 217202.0052 2021 Greenhills and Gardine Creeks Aquatic Monitoring

Greenhills Creek (Figures 3.19 and 3.20; Appendix Table H.2). All samples from RG_GHBP in
February 2021 had selenium concentrations greater than the EVWQP Level 3 Benchmark for
effects to benthic invertebrates (Figure 3.19; Appendix Table H.1) and the EVWQP Level 2
Benchmarks for effects to benthic invertebrates and dietary effects to juvenile fish in September
2021 (Golder 2014; Figure 3.19; Appendix Table H.1). Additionally, Level 3 Benchmarks for
effects to benthic invertebrates and dietary effects juvenile fish and birds and Level 2 Benchmarks
for effects to benthic invertebrates and dietary effects to fish and birds were exceeded in one
sample each from RG_GHBP (Figure 3.19; Appendix Table H.1).

Each of the benthic invertebrate tissue samples collected from RG_GAUT and RG_GANF on
Gardine Creek in September 2021 had selenium concentrations that were within the reference
area normal range and less than applicable benchmarks (Figure 3.19; Appendix Tables H.1).
Overall, selenium concentrations in tissue samples from Gardine Creek were significantly and
consistently lower than those from Upper and Lower Greenhills Creek in 2021 (Figures 3.19 and
3.20; Appendix Table H.2). Concentrations did not differ significantly among areas on Gardine
Creek in 2021. The results for Gardine Creek are supported by aqueous selenium speciation
data, which indicate there were relatively low concentrations of selenite and no detectable
organoselenium species in water samples from RG_GAUT and RG_GANF (Figure 3.21).

Although the ANOVA results indicate that there were some key differences among areas in terms
of selenium concentrations in benthic invertebrate tissues (i.e., S€Lower Greenhils >> S€upper Greenhills >
Secardine; Question 1 from Section 2.5.3), few significant changes in concentrations over time were
identified for any of the biological monitoring areas (Question 2 from Section 2.5.3; Figure 3.20;
Appendix Table H.3). Selenium concentrations in benthic invertebrate tissues collected from
RG_GHNF in September 2019 and 2021 were lower than those collected in September 2018 and
2020 (Appendix Table H.3). Concentrations in samples collected from RG_GAUT in 2020
(mean = 4.9 ug/g dw) were higher, albeit only marginally, than in 2019 (mean = 3.2 ug/g dw) and
2020 (mean = 3.2 ug/g dw) but still well within the normal range and below benchmarks. The
overall absence of change over time for RG_GHBP on Lower Greenhills Creek suggests that
selenium concentrations in benthic invertebrate tissues at that location are likely unrelated to
antiscalant addition (Appendix Table H.3). Rather, the observed concentrations are likely
attributed to RG_GHBP being located downstream from Greenhills Creek Sedimentation Pond,
as well as the greater prevalence of depositional habitat (and more sediment accumulation)
relative to other areas on Greenhills and Gardine creeks.

Selenium concentrations in benthic invertebrate tissues were generally comparable within a given
biological monitoring area and year, regardless of whether samples were collected in February
or September (Appendix Table H.4). The only exceptions included RG_GHFF on Upper
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Invertebrate Tissue Samples from Greenhills and Gardine Creeks, September 2018 to
2021

Note: Solid lines connect the means for each area.
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Greenhills Creek in 2019 (mean selenium concentrations were 35% lower in February
versus September) and RG_GHBP on Lower Greenhills Creek in 2020 (mean selenium
concentrations were 145% higher in February versus September) (Appendix Table H.4). The
higher concentrations observed at RG_GHBP in 2020 were the driving force behind continuing to
complete winter benthic invertebrate tissue chemistry sampling at Lower Greenhills Creek in 2022
(Minnow 2021b). The goal was to confirm whether the presence of annelids could have
contributed to the higher selenium concentrations observed in the samples from February 2020.
Although there is still uncertainty around the taxonomic composition of the samples collected in
February 2020, the study team was able to confirm that the benthic invertebrate tissue chemistry
samples collected from RG_GHBP from September 2020 to September 2021 did not
contain annelids.

Selenium accumulation in aquatic food webs tends to be greater in lentic versus lotic systems
with similar concentrations of selenium in water (EPA 2016; Deforest et al. 2017; Golder 2021b).
This is because conditions within lentic areas are typically more conducive to formation of
organoselenium species and enhanced cycling of selenium via microbially-mediated
detrital pathways (Orr et al. 2006). Although Greenhills Creek Sedimentation Pond is not a
natural or naturalized lentic area, it possesses some lentic characteristics (e.g., slower flow and
abundant vegetation) and its effects on selenium speciation may carry over into lotic habitats
immediately downstream (e.g., RG_GHBP) (ADEPT 2022; Golder 2021a). Concentrations of
more bioavailable forms of aqueous selenium were highest in Greenhills Creek
Sedimentation Pond (see Section 3.4.2, below) and downstream in Lower Greenhills Creek in
September 2021, where the highest selenium concentrations in benthic invertebrate tissues were
also observed (Figure 3.21; see also Appendix Table C.4). Combined concentrations of
dimethylselenoxide and methylseleninic acid in water samples from RG_GHBP in 2021 were
consistently greater than the draft screening value (0.025 ug/L) for potential incremental
increases in selenium bioaccumulation, regardless of whether the samples were collected in
February or August through December (Appendix Table C.4; ADEPT 2022).

Use of the regional one-step water-to-invertebrate lotic selenium bioaccumulation model
(Golder 2020) and the B-tool (de Bruyn and Luoma 2021) provided some insight into relationships
between aqueous selenium (total selenium and selenium speciation, respectively) and benthic
invertebrate tissue selenium concentrations. Additionally, the observed results for Upper and
Lower Greenhills Creek are supported by the assessment of biological triggers
(Section 3.4.3, below). In 2021, selenium concentrations in benthic invertebrate tissues from
Upper Greenhills and Gardine creeks were consistent with predictions based on the lotic
bioaccumulation model (Figure 3.22; Appendix Table H.5). These results for 2021 are in good
agreement with those for previous years (Appendix Table H.5). Although selenium concentrations
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Figure 3.21: Concentrations of Selenium Species Measured in Water Samples Collected
Concurrently with Benthic Invertebrate Tissue Samples, February (Squares) and
September (Circles), 2021

Notes: Only species with detected values are shown and samples with concentrations at the laboratory reporting limit
(LRL) are plotted with an open symbol at the LRL. All selenium concentrations in tissue are for composite-taxa
samples (orange), except one annelid-only sample (green) and three clam-only samples (black).
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Figure 3.22: Selenium Concentrations in Benthic Invertebrate Tissues Relative to Predictions and Aqueous Selenium
Concentrations, 2018 to 2021

Notes: Mean benthic invertebrate selenium concentrations (solid black line) were estimated using a one-step water to benthic invertebrate selenium
accumulation model: log1o[Selbenthic invertebrate = 0.720 + 0.071 X log+o[Sel.q (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. Annelid-only samples are included in the plot and are circled in
black to differentiate them from the composite-taxa samples.
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in benthic invertebrate tissues collected from Upper Greenhills and Gardine creeks in September
2021 were marginally higher than B-tool predictions (Appendix Table H.6), the bioaccumulation
model results clearly indicate selenium concentrations in benthic invertebrate tissues from Upper
Greenhills and Gardine creeks are related to aqueous total selenium concentrations. Unlike
Upper Greenhills and Gardine creeks, selenium concentrations in benthic invertebrate tissues
collected from Lower Greenhills Creek in 2021 were higher than expected, based on the lotic
bioaccumulation model (Figure 3.22; Appendix Table H.5). These results are similar to conditions
previously observed for Lower Greenhills Creek. The B-tool did not consistently over or
under-predict benthic invertebrate tissue selenium concentrations at RG_GHBP on Lower
Greenhills Creek in 2021 (Appendix Table H.6). This suggests that although the higher than
expected selenium concentrations at RG_GHBP are likely attributed, in part, to this location being
downstream from the pond and factors related to enhanced generation of organoselenium
species, there are potentially other factors influencing selenium bioaccumulation in Lower
Greenhills Creek.

3.4.2 Greenhills Creek Sedimentation Pond

Benthic invertebrate tissue samples that were collected from the Greenhills Creek Sedimentation
Pond (RG_GHP) and did not contain bivalves had selenium concentrations greater than EVWQP
Level 1 Benchmarks for effects to benthic invertebrates and juvenile fish and birds (Figure 3.23;
Appendix Table H.7). Selenium concentrations in one of the samples (20 pg/g dw) also exceeded
the EVWQP Level 2 Benchmark for dietary effects to juvenile fish. The bivalve-only samples from
RG_GHP-3 and RG_GHP-5 had lower selenium concentrations than any other sample collected
from the pond in 2021 (i.e., concentrations were within the reference area normal range;
Figure 3.23; Appendix Table H.7).

As indicated in Section 3.4.1, concentrations of selenium in benthic invertebrate tissues collected
from Greenhills Creek Sedimentation Pond (and lotic habitats downstream) may have resulted,
at least in part, from the presence of aqueous selenium in more bioavailable forms.
Benthic invertebrate tissue selenium concentrations predicted using the B-tool were higher than
concentrations measured in composite-taxa benthic invertebrate tissue samples collected from
the pond in September 2021 (Appendix Table H.6). Concentrations of inorganic (selenite)
and organic (dimethylselenoxide and methylseleninic acid) forms of selenium in water were higher
in the Greenhills Creek Sediment Pond (RG_GHP) than all other upstream stations (Figure 3.21).

3.4.3 Biological Triggers

Selenium concentrations in benthic invertebrate tissues were also assessed relative to the
biological triggers established for this endpoint (information pertaining to the evaluation of the
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Figure 3.23: Selenium Concentrations in Composite-taxa Benthic Invertebrate Tissue
Samples from Greenhills Creek Sedimentation Pond, 2018 to 2021

Notes: Grey shading 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) from the Regional Aquatic Effects Monitoring
Program (RAEMP). Solid line = Level 1 Benchmark, long hashed line = Level 2 Benchmark, short hashed line = Level 3
Benchmark. All samples were collected in September. Tissue selenium concentrations are for composite-taxa samples
(blue), except three samples that contained clams only (orange).
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biological triggers can be found in Appendix G). This was completed for each replicate from
biological monitoring areas RG_GHNF (Upper Greenhills Creek) and RG_GHCKD
and RG_GHBP (Lower Greenhills Creek). Water quality predictions for routine water quality
monitoring  stations GH_HWGH_BRB  (Upper Greenhills Creek) and GH_GH1
(Lower Greenhills Creek) were also used. None of the samples collected from RG_GHNF on
Upper Greenhills Creek in September 2021 (n = 3) exceeded the biological trigger for benthic
invertebrate tissue selenium concentrations, but all of the samples from Lower Greenhills Creek
(n = 3 at RG_GHBP in February 2021 and n = 3 per area in September 2021) exceeded the
biological trigger (Appendix G). The biological trigger exceedances for these monitoring locations
are likely related to a combination of the factors discussed in Sections 3.4.1 and 3.4.2, including
proximity to the Greenhills Creek Sedimentation Pond discharge, which could influence
selenium speciation.

3.5 Westslope Cutthroat Trout
3.5.1 Abundance, Density, Biomass, and Health

In 2021, WCT were captured from RG_GHNF and RG_GHFF on Upper Greenhills Creek and
RG_GAUT and RG_GANF on Gardine Creek (Figure 2.6; Table 3.7; Appendix Tables 1.1 and 1.2);
WCT were also captured from Lower Greenhills Creek as part of the Upper Fording River WCT
Population Monitoring Program (Table 3.7; Appendix Table I.3; Thorley et al. 2022). A fish habitat
assessment completed in 2007 indicated that Greenhills Creek Sedimentation Pond and Upper
Greenhills Creek, to approximately river kilometre 5.9, represented connected and accessible
fish habitat (KNRC 2007).4 However, in 2021, no WCT were captured from the three closed
electrofishing stations at the furthest upstream monitoring area on Upper Greenhills Creek
(RG_GHUT; river kilometre 5.2), consistent with results for 2018 and 2019 and the outcomes of
the recent eDNA study (Ecofish 2022) (Figure 2.6; Table 3.7; Appendix Tables 1.4 to 1.6).
Gardine Creek was identified in 2007 as providing approximately 1.8 km of fish habitat
(KNRC 2007). In 2019 and 2020, field crews noted there were isolated pools and dry sections of
channel in Reaches 3 and 4 (from approximately river km 1.4 to 1.8; Appendix Table 1.7;
Minnow 2020a). The WCT population in Upper Greenhills (including the pond) and Gardine
creeks is isolated from Lower Greenhills Creek. A culvert at approximately river kilometre 0.54,
between the Stilling Basin and Fording Mine Road, acts as a barrier between the two populations.
Therefore, Lower Greenhills Creek represents about 0.54 km of the estimated 88 km of connected
habitat that is accessible to the Upper Fording River population of WCT (Thorley et al. 2022).

41 A detailed description of the habitat types and conditions as they relate to use by WCT is also provided by
Minnow (2018b).
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Table 3.7: Westslope Cutthroat Trout Electrofishing Catch Results in Greenhills Creek and Gardine Creek, September 2015 to

2021
. Combined Totals
Parameter Station 2015 2017 2018 2019 2021 2015 2017 2018 2019 2021
RG_GHUT - 1 0 0 0 y 1 0 0 0
RG_GHNF - 3 7 6 6 - 3 7 6 6
RG_GHFF - 8 11 11 7 y 8 11 11 7
Number of
Fish Caught RG_GHBP - 110 111 41 - - 110 111 e -
Reach 12 7 105 - 18 4 7 105 y 18 4
RG_GAUT® - - - 12 34 - - - 12 34
RG_GANF - . . 34 51 - . - 34 51
GHUT-EF1 - 0 0 0 0
RG_GHUT | GHUT-EF2 - 38+0 0 0 0 - 3.8 0 0 0
GHUT-EF3 - 0 0 0 0
GHNF-EF1 - 23+0 51+0 16+16 | 1023
RG_GHNF | GHNF-EF2 - 250 53+0 19+0 | 22+084 - 7.1 14 7.2 6.6
GHNF-EF3 R 24+24 | 41+070 | 384070 23%52
Eciimated GHFF-EF1 - 16£0 0 59+58 21£21
Fissht"g::; o | RG_GHFF  GHFF-EF2 - 81+22 | 584060 0780 @ 17%38 - 17 10 9.8 5.4
1100 2‘1 GHFF-EF3 - 69+12 | 45£060 320 1.6 £0.58
(g‘;‘% Cl)n:)y_ GHBP-EF1 - 197+71  25+12 | 16+3.0 R
atation RG_GHBP | GHBP-EF2 - 11525 @ 36+1.3 13+£3.8 - - 391 190 47 -
GHBP-EF3 R 78+57 | 130+7.6 | 18+58 R
Reach 1-EF1 | 41+0.70 | 55+10 - 790 200
Reach1® Reach 1-EF2 210 89 +43 - 12426 2240 11 189 - 29 6.2
Reach 1-EF3 | 4.3t0 45+8.0 - 87+28 20£20
GANF-EF1 - - - 28+12 | 23+050
RG_GANF = GANF-EF2 N - - 12422 2514 - - - 54 54
GANF-EF3 - - - 14+0 28 + 16

Notes: - = no data for that year/not applicable; no./100 m® = number of fish per 100 square metres; % = percent; Cl = Confidence Interval; g/100 nf = grams of fish biomass per 100 square metres;
Minnow = Minnow Environmental Inc.
? Fishing in "Reach 1" was completed by consultants other than Minnow and under separate scopes from the Greenhills and Gardine Creeks Aquatic Monitoring Program.
® Spot sampling was completed; therefore, pass numbers were insufficient to support estimates of density and biomass.

June 2022

135



Table 3.7: Westslope Cutthroat Trout Electrofishing Catch Results in Greenhills Creek and Gardine Creek, September 2015 to 2021

Combined Totals

Parameter Station 2015 2017 2018 2019 2021 2015 2017 2018 2019 2021
GHUT-EF1 - 0 0 0 0
RG_GHUT | GHUT-EF2 - 377 £0 0 0 0 - 377 0 0 0
GHUT-EF3 - 0 0 0 0
GHNF-EF1 - 5310 272+0 | 100+100 100 £ 229
RG_GHNF | GHNF-EF2 - 2410 17540 96 +0 183 + 31 - 300 598 402 375
GHNF-EF3 - 222£222 | 15226 | 205+35 | 921210
_ GHFF-EF1 - 58+ 0 0 87 + 85 11+ 10
Figstg?:rf;ss RG_GHFF = GHFF-EF2 - 127+34 327 +34 380 8.6+ 20 - 503 618 201 47
(@100 m 2 GHFF-EF3 - 317+55 | 291+38 750 28 + 11
85% CI) by GHBP-EF1 - 1547 +553| 430+20 | 452+ 85 R
Station RG_GHBP  GHBP-EF2 - 1,012 +£223| 47218 | 403+77 - - 2,931 2,101 1,165 -
GHBP-EF3 N 372427 | 1,199+70 309 + 122 -
Reach 1-EF1 | 17+3 372 + 70 - 100 £ 0 10+0
Reach1?  Reach 1-EF2 | 210 369 + 178 - 258 + 56 31+0 113 1,107 y 431 73
Reach 1-EF3 | 75+0 366 + 63 - 74 + 24 31+ 31
GANF-EF1 - - - 310 £ 130 | 282+6.0
RG_GANF = GANF-EF2 R - R 147 + 28 28 + 15 - - - 727 758
GANF-EF3 - - - 270+0 | 448 + 260

Notes: - = no data for that year/not applicable; no./100 m’ = number of fish per 100 square metres; % = percent; Cl = Confidence Interval; g/100 nf = grams of fish biomass per 100 square metres;
Minnow = Minnow Environmental Inc.

@ Fishing in "Reach 1" was completed by consultants other than Minnow and under separate scopes from the Greenhills and Gardine Creeks Aquatic Monitoring Program.

b Spot sampling was completed; therefore, pass numbers were insufficient to support estimates of density and biomass.
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Historically, Lower Greenhills Creek was considered a core area for WCT spawning
(Cope et al. 2016) and redd densities were considered high in 2021 (Thorley et al. 2022).

In 2021, fork lengths of WCT captured from Upper Greenhills and Gardine creeks ranged from
8.1 to 23 cm and 4.0 to 16 cm, respectively, which is consistent with the ranges of fork lengths
observed in previous years (n = 13 and n = 85 WCT, respectively, in 2021; Appendix Tables 1.8
to 1.11). Fork lengths of WCT captured from Lower Greenhills Creek as part of the Upper Fording
River WCT Population Monitoring Program in 2021 were between 7.2 and 13 cm (n = 4), which is
within the range of fork lengths reported previously for Lower Greenhills Creek
(Appendix Tables 1.12 and 1.13). Age-1 WCT in the isolated population above the pond were
estimated to have fork lengths between 5.5 and 11 cm, based on length-frequency analysis
(Appendix Figure 1.1; Appendix Tables 1.8 and 1.9). Age-1 WCT from Lower Greenhills Creek had
estimated fork lengths between 7.5 and 12 cm and were therefore larger, in general, relative to
age-1 WCT from Upper Greenhills and creeks, as well as the other creeks sampled as part of the
Upper Fording River WCT Population Monitoring Program (Thorley et al. 2022).
Additionally, Thorley et al. (2022) reported that fork lengths for age-0 fish were greatest for Lower
Greenhills Creek relative to other sampling areas in the Upper Fording River population area
(i.e., 5.7 cm with a 95% credible interval of 5.1 to 6.3 cm). It appears that the Greenhills Creek
Sedimentation Pond, or conditions downstream from the pond, have a warming effect on the
water in Lower Greenhills Creek (see Appendix Tables C.1 and E.1 as examples, as well as
Ecofish 2022). This may help explain the enhanced growth and larger body sizes reported for
young WCT in Lower Greenhills Creek relative to areas upstream of the pond and in other
tributaries to the Fording River (Thorley et al. 2022). Growth rates of WCT in Greenhills and
Gardine creeks were not calculated because no previously PIT-tagged fish were captured in 2021
(Thorley 2022, pers. comm.; Appendix Tables 1.8, 1.9, and 1.12).

Condition (weight-at-length) of fish captured from Upper Greenhills and Gardine creeks was lower
in 2021 relative to previous years, whereas condition was similar among WCT captured from
Upper Greenhills Creek from 2017 to 2019 (Figures 3.24 to 3.26; Appendix Tables 1.14 to 1.16).
Contrary to Upper Greenhills and Gardine creeks, fish condition in the Upper Fording River WCT
population, which has access to habitats in Lower Greenhills Creek, was near (2019 and 2020)
or above average (2021) in recent years (Thorley et al. 2022). The largest decrease in fish
condition in 2021 was observed for WCT from Upper Greenhills Creek (RG_GHNF and
RG_GHFF), where condition decreased by 26% (outliers removed) in 2021 relative to 2017
(Appendix Table 1.14). Condition of WCT captured from the isolated pools on upper Gardine
Creek (RG_GAUT) in 2021 was about 14% lower in 2021, relative to the first year of fishing in
2019 (no fishing was completed in 2020; Appendix Table 1.15). The WCT captured from lower
Gardine Creek (RG_GANF) in 2021 were also in lower condition relative to 2019; however, the
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Figure 3.24: Comparisons of Length, Weight, and Weight-at-Length (Body Condition)
for Westslope Cutthroat Trout Captured from Upper Greenhills Creek, 2017 to 2021

Notes: Outliers are plotted with an 'x'. Fishwith fork lengths <6.5 cm were excluded from the analysis.
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Figure 3.25: Comparisons of Length, Weight, and Weight-at-Length (Body Condition)
for Westslope Cutthroat Trout Captured from Upper Gardine Creek, 2019 to 2021

Notes: Outliers are plotted with an 'x'. Fish with fork lengths <6.5 cm were excluded from the analysis.
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Figure 3.26: Comparisons of Length, Weight, and Weight-at-Length (Body Condition)
for Westslope Cutthroat Trout Captured from Lower Gardine Creek, 2019 to 2021

Notes: Outliers are plotted with an 'x'. Fish with fork lengths <6.5 cm were excluded from the analysis.
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change (i.e., a 6.1% decrease; outliers removed) was less than what might be considered
biologically meaningful (i.e., could be attributed to natural, annual variability;
Environment Canada 2012b). It is possible that some regional factor(s) may have depressed fish
condition regionally within the isolated Upper Greenhills/Gardine creeks fish population in 2021.
Additionally, the poorer water quality conditions and higher calcite concretion in Upper Greenhills
Creek relative to upper and lower Gardine Creek may have contributed to the observed spatial
patterns in reduced fish condition. The larger reduction in fish condition at upper versus lower
Gardine Creek may be attributed to fish being isolated in pools and food resources being limited
(i.e., increased competition and insufficient caloric intake). For example, n = 8 fish were captured
from the isolated pool at RG_GAUT-EF1 in 2019, whereas n = 28 fish were captured from the
same isolated pool in 2021 (Appendix Tables .2 and 1.17). Based on observed habitat conditions,
the pool was likely a similar size in both years. The presence of more fish in the pool in 2021
would be expected to put a greater strain on food resources, potentially leading to reduced fish
condition.

Two (15%) of the n = 13 WCT captured from Upper Greenhills Creek, seven (8.2%) of the n = 85
WCT captured from Gardine Creek, and none of the n = 4 WCT captured from Lower Greenhills
Creek in 2021 had external anomalies (Table 3.8; see also Table 2.5). Both anomalies observed
on WCT from Upper Greenhills Creek were considered minor and consisted of a nodule on one
fish’s lip/jaw and another fish with light active fin erosion on its dorsal and caudal fins
(Appendix Table 1.8). Anomalies on WCT from Gardine Creek included two incidences of
minor/light active fin erosion, two incidences of deformed caudal fins, one caudal fin with a minor
split in it, one severely shortened operculum, and one minor, obvious parasitic infestation
(Appendix Table 1.9). One fish from Gardine Creek also had a caudal fin injury that was attributed
to being bitten by another fish; this injury was excluded from the count of external anomalies.

The anomaly rates for Upper Greenhills and Gardine creeks in 2021 were higher than those
reported for WCT collected from Lower Greenhills Creek and from other areas sampled as part
of the RAEMP in 2021 (Minnow 2023, in prep). Of the 96 WCT collected throughout Management
Units 1 to 5 as part of the September 2021 RAEMP program, only four (4.1%) individuals were
identified as having anomalies, which included three incidences of light active fin erosion and one
tumour that did not show signs of sloughing or ulceration. None of the WCT collected from
reference areas on the Bull (n = 8) or Flathead (n=8) rivers in 2021 had anomalies
(Minnow, in prep). Additionally, n = 16 WCT were captured from the Upper Fording River in
June 2021 to either support the RAEMP. Two of the fish had anomalies (i.e., one case of minor
caudal fin erosion and another fish with substantially shortened/missing opercula; Minnow,

in prep).
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Table 3.8: Summary of External Anomalies for Westslope Cutthroat Trout Captured
from Upper Greenhills and Gardine Creeks, 2021

2021
Study Area Upper Greenhills Creek Gardine Creek
Biological Monitoring Area RG_GHNF RG_GHFF RG_GAUT RG_GANF
Total Sample Size 6 7 34 51
Number of Fish with Anomalies 1 1 4 3
0 83% 86% 88% 94%
Severity of External 1 17% 14% 6% 4%,
Anomalies o o o o
(% of Total 2 0% 0% 0% 0%
Anomalies) 3 0% 0% 0% 2%
No rating ? 0% 0% 6% 0%
Total Proportlo.n ofoFlsh with 17% 14% 12% 6%
Anomalies (%)

Notes: % = percent. Severity of external anomalies: 0 = no anomalies, 1 = minor, 2 = moderate; 3 = severe. Only

an external assessment of anomalies was completed on the sampled fish. This severity assessment replaces
“DELT” (deformities, erosion, lesion, and tumor) surveys (Sanders et al. 1999) completed in previous years.

@ Two fish had fin deformities (one with a deformed caudal fin and one with a shortened lower caudal fin lobe).
However, to date, a rating system has not been developed for this type of deformity (see Minnow 2021b,c).
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Visual observations of fin erosion for WCT captured from Upper Greenhills and Gardine creeks
were supported by measurements of relative caudal fin lengths. For Upper Greenhills Creek,
relative caudal fin lengths for captured WCT were between 11 and 15% (mean = 13%; n = 13;
Appendix Table 1.8). These results are comparable to those for 2019, but lower relative to 2017
(Appendix Table 1.10). Relative caudal fin lengths for WCT captured from upper and lower
Gardine Creek in 2021 were between 13 and 18% (mean = 15%; n = 34) and between 11 and 16%
(mean = 14%; n = 51), respectively (Appendix Table 1.9). These results are considered
comparable to those for WCT captured from Gardine Creek in 2019 (Appendix Table 1.11).
Overall, the mean relative caudal fin lengths for WCT captured from Upper Greenhills and Gardine
creeks in 2021 were also similar to those reported for wild-caught cutthroat trout
(Oncorhynchus clarkii) captured in Utah (Bosakowski and Wagner 1994).

In 2021, closed-station density estimates for fry and juvenile WCT, as well as estimates of WCT
abundance and biomass, were higher at RG_GANF on lower Gardine Creek than at biological
monitoring areas on Upper and Lower Greenhills Creek (Figure 2.6; Table 3.7; Appendix Tables
I.1 to 1.3). For example, multiple-pass-removal techniques employed at RG_GANF yielded
density estimates between 2.5 and 28 fish/100 m? in 2021, whereas using the same methods at
RG_GHNF and RG_GHFF vyielded fry and juvenile density estimates between 1.0 and
2.3 fish/100 m? (Table 3.7; Appendix Tables I.1 and 1.2). Fry and juvenile density estimates for
Lower Greenhills Creek were between 2.0 and 2.2 fish/100 m? (Table 3.7; Appendix Table 1.3).
In 2019, there was some indication that WCT densities within Upper Greenhills Creek increased
with increasing distance downstream and proximity to the Greenhills Creek Sedimentation Pond
(Minnow 2020a). Although no fish were captured at the furthest upstream monitoring area on
Upper Greenhills Creek (RG_GHUT) in 2021, the data for the other two monitoring areas
(RG_GHNF and RG_GHFF) were not suggestive of the same upstream-to-downstream pattern
as 2019 (Table 3.7; Appendix Table 1.1).

Overall, estimates of fry and juvenile densities, abundance, and biomass for lower Gardine Creek
were comparable among years (i.e., in 2019 and 2021) but densities and abundances for Upper
Greenhills Creek were generally lower than in previous years (Table 3.7; Appendix Tables I.1, 1.2,
1.4 to 1.6, and 1.17). Estimated WCT biomass at RG_GHFF on Upper Greenhills Creek was also
lower than in previous years of monitoring; however, biomass estimates for RG_GHNF, which is
further upstream, were generally comparable to previous years (Table 3.7; Appendix Tables I.1,
1.2, 1.4 to 1.6, and 1.17). Overall, it is difficult to identify the key factors and interactions driving the
differences in fry and juvenile densities, abundance, and biomass over time. In lower Gardine
Creek, calcite concretion scores were lower in 2021 relative to 2019, and benthic invertebrate
densities and biomass, which are indicators of food availability for WCT, were similar between
years (see Sections 3.2.1 and 3.3.1). Calcite concretion scores and invertebrate densities and
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biomass at RG_GHNF and RG_GHFF in 2021 were also similar to or better than in previous
years; however, as described above, WCT densities and abundance at these same locations
were lower than in previous years.

3.5.2 Tissue Chemistry

A single muscle tissue sample was collected opportunistically from one incidental WCT mortality
observed in Reach 1 of Lower Greenhills Creek in September 2021. The incidental mortality was
a juvenile WCT (fork length = 5.7 cm; weight = 2 g) that was in good external
health (see Table 2.5). The selenium concentration in the muscle sample (29 pg/g dw) was
greater than the estimated effects threshold of 15.5 ug/g dw (Appendix Table 1.19) and exceeded
the biological trigger (Appendix G). It was also greater than muscle selenium concentrations
reported for WCT (mean = 19 pg/g dw; n = 8) that were sampled from the Greenhills Creek
Sedimentation Pond in 2018 (Minnow 2020a). Based on an ovary:muscle ratio of 1.6:1.0
(Nautilus Environmental and Interior Reforestation 2011), the WCT that was sampled in 2021
had an estimated ovary selenium concentration of 46 ug/g dw, which is higher than the WCT
that were sampled from the pond in 2018 (mean = 30 ug/g dw). The estimated ovary
concentration for the single WCT analyzed in 2021 was also above the site-specific Level
3 Benchmark (33 pg/g dw; median effective concentration [ECso] equivalent) for WCT ovaries
and considered indicative of a potential for reproductive effects (Teck 2014).
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4 SUMMARY

This report summarizes the 2021 results of the GGCAMP. Sampling in 2021 consisted of a sixth
year of monitoring in Upper Greenhills Creek, the third year of monitoring in Gardine Creek, a
fourth year of sampling in Greenhills Creek Sedimentation Pond, and a fourth year of aquatic
effects monitoring following initiation of antiscalant addition in Lower Greenhills Creek.
Furthermore, 2021 was the third year of winter benthic invertebrate tissue chemistry sampling.

Data collected to support the GGCAMP in 2021 were compiled and summarized along with data
from previous years of monitoring and other relevant studies (e.g., the Regional Calcite Monitoring
Program and RAEMP) to address three key questions:

1. What is the current status of aquatic health in Greenhills and Gardine creeks, as
evidenced by physical, chemical, and biological conditions?

2. Have physical, chemical, and/or biological conditions indicative of aquatic health in
Greenhills and Gardine creeks changed over time and are the changes unexpected based
on the activities and projects occurring in the watershed?

3. Can observed changes be linked to antiscalant addition in Lower Greenhills
Creek, specifically?

Question 1 (“What is the current status of aquatic health in Greenhills and Gardine creeks, as
evidenced by physical, chemical, and biological conditions?”) was addressed by characterizing
existing conditions within Greenhills and Gardine creeks in 2021.

Overall, concentrations of most mine-related constituents with EWTs were below water quality
guidelines, benchmarks, and screening values in 2021, except for TDS, nitrate, sulphate, total
nickel, total selenium, total uranium, and dissolved cadmium. Water quality was generally better
in Gardine Creek than in Greenhills Creek and the Greenhills Creek Sedimentation Pond.
Upstream-to-downstream differences within Greenhills Creek were largely attributed to dilution
effects downstream from Gardine Creek and components of the antiscalant compound being
detected at higher concentrations in Lower Greenhills Creek (see below). Specifically, Gardine
Creek appears to be a source of dilution for aqueous total antimony, nickel, and selenium.

Aqueous selenium species were dominated by selenate for all areas and sampling events in 2021.
Concentrations of organoselenium species tended to increase with distance downstream in
Greenhills Creek; the highest concentrations were observed within the Greenhills Creek
Sedimentation Pond and Lower Greenhills Creek in September 2021. These results are attributed
to enhanced formation of organoselenium species within the pond and carry-over effects
immediately downstream.
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In 2021, calcite was present throughout Greenhills Creek and Gardine Creek within and
downstream from the seeps from the GHO east spoil. The number of particles with calcite did
not differ among areas on Greenhills Creek in 2021, but the proportion of calcite coverage on a
given particle was lowest on Lower Greenbhills Creek. Concretion was highest in Upper Greenhills
Creek. Within Lower Greenhills Creek specifically, CI’ and C. decreased with increasing distance
downstream to GH_GREE1-25, which is near the Greenhills Creek mouth.

Sediment particle sizes, TOC content and concentrations of metals and PAHs differed among
biological monitoring areas in 2021. Sediments from Lower Greenhills, upper Gardine, and lower
Gardine creeks and the Greenhills Creek Sedimentation Pond were primarily composed of
silt/clay, sand, sand/silt, and silt/clay, respectively. The samples from the pond, followed by Lower
Greenhills Creek, had the highest TOC content. Concentrations of cadmium, nickel, selenium,
and PAHs in “bulk” sediments were generally highest in the pond and/or at Lower Greenhills
Creek, which is not unexpected, given the propensity of these analytes to readily adsorb to fines
and TOC. Calcium concentrations were consistently higher at areas with calcified substrates.

Exceedances of upper BC WSQG or the alert concentration for selenium in 2021 were identified
for nickel, selenium, silver, acenaphthene, acenaphthylene, benzo(a)anthracene, chrysene,
dibenz(a,h)anthracene, fluorene, 2-methylnaphthalene, naphthalene, and phenanthrene.
Concentrations of arsenic, cadmium, iron, manganese, zinc, benzo(a)pyrene,
benzo(g,h,i)perylene, fluoranthene, and pyrene exceeded the lower, but not upper, BC WSQG in
at least one sample. However, concentrations of arsenic, cadmium, and iron in “bulk” sediments
were within reference area normal ranges.

Overall, the distribution of metals among each of the potentially mobile sediment fractions
(i.e., fractions 1 to 4) and fraction 5 (residual metals) was fairly consistent among sediment
sampling areas. Additionally, guideline exceedances based on sediment fractions 1 to 4, which
represent an overestimation of the bioavailable constituent concentrations in sediments, were
limited to cadmium, manganese, nickel, and selenium in 2021, regardless of sampling location.
Concentrations of selenium in sediment fractions 1 to 4 were elevated relative to the alert
concentration at each sediment sampling location in 2021; most selenium was associated with
fraction 4 (organic-bound). Cadmium concentrations in sediment fractions 1 to 4 were also
elevated relative to the upper BC WSQG at Lower Greenhills Creek and relative to the lower BC
WSQQG at Gardine Creek and in the Greenhills Creek Sedimentation Pond. Most cadmium was
in fractions 2 (carbonate) and 3 (easily reducible and iron and manganese oxides).
Concentrations of manganese (upper Gardine and Lower Greenhills creeks) and nickel
(all sediment sampling areas) in sediment fractions 1 to 4 also exceeded the lower, but not
upper, BC WSQG.
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The SQI were generally indicative of poor sediment quality relative to most lotic RAEMP sampling
areas and natural or naturalized lentic areas in the Elk River watershed. Of the biological
monitoring areas within the Greenhills Creek watershed, the Greenhills Creek Sedimentation
Pond had the lowest SQI in 2021, followed by Lower Greenhills Creek.

Benthic invertebrate abundances, densities, LPL richness, %Ephemeroptera, and %Plecoptera
in 2021 were generally similar among the biological monitoring areas on Greenhills Creek. The
higher biomass on Lower Greenhills Creek suggests the availability of food for fish may have
been better there, relative to Upper Greenhills Creek, in 2021. It is also possible that the benthic
invertebrate community in Lower Greenhills Creek was showing signs of recovery in the
post-treatment period. Proportions of Diptera (tolerant taxa) were generally lower on Lower
Greenhills Creek versus untreated areas on Upper Greenhills Creek. Increases in proportions of
sensitive EPT taxa at the treated versus untreated areas during 2018 to 2020 were also observed.
However, one of the three timed kick samples from Lower Greenhills Creek exceeded the
biological trigger for %EPT, based on its predicted ADIT score, whereas each of the three timed
kick samples from Upper Greenhills Creek had %EPT consistent with expectations.

Benthic invertebrate densities on Gardine Creek were highest at the furthest downstream
monitoring area; however, biomass was similar between areas. The higher %Diptera in the
samples from lower Gardine Creek, downstream from the seeps, likely reflects this taxonomic
group’s ability to tolerate a wider range of environmental conditions.

In 2021, strong, positive relationships were observed between benthic invertebrate density and
aqueous concentrations of TDS, nitrate, nitrite, sulphate, and total antimony, boron, molybdenum,
nickel, selenium, uranium and zinc. Other strong significant positive (%Diptera) or negative
(%EPT, %Ephemeroptera, and %Plecoptera) relationships with TDS, nitrate, sulphate, and total
nickel, selenium, and uranium were also observed. Additionally, %EPT and %Trichoptera were
strongly negatively correlated to Cl, CI', and concretion whereas %Diptera tended be higher in
areas with more calcite. Overall, the results observed for the benthic invertebrate communities in
Upper and Lower Greenhills and Gardine creeks are likely associated with the combined
influences of water quality and calcite.

The benthic invertebrate community in the Greenhills Creek Sedimentation Pond differed from
the creek sampling areas in 2021, which is unsurprising given the lentic-like characteristics of the
pond. Bivalves were the predominant taxonomic group in the samples and gastropods were also
relatively abundant. Proportions of Diptera were much higher than %EPT.

The highest selenium concentrations in composite-taxa benthic invertebrate tissues collected
from creek habitats in 2021 were observed for Lower Greenhills Creek. Mean concentrations in
samples collected from RG_GHBP in 2021 (range = 21 to 34 ug/g dw) exceeded EVWQP Level
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3 Benchmarks for effects to invertebrates and juvenile fish and birds. Additionally, selenium
concentrations in each of the nine samples collected from Lower Greenhills Creek in 2021
exceeded the biological trigger (i.e., were higher than the reference area normal range and the
95% prediction interval from the lotic bioaccumulation model). Conversely, mean selenium
concentrations in tissues from Upper Greenhills Creek varied from within the reference area
normal range and less than benchmarks to above the normal range and the most conservative
EVWQP Level 1 Benchmark in 2021. No exceedances of the biological trigger were identified for
Upper Greenhills Creek. Additionally, each of the benthic invertebrate tissue samples collected
from Gardine Creek in September 2021 had selenium concentrations that were within the
reference area normal range and below applicable benchmarks. Selenium concentrations in
benthic invertebrate tissues were higher than expected on Lower Greenhills Creek in 2021, and
this was likely attributed, at least in part, to enhanced generation of organoselenium species in
the Greenhills Creek Sedimentation Pond located immediately upstream. However, results of the
B-tool analysis suggest that some factors other than selenium speciation could also be
contributing to tissue selenium concentrations in Lower Greenhills Creek.

Composite-taxa benthic invertebrate tissue samples from Greenhills Creek Sedimentation Pond
had selenium concentrations greater than the EVWQP Level 1 Benchmarks for effects benthic
invertebrates and juvenile fish and birds, but lower than those predicted using the B-tool.
Selenium concentrations in the bivalve-only samples from the pond were lower than benchmarks
and within the reference area normal range.

In 2021, WCT were sampled from Upper Greenhills and Gardine creeks (GGCAMP) and Lower
Greenhills Creek (Upper Fording River WCT Population Monitoring Program). Fish were
successfully sampled from each targeted area, except at the furthest upstream biological
monitoring area on Upper Greenhills Creek. The lack of fish observations or captures at this
location is consistent with the results of an eDNA study completed in 2021.

In general, age-0 and age-1 WCT from Lower Greenhills Creek are expected to attain longer fork
lengths than individuals from Upper Greenhills and Gardine creeks, as well as other creeks within
the Upper Fording River population area. Growth rates of WCT in Greenhills and Gardine creeks
were not calculated because no previously PIT-tagged fish were captured in 2021. Condition
(weight-at-length) of fish captured from Upper Greenhills and Gardine creeks was lower in 2021
relative to previous years, whereas fish condition in the Upper Fording River WCT population,
which can access Lower Greenhills Creek, was above average in 2021.

Fifteen percent of the 13 WCT captured from Upper Greenhills Creek, 8.2% of the 85 WCT
captured from Gardine Creek, and none of the four WCT captured from Lower Greenhills Creek
in 2021 had external anomalies (e.g., fin erosion, deformities, tumours). The anomaly rates for
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Upper Greenhills and Gardine creeks were higher than those reported for WCT collected from
other areas sampled as part of the RAEMP in 2021. Anomalies observed in Greenhills and
Gardine creeks in 2021 were mostly minor and primarily classified as light active fin erosion or fin
deformities. Overall, visual observations of fin erosion in 2021 were supported by measurements
of relative caudal fin lengths and comparisons to mean relative caudal fin lengths reported for
wild-caught cutthroat trout.

In 2021, estimates of fish abundance, density, and biomass, were highest at lower Gardine Creek.
Additionally, there was no indication that WCT densities within Upper Greenhills Creek increased
with increasing distance downstream and proximity to the Greenhills Creek Sedimentation Pond.

A single muscle tissue sample was collected opportunistically from one incidental WCT mortality
observed in Lower Greenhills Creek in 2021. The selenium concentration in the muscle sample
was greater than the estimated effects threshold, exceeded the biological trigger for WCT muscle,
and was associated with an estimated ovary selenium concentration in excess of the site-specific
Level 3 Benchmark for potential reproductive effects.

Answering question 2 (“Have physical, chemical, and/or biological conditions indicative of aquatic
health in Greenhills and Gardine creeks changed over time and are the changes unexpected
based on the activities and projects occurring in the watershed?”) required temporal evaluations
of physical, chemical, and biological data to identify patterns that may be indicative unexpected
changes over time.

Concentrations of most mine-related constituents with EWTs have remained stable or have
decreased over time at Teck’s routine water quality monitoring stations on Greenhills and Gardine
creeks. Additionally, concentrations generally showed similar seasonal patterns between 2017
and 2021. Total nickel concentrations were substantially lower in 2021 relative to 2016 to 2018;
however, the decrease in concentrations is expected given the historical events (December 2014
spoil failure) and activities (pumping of water from Phase 3/4 to Greenhills Creek in 2018)
in the watershed. Selenium concentrations were higher at GH_GH1, between the Greenhills
Creek Sedimentation Pond outlet and the antiscalant addition facility, throughout 2017 to 2021
versus 2016. The increase in aqueous selenium concentrations at GH_GH1 could be attributed
to 2016 being a low flow year; however, no other temporal increases in selenium concentrations
were identified for the other stations.

High-magnitude changes in calcite characteristics over time were limited to Lower Greenhills
Creek. An 89% decrease in C relative to the pre-treatment year (2017) was observed in 2021,
and C. was also lower relative to all other treatment years (2018 to 2020), consistent with
expectations or desired outcomes of water treatment with antiscalant. The field crew also noted
less concretion in 2021, but that there were more particles with calcite present relative to previous
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years. This observation was supported by higher C, scores on Lower Greenhills Creek relative
to previous years. However, it is uncertain whether the increase in C, in 2021 is attributed to
antiscalant addition (on its own or in combination with natural factors) or other potential influences
on Lower Greenhills Creek.

In general, particle sizes, TOC content, and constituent concentrations within sediment samples
from Lower Greenhills Creek, Gardine Creek, and the Greenhills Creek Sedimentation Pond have
remained relatively constant. Exceptions include decreasing concentrations of arsenic and iron
(creeks) and increasing concentrations of nickel and zinc (creeks) and dibenz(a,h)anthracene
(pond). Additionally, concentrations of manganese, selenium, and 12 PAHSs in “bulk” sediments
from Lower Greenhills Creek were higher throughout the period of antiscalant addition (2018 to
2021) relative to before (2017). It is unclear whether observed increases are attributable to water
treatment or some combination of factors.

Sediment sampling for SEA has been completed annually at Lower Greenhills Creek since 2018
and at Gardine Creek and the Greenhills Creek Sedimentation Pond since 2019 and the results
have been consistent year after year (i.e., the 2021 results are as expected). For example, most
sequentially-extracted selenium was in fraction 4 (organic fraction) from 2018 to 2021, regardless
of where the sediment samples were collected. Overall, the consistency among areas and years
emphasizes the need to revisit the requirement to complete annual sediment sampling for SEA.

Year after year, SQls were lowest for Greenhills Creek Sedimentation Pond followed by Lower
Greenhills Creek. Sediment quality as a whole was lower at Lower Greenhills Creek in 2020 and
2021 and at Gardine Creek in 2021 relative to previous years.

Few notable temporal changes in benthic invertebrate community endpoints were identified.
Specific exceptions included lower %EPT at RG_GHFF in 2021 relative to 2017 to 2020 and
concomitant decreases in %Plecoptera and increases in %Diptera at RG_GHUT (both on Upper
Greenhills Creek) from 2019 to 2021. At the furthest upstream station on Gardine Creek, benthic
invertebrate densities were lower in 2021 relative to 2020 and 2019; densities were unchanged
over time (i.e., from 2019 to 2021) downstream from the seeps. Apparent increases in %EPT
and %Ephemeroptera at lower Gardine Creek 2021 were likely explained by delayed emergence
and higher numbers of Baetis in some of the samples.

No significant temporal changes in selenium concentrations in benthic invertebrate tissues over
time were identified and concentrations in tissues from Lower Greenbhills Creek were consistently
and substantially higher relative to Upper Greenhills and Gardine creeks. Additionally, tissue
selenium concentrations on Lower Greenhills Creek were higher than expected based on the lotic
bioaccumulation model, throughout 2018 to 2021. Results of the B-tool analysis indicate this is
likely attributed to selenium speciation, but other factors may also contribute to the selenium
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concentrations in benthic invertebrate tissues. Overall, the absence of changes over time is
generally expected, based on patterns in water quality and selenium speciation.

The fork lengths of WCT captured in 2021 were consistent with previous years; however,
condition (weight-at-length) of WCT captured from Upper Greenhills and Gardine creeks was
lower than in 2017 to 2019 and 2019, respectively. The largest decrease was observed in Upper
Greenhills Creek (26% decrease relative to 2017), followed by upper Gardine Creek
(14% decrease relative to 2019). These results may be attributable to the population being
isolated from the Upper Fording River population and potential environmental or regional factors
(e.g., temperature) having a greater stress on fish condition. Additionally, higher fish densities in
the isolated pools at upper Gardine Creek in 2021 versus 2019 may have also contributed to
these results. Fish condition in the Upper Fording River WCT population, which has access to
habitats in Lower Greenhills Creek, was above average in 2021.

Temporal comparisons of external anomalies on WCT were not completed due to a change in
methods in 2021; however, relative caudal fin lengths measured in 2021 were comparable to
those for 2019, but lower relative to 2017. Relative caudal fin lengths for WCT captured from
Gardine Creek in 2021 were comparable to those for 2019. This suggests that there has been
no change in fin health (erosion of the lower caudal fin lobes) of WCT over time since 2019.

Overall, estimates of fry and juvenile densities, abundance, and biomass for lower Gardine Creek
were comparable in 2019 and 2021. However, densities and abundances in Greenhills Creek
were generally lower in 2021 than in previous years. Estimated WCT biomass on Upper and
Lower Greenhills Creek was also generally lower than previous years of monitoring.

The selenium concentration in a single muscle tissue sample collected opportunistically from one
WCT mortality in Lower Greenhills Creek in 2021 was greater than muscle selenium
concentrations reported for WCT sampled from the Greenhills Creek Sedimentation Pond in 2018.
The WCT that was sampled in 2021 also had an estimated ovary selenium concentration that was
higher than the WCT sampled from the pond in 2018. The 2021 results might be considered
“‘unexpected” given that the WCT muscle concentration from 2021 exceeded the biological trigger.

Question 3 (“Can observed changes be linked to antiscalant addition in Lower Greenbhills
Creek, specifically?”) was addressed by drawing comparisons among the treated area on Lower
Greenhills Creek versus untreated areas before and after initiation of antiscalant addition in 2017.

Overall, antiscalant addition has had limited influence in water quality in Lower Greenhills Creek.
Total and dissolved molybdenum were the only exceptions; however, molybdenum is a
component of the antiscalant compound, so these results are not unexpected and observed
concentrations were still well below guidelines. Additionally, concentrations of mine-related
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constituents upstream and downstream from the antiscalant addition facility generally did not
differ significantly from concentrations just upstream from the pond. Elevated concentrations of
organoselenium species in water from Lower Greenhills Creek appear to be attributed to the
influence of the Greenhills Creek Sedimentation Pond, rather than water treatment.

The 89% decrease in calcite concretion in Lower Greenhills Creek from 2017 to 2021 is attributed
to successful treatment with antiscalant. Also, prevention of additional calcite precipitation may
allow natural processes (e.g., bed movement) to support recovery of the natural substrates. Itis
notable that although calcite was frequently encountered on Lower Greenhills Creek, assessed
particles were not fully covered in calcite (unlike Upper Greenhills Creek). Overall, it appears
water treatment is having the desired effect.

Antiscalant addition has not influenced sediment texture in Lower Greenhills Creek and multiple
years of data suggest that water treatment has no impact on the distribution of metals among
sediment fractions 1 to 5. However, it remains unclear if observed increases in some metal and
PAH concentrations in Lower Greenhills Creek sediments after 2017 are attributable to water
treatment or other factors. Despite this uncertainty, it is noted that sediments in erosional, lotic
systems generally accumulate in small deposits near banks and pools, and as such, sediment
quality is not anticipated to have the same biological impact as would be expected from changes
in water quality.

Benthic invertebrate biomass and LPL and family richness have not changed significantly in
treated versus untreated areas since the initiation of antiscalant addition in 2017. However, the
increase in %Ephemeroptera in the treated relative to untreated areas was larger in 2018, 2019,
and 2020 relative to 2016 and in 2019 and 2020 relative to 2017. Additionally, lower %Diptera in
the treated area in 2021 resulted in differences between treated and untreated areas that were
larger in 2021 relative to 2017. These difference among areas before and after treatment are
likely attributed to antiscalant addition. Subtle shifts in community composition from tolerant to
more sensitive species are consistent with expectations, given that lower concretion scores are
considered indicative of improved substrates, and therefore improved benthic invertebrate
habitat, in Lower Greenhills Creek.

The absence of change over time for selenium concentrations in benthic invertebrate tissues from
Lower Greenhills Creek suggests that selenium concentrations at that location are likely unrelated
to antiscalant addition. Rather, the observed concentrations are likely attributed to RG_GHBP
being downstream from the Greenhills Creek Sedimentation Pond, as well as the greater
prevalence of depositional habitat than at other creek sampling areas.

In 2021, WCT captured from Lower Greenhills Creek were in good condition and good external
health. Itis therefore considered unlikely that antiscalant addition was negatively impacting these
.
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endpoints in 2021. The lower fry and juvenile densities, as well as lower estimates of abundance
and biomass, on Lower Greenhills Creek in 2021 is also not likely attributed to antiscalant addition.
This is because conditions of water quality, calcite concretion, and food availability have remained
unchanged or improved relative to pre-treatment. The selenium concentration in the single WCT
muscle tissue sample collected from Lower Greenhills Creek in 2021 was greater than muscle
selenium concentrations reported for WCT sampled from the Greenhills Creek Sedimentation
Pond in 2018. These results for 2021 were higher than expected, based on model predictions,
but are more likely attributed to factors related to selenium speciation than antiscalant addition.

The data collected and interpreted as part of the 2021 GGCAMP will ultimately support the
advancement of the Greenhills Creek Watershed Rehabilitation Program. An updated summary
for the Greenhills Creek Water Quality and Aquatic Health response framework is provided in the
2021 AMP Annual Report. The program characterizes existing conditions within Greenhills and
Gardine creeks and evaluates changes over time to identify any patterns that may be indicative
of unexpected changes. The 2022 study design for the GGCAMP is being prepared for
submission and includes consideration of the current understanding of the proposed mitigation
and rehabilitation projects within the watershed, advice and input received from the EMC, as well
as integration of WCT monitoring within the regional framework for the Upper Fording River.
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A1 INTRODUCTION

A11 Background

A variety of factors can influence the physical, chemical, and biological measurements made
in an environmental study and thus affect the accuracy and/or precision of the data.
Inconsistencies in sampling or laboratory methods, use of instruments that cannot measure to
the desired level of accuracy or precision, and contamination of samples in the field or
laboratory are among potential factors that can lead to the reporting of data that do not
accurately reflect environmental conditions. Depending on their magnitude, inaccuracy or
imprecision have the potential to affect the reliability of any conclusions made from the data.
Therefore, it is important to confirm that monitoring programs incorporate appropriate steps to
control the non-natural sources of data variability (i.e., minimize the variability that does not
reflect natural spatial and temporal variability in the environment).

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 to establish a relevant
basis for judging whether the data set is adequate. A Data Quality Review (DQR)
involves comparisons 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 [MS] recoveries and/or analysis
of standards or certified reference materials [CRM]).

Chemistry analyses were completed by laboratories accredited by the Canadian Association
for Laboratory Accreditation (CALA) or the National Environmental Laboratory
Accreditation Program (NELAP). The DQOs for the project were set equal to the laboratory
DQOs to reflect reasonable and achievable performance expectations (Appendix Table A.1).
Programs involving many samples and analytes usually have some results that exceed
the DQOs. This is particularly so for multi-parameter scans (e.g., scans for metals’)
because the analytical conditions are not necessarily optimal for every element included in
the scan.

A DQR was completed for all laboratory data reported in support of the 2021 Greenhills and
Gardine Creeks Aquatic Monitoring Program. The objective of the DQR was to define the
overall quality of the data presented in the annual report, and, by extension, the confidence

' For ease of presentation, metals, metalloids, and non-metals typically included in a multi-parameter scan are
collectively referred to as “metals” throughout this DQR.
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Table A.1: Data Quality Objectives for the Greenhills and Gardine Creeks Aquatic Monitoring Program, 2021
Quality Study Component
Control QC Sample Type/Check Water Chemistry Selenium Speciation Sediment Chemistry
Measure ALS Brooks ALS
LRL for each parameter should be at LRL for each parameter should be at least as
. . . - LRL for each parameter should be at . S
Analytical Comparison actual LRL least as low as applicable guidelines, < - low as applicable guidelines, benchmarks,
f least as low as applicable guidelines, . .
LRL versus target LRL benchmarks, and/or screening values benchmark q ] | . and/or screening values (ideally <1/10th of
(ideally <1/10th of the value) ® enchmarks, and screening vaiues the value) @
Blank . Concentrations measured in blank Concentrations measured in blank Concentrations measured in blank samples
. Field or Laboratory Blank b b b
Analysis samples should be <LRL samples should be <LRL should be <LRL
Concentrations
<2-times the No DQO set
LRL:
Concentrations
2 to 4-times the
LRL: 0.2 (pH)
<5% RPD (sand, silt, clay)
. o . : .
Laboratory Concentrz_atlons <20% RPD (total selenium) <20% RPD (moisture, total and inorganic
Duplicates 4 to 10-times 9 <25% RPD (selenium species) carbon)
P the LRL: <10% RPD (pH) seol P <25% RPD (gravel)
<10% RPD (conductivity) <30% RPD (metals)
) <15% RPD (turbidity) <50% RPD (PAHSs)
Concentrations | <o0o, RPD (all remaining analytes)
Laboratory 10 to 20-times
Precision the LRL:
Concentrations
>20-times the
LRL:
Repeatability of Reference
Material Recoveries ) . )
Taxonomic Precision - - -
Organism Sub-Sampling
Precision ) . )
6.8 to 7.2 (pH)
50 to 130% (naphthalene)
75 to 125% recovery (methylseleninic 60 to 130% (PAHSs)
Recovery of Blank Spike - acid, selenate, selenite, selenocyanate, 70 to 130% (leachable metals)
selenomethionine, total selenium) 80 to 120% (bulk metals)
90 to 110% (moisture, total and inorganic
carbon)
70 to 130% (TKN, orthophosphate,
phosphorus, DOC, TOC, total and 75 to 125% recovery (selenate,
Recovery of Matrix Spike dissolved metals) selenite, selenocyanate, -
75 to 125% (ammonia, Br, CI, F, selenomethionine, total selenium)
nitrate, nitrite, sulfate)
75 to 125% recovery (selenate,
selenite, selenocyanate,
. . . selenomethionine, total selenium)
Matrix Spike Duplicate - <20% RPD (total selenium) )
<25% RPD (selenate, selenite,
selenocyanate, selenomethionine)
Accuracy

Recovery of Certified
Reference Material, QC
Standards

80 to 120% (orthophosphate,
phosphorus)
85 to 115% (turbidity, alkalinity)
90 to 110% (conductivity)
6.9to 7.1 (pH)

75 to 125% (total selenium)

7.7 t0 8.3 (pH)
8.4 to 18.4% (sand [0.125 to 0.063 mm])
8.5 to 18.5% (sand [0.063 to 0.0312 mmy])
11.7 to 21.7% (sand [0.25 to 0.125 mm])
15.1 t0 25.1% (silt [0.0312 to 0.004 mm)
16.5 to 26.5% (clay [<4pm])
80 to 12% (total and inorganic carbon)
0.15 to 0.55 mg/kg (Se)
0.16 to 0.36 mg/kg (Ag)
0.2 to 4.2 mg/kg (Sn)
1 to 2 mg/kg (W)
70 to 130% (remaining metals metals) °
50 to 130% (naphthalene)
60 to 130% (remaining PAHSs)

Organism Recovery

Organism Sub-Sampling
Accuracy

Notes: QC = quality control; ALS = ALS Environmental; Brooks = Brooks Applied Laboratory; Trich = TrichAnalytics Inc.; Cordillera = Cordillera Consulting; ZEAS = ZEAS Inc.; LRL = Laboratory
Reporting Limit; < = less than or equal to; - = not applicable; < = less than; > = greater than; % = percent; RPD = relative percent difference; PAHs = polycyclic aromatic hydrocarbons; DQO =
data quality objective; TKN = total Kjeldahl nitrogen; DOC = dissolved organic carbon; TOC = total organic carbon; TSS = total suspended solids; TDS = total dissolved solids.

2 If no guideline, benchmark, or screening value exists for a substance, the LRL should be less than predictions
b Only applies to QC samples at concentrations <LRL or >5-times the LRL.
¢ However, for multi-element scans, <10% of analytes may exceed the quoted limit by <10% before the laboratory considers the results as having not met DQO
d Only applies to QC samples at concentrations >20-times the LRL.
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Table A.1: Data Quality Objectives for the Greenhills and Gardine Creeks Aquatic Monitoring Program, 2021
Quality Study Component
Control QC Sample Type/Check Benthic Invertebrate Chemistry Benthic Invertebrate Community
Measure Trich Cordillera ZEAS
. . LRL for each parameter should be at
Analytical Comparison actual LRL least as low as applicable guidelines, - -
LRL versus target LRL ) a
benchmarks, and screening values
Blank_ Field or Laboratory Blank - - -
Analysis
Concentrations
<2-times the No DQO set
LRL:
Concentrations
2 to 4-times the No DQO set
LRL:
Laborator Concentrations
Du Iicate;/ 4 to 10-times No DQO set - -
P the LRL:
Concentrations <60% RPD (Ca, Sr)
Laboratory 10 to 20-times <40% RPD
Precision the LRL: (all other analytes)
Concentrations <60% RPD (Ca, Sr)
>20-times the <40% RPD
LRL: (all other analytes)
Repeataplllty of Refgrence <20% RPD ) )
Material Recoveries
<5% (identification error rate,
Taxonomic Precision - differences in enumeration and -
taxonomic disagreement)
. . <20% difference between sub-samples;|<20% difference between sub-samples;
Organism Sub-Sampling - -
- - minimum of 5% of each sample must | minimum of 5% of each sample must
Precision
be analyzed be analyzed
Recovery of Blank Spike - -
Recovery of Matrix Spike - - -
Matrix Spike Duplicate - - -
Accuracy
o )
Recovery of Certified 60 to 140% (Sb, B?, B, Ag, Sn, Ti)
) 90 to 110% (Se)
Reference Material, QC 0 - -
70 to 130%
Standards d
(all other analytes)
Organism Recovery - 295% recovery (CABIN) 290% recovery
. . <20% difference between density <20% difference between density
Organism Sub-Sampling - .
A - estimates from sub-samples and actual | estimates from sub-samples and actual
ccuracy o L
density in whole sample density in whole sample

Notes: QC = quality control; ALS = ALS Environmental; Brooks = Brooks Applied Laboratory; Trich = TrichAnalytics Inc.; Cordillera = Cordillera Consulting; ZEAS = ZEAS Inc.; LRL =
Laboratory Reporting Limit; < = less than or equal to; - = not applicable; < = less than; > = greater than; % = percent; RPD = relative percent difference; PAHs = polycyclic aromatic
hydrocarbons; DQO = data quality objective; TKN = total Kjeldahl nitrogen; DOC = dissolved organic carbon; TOC = total organic carbon; TSS = total suspended solids; TDS = total

dissolved solids.

2 If no guideline, benchmark, or screening value exists for a substance, the LRL should be less than predictions
b Only applies to QC samples at concentrations <LRL or >5-times the LRL.
¢ However, for multi-element scans, <10% of analytes may exceed the quoted limit by <10% before the laboratory considers the results as having not met DQO
d Only applies to QC samples at concentrations >20-times the LRL.
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with which that data can be used to derive conclusions. The intent of the DQR is not to reject
measurements that did not meet the DQO, but to confirm that questionable data received more
scrutiny to determine what effect, if any, were had on interpretation of results within the context
of the monitoring program.

A1.2 Laboratory Reporting Limits

An LRL is the lowest concentration of an analyte that can be reported with a reasonable degree
of accuracy and precision and is ideally synonymous with the lower limit of quantitation (LLOQ).
The LLOQ is the lowest concentration of an analyte that can be reliably measured within
specific limits of precision and accuracy during routine operating conditions, as opposed to
being detected which, in most cases, is the lowest concentration on the calibration curve.
The LRL is typically three to ten times the method detection limit (MDL); however, some
guidelines are so low the LRL is equal to the MDL to report the guideline.
Achieving satisfactory LRLs is important when comparing concentrations to guidelines for
that medium. If the LRL is above the guideline, the data cannot be accurately interpreted.
Consistency is also important for LRLs when taking consecutive samples. Changes in LRLs
between laboratory reports can affect summary calculations and also introduce confounding
factors when assessing trends. For the 2021 Greenhills and Gardine Creeks Aquatic
Monitoring Program Report, LRLs were screened against guidelines from the British Columbia
Ministry of Environment and Climate Change Strategy (BCMOECCS), Elk Valley Water
Quality Plan (EVWQP) benchmarks, and site-specific screening values, as appropriate.

A1.3  Quality Control Samples

Typically, a DQR involves the examination of analytical results associated with several types
of Quality Control (QC) samples that are collected (or prepared) in the field and laboratory.
Quality control samples collected for the Greenhills and Gardine Creeks Aquatic Monitoring
Program in 2021, and a description of each QC sample type, are as follows:

o 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 reflect
contamination of samples occurring in the field (in the case of field or trip blanks) or in
the laboratory (in the case of laboratory or method blanks). Concentrations of analytes
should be less than the LRL or within a pre-determined range of values for parameters
like pH, conductivity, and hardness.

o 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
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A1.4

the laboratory. These samples reflect variability introduced during the handling of
field samples (e.g., during homogenization), both in the field and laboratory, and
therefore provide a measure of field sampling and laboratory precision.

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

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 spiked sample
minus amount in original sample) relative to the known spike amount (as a percentage).
Two types of spike recovery samples are commonly analyzed. Spiked blanks are
created using laboratory control materials, whereas MS are created using
field-collected samples. The analysis of spiked samples provides an indication of the
accuracy of analytical results.

CRM 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 target results to
provide a measure of analytical accuracy. The results are reported as the percent of
the known concentration that was recovered in the analysis.

Other Quality Control Checks

Three additional types of QC checks were completed for the benthic invertebrate community

samples collected as part of the 2021 Greenhills and Gardine Creeks Aquatic

Monitoring Program. These included:

Sub-sampling Error is assessed for studies in which benthic invertebrate community
samples require sub-sampling (due to excessive sample volume and/or
invertebrate density). By comparing the numbers of benthic invertebrates recovered
from at least two sub-samples, this measure provides an evaluation of how effective
the sub-sampling method was in evenly dividing the original sample.
Therefore, sub-sampling error provides a measure of analytical accuracy
and precision.
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Organism Recovery Checks that involve the re-processing of previously sorted
material from a randomly-selected benthic invertebrate community sample to
determine the number of invertebrates that were not recovered during the original
sample processing. The reprocessing is completed by an analyst who was not involved
during the original processing to reduce bias. This check allows for the determination
of accuracy through assessment of recovery efficiency.

Taxonomic Error is assessed to provide an estimate of overall taxonomic precision.
A minimum of 10 percent (%) of samples undergo re-identification and re-enumeration
by someone other than the original taxonomist. This second taxonomist will document
errors related to misidentification, incorrect enumeration, and/or
questionable/insufficient taxonomic resolution and calculate an overall identification
error rate.
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A2 WATER CHEMISTRY

A2.1 Laboratory Reporting Limits

The analytical reports from ALS Environmental (ALS) for 2021 were examined to provide an
inventory of analytes for which the sample results were equal to or less than the target LRL
(Appendix Table A.2; see Appendix B for laboratory reports). The LRLs for these analytes
were also assessed relative to the working and approved British Columbia Water
Quality Guidelines (BC WAQG) for the protection of freshwater aquatic life
(BCMOECCS 2021a,b), EVWQP Level 1 Benchmarks for water quality (Teck 2014),
and relevant site-specific benchmarks (Appendix Table A.2).

The LRLs achieved for water chemistry samples were lower than applicable BC WQG,
EVWQP Level 1 benchmarks, and relevant screening values for all analytes
(Appendix Table A.2). Multiple analytes were consistently (i.e., in 100% of samples) reported
at concentrations below the LRL in 2021, including:

e bromide;

o total beryllium, bismuth, cobalt, lead, silver, tin, titanium, and vanadium; and

o dissolved beryllium, bismuth, cobalt, iron, lead, mercury, silver, tin, titanium,
and vanadium (Appendix Table A.2).

Concentrations of sulphate and total selenium, which have long-term targets under
the EVWQP (Teck 2014), were detectable in all samples (Appendix Table A.2).
Concentrations of nitrate and dissolved cadmium, both of which also have long-term targets
under the EVWQP, were not detected in one (13%) and two (25%) of the water chemistry
samples, respectively, that were collected in September 2021. Total nickel was detectable in
all samples from February and September 2021 (Appendix Table A.2). Overall, the achieved
LRLs were appropriate for this study.

A2.2 Field and Laboratory Blanks

A total of two field blank samples and one trip blank sample were used to assess field sampling
contamination in 2021 (Appendix Table A.3). The analytes measured in the blanks were not
consistent among samples (e.g., in February 2021, only a subset of dissolved metals
[calcium, magnesium, potassium, and sodium] were measured in the trip blank);
these differences are reflected in Appendix Table A.3. The same DQOs that were used for
laboratory blanks were used for field and trip blanks (Appendix Table A.1).
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Table A.2: Laboratory Reporting Limit (LRL) Evaluation for Water Chemistry Analyses, 2021 °

BC WQG ° EVWQP Level 1 Range of LRLs d No. Sample Results <LRL °
Analyte Units Benchmarksl_
Short-term Relevant Screening
Long-term Average Maximum Values © February September February September
Physical Tests
Specific Conductance uS/cm - - - 2.0 2.0 0 0
Hardness (as CaCO;) mg/L - - - 0.50 0.50 0 0
pH pH 6.5t09.0 - 0.10 0.10 0 0
Total Suspended Solids mg/L - - - 1 1 2 (67%) 0
Total Dissolved Solids mg/L 1,000 to 3,000 - 1,000 20 to 40 20 to 40 0 0
Turbidity NTU - - - 0.10 0.10 0 0
Anions and Nutrients
Alkalinity, Total (as CaCOs3) mg/L - - - 1.0 1.0 0 0
Ammonia, Total (as N) * mg/L 0.10t0 2.0 0.68 to 26 - 0.0050 0.0050 1(33%) 4 (50%)
Bromide mg/L - - - 0.25 0.050 to 0.25 3 (100%) 8 (100%)
Chloride mg/L 150 600 - 0.50 0.10t0 0.50 0 0
Fluoride ° mg/L - 1.73t0 1.88 - 0.10 0.020 to 0.10 1(33%) 2 (25%)
Nitrate (as N) mg/L 3 32.8 6.8to 15 0.025 0.0050 to 0.025 0 1(13%)
Nitrite (as N) " mg/L 0.0210 0.20 0.06 to 0.60 0.015 to 0.050 0.0050 0.0010 to 0.0050 1(33%) 4 (50%)
Total Kjeldahl Nitrogen mg/L - - - 0.050 to 0.25 0.050 3 (100%) 0
Orthophosphate-Dissolved (as P) mg/L - - - 0.0010 0.0010 0 4 (50%)
Total Phosphorus mg/L - - - 0.0020 0.0020 0 0
Sulphate (SO,) ° mg/L 429 - 429 1.5 0.30to 1.5 0 0
Organic/lnorganic Carbon
Total Organic Carbon mg/L - - - 0.50 0.50 0 0
Dissolved Organic Carbon mg/L - - - 0.50 0.50 0 0
Total Metals
Aluminum (Al) mg/L - - - 0.0030 to 0.0060 0.0030 to 0.0060 2 (67%) 1(13%)
Antimony (Sb) mg/L 0.009 - - 0.00010 to 0.00020 0.00010 to 0.00020 0 0
Arsenic (As) mg/L - 0.005 - 0.00010 to 0.00020 0.00010 to 0.00020 0 0
Barium (Ba) mg/L 1 - - 0.00010 to 0.00020 0.00010 to 0.00020 0 0
Beryllium (Be) mg/L 0.00013 - 0.0053 0.000020 to 0.000040 | 0.000020 to 0.000040 | 3 (100%) 8 (100%)
Bismuth (Bi) mg/L - - - 0.000050 to 0.00010 | 0.000050 to 0.00010 3 (100%) 8 (100%)
Boron (B) mg/L 1.2 - - 0.010 to 0.020 0.010 to 0.020 1(33%) 3 (38%)
Cadmium (Cd) mg/L - - - 0.0000050 to 0.000010 0.0000050 to 0.000010 0 1(13%)
Calcium (Ca) mg/L - - - 0.050 to 0.10 0.050 to 0.10 0 0
Chromium (Cr) mg/L 0.001 - 0.005 0.00010 to 0.00020 0.00010 to 0.00020 1(33%) 6 (75%)
Cobalt (Co) mg/L 0.004 0.11 0.0038 to 0.0083 0.00010 to 0.00020 0.00010 to 0.00020 3 (100%) 8 (100%)
Copper (Cu) mg/L - - - 0.00050 to 0.0010 0.00050 to 0.0010 3 (100%) 7 (88%)
Iron (Fe) mg/L - 1 - 0.010 to 0.020 0.010 to 0.020 3 (100%) 4 (50%)
Lead (Pb) ° mg/L 0.012 to 0.020 0.23t0 0.42 - 0.000050 to 0.00010 | 0.000050 to 0.00010 3 (100%) 8 (100%)
Lithium (Li) mg/L - - - 0.0010 to 0.0020 0.0010 to 0.0020 0 0
Magnesium (Mg) mg/L - - - 0.10 0.0050 to 0.010 0 0
Manganese (Mn) mg/L 1.6t02.6 3.0t0 3.4 - 0.00010 to 0.00020 0.00010 to 0.00020 0 0
Mercury (Hg) mg/L 0.0000013 - - 0.00000050 0.00000050 3 (100%) 5 (63%)
Molybdenum (Mo) mg/L 7.6 46 - 0.000050 to 0.00010 | 0.000050 to 0.00010 0 0
Nickel (Ni) ° mg/L - - 0.0053 0.00050 to 0.0010 0.00050 to 0.0010 0 0
Potassium (K) mg/L - - - 0.050 to 0.10 0.050 to 0.10 0 0
Selenium (Se) mg/L 0.002 - 0.070 0.000050 to 0.00010 | 0.000050 to 0.00010 0 0
Silicon (Si) mg/L - - - 0.10t0 0.20 0.10t0 0.20 0 0
Silver (Ag) ° mg/L 0.0015 0.0030 - 0.000010 to 0.000020 | 0.000010 to 0.000020 | 3 (100%) 8 (100%)
Sodium (Na) mg/L - - - 0.050 to 0.10 0.050 to 0.10 0 0
Strontium (Sr) mg/L - - - 0.00020 to 0.00040 0.00020 to 0.00040 0 0
Thallium (TI) mg/L 0.0008 - - 0.000010 to 0.000020 | 0.000010 to 0.000020 2 (67%) 7 (88%)
Tin (Sn) mg/L - - - 0.00010 to 0.00020 0.00010 to 0.00020 3 (100%) 8 (100%)
Titanium (Ti) mg/L - - - 0.010 0.00030 to 0.00090 3 (100%) 8 (100%)
Uranium (U) mg/L 0.0085 - - 0.000010 to 0.000020 | 0.000010 to 0.000020 0 0
Vanadium (V) mg/L - - 0.12 0.00050 to 0.0010 0.00050 to 0.0010 3 (100%) 8 (100%)
Zinc (Zn) ° mg/L 0.11t00.19 0.13t0 0.34 - 0.0030 to 0.0060 0.0030 to 0.0060 2 (67%) 5 (63%)

|:| Shading indicates an LRL greater than the lowest EVWQP Level 1 Benchmark (Teck 2014) or relevant, site-specific screening value.
|:| Shading indicates an LRL greater than the lowest BC WQG for the protection of freshwater aquatic life (BCMOECCS 2021a,b).

Notes: BC WQG = British Columbia Water Quality Guidelines; EVWQP = Elk Valley Water Quality Plan; LRL = Laboratory Reporting Limit; < = less than; uS/cm = microSiemens per centimetre; - = no data/not
applicable; CaCOj3 = calcium carbonate; mg/L = milligrams per litre; % = percent; NTU = Nephelometric Turbidity Units; pg/L = micrograms per litre.

@ The number of significant digits reported in the table is consistent with source material (e.g., BCMOECCS 2021a,b) and laboratory reports.
e Working (BCMOECCS 2021a) or approved (BCMOECCS 2021b) BC WQG for the protection of freshwater aquatic life.
¢ Where more than one EVWQP Level 1 Benchmark or screening value was applicable, the most conservative (lowest) value was used.
4The LRLs for all analytes were consistently less than the applicable EVWQP Level 1 Benchmarks (Teck 2014) or screening values (Golder 2017; Teck 2020).

°The total number of samples in February 2021 was n = 3 (n = 2 water samples and n = 1 duplicate sample); in September 2021, the total number of samples was n = 8 (n = 7 water samples and n = 1
duplicate sample). Data for field and trip blanks are summarized in Appendix Table A.3.

f Ammonia guidelines were calculated based on the temperature and pH of individual water samples.

9 Hardness-based guidelines, benchmarks, and/or screening values were calculated based on the hardness of individual water samples.

" Nitrite guidelines and screening values were calculated based on chloride concentrations in individual water samples.

' Guideline for chromium VI (0.001 mg/L) was selected because this is the principal species found in surface waters.

I Dissolved aluminum guidelines were calculated based on the pH of individual water samples.
¥ Dissolved copper guidelines were calculated based on the Biotic Ligand Model (BCMOECCS 2021b).
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Table A.2: Laboratory Reporting Limit (LRL) Evaluation for Water Chemistry Analyses, 2021 °

b EVWQP Level 1 d R
) BC WQG Benchmarks/ Range of LRLs No. Sample Results <LRL
Analyte Units y Relevant Screening
Long-term Average Shor‘t term c February September February September
Maximum Values

Dissolved Metals

Aluminum (Al) ! mg/L 0.05 0.1 - 0.0030 0.0010 to 0.0020 3 (100%) 5 (63%)
Antimony (Sb) mg/L - - - 0.00010 to 0.00020 0.00010 to 0.00020 0 0
Arsenic (As) mg/L - - - 0.00010 to 0.00020 0.00010 to 0.00020 0 0
Barium (Ba) mg/L - - - 0.00010 to 0.00020 0.00010 to 0.00020 0 0
Beryllium (Be) mg/L - - - 0.000020 to 0.000040 | 0.000020 to 0.000040 | 3 (100%) 8 (100%)
Bismuth (Bi) mg/L - - - 0.000050 to 0.00010 | 0.000050 to 0.00010 3 (100%) 8 (100%)
Boron (B) mg/L - - - 0.010 to 0.020 0.010 to 0.020 1(33%) 3 (38%)
Cadmium (Cd) ® mg/L | 0.00038 to 0.00046 | 0.0014 to 0.0028 | 0.00026 to 0.0016 |0.0000050 to 0.000010 0.0000050 to 0.000010 0 2 (25%)
Calcium (Ca) mg/L - - - 0.050 to 0.10 0.050 to 0.10 0 0
Chromium (Cr) mg/L - - - 0.00010 to 0.00020 0.00010 to 0.00020 2 (67%) 7 (88%)
Cobalt (Co) mg/L - - - 0.00010 to 0.00020 0.00010 to 0.00020 3 (100%) 8 (100%)
Copper (Cu) ¥ mg/L 0.00060 to 0.0047 0.0038 to 0.028 - 0.00020 to 0.00040 0.00020 to 0.00040 3 (100%) 0
Iron (Fe) mg/L - 0.35 1.1 0.010 to 0.020 0.010 to 0.020 3 (100%) 8 (100%)
Lead (Pb) mg/L - - - 0.000050 to 0.00010 | 0.000050 to 0.00010 3 (100%) 8 (100%)
Lithium (Li) mg/L - - - 0.0010 to 0.0020 0.0010 to 0.0020 0 0
Magnesium (Mg) mg/L - - - 0.10 0.0050 to 0.010 0 0
Manganese (Mn) mg/L - - - 0.00010 to 0.00020 0.00010 to 0.00020 0 0
Mercury (Hg) mg/L - - - 0.0000050 0.0000050 3 (100%) 8 (100%)
Molybdenum (Mo) mg/L - - - 0.000050 to 0.00010 | 0.000050 to 0.00010 0 0
Nickel (Ni) mg/L - - - 0.00050 to 0.0010 0.00050 to 0.0010 0 0
Potassium (K) mg/L - - - 0.050 to 0.10 0.050 to 0.10 0 0
Selenium (Se) mg/L - - - 0.000050 to 0.00010 | 0.000050 to 0.00010 0 0
Silicon (Si) mg/L - - - 0.050 to 0.10 0.050 to 0.10 0 0
Silver (Ag) mg/L - - - 0.000010 to 0.000020 | 0.000010 to 0.000020 | 3 (100%) 8 (100%)
Sodium (Na) mg/L - - - 0.050 to 0.10 0.050 to 0.10 0 0
Strontium (Sr) mg/L - - - 0.00020 to 0.00040 0.00020 to 0.00040 0 0
Thallium (TI) mg/L - - - 0.000010 to 0.000020 | 0.000010 to 0.000020 | 3 (100%) 6 (75%)
Tin (Sn) mg/L - - - 0.00010 to 0.00020 0.00010 to 0.00020 3 (100%) 8 (100%)
Titanium (Ti) mg/L - - - 0.010 0.00030 to 0.00060 3 (100%) 8 (100%)
Uranium (U) mg/L - - - 0.000010 to 0.000020 | 0.000010 to 0.000020 0 0
Vanadium (V) mg/L - - - 0.00050 to 0.0010 0.00050 to 0.0010 3 (100%) 8 (100%)
Zinc (Zn) mg/L - - - 0.0010 to 0.0020 0.0010 to 0.0020 1 (33%) 3 (38%)

|:| Shading indicates an LRL greater than the lowest EVWQP Level 1 Benchmark (Teck 2014) or relevant, site-specific screening value.
|:| Shading indicates an LRL greater than the lowest BC WQG for the protection of freshwater aquatic life (BCMOECCS 2021a,b).

Notes: BC WQG = British Columbia Water Quality Guidelines; EVWQP = Elk Valley Water Quality Plan; LRL = Laboratory Reporting Limit; < = less than; uS/cm = microSiemens per centimetre; - = no data/not
applicable; CaCOj3 = calcium carbonate; mg/L = milligrams per litre; % = percent; NTU = Nephelometric Turbidity Units; pg/L = micrograms per litre.

@ The number of significant digits reported in the table is consistent with source material (e.g., BCMOECCS 2021a,b) and laboratory reports.
e Working (BCMOECCS 2021a) or approved (BCMOECCS 2021b) BC WQG for the protection of freshwater aquatic life.
¢ Where more than one EVWQP Level 1 Benchmark or screening value was applicable, the most conservative (lowest) value was used.
4The LRLs for all analytes were consistently less than the applicable EVWQP Level 1 Benchmarks (Teck 2014) or screening values (Golder 2017; Teck 2020).

°The total number of samples in February 2021 was n = 3 (n = 2 water samples and n = 1 duplicate sample); in September 2021, the total number of samples was n = 8 (n = 7 water samples and n = 1
duplicate sample). Data for field and trip blanks are summarized in Appendix Table A.3.

f Ammonia guidelines were calculated based on the temperature and pH of individual water samples.

9 Hardness-based guidelines, benchmarks, and/or screening values were calculated based on the hardness of individual water samples.

" Nitrite guidelines and screening values were calculated based on chloride concentrations in individual water samples.

' Guideline for chromium VI (0.001 mg/L) was selected because this is the principal species found in surface waters.

I Dissolved aluminum guidelines were calculated based on the pH of individual water samples.
¥ Dissolved copper guidelines were calculated based on the Biotic Ligand Model (BCMOECCS 2021b).
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Table A.3: Field Blank and Trip Blank Evaluation for Water Chemistry Analyses, 2021°

EVWQP Level 1

BCWQG" Benchmarks/ Range of LRLs ¢ No. Sample Results <LRL °
Analyte Units g Relevant Screening
Long-term Average Shor_t term v c February September February September
Maximum alues
Physical Tests
Specific Conductance uS/cm - - - 2.0 2.0 2 (100%) 1 (100%)
Hardness (as CaCO3) mg/L - - - 0.50 0.50 2 (100%) 1(100%)
pH pH 6.5t09.0 - 0.10 0.10 0 0
Total Suspended Solids mg/L - - - 1.0 1.0 2 (100%) 1 (100%)
Total Dissolved Solids mg/L - - 1,000 10 10 2 (100%) 1(100%)
Turbidity NTU - - - 0.10 0.10 2 (100%) 1(100%)
Anions and Nutrients
Alkalinity, Total (as CaCOs) mg/L - - - 1.0 1.0 2 (100%) 1(100%)
Ammonia, Total (as N) * mg/L 0.10to0 2.0 0.68 to 26 - 0.0050 0.0050 1(50%) 1(100%)
Bromide mg/L - - - 0.050 0.050 2 (100%) 1 (100%)
Chloride mg/L 150 600 - 0.10 0.10 2 (100%) 1 (100%)
Fluoride ° mg/L - 1.73t0 1.88 - 0.020 0.020 2 (100%) 1 (100%)
Nitrate (as N) mg/L 3 32.8 6.8 to 15 0.0050 0.0050 2 (100%) 1(100%)
Nitrite (as N) " mg/L 0.02 to 0.20 0.06 to 0.60 0.015 to 0.050 0.0010 0.0010 2 (100%) 1(100%)
Total Kjeldahl Nitrogen mg/L - - - 0.050 0.050 2 (100%) 1(100%)
Orthophosphate-Dissolved (as P) [ mg/L - - - 0.0010 0.0010 2 (100%) 1 (100%)
Total Phosphorus mg/L - - - 0.0020 0.0020 2 (100%) 1(100%)
Sulphate (SO,) ¢ mg/L 429 - 429 0.030 0.030 2 (100%) 1(100%)
Organic/lnorganic Carbon
Total Organic Carbon mg/L - - - 0.50 0.50 2 (100%) 1 (100%)
Dissolved Organic Carbon mg/L - - - 0.50 0.50 2 (100%) 1 (100%)
Total Metals
Aluminum (Al) mg/L - - - 0.0030 0.0030 2 (100%) 1(100%)
Antimony (Sb) mg/L 0.009 - - 0.00010 0.00010 2 (100%) 1(100%)
Arsenic (As) mg/L - 0.005 - 0.00010 0.00010 2 (100%) 1(100%)
Barium (Ba) mg/L 1 - - 0.00010 0.00010 2 (100%) 1(100%)
Beryllium (Be) mg/L 0.00013 - 0.0053 0.000020 0.000020 2 (100%) 1(100%)
Bismuth (Bi) mg/L - - - 0.000050 0.000050 2 (100%) 1(100%)
Boron (B) mg/L 1.2 - - 0.010 0.010 2 (100%) 1(100%)
Cadmium (Cd) mg/L - - - 0.0000050 0.0000050 2 (100%) 1(100%)
Calcium (Ca) mg/L - - - 0.050 0.050 2 (100%) 1(100%)
Chromium (Cr) | mg/L 0.001 - 0.005 0.00010 0.00010 2 (100%) 1(100%)
Cobalt (Co) mg/L 0.004 0.11 0.0038 to 0.0083 0.00010 0.00010 2 (100%) 1(100%)
Copper (Cu) mg/L - - - 0.00050 0.00050 2 (100%) 1 (100%)
Iron (Fe) mg/L - 1 - 0.010 0.010 2 (100%) 1 (100%)
Lead (Pb)° mg/L 0.012 to 0.020 0.23t0 0.42 - 0.000050 0.000050 2 (100%) 1(100%)
Lithium (Li) mg/L - - - 0.0010 0.0010 2 (100%) 1(100%)
Magnesium (Mg) mg/L - - - 0.10 0.0050 2 (100%) 0
Manganese (Mn) mg/L 1.6t0 2.6 3.0to 3.4 - 0.00010 0.00010 2 (100%) 1(100%)
Mercury (Hg) mg/L 0.0000013 - - 0.00000050 | 0.00000050 2 (100%) 1(100%)
Molybdenum (Mo) mg/L 7.6 46 - 0.000050 0.000050 2 (100%) 1(100%)
Nickel (Ni) ¢ mg/L - - 0.0053 0.00050 0.00050 2 (100%) 1(100%)
Potassium (K) mg/L - - - 0.050 0.050 2 (100%) 1(100%)
Selenium (Se) mg/L 0.002 - 0.070 0.000050 0.000050 2 (100%) 1(100%)
Silicon (Si) mg/L - - - 0.10 0.10 2 (100%) 1(100%)
Silver (Ag) ¢ mg/L 0.0015 0.0030 - 0.000010 0.000010 2 (100%) 1(100%)
Sodium (Na) mg/L - - - 0.050 0.050 2 (100%) 1(100%)
Strontium (Sr) mg/L - - - 0.00020 0.00020 2 (100%) 1(100%)
Thallium (TI) mg/L 0.0008 - - 0.000010 0.000010 2 (100%) 1(100%)
Tin (Sn) mg/L - - - 0.00010 0.00010 2 (100%) 1(100%)
Titanium (Ti) mg/L - - - 0.010 0.00030 2 (100%) 1(100%)
Uranium (U) mg/L 0.0085 - - 0.000010 0.000010 2 (100%) 1(100%)
Vanadium (V) mg/L - - 0.12 0.00050 0.00050 2 (100%) 1(100%)
Zinc (Zn) ° mg/L 0.11t0 0.19 0.13 to 0.34 - 0.0030 0.0030 2 (100%) 1(100%)

|:| Shading indicates blank concentrations at or greater than the LRL.
|:| Shading indicates an LRL greater than the lowest EVWQP Level 1 Benchmark (Teck 2014) or relevant, site-specific screening value.
|:| Shading indicates an LRL greater than the lowest BC WQG for the protection of freshwater aquatic life (BCMOECCS 2021a,b).

Notes: BC WQG = British Columbia Water Quality Guidelines; EVWQP = Elk Valley Water Quality Plan; LRL = Laboratory Reporting Limit; < = less than; pS/cm = microSiemens per centimetre;
= no data/not applicable; CaCO; = calcium carbonate; mg/L = milligrams per litre; % = percent; NTU = Nephelometric Turbidity Units; pug/L = micrograms per litre.

@ The number of significant digits reported in the table is consistent with source material (e.g., BCMOECCS 2021a,b) and laboratory reports.
® Working (BCMOECCS 2021a) or approved (BCMOECCS 2021b) BC WQG for the protection of freshwater aquatic life.
¢ Where more than one EVWQP Level 1 Benchmark or screening value was applicable, the most conservative (lowest) value was used.

9The LRLs for all analytes were consistently less than the applicable EVWQP Level 1 Benchmarks (Teck 2014) or screening values (Golder 2017; Teck 2020).

® The total number of samples in February 2021 was n = 2 (n = 1 trip blank and n = 1 field blank); in September 2021, the total number of samples was n = 1 field blank (i.e., no trip blanks were
submitted for analysis in September 2021). Some parameters were not consistently analyzed and reported for the blank samples; differences in sample numbers are reflected in the table.

f Ammonia guidelines were calculated based on the temperature and pH of individual water samples.

9 Hardness-based guidelines, benchmarks, and/or screening values were calculated based on the hardness of individual water samples.

" Nitrite guidelines and screening values were calculated based on chloride concentrations in individual water samples.

'Guideline for chromium VI (0.001 mg/L) was selected because this is the principal species found in surface waters.

I Dissolved aluminum guidelines were calculated based on the pH of individual water samples.

¥Dissolved copper guidelines were calculated based on the Biotic Ligand Model (BCMOECCS 2021b).
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Table A.3: Field Blank and Trip Blank Evaluation for Water Chemistry Analyses, 2021°

EVWQP Level 1

Analyte Units BCWQG" Benchmarks/ Range of LRLs ¢ No. Sample Results <LRL °
Short-term Relevant Screening
Long-term Average Maximum Values © February September February September

Dissolved Metals

Aluminum (Al) ! mg/L 0.05 0.1 - 0.0030 0.0010 1(100%) 1(100%)
Antimony (Sb) mg/L - - - 0.00010 0.00010 1(100%) 1(100%)
Arsenic (As) mg/L - - - 0.00010 0.00010 1(100%) 1(100%)
Barium (Ba) mg/L - - - 0.00010 0.00010 1(100%) 1(100%)
Beryllium (Be) mg/L - - - 0.000020 0.000020 1(100%) 1(100%)
Bismuth (Bi) mg/L - - - 0.000050 0.000050 1(100%) 1(100%)
Boron (B) mg/L - - - 0.010 0.010 1(100%) 1(100%)
Cadmium (Cd) ° mg/L | 0.00038 to 0.00046 & 0.0014 to 0.0028 0.00026 to 0.0016 0.0000050 0.0000050 1(100%) 1(100%)
Calcium (Ca) mg/L - - - 0.050 0.050 2 (100%) 1(100%)
Chromium (Cr) mg/L - - - 0.00010 0.00010 1(100%) 1(100%)
Cobalt (Co) mg/L - - - 0.00010 0.00010 1(100%) 1(100%)
Copper (Cu) mg/L | 0.00060 to 0.0047 0.0038 to 0.028 - 0.00020 0.00020 1(100%) 1(100%)
Iron (Fe) mg/L - 0.35 1.1 0.010 0.010 1(100%) 1(100%)
Lead (Pb) mg/L - - - 0.000050 0.000050 1(100%) 1(100%)
Lithium (Li) mg/L - - - 0.0010 0.0010 1(100%) 1(100%)
Magnesium (Mg) mg/L - - - 0.0050 to 0.10 0.0050 2 (100%) 1(100%)
Manganese (Mn) mg/L - - - 0.00010 0.00010 1(100%) 1(100%)
Mercury (Hg) mg/L - - - 0.0000050 0.0000050 1(100%) 1(100%)
Molybdenum (Mo) mg/L - - - 0.000050 0.000050 1(100%) 1(100%)
Nickel (Ni) mg/L - - - 0.00050 0.00050 1(100%) 1(100%)
Potassium (K) mg/L - - - 0.050 0.050 2 (100%) 1(100%)
Selenium (Se) mg/L - - - 0.000050 0.000050 1(100%) 1(100%)
Silicon (Si) mg/L - - - 0.050 0.050 1(100%) 1(100%)
Silver (Ag) mg/L - - - 0.000010 0.000010 1(100%) 1(100%)
Sodium (Na) mg/L - - - 0.050 0.050 2 (100%) 1(100%)
Strontium (Sr) mg/L - - - 0.00020 0.00020 1(100%) 1(100%)
Thallium (T1) mg/L - - - 0.000010 0.000010 1(100%) 1(100%)
Tin (Sn) mg/L - - - 0.00010 0.00010 1(100%) 1(100%)
Titanium (Ti) mg/L - - - 0.010 0.00030 1(100%) 1(100%)
Uranium (U) mg/L - - - 0.000010 0.000010 1(100%) 1(100%)
Vanadium (V) mg/L - - - 0.00050 0.00050 1(100%) 1(100%)
Zinc (Zn) mg/L - - - 0.0010 0.0010 1(100%) 1(100%)

|:| Shading indicates blank concentrations at or greater than the LRL.
|:| Shading indicates an LRL greater than the lowest EVWQP Level 1 Benchmark (Teck 2014) or relevant, site-specific screening value.
|:| Shading indicates an LRL greater than the lowest BC WQG for the protection of freshwater aquatic life (BCMOECCS 2021a,b).

Notes: BC WQG = British Columbia Water Quality Guidelines; EVWQP = Elk Valley Water Quality Plan; LRL = Laboratory Reporting Limit; < = less than; pS/cm = microSiemens per centimetre;
= no data/not applicable; CaCO; = calcium carbonate; mg/L = milligrams per litre; % = percent; NTU = Nephelometric Turbidity Units; pug/L = micrograms per litre.

@ The number of significant digits reported in the table is consistent with source material (e.g., BCMOECCS 2021a,b) and laboratory reports.
® Working (BCMOECCS 2021a) or approved (BCMOECCS 2021b) BC WQG for the protection of freshwater aquatic life.
¢ Where more than one EVWQP Level 1 Benchmark or screening value was applicable, the most conservative (lowest) value was used.

9The LRLs for all analytes were consistently less than the applicable EVWQP Level 1 Benchmarks (Teck 2014) or screening values (Golder 2017; Teck 2020).

® The total number of samples in February 2021 was n = 2 (n = 1 trip blank and n = 1 field blank); in September 2021, the total number of samples was n = 1 field blank (i.e., no trip blanks were
submitted for analysis in September 2021). Some parameters were not consistently analyzed and reported for the blank samples; differences in sample numbers are reflected in the table.

f Ammonia guidelines were calculated based on the temperature and pH of individual water samples.

9 Hardness-based guidelines, benchmarks, and/or screening values were calculated based on the hardness of individual water samples.

" Nitrite guidelines and screening values were calculated based on chloride concentrations in individual water samples.

'Guideline for chromium VI (0.001 mg/L) was selected because this is the principal species found in surface waters.

I Dissolved aluminum guidelines were calculated based on the pH of individual water samples.
¥Dissolved copper guidelines were calculated based on the Biotic Ligand Model (BCMOECCS 2021b).
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Of the results that were reported for field and trip blanks, only two were greater than the
LRL: ammonia (as N) in one sample from February 2021 and total magnesium in one sample
from September 2021 (Appendix Table A.3). However, detectable concentrations measured
in blank samples are only considered reliable if they are greater than five-times the LRL
(Appendix Table A.1), and this was not the case for the two instances of
reported concentrations. The results for the field and trip blanks therefore indicate
contamination of the samples in the field or during transport was unlikely.

A total of 576 method blank results were reported by ALS (see Appendix B for applicable
laboratory reports) and all results were below the LRL. Therefore, the laboratory method blank
results do not indicate any issues with the data that might affect data interpretability.

A2.3 Data Precision
A2.3.1 Field Duplicate Samples

Two field duplicate samples were collected to assess field sampling precision: one in February
and one in September 2021 (Appendix Table A.4). Samples were collected as split samples;
however, the sample aliquots in the larger “general” bottles would not be considered true splits
(i.e., the smaller sample bottles would have been filled from these containers, and then these
containers would have been filled directly from the sampling area).

The analytes with long-term targets under the EVWQP (i.e., selenium, nitrate, sulphate, and
dissolved cadmium; Teck 2014), had excellent field sampling precision, except for
dissolved cadmium (Appendix Table A.4). Relative percent difference (RPDs) between paired
results for selenium were less than or equal to (<) 7.3%; RPDs for nitrate and sulphate were
<0.68% and =<1.3%, respectively. For dissolved cadmium, RPDs between paired results
were <38%. The high cadmium RPD is likely attributed to both reported concentrations being
within five-times the LRL.?2 Field sampling precision was good to excellent for total
dissolved solids (TDS) and nickel, both of which have site-specific screening values. For TDS,
RPDs between paired results were <18. For total nickel, RPDs between paired concentrations
were £4.8% (Appendix Table A.4).

Field precision and reproducibility are considered good to excellent for most of the analytes
with long term targets under the EVQWP (total selenium and nickel, nitrate, sulphate, dissolved
cadmium, and TDS). Overall, the field sampling precision is considered acceptable for the
purpose of this study.

2 Greater RPDs between paired results for water chemistry analyses are considered more acceptable when
concentrations are close to the LRL (e.g., within five-times the LRL; Austin 2020).
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Table A.4: Field Duplicate Results for Water Chemistry Analyses, 2021

RG_GHBP RG_GHBP
. February September
Analyte Units 18-Feb-21 RPD (%) 13-Sep-21 RPD (%)
L2559277 CG2104105
Physical Tests
Specific Conductance puS/cm 1,690 1,700 0.59 1,600 1,590 0.63
Hardness (as CaCOs) mg/L 1,180 1,170 0.85 989 993 0.40
pH pH 8.22 8.21 0.12 8.44 8.43 0.12
Total Suspended Solids mg/L <1.0 <1.0 0 1,310 1,300 0.77
Total Dissolved Solids mg/L 1,540 1,560 1.3 2.4 2.0 18
Turbidity NTU 0.24 0.20 18 1.42 0.91 44
Anions and Nutrients
Alkalinity, Total (as CaCOs) mg/L 294 293 0.34 230 256 11
Ammonia, Total (as N) mg/L 0.0227 0.0268 17 0.0108 0.0091 17
Bromide mg/L <0.25 <0.25 0 <0.250 <0.250 0
Chloride mg/L 1.88 2.6 32 1.50 1.56 3.9
Fluoride mg/L 0.160 0.160 0 0.112 0.115 2.6
Nitrate (as N) mg/L 5.87 5.83 0.68 4.74 4.71 0.63
Nitrite (as N) mg/L 0.0064 0.0080 22 0.0064 0.0077 18
Total Kjeldahl Nitrogen mg/L <0.25 <0.050 0 0.678 0.563 19
Orthophosphate-Dissolved (as P) mg/L 0.0037 0.0045 20 <0.0010 <0.0010 0
Total Phosphorus mg/L 0.0034 0.0052 42 0.0065 0.0079 19
Sulphate (SO,) mg/L 910 898 1.3 787 783 0.51
Organic/Inorganic Carbon
Total Organic Carbon mg/L 1.51 1.58 4.5 2.24 2.18 2.7
Dissolved Organic Carbon mg/L 1.43 1.58 10 2.35 2.05 14
Total Metals
Aluminum (Al) mg/L <0.0030 <0.0030 0 0.0110 0.0072 42
Antimony (Sb) mg/L 0.00047 0.00047 0 0.00053 0.00053 0
Arsenic (As) mg/L 0.00028 0.00031 10 0.00020 0.00020 0
Barium (Ba) mg/L 0.0525 0.0493 6.3 0.0363 0.0386 6.1
Beryllium (Be) mg/L <0.000020 = <0.000020 0 <0.000020 @ <0.000020 0
Bismuth (Bi) mg/L <0.000050 = <0.000050 0 <0.000050 @ <0.000050 0
Boron (B) mg/L 0.010 0.013 26 0.012 0.012 0
Cadmium (Cd) mg/L 0.0000098 @ 0.0000099 1.0 0.0000128 = 0.0000077 50
Calcium (Ca) mg/L 224 231 3.1 176 184 4.4
Chromium (Cr) mg/L 0.00010 0.00011 10 <0.00010 <0.00010 0
Cobalt (Co) mg/L <0.00010 <0.00010 0 <0.00010 <0.00010 0
Copper (Cu) mg/L <0.00050 <0.00050 0 0.00051 <0.00050 0
Iron (Fe) mg/L <0.010 <0.010 0 0.010 0.012 18
Lead (Pb) mg/L <0.000050 = <0.000050 0 <0.000050 @ <0.000050 0
Lithium (Li) mg/L 0.0166 0.0171 3.0 0.0186 0.0185 0.54
Magnesium (Mg) mg/L 175 176 0.57 139 152 8.9
Manganese (Mn) mg/L 0.00172 0.00180 4.5 0.00183 0.00206 12
Mercury (Hg) mg/L | <0.00000050 <0.00000050 0 0.00000051 | <0.00000050 2.0
Molybdenum (Mo) mg/L 0.00403 0.00399 1.0 0.00394 0.00441 11
Nickel (Ni) mg/L 0.0106 0.0106 0 0.00747 0.00784 4.8
Potassium (K) mg/L 2.45 2.50 2.0 2.42 2.54 4.8
Selenium (Se) mg/L 0.177 0.180 1.7 0.145 0.156 7.3
Silicon (Si) mg/L 414 4.27 3.1 3.78 4.06 7.1
Silver (Ag) mg/L <0.000010 = <0.000010 0 <0.000010 = <0.000010 0
Sodium (Na) mg/L 3.02 2.94 27 2.54 2.71 6.5
Strontium (Sr) mg/L 0.230 0.236 26 0.188 0.195 3.7
Thallium (TI) mg/L <0.000010 = <0.000010 0 <0.000010 = <0.000010 0
Tin (Sn) mg/L <0.00010 <0.00010 0 <0.00010 <0.00010 0
Titanium (Ti) mg/L <0.010 <0.010 0 <0.00030 <0.00030 0
Uranium (U) mg/L 0.0092 0.0091 1.2 0.00890 0.00891 0.11
Vanadium (V) mg/L <0.00050 <0.00050 0 <0.00050 <0.00050 0
Zinc (Zn) mg/L <0.0030 <0.0030 0 0.0045 <0.0030 40

Notes: 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. RPD = relative percent difference; % = percent; pS/cm = microSiemens per centimetre; CaCO 3 = calcium carbonate; mg/L
= milligrams per litre; < = less than; NTU = Nephelometric Turbidity Units; ug/L = micrograms per litre; LRL = Laboratory Reporting Limit.
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Table A.4: Field Duplicate Results for Water Chemistry Analyses, 2021

RG_GHFF RG_GHBP
Analyte Units February September
18-Feb-21 RPD (%) 13-Sep-21 RPD (%)
L2503266 CG2104105

Dissolved Metals

Aluminum (Al) mg/L <0.0030 <0.0030 0 <0.0010 <0.0010 0
Antimony (Sb) mg/L 0.00043 0.00045 4.5 0.00050 0.00048 4.1
Arsenic (As) mg/L 0.00019 0.00019 0 0.00019 0.00021 10
Barium (Ba) mg/L 0.0471 0.0477 1.3 0.0390 0.0377 3.4
Beryllium (Be) mg/L <0.000020 @ <0.000020 0 <0.000020 | <0.000020 0
Bismuth (Bi) mg/L <0.000050 @ <0.000050 0 <0.000050 | <0.000050 0
Boron (B) mg/L 0.010 <0.010 0 0.010 0.010 0
Cadmium (Cd) mg/L 0.0000089 | 0.0000089 0 0.0000076 | 0.0000052 38
Calcium (Ca) mg/L 202 203 0.49 170 170 0
Chromium (Cr) mg/L 0.00010 <0.00010 0 <0.00010 <0.00010 0
Cobalt (Co) mg/L <0.00010 <0.00010 0 <0.00010 <0.00010 0
Copper (Cu) mg/L <0.00020 <0.00020 0 0.00045 0.00027 50
Iron (Fe) mg/L <0.010 <0.010 0 <0.010 <0.010 0
Lead (Pb) mg/L <0.000050 @ <0.000050 0 <0.000050 | <0.000050 0
Lithium (Li) mg/L 0.017 0.017 29 0.0179 0.0178 0.56
Magnesium (Mg) mg/L 164 161 1.8 137 138 0.73
Manganese (Mn) mg/L 0.00081 0.00084 3.6 0.00065 0.00047 32
Mercury (Hg) mg/L | <0.0000050 <0.0000050 0 <0.0000050 | <0.0000050 0
Molybdenum (Mo) mg/L 0.00386 0.00392 1.5 0.00380 0.00431 13
Nickel (Ni) mg/L 0.0099 0.0099 0.30 0.00724 0.00744 2.7
Potassium (K) mg/L 2.53 2.49 1.6 2.60 2.57 1.2
Selenium (Se) mg/L 0.167 0.180 7.5 0.145 0.142 2.1
Silicon (Si) mg/L 3.99 4.04 1.2 3.85 3.90 1.3
Silver (Ag) mg/L <0.000010 &= <0.000010 0 <0.000010 | <0.000010 0
Sodium (Na) mg/L 3.08 3.03 1.6 2.66 2.56 3.8
Strontium (Sr) mg/L 0.223 0.228 2.2 0.178 0.174 2.3
Thallium (TI) mg/L <0.000010 = <0.000010 0 <0.000010 | <0.000010 0
Tin (Sn) mg/L <0.00010 <0.00010 0 <0.00010 <0.00010 0
Titanium (Ti) mg/L <0.010 <0.010 0 <0.00030 <0.00030 0
Uranium (U) mg/L 0.0079 0.0080 2.1 0.00831 0.00864 3.9
Vanadium (V) mg/L <0.00050 <0.00050 0 <0.00050 <0.00050 0
Zinc (Zn) mg/L <0.0010 0.0012 18 0.0053 <0.0010 137

Notes: 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. RPD = relative percent difference; % = percent; pS/cm = microSiemens per centimetre; CaCO 3 = calcium carbonate; mg/L
= milligrams per litre; < = less than; NTU = Nephelometric Turbidity Units; ug/L = micrograms per litre; LRL = Laboratory Reporting Limit.
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A2.3.2 Laboratory Duplicate Samples

A total of 490 duplicate results were used to evaluate analytical precision (see Appendix B for
relevant laboratory reports). For all paired samples, comparisons were within the DQO set by
the analytical laboratory (i.e., RPDs for pH and conductivity were <10%, RPDs for turbidity
were £15%, and RPDs for all other analytes were <20%; Appendix Table A.1).2 The laboratory
analytical precision can therefore be considered excellent.

A2.4 Data Accuracy

Data accuracy was evaluated based on results for CRM, Laboratory Control Samples (LCS),
and MS samples. Specifically, 1 CRM result, 572 LCS results, and 435 MS results were
reported by ALS in 2021 (see Appendix B for respective laboratory reports). Only two LCS
results failed to meet the laboratory DQO (Appendix Table A.1). The recovery target
(80 to 120%) for total antimony in one LCS sample from September 2021 was
marginally exceeded (i.e., the recovery was 122%). Similarly, the recovery of total strontium
(122%) marginally exceeded the target recovery range (i.e., 80 to 120%) in a single sample
from September 2021. Eight of the 45 MS recoveries from February 2021 could not be
accurately calculated due to high background concentrations of the spiked analytes in the
parent field sample that was used as the basis for the MS sample. A single MS result for total
Kjeldahl nitrogen failed to meet the laboratory’s DQO due to interference from a high nitrate
concentration in the sample, which biased the total Kjeldahl nitrogen results low. Overall, the
CRM, LCS and MS results are considered indicative of excellent analytical precision.

A2.5 Data Quality Statement

Water quality data collected for this study are of acceptable quality as characterized by good
to excellent detectability, negligible analyte concentrations in method blanks, excellent field
and laboratory precision, and excellent laboratory accuracy. Therefore, the associated data
can be used with a high level of confidence in the derivation of conclusions.

3 The DQO only apply to analyte concentrations greater than two-times the LRL.
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A3 SELENIUM SPECIATION

A3.1 Laboratory Reporting Limits

The analytical reports from Brooks Applied Labs for aqueous selenium speciation analyses
were examined to provide an inventory of analytes for which the sample results were less than
or equal to the target LRL (Appendix Table A.5; see Appendix B for laboratory reports).
The LRLs for these analytes were also assessed relative to the approved BCMOECCS
selenium BC WQG for the protection of freshwater aquatic life (i.e., 2 micrograms
per litre [ug/L; BCMOECCS 2021b) and the relevant EVWQP Level 1 Benchmark for
water quality (i.e., 70 ug/L; Teck 2014; Appendix Table A.5).

Concentrations of dissolved selenium, selenate, and selenite were consistently (i.e., in 100%
of samples) greater than their applicable LRLs in 2021 (Appendix Table A.5). Each of the
three samples collected in February 2021 and seven of the eight samples collected in
September 2021 had total selenium concentrations that were also greater than their
applicable LRLs. The LRLs for all analytes were consistently lower than applicable BC WQG
and EVWQP Level 1 Benchmarks for water quality (Teck 2014). Therefore, the achieved LRLs
were appropriate for this study.

A3.2 Laboratory Blanks

In 2021, a total of 19 laboratory blank samples were analyzed for total selenium and 16
laboratory blank samples were analyzed for selenium species to produce a total of 123
individual analyte results. Laboratory blank results met the laboratory’s DQO
(Appendix Table A.1).  Therefore, laboratory blanks indicated no inadvertent sample
contamination during analyses.

A3.3 Data Precision
A3.3.1 Field Duplicate Samples

Two field duplicate samples were collected to assess field sampling precision: one in February
and one in September 2021 (Appendix Table A.6). The RPDs between paired results
were £13%. Given that the field duplicates met the DQO for laboratory duplicate samples
(i.e., =20% for total selenium and =<20% for selenium species; Appendix Table A.1),
field sampling precision and reproducibility are considered excellent.
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Table A.5: Laboratory Reporting Limit (LRL) Evaluation for Selenium Speciation Analyses, 2021

February 2021 September 2021
Analyte Units No. Sample No. Sample
LRLs ? Results LRLs ? Results
<LRL <LRL

Selenium (Se)-Total ug/L 0.132 0 0.165and 0.825 1 (13%)°
Selenium (Se)-Dissolved pg/L 0.132 0 0.165 0
Dimethylselenoxide-Dissolved pg/L 0.010 1 (33%) 0.010 5 (63%)
MeSe(lV) - Methylseleninic Acid (CH;SeO,H)-Dissolved pg/L 0.010 0 0.010 3 (38%)
MeSe(VI) - Methaneselenonic Acid (CH,05Se)-Dissolved Mg/l 0.010 3 (100%) 0.010 8 (100%)
Se(VI) - Selenate (SeOf')-DissoIved pg/L 0.010 0 0.010 0
Se(lV) - 