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EXECUTIVE SUMMARY

The 2020 Greenhills Operations (GHO) Local Aquatic Effects Monitoring Program (LAEMP)
is designed to address questions associated with potential aquatic effects at a localized area
downstream of the west spoil development and Cougar Pit extension at GHO. The GHO LAEMP
focused on the Elk River (upstream and downstream of GHO), Elk River tributaries on the west
side of Greenhills Ridge, as well as a side channel of the Elk River that receives flows, via surface
water and/or groundwater, from the mine-influenced west-side tributaries
(e.g., Thompson, Wolfram, and Leask creeks). The Elk River side channel is located between
the Elk River and the west side of Greenhills Ridge. It branches off from the Elk River just south
of Leask Creek, flows south over the Elk River floodplain, and converges back with the Elk River
roughly 1.2 km downstream of Thompson Creek. The EIk River side channel receives overland
flows from Thompson Creek at Reach 2. Four main study questions (discussed in detail in the
paragraphs that follow) address concerns related to the local study area. The study questions
focused on amphibian habitat quality/availability, surface water quality, the interaction between
surface water and groundwater, and benthic invertebrate community structure and
tissue chemistry.

Over thirty multi-day field visits were completed within the side channel and its floodplain complex
in all seasons from 2017 to 2019 to identify and document habitat and occurrences of aquatic
dependent biota. In 2020, three additional amphibian surveys were conducted in May, June,
and July. These data were used to answer study question #2 (What is the seasonal habitat
availability for amphibians in Reach 2" of the Elk River side channel?). The results were generally
consistent over the four study years. Seasonal changes in flow affected habitat availability
(e.g., lentic habitat was only observed in fall and winter in Reach 2). From freshet to late summer
(three to four months of each study year), Reach 2 received flow from both the Elk River (via the
upper side channel) and from Thompson Creek. Flows were relatively swift during this time, and
not suitable for amphibian breeding. Although Reach 2 was swiftly flowing in the spring and early
summer, breeding habitat may be present elsewhere in the area. From fall to early spring,
Reach 2 remained wetted due to surface flows from Thompson Creek; during this time, the upper
side channel is dry and disconnected from the main stem Elk River. Three amphibian species
(Columbia spotted frog, western toad, long-toed salamander) were observed throughout the side
channel in late spring and summer. Study question #2 has been answered through four years of
investigation, and therefore it is recommended that no more work be done to address this
study question.

' Reach 2 is located at the Elk River side channel at the confluence of Thompson Creek.
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Water quality data were assessed for stations in the west-side tributaries, Elk River side channel,
and the main stem Elk River to address study question #3 (What is the influence of the GHO
discharges from the west-side tributaries on water quality in the Elk River and Elk River
side channel?). Water quality at side channel stations GH_ER1A and GH_ERSC2 was influenced
by Wolfram and Thompson creeks. Concentrations of most constituents were lower at the side
channel station GH_ERSC4, located upstream of Wolfram and Thompson creeks, compared to
the two downstream stations. Within the side channel and main stem EIk River, the highest
concentrations of constituents generally occurred in Reach 2 (RG_GH-SCW3), which receives
flow directly from Thompson Creek. Discharges from the west-side tributaries contributed to
higher concentrations of some mine-related constituents in the main stem Elk River downstream
of GHO (GH_ERC) relative to the upstream reference station (GH_ER2); however, with the
exception of total selenium, concentrations measured at GH_ERC were typically below
benchmarks, screening values, and/or British Columbia Water Quality Guidelines (BCWQG),
or were comparable to the upstream reference station. For the west-side tributaries, total
selenium, sulphate, and TDS have been increasing in Leask and Wolfram creeks, while total
nickel has been increasing in Leask Creek. In Thompson Creek, sulphate has increased in recent
years, whereas total nickel has decreased. At the Reach 2 outlet, total nickel was higher in 2019
and 2020 compared to 2018. At the downstream main stem EIk River station (GH_ERC),
total selenium concentrations were higher in 2018, 2019, and 2020 relative to previous years, and
nitrate concentrations were higher in 2019 and 2020 relative to previous years.

To answer study question #4 (What is the interaction between surface water and groundwater in
the Elk River side channel?), a hydrogeological review and analysis of available groundwater and
surface water data from the west side of GHO along the Elk River side channel. Side channel
surface water predominantly infiltrated to ground and recharged groundwater. Localized areas of
groundwater discharge occurred near the confluence with Wolfram Creek as well as downstream
of Thompson Creek, but these discharge areas did not result in sustained flows within the side
channel. Gaps and uncertainties were previously identified in the 2018 GHO LAEMP Report and
have been partly addressed through work conducted in 2019 and 2020. Some uncertainties
remain related to study question #4 remain. Additional work is planned for 2021 as part of the
MBI to address remaining gaps, including installing new monitoring wells, collecting additional
groundwater data, seep reconnaissance and sampling in the Elk River Side Channel, conducting
flow and load accretion studies, and conducting geophysical surveys to determine depth to
bedrock.

Benthic invertebrate community data collected annually in September from 2017 to 2020
contributed to the understanding of study question #5 (What are the benthic invertebrate
community structures and tissue chemistry in the Elk River side channel and the main stem Elk
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River upstream and downstream of the side channel, and are they changing over time?).
Benthic invertebrate community endpoints did not differ greatly between perennially-wetted main
stem Elk River stations (GH_ER2 and GH_ERC) and Elk River side channel stations
(GH_ERSC4, GH_ER1A, and RG_ERSCS5). In 2020 at main stem EIk River and Elk River side
channel areas, total abundance, richness, % EPT (relative abundance of Ephemeroptera,
Plecoptera, and Trichoptera), % Ephemeroptera, % Plecoptera, and % Trichoptera were within
or above the regional normal range, except for % Trichoptera at GH_ER1A, RG_ERSCS5, and
GH_ERC in one sample each. The relative proportion of Trichoptera has been similarly low at
the upstream reference area (GH_ER?2); therefore, samples with % Trichoptera less than the
regional normal range are likely related to local habitat characteristics rather than mine influence.
At all main stem Elk River and Elk River side channel stations, % Chironomidae, % Diptera, and
% Oligochaeta were within or below the regional normal range, except for % Oligochaeta at
RG_ERSCS in one of three samples. Overall, benthic invertebrate communities in the main stem
Elk River and the Elk River side channel did not appear to be adversely affected by
mine discharges.

Benthic invertebrate tissue chemistry data (selenium concentrations) were also collected annually
in September of 2017 to 2020, and further addressed study question #5. Selenium concentrations
in benthic invertebrate tissue were highest in Thompson Creek. Selenium concentrations in
benthic invertebrate tissue from side channel stations were higher than main stem stations.
Concentrations in the side channel increased from upstream to downstream, from
area GH_ERSC4 (upstream of Wolfram Creek) to GH_ER1A and GH_ERSC5 (both downstream
of Wolfram Creek) to Reach 2 (RG_GH-SCW2 and RG_GH-SCW3), which is downstream of
Thompson Creek. Although areas GH_ERSC2 and RG_SCDTC are both downstream of
Thompson Creek and had similar aqueous concentrations of selenium, GH_ERSC2 had higher
concentrations of selenium in benthic invertebrate tissue relative to Reach 2 and RG_SCDTC,
likely due to the more depositional nature of the area. Higher concentrations of selenium in
benthic invertebrate tissue samples collected from Thompson Creek and downstream likely
resulted from the presence of aqueous selenium in more bioavailable forms.

Benthic invertebrate community structure and tissue chemistry were similar at the downstream
main stem station (GH_ERC) and the upstream main stem reference station (GH_ER2),
suggesting minimal influence of GHO and the west-side tributaries on benthic invertebrate
community endpoints and tissue chemistry in the main stem Elk River.

In further support of study question #5 to better understand potential mine-related effects on
benthic invertebrate communities and tissue chemistry, sediment quality was assessed in the
main stem Elk River upstream and downstream of the side channel, and in Reach 2 of the
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side channel. Except for chrysene in one of five samples, 2-methylnaphthalene in two of five
samples, phenanthrene in three of five samples, and pyrene in two of five samples collected at
Reach 2, concentrations of constituents were within the normal range in sediment samples
collected in 2020. Concentrations of constituents were below the upper sediment quality guideline
(SQG; or only SQG only in the case of selenium) in all samples from 2020, except for selenium,
2-methylnaphthalene, and phenanthrene in Reach 2. In general, sediment quality data indicated
limited influence of mine-related discharges on sediment chemistry in the main stem Elk River
downstream of the side channel.

Teck has fulfilled the Permit 107517 Section 8.3.4 requirement for a LAEMP to be conducted from
2017 to 2020, focussing on the local area of the upper Elk River, the Elk River side channel, and
tributaries located on the west side of Greenhills Ridge. Where concerns remain, the GHO
LAEMP monitoring is incorporated into existing monitoring programs, such that these residual
concerns continue to be addressed.

May 2021 | iv
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1 INTRODUCTION

1.1 Background

Teck Coal Limited (Teck) operates four steelmaking coal mines in the Elk River watershed, which
are the Fording River Operation (FRO), Greenhills Operation (GHO), Line Creek Operation
(LCO), and Elkview Operation (EVO; Figure 1.1). A fifth mine, Coal Mountain Mine (CMm), is also
owned by Teck and located in the Elk River watershed; however, it is no longer in operation and
has been moved into the care and maintenance designation. Discharges from the mines to the
Elk River watershed are authorized by the British Columbia Ministry of Environment and Climate
Change Strategy (ENV; formerly Ministry of Environment [BCMOE]) through permits that are
issued under provisions of the Environmental Management Act. Permit 107517, issued
November 19, 2014, and amended as required, specifies the terms and conditions associated
with discharges from the five mine operations.

Through issuance of Permit 107517, ENV required that Teck develop a Local Aquatic Effects
Monitoring Program (LAEMP) related to GHO (Figure 1.2) for 2017 to 2020. Section 8.3.4 of
Permit 107517 outlines the LAEMP requirements as follows:

“The permittee must complete to the satisfaction of the director a study design for
a LAEMP which will focus on the upper Elk River and the Elk River side channel
and tributaries located on the west side of Greenhills Operation between EMS sites
0200389 [GH_ER2] and E3000090 [GH_ERCJ? for 2017-2020 by June 1,
20173. The study design must be reviewed by the EMC* and be designed to an
appropriate temporal scale to capture short term, local effects to the immediate
receiving environment. Any changes to the approved study design must be
reported in the annual LAEMP report.”

Also, Section 9.5 of Permit 107517 states:

“The LAEMP Annual Reports must be reported on in accordance with generally
accepted standards of good scientific practice in a written report and submitted to

2 Herein referred to as the west-side tributaries.
3 A study design for the 2017 LAEMP was submitted on May 31, 2017.

4 EMC refers to the Environmental Monitoring Committee, which Teck was required to form under Permit 107517. The
EMC consists of representatives from Teck, ENV, the Ministry of Energy and Mines, the Ktunaxa Nation Council (KNC),
Interior Health Authority, and an Independent Scientist. Environment and Climate Change Canada (ECCC) has also
agreed to provide its perspectives on matters related to Permit 107517 and the Committee’s activities, on a case-by-
case basis when requested by the Committee. To date, the Committee has not called on ECCC to participate. The
EMC reviews submissions and provides technical advice to Teck and the ENV Director regarding monitoring programs
as stipulated in Section 12.2 of Permit 107517.

/—\_
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the director of each year following the data collection calendar year on the following
dates [...] GHO LAEMP: May 31.”

In addition to monitoring under the LAEMP, Teck conducts the Regional Aquatic Effects
Monitoring Program (RAEMP) under Permit 107517. The RAEMP provides comprehensive
routine monitoring and assessment of potential mine-related effects on the aquatic environment
downstream from Teck’s mines in the Elk Valley. Annual sampling and more comprehensive
monitoring every three years is completed under the RAEMP, with the most recent cycle of
sampling completed in December 2019, and report submitted in November 2020 (Minnow 2020).
The next cycle of RAEMP sampling is to be completed by December 2022. Teck conducts a
variety of additional programs to monitor, evaluate, and/or manage the aquatic effects of mining
operations within the Elk Valley at local and regional scales, including:

o water quality monitoring;

e calcite monitoring;

e chronic toxicity testing;

o fish and fish habitat management and monitoring;

¢ RAEMP;

e tributary management (through the Tributary Management Plan); and
e various supporting studies.

Following discussion with and advice from the Environmental Monitoring Committee (EMC), a
phased approach to the GHO LAEMP study design was approved by ENV. A study design
(Minnow and Lotic 2017) was submitted on May 31st, 2017, and preliminary reconnaissance work
was conducted from May 2017 to April 2018. An updated study design was submitted on
May 31st, 2018 that covered the 2018 to 2020 period (Minnow and Lotic 2018a). The 2018 to
2020 GHO LAEMP was designed to address questions associated with potential aquatic effects
at a localized area downstream of the west spoil development and Cougar Pit extension at GHO.
The study questions focused on furthering the understanding of hydrology, habitat use by biota,
water quality, surface water/groundwater interactions, benthic invertebrate communities, benthic
invertebrate tissue chemistry, and investigating whether biota in Reach 2 (formerly referred to as
the “side channel wetland”) are influenced by mining activities. As with LAEMPs for other Teck
Operations, the GHO LAEMP was designed to assess relevant site-specific issues, as required,
until sufficient data have been collected, concerns no longer exist, or monitoring can be
incorporated into other existing monitoring programs. In consideration of potential existing and
future mine-related influences at GHO, as well as data collected from 2017 to 2019 (Minnow and

(’_\_
May 2021 | 4



minnow environmental inc. Teck
Project 207202.0022 2020 GHO LAEMP Report

Lotic 2018b, 2019, 2020), a modified scope was recommended in an Updated Sampling Design
for the 2020 GHO LAEMP (Minnow 2020a), which was submitted to ENV on June 1, 2020
(Appendix A). The updated study design was approved on July 28, 2020 (ENV 2020;
Appendix A). The results of the data that were collected from January to December 2020
following the updated study design are described herein.

1.2 Conceptual Site Model

A conceptual site model (CSM) is a written and/or illustrative depiction of relationships between
human activities that disturb the environment and the ways such disturbances can alter the
ecosystem and affect biological receptors. Figure 1.3 presents a CSM for potential effects on
aquatic receptors related to the Elk River, Elk River side channel, and the west-side tributaries
associated with GHO. As illustrated by the CSM, mining may affect aquatic receptors through
physical and/or chemical processes; these general processes are explained in-depth in the
RAEMP Study Design (Minnow 2018). With respect to this LAEMP, mine-related physical and
chemical stressors in the west-side tributaries, upper Elk River, and Elk River side channel
arise from:

e landscape restructuring, potentially occurring due to re-location of soils and rock material
(e.g., waste rock piles), re-sloping of the topography, and diversion of water;

¢ sediment transport in streams, potentially occurring as a combination of:
o bedload (the coarsest transported material, moving along the bottom),

o suspended load (materials lifted above the bed by the flow and transported in the
water column), and

o washload (the finest-grained fraction of the suspension; Polzin 1998);

e increases or decreases to base flow and surface water flows, potentially occurring due to
pit seepage and pit water pumped to tributaries; and

e increased concentrations of mine-related constituents in water and sediment, potentially
originating from the West spoil, pit seepage, and pit water pumped to tributaries.

The CSM identified potential influences of mining activities on aquatic receptors (Figure 1.3),
which were used to develop study questions (Section 1.3) and assessment endpoints based on
potential responses (Table 1.1). As illustrated in the CSM (Figure 1.3), potential mining effects
on receptors may manifest as changes in abundance of sensitive receptors, which also results in
changes to relative community structure. Therefore, the GHO LAEMP study questions focus on
assessing potential mine-related effects on focal species or population groups (Table 1.1),

May 2021 | §



SOURCE

PROCESS

POTENTIAL CHANGE TO
AQUATIC ENVIRONMENT

Physical

Greenhills
Operation

Increase in base flows
and/or in surface water
flows due to pit seepage
and pit dewatering
pumped to tributaries

Decrease in base flows
and/or in surface water
flows due to pit seepage
and pit dewatering
pumped to tributaries

POTENTIAL INFLUENCE ON

AQUATIC RECEPTORS

POTENTIAL RESPONSES
OF AQUATIC RECEPTORS

Increased physical
habitat amount

Increased abundance or
population resilience

Sediment erosion,
transport, deposition

Reduced physical
habitat amount or quality

Chemical

Increased aqueous

concentrations of mine-
related constituents in
groundwater and/or
surface water from the
west spoil, pit seepage,
and pit dewatering
pumped to tributaries

—

Exposure to increased
aqueous concentrations
of mine-related chemicals

Decreased abundance or
population resilience

-

Exposure to increased

concentrations of mine-related

chemicals in tissue of
aquatic biota

A

LAEMP

Conceptual Site Model for Potential Mine-Related
Effects on the Aquatic Ecosystem, 2020 GHO

Date: May 2021
Project 207202.0022

Figure 1.3
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Table 1.1: Summary of Receptors, Assessment Endpoints, Measurement Endpoints, and
Evaluation Criteria for the GHO LAEMP, 2020

Receptor Assessment Endpoint
P . Measurement Endpoint® Evaluation Criteria®® P c
Group Endpoint Type'
Concentrations of constituents relative to effect
Surface water chemistry benchmarks, guidelines, and past observations Indirect
Population (SQ #1, #3, and #4)
abundance or Concentrations of constituents relative to
resilience ideli
Fish Sediment chemistry guidelines, ri{gg:f;&:‘:ﬁas’ and past Indirect
(SQ #5 and 6)
Fish population Benthic invertebrate tissue Concentrations relative to effect benchmarks .
effects related to ) ) Indirect
. selenium concentrations (SQ #5)
selenium
Abundance
Richness Comparison to reference areas and past
observations Direct
% EPT (SQ #5)
% Ephemeroptera
Benthic Tissue selenium concentrations Concentrations relative to effect benchmarks and Indirect
invertebrate past observations (SQ #5)
abundance and Concentrations of constituents relative to effect
assemblage Surface water chemistry benchmarks and past observations Indirect
(lotic habitats) (SQ #1, #3, and #4)
Calcite Calcite index relative to known or suspected Indirect
) effect levels and past observations (SQ #5)
Benthic Concentrations of constituents relative to
Invertebrates ideli
Sediment chemistry guidelines, reference.areas, and past Indirect
observations
(SQ #5 and #6)
) . ) Concentrations relative to effect benchmarks and .
Tissue selenium concentrations . Direct
past observations (SQ #5)
Concentrations of constituents relative to effect
Benthic Surface water chemistry benchmarks, guidelines, and past observations Indirect
invertebrate (SQ #1, #3, and #4)
abundance and Calcite Calcite index relative to known or suspected Indirect
assemblage effect levels and past observations (SQ #5)
(lentic habitats) Concentrations of constituents relative to
Sediment chemistry guidelines, reference.areas, and past Indirect
observations
(SQ #5 and #6)
- Concentrations of constituents relative to effect
Amphibian . . . .
opulation effects Surface water chemistry benchmarks, guidelines, and past observations Indirect
Amphibians | P prelate o (SQ #1, #3, and #4)
selenium Benthic invertebrate tissue Concentrations relative to effect benchmarks .
) ) Indirect
selenium concentrations (SQ #5)
Concentrations of constituents relative to effect
Bird population Surface water chemistry benchmarks, guidelines, and past observations Indirect
Birds effects related to (SQ#1, #3, and #4)
selenium Benthic invertebrate tissue Concentrations relative to effect benchmarks Indirect

selenium concentrations

(SQ #5)

@ Some endpoints/criteria apply to only selected habitats or sampling areas. See text for details.

® (SQ #) indicates the study question(s) that are addressed (directly or indirectly) by the listed evaluation criteria.
¢ Measurement endpoints are identified as either direct or indirect. Direct indicators are biological measurements that relate directly to the
populations or communities. Indirect indicators are abiotic endpoints measuring mine-related physical and chemical stressors, and act as
corroborating or explanatory evidence of observed effects or lack of effects on receptors. See the Study Design for the RAEMP 2018 to 2020
(Minnow 2018c) for further detail.
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while also allowing for collection of relevant background information (i.e., aquatic-dependent
biota distributions; Section 1.3).

1.3  Study Questions

To focus the scope of the 2018 to 2020 study design, six study questions were developed in
consultation with the EMC. The 2020 work was conducted based on an updated study design
(approved on July 28, 2020; Appendix A), in which two of these study questions (#1 and #6)
and one sub-question (#3d) were discontinued, and one study question (#2) was narrowed
in scope. The remaining study questions and associated sub-questions for the 2020 GHO
LAEMP are:

2. What is the seasonal habitat availability for amphibians in Reach 2 of the Elk River
side channel?

3. Whatis the influence of the GHO discharges from the west-side tributaries on water quality
in the Elk River and Elk River side channel?

a. What is the water quality in the west-side tributaries, and how is it changing
over time?

b. What is the water quality at monitoring stations in the Elk River side channel, is it
changing over time, and how does it compare to water quality in the main stem
Elk River?

c. What is the water quality at monitoring stations in the Elk River downstream versus
upstream of the west-side tributaries, and is it changing over time?

4. What is the interaction between surface water and groundwater in the Elk River
side channel?

5. What are the benthic invertebrate community structures and tissue chemistry in the Elk
River side channel and the main stem EIlk River upstream and downstream of the side
channel, and are they changing over time?

This report describes the approach, methods, and results used to address the study questions
associated with the 2020 data collection.

1.4 Summary of the GHO LAEMPs from 2017 to 2019

A side channel of the Elk River and its adjacent floodplain complex were identified as the local
study area because they receive flows, either via surface water or groundwater, from the
mine-influenced west-side tributaries (e.g., Thompson Creek, Wolfram Creek, Leask Creek, and
likely also Mickelson Creek; Figure 1.2). The study also addressed the west-side tributaries and

(’_\_
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the main stem Elk River upstream and downstream of the side channel. Located between the
Elk River and the west side of the Greenhills Ridge, the Elk River side channel branches off from
the Elk River just south of Leask Creek, flows south, and converges back with the Elk River
roughly 1.2 km downstream from Thompson Creek. The Elk River side channel was observed to
undergo seasonal flooding and braiding, with variable flow throughout the year. In addition to
mine-related influences, the area has also been subject to logging and is used as rangeland
for cattle.

The GHO LAEMP results from 2017 to 2019 indicated that the west-side tributaries had no effect
on biota in the main stem EIlk River, and minimal effects on biota within the Elk River side channel
and isolated pools (Minnow and Lotic 2018b, 2019, 2020). The area most likely to experience
mine-related effects was Reach 2 (the side channel area at the confluence with Thompson
Creek), based on its lentic nature during part of the year®. Data collected to date indicate this
area is perennially-wetted, and, relative to other reaches within the side channel, has elevated
concentrations of one or more mine-related constituents in water, sediment, and benthic
invertebrate tissue (Minnow and Lotic 2018b, 2019, 2020).

Based on the GHO LAEMP results from 2017 to 2019, recommendations were made and
accepted to modify the study design for 2020. Based on the updated study design, work was
discontinued for study question #1 (What is the relationship between flows in the main stem Elk
River and flows in the Elk River side channel?) and study question #3d (What is the water quality
in isolated pools in the Elk River side channel that provide potential aquatic habitat for aquatic
and/or aquatic-dependent vertebrates?). Study question #6 (Is the mine-related influence on
Reach 2 having an effect on aquatic dependent biota?) was removed to reduce redundancy in
reporting, while for the 2020 GHO LAEMP the data that previously fell under study question #6 is
reported under study questions #2, #3, #4 and #5. Study question #2 (What is the seasonal
habitat availability for aquatic dependent biota in the Elk River side channel?) was reworded.
The new study question #2 (What is the seasonal habitat availability for amphibians in Reach 2
of the Elk River side channel?) narrowed the focus to habitat availability for amphibians
in Reach 2.

5 Reach 2 displays characteristics of both lotic and lentic systems, depending on the season. Lotic ecosystems are
flowing freshwater systems with unidirectional water movement along a slope in response to gravity. In contrast, lentic
ecosystems are differentiated by still water. In 2018 to 2020, Reach 2 was documented as swiftly flowing from freshet
until early summer (i.e., lotic), had moderate channelization with slow flow from late summer until fall, and, once the
area became isolated in late fall through winter, water pooled at the mouth of Thompson Creek (i.e., lentic).

/—\_
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1.5 Linkages to the Adaptive Management Plan for Teck Coal in the Elk Valley

As required in Permit 107517 Section 10, Teck has developed an Adaptive Management Plan
(AMP). The purpose of the AMP is to support implementation of the Elk Valley Water Quality Plan
(EVWQP) to achieve water quality and calcite targets, to be protective of human health and the
environment, and where necessary, restorative, and to facilitate continuous improvement of water
quality in the Elk Valley (Teck 2018). Following an adaptive management framework, the AMP
identifies six Management Questions that will be re-evaluated at regular intervals as part of AMP
updates throughout EVWQP implementation. Data from the RAEMP (Minnow 2020) and the
various LAEMPs (including the present monitoring program) will feed into the adaptive
management process to address these Management Questions that collectively address the
environmental management objectives of the AMP (Teck 2018) and the EVWQP (Teck 2014).

Monitoring data from the LAEMP has contributed to the broader data set assessed every three
years within the RAEMP, in addition to having addressed questions specific to the GHO LAEMP
on an annual basis. The RAEMP is designed to evaluate multiple management related questions,
such as Management Question #5 (i.e., “Does monitoring indicate that mine-related changes in
aquatic ecosystem conditions are consistent with expectations?”) and Management Question #2,
(i.e., “Will aquatic ecosystem health be protected by meeting the long-term site
performance objectives?). Additionally, for each Management Question a “Key Uncertainty”
framework has been also developed to identify data gaps and direct future work (as described in
annual AMP Reports). Information acquired from the GHO LAEMP will be used in conjunction
with studies in the Elk Valley area (including other LAEMPs) to reduce these uncertainties and
provide additional context to the ecological conditions of the Elk Valley area as a whole.

The evaluation of biological triggers for potential monitoring and/or management actions is
incorporated as part of Management Question #5 of the AMP (Teck 2018). Generally, triggers
are intended as a simple way to flag potential unexpected monitoring results that may require
management action. In the 2020 GHO LAEMP (herein), percent EPT (Ephemeroptera [mayflies],
Plecoptera [stoneflies], and Trichoptera [caddisflies]) and selenium concentrations in
composite-taxa benthic invertebrate tissue were assessed against their respective
biological triggers (additional information and methods pertaining to this analysis can be found

in Appendix I).

The second annual AMP report was submitted on July 31, 2020, and included data from 2019
(Teck 2020b). That report indicated that biological monitoring results collected downstream of
sedimentation/buffer ponds were not as expected for Thompson Creek, which is monitored under
the GHO LAEMP and the RAEMP. Specifically, concentrations of selenium in benthic
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invertebrate tissue were higher than expected (given the measured water quality concentrations)
at Thompson Creek. In response to this, AMP response actions in 2019 focused on initiating
further investigations, which are outlined in detail in the 2019 Annual AMP report (Teck 2020b).
The investigations of cause have tested or will test the current hypothesis that suggests the
elevated selenium in benthic invertebrate tissue may be caused by increased aqueous
concentrations of reduced selenium species, which are more bioavailable than selenate
(Teck 2020b). The reduced species of selenium may be produced in the upstream
sedimentation ponds (water management structures), where the where conditions may be
conducive to the reduction of selenate (least bioavailable) to selenite (more bioavailable)
or to organoselenide (most bioavailable). Furthermore, the increased hydraulic residency of
these sedimentation ponds creates lentic-like conditions, potentially leading to greater selenium
accumulation in organic detritus and organic-rich sediments (Young et al. 2010).
Several investigations have been conducted, including an interlaboratory tissue analysis
validation study and updates to the selenium bioaccumulation model and tool. Under the GHO
LAEMP, supplementary selenium speciation water quality sampling was conducted in
September 2020 at the GHO LAEMP areas concurrent with benthic invertebrate tissue chemistry
sampling, which is investigated herein (see Sections 2.3 and 6.3). In addition, a selenium
speciation monitoring program is currently being designed to investigate selenium speciation in
sedimentation ponds throughout the region. Concurrent with these investigations of cause, Teck
is advancing several possible adjustments, which may include habitat management and/or pond
management modifications (Teck 2020b). Teck plans to implement fish-relocation projects within
the Thompson sedimentation pond systems to reduce the potential risk to fish (Teck 2020b).

The implementation of adaptive management actions is not constrained to the AMP or LAEMP
annual reporting cycles, but may be (and has been) initiated at any time during the course of each
annual LAEMP cycle (results are reported on May 31 of each year for the preceding
calendar year) depending on the answers to site-specific LAEMP questions and on available data.
Monitoring plans and schedules will continue to adapt to findings in the field and
operational needs. For more information on the adaptive management framework, the
Management Questions, the Key Uncertainties, the Response Framework, Continuous
Improvement, linkages between the AMP and other EVWQP programs, and AMP reporting, refer
to the AMP (Teck 2018) and the 2019 Annual AMP report (Teck 2020b).
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2 METHODS

2.1 Overview

Monitoring of the upper Elk River, the Elk River side channel, and west-side tributaries is currently
conducted at various frequencies and timing under several programs (Tables 2.1 to 2.3),
including the GHO LAEMP, regional and site-specific groundwater monitoring programs, and
the RAEMP. Amphibian surveys were conducted in May, June, and July 2020 by Vast
Resource Solutions (Vast 2020; Sections 2.2 and 3). Routine water quality and flow data are also
monitored weekly/monthly® by Teck in the west-side tributaries, Elk River side channel, and
Elk River (water quality only) as required under Permit 107517 and Permit 6428 (Sections 2.3,
2.4, 4, and 5). Under the annual Site-Specific GHO Groundwater Monitoring Program (SSGMP)
and the Regional Groundwater Monitoring Program (RGMP), groundwater quality and
interactions with surface water continue to be monitored (Section 5). Under the RAEMP and the
GHO LAEMP, in September 2020, benthic invertebrate community composition (Sections 2.5
and 6), benthic invertebrate tissue chemistry (Sections 2.6 and 6), and supporting data
were collected (Sections 2.7 and 6.4). All relevant monitoring data collected in 2020 are
compiled herein (Tables 2.1 to 2.3), and compared to previous data where appropriate, to address
the study questions (Section 1.3).

2.2  Amphibians (Question #2)
2.2.1 Overview

In 2020, habitat characteristics and observations of amphibians in Reach 2 were documented
to address study question #2 (What is the seasonal habitat availability for amphibians in Reach
2 of the EIk River side channel?). Work was completed in 2020 by Vast Resource
Solutions (Vast 2020, Appendix C) and results from previous GHO LAEMP reporting
(Minnow and Lotic 2018b, 2019, 2020) were also incorporated to address study question #2.

2.2.2 Habitat Assessment

Spring and summer were selected to perform visual surveys in 2020 to provide
additional information about presence of each amphibian life stage. Habitat parameters
observed at target locations throughout the breeding period were recorded on field tablets
(Apple™ iPad mini 4; Vast 2020; Appendix C). Two trained personnel surveyed each area
by completing a walking assessment and documented specific habitat characteristics and
habitat features, including

6 Sampling is done on a monthly basis (August to March) and/or weekly/monthly basis (March 15 to July 15), as required
by Permit 107517 and Permit 6428.

(’_\_
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Table 2.1: Summary of Amphibian Surveys and Surface Water Quality, Groundwater Quality, Benthic Invertebrate, and Sediment Quality Sampling Conducted for the 2020 GHO LAEMP

Question #2 Quest!on #3, also Question #4 Question #5
g |w Biological M for Biological supporting #4 and #5
el § Area Code v A:)r cl:o:glca Amphibians Surface Water ° Hydrology | Groundwater ¢ Benthic Invertebrates Substrate
N Stream Name Water Station or ENVEMS Area Description D83 1t Status o552 > o
2| E Code Staff Gauge | Number P (NAD83, 11U) > 2 S 2 < 2 22 o 55 © EET® 2
8| e Locati 2 o 8slsg o 53 520w = % @585
£ & ocation g £ - 5 8% £ E2 2ESX S g EvEa
w| o Code a 9 S3ES g £ET 28 EFS SE TEeE
. . ST o= o S naoo 2
Easting | Northing o -l = o ouw (TN}
® . Core RAEMP o o 3 3 3 3
% M Elk River GH_ER2 RG_ELUGH 200389 [u/s Branch Cr. and GHO 646739 | 5557609 Reference - monthly®, concurrently - - Annually Annually Annually Annually
ko monthly/
g M Elk River - ERUS - Elk River u/s side channel 648114 | 5552674 | GHO LAEMP - - iy - - - - -
continuous
Elk River Side Elk River side channel u/s of GHO LAEMP / _ o o monthly/ d 3 3 3 )
S Channel GH_ERSC4 GH_ERSC4 E305878 Wolfram Creek 648111 | 5552522 RAEMP e GerEuE continuous B Annually Annually Annually
Elk River Side Elk River side channel d/s of GHO LAEMP / o o monthly/ d 3 3 3
S Channel GH_ER1A GH_ER1A E305876 Wolfram Creek, u/s of wetland 648379 | 5551653 RAEMP ) monthly”, concurrently continuous B Annually Annually Annually )
Elk River Side Elk River side channel d/s of o d 3 3 3
S Channel RG_ERSCS RG_ERSCS ) Wolfram Creek, u/s of wetland 648275 | 5550608 |REHIGEEEtY ) concurrently ) . Annually Annually Annually )
T M'é':;'jkm GH_MC1 GH_MC1 0200388 |Mickelson Creek at LRP Road 648209 5553862 | GHO LAEMP - monthly® - L - - - -
T tf:::: GH_LC1 GH_LC1 E257796 |Leask Creek Sed. Pond Decant 648153 = 5552859 | GHO LAEMP - monthly® - L - - - -
T | Wolfram Creek GH_wWC1 GH_WC1 E257795 |Wolfram Creek Sed. Pond Decant | 648222 | 5552086 | GHO LAEMP - monthly® - £ - - - -
3 Thompson 1(2018) 1(2018) 1(2018)
S| T Crer()ek GH_TC2 THCK E207436 [Lower Thompson Creek 648596 | 5550237 RAEMP - monthly®, concurrently® - £ 3 (2019, 2020) | 3 (2019, 2020)|3 (2019, 2020) -
% Annually Annually Annually
é Elk River Side Inlet of Reach 2 in the Elk River
S | Le Channel RG_GH-SCW1 | RG_GH-SCW1 - side channel upstream of 648317 | 5550334 | GHO LAEMP - monthly’ - & - - - -
Reach 2 Thompson Creek
Elk River Side Outlet of Reach 2 in the Elk River
) ) ) . GHO LAEMP /| May, June, o ) d ) 3 3 5
Le Channel RG_GH-SCW3 [ RG_GH-SCW3 side channel downstream of 648332 | 5550166 RAEMP July 2020 monthly’, concurrently - Annually Annually Annually
Reach 2 Thompson Creek
Elk River Side Elk River side channel d/s of i o o monthly/ g 3 3 3 i
S Channel GH_ERSC2 GH_ERSC2 E305877 Thompson Creek 648341 | 5549812 | GHO LAEMP monthly®, concurrently TS = Annually®” Annually®" Annually?
Elk River Side Elk River side channel d/s of GHO LAEMP / R ¢ 3 3 3
S Channel ) RG_SCDTC ) Thompson Creek 648226 | 5549603 RAEMP ) concurrently ) : Annually" Annually® Annually )
s | ElkRiver Side - RG_ERSCDS - Elk River u/s side channel 648771 5549103 | GHO LAEMP - - eI d ; - ; ;
Channel continuous
M| ElkRiver GH_ERC RG_EL20 | E300090 |d/s Thompson Cr. and GHO 649146 = 5548514 | COTe RAEMP - m°”th'ylweek'f ' ey d 9 2 9 2
(Compliance) Mine-exposed concurrently continuous Annually Annually Annually Annually
Sampling conducted for, and reported under, the GHO LAEMP.
Sampling conducted for, and reported under, the RAEMP. Data also reported and interpreted under the GHO LAEMP.
Sampling conducted for, and reported under, the GHO Site-Specific Groundwater Monitoring Program. See Table 2.3 for groundwater monitoring wells.
Note: "-" indicates no work conducted, as per approved study design.

& M-main stem (lotic); S-side channel (lotic); Le - side channel (semi-lentic); T-tributary (lotic).
P See Table 2.2 for additional surface water stations for the west-side tributaries.
¢ See Table 2.3 for ground water quality stations from the GHO Site-Specific Groundwater Monitoring Program that were assessed for the 2020 GHO LAEMF
4 The GHO Site-Specific Groundwater Monitoring Program will be updated to address GHO LAEMP data needs

¢ Concurrently - water chemistry sampling will be conducted concurrent with biological sampling. Weekly/monthly - water chemistry sampling and flow monitoring are conducted weekly or monthly through Permit 107517 and Permit 642

fCollected monthly concurrent with monthly hydrology surveys
9 Was not wetted during September 2018 and therefore could not be sampled. In September 2019, this station was depositional and therefore could be sampled for benthic invertebrate tissue chemistry, but not benthic invertebrate communit
"In September 2020, this station was depositional and therefore could be sampled for benthic invertebrate tissue chemistry, but not benthic invertebrate community
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Table 2.2: West-side Tributary Water Quality Monitoring Stations in the GHO LAEMP, 2020

UTMm
Exposure Tributary Water Station ENV EMS o (NAD83, 11U)
Area Description
Type Name Code Number
Easting  Northing
Reference Branch F Creek GH_BR _F E287437 ([Branch F at LRP Road 647423 5557155
GH_WOLF 2 Wolf Creek 647490 5556959
Wolf Creek
GH_WOLF_SP1 E305855 |Wolf Creek Sediment Pond Decant 647392 5556916
GH_WILLOW 2 Willow Creek at LRP Road 647654 5556061
Willow Creek GH_WILLOW_S b 2 Willow South Creek at LRP Road 647663 5556006
GH_WILLOW_SP1 | E305854 |Willow Sediment Pond Decant 647604 5556029
Wade Creek GH_WADE E287433 |Wade Creek at LRP Road 647723 5555707
Cougar Creek GH_COUGAR E287432 [Cougar Creek at LRP Road 647765 5555457
. No Name Creek GH_NNC E305875 [No Name Creek 648055 5554967
Mine-exposed
Branch D GH BR D 2 Branch D Creek 648062 5554869
Mickelson Creek GH_MC1 0200388 [Mickelson Creek at LRP Road 648209 5553862
GH_LC2 -2 Leask Creek upstream of Sediment Pond 648297 5553064
Leask Creek
GH_LC1 E257796 |Leask Creek Sediment Pond Decant 648153 5552859
GH_WC2 2 Wolfram Creek upstream of Sediment Pond 648347 5552251
Wolfram Creek
GH_WC1 E257795 |Wolfram Creek Sediment Pond Decant 648222 5552086
GH_TC2 E207436 [Thompson Creek Sediment Pond Decant 648596 5550237
Thompson Creek

GH_TC1 E102714 |Thompson Creek at LRP Road 648550 5550221

Note: The west-side tributaries are listed from upstream to downstream. The side channel branches off from the main stem Elk River downstream of Leask
Creek and upstream of Wolfram Creek (delineated in this table by the double line; see Figure 2.1).

@ No ENV EMS number.
b Sampling has not occurred at GH_WILLOW_S since 2017. All flow reports to station GH_WILLOW then through ponds to station GH_WILLOW_SP1.
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Table 2.3: Groundwater Monitoring Stations in the 2020 GHO LAEMP

Nearest Groundwater UTMm
Ex_?os:re Surface Monitoring Station |Area Description (NAD83, 11U)
yp Water Code
Easting Northing
Leask Creek GH_MW_LC3A/B/C |South of Leask Pond 648182 | 5552734
Wolfram Creek RG_MW_LCWC1 East of Wolfram Pond, north of Wolfram Creek 648362 | 5552403
Side Channel GH_MW_WC1-A/B/C [Side channel west of Wolfram Pond 647987 | 5552217
, Wolfram Creek GH_GA-MW-2 East of Wolfram Pond 648283 | 5552107
Mine-exposed
or Wolfram Creek RG_MW_WC2A/B  |West of Wolfram Pond 648195 = 5552081
potentially ) Thompson Creek GH_GA-MW-3 North of Thompson Creek 648580 5550305
mine-expose
P Side Channel RG_MW_ER3A/B [Side channel near confluence with Thompson Creek 648290 | 5550075
Side Channel RG_MW_ERG6A/B [Side channel south of confluence with Thompson Creek 648589 | 5549350
Side Channel RG_MW_ER4A/B  |Side channel south of confluence with Thompson Creek 648304 | 5549323
Side Channel RG_MW_ER5A/B  [Side channel near southern confluence with Elk River 648690 | 5549134

Note: The groundwater stations are listed from north to south.
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substrate, shoreline vegetation, aquatic macrophytes (submergent and emergent), and other
aquatic species present (Appendix Table C.1; Vast 2020). Surrounding land use, anthropogenic
influence, and connectivity between other aquatic and terrestrial habitats were also recorded
(Appendix Table C.1; Vast 2020). In situ water quality was measured using a YSI Professional
Plus™ water quality meter during each assessment, including water temperature,
dissolved oxygen (DO), specific conductivity, conductivity, and pH (Appendix Tables C.2
and C.3; Vast 2020). The probes were calibrated weekly for conductivity, daily for pH, and before
each site visit for DO (Vast 2020; Appendix C).

2.2.3 Amphibian Surveys

In 2020, surveys were conducted on May 13, June 23, and July 24 to determine presence or
absence of endemic amphibian species at their various life stages, targeting egg masses
(early-late May), larval stage (mid-late June), and metamorph/sub-adult/adult stages
(mid-late July; Vast 2020; Appendix C). Two experienced surveyors assessed the entire
perimeter of the target area using the Double Independent Observer Method (Vast 2020;
Appendix C). This method puts each observer on opposite sides of the waterbody, where they
walk on the edge of the water around half of the area perimeter and meet in the middle (Vast 2020;
Appendix C). Egg masses and larval stage amphibians were visually surveyed when walking
through the riparian area, taking care to search through aquatic vegetation with little disturbance.
Adults were scared to land by walking, as well as carefully searched for throughout vegetation
(Vast 2020; Appendix C). Adults were identified and enumerated visually, by auditory
observations, or by capture using a D-net (Vast 2020; Appendix C; Photos C.1 to C.11).
Polarized sunglasses were used to enhance visibility through the water column. Data, including
photos, incidental species or life stage detection, and general notes, were recorded using
field tablets (Apple™ iPad mini 4; Vast 2020; Appendix C).

2.3  Water Quality (Questions #3 and #4)
2.3.1 Overview

In this 2020 GHO LAEMP report, water quality data were used to address two study questions
(Section 1.3):

e Whatis the influence of GHO discharges from the west-side tributaries on water quality in
the Elk River and Elk River side channel? (study question #3 and its sub-questions); and

e What is the interaction between surface water and groundwater in the Elk River
side channel? (study question #4).
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Data from Teck’s surface water quality monitoring under Permit 107517 and Permit 6428 as well
as supplementary sampling conducted concurrent with GHO LAEMP field sampling
were evaluated (Tables 2.1 to 2.3).

2.3.2 Sample and Data Collection

Water quality samples were collected weekly/monthly” by Teck as part of the permitted water
quality sampling program. Water quality data were downloaded from Teck’s EQuIS™ database
for the water quality stations located in the west-side tributaries, the upper Elk River, and the Elk
River side channel (Figure 2.1). Additional water quality samples were collected specifically for
the GHO LAEMP. Between January 2020 and December 2020, grab samples were collected
monthly at the inlet (RG-GHSCW1) and outlet (RG_GHSCW3) of Reach 2 to support the
assessment of water quality in the side channel (study question #2.b). Water quality samples
were also collected concurrent with benthic invertebrate community and tissue chemistry samples
in September 2020 (Section 2.6 and 2.7).

Water samples were collected into clean, pre-labelled containers provided by the
analytical laboratory. Samples were preserved immediately as required, and once re-capped,
bottles were inverted two or three times to mix the preservative with the water sample.
Water samples were kept cold and shipped to the analytical laboratory. Concurrent with water
quality sampling, in situ measurements of temperature, DO, pH, and specific conductance were
collected using a multi-probe water quality meter.

As open-pit mining progresses at GHO, water collects in the pits due to surface water runoff and
groundwater infiltration as operations extend below the groundwater table. To dewater the GHO
pits, water has been pumped and discharged into Mickelson, Leask, and Wolfram creeks.
Pit pumping discharge data were reviewed with the GHO water management team.
Mickelson Creek received pit pumping discharge in 2015 only, Leask Creek received discharge
from 2016 to present, and Wolfram Creek received discharge from 2011 to present. The other
west-side tributaries (including Thompson Creek) have not received pit pumping discharge
(Teck 2020a). Prior to 2018, typical discharge rates were 3,000 to 5,000 m3/day during most of
the year and up to 15,000 m?%/day in peak freshet. Detailed documentation of discharge began in
2018 and will be ongoing (Appendix Table D.1; Minnow and Lotic 2020). These pit pumping
discharge data were assessed to determine how water management may have influenced
water quality.

7 Sampling is conducted on a monthly basis (August to March) and/or weekly/monthly basis (March 15 to July 15), as
required by Permit 107517 and Permit 6428.

(’_\_
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2.3.3 Laboratory Analysis

Water samples were analyzed by ALS Environmental (Calgary, Alberta) for parameters consistent
with Permit 107517 (i.e., conventional parameters, major ions, nutrients, and total and dissolved
metals, Table 2.4) using standard methods (Table 2.5). Water samples collected concurrent with
biological monitoring were also analyzed by Brooks Applied Labs (Bothell, Washington)
for selenium concentrations (i.e., total and dissolved selenium concentrations, and selenium
speciation results including concentrations of selenate, selenite, dimethylselenoxide,
methylseleninic acid, selenocyanate, selenomethionine, methaneselenonic acid, selenosulphate,
and unknown selenium species).

Quality assurance and quality control (QA/QC) associated with routine water quality monitoring
were discussed in the annual water quality report for Permit 107517 (Teck 2021). Quality control
results are discussed in greater detail in the Data Quality Review (DQR) in Appendix B for water
samples collected concurrent with biological samples (see Appendix H for applicable
laboratory reports).

2.3.4 Screening and Plotting of Water Quality Constituents

Water quality assessment focused on constituents that were identified as mine-related in the
Adaptive Management Plan and had early warning triggers (EWTs) defined (Azimuth 2018;
i.e., dissolved cadmium, nitrate, total selenium, sulphate, total antimony, total barium, total boron,
dissolved cobalt, total lithium, total manganese, total molybdenum, total nickel, nitrite, total
dissolved solids [TDS], total uranium, and total zinc). For this 2020 GHO LAEMP report, dissolved
nickel, phosphorus, orthophosphate, and total suspended solids (TSS) were also assessed based
on EMC input. Dissolved nickel, which is more bioavailable than total nickel, was presented in
the report to determine whether dissolved nickel is above interim screening values.
Phosphorus and orthophosphate were presented because environmental assessments
completed as part of the Cougar Pit extension predicted elevated concentrations of phosphorus
in Wolf, Willow, and Wolfram creeks. Total suspended solids was added to assess the potential
effects of total suspended solids on fish habitat and use.

These constituents were compared to British Columbia Water Guidelines (BCWQG)
and/or EVWQP benchmarks, as well as interim screening values for nickel, as applicable, for the
2020 calendar year (Appendix Table D.2). Within the GHO LAEMP, the most conservative
(i.e., lowest) EVWQP Level 1 and Level 2 benchmarks were used for screening. The Level 1
benchmark for cadmium is hardness-based and is based on reproductive toxicity to the water flea
Daphnia magna (HDR 2014). For nitrate, the Level 1 and Level 2 benchmarks are based on
reproductive toxicity to the water flea Ceriodaphnia dubia (Golder 2014a). For total selenium, the

(’_\_
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Table 2.4: Water Sample Analyses

Category Parameters (as per Permit 107517, Appendix 3, Table 24)

Field Parameters temperature, specific conductance, dissolved oxygen (DO), pH

specific conductance, total dissolved solids (TDS), total suspended solids
Conventional Parameters (TSS), hardness, alkalinity, dissolved organic carbon (DOC), total organic
carbon (TOC), turbidity

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

Maijor lons sulphate

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

Nutrients total phosphorus

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

Total and Dissolved Metals
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Table 2.5: Analytical Methods for Water Samples

Analyte Units Method Reference
Turbidity NTU |Nephelometric APHA 2130 Turbidity
Hardness (as CaCO3) 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
Ammonia (as N) mg/L Fluorescence J. ENVIRON. MONIT., 2005, 7, 37-42, RSC
Bromide (Br) mg/L  |lon Chromatography APHA 4110 B
Chloride (Cl) mg/L  |lon Chromatography APHA 4110 B
Fluoride (F) mg/L  |lon Chromatography APHA 4110 B
Total Kjeldahl Nitrogen mg/L |Fluorescence APHA 4500-NORG D.
Nitrate (as N) mg/L  |lon Chromatography EPA 300.0
Nitrite (as N) mg/L  |lon Chromatography EPA 300.0
Phosphorus (P)-Total mg/L | Colourimetrically APHA 4500-P Phosphorous

. . APHA 4500-P Phosphorous
Orthophosphate mg/L  Colourimetrically (Filter through 0.45 um filter)
Sulphate (SO,) mg/L  lon Chromatography APHA 4110 B
Dissolved Organic ma/l Combustion APHA 5310 TOTAL ORGANIC CARBON
Carbon 9 (Filter through 0.45 um membrane filter)
Total Organic Carbon mg/L | Combustion APHA 5310 TOC

CRC ICPMS (collision cell - »py1a 3030 B&E / EPA SW-846 6020A
inductively coupled plasma -

Total & Dissolved mall mass spectrometry) EPA 3005A/60108

Metals

ICPOES (inductively coupled
plasma - optical emission
spectrophotometry)

Dissolved metals filtered through a 0.45 um
filter
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Level 1 and Level 2 benchmarks are based on reproductive toxicity to sensitive fish species
(Golder 2014b). The Level 1 and Level 2 benchmarks for sulphate are hardness-based, and are
based on toxicity to rainbow trout early life-stage survival and development (Golder 2014a).
Per an EMC request in July 2019, concentrations of TSS were assessed using the Newcombe
and Jensen 1996 model to determine the potential for effects on fish habitat availability and use
in the Elk River side channel (Appendix Table D.3). The model uses a severity scale produced
from a dose-response relationship based on TSS concentrations and exposure time.
Concentrations of TSS were compared to the model Scale of the Severity (SEV) 7, which is the
level where moderate habitat degradation and impaired homing are predicted (Appendix Table
D.3; Newcombe and Jensen 1996). The TSS concentration for each SEV level (including SEV 7)
was calculated using the model assuming one week of exposure to juvenile and adult salmonids,
with TSS particle sizes 0.5 to 250 ym (i.e., Group 1 from Newcombe and Jensen 1996).
Expose duration was selected to be conservative, based on water sampling
weekly/monthly frequency (Section 2.3.2). Salmonids fish species type (as opposed to
non-salmonids species type) was selected due to the presence of salmonids in the side channel
(Minnow and Lotic 2020). It is assumed that all life stages could be present in the side channel,
and both fry and adults have been observed in the side channel (Minnow and Lotic 2020).
Particle size selection was conservative by assuming presence of both fine and coarse
sediments, which, respectively can impact fish via passing through gill membranes into
interlamellar spaces of gill tissues and via mechanical abrasion of gills. The following model
was used:

z=a+ b(log, x) + c(log. y)

Where z is the severity of ill effect, x is duration of exposure (hours), and y is concentration of
suspended sediment (mg SS/L). In this model, the intercept (a) and slope coefficients (b and c)
were determined by the model group, which was for Group 1 for this project, where a = 1.0642,
b =0.6068, and ¢ = 0.7384 (Newcombe and Jensen 1996).

Plots of constituent concentrations from 2012 to 2020 (for the west-side tributaries and the main
stem EIk River stations) or from 2014 to 2020 (for the Elk River side channel stations)
were prepared individually for each monitoring station relative to BCWQG, EVWQP benchmarks,
and/or interim screening values (where applicable), and also as combined plots to allow for visual
comparison among stations. Plots were qualitatively assessed for seasonal and
temporal patterns. Water quality data were assessed for:

o the west-side tributaries (study question #3a);

o the Elk River side channel stations (GH_ERSC4, GH_ER1A, GH_ERSC2) and Reach 2
(RG_GH-SW1, RG_GH-SCW3) (study question #3b); and
. —
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e the main stem Elk River downstream (GH_ERC) and upstream (GH_ER2) of the
west-side tributaries (study question #3c).

2.3.5 Statistical Analyses
2.3.5.1 Monthly Means

Statistical analyses of water quality constituents were conducted using monthly means.
Monthly mean concentrations were calculated using the Kaplan-Meier (K-M) method.
The method involves transforming the left censored (i.e., < value) dataset to a right censored
(i.e., > value) dataset, and then using the K-M estimator (used to estimate the mean survival time
in survival analysis) to calculate the mean. The calculation was conducted using the survfit()
function in the survival package (Therneau 2017) in R (R Core Team 2020) and involves
calculating the area under the K-M survival curve. The K-M method is non-parametric and can
accommodate multiple laboratory reporting limits (LRLs). The method of calculating the mean is
equivalent to using the distribution of detectable values below the LRL to represent values that
are < LRL. For example, the mean of the data set {1, 2, <4, 5} is estimated as the mean of 1, 2,
["2x1 + 2x2], and 5 which is 2.375. The value <4 is replaced by the distribution of values below 4
(i.e., 1 and 2 with equal weight of 7%). Similarly, the mean of the data set {1, 1.6, 2, 2.1, <4, 5}
is estimated as the mean of 1, 1.6, 2, 2.1, [Vax1 + Vax1.6 + Vax2 + ¥4x2.1], and 5 which is 2.229.
Again, the value <4 is replaced by the distribution of values below 4 (i.e., 1, 1.6, 2, and 2.1 with
equal weight of 74). If there is only one LRL and no detected values below the LRL, then the K-M
estimate of the mean is equivalent to replacing the value below the LRL with the LRL (i.e., the
best estimate for the values < LRL is the LRL).

2.3.5.2 Temporal Trends

Temporal changes in monthly mean water concentrations were evaluated for each station
(reference and mine-exposed) from 2012 to 2020 (west-side tributaries and the main stem Elk
River stations) or from 2015 to 2020 (Elk River side channel stations). Data analysis included
only years with at least six months of data and included only stations with at least three years
of data. Due to the presence of LRLs for most parameters, a censored regression Analysis of
Variance (ANOVA) model with factors Year and Month and assuming a log-normal distribution of
the response variable was fit with maximum likelihood estimation for each station.
The significance of each term in the model was assessed using likelihood-ratio tests to determine
if there was a significant change in log-likelihood with the addition of the term in the model.
This tested for an overall difference among years and including the Month term in the model
controlled for seasonal effects within a year. If the year term was significant (a = 0.05),
post-hoc contrasts were conducted to test for all pairwise differences among years with an

(’_\_
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a = 0.05 in a Tukey’s Honestly Significant Difference test (HSD) which corrects for the number
of comparisons.

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

Year; — Base Year

x 1009
Base Year %

and the significant difference between 2020 and all other years and between 2020 and 2019
was assessed. All statistics were conducted in R (R Core Team 2020).

2.3.5.3 Main Stem Elk River versus the Side Channel (Question #3b)

Statistical comparisons of water quality between the lotic side channel stations (GH_ERSC2,
GH_ER1A, GH_ERSC4) and the Elk River upstream (GH_ERZ2) and downstream (GH_ERC)
stations were conducted to assess differences among vyears (from 2016 to 2020)
and among stations.  Statistical analysis of water quality data focussed on monthly mean
concentrations of constituents with EWTs and total suspended solids. The statistical comparisons
were conducted on the mathematical differences (side channel — downstream, and
side channel —upstream) in logiy monthly mean concentrations to remove the influence
of season. The differences in logiy monthly mean concentrations between areas were tested
using a two-way ANOVA with factors Year, Area (the three side channel stations), and the
Area x Year interaction.

The side channel versus upstream and side channel versus downstream comparisons were
conducted by testing whether differences in logio monthly mean concentrations between stations
were different from zero using a one-sample t-test by testing the hypothesis (Ho1):

H012 Ud =0

where ud represented the difference in monthly means between side channel stations and
upstream or downstream stations. The tests for Ho1 were conducted by: (1) pooling five years of
data and stations when the Area x Year interaction and Area factors were not significant
(P-value > 0.05); (2) pooling five years of data, but separately by side channel station when the
Area x Year interaction was not significant, but Area was significant; or (3) separately by station
and year when the Area x Year interaction term was significant.

When the differences in monthly mean concentrations between the side channel and upstream
or downstream stations were significant, the MOD was calculated as:

(MCTgc — MCTys)
MOD = x 1009
0 MCT,, 00%
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or

MCTsc — MCT,
vop — MCTsc = MCTog)
MCTpg

X 100%

where MCTsc, MCTus, and MCTps were the geometric mean measure of central tendency (MCT)
for the side channel, downstream, and upstream stations, respectfully.

2.3.5.4 Main Stem Elk River Downstream versus Upstream of the West-Side Tributaries
(Question #3c)

Concentrations at the Elk River downstream station (GH_ERC) were compared to upstream
(GH_ER2) using the difference in logio monthly mean concentrations between stations.
Potential changes over time at the downstream station compared to upstream were tested using
an ANOVA on the differences in logio monthly mean concentrations between stations, with Year
as a co-variate. When the Year term was not significant, the difference between the upstream
and downstream stations was tested using a using a one sample t-test (see section 2.4.5.3).
When Year was significant, it suggested that the difference between the upstream and
downstream stations varied by year, and a t-test was run separately for each year. When the
difference in monthly mean concentrations between the upstream and downstream stations was
significant overall, or for an individual year, the MOD was calculated as:

(MCTps — MCTys)
MOD = x 1009
MCTy; %

where MCTps, and MCTys were the geometric means for the downstream and upstream
stations, respectively.

24 Surface Water and Groundwater Interaction (Question #4)

SNC-Lavalin (2021) completed a report describing the updated understanding of
groundwater-surface water interaction along the EIk River side channel to support
study question #4 (What is the interaction between surface water and groundwater in the EIk
River side channel?).

To assess this, available groundwater data and surface water data were compiled.
Groundwater data were collected in 2020 as part of other on-going programs such as the GHO
Site-Specific Groundwater Monitoring Program (SSGMP), the Regional Groundwater
Monitoring Program (RGMP), the Cougar Pit Phase 5 and 7-2 Project (CPP), and the Mass
Balance Investigation (MBI). Instantaneous flow and water quality data were collected by Teck
as part of on-going surface water monitoring programs at GHO (Section 2.3.2). Specifically, for
the GHO LAEMP, surface water level data were collected by water level and temperature loggers

(’_\_
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(Onset Hobo U 20 Level loggers) that were installed at RG_ERUS, GH_ERSC4, GH_ER1A,
RG_ERSCDS and (Figure 2.2). Water level and temperature data were used to confirm
dry periods. A barometric logger was at GH_ER1A was used to correct submerged water level
loggers for changes in atmospheric pressure. Data were downloaded routinely from the loggers
to avoid data loss. A detailed description of data collected in support of study question #4 is
provided in Appendix E.

The assessment included:

e spatial and temporal comparison of groundwater elevations in monitoring wells to surface
water levels in the adjacent side channel and tributaries (including sedimentation ponds)
and the Elk River; and,

e spatial and temporal comparison of groundwater chemistry (including mine-related
constituents and major ions) from monitoring wells to surface water chemistry data from
tributaries, the Elk River side channel, and the main stem Elk River.

2.5 Benthic Invertebrate Community (Question #5)
251 Overview

Benthic invertebrate community structure data were assessed to address study question #5
(What are the benthic invertebrate community structures and tissue chemistry in the Elk River
side channel and the main stem Elk River upstream and downstream of the side channel, and are
they changing over time?).

2.5.2 Sample Collection

Benthic invertebrate community samples were collected from three areas in the side channel
connected to the Elk River (GH_ERSC4, GH_ER1A, and RG_ERSC58; Figure 2.2).
Samples were also collected from two stations in the main stem Elk River: downstream of the
west-side tributaries (GH_ERC) and upstream of mine influence (GH_ERZ2; Figure 2.2). Based on
power analysis in the RAEMP study design (Minnow 2018), it was determined that five samples
would be collected at core RAEMP monitoring areas (i.e., Compliance and Order
stations; GH_ERC) and three samples would be collected at core RAEMP reference areas

8 The study design proposed benthic invertebrate tissue chemistry sampling areas at GH_ERSC4, GH_ER1A,
RG_ERSCS5, and GH_ERSC2; however, GH_ERSC2 was dry at the time of sampling in 2018 and depositional (all
fines) in 2019 and 2020, and therefore a new station downstream of the confluence with Thompson Creek
(RG_SCDTC) was sampled in 2018 and 2019. In 2020, water levels at station RG_SCDTC were too low to conduct
benthic invertebrate community sampling.

/—\_
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(i.e., GH_ER2). At some GHO LAEMP stations in 2017 and/or 2018, a single sample was
collected based on the RAEMP study design. To provide greater power to detect changes over
time, additional replicates (three samples rather than one) were added to support the GHO
LAEMP at side channel stations GH_ERSC4, GH_ER1A, and RG_ERSCS5 in 2018, 2019, and
2020, as well as in 2019 at side channel station RG_SCDTC, and in 2019 and 2020 at tributary
station RG_THCK. Samples were collected using the Canadian Aquatic Biomonitoring Network
(CABIN) protocol for the kick and sweep method (Environment Canada 2012a, 2014). The field
technician conducted a 3-minute travelling kick into a kick net with a triangular aperture measuring
36 cm per side and mesh having 400 um openings. During sampling, the technician moved
across the stream channel (from bank to bank, depending on stream depth and width) in an
upstream direction. With the kick net held immediately downstream of the technician’s feet, the
detritus and invertebrates disturbed from the substrate were passively collected in the kick-net by
the stream current. After three minutes of sampling time, the sampler returned to the stream bank
with the sample.

Organisms collected into the kick net were carefully rinsed into a labelled wide-mouth plastic jar.
Internal labels were used to confirm the correct identity of each sample. Samples were preserved
to a level of 10% buffered formalin in ambient water within approximately six hours of collection
to ensure that organisms were not lost through predation or decomposition.

Supporting information was collected concurrent with, and at the same locations as, benthic
invertebrate  community samples, including habitat characteristics (Section 2.7.1),
calcite coverage (Section 2.7.2), water quality samples (Section 2.3.2), and sediment
quality samples (Section 2.7.3).

2.5.3 Laboratory Analysis

Benthic invertebrate community samples were sent to Cordillera Consulting (lead taxonomist
Scott Finlayson), in Summerland BC, for sorting and taxonomic identification to the lowest
practical level (LPL; typically genus or species). At the beginning of the sorting process, the total
number of preserved organisms in each sample was estimated. If the total number was estimated
to be greater than 300, then the sample was sub-sampled for sorting and enumeration.
A minimum of 5% of each sample was sorted, consistent with requirements specified by
Environment Canada (2012b, 2014). Sorting efficiency and sub-sampling accuracy and precision
were quantified using methods outlined by Environment Canada (2012b, 2014). Total organism
abundance was reported for each sample (see Appendix F for laboratory reports). Based on the
results provided for QA/QC samples, the benthic invertebrate community data collected for the
GHO LAEMP were judged to be of acceptable quality (Appendix B).
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2.5.4 Data Analysis

For benthic invertebrate community samples, total abundance, LPL richness, % EPT,
% Ephemeroptera, % Plecoptera, % Trichoptera, and relative abundance of major taxonomic
groups were determined and compared within and among areas. Community endpoints were
also compared to normal ranges® defined in the RAEMP based on samples collected from
regional reference areas from 2012 to 2019 (Minnow 2020b; Appendix Table F.1), as well as to
the upstream main stem Elk River reference station (GH_ER?2). Site-specific normal ranges were
calculated as prediction intervals from the final habitat model for main stem Elk River stations
(GH_ER2, GH_ERC) and Thompson Creek (RG_THCK; Appendix Table F.2).
Ninety-fifth percentile prediction intervals were calculated from linear mixed-effects models
using simulations (n =100,000) to generate residual variation in random-effects terms.
For Ephemeroptera and EPT abundance endpoints, the prediction intervals from the %
Ephemeroptera and % EPT models were multiplied by the prediction intervals from the
abundance model to generate the taxa-specific endpoint abundance predictions.
Prediction intervals were calculated using the predictinterval() function in the merTools R package
(Knowles and Frederick, 2019). To evaluate changes over time, benthic invertebrate community
endpoints from 2012 to 2020 were visually compared, where data were available.

The % EPT endpoint was also assessed against biological triggers as part of Teck's AMP
(Teck 2018) for GHO LAEMP monitoring areas with available water quality projections
(i.e., mine-exposed areas RG_THCK and GH_ERC; see Appendix | for details).

2.6 Benthic Invertebrate Tissue Chemistry (Question #5)
2.6.1 Overview

In 2020, benthic invertebrate tissue chemistry data were assessed to address study question #5
(What are the benthic invertebrate community structures and tissue chemistry in the Elk River
side channel and the main stem EIk River upstream and downstream of the side channel, and are
they changing over time?).

2.6.2 Sample Collection

Benthic invertebrate tissue samples were collected in September 2020 from four riffle areas in
the side channel (GH_ERSC4, GH_ER1A, RG_ERSC5, and RG_SCDTC), from two depositional

areas in the side channel (i.e., substrate was predominantly fines-sized particles rather than a
habitat of riffle and cobble; GH_ERSC2 and Reach 2 at RG_GH-SCWa3), and from the main stem

9 The reference area normal range was defined as the 2.5" to 97.5™ percentiles of the distribution of reference area
data (pooled 2012 to 2019 data) reported in the RAEMP (Minnow 2020).
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Elk River stations (GH_ERC and GH_ERZ2; Figure 2.2). Samples were taxa-composites
(representative of the benthic invertebrate taxa present in each sampling area) collected in
triplicate at each area using the kick and sweep method. The taxa present in the samples
were documented. Benthic invertebrates were picked free of debris in the field, placed into a
sterile labelled cryovial, and stored in a cooler with ice packs until transfer to a freezer later in
the day.

Data collected previously has suggested that Annelids exhibit higher concentrations of selenium
compared to other benthic organisms, even at reference areas (Minnow 2016; Minnow and
Lotic 2020; Luoma 2021). Therefore, the benthic invertebrate tissue chemistry sampling protocol
for Annelids in 2020 was to either a) collect them into the composite sample at a proportion that
was representative of the community, or b) if there was one or two Annelids that would have made
up a much greater proportion of the tissue sample by biomass than what was representative of
the community present, then the annelids were to be excluded from the composite taxa sample
and instead be collected for a separate tissue sample. In 2020, Annelids were not observed in
the field when picking organisms for the composite benthic invertebrate tissue chemistry samples,
so this protocol was not applied.

Supporting information was collected concurrent with, and at the same locations as, benthic
invertebrate tissue samples, including habitat characteristics (Section 2.7.1), calcite coverage
(Section 2.7.2), water quality samples (Section 2.3.2), and sediment quality samples
(Section 2.7.3).

2.6.3 Laboratory Analysis

Benthic invertebrate tissue samples were kept in a freezer until they were shipped in coolers to
the TrichAnalytics Inc. (Trich) laboratory in Saanichton, British Columbia. At the laboratory, the
samples were freeze-dried, homogenized, and then analyzed for metals using Laser Ablation
Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS). Results were reported on a
dry weight (dw) basis, along with moisture content (based on the difference between wet and
freeze-dried sample weights).

The QA/QC procedures for benthic invertebrate tissue samples included the assessment of
laboratory duplicates, and quality control reference materials and standards. Based on the results
provided for QA/QC samples, the benthic invertebrate tissue data collected for the GHO LAEMP
were judged to be of acceptable quality (Appendix G).
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2.6.4 Data Analysis

Benthic invertebrate tissue selenium concentrations were compared to EVWQP Level 1, Level 2,
and Level 3 benchmarks as well as normal ranges'® defined in the RAEMP (Minnow 2020b;
Appendix Table G.1). Tissue selenium concentrations were also plotted and spatially compared
within and among areas and were compared to predictions made by the selenium
bioaccumulation model (Golder 2018, 2020) and the selenium speciation bioaccumulation tool
(b-tool; de Bruyn and Luoma 2021).

The endpoint of selenium concentrations in benthic invertebrate tissue was also assessed against
biological triggers that were established as part of Teck’'s AMP (Teck 2018) for GHO LAEMP
monitoring areas with available water quality projections (i.e., mine-exposed areas RG_THCK
and GH_ERC,; see Appendix | for details).

2.7 Supporting Information
2.7.1 Habitat

Habitat characteristics were documented (notes and photo-documentation), and included channel
depth and velocity (measured using a Hach FH950 flow meter, 15 cm above the substrate),
substrate characteristics (i.e., 100 pebble count, consistent with CABIN protocol),
surrounding land use, anthropogenic activity, bank stability, bankfull width, and wetted width.

2.7.2 Calcite

Calcite coverage was assessed as part of the pebble counts at the two main stem stations
(GH_ER2 and GH_ERC), the four side channel stations (GH_ERSC4, GH_ER1A, RG_ERSCS5,
and RG_SCDTC), and Thompson Creek (RG_THCK) in September 2020. Pebble counts were
not conducted at the side channel stations GH_ERSC2 and RG_GH-SCWS3, as the substrates at
these areas were predominantly fines and sand, with no calcification or concretion.
Field measurements were consistent with calcite monitoring conducted for the RAEMP
(Minnow 2020b) and followed a modified 100-particle pebble count method developed for Teck’s
Calcite Monitoring Program (Robinson and Atherton 2016, Teck 2016). For this modified
approach, calcite was measured only in riffle habitats on undisturbed substrate in the immediate
vicinity of where benthic invertebrate community samples were collected (e.g., no more than
roughly 10 m distance). One hundred streambed particles were randomly selected over the study
area and were measured for calcite presence/absence and concretion. The presence (score = 1)
or absence (score = 0) of calcite was recorded for each of the 100 particles. The degree of

0 The reference area normal range for composite benthic invertebrate tissue samples is defined as the 2.5" to 97.5™
percentiles of the distribution of reference area data (pooled 1996 to 2019 data) reported in the RAEMP (Minnow 2020).
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concretion was also assessed by determining if the particle was removed with
negligible resistance (not concreted; score = 0), noticeable resistance but removable
(partially concreted; score = 1), or immovable (fully concreted; score = 2). 100-particles were
measured for each Calcite Index (Cl) determination. Consistent with the RAEMP, CI was
determined for each benthic invertebrate community sampling location, and therefore was
collected in triplicate for most GHO LAEMP stations, except GH_ERC, where five Cl counts
were conducted.

The results for the 100 particles surveyed for calcite were expressed as a Cl based on the
following equation:

Cl=Cp+Cc
Where:

CIl = Calcite Index

Number of particles with calcite

C, = Calcite Presence Score =
p Number of particles counted

Sum of particle concretion scores

C. = Calcite Concretion Score =
¢ Number of particles counted

2.7.3 Sediment Quality
2.7.3.1 Sample Collection

Sediment quality samples were collected concurrent with benthic invertebrate samples at the two
main stem Elk River areas (GH_ER2 and GH_ERC) and at Reach 2 (RG_GH-SCWS3),
the depositional area of the side channel at the confluence with Thompson Creek (Figure 2.1).
Five samples were collected at each of the mine-exposed areas (RG_GH-SCW3 and GH_ERC),
while three samples were collected at the GH_ER2 reference area. Sediment samples were
collected using a stainless-steel spoon and were transferred into glass jars for analysis of
polycyclic aromatic hydrocarbons (PAHs), and into polyethylene bags for all other analyses
(see Section 2.7.3.2). Samplers took care to only remove the top 1 to 2 cm of sediment and
continued to collect sediment until sufficient sample volume was retrieved. For QA/QC
purposes, duplicate (split) samples were collected at a frequency of approximately 10% of the
total number of samples to assess field precision (i.e., two sets of field duplicate samples).
Following collection, samples were placed in a refrigerator at approximately 4°C until submission
to the analytical laboratory.

2.7.3.2 Laboratory Analysis

Sediment samples for chemical analysis were sent to ALS Environmental (Calgary, Alberta).
The laboratory was instructed to thoroughly homogenize each sediment sample (according to

/—\_
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standard laboratory protocols) to ensure that aliquots taken for analysis were representative
and comparable. Sediment samples were analyzed for metals, mercury, total organic carbon
(TOC), PAHSs, particle size distribution, and moisture content using standard methods (Table 2.6).
In addition to collection of field duplicate samples, QA/QC included assessment of laboratory
duplicates, spike recoveries, and certified reference materials (Appendices B and H). Based on
the QA/QC results provided, the sediment data were judged to be of acceptable quality
(Appendices B and H).

2.7.3.3 Data Analysis

Sediment quality data were evaluated relative to BC working sediment quality guidelines (SQG)
and, where applicable, the reference area normal range (i.e., the 2.5 to 97.5™ percentiles of 2013
and 2019 reference area data reported in the LAEMP for lentic stations; Minnow 2020b).
Two levels of guideline are typically defined: a lower SQG and an upper SQG. The lower SQG
represents concentrations below which adverse biological effects would not be expected to occur.
In contrast, the upper SQGs (i.e., probable effect level [PEL] or severe effect level [SEL])
represent concentrations above which effects may be frequently observed. The SQGs are not
based on cause-effect studies, but rather on levels of toxic substances found in the sediment
where biological effects have been measured (ENV 2021), such that the exceedance of individual
SQGs cannot be interpreted as strong evidence for biological response.

Sediment normal ranges were calculated using 76 data points collected from nine reference areas
over four years (2017 to 2020; Appendix Table H.8). Because values reported for a few
parameters were <LRL, normal range percentiles were calculated using Kaplan-Meier (K-M)
percentiles, based on the methods described by Helsel (2012), as described in Section 2.3.5.1.
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Table 2.6: Analytical Methods for Sediment Samples

Analyte Units Method Reference
Collision Reaction Cell Inductively
Metals mg/kg |[Coupled Plasma Mass Spectrometry EPA 200.2/6020A (mod)
(CRC ICP-MS)
Mercury mg/kg |Cold Vapor-Atomic Absorption (CVAAS) |EPA 200.2/1631E (mod)
Total Oraanic TOC is calculated by the difference
9 % between total carbon and total inorganic [CSSS (2008) 21.2
Carbon (TOC) carbon
. . Rotary extraction using hexane/acetone
Polycyclic Aromatic .
Hydrocarbons mg/kg [followed by capillary column gas EPA 3570/8270
(PAHs) % chromatography with mass
spectrometric detection (GC/MS)
. . Dry sieving (coarse particles), wet
Particle Size % |sieving (sand), and the pipette SSIR-51 METHOD 3.2.1
Distribution

sedimentation method (fine particles)

Moisture Content

%

Determined gravimetrically by drying the
sample at 105 °C

CCME for PHC in Soil - Tier 1

(mod)
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3 RESULTS: STUDY QUESTION #2

Habitat characterization and amphibian presence data were evaluated to address
study question #2 (What is the seasonal habitat availability for amphibians in Reach 2 of the Elk
River side channel?). These data provide information about seasonal habitat availability for
amphibians in the side channel, which gives context for understanding potential
exposure pathways. Habitat surveys and aquatic-dependent biota surveys were conducted
monthly from May 2017 to July 2020 (Minnow and Lotic 2018a, 2020), as well as additional
amphibian-targeted surveys conducted in May, June, and July 2020 (Appendix C; Vast 2020).

Habitat characterization of Reach 2 was consistent from 2017 to 2020, with the availability and
attributes of wetted habitat varying greatly throughout each year (Minnow and Lotic 2020;
Appendix Photos C.1 to C.11). Reach 2 remained wetted throughout four years of the study.
From freshet to fall (three to four months of each study year), Reach 2 received flow from both
the EIk River (via the upper side channel) and Thompson Creek. Flows were relatively swift
during this time and therefore the Reach 2 habitat was not suitable for amphibian breeding and
use by early life stages, although breeding habitat may be present elsewhere in the area.
From fall to early spring, Reach 2 remained wetted due to surface flows from Thompson Creek,
but during this time the upper side channel disconnected from the main stem Elk River and
was dry. Sparse emergent macrophytes were present in May 2020 when the channel overflowed
its banks and braided through the side channel complex, however vegetation was absent during
subsequent visits when stream wetted width was narrower (Appendix Table C.1; Appendix
Photos C.6 to C.10). As in previous years, fish were observed in the side channel
(Appendix Table C.1; Minnow and Lotic 2020); due to the risk of predation on amphibian eggs
and larvae, the presence of fish can be a major deterrent for breeding habitat and may further
explain the absence of evidence of amphibian breeding (Monello and Wright 1999; Vast 2020).
Both the inlet and outlet of Reach 2 remined well oxygenated (i.e., DO > 5 mg/L), pH remained
within the BCWQG acceptable range (6.5 < pH < 9.0), and temperature remained below the
BCWQG maximum (19 °C; Appendix Tables C.2 and C.3). Ultimately, there are no barriers to
the use of Reach 2 by amphibians, and therefore, despite habitat being unsuitable for amphibian
breeding, it is expected that the area is used by a variety of amphibians.

During surveys conducted from 2017 to 2020, three amphibians species (adult and subadult
Columbia spotted frog, adult western toads, and subadult/larval long-toed salamanders)
were observed in Reach 2 from June to September (Figure 3.1; Appendix Table C.4).
Western toads were the most common amphibian species, with adults observed on ten occasions
during the four years of the GHO LAEMP study (Appendix Table C.4). Most amphibians observed
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were adults, except for one subadult Columbia spotted frog and all the long-toed salamanders
(Appendix Table C.4)

The surveys from 2017 to 2020 confirmed the seasonal availability of amphibian habitat in
Reach 2 and confirmed the use of Reach 2 by three species of amphibians of larval to adult life
stages, which answered study question #2 (What is the seasonal habitat availability for
amphibians in Reach 2 of the Elk River side channel?).

May 2021 | 37



minnow environmental inc. Teck
Project 207202.0022 2020 GHO LAEMP Report

4 RESULTS: STUDY QUESTION #3

4.1 Overview

Data evaluated in this section are related to study question #3:

What is the influence of the GHO discharges from the west-side tributaries on water quality in the
Elk River and Elk River side channel?

a. Whatis the water quality in the west-side tributaries, and how is it changing over time?

b.  What is the water quality at monitoring stations in the Elk River side channel, is it
changing over time, and how does it compare to water quality in the main stem
Elk River?

C. What is the water quality at monitoring stations in the Elk River downstream versus
upstream of the west-side tributaries, and is it changing over time?

Evaluation of water quality included assessment of constituents with EWTs
(i.e., dissolved cadmium, nitrate, total selenium, sulphate, total antimony, total barium, total
boron, dissolved cobalt, total lithium, total manganese, total molybdenum, total nickel, nitrite, TDS,
total uranium, and total zinc), as well as dissolved nickel, phosphorus, orthophosphate, and TSS.

4.2 West-side Tributaries

When flowing, BranchF, Wolf, Willow, Wade, Cougar, and No Name creeks
(northern west-side tributaries) enter the Elk River upstream from the Elk River side channel
(Figure 4.1, Table 2.2). The downstream ends of Mickelson and Leask creeks are sedimentation
ponds, which have overflow channels that may connect to the Elk River when water levels
are high (Figure 4.1) and may also influence water quality in the main stem Elk River and/or side
channel via groundwater flow paths. Wolfram Creek (downstream of the sedimentation pond)
connected to the side channel via surface flows during May 2018, June to July 2019, and June to
July 2020 only (Minnow and Lotic 2019, 2020), and likely also influenced water quality through
groundwater flow paths (SNC-Lavalin 2020, 2021). Mickelson Creek received pit pumping
discharge in 2015 only, Leask Creek received discharge from 2016 to present, and Wolfram
Creek received discharge from 2011 to present (Minnow and Lotic 2020, Appendix Table D.1).
Consistently throughout all study years, Thompson Creek flowed into Reach 2 of the Elk River
side channel, which is downstream of side channel station GH_ER1A and upstream
of GH_ERSC2 (Figure 4.1, Table 2.2). Pit pumping discharge may have impacted water quality
in Mickelson, Leask, and Wolfram creeks.
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Water quality data collected in 2020 from the west-side tributaries were compared to applicable
BCWQG, EVWQP benchmarks, and/or interim screening values (Appendix Table D.2;
Appendix Figures D.1 to D.19 and D.39 to D.57). In more northern west-side tributaries
(Branch F, Wolf, Willow, Wade, Cougar, No Name, Branch D, and Mickelson creeks),
concentrations were typically below applicable BCWQG and EVWQP benchmarks for
most constituents (Appendix Table D.5). Water quality in the three southern-most west-side
tributaries, Leask (GH_LC1, GH_LC2), Wolfram (GH_WC1, GH_WC2), and Thompson
(GH_TC1, GH_TC2) creeks, indicated mine influence based on concentrations of nitrate,
sulphate, TDS, total nickel, total selenium, and/or total uranium, which were frequently
(greater than 50% of samples) above BCWQG, applicable EVWQP benchmarks, and/or interim
screening values (Appendix Table D.5; Appendix Figures D.1 to D.19). In 2020, total nickel
concentrations were above the Level 3 interim screening value and total uranium concentrations
were above the BCWQG in Leask and Wolfram creeks, but not Thompson Creek
(Appendix Table D.5, Appendix Figures D.16 and D.18). Nitrate concentrations were also
frequently or always above the BCWQG and equivalent EVWQP Level 1 benchmark, sulphate
and TDS were frequently or always above the Level 1 EVWQP benchmarks, and total selenium
concentrations were frequently above the Level 2 EVWQP benchmark in Leask, Wolfram, and
Thompson creeks in 2020 (Appendix Table D.5, Appendix Figures D.1, D.5, D.6, and D.17).
Ammonia concentrations were occasionally above BCWQG in Thompson Creek (19% of
samples; Appendix Table D.5). Selenium speciation data for Thompson Creek indicated
detectable concentrations of organoselenium species that could affect localized patterns
of bioaccumulation (Appendix Table D.4; Section 6.3).

In Mickelson Creek, the influence of pit pumping was evident in 2015 and 2016, when the
concentrations of nitrate, sulphate, TDS, total selenium, and total uranium were significantly
higher than other years, including 2020 (Appendix Table D.6, Appendix Figures D.1, D.6, D.6,
D.17, and D.18). In Leask Creek, concentrations of total selenium were higher in 2018, 2019,
and 2020 compared to previous years, whereas nitrate concentrations were higher in 2018
compared to other years (Appendix Table D.6, Appendix Figures D.1 and D.17). Also in Leask
Creek, sulphate, TDS, total nickel, and total uranium concentrations increased from 2012 to 2015,
and then remained elevated into 2020 (Appendix Table D.6, Appendix Figures D.5, D.6, D.16,
and D.18). In Wolfram Creek, nitrate and total selenium concentrations were significantly higher
in 2017, 2018, 2019, and 2020 compared to previous years (Appendix Table D.6, Appendix
Figures D.1 and D.17). Concentrations of sulphate, TDS, and uranium were elevated in Wolfram
Creek in 2015, 2016, and 2017 compared to previous years, and were further elevated in 2018 to
2020 compared to previous years (Appendix Table D.6, Appendix Figures D.5, D.6, and D.18).
Total nickel concentrations were relatively stable from 2012 to 2017, and then increased in 2018
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and remained elevated (Appendix Table D.6, Appendix Figure D.16). In Thompson Creek,
sulphate increased in 2018, 2019, and 2020 compared to previous years, whereas total nickel
increased in 2013 and 2014 compared to 2012, then decreased from 2014 to 2016 and decreased
further from 2017 to 2020 (Appendix Table D.6, Appendix Figures D.5 and D.16). In the west-side
tributaries overall, total selenium, sulphate, and TDS appear to be increasing in Leask and
Wolfram creeks, while total nickel is also increasing in Leask Creek (Appendix Table D.6).
In Thompson Creek, sulphate has increased in recent years, whereas total nickel has decreased.

4.3 Side Channel Monitoring Stations

In 2020, water quality constituents at the side channel monitoring stations
(i.e., GH_ERSC4, GH_ER1A, GH_ERSC2, and the Reach 2 stations RG_GH-SCW1 and
RG_GH-SCWS3; Figure 4.1) were typically lower than BCWQG, EVWQP benchmarks, and/or
interim screening values, except for total selenium at GH_ERSC2, and for nitrate, sulphate, and
total selenium, at the outlet of Reach 2 (RG_GH-SCW3; Appendix Table D.7, Appendix
Figures D.20 to D.57). Concentrations of nitrate, sulphate, TDS, dissolved cadmium, total lithium,
and total selenium generally increased from GH_ERSC4 to GH_ER1A to RG_GH-SCW3
(i.e., from upstream to downstream), likely associated with the influence of Wolfram and
Thompson creeks (Appendix Table D.7, Appendix Figures D.20 to D.38). Further downstream,
concentrations of mine-related constituents at GH_ERSC2 were typically higher than at
GH_ER1A, but lower than RG_GH-SCW3. Total nickel concentrations were higher in Reach 2 in
2019 and 2020 compared to 2018, but otherwise there were no apparent temporal trends in water
quality at these stations (Appendix TableD.8, Appendix Figures D.20 to D.38).
Selenium speciation data for the Elk River side channel stations indicated detectable
concentrations of organoselenium species in stations downstream of Thompson Creek
(RG_GH-SCW3, GH_ERSC2, RG_SCDTC) that could affect localized patterns
of bioaccumulation (Appendix Table D.4; Section 6.3).

Input from the EMC indicated a desire to understand how land-use activities are influencing
habitat availability, specifically how TSS concentrations in the Elk River side channel influence
fish habitat and use. The EMC discussion also indicated that the high turbidity events were likely
a result of logging operations that occurred in the winter 2017/2018 and spring 2018, as
documented by the study team. Concentrations of TSS were compared to the Newcombe and
Jensen 1996 model SEV 7, which is the level where moderate habitat degradation and impaired
homing are predicted (Appendix Table D.3). Concentrations of TSS in the side channel were
typically below SEV 7, except during spring (Appendix Figure D.26), suggesting that fish use may
be affected at that time. Concentrations of TSS also peaked above SEV 7 during freshet at the
upstream main stem Elk River reference station (GH_ER2; Appendix Figure D.58),
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suggesting that these increases are in part natural. Concentrations of TSS in the side channel
were higher than at the reference station (MOD of 56%; Appendix Table D.9) but were not different
from concentrations in the downstream main stem Elk River station (GH_ERC; Appendix
Table D.10). Elevated concentrations of TSS in the side channel and downstream Elk River
relative to reference were likely due to runoff travelling through cutblocks in the riparian areas.
Cutblocks in the riparian areas have resulted in reduced vegetative buffer (see satellite imagery
around the side channel in Figure 4.1; Minnow and Lotic 2020), likely causing reduced bank
stability and soil retention, as well as increased amounts of soil carried into the streams by runoff,
which would result in increased TSS.

Water quality at the side channel stations was compared to the main stem stations upstream
(GH_ER2) and downstream (GH_ERC) of the side channel, using data from 2016 to 2020
(Appendix Tables D.9 and D.10, Appendix Figures D.39 to D.57). Constituent concentrations
were typically higher in the side channel compared to the upstream main stem reference station
(GH_ER?2), with nitrate, sulphate, total lithium, and total selenium having the greatest magnitude
of difference (Appendix Table D.9). At the most upstream side channel station
(GH_ERSC4, which is upstream of the influence of Wolfram and Thompson creeks),
nitrate, sulphate, dissolved cadmium, total barium, total lithium, and total selenium were
significantly lower than concentrations at the downstream main stem station (GH_ERC,;
Appendix Table D.10). Water quality at station GH_ER1A was not significantly different from
GH_ERC for most constituents, except for higher concentrations of nitrite, total molybdenum, and
total uranium (Appendix Table D.10). At the most downstream side channel station
(GH_ERSC?2), nitrate, nitrite, sulphate, TDS, dissolved cadmium, total lithium, total manganese,
total molybdenum, total nickel, total selenium, and total uranium were significantly greater
than GH_ERC (Appendix Table D.10). This is likely a result of GH_ERSC2 being more directly
influenced by surface water flows from Thompson Creek, as well as possibly through groundwater
flow paths (Section 5; SNC-Lavalin 2021).

4.4 Main Stem Elk River Downstream versus Upstream of the West-Side Tributaries

Data from 2012 to 2020 for the monitoring stations in the main stem Elk River downstream of the
west side tributaries (GH_ERC) was compared to the Elk River station upstream of mine influence
(GH_ER?2) to assess the overall influence of GHO on water quality in the upper Elk River
(Figure 4.1, Appendix Figure D.58). In 2020, constituent concentrations were typically below
applicable BCWQG, EVWQP benchmarks, and/or interim screening values except for ammonia,
total chromium, total iron, and total selenium (Appendix Table D.11, Appendix Figure D.58).
Total chromium, and total iron concentrations were greater than BCWQG at both the downstream
and upstream stations, and ammonia concentrations were greater than BCWQG at the upstream
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station only, suggesting these parameters are naturally elevated (Appendix Table D.11,
Appendix Figure D.58). In 2020, total selenium concentrations at the downstream station
(GH_ERC) exceeded the BCWQG in 43% of samples, but all were below the
EVWQP Benchmarks (Appendix Table D.11). Both selenate (oxidized selenium species)
and selenite (reduced selenium species) were present at the downstream station, and
organoselenium species methylseleninic acid and dimethylselenoxide were not detected
(Appendix Table D.4; Section 6.3). Conversely, aqueous selenium at the Elk River
reference station (GH_ER2) was entirely in the oxidized form (selenate), with no
detectable organoselenium (Appendix Table D.4; Section 6.3). This suggested that selenite in
the downstream Elk River (GH_ERC) may be from Thompson Creek inputs (Section 4.3), but that
the most bioavailable forms are consumed within Thompson Creek and the side channel, which
are upstream from the Elk River. However, selenite is more bioavailable than selenate, and
therefore could affect localized patterns of bioaccumulation at station GH_ERC. Total selenium
concentrations were higher in 2018, 2019, and 2020 compared to previous years at the
downstream main stem station (GH_ERC), whereas at the main stem reference station (GH_ER?2)
total selenium increased in 2016 compared to previous years, and then remained elevated
into 2020 (Appendix Table D.12, Appendix Figure D.58). Similarly, nitrate concentrations were
higher in 2019 and 2020 compared to previous years at GH_ERC, whereas at the reference
station nitrate concentrations increased in 2014 compared to previous years and then remained
elevated into 2020 (Appendix Table D.12, Appendix Figure D.58).

Concentrations of nitrate, sulphate, TDS, TSS, total barium, total lithium, total molybdenum, total
nickel, total selenium, and total uranium at the downstream station (GH_ERC) were significantly
greater than at the reference station (GH_ERZ2; Appendix Table D.13), due to the influence of
GHO via the west-side tributaries. The greatest difference between the mine-exposed
(downstream) and reference (upstream) main stem Elk River stations was for nitrate
(i.e., MOD 566%; Appendix Table D.13). Concentrations of total manganese were lower at the
downstream station compared to reference (Appendix Table D.13).

4.5 Summary

Water quality in the more northern west-side tributaries (i.e., Branch F, Wolf Creek, Willow Creek,
Wade Creek, Cougar Creek, No Name Creek, and Mickelson Creek) was typically below
BCWQG, EVWQP benchmarks, and/or interim screening values. Water quality in Leask,
Wolfram, and Thompson creeks showed evidence of mine influence based on concentrations of
total nickel, nitrate, total selenium, sulphate, TDS, and total uranium, which were frequently above
applicable BCWQG, EVWQP benchmarks, and/or interim screening values. Total selenium,
sulphate, and TDS appear to be increasing in Leask and Wolfram creeks, while total nickel is
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increasing in Leask Creek. In Thompson Creek, sulphate has increased in recent years, whereas
total nickel has decreased.

Water quality at side channel stations GH_ER1A and GH_ERSC2 was influenced by Wolfram
and Thompson creeks, showing occasional concentrations of nitrate, ammonia, total chromium,
and total selenium that were greater than BCWQG and/or applicable EVWQP benchmarks
(Level 2 for total selenium, Level 1 for other constituents). The highest concentrations of
mine-related constituents occurred in Reach 2 at the confluence of Thompson Creek and the Elk
River side channel. At the Reach 2 outlet, total nickel was higher in 2019 and 2020 compared
to 2018. Water quality at side channel station GH_ER1A was comparable to the downstream
main stem Elk River station, whereas at the furthest downstream side channel station
(GH_ERSC?2), concentrations of nitrate, nitrite, sulphate, TDS, dissolved cadmium, total lithium,
total manganese, total molybdenum, total nickel, total selenium, and total uranium were higher
than the downstream main stem Elk River station (due to the influence of Thompson Creek).

Water quality at the main stem EIk River station downstream of the side channel (GH_ERC)
had higher concentrations of nitrate, sulphate, TDS, TSS, total barium, total lithium, total
molybdenum, total nickel, total selenium, and total uranium relative to the main stem upstream
reference station (GH_ERZ2). However, concentrations of constituents in the downstream main
stem EIk River station (GH_ERC) were typically below applicable BCWQG, EVWQP benchmarks,
and/or interim screening values, except for total chromium and total iron (which were also
elevated in the reference station), and total selenium. At the downstream main stem station
(GH_ERC), total selenium concentrations were higher in 2018 to 2020 compared to previous
years, and nitrate concentrations were higher in 2019 and 2020 as compared to previous years.
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5 RESULTS: STUDY QUESTION #4

Data evaluated in this section address study question #4 (What is the interaction between surface
water and groundwater in the Elk River side channel?). A hydrogeological review and analysis of
available groundwater and surface water data for the west side of GHO was conducted for data
collected in 2020 (SNC-Lavalin 2021). Detailed interpretation and conclusions are provided in a
report in Appendix E (SNC-Lavalin 2021), and a summary is provided herein. This summary was
authored by Emma Canham, M.Sc., and reviewed by Stefan Humphries, M.Sc., P.Geo., who
takes professional responsibility for the report.

Like in 2018 and 2019, hydrographs, vertical gradients, and water quality data from 2020
continued to support the conceptual model that the side channel predominantly infiltrated to
ground and recharges groundwater. Seasonal flow in the side channel infiltrated to ground across
most of the channel, with receding flows leading to the development of isolated pools in fall, winter,
and early spring (SNC-Lavalin 2020; Minnow and Lotic 2020). Four isolated pools were identified
as likely being groundwater-fed; however, these pools did not appear to produce sustained flows
in the side channel (SNC-Lavalin 2020; Minnow and Lotic 2020). A review of seeps from the
Regional Seep Monitoring Program indicated no relevant seeps in the GHO LAEMP study area
(SNC-Lavalin 2021, SRK 2021).

Like previous vyears, in 2020 concentrations of surface water order constituents
(i.e., nitrate, sulphate, and dissolved selenium) generally increased along the side channel flow
path, likely due to loading of surface water order constituents from mine-influenced tributaries on
the west side of GHO (Section 4.2). In the side channel upstream of the confluence with
Wolfram Creek (GH_ERSC4), surface water quality was generally similar to the upstream
Elk River (GH_ERZ2) and groundwater did not appear to influence water quality or quantity, except
for the water quality of one sample which indicated the influence of Leask Creek. Downstream of
the confluence with Wolfram Creek but upstream of Reach 2, water quality in the side channel
varied seasonally, with highest concentrations of order constituents at station GH_ER1A
occurring from April to June. Higher concentrations likely occurred due to increased flows from
snow melt in spring that infiltrated to a shallow groundwater flow path, as well as due to the surface
flow connection from Wolfram Pond to the side channel during June and July 2020. At Reach 2
of the side channel, Thompson Creek appeared to be the main influence on water quality,
particularly in late fall through early spring when Thompson Creek was the only surface water
source and the upstream Elk River side channel was not wetted. In Reach 2, groundwater did
not appear to be influencing water quality or quantity. In the side channel downstream of Reach 2,
an area between Reach 2 and downstream station GH_ERSC2 appeared to receive groundwater
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flow in spring and summer, whereas side channel flows infiltrated to ground during the fall.
This area of the side channel was predominantly dry during the winter.

Gaps and uncertainties were previously identified in the 2018 GHO LAEMP Report and have been
partly addressed through work conducted in 2019 and 2020. Some uncertainties remain related
to study question #4 remain. Additional work is planned for 2021 as part of the MBI to address
remaining gaps, including installing new monitoring wells, collecting additional groundwater data,
seep reconnaissance and sampling in the Elk River Side Channel, conducting flow and load
accretion studies, and conducting geophysical surveys to determine depth to bedrock.
See Section 7.2 and Appendix E for detailed recommendations to address these remaining
uncertainties.
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6 RESULTS: STUDY QUESTION #5

6.1 Overview

Data evaluated in this section for Elk River side channel and main stem Elk River stations pertain
to study question #5 (What are the benthic invertebrate community structures and tissue
chemistry in the Elk River side channel and the main stem EIk River upstream and downstream
of the side channel, and are they changing over time?). Thompson Creek was also evaluated,
per EMC discussions.

6.2 Benthic Invertebrate Community Composition

Benthic invertebrate community samples collected in September were compared among and
within stations in the main stem Elk and Elk River side channel (Figure 6.1; Appendix Tables E.1
to E.4 and H.1). Consistent with previous years, community endpoints generally did not differ
greatly between perennially-wetted main stem stations (GH_ER2 and GH_ERC) and side
channel stations (GH_ERSC4, GH_ER1A, and RG_ERSCS5), except for Coleoptera, which were
present in the side channel, but largely absent from the main stem stations (Figure 6.2).
Compared to the main stem and side channel stations, the samples collected from
Thompson Creek (RG_THCK) had greater proportions of Coleoptera and Diptera, and a lower
proportion of Ephemeroptera (Figure 6.2); differences between main stem Elk River samples and
samples from a mine-exposed ftributary are expected due to habitat differences
(e.g., Thompson Creek is narrower, steeper, and calcified). Water quality differences, such as
differences in selenium speciation (Section 4.2) may also play a role.

Site-specific normal ranges were calculated for total abundance, LPL richness, % EPT, and
% Ephemeroptera endpoints for the main stem Elk River areas. These endpoints were within or
above the site-specific normal ranges, except for LPL richness at GH_ERC in one of five samples.
At all main stem Elk River and all Elk River side channel stations, total abundance, LPL richness,
% EPT, % Ephemeroptera, % Plecoptera, and % Trichoptera were within or above the regional
normal range, except for % Trichoptera at GH_ER1A, RG_ERSC5, and GH_ERC in one
sample each (Figures 6.3 to 6.5). The relative proportion of Trichoptera has been similarly low at
the upstream reference aera (GH_ERZ2), with the single 2016 sample also being below the
regional normal range. Therefore, samples with % Trichoptera less than the regional normal
range are likely related to habitat rather than to mine influence (Appendix Figure F.6). At all main
stem Elk River and EIk River side channel stations, % Chironomidae, % Diptera, and
% Oligochaeta were within or below the regional normal range, except for % Oligochaeta at
RG_ERSC5, which was above the regional normal range in one of three samples
(Figures 6.6 and 6.7).
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Figure 6.2: Benthic Invertebrate Community Composition, GHO LAEMP, September 2020
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Figure 6.3: Benthic Invertebrate Community Abundance and LPL Richness, GHO
LAEMP, September 2020

Notes: Site specific normal ranges using regression models shown with grey shading (when available). Regional
normal ranges using percentiles of reference areas from 2012 to 2019 from the Regional Aquatic Environmental
Monitoring Program (RAEMP; Minnow 2020) shown as dashed horizontal lines. LPL = taxa identified to the lowest
practical level.
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Figure 6.4: Benthic Invertebrate Community % EPT and % Ephemeroptera, GHO
LAEMP, September 2020

Notes: Site specific normal ranges using regression models shown with grey shading (when available). Regional
normal ranges using percentiles of reference areas from 2012 to 2019 from the Regional Aquatic Environmental
Monitoring Program (RAEMP; Minnow 2020) shown as dashed horizontal lines. ETP = Ephemeroptera
(mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies).
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Figure 6.6: Benthic Invertebrate % Chironomidae and % Diptera Abundance, GHO
LAEMP, September 2020

Notes: Site specific normal ranges using regression models shown with grey shading (when available). Regional
normal ranges using percentiles of reference areas from 2012 to 2019 from the Regional Aquatic Environmental
Monitoring Program (RAEMP; Minnow 2020) shown as dashed horizontal lines.
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Figure 6.7: Benthic Invertebrate % Oligochaeta Abundance, GHO LAEMP,
September 2020
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Monitoring Program (RAEMP; Minnow 2020) shown as dashed horizontal lineses, with the minimum value = 0%.

May 2021 54



minnow environmental inc. Teck
Project 207202.0022 2020 GHO LAEMP Report

At Thompson Creek (RG_THCK), abundance, LPL richness, % Plecoptera, % Trichoptera, and
% Chironomidae were within the regional normal range, whereas % EPT and % Ephemeroptera
were below the regional normal range in all samples and % Diptera and % Oligochaeta were each
above the regional normal range in one of three samples (Figures 6.3 to 6.7). In addition to
regional normal ranges, site-specific normal ranges were calculated for total abundance,
LPL richness, % EPT, and % Ephemeroptera endpoints for RG_THCK (Figures 6.3 and 6.4).
Abundance, % EPT, and % Ephemeroptera were below the site-specific normal ranges for three
of three samples, and LPL richness was below the site-specific normal range for two of
three samples (Figures 6.3 and 6.4).

There were no apparent temporal patterns in benthic invertebrate community endpoints from 2012
to 2020, except at the downstream main stem station GH_ERC, where there was an apparent
decrease in % Plecoptera from 2015 to 2019, but then an increase in 2020 (Appendix Figures F.1
to F.9). Single samples were collected each year from 2015 to 2017, so the apparent trend may
simply be natural variation (as demonstrated by the within station variability measured in 2018,
2019, and 2020 at reference station GH_ER2). Despite the possible downward trend from 2015
to 2019, % Plecoptera at GH_ERC remained within the regional normal range as well as within
the range observed at the upstream main stem reference station (GH_ER2), except for one of
three samples collected in 2019.

Percent EPT was also assessed against the biological trigger established for this endpoint
(information pertaining to the determination of the biological trigger value can be found
in Appendix I). This was completed for GHO LAEMP monitoring areas with available water quality
predictions (i.e., the two mine-exposed areas RG_THCK and GH_ERC; see Appendix |
for details). Neither mine-exposed area (RG_THCK with three replicates and GH_ERC with five
replicates) had replicates that reached the biological trigger (i.e., % EPT was always above the
biological trigger), and therefore no action is required. Further information regarding the % EPT

biological trigger as it pertains to the GHO LAEMP can be found in Appendix |.

Overall, benthic invertebrate communities in the side channel and at the main stem location
downstream of the side channel are not adversely affected by mine-related discharges.

6.3 Concentrations of Selenium in Benthic Invertebrate Tissue

Selenium concentrations in benthic invertebrate tissue samples collected annually in September
from 2017 to 2020 from the main stem Elk River (upstream reference station GH_ER2 and
mine-exposed station GH_ERC) and from the two most-upstream side channel stations
(GH_ERSC4 and GH_ER1A) were below all EVWQP benchmarks, except for one of three
samples in 2020 at GH_ERC and one of three samples in 2018 at GH_ER1A (Figure 6.8;
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Benchmark. Long hashed line = Level 2 benchmark. Short hashed line = Level 3 benchmark. All samples collected in September.
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Appendix Tables G1 and G.2). In 2020, the highest selenium concentrations were measured in
samples collected from Thompson Creek (RG_THCK; Figure 6.8). Of the three samples collected
from Thompson Creek, one was higher than EVWQP Level 3 benchmarks for benthic
invertebrates and dietary effects to fish and birds; one was higher than EVWQP Level 2
benchmarks for benthic invertebrates and dietary effects to fish and birds; and one was higher
than EVWQP Level 1 benchmarks for benthic invertebrates and dietary effects to fish and birds
(Figure 6.8; Appendix Table G.2). However, average selenium concentrations in samples from
Thompson Creek were lower in 2020 than in 2019, possibly due to the presence of Annelids
in 2019 (see below; Figure 6.8). Downstream of Thompson Creek, selenium concentrations in
benthic invertebrate tissue samples collected in the side channel (areas RG_GH-SCWS3,
GH_ERSC2, and RG_SCDTC) were higher compared to side channel areas upstream of
Thompson Creek (Figure 6.8). In 2020, mine-exposed main stem Elk River area GH_ERC had
concentrations of selenium in benthic invertebrate tissues that were higher than the upstream
reference area (GH_ERZ2) and the regional normal range in four of five samples, and higher than
the EVWQP Level 1 fish benchmark in one of five samples (Figure 6.8).

Selenium concentrations in benthic invertebrate tissue was also assessed against the biological
trigger established for this endpoint (information pertaining to the determination of the biological
trigger value can be found in Appendix I). Similar to the biological trigger evaluation for % EPT,
this was completed for each replicate from GHO LAEMP monitoring areas with available water
quality predictions (i.e., the two mine-exposed areas RG_THCK and GH_ERC; see Appendix |
for details). In Thompson Creek (RG_THCK), all three replicates exceeded the biological trigger,
with concentrations of selenium in tissue ranging from 17 to 59 mg/kg dw. This is consistent with
previous findings that biological monitoring results collected downstream of the Thompson Creek
sedimentation/buffer ponds were not as expected (Teck 2020b). This issue is currently being
tracked through the AMP response framework (Section 1.5; Teck 2020b). In the main stem Elk
River station downstream of GHO (GH_ERC), one of five replicates exceeded the biological
trigger, with concentrations of selenium in tissue of 13 mg/kg dw. Given that only one of the four
replicates marginally exceed the biological trigger (exceeded the upper 95% prediction limit of the
biological trigger by only 10.8%), this result likely does not warrant further investigation for
GH_ERC at this time. If replicates exceed this biological trigger again in 2021, benthic
invertebrate tissue at this area should be considered for tracking under the AMP.
Further information regarding the selenium concentrations in benthic invertebrate tissue biological

trigger as it pertains to the GHO LAEMP are provided in Appendix I.

May 2021 | 57



minnow environmental inc. Teck
Project 207202.0022 2020 GHO LAEMP Report

Concentrations of selenium in benthic invertebrate tissues were variable within stations; however,
they were generally similar between years for most stations, although greater variability was
shown for RG_THCK, RG_GH-SCW3, GH_ERSC2, and GH_ERC (Figure 6.8). There were no
apparent increases or decreases in concentrations from 2017 to 2020, except for higher
concentrations in 2020 compared to previous years at areas GH_ERSC2 and GH_ERC
(Figure 6.8). Aqueous total selenium was higher in 2019 and 2020 at GH_ERC compared to
previous years (Section 4.4), which may have caused the increase in concentrations of selenium
in benthic invertebrate tissue in 2020. This water quality trend was not observed at GH_ERSC2
(Section 4.3).

Higher concentrations of selenium in benthic invertebrate tissue samples likely result from the
presence of aqueous selenium in more bioavailable forms (e.g., organoselenium species
methylseleninic acid [MeSe(IV)] and dimethylselenoxide [DMSeQ] at Thompson Creek and side
channel stations, as well as selenite at Thompson Creek and all stations downstream of
Thompson Creek). Within the GHO LAEMP study areas in 2020, concentrations of
organoselenium species were highest in Thompson Creek (RG_THCK; Figure 6.9,
Appendix Table D.4). Concentrations of organoselenium species decreased downstream in the
side channel (Reach 2, RG_ERSC2, RG_SCDTC)) and further decreased in the downstream
main stem Elk River (area GH_ERC; Figure 6.9). Selenium species selenite, methylseleninic
acid, and dimethylselenoxide were not detectable at the LRL at the Elk River reference area
(GH_ER?2) and upstream side channel areas (GH_ERSC4, GH_ER1A, RG_ERSCS5; Figure 6.9),
indicating Thompson Creek as a source of these selenium species. Aqueous selenium
speciation data collected concurrent with biological monitoring began in 2020, therefore temporal
assessments could not be made. These concentrations of organoselenium species could affect
localized patterns of bioaccumulation within Thompson Creek and downstream (Figure 6.9).

For some samples collected in previous study years, higher concentrations of selenium in benthic
invertebrate tissues may have also been due to the presence of Annelids (segmented worms)
in the sample (i.e., two of three samples from RG_ERSC5 in 2017, all three samples from
RG THCK in 2019, and one out of three samples from RG_GH-SCW3 in 2019;
Minnow and Lotic 2020). In 2020, a study was conducted to investigate selenium
bioaccumulation in Annelids from various locations in the Elk River watershed (Luoma 2021).
This study indicated that Annelids had higher concentrations of selenium compared to other
benthic organisms (i.e., Annelid tissue samples contained two- to nine-times higher
concentrations of selenium than tissue samples from the same area that were benthic invertebrate
community composites; Luoma 2021). When Annelids are collected in samples, they typically
contribute a large amount of biomass relative to the overall number of organisms present in
the sample (i.e., one or two worms often provides sufficient biomass for a tissue sample),
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and therefore could have a substantial influence on concentrations. This may have contributed
to variability within areas and among years (Figure 6.8).

Selenium concentrations in 2020 were within the 95% prediction limits of the selenium
bioaccumulation model for the Elk River reference area (GH_ER2) and two upper-most side
channel areas (GH_ERSC4 and GH_ER1A,; Figure 6.10; Teck 2014; Golder 2020). Most of data
for all years were above (rather than around) the model line (Figure 6.10), indicating that the
model underpredicts bioaccumulation for benthic invertebrates in the GHO LAEMP study areas.
As stated in previous reports and above (Minnow and Lotic 2018b, 2019, 2020), the higher
concentrations in tissue were likely due to the speciation of aqueous selenium at these stations
and, possibly also due to the presence of Annelids (segmented worms) in the samples.
Although annelids were present in some samples collected in previous years (Minnow and
Lotic 2020), none were present in the 2020 samples. Underprediction may have occurred for
stations in Reach 2 (RG_GH-SCW2 and RG_GH-SCW3) and area GH_ERSC2, as the selenium
bioaccumulation model was created based on a data set from lotic stations, and these three
stations are depositional, with lentic characteristics in the fall. Because the bioaccumulation
model underpredicted bioaccumulation for most GHO LAEMP study areas and because
organoselenium species have been measured in those areas, the selenium speciation
bioaccumulation tool (referred to as the b-tool) was expected to provide more accurate predictions
of bioaccumulation (Golder 2018; de Bruyn and Luoma 2021). The b-tool provided more accurate
predictions than the selenium bioaccumulation model; however, the b-tool still underpredicted
concentrations for areas GH_ER1A, RG_ERSC5, GH_ERSC2, and GH_ERC (Figure 6.11;
Appendix Table G.3). This may have been resulted from several possible (but unconfirmed)
factors, including seasonal variability in the speciation of aqueous selenium, higher discharge
from Thompson Creek sedimentation ponds during freshet, seasonally variable groundwater
seepage, the seasonal drying of most sections of the side channel, and/or the taxa composition
of the benthic invertebrate tissue samples. The Selenium Speciation Monitoring Program, which
is currently being designed, may address some of these uncertainties. Thompson Creek is being
considered for inclusion into this program.

6.4 Supporting Information
6.4.1 Habitat

The mine-exposed and reference main stem Elk River stations were well matched, with similar
sized channels and cobble-dominated substrates (Appendix Tables H.2 and H.3). Compared to
the main stem stations, side channel stations had much narrower wetted widths and a greater
proportion of sand and fines (Appendix Tables H.2 and H.3). Reach 2 and GH_ERSC2 were
predominantly fines (Appendix Table H.2). Thompson Creek was steeper and narrower than
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Figure 6.10: Observed (Markers) and Modelled (Lines) Selenium Concentrations in Benthic Invertebrate Composite
Tissue Samples Relative to Aqueous Selenium Concentrations, GHO LAEMP, 2017 to 2020
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main stem and side channel stations, with cobble-dominated substrate. In situ water quality was
similar among stations at the time of benthic invertebrate sampling (Appendix Table H.4), with all
stations being well-oxygenated. Water in the side channel and main stem Elk River was cooler
than water in Thompson Creek (Appendix Table H.4). Specific conductance was highest in
Thompson Creek (Appendix Table H.4).

6.4.2 Calcite

Calcite indices measured in biological sampling areas at the downstream main stem EIk
River station (GH_ERC) and Elk River side channel stations (GH_ERSC4, GH_ER1A,
RG_ERSC5, RG_SCDTC) annually in September of 2017 to 2020 ranged from 0 to 0.46
(Table 6.1; Appendix Table H.6), which was within the reference condition of less than 1.0
(97.5" percentile upper limit of the reference normal range; Minnow 2020b). In 2020, the calcite
index measured at the Thompson Creek tributary (RG_THCK; average CI = 0.8, ranging from
0.37 to 1.09) was higher than at the main stem Elk River and side channel stations; however, the
substrate at RG_THCK was not fully concreted (C. scores ranged from 0 to 0.29), and the average
calcite index was within the reference condition of 0 to 1.0 (Minnow 2020b; Table 6.1;
Appendix Table H.6).

6.4.3 Sediment Quality

Sediment quality samples were collected in the main stem EIk River upstream (GH_ER?2)
and downstream of the west side tributaries (GH_ERC), as well as Reach 2 (RG_GH-SCWS3;
Figures 6.1 and 6.12). Sediment TOC and particle size distributions were consistent with
previous years (Figure 6.12). Sediment TOC and particle size were generally similar among Elk
River stations (GH_ERC and GH_ER?2). Reach 2 (RG_SCWS3), which was depositional habitat,
typically had higher concentration of TOC, a greater proportion of silt, and a smaller proportion of
sand as compared to the lotic main stem Elk River stations (GH_ERC and GH_ER2; Figure 6.12).

In 2020, within Reach 2 (RG_GH-SCWS3), concentrations of parameters with SQGs exceeded the
lower SQG for cadmium (all five samples), nickel (all five samples), selenium (one of five samples
exceeded the only SQG), benz(a)anthracene (two of five samples), chrysene (three of five
samples, with two samples below the LRL but about the lower SQG), dibenz(a,h)anthracene
(three of five samples), fluorene (four of five samples), 2—-methylnaphthalene (all five samples),
naphthalene (all five samples), phenanthrene (all five samples), and pyrene (two of five samples)
(Figure 6.13, Appendix Table H.7). However, all concentrations were lower than the upper SQGs,
except for 2-methylnaphthalene in all five samples from Reach 2 and phenanthrene in three of
five samples from Reach 2 (Figure 6.13, Appendix Table H.7). Additionally, all concentrations
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Table 6.1: Calcite Index Measured at Benthic Invertebrate Monitoring Areas in Riffles, GHO LAEMP, September 2017 to

2020
2017 2018 2019 2020
3 3 3 3
Area ID S S 52 £ S 52 S € 82 £ € oy
£ £ < o ) £ £ < o 0] £ £ < g 0] £ £ < 8 0]
£ S 25| E 5 25| E 5 25| E 5 25
= = <g | = = <g | = = <g | = = <%
O O O O
GH_ER2/
RG_ELUGH 0 0 1 0 0 0 3 0 0 0 3 0 0 0 3 0
GH_ERSC4 0 0 1 0 0 0 3 0 0.10 0.63 3 0.34 0 0 3 0
GH_ER1A 0 0 1 0 0 0 3 0 0.33 0.48 3 043 0.01 0.06 3 0.04
RG_ERSC5 0 0 1 0 0 0 3 0 0 0 3 0 0 0.12 3 0.04
GH_TC2/
RG_THCK® - - - - 0.80 0.80 1 0.80 0.30 0.50 3 0.39 0.37 1.1 3 0.80
RG_SCDTC?| - - - - 0 0 1 0 0.40 0.57 3 0.46 0 0 3 0
GH_ERC/
RG_EL20 0 0 1 0 0 0.04 5 0.014 | 0.060 | 0.62 5 0.39 0 0 5 0
Note: "-" indicates area not sampled in 2017, as per study design (Minnow and Lotic 2017).

@ THCK was not included in the 2017 GHO LAEMP study design.
b RG SCDTC was dry in 2017.
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Notes: Blue markers = mine-exposed station. Green marker = reference station. Solid line = Lower SQG. Hashed line = Upper SQG. Selenium and silver have only one SQG. Concentrations below the laboratory reporting limit (LRL) are plotted as open symbols at

the LRL value. Shading represents the normal range (2.5th to 97.5th percentiles of 2017 and 2020 reference area data collected in the RAEMP, Minnow 2020).
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were within the regional normal range, except for 2-methylnaphthalene, phenanthrene, and
pyrene in two of five samples from Reach 2 (Figure 6.13, Appendix Table H.7).

Although sediment quality in Reach 2 exhibited influence from the west-side tributaries, sediment
quality was similar in the main stem Elk River downstream (GH_ERC) and upstream (GH_ER2)
of the west side tributaries (Figure 6.13). Within the Elk River stations (GH_ERC and GH_ER?2),
in 2020 the lower SQG was only exceeded for cadmium and nickel (two of three samples from
GH_ER?2 reference area), and for phenanthrene (all three GH_ER2 samples and one of five
GH_ERC samples), indicating elevated concentrations in the Elk River were not mine-related.
Data collected from 2017 to 2020 indicated no temporal patterns, except for a possible decrease
in concentrations of chromium and 2-methylnaphthalene from 2017 to 2020 at the main stem Elk
River downstream (GH_ERC; Figure 6.13).

Overall, sediment quality in the main stem Elk River downstream of the side channel (GH_ERC)
was not adversely affected by mine-related discharges. However, sediment quality in Reach 2
exhibits influence from the west-side tributaries (particularly Thompson Creek), having higher
concentrations of selenium and some PAHSs relative to Elk River stations (though typically still
within the normal range).

6.5 Summary

Data collected from 2017 to 2020 furthered the understanding of study question #5 (What are the
benthic invertebrate community structures and tissue chemistry in the Elk River side channel and
the main stem EIk River upstream and downstream of the side channel, and are they changing
over time?).

Benthic invertebrate community endpoints did not differ greatly between perennially-wetted main
stem stations (GH_ER2 and GH_ERC), and side channel stations (GH_ERSC4, GH_ER1A,
RG_ERSC5, and RG_SCDTC). Abundance, richness, % EPT, % Ephemeroptera, % Plecoptera,
and % Trichoptera, % Chironomidae, and % Diptera were within or above the site-specific
normal ranges (where applicable) and regional normal ranges for main stem Elk River and side
channel stations, with few exceptions. The community of Thompson Creek was different than the
main stem Elk River and Elk River side channel stations, likely due to a combination of habitat
and water quality differences.

Selenium concentrations in benthic invertebrate tissue were highest in Thompson Creek.
Selenium concentrations in benthic invertebrate tissue from side channel stations were higher
than main stem stations. Concentrations in the side channel increased from upstream to
downstream, from area GH_ERSC4 (upstream of Wolfram Creek) to GH_ER1A and GH_ERSC5
(both downstream of Wolfram Creek) to Reach2 (RG_GH-SCW2 and RG_GH-SCW3)
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and RG_SCDTC, which are downstream of Thompson Creek. Area GH_ERSC2, which is also
downstream of Thompson Creek, had higher concentrations relative to Reach 2 and RG_SCDTC,
likely due to the more depositional nature of the area, although aqueous selenium speciation data
collected in September 2020 had similar results for Reach 2, GH_ERSC2, and RG_SCDTC.
Higher concentrations of selenium in in benthic invertebrate tissue samples collected from
Thompson Creek and downstream likely result from the presence of aqueous selenium in more
bioavailable forms.

Benthic invertebrate community structure and tissue chemistry were similar at the downstream
main stem station (GH_ERC) and the upstream main stem reference station (GH_ER?2),
suggesting minimal influence of GHO and the west-side tributaries on benthic invertebrate
community endpoints and tissue chemistry in the main stem Elk River.
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7 INTEGRATED SUMMARY AND RECOMMENDATIONS

71 Summary

The 2020 GHO LAEMP investigated five study questions designed to address localized concerns
downstream of the west spoil development and Cougar Pit extension at GHO. The GHO LAEMP
targeted the Elk River (upstream and downstream of GHO), tributaries on the west-side of the
Greenhills Ridge, as well as a side channel of the Elk River that receives flows, via surface water
and/or groundwater, from the mine influenced west-side tributaries (e.g., Thompson, Wolfram,
and Leask creeks). The study questions focused on characterization and understanding of habitat
quality/availability, water quality, benthic invertebrate community structure, and benthic
invertebrate tissue chemistry.

Within the side channel and its floodplain complex, over thirty multi-day field visits were completed
in all seasons from 2017 to 2019 to identify and document habitat and occurrences of
aquatic-dependent biota. In 2020, three additional amphibian surveys were conducted in May,
June, and July. Data were used to answer study question #2 (What is the seasonal habitat
availability for amphibians in Reach 2 of the Elk River side channel?). The results were generally
consistent over the four study years. Seasonal changes in flow affected habitat availability
(e.g., lentic habitat was only observed in fall and winter in Reach 2). From freshet to late summer
(three to four months of each study year), Reach 2 received flow from both the Elk River (via the
upper side channel) and Thompson Creek. Flows were relatively swift during this time. From fall
to early spring, Reach 2 remained wetted due to overland flows from Thompson Creek, but the
upper side channel disconnected from the main stem Elk River and was dry. Reach 2 was swiftly
flowing in the spring and early summer, and therefore was not suitable breeding habitat.
Three amphibian species (Columbia spotted frog, western toad, long-toed salamander)
were observed throughout the side channel in late spring and summer.

Water quality data were assessed for stations in the west-side tributaries, Elk River side channel
and the main stem Elk River to address study question #3 (What is the influence of the GHO
discharges from the west-side tributaries on water quality in the Elk River and Elk River
side channel?) and its sub-questions. Water quality at side channel stations GH_ER1A and
GH_ERSC2 was influenced by Wolfram and Thompson creeks, and concentrations at these
stations were typically higher than at the upstream side channel station GH_ERSC4. Within the
side channel and main stem Elk River, the highest concentrations of constituents generally
occurred in Reach 2 (RG_GH-SCW3), which receives flow directly from Thompson Creek.
Discharges from the west-side tributaries contributed to higher concentrations of some
mine-related constituents in the main stem Elk River (GH_ERC) downstream of GHO relative to
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the upstream reference; however, concentrations measured at GH_ERC were typically below
benchmarks, screening values, and/or BCWQG, or were comparable to the upstream reference,
except for total selenium (frequently above the long term BCWQG, but below all
EVWQP benchmarks) and total nickel (occasionally above the Level 1 Interim Screening Value).
These general water quality results were consistent over the GHO LAEMP study (from 2017
to 2020). At the west-side tributaries, sulphate, TDS, and total selenium have been increasing in
Leask and Wolfram creeks, while total nickel has been increasing in Leask Creek. In Leask and
Wolfram creeks, sulphate and TDS concentrations typically exceed the EVWQP Level 1
benchmarks, total selenium typically exceeds the EVWQP Level 2 benchmark. In Leask Creek,
total nickel concentrations exceeded the Level 3 Interim Screening Value since 2016.
In Thompson Creek, sulphate has increased in recent years, with concentrations typically above
the EVWQP Level 1 benchmark. Total nickel has decreased in recent years at Thompson Creek.
At the Reach 2 outlet, total nickel was higher in 2019 and 2020 compared to 2018. At the
downstream main stem Elk River station (GH_ERC), total selenium concentrations were higher
in 2018 to 2020 compared to previous years, with concentrations frequently above the long term
BCWQG, but well below all EVWQP benchmarks. Also, at station GH_ERC, nitrate
concentrations were higher in 2019 to 2020, as compared to previous years, but remained well
below the BCWQG.

To answer study question #4 (What is the interaction between surface water and groundwater in
the Elk River side channel?), a hydrogeological review and analysis of available groundwater and
surface water data from the west side of GHO along the Elk River side channel. The data review
indicated that side channel surface water predominantly infiltrated to ground and recharged
groundwater. Localized areas of groundwater discharge occurred near the confluence with
Wolfram Creek as well as downstream of Thompson Creek, but these discharge areas did not
result in sustained flows within the side channel. Gaps and uncertainties were identified.

Benthic invertebrate community data collected annually in September from 2017 to 2020 furthered
the understanding of study question #5 (What are the benthic invertebrate community structures
and tissue chemistry in the Elk River side channel and the main stem Elk River upstream and
downstream of the side channel, and are they changing over time?). Benthic invertebrate
community endpoints did not differ greatly between perennially-wetted main stem stations
(GH_ER2 and GH_ERC) and side channel stations (GH_ERSC4, GH_ER1A, and RG_ERSC5).
In 2020 at main stem Elk River and Elk River side channel areas, total abundance, LPL richness,
% EPT, % Ephemeroptera, % Plecoptera, and % Trichoptera were within or above the regional
normal range, except for % Trichoptera at GH_ER1A, RG_ERSCS5, and GH_ERC in one
sample each. The relative proportion of Trichoptera has been similarly low at the upstream
reference aera (GH_ER2); therefore, samples with % Trichoptera less than the regional normal
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range are likely related to habitat rather than mine influence. At all main stem Elk River and Elk
River side channel stations, % Chironomidae, % Diptera, and % Oligochaeta were within or below
the regional normal range, except for % Oligochaeta at RG_ERSC5 in one of three samples.
Compared to the main stem and side channel stations, the samples collected from
Thompson Creek (RG_THCK) had greater proportions of Coleoptera and Diptera, a lower
proportion of Ephemeroptera, and more community endpoints that differed from the normal range,
likely due to habitat differences (e.g., Thompson Creek is narrower, steeper, and calcified)
or water quality differences. Overall, benthic invertebrate communities in the main stem Elk River
and the Elk River side channel did not appear to be adversely affected by mine related discharges.

Benthic invertebrate tissue chemistry (selenium) data were also collected annually in September
of 2017 to 2020, and furthered the understanding of study question #5. Selenium concentrations
in benthic invertebrate tissue were highest in Thompson Creek. Selenium concentrations in
benthic invertebrate tissue from side channel stations were higher than main stem stations.
Concentrations in the side channel increased from upstream to downstream, from
area GH_ERSC4 (upstream of Wolfram Creek) to GH_ER1A and GH_ERSC5 (both downstream
of Wolfram Creek) to Reach 2 (RG_GH-SCW2 and RG_GH-SCWa3), which is downstream of
Thompson Creek. Although areas GH_ERSC2 and RG_SCDTC are both downstream of
Thompson Creek, GH_ERSC2 had higher concentrations of selenium in tissue relative to Reach 2
and RG_SCDTC despite similar concentrations of aqueous selenite and organoselenium species,
likely due to the more depositional nature of the area. Higher concentrations of selenium in
benthic invertebrate tissue samples collected from Thompson Creek and downstream likely result
from the presence of aqueous selenium in more bioavailable forms. At area GH_ERC, average
concentrations were higher in 2020 compared to previous years, possibly due to higher aqueous
total selenium at this area in 2019 and 2020 compared to previous years.

Benthic invertebrate community structure and tissue chemistry were similar at the downstream
main stem station (GH_ERC) and the upstream main stem reference station (GH_ER2),
suggesting minimal influence of GHO and the west-side tributaries on benthic invertebrate
community endpoints and tissue chemistry in the main stem Elk River.

In support of study question #5 and to better understand potential mine-related effects on benthic
invertebrate communities and tissue chemistry, sediment quality was assessed in the main stem
Elk River upstream and downstream of the side channel, and in Reach 2 of the side channel.
Except for chrysene in one of five samples, 2-methylnaphthalene in two of five samples,
phenanthrene in three of five samples, and pyrene in two of five samples collected at Reach 2,
concentrations of constituents were within the normal range in samples collected in 2020.
Concentrations of constituents were below the upper (or only in the case of selenium) SQG in all
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samples from 2020, except for selenium, 2-methylnaphthalene, and phenanthrene in Reach 2.
Data collected from 2017 to 2020 indicated no temporal patterns, except for a possible decrease
in concentrations of chromium and 2-methylnaphthalene from 2017 to 2020 at the main stem Elk
River downstream (GH_ERC). In general, sediment quality data indicated limited influence of
mine-related discharges on sediment chemistry in the main stem Elk River downstream of the
side channel.

The results from the 2020 GHO LAEMP provide information that supports Teck’'s Adaptive
Management Program (Teck 2018). Table 7.1 summarizes material presented in this report that
is relevant to the AMP. The results from this study also supported the evaluation of biological
triggers, which are intended to identify unexpected monitoring results that may lead to responses
under the AMP response framework. Biological trigger results indicated that neither of the two
mine-exposed areas evaluated (RG_THCK and GH_ERC) reached the % EPT biological trigger
(Table 7.2). This trigger will continue to be monitored as part of the RAEMP. Additionally, efforts
are also currently underway (i.e., predictive modeling) to resolve uncertainty around effects of
mine-related stressors on benthic invertebrate community endpoints (further information
regarding the response for these biological triggers can be found in Appendix I). All replicates
for RG_THCK (Thompson Creek) reached the biological trigger for the evaluation of selenium in
benthic invertebrate tissues (Table 7.2), likely related to high concentrations of non-selenate
species in water (Section 6.3). This issue is already being tracked through the AMP response
framework (Section 1.5; Teck 2020b). One out of five replicates for GH_ERC also marginally
reached the the biological trigger for the evaluation of selenium in benthic invertebrate tissues
(Table 7.2). This biological trigger exceedance does not warrant further investigation at this time
since this was an isolated event (one of five replicates) and showed a low magnitude
of exceedance (Appendix I). If replicates exceed this biological trigger again in 2021, this issue
should be considered for tracking under the AMP. Monitoring of the benthic invertebrate selenium
biological trigger at RG_THCK and GH_ERC will continue under the RAEMP. Overall, results of
the biological trigger evaluation were consistent with the findings of the integrated assessment
conducted under the 2020 GHO LAEMP. Given that current biological triggers were sufficient to
identify monitoring areas where biological responses are occurring, no additional triggers are

recommended at this time.
7.2 Recommendations

Teck has fulfilled the Permit 107517 (Section 8.3.4) requirement of conducting a LAEMP from
2017 to 2020, focusing on the upper Elk River, the Elk River side channel, and tributaries located

on the west side of GHO. Where concerns remain over specific components of the GHO LAEMP,
. —
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Table 7.1: Summary of Findings, Responses, and Adjustments Related to the GHO LAEMP in 2020

Key Question(s)

Data Evaluation Process

Outcome(s)

Responses & Adjustments in 2020

EMC Engagement

#2. What is the seasonal
habitat availability for
amphibians in Reach 2 of
the EIk River side channel?

Conducted amphibian surveys
in May, June, and July 2020.

The seasonal habitat availability and use by
amphibians has been demonstrated. Surveys of
amphibians from 2017 to 2020 determined that the
side channel was being used by three species of
amphibians.

Additional years of surveys would not
further the understanding of how mine
related discharges might affect seasonal
habitat availability for amphibians. Do no
further work on this study question.

#3. What is the influence of
the GHO discharges from
the west-side tributaries on
water quality in the Elk River
and EIk River side channel?

Assessed water quality at
west-side tributary, side
channel, and Elk River stations.
Compared constituent
concentrations to BCWQG,
EVWQP benchmarks, and/or
interim screening values.
Assessed for temporal trends.

Mine influence indicated in the southern-most
tributaries.

None. Monitoring to continue under Teck’s
Annual Water Quality Report and the MBI.

#4. What is the interaction
between surface water and
groundwater in the Elk River
side channel?

Conducted a hydrogeological
review and analysis of available
groundwater and surface water
data for the west side of GHO.

Within the side channel, surface water predominantly
infiltrated to ground, recharging groundwater.
Localized areas of groundwater discharge occurred
in the side channel near Wolfram Creek and
downstream of Thompson Creek, but these did not
result in sustained flows within the side channel.

Work is planned for 2021 under the GHO
SSGMP, RGMP, MBI, and/or CPP:

* seep reconnaissance and sampling;

« installation of monitoring wells;
 groundwater sampling;

» flow and load accretion studies; and

* geophysical surveys.

#5. What are the BIC
structures and BIT chemistry
in the Elk River side channel
and the main stem EIk River
upstream and downstream
of the side channel, and are
they changing over time?

Assessed BIC structures
relative to normal ranges and
the upstream reference area.
Assess BIT chemistry relative
to EVWQP benchmarks and the
upstream reference area.
Assessed for temporal trends.

The BIC and BIT chemistry were similar among the
Elk River stations downstream and upstream of mine
influence. Percent EPT was low in Thompson Creek
compared to the normal range. Selenium in BIT was
elevated in Thompson Creek and in the side channel
downstream of Thompson Creek compared to
EVWQP benchmarks.

Selenium concentrations in BIT replicates at
Thompson Creek reached an AMP
biological trigger, and are being addressed
through the AMP response framework
(Section 1.5; Teck 2020b).

An updated sampling
design for 2020 was
submitted to ENV June
1, 2020. The updated
study design was
approved July 28, 2020.

A meeting was held to
discuss discontinuing
GHO LAEMP after 2020
while continuing
monitoring under other
programs.

The draft data package
of 2020 results and
outline of monitoring to
be addressed in other
programs in 2021 was
submitted to EMC
March 31, 2021 and
discussed by tele-
conference April 7,
2021.

Written input from EMC
on March draft data
package received April
26, 2021.

Notes: GHO = Greenhills Operation; LAEMP = Local Aquatic Effects Monitoring Program; BCWQG = British Columbia Water Quality Guideline; EVWQP = Elk Valley Water Quality Plan; MBI = Mass Balance Investigation;
GHO SSGMP = Greenhills Operation Site-Specific Groundwater Monitoring Program; RGMP = Regional Groundwater Monitoring Program; CPP = Cougar Pit Phase 5 and 7-2 Project; BIC = benthic invertebrate

community; BIT = benthic invertebrate tissue; % EPT = Percent Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies); AMP = Adaptive Management Plan.
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Table 7.2: Summary of Biological Trigger Analysis for Percent EPT and

Concentration of Selenium in Benthic Invertebrate Tissue, Thopmson Creek and Elk

River, 2020
% EPT * Selenium BIT ®
Waterbody Area Number of Number of
Number Replicates Number Replicates
Replicates Reaching Replicates Reaching
Evaluated | _. , , <| Evaluated | _. , , d
Biological Trigger Biological Trigger
Thompson RG_THCK Mine- 3 0 3 3
Creek exposed
. Mine-
Elk River GH_ERC 5 0 5 1
exposed

@ % EPT = % EPT = Percent Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies).
Biological Trigger analysis for % EPT was for the September 2020 sampling event.
® Selenium BIT = Selenium concentrations in benthic invertebrate tissue (mg/kg dw). Biological Trigger analysis
for Selenium BIT was for the September 2020 sampling event.

°Number of Replicates Reaching Biological Trigger for % EPT refers to those replicates which were below both
triggering steps (i.e., below the lower 2.5th percentile of the habitat-adjusted normal range and expectations, as
based on predicted Aquatic Data Integration Tool [ADIT] Scores). See Appendix Section 1.2.2 for more details.

¢ Number of Replicates Reaching Biological Trigger for Selenium BIT refers to those replicates which were above
both triggering steps (i.e., above the upper 97.5th percentile prediction limit of the regional normal range and
expectations, as based on the predicted 95% percentile from the water to benthic invertebrate selenium
bioaccumulation model). See Appendix Section 1.2.3 for more details.
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monitoring that addresses those concerns is already conducted and reported under existing
monitoring programs, or will be added to existing monitoring programs, such that these concerns
continue to be addressed. In order to assure the continued evaluation of the potential effects of
mine influence on the immediate receiving environment, the following recommendations are made
for the 2020 GHO LAEMP study questions (Table 7.3).

Study question #2: What is the seasonal habitat availability for amphibians in Reach 2 of
the Elk River side channel?

Recommendation: Discontinue the investigation into habitat availability for amphibians in
Reach 2 of the Elk River side channel.

Rationale: The habitat of the Elk River side channel and observations of biota in the side channel
were documented over four years, during over 40 field visits that occurred in all seasons.
The seasonal habitat availability and use by amphibians has been demonstrated.
Amphibian breeding habitat was not present in Reach 2. Surveys of amphibians from 2017 to
2020 determined that the side channel was being used by three species of amphibians
(Columbia spotted frog, western toad, and long-toed salamander). Additional surveys would not
further the understanding of how mine-related discharges might affect seasonal habitat availability
for amphibians.

Study question #3: What is the influence of the GHO discharges from the west-side
tributaries on water quality in the Elk River and Elk River side channel?

Recommendation: Continue to monitor water quality in the west-side tributaries
(stations GH_BR_F, GH_WOLF_SP1, GH_WILLOW_SP1, GH_WADE, GH_COUGAR,
GH_NNC, GH_MC1, GH_LC2, GH_LC1, GH_WC2, GH_WC1, GH_TC2, and GH_TC1),
Elk River side channel (stations GH_ERSC4, GH_ER1A, and GH_ERSCZ2) and the main stem
Elk River (stations GH_ER2 and GH_ERC), and continue to report the water quality results under
Teck’s Annual Water Quality Report. West-side tributary stations GH_WOLF, GH_WILLOW, and
GH_BR_D are not required under Permit 107517; instead, they are being monitored for baseline
data for Phase 5 and Phase 7-2 mine extensions. Sampling at GH_WILLOW _S has not occurred
since 2017 at this location; all flow reports to station GH_WILLOW then through ponds to station
GH_WILLOW_SP1, and therefore this station will no longer be reported. These water quality
data collected for Phase 5 and Phase 7-2 mine extensions will be included in project applications
and reviews in the future. Reach 2 inlet (RG_GH-SW1) and outlet (RH_GH-SCW3) stations within
the side channel will continue to be monitored monthly and reported in the MBI program.

Rationale: The Annual Water Quality Report evaluates compliance for order constituents,
compares water quality to BCWQG, compares water quality to early warning triggers for
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Table 7.3: Primary Monitoring Programs for 2021 and Onward Incorporating Data that have been Reported under the 2020 GHO LAEMP Report

Question #2 Question #3 and #4, and supporting #5 Question #4 Question #5
© Biological
§ g Area Code i Amphibians Surface Water and Groundwater Hydrology Benthic Invertebrates Substrate
i > Water or ENV Primary ”
§ g Stream Name S(t:atlon Staff Gauge EMS Monitoring . E‘ 8 3 g: ..E- g o ;"% 2 Eim ®
= P ode L . Number Program ) 7 o= S < S 8w £ ¢ 3 0o%g
2 g ocation 2 € ~3'3 £ 8 wESX e .§'§E,—g
Code H g £35 ES =35F 5 SE2E
© = % = ouw 0o 8 noog
Monthlyb samples collected primarily for Permit 107517 and . . Three replicates
© . Annt_JaI Water Teck's Annual Water Quality Report, and is also reported in the iz Eplezise Three replicates collected DB iy thre? collected annually for the
Q M Elk River GH_ER2 RG_ELUGH | 200389 |Quality Report, - b . - collected annually reaches concurrent with .
& RAEMP RAEMP. Sample also collected concurrent® with biological for the RAEMp. | @nnually for the RAEMP. biological monitoring. RAEMP concurrent with
g monitoring for the RAEMP. biological monitoring.
14
Annual Water Monthly® samples collected primarily for Permit 107517 and
T |B h F Creek GH_BR_F - E287437 : - - - - - -
ranc ree - - 3 Quality Report Teck's Annual Water Quality Report.
Baseline data collected for Phase 5 and/or Phase 7-2 mine
extensions, to be included in future project applications and
GH_WOLF - - - - reviews. Sampling frequency will not change. GH_WOLF is - - - - -
T Wolf Creek upstream of GH_WOLF_SP1, therefore this station is not
needed to understand constituent loadings to the Elk River.
Annual Water Monthly® samples collected primarily for Permit 107517 and
GH_WOLF_SP1 - E305855 : - - - - - -
- - Quality Report Teck's Annual Water Quality Report.
Baseline data collected for Phase 5 and/or Phase 7-2 mine
§ extensions, to be included in future project applications and
S GH_WILLOW - - - - reviews. Sampling frequency will not change. GH_WILLOW and - - - - -
B is upstream of GH_WILLOW_SP1, therefore this station is not
g T Willow Creek needed to understand constituent loadings to the Elk River.
s rlowLree Sampling has not occurred at GH_WILLOW_S since 2017. All
%‘ GH_WILLOW_S - - - - flow reports to station GH_WILLOW then through ponds to - - - - -
= station GH_WILLOW_SP1.
[ b 3 q 3
3 Annual Water Monthly® samples collected primarily for Permit 107517 and
° GH_WILLOW_SP1 - E305854 : - - - - - -
o - - Quality Report Teck's Annual Water Quality Report.
o
b Annual Water Monthly® samples collected primarily for Permit 107517 and
Q T Wade Creek GH_WADE - E287433 - - - - - - -
é ade Lree — Quality Report Teck's Annual Water Quality Report.
X
o Annual Water Monthly® samples collected primarily for Permit 107517 and
i T|C Creek GH_COUGAR - E287432 : - - - - - -
2 ougarree - Quality Report Teck's Annual Water Quality Report.
=
Annual Water Monthly® samples collected primarily for Permit 107517 and
T [NoN Creek GH_NNC - E305875 - - - - - - -
0 Name Lree — Quality Report Teck's Annual Water Quality Report.
Baseline data collected for Phase 5 and/or Phase 7-2 mine
T Branch D GH_BR_D - - - - extensions, to be included in future project application and - - - - -
review. Sampling frequency will not change.
Annual Water Monthly® samples collected primarily for Permit 107517 and
T |Mickelson Creek GH_MCH1 GH_MCA1 0200388 [ Quality Report, - Teck's Annual Water Quality Report, and is also reported in the - - - - -
RAEMP RAEMP.
Leask Annual Water Monthly® samples collected primarily for Permit 107517 and
T GH_LC1 GH_LC1 E257796 : - - - - - -
Creek - - Quality Report Teck's Annual Water Quality Report.

Notes:

No change to monitoring frequency, but in 2021 and onward data will be reported and interpreted in a report other than the GHO LAEMP.
Sampling and/or reporting will be discontinued, or sampling frequency will be different than in the 2020 GHO LAEMP Study Design.

indicates no work conducted, as per approved 2020 GHO LAEMP study design. RAEMP = Regional Aquatic Effects Monitoring Program. GHO SSGMP = Greenhills Operation Site Specific Groundwater Monitoring Program. MBI = Mass Balance Investigation. CPP = Cougar Pit Phase 5 and 7-2 Project.
@M - main stem (lotic); T - tributary (lotic); GW - groundwater; S - side channel (lotic); De - depositional side channel (semi-lentic).

b Weekly/monthly - water chemistry sampling and flow monitoring are conducted weekly or monthly through Permit 107517 and Permit 6428. Concurrently - water chemistry sampling will be conducted concurrent with biological sampling.

° The monitoring of benthic invertebrate tissue chemistry area GH_ERSC2 will be discontinued, as the habitat does not meet the criteria for inclusion in to the RAEMP study design (i.e., depositional, semi lentic, and dry from late fall until late spring) and because this area is less than 350 m away from areas RG_GH-SCW3 and RG_SCDTC

with no contributing tributaries between the areas (i.e., spatial coverage is adequate without area GH_ERSC?2).

May 2021

80



Table 7.3: Primary Monitoring Programs for 2021 and Onward Incorporating Data that have been Reported under the 2020 GHO LAEMP Report

Question #2 Question #3 and #4, and supporting #5 Question #4 Question #5
® © Biological
s 8 Area Code i Amphibians Surface Water and Groundwater Hydrology Benthic Invertebrates Substrate
; > Wat.er or ENV Prl.malry — ”
5 g | Stream Name Station Staff Gauge EMS Monitoring . > g g @ 2 >3 3 L5 8
5 g Code Location Number Program g ® 3z 5 g % @ § § £ g _S cé g
= [ [] _
o |G Code a E %%E §'§- EE%S S 352%
© =52 Su So S wesg
Near Leask Currently monitored for the MBI and to be considered for
GW Creek GH_MW_LC3A/B/C - - MBI - potential inclusion into the SSGMP during the 2021 to 2024 - - - - -
SSGMP process.
Water level logger
data only. Currently
reported in the MBI.
M Elk River - ERUS - | GHO ssGMP - - Data are - - - -
recommended for
potential inclusion in
the GHO SSGMP as
appropriate.
Currently reported in
Annual Water Monthly® samples collected primarily for Permit 107517 and the MBI. Data are . .
. . . \ . . . Three replicates . Determined for three
Elk River Side Quality Report, Teck's Annual Water Quality Report, and is also reported in the | recommended for Three replicates collected .
S GH_ERSC4 GH_ERSC4 |E305878 - R 7 .. | collected annually reaches concurrent with -
Channel RAEMP, GHO RAEMP. Sample also collected concurrent® with biological potential inclusion in for the RAEMP annually for the RAEMP. biological monitoring
SSGMP monitoring for the RAEMP. the GHO SSGMP as ‘ :
appropriate.
. Currently monitored for the MBI and to be considered for
3 [ow| NearsSide | GHITAWCT - - MBI - potential inclusion into the SSGMP during the 2021 to 2024 . . . : :
8 SSGMP process.
$ Annual Water Monthly® samples collected primarily for Permit 107517 and
@ | T | Wolfram Creek GH_WC1 GH_WC1  |E257795 Quality Report - Teck's Annual Water Quality Report, and is also reported in the - - - - -
s RAEMP.
Currently monitored for the MBI and to be considered for
RG_MW_LCWCA1 - - - - potential inclusion into the SSGMP during the 2021 to 2024 - - - - -
Near Wolfram SSGMP process.
GW Creek GH_GA-MW-2 - - GHO SSGMP - Currently monitored in the GHO SSGMP. - - - - -
Currently monitored for the MBI and to be considered for
RG_MW_WC2A/B - - MBI - potential inclusion into the SSGMP during the 2021 to 2024 - - - - -
SSGMP process.
Currently reported in
Annual Water Monthly® samples collected primarily for Permit 107517 and the MBI. Data are . .
Quality Report Teck's Annual Water Quality Report, and is also reported in the recommended for MATED EAEEES Three replicates collected Dtz {95 i
Elk River Side GH_ER1A GH_ER1A |E305876 ’ - ’ o . . .. | collected annually reaches concurrent with -
Channel RAEMP, GHO RAEMP. Sample also collected concurrent® with biological potential inclusion in | " % o appp | @nnually for the RAEMP. | =5 0 o) e
oo . gical monitoring.
S | Downstream of SSGMP monitoring for the RAEMP. the GHO SSGMP as
Wolfram appropriate.
by . o Three replicates . Determined for three
RG_ERSC5 RG_ERSC5 - RAEMP - Sample collected concurrent” with biological monitoring for the - collected annually ATESD EREEIES Eo EE reaches concurrent with -
AR for the RAEMP. SO ZT AU R R biological monitoring.
Elk River Side
De Channel RG_GH-SCW1 | RG_GH-SCW1 - MBI - Monthly® samples collected for the MBI. - - - - -
Reach 2 Inlet

No change to monitoring frequency, but in 2021 and onward data will be reported and interpreted in a report other than the GHO LAEMP.
Sampling and/or reporting will be discontinued, or sampling frequency will be different than in the 2020 GHO LAEMP Study Design.

Notes: "-" indicates no work conducted, as per approved 2020 GHO LAEMP study design. RAEMP = Regional Aquatic Effects Monitoring Program. GHO SSGMP = Greenhills Operation Site Specific Groundwater Monitoring Program. MBI = Mass Balance Investigation. CPP = Cougar Pit Phase 5 and 7-2 Project.
@M - main stem (lotic); T - tributary (lotic); GW - groundwater; S - side channel (lotic); De - depositional side channel (semi-lentic).
® Weekly/monthly - water chemistry sampling and flow monitoring are conducted weekly or monthly through Permit 107517 and Permit 6428. Concurrently - water chemistry sampling will be conducted concurrent with biological sampling.

° The monitoring of benthic invertebrate tissue chemistry area GH_ERSC2 will be discontinued, as the habitat does not meet the criteria for inclusion in to the RAEMP study design (i.e., depositional, semi lentic, and dry from late fall until late spring) and because this area is less than 350 m away from areas RG_GH-SCW3 and RG_SCDTC

with no contributing tributaries between the areas (i.e., spatial coverage is adequate without area GH_ERSC?2).
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Table 7.3: Primary Monitoring Programs for 2021 and Onward Incorporating Data that have been Reported under the 2020 GHO LAEMP Report

Question #2 Question #3 and #4, and supporting #5 Question #4 Question #5
° © Biological
S 3 W Area Code ENV Pri Amphibians Surface Water and Groundwater Hydrology Benthic Invertebrates Substrate
; 2 a?er or rl.mary — - . ”
§ g Stream Name Station Staff Gauge EMS Monitoring . z g 3 @ 20 o foF- 3 21w g
5 o Code Location Number | Program ) 7 o= g < Sv 8w £ 2 §Oo5
o | & g £ s 52 £ 3 2E 2 X o EGES
? Code @ 2 £35 ED E2§F 3 SE2E
© =5= ou oo S o <
Monthly® samp! llect rimarily for Permit 107517 an . .
Thompson Tecﬁ's Aﬁnz:I VF\)/:tSer(': gjacli?; Ié)epoerlt an is :Iso rego?ted ?n tdhe MO Three replicates collected DEE I s threg
T Creek GH_TC2 THCK E207436 E207436 - RAEMP. S ’ B e . - collected annually annually for the RAEMP reaches concurrent with -
. Sample also collegtteq concurrent” with biological for the RAEMP. y - biological monitoring.
monitoring.
aw | Near grhe°e”|;'pS°” GH_GA-MW-3 - - GHO SSGMP - Currently monitored in the GHO SSGMP. - - - - -
No further Sampling frequency Determined for thre(-'z Five replicates cqllected
Elk River Side monitoring in Monthly® samples collected for the MBI. No change to redt;szcriyf:ﬁ;z:;;:?sl'ly o rebai(c):ll‘(l) egsiczcljr::;r:'::rtirgth bi;gg?;e:lrzzmglti:g
De Channel RG_GH-SCW3 | RG_GH-SCW3 - MBI, RAEMP | 2021, as study |monitoring frequency in 2021. Sample also collected concurrent® - - - ] ' y :
Reach 2 Outlet question #2 has | with biolggicsl mon}iltoring for the Iefnic program of the RAEMP. coz(selssitent with the s?udy every.three years for the every.three years for the
been answered. gn for the lentic lentic program of the lentic program of the
program of the RAEMP. RAEMP. RAEMP.
Annual Water Monthly® samples collected primarily for Permit 107517 and Sampling to be Sampling to be
GH_ERSC2 GH_ERSC2 | E305877 Quality Report i Teck's Annual Water Quality Report. i i discontinued after 2020°. | discontinued after 2020°. i
Three replicates Three replicates collected Determined for three
- RG_SCDTC - RAEMP - Sample collected concurrent® with biological monitoring. - collected annually annuall pfor the RAEMP reaches concurrent with -
Elk River Side for the RAEMP. y "| biological monitoring.
= s Channel Water level and flow
? Downstream of data are currently
§ Reach 2 reported in the MBI.
@ Data are
2 i RG_ERSCDS ) ) ) ) recommended for ) ) i )
= potential inclusion in
the GHO SSGMP as
appropriate.
Currently monitored in the MBI and to be considered for potential
RG_MW_ERS3A/B - - MBI - inclusion into the SSGMP during the 2021 to 2024 SSGMP - - - - -
process.
Currently monitored in the MBI and to be considered for potential
Near Side RG_MW_ERG6A/B - - MBI - inclusion into the SSGMP during the 2021 to 2024 SSGMP - - - - -
GW Channel process.
Downstream of Currently monitored in the MBI and to be considered for potential
Reach 2 RG_MW_ER4A/B - - MBI - inclusion into the SSGMP during the 2021 to 2024 SSGMP - - - - -
process.
Currently monitored in the MBI and to be considered for potential
RG_MW_ER5A/B - - MBI - inclusion into the SSGMP during the 2021 to 2024 SSGMP - - - - -
process.
Currently reported in
Annual Water Monthly/weekly® samples collected primarily for Permit 107517 the MBI. Data are Five replicates Determined for five Five replicates collected
M Elk River GH_ERC RG EL20 E300090 Quality Report, ) and Teck's Annual Water Quality Report, and is also reported in | recommended for collected annually Five replicates collected reaches concurrent with annually for the RAEMP
(Compliance) - RAEMP, GHO the RAEMP. Sample also collected concurrent® with biological | potential inclusion in for the RAEMP annually for the RAEMP. biological monitoring concurrent with
SSGMP monitoring for the RAEMP. the GHO SSGMP as ’ ’ biological monitoring.
appropriate.

No change to monitoring frequency, but in 2021 and onward data will be reported and interpreted in a report other than the GHO LAEMP.
Sampling and/or reporting will be discontinued, or sampling frequency will be different than in the 2020 GHO LAEMP Study Design.

Notes: "-" indicates no work conducted, as per approved 2020 GHO LAEMP study design. RAEMP = Regional Aquatic Effects Monitoring Program. GHO SSGMP = Greenhills Operation Site Specific Groundwater Monitoring Program. MBI = Mass Balance Investigation. CPP = Cougar Pit Phase 5 and 7-2 Project.
@M - main stem (lotic); T - tributary (lotic); GW - groundwater; S - side channel (lotic); De - depositional side channel (semi-lentic).
b Weekly/monthly - water chemistry sampling and flow monitoring are conducted weekly or monthly through Permit 107517 and Permit 6428. Concurrently - water chemistry sampling will be conducted concurrent with biological sampling.
° The monitoring of benthic invertebrate tissue chemistry area GH_ERSC2 will be discontinued, as the habitat does not meet the criteria for inclusion in to the RAEMP study design (i.e., depositional, semi-lentic, and often dry from late fall until late spring) and because this area is less than 350 m away from areas RG_GH-SCW3 and
RG_SCDTC with no contributing tributaries between the areas (i.e., spatial coverage is adequate without area GH_ERSC2).
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mine-related constituents, and evaluates general patterns and trends for order and non-order
constituents. Ongoing monitoring of surface water quality will help to assess the potential for risks
to the receiving environment. The MBI is designed support Teck’s Regional Water Quality Model
(RWQM) by assessing the nitrate and selenium load sinks in the Elk River, Fording River, and
Michel Creek valleys, aiming to account for the discrepancy between measured and modelled
concentrations of selenium and nitrate (parameters indicative of mine-influence) in the RWQM.
The MBI will continue to collect flow and surface water data at stations relevant to the
MBI investigation. When the MBI concludes, the MBI stations will be evaluated for inclusion in
ongoing programs (SSGMP, RGMP, and/or surface water flow monitoring program),
as appropriate and applicable. Station GH_WOLF is upstream of GH_WOLF_SP1, and station
GH_WILLOW is upstream of GH_WILLOW_SP1, therefore these upstream stations are not
needed to understand constituent loadings to the Elk River.

Recommendation: Continue to collect selenium speciation water quality samples concurrent with
September benthic invertebrate tissue samples at Elk River, Elk River side channel, and
Thompson Creek stations, and report the results in the RAEMP. Consider including Thompson
Creek stations (upstream and downstream of the sedimentation ponds) in the Selenium
Speciation Monitoring Program (study design to be determined).

Rationale: The concentrations of selenium in benthic invertebrate tissue were higher than
EVWQP benchmarks at some stations (highest in Thompson Creek), and concentrations were
typically above the concentrations predicted by the selenium bioaccumulation model based on
total aqueous selenium concentrations. Sampling in September 2020 indicated the presence of
organoselenium species in Thompson Creek and all downstream side channel stations.
Selenium speciation water quality samples will continue to support the interpretation of selenium
bioavailability and assist in understanding possible causes of these elevated concentrations.

Study question #4: What is the interaction between surface water and groundwater in the
Elk River side channel?

Recommendation: To further the understand of surface water and groundwater interactions in
the Elk River side channel, the following additional work is planned for 2021 under the GHO
SSGMP, RGMP, MBI, and/or CPP:

e seep reconnaissance and sampling in the Elk River side channel;
¢ installation of additional monitoring wells;
e groundwater sampling;

¢ flow and load accretion studies; and

(’_\_
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e geophysical surveys to determine depth to bedrock.

Monitor, report, and interpret these data under the GHO SSGMP, RGMP, MBI, and/or CPP.
These data will be integrated into future iterations of the GHO SSGMP and the conceptual
site model (CSM). New findings relating to surface water and groundwater interactions in the Elk
River side channel area will also be presented in the Annual Elk Valley Combined
Groundwater Report. Water level and flow at surface water quality stations ERUS, GH_ERSC4,
GH_ER1A, RG_ERSCDS, RG_ERC, and GH_ERC have been monitored for the GHO LAEMP
from 2018 to 2020, and are also incorporated into the MBI. The MBI will continue to collect flow
and surface water data at stations relevant to the MBI investigation. When the MBI concludes,
these stations will be evaluated for inclusion in ongoing programs (SSGMP, RGMP, and/or
surface water flow monitoring program), as appropriate and applicable.

Rationale: The current data have provided a high-level characterization of the interaction between
surface water and ground water in the side channel, indicating that the side channel surface water
predominantly infiltrated to ground and recharged groundwater. Localized areas of groundwater
discharge occurred near the confluence with Wolfram Creek as well as downstream of Thompson
Creek, creating four of the isolated pools that persisted when the side channel was otherwise dry.
The objective of study question #4 was to address data gaps and uncertainties associated with
groundwater—surface water interaction along the Elk River side channel. The interaction has
been generally characterized. Some gaps remain in understanding this relationship in
greater detail. Preliminary investigation into the shallow groundwater conditions between
Wolfram Pond and the side channel (GH_ER1A) were conducted after monitoring wells were
installed in 2020, but further years of data will increase the understanding of groundwater quality
in this area over time. The remaining gaps will be addressed in detail as part of other on-going
programs: the GHO SSGMP, RGMP, MBI, and CPP.

Study question #5: What are the benthic invertebrate community structures and tissue
chemistry in the Elk River side channel and the main stem Elk River upstream and
downstream of the side channel, and are they changing over time?

Recommendation: Continue to monitor benthic invertebrate community (areas GH_ER2,
GH_ERSC4, GH_ER1A, GH_ERSC5, RG_THCK, RG_SCDTC, and GH_ERC),
benthic invertebrate tissue chemistry areas (areas GH_ER2, GH ERSC4, GH_ER1A,
GH_ERSC5, RG_THCK, RG_GH-SCW3, RG_SCDTC, and GH_ERC), and supporting data
(i.e., habitat data and calcite index for all community and tissue areas, and sediment quality for
GH_ER2, RG_GH-SCW3, and GH_ERC). Present these data to the EMC annually under the
RAEMP data package, and report the results every three years under the RAEMP Report.
Under this reporting system, benthic invertebrate communities will continue to be assessed using
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community metrics (i.e., abundance, richness, and proportion of major taxonomic groups), and
continue to be compared to site-specific and/or regional normal ranges. Biological triggers
(Appendix 1) will be assessed annually as part of the RAEMP. Under this reporting system,
concentrations of selenium in benthic invertebrate tissue will continue to be assessed relative to
EVWQP benchmarks. This recommended approach will differ from monitoring under the 2020
GHO LAEMP study design in two ways: (1) monitoring of area RG_GH-SCW3 will be reduced
from annually under the GHO LAEMP to every three years under the lentic area program of the
RAEMP; and (2) monitoring of benthic invertebrate tissue chemistry area GH_ERSC2 will
be discontinued.

Rationale: The evaluation of benthic invertebrate community characteristics and tissue chemistry
are important components for assessing potential mine-related effects on the aquatic ecosystem.
The frequency of benthic invertebrate tissue chemistry monitoring at area RG_GH-SCW3
(Reach 2) will be reduced from annually to every three years to be consistent with the lentic area
program study design, as this area is depositional. Annual monitoring will still occur at lotic
stations, including Thompson Creek (RG_THCK), which is upstream from Reach 2 and has higher
concentrations of aqueous bioavailable selenium. The monitoring of benthic invertebrate tissue
chemistry at area GH_ERSC2 will be discontinued, as the habitat does not meet the criteria for
inclusion in to the RAEMP study design (i.e., depositional, semi-lentic, and dry from late fall until
late spring) and because this area is less than 350 m away from areas RG_GH-SCW3 and
RG_SCDTC with no contributing tributaries between the areas (i.e., spatial coverage is adequate
without area GH_ERSC?2).

7.3 Statement of Intent

As noted in the study design (Minnow and Lotic 2017, 2018a, Minnow 2020a) and previous reports
(Minnow and Lotic 2018b, 2019, 2020), the GHO LAEMP will continue to assess relevant
site-specific issues, as required, until sufficient data have been collected, concerns no longer
exist, or monitoring can be incorporated into the RAEMP, GHO SSGMP, and/or other existing
monitoring programs, as appropriate. Teck has fulfilled the Permit 107517 Section 8.3.4
requirement for a LAEMP to be conducted from 2017 to 2020, focusing on the local area of the
upper Elk River, the Elk River side channel, and tributaries located on the west side of Greenhills
Ridge. Where concerns remain, the GHO LAEMP monitoring is incorporated into existing
monitoring programs, such that these residual concerns continue to be addressed.
In consideration of these factors, a statement of intent to discontinue the GHO LAEMP was
provided to ENV on May 31, 2021. Field monitoring is currently being conducted in accordance
with the Updated 2020 GHO LAEMP study design, and changes recommended above will not be
implemented until written confirmation has been received from ENV.
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2 Lamb Street
Georgetown, Ontario
L7G 3M9

Tel: (905) 873-3371
Fax: (905) 873-6370

June 1, 2020

Ms. Carla Fraser

Manager, Regional Water Monitoring
Teck Coal Limited

PO Box 1777

Sparwood, BC, VOB 2G0

Re: Updated Sampling Design for 2020 GHO LAEMP

Dear Carla,

This letter has been prepared in response to discussions with the Environmental Monitoring
Committee (EMC) in March regarding updates to the 2020 Greenhills Operation (GHO) Local
Aquatic Effects Monitoring Program (LAEMP) sampling design based on findings from the 2017,
2018, and 2019 programs. Annual GHO LAEMP reports have been submitted for 2017, 2018,
and 2019; the 2019 annual report was submitted to the Director on May 29, 2020.

Following discussion with the Environmental Monitoring Committee (EMC) and the provision of
advice by the EMC, a phased approach to the GHO LAEMP study design was approved by the
British Columbia Ministry of Environment and Climate Change Strategy (ENV) on August 18,
2017. A study design (Minnow and Lotic 2017) was submitted on May 31, 2017 in accordance
with the requirements of Permit 107517. The design was accepted by ENV on August 24, 2018
and preliminary reconnaissance work was conducted from May 2017 to April 2018. An updated
study design was submitted on May 31, 2018 that covered the 2018 to 2020 period (Minnow
and Lotic 2018). The 2018 to 2020 LAEMP was designed to address questions associated with
potential aquatic effects at a localized area downstream of the west spoil development and
Cougar Pit extension at GHO. As with LAEMPs for other Teck Operations, the GHO LAEMP is
also designed to assess relevant site-specific issues, as required, until sufficient data have been
collected, concerns no longer exist, or monitoring can be incorporated into other existing
monitoring programs (e.g., Site-Specific Groundwater Monitoring Program [SSGMP] and
Regional Groundwater Monitoring Program [RGMP], Mass Balance Investigations [MBI] and the
Regional Aquatic Effects Monitoring Program [RAEMP]). In consideration of potential existing



Teck
minnow environmental inc. Greenhills Operation LAEMP Update

and future mine-related influences at GHO, the following key questions were developed in
consultation with the EMC to guide study design development:

1. What is the relationship between flows in the main stem EIk River and flows (including
connectivity, intermittence, and pools) in the Elk River side channel?

2. What is the seasonal habitat availability for aquatic-dependent biota (i.e., fish,
amphibians, and aquatic-feeding birds) in the Elk River side channel?

3. What is the influence of the GHO discharges from the west-side tributaries on water
quality in the Elk River and Elk River side channel?

a. What is the water quality in the west-side tributaries, and how is it changing over
time?

b. What is the water quality at monitoring stations in the Elk River side channel, is it
changing over time, and how does it compare to water quality in the main stem
Elk River?

c. What is the water quality at monitoring stations in the Elk River downstream
versus upstream of the west-side tributaries, and is it changing over time?

d. What is the water quality in isolated pools in the Elk River side channel that
provide potential aquatic habitat for aquatic and/or aquatic-dependent
vertebrates (i.e., fish, amphibians, and aquatic-feeding birds)?

4. What is the interaction between surface water and groundwater in the Elk River side
channel?

5. What are the benthic invertebrate community structures and tissue chemistry in the Elk
River side channel and the main stem EIk River upstream and downstream of the side
channel, and are they changing over time?

6. Is the mine-related influence on Reach 2! having an effect on aquatic-dependent biota
(benthic invertebrates, fish, amphibians, and aquatic-feeding birds)?

The original study design was intended to cover the 2018 to 2020 time period; however, based
on the results from the 2017, 2018, and 2019 programs, changes are being proposed for the
2018 to 2020 GHO LAEMP study design (to be implemented for the 2020 GHO LAEMP field
season). A draft data package of 2019 GHO LAEMP results was submitted to the EMC on
March 8, 2020. Results and proposed study design modifications were discussed during a

! The area that has previously been referred to as the “side channel wetland” is herein called Reach 2, as it is not a
true wetland (Minnow and Lotic 2019).
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teleconference on March 9, 2020. Based on the findings from previous GHO LAEMP reports
and feedback from the EMC, the following study design changes are proposed:

Do no further work on study question #1 (What is the relationship between flows in the
main stem Elk River and flows (including connectivity, intermittence, and pools) in the
Elk River side channel?).

To address study question #1, hydrology data were collected and assessed in 2017, 2018, and
2019, including: water levels (measured continuously in the side channel and main stem Elk
River), monthly flow measurements in the side channel, and monthly characterization of side
channel hydrology features (i.e., dry sections, braids, isolated pools, and tributary surface
connectivity). The Elk River side channel was observed to undergo seasonal flooding and
braiding, with variable flow throughout the year, which was generally consistent from 2017 to
2019. Flows in the main stem Elk River and flows in the Elk River side channel were strongly
correlated. Water from the main stem Elk River flowed overland into the side channel from
freshet until winter when stream flow decreased both in the main stem Elk River and at the three
side channel stations. The side channel was fully wetted for three to four months of each study
year. Stream flow was lowest in the main stem EIk River from winter until freshet; at this time,
the side channel became disconnected from the main stem Elk River and Reaches 1 and 3
slowly dried. Isolated pools were documented as areas dried, but typically persisted for less
than three months. Water quality data suggested that, while most pools were stagnant water
resulting from dewatering of the side channel, a few pools likely received groundwater
contributions. Reach 2 at the confluence of the side channel and Thompson Creek remained
wetted throughout the year due to receiving flows from Thompson Creek. The recommendation
was been made to do no further work on study question #1, as the relationship between flows in
the main stem EIk River and flows in the Elk River side channel is now sufficiently understood -
the side channel flow is predominantly influenced by the EIk River itself, rather than the
tributaries, except for Reach 2 at the mouth of Thompson Creek.

Adjust study question #2 (What is the seasonal habitat availability for aquatic-dependent
biota [i.e., fish, amphibians, and aquatic-feeding birds] in the Elk River side channel?) to
focus on amphibian use in the Elk River side channel habitat. It is recommended that
study question #2 is reworded to “What is the seasonal habitat availability for
amphibians in Reach 2 of the Elk River side channel?”.

Within the side channel and its floodplain complex, over thirty field visits were completed in all
seasons from 2017 to 2019 to identify and document habitat and occurrences of
aguatic-dependent biota. Monthly surveys documented side channel morphology/hydrology,
wetted areas, overwintering habitat, and in situ water quality of isolated pools and level logger
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stations. A Fish Habitat Assessment Procedure (FHAP) survey was completed in 2017 to
categorize the quality of fish habitat, which remained consistent from 2017 to 2019. During
monthly surveys, the side channel was traversed to document aquatic or aquatic-dependant
species utilizing the side channel. This included observations of fish (including eggs, fry,
young-of-the-year, juveniles, and adults, as well as spawning fish and redds during spring and
fall surveys), visual and/or auditory detections of amphibians (including eggs, tadpoles, and
adults), and visual and/or auditory detections of aquatic-dependent birds (including nests, eggs,
chicks, and adults).

Abundant wetted area was available to aquatic-dependent biota from spring to summer when
the side channel was flowing and connected to the main stem Elk River. In the fall, aquatic
habitat became more limited as the side channel began to dry. Later in the fall, the side channel
sections downstream and upstream of Reach 2 were dry and remained dry throughout the
winter. Reach 2 remained wetted throughout the three years of the study and consistently
received flows from Thompson Creek, providing some lentic habitat in the fall and winter.
Additional sparse/patchy habitat was provided by ephemeral isolated pools that remained as the
side channel dried. However, isolated pools typically persisted for less than a month, were
shallow, and covered a relatively small surface area.

Reach 2 was generally not considered suitable breeding habitat for amphibians, as much of the
side channel and floodplain complex were flooded and swiftly flowing in the spring and early
summer. However, breeding habitat may be present elsewhere in the area, and several
amphibians (Columbia spotted frog and western toad adults, and larval long-toed salamander)
were observed throughout the side channel in late spring and summer. Suitable habitat was
available for all life stages of fish and aquatic-dependent birds in the side channel and floodplain
complex from spring through fall, as well as in Reach 2 during winter. Ultimately, there are no
barriers to use of the side channel complex by aquatic biota (with the exception of dry reaches
in late fall/lwinter, which are barriers to fish passage at that time of year), and therefore it is
expected that the area is used by a variety of fish, amphibians, and aquatic-dependent birds.
This was confirmed by observations of aquatic-biota throughout the three years of study.

Overall, the three years of study have well-documented the habitat availability and have
therefore largely addressed study question #2 (What is the seasonal habitat availability for
aguatic-dependent biota [i.e., fish, amphibians, and aquatic-feeding birds] in the Elk River side
channel). Additional years of surveys would not further the understanding of how mine related
discharges might affect aquatic-dependent biota. Based on discussions with the EMC, Teck is
proposing to complete additional work under an adjusted study question #2 to reduce remaining
uncertainties around the potential for amphibian use in Reach 2 of the side channel. Amphibian
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occurrence and critical habitats have been be documented on the west side of the Greenhills
ridge through four studies:

() the CPX Baseline Wildlife surveys (Matrix Solutions 2015),

(2) the Lentic Area Supporting Study report and the accompanying Amphibian
Occurrence and Distribution Study report (in draft),

3) the Greenhills Operations (GHO) Cougar Pit Extension Phase 2 (CPX2) and Fording
River Operations Castle: Terrestrial Wildlife Baseline Report (i.e., the GHO CPX2
Terrestrial Baseline; Hemmera 2020 in draft), and

4) the GHO LAEMP work (Minnow and Lotic 2018, 2019, 2020).

These programs demonstrated that a variety of amphibians (Columbia spotted frog, long-toed
salamander, western toad, and wood frog) were present on the west side of Greenhills ridge,
despite waterbodies being predominantly high-gradient and lotic. Additional years of surveys
would not appreciably further this understanding of which amphibian species occur in this
region.

Based on data collected from 2017 to 2019, the GHO LAEMP identified Reach 2 as the area of
the side channel with the greatest potential for localized adverse effects to biota based on water
guality, sediment quality, and selenium concentrations in benthic invertebrate tissue.
Uncertainties regarding amphibian use of Reach 2 have been identified, as larval long-toed
salamanders were found in a dry ‘finger’ of the side channel in this area in 2018, suggesting the
area may have amphibian breeding habitat that has been previously undiscovered, perhaps due
to accessibility issues. To reflect these findings and uncertainties, it is recommended that study
guestion #2 is reworded to: “What is the seasonal habitat availability for amphibians in Reach 2
of the Elk River side channel?”. Additional amphibian surveys will be conducted in 2020,
consistent with the methods used in the amphibian distribution and occurrence study (VAST
2019), timed to target three life stages (egg, larval, and adult) from May through August and to
target amphibians species found in the Elk Valley (Table 1, Figure 1).

Continue to monitor water quality in the west-side tributaries, Elk River side channel
(including Reach 2), and the main stem Elk River, in support of study questions #3a
(What is the water quality in the west-side tributaries, and how is it changing over time?),
#3b (What is the water quality at monitoring stations in the Elk River side channel, is it
changing over time, and how does it compare to water quality in the main stem EIlk
River?), and #3c (What is the water quality at monitoring stations in the Elk River
downstream versus upstream of the west-side tributaries, and is it changing over time?).

Surface water quality samples are collected weekly/monthly at lotic side channel stations.
Additional water quality samples are collected concurrent with benthic invertebrate community
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and tissue sampling. Monitoring results from 2017 to 2019 have indicated that water quality in
the Elk River side channel is influenced by Wolfram and Thompson creeks. Reach 2 of the Elk
River side channel, which receives flow directly from Thompson Creek, typically showed the
highest concentrations of constituents. Continued monitoring of water quality in the west-side
tributaries, Elk River side channel (including Reach 2), and the main stem EIk River is
recommended for 2020 (Tables 1 and 2, Figure 2).

Do no further work on study question #3d (What is the water quality in isolated pools in
the Elk River side channel that provide potential aquatic habitat for aquatic and/or
aquatic-dependent vertebrates [i.e., fish, amphibians, and aquatic-feeding birds]?).

Water quality in isolated pools was highly dependent on location, with the highest
concentrations of constituents generally occurring in pools downstream of Reach 2. Three
years of study have determined that isolated pools provide relatively limited habitat, as pools
typically persisted for less than a month, had small surface areas, and were shallow (please see
Minnow 2020 for additional discussion of the pools and representative photos). The water
quality of most isolated pools was influenced by side channel water quality because isolated
pools were formed by water that persisted as the side channel dried. Pools located upstream of
Reach 2 had water quality comparable to GH_ERSC4 and GH_ER1A, whereas pools
downstream of Reach 2 exhibited influence from Thompson Creek. Side channel water quality
will continue to be monitored under study question #3b. Water quality data indicated that a few
of the isolated pools were localized areas of groundwater discharge, occurring near the
confluence with Wolfram Creek (SC3-P13) and downstream of Thompson Creek (SC2-P3,
SC2-P1 and SC2-P2). Groundwater quality will continue to be monitored under groundwater
programs outside of the GHO LAEMP and evaluation of the groundwater-surface water
interactions in the EIk River side channel will also continue under the GHO LAEMP in 2020 (see
study question #4).

Continue evaluation of groundwater-surface water interactions in the Elk River side
channel in 2020 to support study question #4 (What is the interaction between surface
water and groundwater in the Elk River side channel?).

To answer study question #4, a hydrogeological review and analysis of available groundwater
and surface water data was conducted by SNC-Lavalin in 2020 using data from the west side of
GHO along the Elk River side channel. The data review indicated that side channel surface
water predominantly infiltrated to ground and recharged groundwater. Localized areas of
groundwater discharge appeared to occur near the mean the mouth of Wolfram Creek at the
side channel as well as downstream of Thompson Creek, creating a few of the isolated pools
that persisted when the side channel was otherwise dry (see Table D of SNC-Lavalin 2020).
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These discharge areas did not result in sustained flows within the side channel. The isolated
pools were shallow, and either had small surface areas or only persisted for two months.

Data gaps and uncertainties associated with groundwater—surface water interaction along the
Elk River side channel were identified in the 2020 assessment (SNC-Lavalin 2020). Remaining
gaps will be addressed by improving the monitoring well network with new well installations in
2020 and collection of additional groundwater data. This will occur as part of other on-going
programs, including the SSGMP, RGMP, CPX2, and MBI Program. Data from these projects
and the GHO LAEMP will be used to address study question #4 in an updated hydrogeological
review and analysis of available groundwater and surface water data to be reported in the 2021
GHO LAEMP report (Table 1).

Continue monitoring to support study question #5 (What are the benthic invertebrate
community structures and tissue chemistry in the Elk River side channel and the main
stem Elk River upstream and downstream of the side channel, and are they changing
over time?).

Benthic invertebrate community and tissue samples have been collected at Elk River main stem
and side channel stations since 2017. Concurrent with benthic invertebrate sampling, the
following supporting information was documented or collected: habitat, calcite index, water
guality samples, and sediment quality samples. Benthic invertebrate community structure and
tissue chemistry were similar at the downstream main stem station and the upstream main stem
reference station, suggesting minimal influence of GHO and the west-side tributaries on benthic
invertebrate community endpoints and tissue chemistry in the main stem EIk River and side
channel. Evaluation of benthic invertebrate community characteristics and tissue chemistry are
important components for assessing potential mine-related effects on the aquatic ecosystem,
and assessment of these endpoints will continue in 2020 (Table 1, Figure 1).

Discontinue the evaluation of Reach 2 locations under study question #6 (Is the mine-
related influence on the side channel wetland having an effect on aquatic dependent
biota [benthic invertebrates, fish, amphibians, and aquatic-feeding birds]?). Instead,
continue to monitor presence of amphibians, Reach 2 water quality (monthly), Reach 2
sediment quality (September), and Reach 2 benthic invertebrate tissue chemistry
(September), under study questions #2, #3b, #4, and #5.

Data collected from 2017 to 2019 confirmed that Reach 2 of the side channel provides habitat
for fish, amphibians, and aquatic-dependent birds, but is not expected to provide optimal habitat
for breeding amphibians. In 2019, aqueous concentrations of TDS and sulphate were
frequently above the BCWQG and/or EVWQP Level 1 benchmarks, while aqueous
concentrations of nitrate and total selenium were frequently above the EVWQP Level 2
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benchmarks. However, most other water constituents with EWT were typically below BCWQG
and/or EVWQP Level 1 benchmarks. In 2019, concentrations of metals and PAHs in sediment
were below the upper SQG except for selenium in one of three samples was above the only
SQG. Selenium concentrations in sediment were either similar to the upstream reference or
were within the normal range. In 2019, benthic invertebrate tissue selenium concentrations
varied greatly, with two samples below Level 1 benchmarks and within the normal range, and
one sample that was higher than EVWQP Level 3 benchmarks for benthic invertebrates and
dietary effects to birds and juvenile fish. Based on comparison of selenium concentrations in
benthic invertebrate tissue to the EVWQP benchmarks, there is potential for localized adverse
effects to fish, benthic invertebrates, and aquatic-dependent birds due to the mine related
influence on Reach 2.

Within the 2018 GHO LAEMP and this current 2019 GHO LAEMP, reporting of Reach 2 data
has been repetitive, with results first presented under study questions #2, #3, and #5, and then
the same results summarized again under study question #6 (Table 1, Figures 1 and 2). To
reduce the redundancy, it is recommended that study question #6 is removed, with Reach 2
data assessed within the context of the rest of the side channel, as follows:

o Water quality of Reach 2 will continue to be assessed under study question #3b (What is
the water quality at monitoring stations in the EIk River side channel, is it changing over
time, and how does it compare to water quality in the main stem EIk River?) and study
guestion #4 (What is the interaction between surface water and groundwater in the Elk
River side channel?).

o Sediment quality and benthic invertebrate tissue chemistry of Reach 2 will continue to be
assessed under study question #5 (What are the benthic invertebrate community
structures and tissue chemistry in the Elk River side channel and the main stem Elk
River upstream and downstream of the side channel, and are they changing over time?).

e An integrated summary of the results of all study questions that will continue to provide
an understanding of the overall conditions in the GHO LAEMP study area, including
Reach 2.

Summary

The GHO LAEMP is designed to assess relevant site-specific issues, as required, until sufficient
data have been collected, concerns no longer exist, or monitoring can be incorporated into other
existing monitoring programs. Sufficient data have been collected to address study question #1
and #3d, and therefore it is recommended that no further work be conducted on these
questions. Sufficient data have been collected to narrow the scope of study question #2,
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therefore it is recommended that the question be reworded to reflect this new focus (Table 1,
Figure 1). Data collected for study question #6 have been summarized under study question
#6, but also under study questions #2, #3, and #5 (Table 1, Figures 1 and 2). Therefore, to
reduce redundancy in reporting, it is recommended that Reach 2 data are no longer assessed
under study question #6. No study design changes are recommended for study questions #3a,
#3b, #3c, #4, and #5 (Tables 1 and 2, Figures 1 and 2). An extensive review of the study
guestions and proposed changes are in the 2019 GHO LAEMP report, as requested by EMC.
If you have any questions or comments, please do not hesitate to contact me.

Sincerely,

Minnow Environmental Inc.

Jess Tester, B.Sc., R.P.Bio.
Aquatic Scientist

ccC: Pierre Stecko, M.Sc., EP, R.P. Bio., Senior Aquatic Scientist

June 2020 9



Teck
minnow environmental inc. Greenhills Operation LAEMP Update

References

Matrix Solutions (Matrix Solutions Inc). 2015. Wildlife Baseline Report: Greenhills Operations
Cougar Pit Extension Project. Report Prepared for Teck Coal Limited, Greenhills
Operations. July. Project 17793-510.

Minnow and Lotic (Minnow Environmental Inc. and Lotic Environmental). 2017. Study Design
(2017) for Local Aquatic Effects Monitoring Program (LAEMP) at Teck’'s Greenhills
Operation. Report Prepared for Teck Coal Limited, Sparwood, BC. May. Project
167202.0092.

Minnow and Lotic. 2018. 2018 to 2020 Greenhills Operation Local Aquatic Effects Monitoring
Program (LAEMP) Study Design. Report Prepared for Teck Coal Limited, Sparwood,
BC. May. Project 177202.0024.

Minnow and Lotic. 2019. 2018 Greenhills Operation Local Aquatic Effects Monitoring Program
(LAEMP) Report. Report Prepared for Teck Coal Limited, Sparwood, BC. May.
Project 187202.0018.

Minnow and Lotic. 2020. 2019 Greenhills Operation Local Aquatic Effects Monitoring Program
(LAEMP) Report. Report Prepared for Teck Coal Limited, Sparwood, BC. May.
Project 197202.0011.

SNC-Lavalin. 2020. Assessment of Groundwater — Surface Water Interactions in Support of the
GHO LAEMP. Report Prepared for Teck Coal Limited, Sparwood, BC. May. Project
655483.

VAST Resource Solutions (VAST). 2019. Characterizing Amphibian Occurrence and
Distribution in the Elk Valley.

June 2020 10



645i000 646i000 6475000 648‘000 6495000 650‘000 6515000
$
e % p
5;§ &
\« oW oo
\§]§ @
V4 e
: yde & g
£ Greenhills E
w % Operation w
y — Wads GO
== Gougar Greak
creak
gé@
g W g
2] s 2
n n
Ab
oo
g 3
YV Q
g g
3 = "3
> -
8 v
i &
K>
§©
° “
)
©
: $ VRt Soun g
= -
Ae e
&
§ @‘
$
§ 5
8 = c
- : V 2 :
<)
i % g
Ore_Erses %@
— v
RO_GH-SCcWs @& O re_miox A
2 = 8
g | =
2 2
\O
o
RE_SCDTC
\
3] —_— E
I Mw@;. 9
@ @H_ERE
6451000 646:000 647:000 648:000 649:000 650:000 651:000
LEGEND Proposed Benthic Invertebrate Community and

Sampling Type

@ Mine-exposed
I sediment Quality
[ ] Benthic Invertebrate Community
[ | Benthic Invertebrate Tissue Chemistry

@ Reference

Amphibian Survey
Reach Break
I settling Pond

Tissue Chemistry, and Sediment Quality Sampling
Stations, and Amphibian Surveys, GHO LAEMP, 2020

0 0.5 1 2
L 1 1 1 1 1 1 ] N
km
w E
Projection: North American Datum 1983 UTM Zone 11
Reproduced under licence from Her Majesty the Queen in Right of S

Canada, Department of Natural Resources Canada. All rights reserved.

Date: June 2020
Project 197202.0011

Figure 1

Document Path: S:\Projects\197202\197202.0011 - Teck GHO LAEMP 2019\4 - GIS\Study Design Amendment\19-11 Figure 1 Proposed Bl, Tissue, Sediment and Amphibian Locations.mxd




646,000 647,000 648,000 649,000 650,000 651,000 652,000
I i i i i i i

® @Y ER2 ﬁ? C \@&
00 7 ﬁ
@HiBRi
B 2t Rhver o ®CHWOLF B
CH_WOILF_SP1 $
& a0
N oW
\§!§ @@
V4 se
g CHWILLOW  yynde &7°° " g
B GH_WILLOW_SP1 ~ GH_WILLOW_S Greenhills B
° Operation 0
§ e < W et
GH_WADE
e = Grasi
GH_COUGAR oroalk
&
: ol :
8 & S@H MG §
@H BR D N
AR
@]‘\‘
40
’
§ o
N @f\
o n
© ® GH_MCA ©
®
g ® GH_L62 ﬁ”!’@ g
o VW e
)
\\“\AOS
®
R
®©}{I=W©2 %
g Y. ® @H_We ot Sout g
® CH_ERIA "
v 3
A
& A
g H
g S % g
W %
RG_ERSC3® %@
RE_GH-SCW @ ®eiLTCc2 i’
o 2CH TC1
8 RE_CHSCWS3 IS
=} S
o 2
% ® GH_ERSCA
V/ o RE_SCDTC
Eh B
o El Rirgy, GH_ERC o
® (Compliznss)
646:000 647:000 648:000 649:000 650:000 651:000 652:000
LEGEND Proposed Surface Water Quality Monitoring
® Routine Water Quality Monitoring Station (Permit 107517), Reference Stations, GHO LAEMP 2020
® Routine Water Quality Monitoring Station (Permit 107517), Mine-exposed
I settiing Pond
0 0.5 1 2
L 1 1 1 1 1 1 1 ] N
km
W<¢ E
Projection: North American Datum 1983 UTM Zone 11
Reproduced under licence from Her Majesty the Queen in Right of S
Canada, Department of Natural Resources Canada. All rights reserved.
Date: June 2020 :
Project 197202.0011 Figure 2

Document Path: S:\Projects\197202\197202.0011 - Teck GHO LAEMP 2019\4 - GIS\Study Design Amendment\19-11 Figure 2 Proposed Surface WQ.mxd



Table 1: Summary of Water and Sediment Quality Sampling, Biological Sampling, and Biota Surveys Proposed for the GHO LAEMP 2020

Benthic _
Groundwater | Surface Water Substrate I Amphibians
| | Invertebrates
Biologica . . —
Area Code UTM for Biological S ? =
Exposure Stream Water Station or ENV EMS Area Code > > & =Eq| 20 23
b Stream Name Area Description (NADS83, 11U) Status o = 2 Se8f e € o >
Type Type Code Staff Gauge Number 2 2 = £ 53| 335 2= g
i e e Q =12 E o 0 c
Location o o = 5T = 3 O 0 5
c c o TR S =] g c L ()
Code O O S n 2 <| Su 2 g
Easting | Northing g 29
(o3
Reference | Main stem Elk River GH_ER2 RG_ELUGH 200389 |u/s Branch Cr. and GHO 646739 | 5557609 Core RAEMP IS 3 3 3 3 -
Reference concurrently®
. Mickelson : c
Tributary Creek GH_MC1 GH_MC1 0200388 |Mickelson Creek at LRP Road 648209 | 5553862 | GHO LAEMP monthly - - - - -
Tributary '322:2 GH_LC1 GH_LC1 E257796 |Leask Creek Sed. Pond Decant | 648153 = 5552859 | GHO LAEMP monthly® ; - ; ; -
. . . . . e
Side Elk River Side GH_ERSC4 GH_ERSC4 £305878 Elk River side channel u/s of 648111 5552522 | GHO LAEMP monthly”, 3 i 3 3 i
channel Channel Wolfram Creek concurrently®
y
tributary | Wolfram Creek GH_WC1 GH_WC1 E257795 |Wolfram Creek Sed. Pond Decant | 648222 @ 5552086 | GHO LAEMP monthly® - - - - -
. . . . . e
Side Elk River Side GH_ERIA GH_ERIA £305876 Elk River side channel d/s of 648379 5551653 | GHO LAEMP monthly”, 3 i 3 3 i
channel Channel Wolfram Creek, u/s of wetland concurrently®
Side | ElkRiverSide | oo pses | Rrg_ERSCS ; Elk River side channel ds of 648275 | 5550608 | GHO LAEMP |  regular concurrently® 3 ; 3 3 -
channel Channel Wolfram Creek, u/s of wetland .
Mine- monitoring
(o3
exposed | ipytary | TMOMPSON GH_TC2 THCK E207436 |Lower Thompson Creek 648596 | 5550237 | RAEMP monthly”, 3 ; 3 3 ;
Creek concurrently
Side Elk River Side Inlet of Reach 2 in the Elk River
Channel RG_GH-SCW1 | RG_GH-SCWwW1 - side channel downstream of 648317 | 5550334 | GHO LAEMP monthly® - - - - -
channel
Wetland Thompson Creek
Side Elk River Side Outlet of Reach 2 in the Elk River monthiv® Mav throuah
el Channel | RG_GH-SCW3 | RG_GH-SCW3 ; side channel downstream of 648332 5550166 | GHO LAEMP o 3 5 - 3 Ku ustg
Wetland Thompson Creek concurrently 9
. . . . . e
Side Elk River Side GH ERSC? GH ERSC? £305877 Elk River side channel d/s of 648341 5549812 | GHO LAEMP monthly”, 3 i 3 3
channel Channel - - Thompson Creek concurrently®
Side Elk River Side Elk River side channel d/s of c
channel Channel - RG_SCDTC - Thompson Creek 648226 5549603 GHO LAEMP Concurrenﬂy 3 - 3 3
C
Main stem |  Elk River GH_ERC RG _EL20 | E300090 |d/s Thompson Cr. and GHO 649146 5548514 | CO'€ RAEMP IEESR || 5 5 5 -
(Compliance) Mine-exposed concurrently®
|:| Sampling conducted for, and reported under, the 2020 GHO LAEMP.
|:| Sampling conducted for, and reported under, the Regional Aquatic Effects Monitoring Program (RAEMP). Data will also be reported and interpreted under the 2020 GHO LAEMP.
|:| Sampling conducted for, and reported under, the Site-Specific Groundwater Monitoring Program [SSGMP], the Regional Groundwater Monitoring Program [RGMP], Mass Balance Investigations [MBI], and Cougar Pit Extension Phase 2 (CPX2) monitoring. Data will also
be reported and interpreted under the 2020 GHO LAEMP. New groundwater monitoring wells will be added in 2020, with locations to be determined.
Notes: "-"indicates no work conducted.

® The site-specific GHO groundwater program will be updated to address GHO LAEMP data needs.
¢ Concurrently - water chemistry sampling will be conducted concurrent with sediment and biological sampling. Weekly/monthly - water chemistry sampling and flow monitoring are conducted weekly or monthly through Permit 107517 and Permit 6428.




Table 2: West-side Tributary Monthly Water Quality Monitoring Stations in the GHO LAEMP, 2020 (No Changes Proposed)

UTM
Exposure Tributary Water Station ENV EMS o (NADS83, 11V)
Area Description
Type Name Code Number
Easting Northing
Reference Branch F Creek GH BR_F E287437 |Branch F at LRP Road 647423 5557155
Wolf Creek GH_WOLF E305855 [Wolf Creek Sed. Pond Decant 647490 5556959
GH_WILLOW 2 Willow Creek at LRP Road 647654 5556061
Willow Creek GH_WILLOW_SP1 | E305854 [Willow Sediment Pond Decant 647604 5556029
GH_WILLOW_S 2 Willow South Creek at LRP Road 647663 5556006
Wade Creek GH_WADE E287433 [Wade Creek at LRP Road 647723 5555707
Cougar Creek GH_COUGAR E287432 [Cougar Creek at LRP Road 647765 5555457
No Name Creek GH_NNC E305875 [No Name Creek 648055 5554967
Mine-exposed Branch D GH_BR_D 2 Branch D Creek 648062 5554869
Mickelson Creek GH_MC1 0200388 [Mickelson Creek at LRP Road 648209 5553862
GH_LC2 2 Leask Creek upstream of Sed. Pond 648297 5553064
Leask Creek
GH_LC1 E257796 [Leask Creek Sed. Pond Decant 648153 5552859
GH_WcC2 2 Wolfram Creek upstream of Sed. Pond 648347 5552251
Wolfram Creek

GH_WC1 E257795 [Wolfram Creek Sed. Pond Decant 648222 5552086
GH_TC2 E207436 [Thompson Creek Sed. Pond Decant 648596 5550237

Thompson Creek
GH_TC1 E102714 [Thompson Creek at LRP Road 648550 5550221

Note: The west-side tributaries are listed from upstream to downstream. The side channel branches off from the main stem EIk River downstream of Leask
Creek and upstream of Wolfram Creek (delineated in this table by the double line; see Figure 1). Water chemistry sampling is conducted monthly through
Permit 107517 and Permit 6428.

% No ENV EMS number.
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ACCEPTANCE OF CHANGES TO THE
2018 TO 2020 STUDY DESIGN FOR THE
GHO LAEMP (ENV, JULY 2020)



L)

BRITISH
COLUMBIA

July 28, 2020 Authorization Number: 107517
VIA EMAIL: Carla.Fraser@teck.com
Dear Carla Fraser:

Re: Acceptance of changes to the 2018-2020 Study Design for the Greenhills Operation
Local Aquatic Effects Monitoring Program (LAEMP)

The Ministry of Environment and Climate Change Strategy is in receipt of the “Updated
Sampling Design for 2020 GHO LAEMP” letter dated June 1, 2020 prepared by Minnow
Environmental Inc. and submitted by Teck Coal Ltd. The proposed changes to the study design
were submitted for approval as required by Section 9.3.4 of Permit 107517.

In preparation of this letter the Ministry has reviewed advice made by the independent scientist
and Ktunaxa Nation Council (KNC) to the Environmental Monitoring Committee (EMC), and
has reviewed Teck’s responses to this advice which were provided to the EMC on June 1, 2020.

The Updated Sampling Design for 2020 GHO LAEMP dated June 1, 2020 is accepted.

This amendment doesn’t exclude additional LAEMP questions that may arise and be required to
be addressed.

If you have any questions, please contact Kara Przeczek (kara.przeczek@gov.bc.ca).
Yours truly,

Lana Miller, PhD.

for Director, Environmental Management Act

Ec:

Kara Przeczek, Environmental Protection Regional Operations Branch

Heather McMahon, Ktunaxa Nation Council
EMPR Permitting and Reclamation

Ministry of Environment Business Operation Branch Website: www.gov.bc.ca/env
Environmental Protection Division Guidance, Forms and Fees



http://www2.gov.bc.ca/gov/content?id=754AD00AAA95453BAF2AAC1FC2A7F6ED
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B1 INTRODUCTION

B1.1 Background

A variety of factors can influence the physical, chemical, and biological measurements made
in an environmental study, and thus affect the accuracy and/or precision of the data.
The magnitude of inaccuracy and/or imprecision have the potential to affect the reliability of
conclusions made from the data. Therefore, it is important to ensure that programs incorporate
appropriate steps to control the non-natural sources of data variability (i.e., minimize variability
that does not reflect natural spatial and/or 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 recoveries and/or analysis of
standards or certified reference materials [CRMs]).

Samples for chemical analyses were sent to laboratories accredited by the Canadian
Association of Laboratory Accreditation (CALA) or the National Environmental Laboratory
Accreditation Program (NELAP). Data were reviewed to determine if DQOs set by
the laboratory (Table B.1) were met. Programs involving many samples and analytes often
yield some results that exceed DQOs. This is particularly so for multi-element scans because
the analytical conditions are not necessarily optimal for every element included in the scan.

The following DQR was conducted on laboratory data reported in 2020 for samples collected
in support of the GHO LAEMP. The objective of this DQR was to define the overall quality of
the data, and, by extension, the confidence with which the data can be used to
derive conclusions. The intent of a DQR is not to reject measurements that did not meet a
laboratory’s DQO, but to ensure that questionable data received more scrutiny to determine
what effects, if any, were had on interpretation of results within the context of the project.

B1.2 Laboratory Reporting Limits

A Laboratory Reporting Limit (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

/_\_
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Table B.1: Laboratory Data Quality Objectives (DQO) for the GHO LAEMP, 2020

Study Component

Quality Quality
Control Control Water Chemistry Selenium Speciation Sediment Chemistry Benthic Invertebrate Community Benthic Invertt?brate Tissue
M Sample Chemistry
€asure | TypelCheck
yp ALS Brooks ALS Cordillera TrichAnalytics
. Comparison of
Analytical actual LRL LRL for each parameter should be at least as low as applicable guidelines, LRL for each param_eter shogld t.Je at LRL for each parameter should be at least as low as applicable LRL for each param_eter shou_ld t?e at
Laboratory . least as low as applicable guidelines, S . - least as low as applicable guidelines
versus target benchmarks, and screening values . guidelines, benchmarks, and screening values
LRLs LRL benchmarks, and screening values and benchmarks
Field or Concentrations measured in blank
Blank Analysis | Laboratory Concentrations measured in blank samples should be < LRL - - -
Blank samples should be < LRL
Field Precision | !9 <30% RPD - <30% RPD : :
Duplicates
<5% RPD (particle size)
<20% RPD (moisture)
0, i 0, ni
Laboratory Laboratory <S18/° RPD (conductl\(lt_y) <20% RPD (total selenium) <A0S, <30 /f’ RPD (aI_I remaining analytes) <60% RPD (calcium and strontium)
Precision Duplicates <15% RPD (ORP, turbidity) <25% RPD (selenium species) <40% RPD (aluminum, barium, lead, mercury, molybdenum, . <40% RPD (all remaining analytes)
<20% RPD (all remaining analytes) potassium, silver, sodium, strontium, tin, titanium)
<50% RPD (PAHs)
Within 2-times the LRL (pH)
6.9t0 7.1 (pH) 50 to 130% (naphthalene)
60 to 140% (total silicon) 50 to 150% (Acridine, Benzo(e)pyrene, 1-Methylnaphthalene
Recovery of 75 to 125% (TKN) 75 to 125% (methylseleninic acid, ° ot &'inolin'e) yinap :
ry. 80 to 120% (orthophosphate, phosphorus, TOC, DOC, total and dissolved selenate, selenite, selenocyanate, 3’ ’ . - -
Blank Spike L . 60 to 130% (all remaining PAHSs)
metals) selenomethionine, total selenium) 80 to 120% (inorganic carbon, metals)
85 to 115% (alkalinity, ammonia, bromide, TSS, TDS, turbidity) 90 to (; 10% g(moisture TéC)
90 to 110% (conductivity, chloride, fluoride, nitrate, nitrite, sulfate) ° ’
70 to 130% (DOC, orthophosphate, total phosphorus, TKN, TOC, total and 75 to 125% (selenate, selenite,
Recovery of . o o
Matrix Spike dissolved metals) selenocyanate, selenomethionine, total 50 to 150% (PAHSs) - -
75 to 125% (ammonia, bromide, chloride, fluoride, nitrate, nitrite, sulfate) selenium)
o .
Matrix Spike 75 to 125% (selenate, s.ele.nlte,
. - selenocyanate, selenomethionine, total - - -
Duplicate .
selenium)
0,
Recovery of 8010 120% (orthczphosph?t_e, total _phosphorus) 60 to 140% (antimony, barium, boron,
Certified 85 to 115% (alkalinity, turbidity) silver, titanium, tin)
Laboratory 90 to 110% (conductivity) 75 to 125% (total selenium) 70 to 130% (metals) - o oo
Accuracy Reference 210 to 230% (ORP) 70 to 130% (all remaining analytes)
. (] 0, .
Material 6.9 10 7.1 (pH) 90 to 110% (selenium)
Internal 60 to 130% (PAHSs)
Reference - - 80 to 120% (inorganic carbon, total carbon) - -
Material 7.4 to 8 (pH 1:2 soil:water)
6.9to 7.1 (pH) 60 to 130% (PAHSs)
Laboratory 75 to 125% (TKN) 80 to 120% (metals)
Control 80 to 120% (ORP, DOC, TOC, total phosphorus, all metals) - 90 to 110% (inorganic carbon, total carbon) - -
Sample 85 to 115% (all remaining analytes) 90 to 110% (moisture)
90 to 110% (conductivity, fluoride, nitrate, nitrite, sulfate) 6.8 to 7.2 (pH 1:2 soil:water)
Organism - - - 290% recove -
Recovery =IEe ry
Organism <20% difference between sub-
Sub-Sampling - - - samples; minimum of 5% of each -
Accuracy sample must be analyzed; TIR < 5%

Notes: "-"

hydrocarbons; TKN = Total Kjeldahl Nitrogen; TOC = total organic carbon; DOC = dissolved organic carbon; TSS = total suspended solids; TDS = total dissolved solids; TIR = total identification error rate.

indicates quality control method was not applied; ALS = ALS Environmental; Brooks = Brooks Applied Laboratory; SRC = Saskatchewan Research Council; LRL = Laboratory Reporting Limit; RPD = Relative Percent Difference; DQO = Data Quality Objectives; ORP = oxidation-reduction potential; PAHs = polycyclic aromatic
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operating conditions, which in most cases is the lowest concentration on the calibration curve.
This differs from the lowest concentration that can be detected (i.e., reliably distinguished from
a blank sample) which is known as the method detection limit (MDL). 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 meet 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 introduce confounding factors when assessing trends. For the present study,
LRLs were screened against guidelines including British Columbia Water Quality Guidelines
for the protection of Aquatic Life (BCWQG; ENV 2019, 2021), Elk Valley Water Quality Plan
(EVWQP) benchmarks (Teck 2014), and site-specific screening values, as appropriate.

B1.3  Quality Control Samples

Typically, a DQR involves the examination of analytical results associated with several types
of Quality Control (QC) samples collected (or prepared) in the field and laboratory.
Quality control samples collected for this project, 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 travel blanks)
or in the laboratory (in the case of laboratory or method blanks). Concentrations of
analytes should be below the LRL.

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

o Field duplicates are samples collected from a randomly selected field station that are
homogenized to the greatest extent possible in the field, split, and analyzed separately
in the laboratory. The duplicate samples are handled and analyzed in an identical
manner in the laboratory. These samples reflect variability introduced during the
handling of samples (e.g., during collection and homogenization), both in the field and
laboratory, and therefore provide a measure of field sampling and laboratory precision.
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o Spike recovery samples are created in the laboratory by adding a known
amount/concentration of a given analyte (or mixture of analytes) to a randomly selected
test sample previously divided to create two sub-samples. The spiked and regular
sub-samples are then analyzed in an identical manner. The spike recovery represents
the difference between the measured spike amount (total amount in the spiked sample
minus the amount in the original sample) relative to the known spike amount
(as a percentage). Two types of spike recovery samples are commonly analyzed.
Spiked blanks (or blank spikes, BS) are created using laboratory control materials
whereas matrix spikes (MS) are created using field-collected samples. The analysis of
spiked samples provides an indication of the accuracy of analytical results.

e CRM or IRM are commercially or internally prepared or homogenized reference
materials 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.

o LCS are laboratory control samples created in the laboratory to have a known analyte
concentration in a matrix free of interferences, such as deionized water or
reference sand. The sample results are compared to the target results to confirm that
the analytical method is accurate in a purified reference sample. The results are
reported as the percent of the known concentration that was recovered in the analysis.

¢ Organism recovery checks for benthic invertebrate community samples involve the
reprocessing of previously sorted material from a randomly selected sample to
determine the number of invertebrates that were not recovered during the original
sample processing. The reprocessing is conducted by an analyst not involved in the
original processing to reduce bias. This check allows for the determination of accuracy
through assessment of recovery efficiency.

o Sub-sampling error is assessed for studies in which benthic invertebrate community
samples require sub-sampling (due to excessive sample volume and/or high
invertebrate density). By comparing the numbers of benthic invertebrates recovered
between 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.
The processing of entire benthic invertebrate community samples in representative
sample fractions also allows an evaluation of sub-sampling accuracy.
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B2 WATER QUALITY

B2.1 Laboratory Reporting Limited

The analytical reports for water chemistry from ALS Environmental and Brooks Applied Labs
(BAL; see Appendix H for laboratory reports L2499489, L2502324, L2503391, L2504022,
and L2505298) were examined to assess LRLs relative to applicable guidelines
(Tables B.2 and B.3). The LRLs for water quality analytes were assessed relative to British
Columbia Water Quality Guidelines (BCWQG; ENV 2019, 2021) for the protection of
freshwater aquatic life, EVWQP Level 1 Benchmarks for water quality (Teck 2014),
and relevant site-specific benchmarks. Several analytes were entirely reported below the LRL
(i.e., in 100% of samples; Table B.2 and B.3). For those analytes with one or more result(s)
below the LRL, achieved LRLs were consistently lower than the BCWQG and EVWQP Level 1
Benchmarks for water quality (Teck 2014). Therefore, the achieved LRLs were appropriate for
this study.

B2.2 Field and Laboratory Blanks

One field blank sample and three trip blank samples were submitted to ALS Environmental for
water chemistry analyses to assess the potential for field sampling contamination (Table B.4).
The same DQOs that were used for laboratory blanks were also used for field blanks
(i.e., concentrations should be < LRL). Of the 292 analyte results for field and trip blanks,
only 7 (2.40%) had concentrations greater than the LRL (Table B.4). For analytes with
reported concentrations greater than the LRL, only two had concentrations greater than
5-times the LRL (ammonia and Total Kjeldahl Nitrogen; Appendix H).

A total of 105 method blank samples were assessed for water chemistry (not including those
for selenium speciation) were analyzed by ALS Environmental (Appendix H). These blank
samples consisted of 523 individual analyte results. All concentrations were below the LRL.

Overall, the number of detectable concentrations was relatively low among trip, field, and
laboratory blank samples, and the majority of detectable concentrations were within 5-times
the LRL. Therefore, these results are expected to have a negligible impact on data
interpretability in this study.

B2.3 Data Accuracy and Precision

Data accuracy for water chemistry analyses completed by ALS Environmental
(excluding selenium speciation) was evaluated based on results for 6 certified
reference materials (CRM) samples, 129 laboratory control samples (LCS), and 19

/_\_
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Table B.2: Laboratory Reporting Limit (LRL) Evaluation for Water Chemistry Analyses

. BC WQG ? EVWQP Level 1 Benchmarks/ No. LRLs > No. Sample Results
Parameter Units . b Range of LRLs L.
Short-term ‘ Long-term Relevant Screening Values Guideline <LRL
Physical Tests
Conductivity uS/cm - - - 2 - 0
Hardness (as CaCO3) mg/L - - - 0.5 - 0
pH pH - - - 0.1 - 0
ORP mV - - - -1000 - 0
Total Suspended Solids mg/L - - - 1 - 5 (62.5%)
Total Dissolved Solids mg/L - - 1,000 20 0
Turbidity NTU - - - 0.1 - 0
Anions and Nutrients
Acidity (as CaCO,) mg/L - - - 1 - 8 (100%)
Alkalinity, Bicarbonate (as CaCO3) mg/L - - - 1 - 1(12.5%)
Alkalinity, Carbonate (as CaCO3) mg/L - - - 1 - 3 (37.5%)
Alkalinity, Hydroxide (as CaCOs;) mg/L - - - 1 - 7 (87.5%)
Alkalinity, Total (as CaCO3) mg/L - - - 1 - 0
Bromide (Br) mg/L - - - 0.05t0 0.25 - 8 (100%)
Chloride (CI) mg/L 600 150 - 0.1t00.5 0 0
Fluoride mg/L 1.52 - - 0.02t0 0.1 0 1(12.5%)
Ammonia. Total (as N) ¢ mg/L 0.752 0.102 - 0.005 0 5 (62.5%)
Nitrate (as N) mg/L 32.8 3.00 4.75 0.005 to 0.025 0 0
Nitrite (as N) © mg/L 0.0600 0.0200 - 0.001 to 0.005 0 6 (75.0%)
Total Kjeldahl Nitrogen mg/L - - - 0.05t0 0.25 - 4 (50.0%)
Orthophosphate - Dissolved mg/L - - - 0.001 - 7 (87.5%)
Phosphorus (P) - Total mg/L - - - 0.002 - 5 (62.5%)
Sulfate mg/L - 309 429 0.3t01.5 0 0
Anion Sum meq/L - - - 0 - 0
Cation Sum meqg/L - - - 0 - 0
Organic / Inorganic Carbon
Dissolved Organic Carbon mg/L - - - 0.5 - 5 (62.5%)
Total Organic Carbon mg/L - - - 0.5 - 5 (62.5%)
Total Metals
Aluminum mg/L - - - 0.003 - 0
Antimony mg/L - 0.00900 - 0.0001 0 7 (87.5%)
Arsenic mg/L 0.00500 - - 0.0001 0 1(12.5%)
Barium mg/L - 1.00 - 0.0001 0 0
Beryllium ug/L - 0.130 - 0.02 0 8 (100%)
Bismuth mg/L - - - 0.00005 - 8 (100%)
Boron mg/L - 1.20 - 0.01 0 7 (87.5%)
Cadmium Mg/l - - - 0.005 - 0
Calcium mg/L - - - 0.05 - 0
Chromium ¢ mg/L - 0.00100 - 0.0001 0 1(12.5%)
Cobalt ug/L 110 4.00 - 0.1 0 8 (100%)
Copper mg/L 0.200 0.200 - 0.0005 0 8 (100%)
Iron mg/L 1.00 - - 0.01 0 2 (25.0%)
Lead mg/L 0.145 0.00897 - 0.00005 0 7 (87.5%)
Lithium mg/L - - - 0.001 - 0
Magnesium mg/L - - - 0.1 - 0
Manganese mg/L 2.27 1.30 - 0.0001 - 0
Mercury " ug/L - 0.00125 - 0.0005 0 7 (87.5%)
Molybdenum mg/L 2.00 1.00 - 0.00005 0 0
Nickel f mg/L - 0.135 0.00530 0.0005 0 3 (37.5%)
Potassium mg/L - - - 0.05 - 0
Selenium Mg/l - 2.00 19.0 0.05 0 0
Silicon mg/L - - - 0.1 - 0
Silver mg/L 0.00300 0.00150 - 0.00001 0 8 (100%)
Sodium mg/L - - - 0.05 - 0
Strontium mg/L - - - 0.0002 - 0
Thallium mg/L - 0.000800 - 0.00001 7 (87.5%)
Tin mg/L - - - 0.0001 - 8 (100%)
Titanium mg/L - - - 0.01 - 8 (100%)
Uranium mg/L - 0.00850 - 0.00001 0 0
Vanadium mg/L - - - 0.0005 - 8 (100%)
Zinc ' mg/L 0.0832 0.0578 - 0.003 0 8 (100%)
Dissolved Metals
Aluminum mg/L 0.100 0.0500 - 0.003 8 (100%)
Antimony mg/L - - - 0.0001 - 7 (87.5%)
Arsenic mg/L - - - 0.0001 - 3 (37.5%)
Barium mg/L - - - 0.0001 - 0
Beryllium Mg/l - - - 0.02 - 8 (100%)
Bismuth mg/L - - - 0.00005 - 8 (100%)
Boron mg/L - - - 0.01 - 7 (87.5%)
Cadmium ' ug/L 0.936 0.295 0.196 0.005 - 0
Calcium mg/L - - - 0.05 - 0
Chromium mg/L - - - 0.0001 - 1(12.5%)
Cobalt ug/L - - - 0.1 - 8 (100%)
Copper mg/L 0.200 0.200 - 0.0002 0 7 (87.5%)
Iron mg/L 0.350 - - 0.01 0 8 (100%)
Lead' mg/L - - - 0.00005 - 8 (100%)
Lithium mg/L - - - 0.001 - 0
Magnesium mg/L - - - 0.1 - 0
Manganese mg/L - - - 0.0001 - 0
Mercury " g/l - - - 0.000005 - 8 (100%)
Molybdenum mg/L - - - 0.00005 - 0
Nickel " mg/L - - - 0.0005 - 3 (37.5%)
Potassium mg/L - - - 0.05 - 0
Selenium Mg/l - - - 0.05 - 0
Silicon mg/L - - - 0.05 - 0
Silver mg/L - - - 0.00001 - 8 (100%)
Sodium mg/L - - - 0.05 - 0
Strontium mg/L - - - 0.0002 - 0
Thallium mg/L - - - 0.00001 - 8 (100%)
Tin mg/L - - - 0.0001 - 8 (100%)
Titanium mg/L - - - 0.01 - 8 (100%)
Uranium mg/L - - - 0.00001 - 0
Vanadium mg/L - - - 0.0005 - 8 (100%)
Zinc' mg/L - - - 0.001 - 7 (87.5%)

Notes: The total number of samples (n) was 8. EVWQP = Elk Valley Water Quality Plan; LRL = Laboratory Reporting Limit, "-" indicates where no applicable guideline exists.

@ British Columbia Water Quality Guidelines for the protection of Aquatic Life (ENV 2019 and 2020).
® Where more than one EVWQP Level 1 Benchmark or screening value was applicable, the most conservative (lowest) value was used.
° The LRLs for all analytes were consistently less than the applicable EVWQP Level 1 benchmarks (Teck 2014) or screening values (Golder 2014; Teck 2020)
4 Based on most conservative guideline using highest temperature (20) and pH (9).
¢ Minimum water quality guidelines for Nitrite (as N) reported in ENV (2020) for chloride concentrations < 2 mg/L.
"Hardness-based guidelines calculated using the minimum hardness observed for all samples (139 mg/L).

9 Guideline for Chromium VI (0.001 mg/L) was selected, as this is the principal species found in surface waters.
" The most conservative guideline (0.00125 ug/L) was applied.




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

BCWQG® E\Blt‘:\rllccltljnl::l"lkeslI‘I No. Sample
Parameter Units Re!evant RT_TSLESOf N(;.Ji:'::;:: R.esults
Short-term | Long-term Screenlnbg Values <LRL

Selenium (Se)-Total pg/L - 2.00 19.0 0.192 0 0
Selenium (Se)-Dissolved ug/L - - - 0.192 - 0
Dimethylselenoxide-Dissolved ug/L - - - 0.01 - 6 (66.7%)
MeSe(IV) - methylseleninic acid CH;SeO,H-Dissolved pg/L - - - 0.01 - 5 (55.6%)
Selenium Unknown - Dissolved ug/L - - - 0.01 - 9 (100%)
Se(IV) - selenite SeO,?-Dissolved ug/L - - - 0.05 - 4 (44.4%)
Se(VI) - selenate Se0,-Dissolved ug/L - - - 0.06 - 0
SeCN - selenocyanate SeCN'™" - Dissolved ug/L - - - 0.04 - 9 (100%)
SeMe - selenomethionine CH3SeCH,CH,CH(NH,)CO,H-Dissolved pg/L - - - 0.01 - 9 (100%)
Selenosulfate-Dissolved ug/L - - - 0.06 - 9 (100%)
Unknown Selenium Species-Dissolved ug/L - - - 0.06 - 9 (100%)

Notes: The total number of samples (n) was 9. EVWQP = Elk Valley Water Quality Plan; LRL = Laboratory Reporting Limit. "-" indicates that no applicable guideline exists for that analyte.

@ British Columbia Water Quality Guidelines for the protection of Aquatic Life (ENV 2019 and 2020)
® Where more than one EVWQP Level 1 Benchmark or screening value was applicable, the most conservative (lowest) value was used.




Table B.4: Field Blank and Trip Blank Evaluation for Water Chemistry Analyses

a
i BC waeG EVWQP Level 1 Benchmarks/ No. LRLs > No. Sample
Parameter Units . b Range of LRLs L.
Relevant Screening Values Guideline Results < LRL
Short-term | Long-term
Physical Tests
Conductivity (@ 25°C) uS/cm - - - 2 - 4 (100%)
Hardness (as CaCQO;) mg/L - - - 0.5 - 2 (100%)
pH pH - - - 0.1 - -
ORP mV - - - -1000 - -
Total Suspended Solids mg/L - - - 1 - 4 (100%)
Total Dissolved Solids mg/L - - 1,000 10 0 4 (100%)
Turbidity NTU - - - 0.1 - 4 (100%)
Anions and Nutrients
Acidity (as CaCO3) mg/L - - - 1 - 1 (25.0%)
Alkalinity, Bicarbonate (as CaCO3) mg/L - - - 1 - 4 (100%)
Alkalinity, Carbonate (as CaCO3) mg/L - - - 1 - 4 (100%)
Alkalinity, Hydroxide (as CaCOs;) mg/L - - - 1 - 4 (100%)
Alkalinity, Total (as CaCO3) mg/L - - - 1 - 4 (100%)
Bromide (Br) mg/L - - - 0.05 - 4 (100%)
Chloride (Cl) mg/L 600 150 - 0.1 0 4 (100%)
Fluoride mg/L 1.52 - - 0.02 0 4 (100%)
Ammonia. Total (as N) ¢ mg/L 0.752 0.102 - 0.005 0 3 (75.0%)
Nitrate (as N) mg/L 32.8 3.00 4.75 0.005 0 4 (100%)
Nitrite (as N) © mg/L 0.0600 0.0200 - 0.001 0 4 (100%)
Total Kjeldahl Nitrogen mg/L - - - 0.05 - 4 (100%)
Orthophosphate - Dissolved mg/L - - - 0.001 - 4 (100%)
Phosphorus (P) - Total mg/L - - - 0.002 - 4 (100%)
Sulfate | mg/L - 309 429 0.3 0 4 (100%)
Anion Sum meq/L - - - 0.1 - 4 (100%)
Cation Sum meqg/L - - - 0.1 - 4 (100%)
Organic / Inorganic Carbon
Dissolved Organic Carbon mg/L - - - 0.5 - 2 (100%)
Total Organic Carbon mg/L - - - 0.5 - 4 (100%)
Total Metals
Aluminum mg/L - - - 0.003 - 4 (100%)
Antimony mg/L - 0.00900 - 0.0001 0 4 (100%)
Arsenic mg/L 0.00500 - - 0.0001 0 4 (100%)
Barium mg/L - 1.00 - 0.0001 0 3 (75.0%)
Beryllium ug/L - 0.130 - 0.02 0 4 (100%)
Bismuth mg/L - - - 0.00005 - 4 (100%)
Boron mg/L - 1.20 - 0.01 0 4 (100%)
Cadmium Mg/l - - - 0.005 - 4 (100%)
Calcium mg/L - - - 0.05 - 4 (100%)
Chromium ¢ mg/L - 0.00100 - 0.0001 0 4 (100%)
Cobalt ug/L 110 4.00 - 0.1 0 4 (100%)
Copper mg/L 0.200 0.200 - 0.0005 0 4 (100%)
Iron mg/L 1.00 - - 0.01 0 4 (100%)
Lead mg/L 0.145 0.00897 - 0.00005 0 4 (100%)
Lithium mg/L - - - 0.001 - 4 (100%)
Magnesium mg/L - - - 0.1 - 4 (100%)
Manganese mg/L 2.27 1.30 - 0.0001 0 4 (100%)
Mercury " ug/L - 0.00125 - 0.0005 0 4 (100%)
Molybdenum mg/L 2.00 1.00 - 0.00005 0 4 (100%)
Nickel f mg/L - 0.135 0.00530 0.0005 0 4 (100%)
Potassium mg/L - - - 0.05 - 4 (100%)
Selenium ug/L - 2.00 19.0 0.05 0 4 (100%)
Silicon mg/L - - - 0.1 - 4 (100%)
Silver mg/L 0.00300 0.00150 - 0.00001 0 4 (100%)
Sodium mg/L - - - 0.05 - 3 (75.0%)
Strontium mg/L - - - 0.0002 - 4 (100%)
Thallium mg/L - 0.000800 - 0.00001 0 4 (100%)
Tin mg/L - - - 0.0001 - 3 (75.0%)
Titanium mg/L - - - 0.01 - 4 (100%)
Uranium mg/L - 0.00850 - 0.00001 0 4 (100%)
Vanadium mg/L - - - 0.0005 - 4 (100%)
Zinc mg/L 0.0832 0.0578 - 0.003 0 4 (100%)
Dissolved Metals
Aluminum mg/L 0.100 0.0500 - 0.003 0 2 (100%)
Antimony mg/L - - - 0.0001 - 2 (100%)
Arsenic mg/L - - - 0.0001 - 2 (100%)
Barium mg/L - - - 0.0001 - 2 (100%)
Beryllium Mg/l - - - 0.02 - 2 (100%)
Bismuth mg/L - - - 0.00005 - 2 (100%)
Boron mg/L - - - 0.01 - 2 (100%)
Cadmium | ug/L 0.936 0.295 0.196 0.005 0 2 (100%)
Calcium mg/L - - - 0.05 - 4 (100%)
Chromium mg/L - - - 0.0001 - 2 (100%)
Cobalt ug/L - - - 0.1 - 2 (100%)
Copper mg/L 0.200 0.200 - 0.0002 0 2 (100%)
Iron mg/L 0.350 - - 0.01 0 2 (100%)
Lead’ mg/L - - - 0.00005 - 2 (100%)
Lithium mg/L - - - 0.001 - 2 (100%)
Magnesium mg/L - - - 0.005t0 0.1 - 4 (100%)
Manganese mg/L - - - 0.0001 - 2 (100%)
Mercury " pg/L - - - 0.005 - 2(100%)
Molybdenum mg/L - - - 0.00005 - 2 (100%)
Nickel " mg/L - - - 0.0005 - 2 (100%)
Potassium mg/L - - - 0.05 - 4 (100%)
Selenium ug/L - - - 0.05 - 2 (100%)
Silicon mg/L - - - 0.05 - 2 (100%)
Silver mg/L - - - 0.00001 - 2 (100%)
Sodium mg/L - - - 0.05 - 4 (100%)
Strontium mg/L - - - 0.0002 - 2 (100%)
Thallium mg/L - - - 0.00001 - 2 (100%)
Tin mg/L - - - 0.0001 - 2 (100%)
Titanium mg/L - - - 0.01 - 2 (100%)
Uranium mg/L - - - 0.00001 - 2 (100%)
Vanadium mg/L - - - 0.0005 - 2 (100%)
Zincf mg/L - - - 0.001 - 2 (100%)

|:| Indicates at least one field or trip blank sample had a detectable concentration above the LRL.

Notes: One field blank and three trip blank samples were analyzed. In two trip blank samples, only Ca, Mg, K and Na were analyzed for dissolved metals. EVWQP = Elk Valley Water Quality Plan; LRL
= Laboratory Reporting Limit, "-" indicates where no applicable guideline exists.

@ British Columbia Water Quality Guidelines for the protection of Aquatic Life (ENV 2019 and 2020)

® Where more than one EVWQP Level 1 Benchmark or screening value was applicable, the most conservative (lowest) value was used.

° The LRLs for all analytes were consistently less than the applicable EVWQP Level 1 benchmarks (Teck 2014) or screening values (Golder 2014; Teck 2020)
4 Based on most conservative guideline using highest temperature (20) and pH (9).

¢ Minimum water quality guidelines for Nitrite (as N) reported in ENV (2020) for chloride concentrations < 2 mg/L.

"Hardness-based guidelines calculated using the minimum hardness observed for all samples (139 mg/L).

9 Guideline for Chromium VI (0.001 mg/L) was selected, as this is the principal species found in surface waters.

" The most conservative guideline (0.00125 ug/L) was applied.
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matrix spike (MS) samples (Appendix H). Results of CRM, LCS, and MS sample analyses
generally met the laboratory DQO (Table B.1), with the following exceptions:

total antimony in one LCS sample;
o total beryllium in one LCS sample;
o total lithium in one LCS sample;

o total barium in one MS sample;

¢ total calcium in one MS sample;

e magnesium in one MS sample;

o total sulphate in one MS sample;
o total strontium in two MS samples;

For the LCS samples that did not meet the laboratory DQO, the DQO was exceeded by less
than 10%, which is considered acceptable as per CCME (see laboratory report L2504022
in Appendix H). For the MS results which did not meet the laboratory DQO, analyte
concentrations were high in the background sample (i.e., the field sample used as the base for
the MS sample) and the analytical laboratory was unable to accurately calculate the recovery
of the spiked material (see laboratory reports L2499489 and L2503391 in Appendix H).
Otherwise, accuracy for all analytes in CRM, LCS, and MS samples were within
the laboratory DQO. Therefore, the overall accuracy achieved by the laboratory was
considered good.

Data accuracy for selenium speciation analyses completed by BAL was evaluated based on
the results for eight CRM samples, eight blank spike (BS) samples, three MS samples, and
three matrix spike duplicate (MSD) samples (Appendix H). All CRM, BS, MS, and MSD
samples met the laboratory DQO. Therefore, the overall accuracy achieved by the laboratory
was considered excellent.

Two sets of field duplicate samples were collected to assess field sampling precision of water
chemistry measured by ALS Environmental (excluding selenium speciation; Table B.5).
Relative percent differences (RPDs) between field duplicate samples for most analytes (> 90%
of detected analytes) were below 30%, with the exceptions of:

e oxidation-reduction potential (ORP) in one set of samples (RPD = 32.4%);

e acidity in one set of samples (RPD = 46.2%);
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Table B.5: Field Duplicate Results for Water Chemistry Analyses

RG_EL20_WS_2020-

RG_RIVER_WS_202

RG_ERSC5_WS_202

RG_RIVER1_WS_20

Parameter Units 09-15_1430 0-09-15_1430 RPD1 0-09-10_1645 20-09-10_1645 RPD2
Physical Tests
Conductivity (@ 25°C) uS/cm 298 297 0.336 295 296 0.338
Hardness (as CaCO3) mg/L 171 165 3.57 167 172 2.95
pH pH 8.32 8.18 1.70 8.3 8.3 0
ORP mV 419 329 241 375 520 324
Total Suspended Solids mg/L <1 <1 - <1 <1 -
Total Dissolved Solids mg/L 190 183 3.75 187 186 0.536
Turbidity NTU 0.5 0.11 128 0.69 0.77 11.0
Anions and Nutrients
Acidity (as CaCO,) mg/L <1 1.6 46.2 <1 <1 -
Alkalinity, Bicarbonate (as CaCO3) mg/L <1 149 197 145 140 3.51
Alkalinity, Carbonate (as CaCO3) mg/L <1 <1 - <1 <1 -
Alkalinity, Hydroxide (as CaCOs) mg/L 150 <1 197 <1 <1 -
Alkalinity, Total (as CaCO3) mg/L 150 149 0.669 145 140 3.51
Bromide (Br) mg/L <0.05 <0.05 - <0.05 <0.05 -
Chloride (Cl) mg/L 0.32 0.31 3.17 0.32 0.32 0
Fluoride mg/L 0.15 0.146 2.70 0.164 0.162 1.23
Ammonia, Total (as N) mg/L 0.0095 0.0056 51.7 0.0086 <0.005 52.9
Nitrate (as N) mg/L 0.398 0.393 1.26 0.342 0.342 0
Nitrite (as N) mg/L <0.001 <0.001 - <0.001 <0.001 -
Total Kjeldahl Nitrogen mg/L <0.05 <0.05 - 0.194 0.144 29.6
Orthophosphate-Dissolved mg/L 0.0013 <0.001 26.1 <0.001 <0.001 -
Phosphorus (P)-Total mg/L <0.002 <0.002 - <0.002 <0.002 -
Sulfate mg/L 27.3 27 1.10 26.1 26.1 0
Anion Sum meq/L 3.61 3.59 0.556 3.48 3.39 2.62
Cation Sum meq/L 3.47 3.36 3.22 3.39 3.49 2.91
Organic / Inorganic Carbon
Dissolved Organic Carbon mg/L <0.5 <0.5 - <0.5 <0.5 -
Total Organic Carbon mg/L <0.5 <0.5 - <0.5 <0.5 -
Total Metals
Aluminum mg/L 0.0056 0.0066 16.4 0.0082 0.0141 52.9
Antimony mg/L <0.0001 <0.0001 - <0.0001 <0.0001 -
Arsenic mg/L <0.0001 0.00018 571 0.00012 0.00014 15.4
Barium mg/L 0.057 0.0552 3.21 0.0475 0.0483 1.67
Beryllium ug/L <0.02 <0.02 - <0.02 <0.02 -
Bismuth mg/L <0.00005 <0.00005 - <0.00005 <0.00005 -
Boron mg/L <0.01 <0.01 - <0.01 <0.01 -
Cadmium ug/L 0.0087 0.0071 20.3 0.009 0.0099 9.52
Calcium mg/L 50.1 474 5.54 46.8 46.8 0
Chromium mg/L 0.00024 0.00023 4.26 0.00021 0.0002 4.88
Cobalt pg/L <0.1 <0.1 - <0.1 <0.1 -
Copper mg/L <0.0005 <0.0005 - <0.0005 <0.0005 -
Iron mg/L <0.01 <0.01 - 0.011 0.019 53.3
Lead mg/L <0.00005 <0.00005 - <0.00005 <0.00005 -
Lithium mg/L 0.003 0.0028 6.90 0.0029 0.003 3.39
Magnesium mg/L 11.3 12.4 9.28 121 12.5 3.25
Manganese mg/L 0.00115 0.00116 0.866 0.00169 0.00211 221
Mercury Mg/l <0.0005 <0.0005 - <0.0005 <0.0005 -
Molybdenum mg/L 0.00124 0.0011 12.0 0.00122 0.00107 13.1
Nickel mg/L <0.0005 <0.0005 - 0.00107 0.00107 0
Potassium mg/L 0.418 0.43 2.83 0.425 0.421 0.946
Selenium ug/L 2.03 1.7 17.7 1.36 1.42 4.32
Silicon mg/L 1.99 2.06 3.46 1.78 1.79 0.560
Silver mg/L <0.00001 <0.00001 - <0.00001 <0.00001 -
Sodium mg/L 0.948 0.928 2.13 0.827 0.846 2.27
Strontium mg/L 0.209 0.216 3.29 0.213 0.213 0
Thallium mg/L <0.00001 <0.00001 - <0.00001 <0.00001 -
Tin mg/L <0.0001 <0.0001 - <0.0001 <0.0001 -
Titanium mg/L <0.01 <0.01 - <0.01 <0.01 -
Uranium mg/L 0.000711 0.000785 9.89 0.0008 0.000822 2.71
Vanadium mg/L <0.0005 0.00069 31.9 <0.0005 <0.0005 -
Zinc mg/L <0.003 <0.003 - <0.003 <0.003 -
Dissolved Metals
Aluminum mg/L <0.003 <0.003 - <0.003 <0.003 -
Antimony mg/L <0.0001 <0.0001 - <0.0001 <0.0001 -
Arsenic mg/L <0.0001 <0.0001 - <0.0001 <0.0001 -
Barium mg/L 0.0554 0.056 1.08 0.0468 0.048 2.53
Beryllium ug/L <0.02 <0.02 - <0.02 <0.02 -
Bismuth mg/L <0.00005 <0.00005 - <0.00005 <0.00005 -
Boron mg/L <0.01 <0.01 - <0.01 <0.01 -
Cadmium ug/L 0.0072 0.0069 4.26 0.0083 0.0082 1.21
Calcium mg/L 48.9 46.5 5.03 48.3 49.6 2.66
Chromium mg/L 0.00022 0.00022 0 0.00023 0.0002 14.0
Cobalt pg/L <0.1 <0.1 - <0.1 <0.1 -
Copper mg/L <0.0002 <0.0002 - <0.0002 <0.0002 -
Iron mg/L <0.01 <0.01 - <0.01 <0.01 -
Lead mg/L <0.00005 <0.00005 - <0.00005 <0.00005 -
Lithium mg/L 0.0031 0.0027 13.8 0.0031 0.0031 0
Magnesium mg/L 11.8 12 1.68 11.3 11.7 3.48
Manganese mg/L 0.00069 0.0007 1.44 0.00085 0.00092 7.91
Mercury Mg/l <0.005 <0.005 - <0.005 <0.005 -
Molybdenum mg/L 0.00118 0.00107 9.78 0.00101 0.001 0.995
Nickel mg/L <0.0005 <0.0005 - 0.00058 0.00057 1.74
Potassium mg/L 0.432 0.421 2.58 0.422 0.446 5.53
Selenium ug/L 1.8 1.72 4.55 1.4 1.38 1.44
Silicon mg/L 1.93 1.92 0.519 1.75 1.76 0.570
Silver mg/L <0.00001 <0.00001 - <0.00001 <0.00001 -
Sodium mg/L 0.998 0.91 9.22 0.815 0.847 3.85
Strontium mg/L 0.211 0.208 1.43 0.202 0.208 2.93
Thallium mg/L <0.00001 <0.00001 - <0.00001 <0.00001 -
Tin mg/L <0.0001 <0.0001 - <0.0001 <0.0001 -
Titanium mg/L <0.01 <0.01 - <0.01 <0.01 -
Uranium mg/L 0.000762 0.000775 1.69 0.000786 0.000807 2.64
Vanadium mg/L <0.0005 <0.0005 - <0.0005 <0.0005 -
Zinc mg/L 0.004 <0.001 120 <0.001 <0.001 -

RPD >30%.

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; "-"= no data/not calculated; LRL = Laboratory Reporting Limit.
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o total ammonia in two sets of samples (RPD = 5.17 to 52.9%);
o total aluminum in one set of samples (RPD = 52.9%);

o total arsenic in one set of samples (RPD = 57.1%);

e total vanadium in one set of samples (RPD = 31.9%); and

e dissolved zinc in one set of samples (RPD = 120%).

For all results listed above, the higher RPDs between paired results is due to at least one of
these concentrations being detected close to (within 3-times for aluminum and within 1.5-times
for all other pairs) or below the LRL, where greater variability among paired results is
anticipated. Overall, as few analytes in field duplicates (less than 5%) had RPDs exceeding
30%, field sampling precision for water chemistry was considered acceptable for the purposes
of this study.

Recommended hold times for oxidation-reduction potential (ORP) and pH were exceeded for
all water chemistry samples prior to receipt of samples by the laboratory (Appendix H).
The hold times for these analyses is 0.25 h, which is not feasible to meet while working in
the field. All other recommended hold times were met for all GHO LAEMP samples.

B2.4 Data Quality Statement

Water chemistry data collected for the present study were of acceptable quality as
characterized by good detectability, concentrations below LRLs in all method blank samples,
good laboratory precision and accuracy, and good field sampling precision. Therefore, the
associated data are considered acceptable for this study.
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B3 SEDIMENT QUALITY

B3.1 Laboratory Reporting Limits

The analytical reports for sediment chemistry from ALS (see Appendix H for laboratory report)
were examined to assess LRLs relative to applicable guidelines (Table B.6). The LRLs for
these analytes were assessed relative to existing British Columbia Working Sediment Quality
Guidelines (SQG; ENV 2021). Several analytes were entirely reported below the LRL (i.e., in
100% of samples; Table B.6). For all metals and several polycyclic aromatic hydrocarbons
(PAHs) with one or more result below the LRL, achieved LRLs were consistently lower than
applicable guidelines for sediment quality (Teck 2014; ENV 2021). However, LRLs for
acenaphthene, chrysene, and dibenz(a,h)anthracene exceeded the lower SQG (i.e., Interim
Sediment Quality Guideline) in 53.8 to 100% of samples. The reason for these high LRLs was
due to a combination of chromatographic interference due to PAH co-elution effects. Overall,
the LRLs for most analytes, with the exception of a few PAHs as noted above, were considered
appropriate for this study.

B3.2 Laboratory Blanks

A total of 8 method blank samples for sediment chemistry were analyzed by ALS (Appendix H),
consisting of 126 individual analyte results. All reported method blank results were within the
laboratory DQO (Table B.1). Thus, the method blank results for this study indicated no
inadvertent contamination of sediment samples within the laboratory during analysis.

B3.3 Data Accuracy and Precision

Data accuracy for sediment chemistry analyses completed by ALS was evaluated based on
the analysis of two CRM samples, 10 Internal Reference Material (IRM) samples, and 11 LCS
samples. All CRM, IRM, and LCS results met the laboratory DQO (Table B.1). Therefore, the
accuracy achieved by the laboratory was considered excellent.

One set of laboratory duplicate samples were assessed to determine the laboratory precision
(Appendix H).  All laboratory duplicate results met the laboratory DQO (Table B.1).
Therefore, the accuracy achieved by the laboratory was considered excellent.

Two sets of field duplicate samples were collected to assess the precision of field sampling of
sediment chemistry (Table B.7). Samples were collected as split samples (i.e., a larger sample
was homogenized and then split into two duplicate sub-samples), and as such some variability
was expected based on the inherent heterogeneity of sediments. The RPDs between field
duplicate samples for most metals (> 90%) were below 30% with the exceptions of:

K_\_
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Table B.6: Laboratory Reporting Limit (LRL) Evaluation for Sediment Chemistry Samples Relative to Sediment Criteria

. BC SQGs No. LRLs No. LRLs No. Sample
Parameter Units 506 ‘ oeL Range of LRLs >1SQG > PEL Results <lI°.RL

Physical Tests
% Moisture % - - 0.25 - - 0
pH (1:2 soil:water) pH - - 0.1 - - 0
Particle Size
% Gravel (>2mm) % - - 1 - - 12 (92.3%)
% Sand (2.00mm - 1.00mm) % - - 1 - - 8 (61.5%)
% Sand (1.00mm - 0.50mm) % - - 1 - - 5 (38.5%)
% Sand (0.50mm - 0.25mm) % - - 1 - - 4 (30.8%)
% Sand (0.25mm - 0.125mm) % - - 1 - - 0
% Sand (0.125mm - 0.063mm) % - - 1 - - 0
% Silt (0.063mm - 0.0312mm) % - - 1 - - 0
% Silt (0.0312mm - 0.004mm) % - - 1 - - 0
% Clay (<4um) % - - 1 - - 0
Organic Carbon
Total Organic Carbon | % - - 0.05100.97 - - 0
Metals
Aluminum mg/kg - - 50 - - 0
Antimony mg/kg - - 0.1 0
Arsenic mg/kg 5.90 17.0 0.1 0 0 0
Barium mg/kg - - 0.5 - - 0
Beryllium mg/kg - - 0.1 - - 0
Bismuth mg/kg - - 0.2 - - 13 (100%)
Boron mg/kg - - 5 - - 0
Cadmium mg/kg 0.600 3.50 0.02 0 0 0
Calcium mg/kg - - 50 - - 0
Chromium mg/kg 37.3 90.0 0.5 0 0 0
Cobalt mg/kg - - 0.1 - - 0
Copper mg/kg 35.7 197 0.5 - - 0
Iron mg/kg 21,200 43,766 50 0 0 0
Lead mg/kg 35.0 91.3 0.5 0 0 0
Lithium mg’kg - - 2 - - 0
Magnesium mg/kg - - 20 - - 0
Manganese mg/kg 460 1,100 1 0 0 0
Mercury mg/kg 0.170 0.486 0.005 0 0 0
Molybdenum mg/kg - - 0.1 0
Nickel mg/kg 16.0 75.0 0.5 0 0 0
Phosphorus mg/kg - - 50 - 0
Potassium mg/kg - - 100 - - 0
Selenium mg/kg 2.00 - 0.2 0 - 0
Silver mg/kg 0.500 - 0.1 0 - 6 (46.2%)
Sodium mg/kg - - 50 - - 0
Strontium mg/kg - - 0.5 - - 0
Sulfur mg/kg - - 1000 - - 13 (100%)
Thallium mg/kg - - 0.05 - - 0
Tin mg/kg - - 2 - - 13 (100%)
Titanium mg/kg - - 1 - - 0
Tungsten mg/kg - - 0.5 - - 13 (100%)
Uranium mg/kg - - 0.05 - - 0
Vanadium mg/kg - - 0.2 - - 0
Zinc mg/kg 123 315 2 0 0 0
Zirconium mg/kg - - 1 - - 12 (92.3%)
Polycyclic Aromatic Hydrocarbons
Acenaphthene mg/kg 0.00671 0.0889 0.005 to 0.051 5 (38.5%) 0 13 (100%)
Acenaphthylene mg/kg 0.00587 0.128 0.005 0 0 13 (100%)
Acridine mg/kg - - 0.01t0 0.05 - - 11 (84.6%)
Anthracene mg/kg 0.0469 0.245 0.004 0 0 13 (100%)
Benz(a)anthracene mg/kg 0.0317 0.385 0.01 0 0 8 (61.5%)
Benzo(a)pyrene mg/kg 0.0319 0.782 0.01 0 0 10 (76.9%)
Benzo(b&j)fluoranthene mg/kg - - 0.01 - - 5 (38.5%)
Benzo(b+j+k)fluoranthene mg/kg - - 0.015 - - 7 (53.8%)
Benzo(g,h,i)perylene mg/kg 0.170 0.320 0.01 0 0 8 (61.5%)
Benzo(k)fluoranthene mg/kg 0.240 13.4 0.01 0 0 13 (100%)
Benzo(e)pyrene mg/kg - - 0.01 - - 5 (38.5%)
Chrysene mg/kg 0.0571 0.862 0.011t00.24 2 (28.6%) 0 7 (53.8%)
Dibenz(a,h)anthracene mg/kg 0.00622 0.135 0.005 to 0.007 1 (10.0%) 0 10 (76.9%)
Fluoranthene mg/kg 0.111 2.36 0.01 0 0 7 (53.8%)
Fluorene mg/kg 0.0212 0.144 0.01 0 0 8 (61.5%)
Indeno(1,2,3-c,d)pyrene mg/kg 0.200 3.20 0.01 0 0 11 (84.6%)
1-Methylnaphthalene mg/kg - - 0.05 - - 7 (53.8%)
2-Methylnaphthalene mg/kg 0.0202 0.201 0.01 0 0 0
Naphthalene mg/kg 0.0346 0.391 0.01 0 0 3 (23.1%)
Perylene mg/kg - - 0.01 - - 6 (46.2%)
Phenanthrene mg/kg 0.0419 0.515 0.01 0 0 0
Pyrene mg/kg 0.0530 0.875 0.01 0 0 7 (53.8%)
Quinoline mg/kg - - 0.05 - - 13 (100%)

1 sShading indicates an LRL greater than the lowest BC WSQG (i.e., the ISQG).

Notes: the total number of samples (n) was 13. BC SQGs = British Columbia Working Sediment Quality Guidelines; LRL = Laboratory Reporting Limit; ISQG = Interim Sediment Quality
Guideline; PEL = Probable Effects Level; % = percent; > = greater than; mm = millimetres; < = less than; ym = micrometres; - = no data/not applicable; mg/kg = milligrams per kilogram;
BCMOECCS = British Columbia Ministry of Environment and Climate Change Strategy.




Table B.7: Field Duplicate Results for Sediment Samples

RG_EL20 / GH_ERC

RG_ELUGH / GH_ER2

Parameter Unit RG_EL20_SE- RG_RIVER_SE- RPD (%) RG_ELUGH_SE-| RG_RIVER_SE- RPD (%)

1_2020-09- 5_2020-09- 2_2020-09- 5_2020-09-

15_1244 15_1244 17_1040 17_1040

Physical Tests
% Moisture % 26.3 35.5 29.8 43.8 39.7 9.82
pH (1:2 soil:water) pH 8.42 8.25 2.04 8.24 8.29 0.605
Particle Size
% Gravel (>2mm) % 3.5 74 71.6 <1 1.6 46.2
% Sand (2.00mm - 1.00mm) % 4 4.7 16.1 1.5 3.8 86.8
% Sand (1.00mm - 0.50mm) % 7.2 7.4 2.74 6.2 6.3 1.60
% Sand (0.50mm - 0.25mm) % 12.9 12.2 5.58 13.7 15.1 9.72
% Sand (0.25mm - 0.125mm) % 17.3 15.9 8.43 281 17 49.2
% Sand (0.125mm - 0.063mm) % 16.3 14.5 1.7 19.4 13.8 33.7
% Silt (0.063mm - 0.0312mm) % 16.9 16.7 1.19 13.4 18.2 30.4
% Silt (0.0312mm - 0.004mm) % 18 17.7 1.68 13.8 20.4 38.6
% Clay (<4um) % 3.8 3.5 8.22 3.3 3.8 141
Organic Carbon
Total Organic Carbon | % 3.1 2.85 8.72 2.61 3.12 17.8
Metals
Aluminum mg/kg 4,320 5,520 24.4 7,340 7,500 2.16
Antimony mg/kg 0.35 0.38 8.22 0.54 0.51 5.71
Arsenic mg/kg 4.41 4.93 111 5.64 5.67 0.531
Barium mg/kg 81.1 108 285 146 151 3.37
Beryllium mg/kg 0.36 0.44 20.0 0.56 0.53 5.50
Bismuth mg/kg <0.2 <0.2 - <0.2 <0.2 -
Boron mg/kg 6.3 8.1 25.0 7.8 10 247
Cadmium mg/kg 0.559 0.644 14.1 0.758 0.727 4.18
Calcium mg/kg 90,100 69,800 254 56,800 58,500 2.95
Chromium mg/kg 13.9 14.6 4.91 17.7 18.2 2.79
Cobalt mg/kg 2.74 3.26 17.3 4.26 4.23 0.707
Copper mg/kg 6.58 9.12 32.4 10.5 10.8 2.82
Iron mg/kg 8,920 10,400 15.3 12,100 12,100 0
Lead mg/kg 3.96 4.97 22.6 6.64 6.9 3.84
Lithium mg/kg 6.6 7.1 7.30 10 10.2 1.98
Magnesium mg/kg 14,200 11,600 20.2 12,700 13,200 3.86
Manganese mg/kg 385 370 3.97 449 399 11.8
Mercury mg/kg 0.0166 0.0259 43.8 0.0419 0.0385 8.46
Molybdenum mg/kg 1.24 1.2 3.28 1.3 1.29 0.772
Nickel mg/kg 13.5 14.2 5.05 18 18 0
Phosphorus mg/kg 1090 1100 0.913 1150 1230 6.72
Potassium mg/kg 1120 1430 24.3 1930 1960 1.54
Selenium mg/kg 0.48 0.64 28.6 1.05 0.74 34.6
Silver mg/kg <0.1 0.12 18.2 0.16 0.15 6.45
Sodium mg/kg 106 92 141 102 110 7.55
Strontium mg/kg 124 95.7 25.8 94.1 94.7 0.636
Sulfur mg/kg <1,000 <1,000 - <1,000 <1,000 -
Thallium mg/kg 0.153 0.177 14.5 0.194 0.194 0
Tin mg/kg <2 <2 - <2 <2 -
Titanium mg/kg 18.7 16.8 10.7 20.3 20 1.49
Tungsten mg/kg <0.5 <0.5 - <0.5 <0.5 -
Uranium mg/kg 1.02 1.03 0.976 1.01 0.985 2.51
Vanadium mg/kg 21.7 26.3 19.2 34.8 35 0.573
Zinc mg/kg 49.3 58.4 16.9 77.3 85.5 10.1
Zirconium mg/kg <1 <1 - 1 <1 0
Polycyclic Aromatic Hydrocarbons
Acenaphthene mg/kg <0.005 <0.005 - <0.005 <0.005 -
Acenaphthylene mg/kg <0.005 <0.005 - <0.005 <0.005 -
Acridine mg/kg <0.01 <0.01 - <0.01 <0.01 -
Anthracene mg/kg <0.004 <0.004 - <0.004 <0.004 -
Benz(a)anthracene mg/kg <0.01 <0.01 - <0.01 <0.01 -
Benzo(a)pyrene mg/kg <0.01 <0.01 - <0.01 <0.01 -
Benzo(b&j)fluoranthene mg/kg <0.01 0.011 9.52 0.022 0.016 31.6
Benzo(b+j+k)fluoranthene mg/kg <0.015 <0.015 - 0.022 0.016 31.6
Benzo(g,h,i)perylene mg/kg <0.01 <0.01 - <0.01 <0.01 -
Benzo(k)fluoranthene mg/kg <0.01 <0.01 - <0.01 <0.01 -
Benzo(e)pyrene mg/kg <0.01 0.01 0 0.019 0.014 30.3
Chrysene mg/kg <0.025 <0.03 - 0.044 0.032 31.6
Dibenz(a,h)anthracene mg’kg <0.005 <0.005 - <0.007 <0.005 -
Fluoranthene mg/kg <0.01 <0.01 - 0.011 <0.01 9.52
Fluorene mg/kg <0.01 <0.01 - <0.01 <0.01 -
Indeno(1,2,3-c,d)pyrene mg/kg <0.01 <0.01 - <0.01 <0.01 -
1-Methylnaphthalene mg/kg <0.05 0.071 34.7 0.054 <0.05 7.69
2-Methylnaphthalene mg/kg 0.055 0.115 70.6 0.06 0.05 18.2
Naphthalene mg/kg 0.03 0.054 57.1 0.031 0.026 17.5
Perylene mg/kg <0.01 <0.01 - 0.019 0.015 235
Phenanthrene mg/kg 0.051 0.08 443 0.103 0.087 16.8
Pyrene mg/kg <0.01 <0.01 - 0.014 <0.01 33.3
Quinoline mg/kg <0.05 <0.05 - <0.05 <0.05 -
[ ] RPD>30%.

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; LRL = Laboratory Reporting Limit.
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e copper in one set of samples (RPD = 32.4%);
e selenium in one set of samples (RPD = 34.6%);

For the selenium result listed above, the higher RPD between paired results is due to at least
one of these concentrations being within 2-times the LRL, where greater variability among
paired results is anticipated.

Variability among paired results was greater for PAHs than for metals and, due several results
below the LRL for PAHSs, only 17 RPD values could be calculated out of 46 paired results.
Of these, several PAHs had RPD values greater than 30% including:

e benzo(b&j)fluoranthene in one set of samples (RPD = 31.6%);

e benzo(b+j+k)fluoranthene in one set of samples (RPD = 31.6%);
e benzo(e)pyrene in one set of samples (RPD = 30.3%);

e chrysene in one set of samples (RPD = 31.6%);

o 1-methylnaphthalene in one set of samples (RPD = 34.7%);

o 2-methylnaphthalene in one set of samples (RPD = 70.6%);

¢ napthalene in one set of samples (RPD = 57.1%); and

¢ phenanthrene in one set of samples (RPD = 44.3%).

Of result listed above, the higher RPD between paired results is due to at least one of these
concentrations being within 3-times (for five of the results listed) or 5-times (for two of the
results listed) the LRL, where greater variability among paired results is anticipated.

Overall, as only 8.6% of RPDs for metals and PAHs exceeded 30%, field precision and
reproducibility were considered adequate. The greater variability observed for PAHSs is likely
attributed to residual heterogeneity in the samples. Subtle differences in the distribution of fine
particulate matter and associated PAHs amongst split samples may exist even after
homogenization in the field. Additionally, the transfer of sample material from one container
(i.e., the bin in which the samples were homogenized) to another (i.e., the sample jar or bag)
may introduce variability (Weiner 2013).

B3.2 Data Quality Statement

Sediment chemistry data collected for the present study were of acceptable quality as
characterized by good detectability (with the exception of a few PAHSs), negligible analyte
concentrations in method blanks, good laboratory precision and accuracy, and good field
sampling precision. Overall, the associated data were considered acceptable for this study.
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B4 BENTHIC INVERTEBRATE COMMUNITY

B4.1 Benthic Invertebrate Sub Sampling Accuracy

The analytical reports from Cordillera Consulting Inc. were examined to assess sub-
sampling accuracy. For all samples, Canadian Aquatic Biomonitoring Network (CABIN)
protocols were followed for sub-sampling (i.e., identification of a minimum 300 invertebrates),
with a minimum of 5% of a sample being assessed Table B.8. All benthic invertebrate
community structure samples (n=20) were subject to sub-sampling (Table B.8).
Sub-sampling efficiency was assessed by comparing the numbers of benthic invertebrates
recovered between at least two sub-samples. Both the precision and accuracy of
sub-sampling efficiency assessments in 2020 met the respective DQO in all cases
(= 20%; Table B.9). Thus, the precision and accuracy for sub-sampling of benthic invertebrate
community samples was considered acceptable for this study.

B4.2 Organism Sorting Efficiency

To measure the effectiveness of the sorters, at least 10% of samples were selected at random
for resorting analysis by a different sorter; three samples were assessed for this project.
Sorting efficiency (i.e., percent recovery) of benthic invertebrate samples was excellent,
achieving an average of 98.7% for the three community structure samples (Table B.10).
Recovery in quality control samples was above the laboratories’ DQO (Cordillera: = 95%),
so organism sorting efficiency was considered excellent.

B4.3 Taxonomic ldentification Accuracy

Cordillera Consulting Inc. performed an internal audit of taxonomic identification for at least
10% of all community structure samples (n = 2; Table B.11). The analysts reported a total
identification error rate (TIR) of 0%, a percentdifference in enumeration (PDE)
of 0.101 to 0.148%, a percent taxonomic disagreement (PTD) of 0.590 to 0.806%, and Bray
Curtis Dissimilarity Index (BCDI, a measure of the differences in identifications between
different analysts) of 0.00443 to 0.00706). The laboratory DQO was based on TIR as per
CABIN laboratory methods (< 5% TIR; Environment Canada 2014). As TIR was below 5% for
all samples examined, the taxonomic accuracy of the analysis was considered good.

B4.4 Data Quality Statement

Benthic invertebrate community data collected for the present study were of excellent quality
as characterized by good sorting efficiency, subsampling precision and accuracy, and
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excellent taxonomic identification accuracy. Therefore, the associated data can be used with
a high level of confidence in the derivation.
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Table B.8: Sub-Sampling Percentages, Benthic Invertebrate Community Samples

Sample ID Date Laboratory ID | % Sampled | # Invertebrates
RG_ELUGH_BIC-1_2020-09-17 17-Sep-20 CC210922 5% 423
RG_ELUGH_BIC-2_2020-09-17 17-Sep-20 CC210923 5% 496
RG_ELUGH_BIC-3_2020-09-17 17-Sep-20 CC210924 5% 330
GH_ERSC4_BIC-1_2020-09-12 12-Sep-20 CC210925 10% 391
GH_ERSC4_BIC-2_2020-09-12 12-Sep-20 CC210926 7% 337
GH_ERSC4_BIC-3_2020-09-12 12-Sep-20 CC210927 9% 355
GH_ER1A_BIC-1_2020-09-11 11-Sep-20 CC210928 20% 419
GH_ER1A_BIC-2_2020-09-11 11-Sep-20 CC210929 6% 338
GH_ER1A_BIC-3_2020-09-12 12-Sep-20 CC210930 5% 372
RG_ERSC5_BIC-1_2020-09-11 11-Sep-20 CC210931 14% 327
RG_ERSC5_BIC-2_2020-09-11 11-Sep-20 CC210932 7% 373
RG_ERSC5_BIC-3_2020-09-11 11-Sep-20 CC210933 13% 358
RG_THCK_BIC-1_2020-09-10 10-Sep-20 CC210934 6% 339
RG_THCK_BIC-2_2020-09-10 10-Sep-20 CC210935 5% 408
RG_THCK_BIC-3_2020-09-10 10-Sep-20 CC210936 5% 525
RG_EL20_BIC-1_2020-09-15 15-Sep-20 CC210937 5% 565
RG_EL20_BIC-2_2020-09-16 16-Sep-20 CC210938 9% 359
RG_EL20_BIC-3_2020-09-16 16-Sep-20 CC210939 10% 475
RG_EL20_BIC-4_2020-09-16 16-Sep-20 CC210940 6% 368
RG_EL20_BIC-5_2020-09-16 16-Sep-20 CC210941 5% 393




Table B.9: Summary of Subsampling Efficiency

Total # of

Laboratory ID Sample ID # of Organisms in Subsample Organisms Precision Accuracy
Subsample #| 1 2 3 4 5 6 7 8 9 10 Total Min (%) | Max (%) | Min (%) @ Max (%)
GH_ER1A_BIC-
CC210928 1. 2020-09-11 418 | 452 | 402 479 @ 446 - - - - - 2197 1.33 16.1 1.50 9.01
CC210939 F;GEEES%—QB:%_ 468 | 393 | 409 411 433 | 456 | 427 | 413 | 448 @ 422 4280 0.48 16.0 0.23 9.35




Table B.10: Summary of Sorting Efficiency for Benthic Invertebrate Community Samples

Sample ID Laboratory ID Taxon Organisms Missed Totallgrf:glsms % Efficiency
GH_ER1A_BIC-3_2020-09-12 CC210930 No invertebrates found 0 372 100
Diptera 1
Chironomidae 1
RG_ERSC5_BIC-3_2020-09-11 CC210933
Trichoptera 1
Total 3 358 99
Chironomidae 1
Baetidae 1
Ephemerellidae 2
RG_EL20_BIC-4_2020-09-16 CC210940
Heptageniidae 5
Trichoptera 1
Total 10 368 97
Average Recovery 98.7

Notes: As sorting progressed, 10% of samples were randomly chosen by senior members of the sorting team for resorting. All sorters working on a project had
at least one sample resorted by another sorter. An efficiency of 90% was expected. If 90/95% efficiency was not met, samples from that sorter were re-sorted.
To calculate sorting efficiency the following formula was used: (# organisms missed / total organisms found) X 100.




Table B.11: Percent Benthic Invertebrate Community Organism Recovery

Sample ID Laboratory ID Taxa Identified TIR PDE PTD BCDI
RG_ELUGH_BIC-2_2020-09-17 CC210923 495 0.00 0.101 0.806 0.00706
RG_THCK_BIC-1_2020-09-10 CC210934 338 0.00 0.148 0.590 0.00443

Notes: TIR = Total Identification Error Rate, PDE = Percent Difference in Enumeration, PTD = Percent Taxonomic Disagreement, BCDI = Bray Curtis
Dissimilarity Index to quantify differences in identifications.
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B5 BENTHIC INVERTEBRATE TISSUE CHEMISTRY

B5.1 Laboratory Reporting Limits

Analytical report of benthic invertebrate tissue metal concentrations from TrichAnalytics
(see Appendix G for laboratory report) was examined to provide an inventory of analyte results
below the LRL and to compare the LRLs for these analytes to available benchmarks
(Table B.12).

The sole focus of interpretation of benthic invertebrate tissue chemistry results for the GHO
LAEMP was selenium. The achieved LRL was below the LRL. Selenium was detectable
(i.e., > LRL) in all benthic invertebrate samples, therefore comparison of the selenium LRL to
the applicable benchmark (i.e., Elk Valley Water Quality Plan Level 1 benchmark for effects
to invertebrates [13 mg/kg dry weight]; Teck 2014) was not necessary to assess whether
adequate detectability was achieved. Overall, the detectability of selenium in all samples
(i.e., > LRL) indicates that the achieved LRLs were suitable for the study.

B5.2 Data Accuracy and Precision

Data accuracy was evaluated based on the analysis of 2 CRM samples consisting of
60 individual analyte results (Appendix G). The CRM analyses results met the laboratory DQO
(Appendix G). Accuracy achieved by the laboratory in this study can therefore be
considered excellent.

Laboratory precision was evaluated based on duplicate analysis of benthic
invertebrate tissue samples. Laboratory duplicate results for benthic invertebrate tissue were
within the DQO set by TrichAnalytics for all samples and analyses, including selenium
(Appendix G). The laboratory analytical precision can be considered excellent for this study.

B5.3 Data Quality Statement

Benthic invertebrate tissue data collected for the present study were of good quality as
characterized by good detectability, appropriate LRLs, and good laboratory precision
and accuracy. Therefore, the associated data can be used with a good level of confidence in
the derivation of conclusions for this study.
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Table B.12: Laboratory Reporting Limit (LRL) Evaluation for Benthic Invertebrate
Tissue Chemistry Analyses

EVWQP Level 1

. Benchmarks/ Range of No. LRLs No. Sample
Parameter Units . S Results
Relevant Screening LRLs > Guideline
<LRL
Values
Aluminum ppm - 0.004 - 0
Antimony ppm - 0.092 - 0
Arsenic ppm - 3.1 - 0
Barium ppm - 0.049 - 0
Beryllium ppm - 0.04 - 0
Boron ppm - 79 - 0
Cadmium ppm - 11 - 0
Calcium ppm - 20 - 0
Chromium ppm - 0.27 - 0
Cobalt ppm - 0.047 - 0
Copper ppm - 0.646 - 0
Iron ppm - 0.009 - 0
Lead ppm - 4.1 - 0
Lithium ppm - 0.004 - 0
Magnesium ppm - 0.015 - 0
Manganese ppm - 0.008 - 0
Mercury ppm - 0.783 - 0
Molybdenum ppm - 0.392 - 0
Nickel ppm - 0.348 - 0
Phosphorus ppm - 0.001 - 0
Potassium ppm - 0.026 - 0
Selenium ppm 13 0.001 0 0
Silver ppm - 0.076 - 0
Sodium ppm - 0.021 - 0
Strontium ppm - 0.006 - 0
Thallium ppm - 0.001 - 0
Tin ppm - 0.028 - 1 (3.03%)
Titanium ppm - 0.001 - 0
Uranium ppm - 0.001 - 0
Vanadium ppm - 0.001 - 0
Zinc ppm - 0.358 to 5 - 0

Notes: The total number of samples analyzed (n) was 90. EVWQP = Elk Valley Water Quality Plan; LRL =

Laboratory Reporting Limit. "-" indicates where no applicable guideline exists.
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B6 DATA QUALITY SUMMARY

Overall, the quality of the data collected for this project was considered acceptable for the
derivation of conclusions associated with the objectives of the 2020 GHO LAEMP.
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APPENDIX C
REACH 2 AMPHIBIAN HABITAT



Photo C.1: RG_GH-SCW3 (Reach 2), September 2017

Photo C.2: RG_GH-SCW3 (Reach 2), September 2018



Photo C.4: RG_GH-SCW3 (Reach 2), September 2018



Photo C.6: RG_GH-SCW3 (Reach 2), May 2020 (photo from Vast 2 2 )



Photo C.7: RG_GH-SCW3 (Reach 2) Flooded Grasslands, June 2020, (photo from ast
22)

Photo C.8: RG_GH-SCW3 (Reach 2), May to July 2020 (left to right; photo from ast
22)



Photo C.10: RG_GH-SCW3 (Reach 2), September 2020



Photo C.11: Columbia spotted frog (left) and western toad (right), RG_GH-SCW3, June
and July 2020 (photo from ast2 2 )



Table C.1: Habitat Characteristics of Reach 2, May to July 2020 ast2 2

Habitat Parameter 13-May-20 23-Jun-20 24-Jul-20
Emergent S A A
Aquatic Macrophytes
Submergent A A A
Number of Fish Observed 0 5 12

Adjacent Land Use

forestry and recreation; forest service road adjacent

Adjacent Terrestrial Habitat

undisturbed forest

Habitat Connectivity

yes

Water Level

shallow margin sections present

Shoreline Aquatic Vegetation

grass and willow

Other Comments

flowing creek with slower side channels and stagnant pools;
no signs of beaver activity

Notes: Data presented was collected by Vast Resource Solutions in 2020. S = sporadic. A = abundant.




Table C.2: In Situ Water Quality Measurements for the Inlet of Reach 2 (Station
SCW1), 2018 to 2020

Year Date Temperature Dissolved Oxygen Coi:i‘ztfil\(/:ity pH
(°C) (% Sat.) (mg/L) (Ms/cm) pH Units

BC WQG Maximum - - 5 - 6.5

BC WQG Minimum 19 - - - 9.0

24-May-18 6.5 100.0 12.37 301 8.08

14-Jun-18 6.5 94.1 11.56 293 8.10

2018 18-Jul-18 10 94.6 10.68 277 8.18

14-Aug-18 11.9 82.2 8.81 260 8.30

12-Sep-18 7.5 96.7 11.56 310 8.07

11-Oct-18 24 80.8 10.98 293 7.91

12-Jun-19 7.4 90.7 10.91 263 8.10

5-Jul-19 7.0 85.9 10.36 230 7.87

2019 7-Aug-19 10.9 86.8 9.58 270 8.18

20-Sep-19 8.8 81.9 9.52 381 8.09

9-Oct-19 0.7 90.7 12.97 375 7.54

5-May-20 5.6 76.5 9.62 229 7.97

12-Jun-20 6.5 86.6 10.25 658 8.47

2020 21-Jul-20 8.6 89.6 10.45 264 8.17

17-Aug-20 13.5 79.1 8.23 254 8.25

4-Sep-20 10.2 96.4 10.82 300 8.25

19-Oct-20 0.8 80.1 11.45 237 7.41

:l Value less than the BCWQG minimum or greater than the BCWQG maximum.

Notes: WQG = water quality guideline. " - " indicates no WQG. Station SCW1 was dry from January 2018 to
April 2018, from November 2018 to May 2019, from November 2019 to April 2020, and from November 2020 to
December 2020.




Table C.3: In Situ Water Quality Measurements for the Outlet of Reach 2 (Station

SCWa3), 2018 to 2020

Specific

Year Date Temperature Dissolved Oxygen Conductivity pH
(°C) (% Sat.) (mg/L) (nus/cm) pH Units

BC WQG Maximum - - 5 - 6.5
BC WQG Minimum 19 - - - 9.0
24-Jan-18 0.3 86.8 12.5 1,709 7.71
15-Feb-18 -0.1 78.9 11.4 1,912 8.09
15-Mar-18 0.4 61.9 8.75 1,636 8.32
16-Apr-18 0.3 71.2 10.3 1,322 7.02
24-May-18 7.5 98.6 11.8 400 8.20

2018 14-Jun-18 6.5 94.0 11.6 294 7.90
18-Jul-18 10.3 92.6 10.4 315 8.20
14-Aug-18 13 83.3 8.76 484 8.39
12-Sep-18 7.9 96.5 11.4 561 8.18
11-Oct-18 24 84.7 11.6 1,046 8.36
21-Nov-18 -0.1 68.5 9.86 1,986 7.05

4-Dec-18 -0.01 93.6 13.6 2,007 8.00

15-Jan-19 0 96.2 13.96 1,936 8.11
17-Apr-19 6.3 82.6 10.25 1,233 8.81

8-May-19 8.4 83.2 9.72 1,130 8.40

12-Jun-19 7.9 92.8 11 260 8.15

2019 5-Jul-19 7.2 86.1 10.4 230 7.93
7-Aug-19 11.0 87.8 9.69 272 7.92
20-Sep-19 9.1 84.5 9.72 558 8.17

9-Oct-19 1.4 92.4 12.92 1,943 8

6-Nov-19 0 92.7 13.45 1,468 7.52

4-Dec-19 0.1 62.2 9.04 1,589 8.17

17-Jan-20 -0.1 83.3 12.13 1,217 7.27
12-Feb-20 0.4 72.4 10.49 1,289 7.52
12-Mar-20 0.1 88.2 12.69 1,470 7.73
07-Apr-20 0.6 82.8 11.83 1,354 7.66
05-May-20 5.5 76.2 9.6 289 8.15

2020 12-Jun-20 6.2 85.1 10.54 259 7.97
21-Jul-20 8.5 88.0 10.26 267 7.83
17-Aug-20 13.6 79.8 8.27 310 8.09
04-Sep-20 10.9 95.1 10.5 547 8.16
19-Oct-20 1.6 81.2 11.31 1,050 7.72
10-Nov-20 0.1 79.8 11.40 1,930 8.69
10-Dec-20 0 79 11.42 2,087 7.53

:l Value less than the BC WQG minimum or greater than the BC WQG maximum.

Notes: WQG = water quality guideline. " - " indicates no WQG.




Table C.4: GHO LAEMP Amphibian Observations within Reach 2, May 2017 to July 2020

Species Life Stage Number Year Month Location Easting Northing
western toad adult 1 2017 July Reach 2 - -
Columbia spotted frog adult 1 2017 August Reach 3 - -
Columbia spotted frog adult 1 2018 June Reach 2 648373 5550161
western toad adult 1 2018 July Reach 1/2 break 648257 5549933
western toad adult 1 2018 July Reach 2 648325 5550044
western toad adult 1 2018 July Reach 2 (2nd finger) 648112 5550281
western toad adult 1 2018 July Reach 2 648167 5550274
western toad adult 1 2018 August Reach 2 (2nd finger) 647955 5550282
long-toed salamander® subadult / larva 10 2018 September | Reach 2 (2nd finger) 648090 5550244
Columbia spotted frog adult 1 2020 June Reach 2 (outlet) 648377 5550209
Columbia spotted frog subadult 1 2020 June Reach 2 648376 5550231
western toad” adult 1 2020 June Reach 2 648379 5550214
western toad adult 1 2020 June Reach 2 648380 5550204
western toad adult 1 2020 July Reach 2 648347 5550229
western toad adult 1 2020 July Reach 2 648391 5550201

Note: "-" indicates UTM not recorded.

@ The 10 salamanders were found deceased in the naturally dewatering area off of Reach 2.

® |dentified by call.




APPENDIX C
MEMO: AMPHIBIAN OCCURRENCE AND
DISTRIBUTION STUDY IN THE
ELK RIVER WATERSHED (VAST 2020)



VAST

RESOURCE SOLUTIONS

August 30, 2020
Project/Reference Number: 20.0062

Teck Coal Limited
421 Pine Avenue
Sparwood, BC
VOB 2G0

Attention: Cait Good

Re: Amphibian Occurrence and Distribution Study in the Elk River Watershed

Teck Coal Limited (Teck) retained VAST Resource Solutions Inc. (VAST) in 2020 to complete amphibian
surveys at several lentic areas as part of the Amphibian Occurrence and Distribution Study. The data will
be used to inform Teck’s Local Aquatic Effects Monitoring Programs (LAEMP) and toxicology study. This
letter outlines the surveys that took place and the results.

1 Background

1.1  Introduction

The Amphibian Occurrence and Distribution Study (this study) is a component of the Lentic Area
Supporting Study, a supporting study under the Regional Aquatic Effects Monitoring Program (RAEMP).
Additional supporting studies being completed under the RAEMP include Local Aquatic Effects
Monitoring Programs (LAEMP) and a Columbia spotted frog toxicity study. Together, these studies are
expected to inform the implementation of the Elk Valley Water Quality Plan.

The objectives of this study were to document the occurrence of amphibian species at each life stage
(i.e., egg, larval, metamorph/subadult/adult), determine the distribution of amphibians, and
characterize the population structure of amphibians in MU’s 1-6. To satisfy these objectives, surveys
were completed during the breeding season (April to August) in 2018 and 2019 at reference and mine-
exposed lentic areas within the Elk, Flathead, and Kootenay River watersheds. Surveys targeted the
following species: Columbia spotted frog (Rana lutieventris), western toad (Anaxys boreas), long-toed
salamander (Ambysotma macrodactylum), wood frog (Lithobates sylvaticus), and Pacific chorus frog
(Pseudacris regilla).

In 2020, additional amphibian surveys and habitat assessments were completed to satisfy two goals:

1. Provide amphibian occurrence and habitat data to Teck Greenhills Operations LAEMP;
2. Provide amphibian occurrence and distribution and habitat data at mine-exposed sites to inform
Teck’s Columbia spotted frog toxicity study.

1.2 Amphibian Ecology

Amphibians belong to the vertebrate class Amphibia and are characterized by a two-stage life cycle: an
aquatic larval form that metamorphosize into a terrestrial adult form (Wells, 2010). Amphibians are
ectothermic and rely on the environment to heat their body and complete physiological processes. As
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such, the timing of amphibian life history stages and the duration of development is largely dependent
on ambient (i.e., air or water) temperatures. Generally, amphibians make use of and move between
aquatic and terrestrial habitats (Pilliod et al., 2002; Regosin et al., 2003; Bull, 2006). In temperate
environments, adult amphibians leave terrestrial or aquatic over-wintering sites in the spring (typically
April-May) and move to aquatic breeding habitats. At this time, male frogs and toads call to attract
females (Hammerson, 1999). Females lay eggs over the course of a few days to weeks (Waldman, 1981;
Bull and Shepherd, 2003) and following this, adults either return to terrestrial habitats (e.g., western
toad, long-toed salamander, wood frog, Pacific chorus frog) or remain close to aquatic habitats (e.g.,
Columbia spotted frog) (Kleeberger and Werner, 1983; Regosin et al., 2002; COSEWIC, 2012; BC CDC,
2016; Pilliod et al., 2002). Eggs develop into larvae (i.e., tadpoles) over the course of a few days to three
weeks. Larvae absorb oxygen through gills (internal or external) in the water (Dodd, 2010). The duration
of the larval form can vary considerably, but typically metamorphosis occurs by fall of the same year, at
which time most larvae metamorphose into adults that can live on land and breathe air (Wilbur and
Collins, 1973).

Aquatic breeding habitats typically include shallow areas of wetlands, lakes, and ponds where
submergent and emergent vegetation occur (Stebbins, 2003). Western toad typically lay eggs in silty or
sandy shallow margins (Bull, 2006; COSEWIC, 2012), while Columbia spotted frog, wood frog, and long-
toed salamander depisit eggs on emerged or submerged vegetation (e.g., willow branches; sedges,
grasses; Waldman, 1981; Hawkes and Tuttle, 2013). The aquatic life cycle depends on sufficient water
levels at lentic areas to prevent egg masses and larvae from desiccation; therefore, ephemeral
waterbodies typically don’t make suitable long-term breeding habitat (Forester and Lykens, 1987
Graham and Powell, 1999; Bull, 2005). Additionally, the presence of fish can be a major deterrent for
breeding habitat selection due to potential predation on eggs and larvae (Monello & Wright, 1999).

Terrestrial habitats may be used as movement corridors, foraging, and over-wintering and may include
forests, streams, and grasslands that contain coarse woody debris and/or vegetation (e.g., horsetail,
moss) for cover and moisture (Kleeberger and Werner, 1983; Regosin et al., 2002; COSEWIC, 2012; Bull,
2006; Schmetterling and Young, 2008). Moist conditions are essential for adult amphibians occupying
terrestrial habitat to avoid desiccation. Movements among habitat types is typically not far (a few to
several hundred meters); however, western toad in some regions (e.g., Montana) travel up to 13km
(Schmetterling and Young, 2008; Bull, 2006). Rivers and roads can be a barrier to amphibian movement
(Emel and Storfer, 2012), but possibly to a lesser extent for western toad that are capable swimmers and
often use streams and roads as movement corridors (Schmetterling and Young, 2008; South Coast
Conservation Program, 2017).

All native (i.e., endemic) amphibian species are protected in British Columbia (BC) under the Wildlife Act.
Five species occur in the Elk River watershed: Columbia spotted frog, western toad, long-toed
salamander, wood frog, and Pacific chorus frog. The Elk Valley is at the eastern extent of the range of
Pacific chorus frog, therefore it is less likely to occur in this region (BC CDC, 2016e). Populations of
amphibians in southeastern BC are considered stable and are yellow-listed: however, declines of
western toad have been noted and an expert threat assessment is needed for all species (BC CDC,
2016a-e). Western toad is federally listed as a Species of Special Concern (Species at Risk Act, Schedule
1). Threats to local amphibian populations include habitat degradation, road mortality, and
pollution/toxicity (COSEWIC, 2012; BC CDC, 2016a-e). Land use adjacent to lentic areas (e.g., forestry,
roads, agriculture, mine works) can affect habitat quality and, therefore, survival of amphibians
(COSEWIC, 2012; Pilliod and Scherer, 2015). Additionally, noise from surrounding land use can influence
reproductive success, as it can prevent female conspecifics from hearing the breeding calls of males
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(Nelson et al., 2016). Globally, the fungal disease chytridiomycosis has caused widespread declines in
amphibian populations; however, to date this disease is not known to have caused mortality in BC
(Govindarajulu et al. 2013). It is not known if climate change is affecting amphibians in the Elk River
watershed; however, changes in precipitation and temperatures are linked to direct and indirect
mortality in amphibians (review in Li et al., 2012).

1.3 Methods
1.3.1  Amphibian Surveys

The occurrence (i.e., presence/non-detection) of amphibians was determined at three survey stages:
egg mass (early-late May), larval (mid-late June), and metamorph/subadult/adult (late July). Visual
encounter surveys were used to determine occurrence during egg mass and metamorph/subadult/adult
surveys, while aquatic funnel trapping was used during larval surveys. Visual encounter surveys involved
two observers, each on the opposing sides of a lentic area, walking along the edge of the water. Each
surveyor walked the entire perimeter (double independent observer method) for egg mass surveys,
while each surveyor walked opposing halves of the perimeter (meeting in the middle) for
metamorph/subadult/adult surveys, as surveyors are likely to flush amphibians on land. Observers were
previously trained and had experience identifying amphibian species. Photographs and data were
recorded on field tablets (Apple™ iPad mini 4). Incidental detections of species and life stages were
recorded and included in overall observations.

Two sites surveyed in 2019 (RG_GHWC and RG_GLMS) in which amphibian egg masses and larvae were
previously detected were visited on the same date to ensure surveying occurred during peak egg-laying
and development. No egg masses were detected at RG_GHWC during the first egg mass survey (likely
due to below average spring temperatures); therefore, a second survey was completed later in May.
Wood frog tadpoles were captured in aquatic funnel traps at RG_GLMS, indicating larval surveys
occurred during the appropriate larval development period.

1.3.2  Habitat Assessment

Habitat parameters recorded included features that generally remain constant and those that may
fluctuate throughout the breeding period. Constant features included the presence of a pond liner,
dominant sediment type, adjacent land use, presence of adjacent undisturbed terrestrial habitat,
adjacent road type, and connectivity between the lentic area (aquatic habitat) and terrestrial habitat.
Features that may fluctuate included presence of shallow margins, dominant shoreline vegetation,
emergent and submergent vegetation amount, number of fish observed, and signs of beaver activity.
Shallow margins were defined as depths up to 30 cm. Photographs and data were recorded on field
tablets (Apple™ iPad mini 4).

In situ water quality measurements were collected at each site during each assessment. A water quality
meter (YSI Professional Plus ™, YSI, Inc.) was used to measure water temperature (°C), dissolved oxygen
(DO; mg/L and %), specific conductance (uS/cm), conductivity (uS/cm), pH, and the oxidation reduction
potential (ORP; mV). The conductivity probes were calibrated weekly and pH probes were calibrated
daily, prior to surveying (YSI, 2017). Dissolved oxygen was calibrated at the site to account for
differences in oxygen levels due to changes in elevation.
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2 Part 1: Amphibian Occurrence and Habitat Assessment for Greenhills Operations LAEMP

2.1  Objectives

The first goal was completed at one site, GH_SCW3 (648370 m E, 5550233 m N), within MU3 and on
Greenhills Operations (GHO). Results of this survey will contribute to GHO’s LAEMP. As such, the
objectives for part 1 were:

e Determine amphibian presence/non-detection of each life stage (egg mass, larval,
metamorph/subadult/adult); and,
e Evaluate habitat features and determine how it changes throughout the breeding period.

2.2 Results

Two species were observed at GH_SCW3: Columbia spotted frog and western toad (Figure 1). Only the
subadult and adult life stages were observed. Observations were made during larval and metamorph
surveys.

GH_SCWS3 was a mixture of lotic and lentic areas as it was comprised of a flowing creek with adjacent
stagnant pools (Table 1; Figure 2). Sediment was predominantly silt-clay. The site is adjacent to
previously logged areas that are currently being used for recreation (e.g., camping, ATV’s). Most of the
lentic area was surrounded by forest with good connectivity between aquatic and terrestrial habitats.
The nearest road was a forest service road approximately 280 m from the lotic portion of the site.

Shallow margins were present at GH_SCW3 throughout the breeding period (

Table 2): however, water levels changed drastically between each survey visit (Figure 3). Water levels
were highest during larval surveys, in which there were no slow-moving side channels, but stagnant
water present in nearby grasslands (Figure 4). These grasslands had dried up by the timing of
metamorph surveys when water levels were lowest. Dominant shoreline vegetation remained
consistent and was comprised of willows and grasses. The amount of emergent vegetation increased
over the breeding period, while submergent vegetation generally remained consistent. Groups of
minnows were observed in slow-moving side channels. There were no signs of beaver activity detected
throughout the breeding period.

Water quality parameters recorded at GH_SCW3 can be found in Appendix B.
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Table 1. Habitat parameters of each site surveyed in 2020.

Habitat Parameter Observation
Pond Liner Present No
Dominant Sediment Type Silt-clay
Adjacent Land Use Forestry; Recreation
Adjacent Undisturbed
. . Forest
Terrestrial Habitat
Adjacent Road Forest Service Road

Habitat Connectivity

. . Intact
(Aquatic to Terrestrial)

Flowing creek with slower side

Comments
channels and stagnant pools

Table 2. Habitat parameters recorded at each site during egg mass, larval, and metamorph surveys in
2020.

Date
13-May 23-Jun 24-Jul

Habitat Parameter

hall Margin
Shallow Margins Sections | Sections | Sections

Present

Dominant

Shoreline Grass; Grass; Grass;
. Willow Willow Willow

Vegetation

Emergent

. A A
Vegetation Amount Sporadic bundant | Abundant

Submergent Abundant | Abundant | Abundant
Vegetation Amount
Number of Fish

12
Observed 0 °
S|gr'1$‘of Beaver None None None
Activity
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Figure 1. Columbia spotted frog (left) and western toad (right) observed at GH_SCW3 during larval and metamorph surveys in 2020.
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Figure 2. Flowing water (left) and stagnant pools (right) at GH_SCW3 in May 20.
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Figure 3. Water levels during egg mass, larval, and metamorph surveys (left to right) at GH_SCW3.
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2.3 Discussion

The presence of adult Columbia spotted frog and western toad during larval and metamorph surveys at
GH_SCW3 suggests this is important habitat for amphibians; however, the absence of breeding evidence
and ephemerality of stagnant water indicate this site is not likely suitable breeding habitat. The
abundance of emergent vegetation, intact forest, and flooded terrestrial sections provide suitable
habitat for amphibian movement corridors (Schmetterling and Young, 2008), likely explaining the
occurrence of adults after the egg-laying period. Additionally, the presence of fish at GH_SCW3 may
partially explain the absence of evidence of amphibian breeding, as fish can predate on eggs and larvae
(Monello & Wright, 1999). Despite this, small fish pose no threat to adult amphibians.

2.4 Summary and Conclusion

e Columbia spotted frog and western toad were detected at GH_SCW3;

e No evidence of breeding (i.e., egg masses, tadpoles, or metamorphs) was observed;

e Water levels changed drastically throughout the breeding period, with the larval period having
the highest levels and metamorph the lowest;

e The site had good connectivity between aquatic and terrestrial habitats;

e In conclusion, GH_SCW3 is likely not suitable amphibian breeding habitat but is suitable as a
movement corridor and/or for foraging.
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3 Part 2: Amphibian Occurrence and Distribution and Habitat Assessment for Toxicity Study

3.1 Objectives

The second goal was completed at seven sites within MUs 1-4. (Table 3). These results will inform Teck’s
toxicity study and future analyses identifying habitat features that best explain amphibian occurrence.
As such, the objectives for part 2 were:

e Determine amphibian presence/non-detection at each life stage (egg mass, larval,

metamorph/subadult/adult) at six of the seven sites (Table 3); and,
e Evaluate habitat features at each site.

Table 3. Sites surveyed in 2020.

Management Site ID UTM

Unit Easting | Northing
Clode 650927 | 5564396

MUl )
Greenhills Pond 653408 | 5546081
MuU2 LCCPU 659883 | 5531526
MU3 THPD* 648953 | 5550417
Harmer Pond 657080 | 5522152
Mu4 Goddard Finger Ponds | 653187 | 5514093
Gate Pond 655856 | 5509074

*Site not surveyed for amphibians in 2020: only a habitat assessment and water quality parameters were recorded

3.2 Results

Observations of amphibians were recorded at three sites in MU’s 1-3, in which two amphibian species
were detected: Columbia spotted frog and western toad. Western toad was detected at Clode and
LCCPU. LCCPU was the only site with breeding evidence where all life stages (i.e., egg mass, larval,
metamorph, adult) of western toad were detected (Figure 5). Columbia spotted frog was also detected
at LCCPU; however, only the adult life stage was observed (Figure 6). No incidental amphibians were
observed at THPD while completing the habitat assessments.

Sites surveyed were lentic areas located either on mine sites (five sites) or nearby in previously-logged
areas currently used for recreation (two sites; Table 4; Figure 7). Three of the sites adjacent to mine
operations (Clode, Greenbhills Pond, and Goddard Finger Ponds) did not have undisturbed terrestrial
habitat adjacent to the lentic area or connectivity between aquatic and terrestrial habitats. Two other
sites adjacent to mine operations (LCCPU and Gate Pond) had portions of the lentic area surrounded by
forest and some degree of connectivity between aquatic and terrestrial habitats, but, the degree of
connectivity was not ideal (i.e., a river divided the lentic area and adjacent terrestrial habitats). The two
sites adjacent to previously logged areas (THPD and Harmer Pond) had portions or most of the lentic
area surrounded by forest and sustained connectivity between aquatic and terrestrial habitats. All sites
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had a road immediately adjacent to the lentic area that were either mine works or forest service roads.
The dominant sediment type at most sites was comprised of or included silt-clay suitable for western
toad egg-laying, while one site (Gate Pond) was predominantly gravel. Considerable noise from mine
works (e.g., vehicles, conveyor belts, explosives) was noted at four sites (Clode, Greenhills Pond, LCCPU,
and Goddard Finger Ponds). None of the sites had pond liners.

The presence of shallow margins did not change throughout the breeding period for all sites except Gate
Pond, which had none present in the spring but some shallow sections later in summer as water levels
dropped (Table 5). LCCPU had the shallowest margins (about 5 cm) where silt-clay and emergent grass
occurred (Figure 8). Shoreline vegetation at all sites predominantly included grass and remained
consistent throughout the breeding period at all sites except Gate Pond, where grass was dominant in
spring and was succeeded by a mixture of grass and weeds later in summer. The amount of emergent
vegetation increased across the breeding period at three sites (Clode, THPD, and Harmer Pond) and
remained consistent at all other sites. THPD and Harmer Pond had the most abundant emergent
vegetation overall. The amount of submergent vegetation generally remained consistent at most sites;
however, it increased over the breeding period at two sites (Harmer Pond and Gate Pond). Submergent
vegetation was most abundant at Gate Pond; however, the majority of submergent vegetation at this
site was algae which became very abundant in July. Fish were only observed at Goddard Finger Ponds in
aquatic funnel traps during larval surveys. Signs of beaver were observed at one site, Harmer Pond,
during egg mass and larval surveys.

Water quality parameters for all sites and all visits can be found in Appendix B.
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Figure 5. Western toad egg masses, larvae, metamorphs, and adult (top to bottom; left to right)
observed at LCCPU in 2020.
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Table 4. Habitat parameters of each site surveyed in 2020.
Management Unit 1 Management Unit 2 | Management Unit 3 Management Unit 4
Habitat Greenhill H Goddard
Parameter Clode reennitis LCCPU THPD armer Finger Gate Pond
Pond Pond
Ponds
Pond Liner No No No No No No No
Present
Dominant Silt-clay; . .
. ’ Silt-clay; Silt-Clay; Cobbles; . . .
Sediment Cobbles; ncay ! aY obbles Silt-clay Silt-clay Silt-clay Gravel
. Cobbles Riprap
Type Riprap
Adjacent Land . . - ) . Forestry; . -
Use Mining Mining Mining Forestry; Recreation Recreation Mining Mining
Adjacent
UndlsturF)ed None None Forest Forest Forest None Forest
Terrestrial
Habitat
Mine Mine Forest Mine Mine Works;
Adj R Mine Work F ice R !
djacent Road Works Works ine Yvorks orest Service Road Service Road Works Highway
Habitat . River between
L River between pond
Connectivity . pond and
. None None and terrestrial Intact Intact None .
(Aquatic to habitat terrestrial
Terrestrial) habitat
Noise from mine Murky
. . . water-poor Abundant
Noise Noise operations; very . Campers e
. . . Campers and ATV’s . visibility; algae; grew
Comments from mine | from mine shallow section and ATV’s ) .
. . . . nearby Noise from | exponentially
operations | operations comprised of silt nearby mine in Jul
and emergent grass . y
operations
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Table 5. Habitat parameters recorded at each site during egg mass, larval, and metamorph surveys in 2020.

Habitat

Management Unit 1

Clode Greenhills Pond

Parameter

13-May 23-Jun 24-Jul 13-May 22-Jun 24-Jul
Shallow
Margins Sections Sections Sections Sections | Sections | Sections
Present
Dominant Grass; Grass; Grass;
Shoreline Grass Grass Grass Shrubs- Shrubs- Shrubs-
Vegetation Willow Willow Willow
Emergent
Vegetation Nil Sporadic Sporadic Sporadic | Sporadic | Sporadic
Amount
Submergent
Vegetation Sporadic Sporadic Sporadic Sporadic | Sporadic | Sporadic
Amount
Number of Fish
Observed 0 0 0 0 0 0
Slgr)s‘of Beaver None None None None None None
Activity

Management Unit 2 Management Unit 3
Habitat
LCCPU THPD

Parameter

05-May 22-Jun 23-Jul 13-May 23-Jun 24-Jul
Shallow
Margins Sections Sections Sections Sections | Sections | Sections
Present
Dominant
Shoreline Grass Grass Grass Grass Grass Grass
Vegetation
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Emergent
Vegetation Sporadic Sporadic Sporadic Sporadic | Abundant | Abundant
Amount
Submergent
Vegetation Sporadic Sporadic Sporadic Sporadic | Sporadic | Sporadic
Amount
Number of Fish
Observed 0 0 0 0 0 0
Slgr)s.of Beaver None None None None None None
Activity

. Management Unit 4

Habitat ;
Harmer Pond Goddard Finger Ponds Gate Pond
Parameter
05-May 15-Jun 23-Jul 11-May 15-Jun 23-Jul 11-May | 15-Jun 23-Jul

Shallow
Margins Sections Sections Sections Sections | Sections | Sections None None Sections
Present
Dominant
Shoreline Grass; Grass; Grass; Grass Grass Grass Grass Grass Grass;

. Trees Trees Trees Weeds
Vegetation
Emergent
Vegetation Sporadic Sporadic Abundant | Sporadic | Sporadic | Sporadic | Sporadic | Sporadic | Sporadic
Amount
Submergent
Vegetation Nil Nil Sporadic | Sporadic | Sporadic | Sporadic | Sporadic | Sporadic | Abundant
Amount
Number of Fish
Observed 0 0 0 0 4 0 0 0 0
. Yes-
Slgr)s.of Beaver chewed Ygs-beaver None None None None None None None
Activity in water

stumps
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Figure 7. Habitat photos of Clode, Greenhills Pond, LCCPU, THPD, Harmer Pond, Goddard Finger Ponds, and Gate Pond (top to bottom; left to
right) in July 2020.
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Figure 8. Shallow margins with silt-clay and emergent grass at LCCPU.
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3.3 Discussion

Overall, amphibian occurrence was low at these sites, with observations occurring at two of the six sites
surveyed (33%). Only two species were observed: Columbia spotted frog and western toad, with
breeding evidence observed only for western toad. LCCPU had the highest number of detections,
including adults of both species and egg masses, larvae, and metamorphs of western toad.

Habitat at LCCPU included sections of shallow margins where silt-clay and emergent grass occur, which
is ideal egg-laying habitat for western toad (Bull, 2006; COSEWIC, 2012); therefore, it is unsurprising that
western toad was found breeding at this site. The observation of adult Columbia spotted frog at LCCPU
suggests this species may use this lentic area as foraging grounds and/or as a movement corridor,
although habitat features at this site may not be suitable for breeding for this species. The amount of
emergent and submergent vegetation in shallow areas at LCCPU may not have been sufficient for
breeding Columbia spotted frog. While the river on the eastern perimeter and road on the western
perimeter at LCCPU may not inhibit western toad or Columbia spotted frog movement, it may prove
problematic for other amphibian species.

Habitat at Clode is likely unsuitable for amphibian breeding. The observation of western toad at this site
suggests it may be important as foraging grounds and/or as a movement corridor. Clode had one section
of shallow margins with silt-clay and emergent grass, although it was small and the majority of the lentic
area had steep banks with little to no emergent and submergent vegetation or connectivity to adjacent
terrestrial habitat. Despite the presence of suitable habitat features, the scarcity of such habitats and
the presence of steeply-eroded banks may explain why western toad were present but not breeding at
this site.

Habitat quality was poor at Greenhills Pond, Goddard Finger Ponds, and Gate due to steep banks, gravel
sediment, fish presence, lack of or poor connectivity between aquatic and terrestrial habitats, and little
to no adjacent terrestrial habitats. These factors may explain (either individually or cumulatively) why
amphibians were not detected at these sites.

Additional factors that may influence amphibian occurrence at lentic areas on mine sites include poor
water quality and anthropogenic noise. Water at Goddard Finger Ponds was saturated with coal
particles and appeared black and murky, the presence and abundance of algae at Gate Pond may affect
amphibian reproductive success (Bold and Wynne, 1985; Lin and Bishop, 2015), and specific
conductance was high (>1000 uS /cm; Appendix B) at Clode, Greenhills Pond, Goddard Finger Ponds, and
Gate Pond. Anthropogenic noise at lentic areas on mine sites may additionally influence occurrence of
some amphibian species by disrupting male calling during breeding in the spring, particularly for quiet
calling species such as Columbia spotted frog (Government of BC, 2002). Western toad was found
breeding at LCCPU despite the noise: however, it may be an additional explanation for why Columbia
spotted frog, a quieter calling species, was not found breeding at this site or others with nearby noise.
Further analysis examining the effect and extent to which water quality parameters and anthropogenic
noise influence amphibian occurrence should be completed.

Harmer Pond had good breeding habitat for amphibians that included emergent vegetation, silt-clay
sediment, and adjacent terrestrial habitat with connectivity: it is surprising that no amphibians were
found at this location. One potential explanation may be the presence of fish which can predate
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amphibian eggs and larvae (Monello & Wright, 1999). While fish were not detected at this site, it likely
does not reflect true absence given these surveys did not target fish. Additionally, amphibians may
require more extensive portions of the lentic area to be comprised of shallow sections and most
sections at Harmer Pond were deep.

THPD also had good habitat, but there were no incidental amphibians detected during habitat
assessments. Western toad and long-toed salamander were observed at this site in 2019, with breeding
evidence for long-toed salamander. Potential presence of fish, insufficient deep sections, and high
specific conductance may be factors influencing the species present and breeding at this site.

It is likely the combination of habitat features, rather than the features independently, that make a
lentic area suitable for breeding amphibians. Additionally, suitable habitat is different for each species
(Waldman, 1981; Bull, 2006; Hawkes and Tuttle, 2013) and some may be less affected by anthropogenic
disturbance and barriers to movement (Schmetterling and Young, 2008; Emel and Storfer, 2012; Nelson
et al., 2016). This likely explains why western toad breed at LCCPU, but not other species and why
amphibians occurred and breed at this site over other sites.

3.4  Summary and Conclusion

e Western toad adults were observed at Clode;

e Columbia spotted frog adults were observed at LCCPU;

e Western toad at all life stages (egg masses, larvae, and metamorphs/adults) were observed at
LCCPU;

e Generally, a lack of connectivity between aquatic and terrestrial habitats, steep banks and deep
water, fish presence, and gravel sediment coincided with the absence of amphibians and/or
breeding evidence;

e Additional factors that may influence amphibian occurrence include anthropogenic noise and
water quality;

e In conclusion, suitable habitats for breeding likely include a combination of features and may
vary for each species; therefore, focused, species-specific research projects identifying and
qguantifying the effect of various factors on distribution and occurrence of each species would be
necessary to determine what may influence occurrence and distribution.
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Limitations and Closure

The Client and all readers of this report are hereby advised of the following:

The work performed in this report was carried out in accordance with the terms and conditions
specified in our signed Project Work Agreement (PWA) and/or Authorization to Proceed with
the Client. The conclusions presented herein are based solely upon the scope of services and
time and budgetary limitations described in this report and/or the PWA. Since site conditions
may change over time, the report is intended for immediate use only.

This report is intended to provide information to the Client to assist it in making business
decisions. VAST is not a party to the various considerations underlying the business decisions
and does not make recommendations regarding such. In providing this report, VAST accepts no
liability or responsibility in respect of the site described in this report or for any business
decisions relating to the site, including decisions in respect of the purchase, sale or investment
in the site.

The information presented in this report was acquired, compiled and interpreted exclusively for
the Client for the purposes described in this report. VAST Resource Solutions does not accept
any responsibility for the use of this report, in whole or in part, for any purpose other than
intended or to any third-party for use whatsoever.

Services provided by VAST Resource Solutions for this report have been conducted in a manner
consistent with the level of skill, care and competence ordinarily exercised by members of the
profession currently practicing under similar conditions and like circumstances in the same
jurisdiction in which the services were provided. Professional judgment has been applied to
developing the conclusions in this report. No warranties, expressed or implied, are made as to
the professional services provided under the terms of the PWA and included in this report.

The report is based on and limited by circumstances and conditions referred to throughout the
report and on information available at the time of the site investigation. The conclusions of this
report are based in part on information provided by others. Unless specifically indicated in this
report, VAST has not independently verified the accuracy or completeness of the information
provided by third-party sources. The accuracy of this report is therefore subject to any errors or
omissions in the information provided.

VAST is not responsible for the documentation of environmental conditions at the site that were
not apparent from readily available sources. Future assessments may reveal conditions not
apparent at the time of this report.

The findings, conclusions and recommendations presented by VAST in this report reflect VAST's
best judgment based on the site conditions at the time of the site inspection on the date(s) set
out in this report and on information available at the time of preparation of this report. The
findings cannot be extended to previous or future site conditions or to portions of the Site which
were unavailable for direct observation.

The conclusions and recommendations in this report do not relieve the Client, their agents or
representatives of the responsibility to comply with applicable acts, regulations, bylaws and/or
decisions of any authorities that have jurisdiction under an enactment.

304 Industrial Road G, CRANBROOK, BC V1C 7J4
PHONE: (250) 426-5300 e FAX: (250) 426-5311 e WWW.VASTRESOURCE.COM



VAST

RESOURCE SOLUTIONS

e This report must be read and interpreted as a whole, as sections taken out of context may be
misleading.

e If discrepancies occur between any preliminary (draft) version and the final, signed version of
this report, it is the final, signed version that takes precedence. Digital copies of this report may
be available upon request. If discrepancies occur between the paper version and the digital
copy, the final, signed paper version takes precedence.

¢ Nothing in this report is intended to constitute or provide a legal opinion.

e The author reserves the right to amend this report if additional information becomes available.

Prepared by: Reviewed by:

Nicole Besler, MSc, RPBio Cody Fouts, MSc, RPBio
Intermediate Wildlife Biologist Intermediate Wildlife Biologist
VAST Resource Solutions Inc. VAST Resource Solutions Inc.
Nicole.Besler@vastresource.com Cody.Fouts@vastresource.com
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Appendix A

Overview map of sites surveyed and the location of amphibian species observed in 2020.
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Appendix B
Water quality measurements recorded at each site during egg mass, larval, and metamorph surveys in 2020. ORP = oxidation reduction
potential.
Management Unit 1
Field . Clode Greenhills Pond
Units
Parameter 13- 29- 13- 29-
May May | 23-Jun | 24-Jul May May | 22-Jun | 24-Jul
Water co) | 117 | 112 | 122 | 147 | 77 | 124 | 148 | 177
Temperature
Dissolved (%) 80.0 91.4 87.9 68.4 93.0 99.1 67.2 99.9

Oxygen (Mg/L) | 8.6 9.9 9.4 69 | 11.0 | 105 | 6.8 9.4
Conductivity | (uS/cm) | 1354.0 | 979.0 | 1219.0 | 1314.0 | 489.8 | 682.0 | 887.0 | 1269.0

Specific 1817.0 | 1341.0 | 1611.0 | 1634.0 | 728.4 | 896.0 | 1099.0 | 1474.0
Conductance | (uS/cm)
oH PH 8.1 8.1 . 80 | 80 | 85 . 8.4
Units
ORP (mv) | 194.4 | 129.2 | 119.7 | 1204 | 1983 | 1023 | 136.4 | 1048
Management Unit 2 Management Unit 3
Field Units LCCPU GH_SCW3 THPD
Parameter 05- 28- 13- 29- 13-
May May | 22-Jun | 23-Jul May May | 23-Jun | 24-Jul May | 24-Jul
W
ater (°C) 26 7.6 76 | 11.8 | 7.0 86 | 103 | 104 | 84 | 19.8
Temperature
Dissolved (%) 714 | 1160 | 782 | 1041 | 870 | 727 | 87.4 | 728 | 940 | 1299
Oxygen (Mg/L) 9.7 13.7 9.1 11.3 10.6 8.5 9.8 8.1 11.0 11.8
Conductivity | (uS/cm) | . 406.2 | 429.4 | 489.1 | 2154 | 232.0 | 199.6 | 189.1 | 673.0 | 1462.0
Specific . 599.3 | 644.6 | 656.7 | 327.8 | 337.3 | 277.8 | 262.1 | 1004.0 | 1631.0
Conductance | (uS/cm)
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pH
pH Units 8.2 7.6 . 7.7 8.3 8.0 . 8.4 8.5 8.3
ORP (mV) 193.7 | 121.3 89.7 103.8 | 176.4 | 81.6 44,5 75.9 181.5 | 128.0
Management Unit 4
Field Units Harmer Pond Goddard Finger Ponds Gate Pond
Parameter 05- 27- 11- 27- 11- 27-
May May | 15-Jun | 23-Jul May May | 15-Jun | 23-Jul May May | 15-Jun | 23-Jul
Water (°C) 4.9 73 64 | 121 | 62 | 129 | 114 | 192 | 76 8.9 93 | 160
Temperature
Dissolved (%) 94.6 91.0 69.3 95.1 105.0 | 80.1 60.8 83.4 96.0 74.6 62.1 198.0
Oxygen (Mg/L) | 11.8 11.0 8.5 10.1 13.2 8.7 6.6 7.72 11.2 8.7 7.1 19.1
Conductivity | (uS/cm) . 301.0 | 271.5 | 4619.0 . 784.0 | 701.0 | 659.1 ) 1201.0 | 1199.0 | 1860.0
Specific
Conductance | (uS/cm) . 456.7 | 419.2 622.1 . 1048.0 | 948.0 1071 . 1735.0 | 1711.0 | 2252.0
pH Up:ll:cs 8.1 8.4 8.4 8.1 7.9 8.0 8.4 8.07 8.1 8.2 8.4 8.6
ORP (mV) 201.1 | 110.2 88.3 105.5 | 265.9 | 109.7 | 127.2 | 113.3 | 286.5 | 131.6 | 146.5 | 137.2

Dissolved oxygen and pH were cross-checked with the BC surface water quality guidelines (WQG; BC MOE, 2019) for the short-term and long-term protection of aquatic life.
The short-term acute (i.e., maximum) WQG for dissolved oxygen is 5-9 mg/L, depending on life stage (i.e., embryo vs adult).
The long-term chronic (i.e., average) WQG for dissolved oxygen is 8-11 mg/L, depending on life stage (i.e., embryo vs adult).
The short-term maximum and long-term average were the same for pH (i.e., 6.5-9.0). Note, may change based on site specific ambient levels.
= Concentration exceeds the BC surface water quality guidelines for the long-term protection of aquatic life (BC MOE, 2019)
[ 1 =concentration exceeds the BC surface water quality guidelines for the short- and long-term protection of aquatic life (BC MOE, 2019)

Note:
“.” = parameter not measured due to YSI dysfunction

Reference: BC Ministry of Environment (MOE). (2019). British Columbia Approved Water Quality Guidelines: Aquatic Life, Wildlife & Agriculture. Ministry of Environment &
Climate Change Strategy.
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Figure D.1: Concentrations of Nitrate—N in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Nitrate—N was plotted because it was identified as a mine-related
constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018). Nitrate
EVWQP Level 1 Benchmark not shown because it is the same as the long term BCWQG.
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Figure D.1: Concentrations of Nitrate—N in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to

Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Nitrate—N was plotted because it was identified as a mine-related
constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018). Nitrate

EVWQP Level 1 Benchmark not shown because it is the same as the long term BCWQG.
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Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Nitrate—N was plotted because it was identified as a mine-related
constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018). Nitrate
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Figure D.1: Concentrations of Nitrate—N in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

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

Guidelines are dependent on water hardness. Nitrate—N was plotted because it was identified as a mine-related
constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018). Nitrate
EVWQP Level 1 Benchmark not shown because it is the same as the long term BCWQG.
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Figure D.2: Concentrations of Nitrite—N in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water chloride concentrations. Nitrite—N was plotted because it was identified as a
mine-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.2: Concentrations of Nitrite—=N in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water chloride concentrations. Nitrite—N was plotted because it was identified as a
mine-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.2: Concentrations of Nitrite—N in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the
LRL. Guidelines are dependent on water chloride concentrations. Nitrite—N was plotted because it was identified
as a mine-related constituent in the Adaptive Management Plan and an early warning trigger was defined
(Azimuth 2018). Pit pumping volume shown as grey bars. See information regarding pit pumping discharge
records in Section 2.3.2.
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Figure D.2: Concentrations of Nitrite—=N in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the
LRL. Guidelines are dependent on water chloride concentrations. Nitrite—N was plotted because it was identified
as a mine—related constituent in the Adaptive Management Plan and an early warning trigger was defined
(Azimuth 2018). Pit pumping volume shown as grey bars. See information regarding pit pumping discharge
records in Section 2.3.2.
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Figure D.3: Concentrations of Orthophosphate in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask

Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Orthophosphate was plotted because it was identified as a mine-related constituent in the Adaptive Management

Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.3: Concentrations of Orthophosphate in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Orthophosphate was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.3: Concentrations of Orthophosphate in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask

Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Orthophosphate was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See

information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.3: Concentrations of Orthophosphate in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Orthophosphate was plotted because it was identified as a mine-related constituent in the Adaptive Management

Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See
information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.4: Concentrations of Total Phosphorus in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping

Discharged to Leask Creek and Wolfram Creek (2018 to 2020)
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Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Phosphorus was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.4: Concentrations of Total Phosphorus in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Phosphorus was plotted because it was identified as a mine-related constituent in the Adaptive Management

Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.4: Concentrations of Total Phosphorus in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)
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Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Phosphorus was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See
information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.4: Concentrations of Total Phosphorus in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Phosphorus was plotted because it was identified as a mine—related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See
information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.5: Concentrations of Sulphate in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the
LRL. Guidelines are dependent on water hardness. Sulphate was plotted because it was identified as a mine-related
constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.5: Concentrations of Sulphate in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the
LRL. Guidelines are dependent on water hardness. Sulphate was plotted because it was identified as a mine

-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018)
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Figure D.5: Concentrations of Sulphate in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to

Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the
LRL. Guidelines are dependent on water hardness. Sulphate was plotted because it was identified as a mine-related
constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping
volume shown as grey bars. See information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.5: Concentrations of Sulphate in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)
Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Sulphate was plotted because it was identified as a mine-related

constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping
volume shown as grey bars. See information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.6: Concentrations of Total Dissolved Solids in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping

Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Dissolved Solids was plotted because it was identified as a mine-related constituent in the Adaptive
Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.6: Concentrations of Total Dissolved Solids in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Dissolved Solids was plotted because it was identified as a mine-related constituent in the Adaptive
Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.6: Concentrations of Total Dissolved Solids in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Dissolved Solids was plotted because it was identified as a mine-related constituent in the Adaptive
Management Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey
bars. See information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.6: Concentrations of Total Dissolved Solids in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Dissolved Solids was plotted because it was identified as a mine-related constituent in the Adaptive
Management Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey
bars. See information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.7: Concentrations of Total Suspended Solids in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
TSS was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan and
an early warning trigger was defined (Azimuth 2018).
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Figure D.7: Concentrations of Total Suspended Solids in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
TSS was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan and
an early warning trigger was defined (Azimuth 2018).
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Figure D.7: Concentrations of Total Suspended Solids in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping

Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.

TSS was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan and an

early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information

regarding pit pumping discharge records in Section 2.3.2.
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Figure D.7: Concentrations of Total Suspended Solids in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
TSS was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan and an
early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information
regarding pit pumping discharge records in Section 2.3.2.
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Figure D.8: Concentrations of Dissolved Cadmium in Samples Collected from the
West Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Dissolved Cadmium was plotted because it was identified as a
mine-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.8: Concentrations of Dissolved Cadmium in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Dissolved Cadmium was plotted because it was identified as a
mine-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.8: Concentrations of Dissolved Cadmium in Samples Collected from the
West Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping

Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

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

Guidelines are dependent on water hardness. Dissolved Cadmium was plotted because it was identified as a
mine-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
Pit pumping volume shown as grey bars. See information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.8: Concentrations of Dissolved Cadmium in Samples Collected from the
West Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

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

Guidelines are dependent on water hardness. Dissolved Cadmium was plotted because it was identified as a
mine-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
Pit pumping volume shown as grey bars. See information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.9: Concentrations of Dissolved Cobalt in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping

Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Dissolved Cobalt was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.9: Concentrations of Dissolved Cobalt in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping

Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Dissolved Cobalt was plotted because it was identified as a mine-related constituent in the Adaptive Management

Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.9: Concentrations of Dissolved Cobalt in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Dissolved Cobalt was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See
information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.9: Concentrations of Dissolved Cobalt in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Dissolved Cobalt was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See
information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.10: Concentrations of Total Antimony in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Antimony was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.10: Concentrations of Total Antimony in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Antimony was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).

Page 2 of 4




GH_BR_D

- = BCWQG (long term)

0.0004
g 1BCWQG (long term) not shown = 0.0090 mg/L
£ 0.0003
. [ ]
£ 0.0002 . ..lf ..‘.-, “ .
C [
= 0.0001- o . " oo
S
0.0000
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
GH_MC1
0.006
% 0.005 - 1BCWQG (long term) not shown = 0.0090 mg/L
£
= 0.004-
8 %
S 0.003- % o
= : L
c [ ]
£ 0.0021 :
T ) o
£ 0.001- f .
" 0.000 L—see . L eum e fee® o @t o e s s o
' 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
GH_LC2
__ 00100 10,000
-
£ 0.00751 k 8,000
g . 6,000
S 0.0050 1 L :
£ . :
= ° ° oo ® o & e of 4,000
< o o &° ® o 0o ° S,
(—3 0.0025 . .:0?.“. e o° o ° ’0..’. (] QJ 0"’ L 2 000
S B
0.0000 0
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
GH_LC1
_0.0100 - 10,000
~ _ _ _
£ 0.0075- 8,000
> &
S 0.0050 6,000
e o o ® o'.. 4
% 00025 ° o.. &, .:.o.. .o... ,000
g 0 . * : ¢ L 2,000
'—
0.0000 = 0
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

(Rep/ w) awnjoA Buidwng

(Rep/ w) awnjoA Buidwng

Figure D.10: Concentrations of Total Antimony in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Antimony was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information
regarding pit pumping discharge records in Section 2.3.2.
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Figure D.10: Concentrations of Total Antimony in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Antimony was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information
regarding pit pumping discharge records in Section 2.3.2.
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Figure D.11: Concentrations of Total Barium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Barium was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.11: Concentrations of Total Barium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Barium was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.11: Concentrations of Total Barium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask

Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Barium was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information

regarding pit pumping discharge records in Section 2.3.2.
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Figure D.11: Concentrations of Total Barium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Barium was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information
regarding pit pumping discharge records in Section 2.3.2.
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Figure D.12: Concentrations of Total Boron in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Boron was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.12: Concentrations of Total Boron in Samples Collected from the West-Si
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the
Total Boron was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.12: Concentrations of Total Boron in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Boron was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information
regarding pit pumping discharge records in Section 2.3.2.
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Figure D.12: Concentrations of Total Boron in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Boron was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information
regarding pit pumping discharge records in Section 2.3.2.
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Figure D.13: Concentrations of Total Lithium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Lithium was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.13: Concentrations of Total Lithium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Lithium was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.13: Concentrations of Total Lithium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to

Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Lithium was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information

regarding pit pumping discharge records in Section 2.3.2.
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Figure D.13: Concentrations of Total Lithium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Lithium was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information
regarding pit pumping discharge records in Section 2.3.2.
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Figure D.14: Concentrations of Total Manganese in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Total Manganese was plotted because it was identified as a mine
-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).

Page 1 of 4



GH_WILLOW_S

—~ 0.06
% $Min BCWQG (long term) not shown = 1.3 mg/L
é 0.05+ $Min BCWQG (short term) not shown = 2.3 mg/L
@ 0.04+
6} °
g 0.031
=4
< 0.02
=
T 0.011 . ¢ .
}9 0 00 %0 .-’ ‘\.
' 2012 | 2013 | 2014 2015 | 2016 | 2017 | 2018 | 2019 | 2020
GH_WADE
~ 0.12
% $Min BCWQG (long term) not shown = 1.3 mg/L
£ 0.10+ $Min BCWQG (short term) not shown = 2.3 mg/L
@ 0.08+ °
5}
& 0.06-
Ccn o e o
g 0.04 1 °
T 0.02 ° . ", . L ; .
S e 0 o o o .o o o L)

2012 2013 2014 2015 2016 2017 2018 2019 2020
GH_COUGAR

. 025

% $Min BCWQG (long term) not shown = 1.2 mg/L

€ 0.20- *Min BCWQG (short term) not shown = 2.1 mg/L

[}

$ 0.15-

C

[

2 0.101 o

©

=

5 005/

o

F 0.00 _0.._'_'-.- L Qs %ee R S . o~
2012 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

GH_NNC

. 025

% $Min BCWQG (long term) not shown = 1.2 mg/L

é 0.204 tMin BCWQG (short term) not shown = 2.0 mg/L L

p [ ]

$ 0.15-

% °

2 0.101

]

2 0.05 ’ * .

—_— . N o

g .0 ° ° 0. ¢ ° ¢ :

= 0.00 2000 " oo Ll oetguge
2012 | 2013 | 2014 2015 2016 2017 2018 | 2019 | 2020

- = BCWQG (longterm) = = BCWQG (short term)

Figure D.14: Concentrations of Total Manganese in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Total Manganese was plotted because it was identified as a mine
-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.14: Concentrations of Total Manganese in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Total Manganese was plotted because it was identified as a
mine-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
Pit pumping volume shown as grey bars. See information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.14: Concentrations of Total Manganese in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping

Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

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

Guidelines are dependent on water hardness. Total Manganese was plotted because it was identified as a
mine-related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth
2018). Pit pumping volume shown as grey bars. See information regarding pit pumping discharge records in

Section 2.3.2.
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Figure D.15: Concentrations of Total Molybdenum in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.

Total Molybdenum was plotted because it was identified as a mine-related constituent in the Adaptive
Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.15: Concentrations of Total Molybdenum in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Molybdenum was plotted because it was identified as a mine-related constituent in the Adaptive
Management Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.15: Concentrations of Total Molybdenum in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Molybdenum was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See
information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.15: Concentrations of Total Molybdenum in Samples Collected from the
West-Side Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping
Discharged to Leask Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Molybdenum was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See
information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.16: Concentrations of Total Nickel in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Total Nickel was plotted because it was identified as a mine
—related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
Dissolved nickel is also provided for context on bioavailability. The nickel guidelines presented apply to total nickel
only.
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Figure D.16: Concentrations of Total Nickel in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to
Leask Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the
LRL. Guidelines are dependent on water hardness. Total Nickel was plotted because it was identified as a mine
—related constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018).
Dissolved nickel is also provided for context on bioavailability. The nickel guidelines presented apply to total nickel
only.
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Figure D.16: Concentrations of Total Nickel in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Total Nickel was plotted because it was identified as a mine-related
constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018). Dissolved
nickel is also provided for context on bioavailability. The nickel guidelines presented apply to total nickel only. Pit
pumping volume shown as grey bars. See information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.16: Concentrations of Total Nickel in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Notes: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Guidelines are dependent on water hardness. Total Nickel was plotted because it was identified as a mine-related
constituent in the Adaptive Management Plan and an early warning trigger was defined (Azimuth 2018). Dissolved
nickel is also provided for context on bioavailability. The nickel guidelines presented apply to total nickel only. Pit
pumping volume shown as grey bars. See information regarding pit pumping discharge records in Section 2.3.2.
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Figure D.17: Concentrations of Total Selenium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask

Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Selenium was plotted because it was identified as a mine-related constituent in the Adaptive Management

Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.17: Concentrations of Total Selenium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Selenium was plotted because it was identified as a mine-related constituent in the Adaptive Management
Plan and an early warning trigger was defined (Azimuth 2018).
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Figure D.17: Concentrations of Total Selenium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask

Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.
Total Selenium was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information

regarding pit pumping discharge records in Section 2.3.2.

Page 3 of 4



GH_WC2

v
300 10,000 £
g 32
2 . -8,000 2
= 200 C e e ., <
S ) & ape ° °-6,000 £
qc) . . %e o ’ ° %
0] i ° 0.0 o s ° J% e [4000 @
c_u; 100 A ate ‘.ﬁ. a: .5 L) o e.} y 2 000 T
= [ . . F2, X
S . . 0 0o . o o £ o ‘ o e0s,%e%® ° i §_
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 =
GH_WC1
v
300 10,000 §
S S
E ¢ 18,000 3
o
3 . W ol 6,000 S
c f c
Q ° o o % o L] 3
S o R ] s . 4000 @
n 100 ° . c0, . :._ o =
g “’ 8 o e = l2000
= hd %C000 o o | &
0 0 <
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
GH_TC2
200
- o. °
= [ ] [ ]
=) ° ° % o ® o
= 1501 .. . o’.. . o ‘.. . 0e® .:. LY
g o goe0 % X . o ® ° o .0
[ ]
OE.) 100 . e ® .’ e e W g ° Se.
[0 o e se . . . : e S -’
s 504 °° % P J b °
© °
g - -
0
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
GH_TC1
200
— °
S ° L] [ ) o.o ..
21501 e o PR . . o’
S o« o o % o ‘e K 8 e e °
:ES 100 A ° ‘ o S e .....0 % %0 o ) e NI
s b o * e ° ‘ ,. ORI LY %’ 0‘
& <o g . .
5 501~ " e o . ¢ s
S . ¢
= |
0 .
2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
- = BCWQG (long term) — = EVWQP Level 1 Benchmark EVWQP Level 2 Benchmark

Figure D.17: Concentrations of Total Selenium in Samples Collected from the West-Side
Tributaries (2012 to 2020) and Monthly Average Rate of Pit Pumping Discharged to Leask
Creek and Wolfram Creek (2018 to 2020)

Note: Concentrations reported below the laboratory reporting limit (LRL) are plotted as open symbols at the LRL.

Total Selenium was plotted because it was identified as a mine-related constituent in the Adaptive Management Plan
and an early warning trigger was defined (Azimuth 2018). Pit pumping volume shown as grey bars. See information
regarding pit pumping discharge records in Section 2.3.2.
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