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EXECUTIVE SUMMARY

The EIlk River watershed is located in the southeastern corner of British Columbia (BC). From
its headwaters at Elk Lakes near the continental divide, the Elk River flows in a southwesterly
direction and into Koocanusa Reservoir about 20 kilometres (km) upstream from the
Canada/United States border. Teck Resources Limited (Teck) operates five mines in the Elk
River watershed to extract steel-making coal. The five mines are the Fording River Operation
(FRO), Greenhills Operation (GHO), Line Creek Operation (LCO), Elkview Operation (EVO),
and Coal Mountain Operation (CMO). In response to concerns of increasing water quality
concentrations of selenium, cadmium, nitrate and sulphate, as well as calcite formation within
watercourses in the Elk Valley, the BC Minister of Environment and Climate Change Strategy
(ENV) issued a Minister’s Order in April 2013 (Number [No.] M113). The Order outlined a
framework to develop the Elk Valley Water Quality Plan (EVWQP) to allow for continued mine
development in the Elk Valley while protecting aquatic ecosystem and human health, managing
bioaccumulation of contaminants in the receiving environment (including fish tissue), and
protecting groundwater. Teck submitted the EVWQP to ENV in July of 2014, and in November
of 2014, ENV approved the EVWQP and issued Permit 107517 under the Environmental
Management Act. The Regional Aquatic Effects Monitoring Program (RAEMP) is one of the
requirements stipulated in Permit 107517 and is the subject of this report.

In general, the objectives of the RAEMP are to assess effects of mine operations, separately
and cumulatively, on the aquatic ecosystems within the ElIk River watershed, monitor change
over time, and assist in understanding whether management and mitigation actions are working
as predicted by the EVWQP and as intended by the Site Performance Objectives (SPOs) and
Compliance Limits reflected in Permit 107517. Monitoring data are presented in an interpretive
report every three years.

The first comprehensive cycle of field sampling occurred in 2015, with additional sampling in
2016 at a sub-set of areas. Monitoring data from other programs have been incorporated as
applicable to support the evaluation of aquatic ecosystem conditions. This report presents data
for water and sediment quality and toxicity, calcite conditions and effects on biota, periphyton
and benthic invertebrate productivity, community structure, and tissue selenium concentrations,
longnose sucker (LSU) population characteristics, and fish tissue chemistry (particularly
selenium in westslope cutthroat trout [WCT], mountain whitefish (MW), and LSU). The outcome
of the analysis of each of these components is summarized below, followed by a brief summary
of the integrated analysis of conditions within the watershed on a Management Unit (MU) basis.
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Water Quality

Water flows in the Elk River watershed vary annually, particularly during spring freshet, after
which flows gradually decline toward winter minima. Peak spring water flows in 2012 to 2014
exceeded 10-year averages, especially in 2013 when record flows were observed in mid-
June. In 2015, peak freshet flows were near the average, but declined more quickly in June and
July. In 2016, freshet flows began earlier and peaked at below-average levels.

Water quality variability among stations downstream of mining relates mainly to variation in
concentrations of Order constituents (nitrate, total selenium, and sulphate, and to a lesser
degree cadmium), as well as alkalinity, conductivity, hardness, total dissolved solids (TDS),
calcium, magnesium, nitrite, sodium, and potassium; and total and dissolved antimony, boron,
calcium, chloride, lithium, magnesium, molybdenum, nickel, nitrite, potassium, strontium, and
uranium. Water quality variability among mine-exposed stations was also associated with
concentrations of total suspended solids (TSS) and turbidity, and substances often associated
with particles in the water column (e.g., aluminum, iron, manganese) as well as total organic
carbon (TOC) and phosphorus (which likely reflect the mobilization of organic matter during high
flows).

Monthly mean concentrations of the key mine-related constituents (nitrate, selenium, and
sulphate) tend to be lowest in the upper Elk River and highest in the Fording River. Most
stations show a similar seasonal pattern of lowest concentrations in winter and highest
concentrations during spring freshet, although there is variability that may relate to periodic
precipitation events.

Strong negative correlations with water flow (r>|0.6]) were observed for concentrations of
alkalinity, as well as total and dissolved lithium, molybdenum, and strontium among reference
station samples, but specific conductivity (r = 0.9) and dissolved organic carbon (r = -0.6) were
the only constituents that correlated strongly with water flow among samples collected at mine-
exposed stations. Aqueous TSS and/or turbidity correlated strongly (r>0.6) with water flow at
most individual reference stations, but only weakly when data for reference stations were
combined (r<0.4), indicating that relationships between flow and TSS/turbidity vary naturally
among stations, even among reference stations within close proximity in the watershed. The
results suggest that prior to mining, water quality along main stem streams may have varied
naturally from headwaters due to differences in water quality among tributary inputs.

A single normal (reference) range was defined for each water quality variable based on
combining data for all reference water quality stations monitored by Teck (2012 to 2016) within
each month. The upper limit of the normal range was defined as the 97.5" percentile of the
combined reference station concentrations for each month (i.e., the upper limit of “normal” was
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defined for each month, thereby partially accounting for natural seasonal variations in flow and
water quality). This was deemed adequate for identifying areas of the watershed that are being
affected by mining because concentrations at mine-exposed areas that are above the normal
range for all reference stations combined provides strong evidence of mine-related influence.
For aluminum, iron, manganese, and total phosphorus, which correlated strongly with TSS
and/or turbidity among reference stations, normal ranges were also defined using a covariate
approach. TSS or turbidity, whichever exhibited the strongest linear regression relationship,
was used as the covariate.

Normal ranges for most total and dissolved metals were exceeded in more than 10% of samples
collected at more than half of the monitoring stations downstream from mining. All samples
collected in 2015 at the four monitoring stations in MU5, downstream from all mining, had
selenium and nitrate concentrations greater than normal ranges indicating mine-related
influence on water quality extends at least to the mouth of the Elk River. In addition to elevated
selenium and nitrate concentrations, total and dissolved barium, chloride, and nitrite
concentrations were above normal ranges in more than 50% of samples collected at the most
downstream station on the Elk River (RG_ELKMOUTH), suggesting these six constituents are
the ones most strongly indicative of mine influence on water quality (i.e., conservative tracers).
Comparison of aluminum, iron, and manganese concentrations at individual mine-exposed
stations to covariate-adjusted normal ranges typically identified a similar or lesser frequency of
normal range exceedances than comparison to monthly normal ranges. However, the
covariate-adjusted normal range for phosphorus identified more normal range exceedances
than the monthly normal range approach at most stations. Results will be discussed with the
EMC to determine the preferred approach for future evaluations of mine-related influence on
water quality relative to reference station concentrations.

Although BC water guidelines for long-term exposure are based on 30-day mean
concentrations, concentrations in individual samples were compared to the guidelines to
conservatively identify constituents elevated above guidelines as a result of mining. Normal
reference station ranges occasionally exceeded water quality guidelines for total beryllium, total
chromium, total iron, and total mercury. Aqueous concentrations measured at mine-exposed
stations in 2015 exceeded site-specific benchmarks (SSBMs) or BC guidelines, as well as
reference area normal ranges in one or more samples collected at one or more mine-exposed
stations for nitrate, sulphate, dissolved cadmium, selenium, TDS, total and dissolved iron,
dissolved aluminum, total barium, total beryllium, chloride, total chromium, total cobalt, total
mercury, total nickel, nitrite, ammonia, total silver, total thallium, total uranium, and total zinc.
The constituents tending to be most elevated above both normal ranges and guidelines in the
Elk River watershed as a result of mining were nitrate, total and dissolved selenium, sulphate,
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TDS, total (but not dissolved) iron, dissolved aluminum, and total and dissolved uranium.
Highest concentrations of all constituents were observed in tributaries closest to mine sources
compared to main stem areas.

Concentrations of Order constituents were also evaluated based on maximum (calendar)
monthly mean concentrations. Monthly means did not exceed EVWQP Level 1 effect
benchmarks for cadmium, selenium, and sulphate among main stem stations, except in the
Fording River (selenium and sulphate at FR_FRCP1; selenium at GH_PC2, FR_FRABCH,
LC_LCG6, and LC_LC5), and in lower Michel Creek (nitrate and selenium at EV_MC2).

Statistically significant increases in nitrate concentrations were observed at six mine-exposed
water monitoring stations after 2014 (GH_COUGAR 377%; GH_MC1 1,539%) or 2015
(FR_CC199%, LC_DC3 83%, GH_ER1 28%, EV_MC3 65%). Significant increases in selenium
were observed at four stations: Kilmarnock Creek (FR_KC1 22% after 2012), upper Dry Creek
stations LC_DC3 (38% after 2015) and LC_DCDS (27% after 2015), and Mickelson Creek
(GH_MC1 186% after 2014). Increasing sulphate concentrations were observed in Line Creek
upstream from the AWTF (LC_LCUSWLC 15% after 2012), at the GHO Elk River Order station
(GH_ER1 53% between 2012 and 2016), at Mickelson Creek (GH_MC1 407% after 2014), at
Leask Creek (GH_LC2, 142% after 2013), and in Michel Creek upstream from Erickson Creek
(EV_MC3; 18% after 2015).

Water quality performance was evaluated for nitrate, selenium, and sulphate at the 12 Order
and Compliance Stations within the Elk River watershed, and at the Compliance Station in
Koocanusa Reservoir. In most cases, observed concentrations were consistent with or less
than modelled concentrations. Selenium and sulphate concentrations in water samples
collected at the FRO Compliance Point (FR_FRCP1; MU1) in 2016 were greater than the
modelled concentrations. The data indicated that water collected at this location during the
winter low flow period is predominantly discharge from Cataract Creek, which explained the high
concentrations of selenium and sulphate observed in winter samples.

In MUZ2, aqueous nitrate concentrations at the LCO Compliance Point (LC_LCDSSLCC) in 2016
were greater than the modelled concentrations due to greater than anticipated loads from Line
Creek upstream from West Line Creek. Observed concentrations were also greater than
modelled concentrations for one or more constituents at each of the three Compliance Stations
in MU4. In the case of EV_HC1, nitrate concentrations remained below water quality
guidelines.  Higher than expected concentrations at Michel Creek Compliance Stations
(CM_MC2 and EV_MC2) may have been due to overestimation of water flows in the regional
water quality model (RWQM; Golder 2017a). The RWQM was updated in 2017, so future
comparisons of observed to modelled concentrations will be based on the updated model.
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Water Toxicity

Teck routinely collects discharge water samples for acute toxicity testing, and surface water
samples for chronic toxicity testing in accordance with requirements of Permit 107517. All acute
tests completed in 2015 and 2016 using rainbow trout (n=176) were passes (£50% mortality), as
were most tests (169 of 179=94%) completed using Daphnia magna. Of the tests that failed,
investigation suggested that mortality may have been due to a mineral precipitate (potentially
calcite) that formed when the site water was warmed to the laboratory test temperature of
20 £ 2°C. More than 97% of samples resulting in “passed” D. magna or rainbow trout tests had
mortalities of 10% or less, which is within the accepted performance range for test control
organisms based on the test methods.

In 2015 and 2016 a total of 70 Ceriodaphnia dubia (water flea), 70 Pseudokirchneriella
Subcapitata (green alga), 32 Hyalella azteca (amphipod), 16 Pimephales promelas (fathead
minnow), and 36 Oncorhynchus mykiss (rainbow trout) chronic toxicity tests were conducted on
surface water samples collected in the Elk Valley. Of tests for which a statistically significant
response (relative to one or more reference waters) was identified, approximately one third
showed a significant effect relative to one but not both reference waters and/or had mean
responses within the typical range of test organism performance in reference waters. A review
and statistical analysis of water chemistry did not identify any consistent relationships that could
explain most of the significant responses, so there is uncertainty regarding whether the results
represent an adverse response to toxicants in the test water or variance in test organism
performance related to background water quality. Evaluation of whether temporal variation in
test organism performance (batch sensitivity) was a potential confounding factor did not result in
major differences in the data interpretation (i.e., most responses indicative of toxicity would be
classified similarly either with or without control normalization). In 2016, eight tests exhibited a
response that was significantly different from responses in reference water samples, below the
reference envelope, and potentially attributable to water quality constituents in test waters.
Effects to organisms observed in tests with first-quarter samples collected at the Fording River
Compliance Point (FR_FRCP1) were attributed to water flowing from Cataract Creek, because
the reach of the Fording River upstream of FR_FRCP1 goes dry during the winter low flow
period. Additional investigations are underway to evaluate potential causes of the toxicity
observed in a subset of the quarterly and semi-annual tests.

Calcite

In 2013, Teck initiated a regional calcite monitoring program to document calcite deposition in
tributary and main stem areas of the Elk River watershed. Regional calcite monitoring results
from 2015 and 2016 were generally similar to those reported in 2013 and 2014. All reference
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streams assessed had calcite index (Cl) values of 0.5 or less. Most of the mine-exposed stream
kilometres that were assessed (in MUs 1-4 and a portion of MU5) also had a CI of 0.5 or less
(275% of tributaries and 281% of main stem Fording and Elk Rivers). CIl of 0.5 is a long-term
(Year 2029) SPO specified in Permit 107517 for streams that provide or flow directly into fish
habitat.

Analysis of temporal changes in calcite (using data collected from 2013 to 2016, as part of the
regional calcite monitoring program) resulted in approximately half of all mine-exposed study
areas (52 of 101) showing a significant increase or decrease over time, after accounting for
mean trends among reference areas. More specifically, significant increasing trends in Cl were
identified in 27 reaches and significant decreasing trends were observed in 19 reaches, with
most reaches showing significant temporal changes being in tributaries. Significant increases
were only observed at two locations in the main stem Fording River: FORD4 (upstream from
Line Creek) and FORDS (vicinity of LCO Dry Creek). In both cases, the increase was due to a
step change from 2014 to 2015. When temporal trends in Cl were analyzed for main stem
mine-exposed stations by MU, increasing average trends were only observed in MU1 (step from
2013 to 2014) and MU2 (step from 2015 to 2016). A decreasing trend was observed in MU5
after 2013, and no changes were identified in MU3 or MUA4.

Calcite measurements made among the 40 reference areas sampled as part of the RAEMP in
2015 defined the upper limit (97.5" percentile) of the normal range for reference areas as
Cl =1.0. Most (91%) of the mine-exposed areas sampled in the 2015 RAEMP cycle had CI>0.5
but 62% had CI within the upper limit of the normal range (i.e., < 1.0). Areas that were sampled
in some tributaries (Kilmarnock, Swift, Cataract, Greenhills, Wolfram, Thompson, and Corbin)
and a portion of two areas in the upper Fording River (FOBSC and FOBCP) had CI greater than
the upper normal range limit of 1.0. RAEMP data for calcite are based on proportions (%) of
areas sampled whereas data for the regional program are based on stream kilometres. To guide
interpretation of the regional monitoring results with respect to potential effects on aquatic biota,
a separate supporting study was begun in 2014, focusing initially on assessing potential
relationships between calcite deposition and both benthic invertebrate community structure and
periphyton productivity. The study reported that periphyton chlorophyll-a and ash-free dry mass
(AFDM) concentrations were weakly (i.e., r < 0.5) positively correlated with Cl values among
areas. The results suggested that calcite deposits may provide a surface favourable for
periphyton growth, that periphyton growth alters water quality near the periphyton surface in a
manner that favours calcite formation, and/or bioavailable nutrient concentrations may be
elevated in areas with more calcite. The scientific literature also indicates that calcite formation
is the product of complex interaction of abiotic habitat and periphyton community characteristics.
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The supporting study did not indicate a specific Cl value above which periphyton productivity
would be expected to deviate from the normal range.

The same supporting study showed that benthic invertebrate community structure, and
especially the proportion of Ephemeroptera, deviated from the reference area normal range
when CIl was greater than 1.0. However, the analysis also showed that there was strong
correlation between Cl and the concentrations of mine-related constituents in water among
areas such that the effects of calcite could not be conclusively distinguished from potential
effects associated with water quality.

Sediment

Sediment chemistry was evaluated at a total of 31 areas in 2013 and/or 2015, including 10
reference areas. Most of the areas chosen for sediment sampling have little or no surface water
connection to the main channel flow for at least part of the year. Consequently, sediment
samples collected among the 31 study areas were dominated by fine particles (silt and clay).
These areas were expected to have the highest sediment accumulations of mine-related
substances compared to lotic habitats that are regularly affected by seasonal high flows and
associated scouring.

Mining influence on sediment chemistry was most evident as elevated concentrations of
selenium and PAHs. Highest concentrations of selenium in sediment were observed at R5-1
(wetland adjacent to the Fording River, near GHO) and GO13 (Goddard Marsh). Highest PAH
concentrations were observed in a sample collected at STPD (Stanford Pond near Fernie), but
the pattern of PAHs suggested a source other than, or in addition to, coal mining. At areas
closer to mining, 2-methylnaphthalene was the PAH found at highest concentrations relative to
guidelines, particularly at OTTO (Otto Creek ponds), GO13, and reference area LOLA (Lost
Lake). The upper limit of the reference area normal range exceeded the upper sediment quality
guideline for selenium, fluorene, 2-methylnaphthalene, naphthalene, and phenanthrene.

Goddard Marsh (GO13) was the only mine-exposed area in which the change in sediment
quality in 2015 compared to 2013 was significantly different from the change in reference area
mean and each of the three reference areas sampled in both 2013 and 2015, individually.
Concentrations of both selenium and PAHs (based on 2-methylnaphthalene) at GO13 were
greater than the upper sediment quality guidelines (SQGs) in both years and increased
significantly in 2015 relative to the reference areas.

The sediment toxicity supporting study completed in 2016 evaluated a variety of test species,
test durations, and biological endpoints to decide which tests were the most appropriate for
evaluating sediment toxicity in the Elk Valley. A subset of five mine-exposed areas was chosen
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for the study based on having the highest concentrations of mine-related constituents of interest
(e.g., selenium, cadmium, and PAHs). Three reference areas were also selected based on
having a similar range of physical substrate characteristics (particle size distribution, sediment
texture, and TOC content) to the sediments from mine-exposed areas, as well as a natural
range of metal and PAH concentrations. The study found that toxicity was observed in samples
having highest concentrations of selenium and/or PAHs. The 21-day Hexagenia survival and
growth test and the 14-day Hyalella survival and growth test were recommended for future
testing of potential mine-related sediment toxicity.

Periphyton

Periphyton represents an important component of aquatic food webs in the streams within the
Elk River watershed and consists of a complex matrix of organisms that can include algae,
fungi, bacteria, and protozoa. These organisms take up inorganic nutrients such as nitrogen
(e.g., nitrate, nitrite) and phosphorus (e.g., ortho-phosphate), as well as other substances
dissolved in water (e.g., selenate), to serve physiological functions and which thereby become
available via dietary pathways to consumer organisms at higher trophic levels.

In the RAEMP and associated supporting studies, periphyton were used to evaluate primary
productivity (based on chlorophyll-a and AFDM) in mine-exposed areas relative to reference
and the BC guideline for chlorophyll-a, tissue selenium concentrations relative to the upper limit
of the reference normal range, and differences in community characteristics among mine-
exposed and reference areas.

Periphyton AFDM and chlorophyll-a concentrations were within the reference area normal range
at =2 75% of 58 mine-exposed areas sampled in 2015. Chlorophyll-a concentrations were less
than the guideline at 48 of 58 (83%) mine-exposed areas. There was no direct relationship
between periphyton chlorophyll-a concentrations and aqueous total phosphorus or
orthophosphate concentrations, even though phosphorus is the limiting nutrient within the
watershed. Data from the literature suggest there is a threshold (P > 0.030 mg/L) above which
periphyton growth may be related to nutrient concentrations, but concentrations in the Elk River
watershed are typically less than this value. Instead, primary productivity in the Elk River
watershed appears to be mostly related to other habitat factors. The strongest relationship
between periphyton productivity endpoints and more than 50 habitat variables evaluated in this
study was with calcite index (p<0.001, r=0.55). As noted above, periphyton potentially provides
nucleation sites for calcite formation and/or calcite deposits serve as a suitable substrate for
growth of some periphyton species.

Two supporting studies that evaluated periphyton communities in mine-exposed areas
compared to reference areas concluded that periphyton communities in the Elk Valley are
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sensitive to a variety of habitat factors that likely cannot be measured or effectively controlled in
sampling designs or data analysis, and confound detection of mine-related effects.

Benthic Invertebrates

Benthic invertebrate communities were sampled in September 2015 at 40 reference and 59
mine-exposed lotic areas using the Canadian Aquatic Biomonitoring Network (CABIN) kick
sampling method for evaluation of community structure (lowest practical level of taxonomy).
Additional community samples were collected in 2016 to support the LCO Dry Creek, Line
Creek and FRO local aquatic effects monitoring programs (LAEMPs), and to satisfy other data
needs by Teck (total of 7 reference and 32 mine-exposed areas). Samples for tissue selenium
analysis were also collected at all mine-exposed areas and a subset of reference areas in 2015.
Additional tissue selenium samples were collected at a sub-set of areas in 2016.

Benthic invertebrate communities sampled in reference areas were composed mainly of
Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies), collectively
referred to as EPT. Of the 59 mine-exposed areas sampled in 2015, almost half (27 of 59) had
proportions (%) of EPT and/or Ephemeroptera that were less than the reference area normal
ranges for those endpoints. % EPT and % Ephemeroptera were inversely related to increasing
gradients of mine-related influence on water quality and calcite.

More significant temporal changes were observed for % Ephemeroptera than the other benthic
invertebrate community endpoints. Declines were observed in 2015 and 2016 relative to 2012
at main stem areas of the upper Fording River upstream from Ewin Creek (FOUKI, FOBKS,
FOBCP, FODPO, and FOUEW) and at the Elk River mouth (ELH93). The other areas (Fording
downstream from Greenhills [FODGH] and upstream [FRUL] and downstream [FO23] from Line
Creek, as well as mid [MI3] and lower [MI2] Michel Creek) showed a pattern of decreased
(lowest) % Ephemeroptera in 2013 compared to 2012, followed by increases in 2015 and 2016,
with 2016 values being near the reference mean.

The pattern of lower % Ephemeroptera over a distance of about 12 km in the upper Fording
River was identified in the FRO LAEMP report submitted in May 2017. The response appears
to be chiefly attributable to declines in abundances of the mayfly families Ephemerellidae and
Heptigeniidae. Several factors (e.g., elevated nitrate concentrations, increased temperature,
variation in annual flow regimes, seasonal dewatering, and/or calcite deposition) may be
influencing benthic invertebrate communities. In consideration of these findings, the FRO
LAEMP design was adjusted to allow for further investigation of the cause(s) of benthic
invertebrate community changes in September 2017.
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Benthic invertebrate tissue selenium concentrations observed in lotic monitoring areas in 2015
and 2016 were compared to predictions that were derived from water modelling and tissue
bioaccumulation models developed for the EVWQP. Tissue selenium concentrations were less
than the upper prediction interval (i.e., within the range of model uncertainty for individual
observations) at all areas except at Bodie Creek (BOCK), although additional areas reflected
tissue selenium concentrations that were more than 20% greater than predicted mean
concentrations in 2015 and/or 2016. Tissue selenium concentrations measured among mine-
exposed areas in 2015 and 2016 were generally at the upper end of, or greater than, the normal
range for reference areas (51 of 58 areas = 88%).

Benthic invertebrate tissue selenium concentrations measured in lotic habitats of the watershed
since 2006 have typically been less than the EVWQP Level 1 benchmark for effects to
invertebrates (13 mg/kg dw), as well as benchmarks for dietary effects to juvenile fish
(11 mg/kg dw) and birds (15 mg/kg dw). Most (89%) of the areas sampled in 2015 had
invertebrate tissue selenium concentrations less than the lowest benchmark. HQs > 1 occurred
mainly in tributaries (e.g., Swift, Greenhills, Line, Wolfram, Thompson, and Bodie), as well as
the most downstream Elk River area (ELH93). In 2016, 6 of 32 (19%) benthic invertebrate
tissue samples collected in mine-exposed areas had concentrations greater than the benchmark
of 11 mg/kg dw. By comparison, benthic invertebrate tissue selenium concentrations in lentic
areas have frequently been greater than Level 1 benchmarks, and in 2015, at least one
replicate sample exceeded the benchmark in 13 of 18 (72%) mine-exposed areas and one of
five (20%) reference areas.

Potential changes in benthic invertebrate tissue selenium concentrations over time were
evaluated for all areas having at least two years of data. Significant increases were identified at
LILC3 (Line Creek downstream from the AWTF) and at BOCK (Bodie Creek) in 2015 and 2016
compared to 2012. The elevated tissue selenium concentration at LILC3 in 2016 was
associated with discharge of selenium from the AWTF that was in a chemical form (i.e.,
predominantly selenite) that is more readily accumulated by aquatic organisms than the form
that is normally found in other parts of the watershed (i.e., selenate). Teck is currently pilot
testing an active oxidation process to convert most of the selenium discharged by the AWTF
into selenate, which is expected to result in less tissue selenium accumulation in Line Creek
after it becomes operational at full-scale. Increases at BOCK compared to predictions and past
observations may be related to altered invertebrate communities due to exposure to mine-
influenced water downstream of the sediment ponds, exposure to pit dewatering, or some other
factor related to proximity to the point of discharge.
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Decreasing step changes in benthic invertebrate tissue selenium concentration were observed
at EL19 (Elk River downstream from Fording River) and MI2 (lower Michel Creek) after 2006.
At all other areas, concentrations observed in 2015 were similar to those observed in one or
more previous years.

Among lentic monitoring areas, a decreasing trend in tissue selenium was observed at the
former Fording River Oxbow (FO10) in 2015 compared to previous years which is consistent
with the transformation of that area from a stagnant lentic habitat to a flowing side-channel after
the record storm event in June 2013. The invertebrate tissue selenium concentration at this
area in 2015 was less than EVWQP Level 1 benchmarks.

A decreasing trend in invertebrate tissue selenium concentrations was also observed at Otto
Ponds (OTTO), where the concentrations measured in 2015 ranged from less than the upper
limit of the normal reference area range to greater than Level 1 benchmarks for effects to
invertebrates and juvenile fish among the three replicate samples. This trend was supported by
a decreasing trend for selenium in water at the Otto Creek monitoring station (EV_OC1). An
increasing trend was observed for the Michel Creek wetland (MI16) downstream from CMO;
however, no trends were found for aqueous selenium downstream from CMO (CM_MC2).

Longnose Sucker

Longnose sucker (LSU) populations are widespread in the Elk River watershed, being most
abundant in small, cool, lentic water bodies that contain vegetative cover and few other fish
species. Two reference and ten mine-exposed areas were sampled in May 2015 for evaluation
of LSU density, population size, morphometrics, and tissue selenium concentrations. Although
not stipulated in the study design, selected areas were revisited in September 2015, to
determine if the timing of sampling affects catch success and population estimates.

LSU population estimates varied widely among the twelve study areas in May 2015. Largest
population sizes were estimated for Goddard Marsh (GO13), Otto Ponds (OTTO) and Stanford
Pond (STPD), where populations were greater than at the reference area. Confidence limits for
the LSU population estimates were wide, especially in May.

Mean fork length and body weight were significantly lower for LSU captured at OTTO and STPD
than at the reference areas. Based on input from the EMC, evaluation of potential changes over
time focused on LSU condition. Increases in condition were observed at three of six areas in
2015 compared to earlier years but the changes were small (<10%) and comparable in
magnitude between the reference area and the two mine-exposed areas where the increases

were observed.
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All LSU captured in six of eight mine-exposed areas where tissues were collected had tissue
selenium concentrations greater than the tissue-specific reference normal ranges. The
exceptions were the most northerly mine-exposed area, Elk River upper ponds (ERUP) and the
unnamed wetland near Morrissey (UNWNMO), where ovary selenium concentrations (2 of 2 at
ERUP and 1 of 1 at UNWNMO) and one muscle selenium concentration (of 3 at ERUP and 4 at
UNWNMO) exceeded the normal range in each area, but not whole body selenium
concentrations (n=5 in both areas). Ovary and muscle selenium concentrations were also
above site-specific Level 1 benchmarks for all LSU captured at Goddard Marsh (GO13) and for
some of the LSU captured at the Elk River wetland downstream from Grave Creek (ELWDGC)
and at Stanford Pond (STPD).

Westslope Cutthroat Trout

Westslope cutthroat trout (WCT) are widely distributed throughout the Elk River watershed and
are the only fish present in the Fording River upstream of Josephine Falls. A four-year study
(2012 - 2015, inclusive) by Cope et al. (2016) characterized the fluvial population of WCT and
their habitat within the upper Fording River watershed. The use of telemetric methods
confirmed both resident and migratory life history forms of WCT within the upper Fording River
population. The study concluded that the upper Fording River population metrics of sub-adult
and adult abundance (2,552 to 3,874 fish > 200 mm fork length), habitat availability (57.5 km of
main stem river plus approximately 59 km of tributary habitat), and genetic integrity (pure strain)
represent a viable WCT population. Population characteristics such as condition factor (weight
to length relationships), growth rates, von Bertalanffy growth model estimates, and population
age structure indicate the population appears to be in good condition and robust compared to
similar upper Kootenay River populations.

WCT muscle samples were collected non-lethally from main stem areas of the watershed in
May and August 2015 to evaluate tissue selenium concentrations relative to predictions, normal
ranges, and site-specific effect benchmarks developed in the EVWQP. Although all 90 fish had
concentrations near or above the normal range for reference area fish, only one muscle sample
(from one of the 10 fish collected in Henretta Lake), exceeded the Level 1 benchmark for
reproductive effects. Tissue selenium concentrations were also within prediction intervals
derived from water quality and tissue selenium bioaccumulation models developed in the
EVWQP.

Mountain Whitefish

Mountain whitefish is a species native to the Elk River basin, where it is found mainly along the
main stem of the Elk River and in lower reaches of larger tributaries such as the Fording River,
Line Creek, Alexander Creek, and Michel Creek. Selenium concentrations in mountain
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whitefish samples collected in 2015 were greater than the reference area normal range for 12 of
20 (60%) of muscle samples and 2 of 20 (15%) ovary samples collected in mine-exposed areas
of the Elk River, lower Fording River, and lower Michel Creek. Ovary selenium concentrations
were greater than the BC ovary selenium guideline among most reference and mine-exposed
mountain whitefish, and 6 of the 20 (30%) individual mine-exposed whitefish captured (from
lower Michel Creek and the lower Elk River) had ovary selenium concentrations greater than the
estimated lower bound of the effect threshold (29.3 mg/kg dw).

Mountain whitefish have unusually high egg/ovary selenium concentrations relative to muscle
compared to other fish species. On average, mountain whitefish ovary selenium concentrations
are about 7 times those in muscle, whereas in most other fish species, ovary selenium
concentrations are 1 to 2 times those in muscle. Monitoring data since 2006 show that whitefish
ovary selenium concentrations tend to be higher in late August or early September than in
October, closer to spawning. Therefore, the timing of monitoring was shifted from August-
September (2006, 2009) to October (2012, 2015). Ovary samples collected in October 2015
had similar selenium concentrations to those collected in October 2012.

Management Unit 1 (Upper Fording River) Integrated Summary

MU1 includes areas along the main stem Fording River, as well as numerous tributaries as far
downstream as Josephine Falls.

Conditions in MU1 in 2015-2016 were largely as expected based on the long history of mining,
projections from the EVWQP and monitoring results. Most tributaries in MU1 have been both
physically and chemically altered by mining (Minnow 2016e). The upper Fording River WCT
population study (Cope et al. 2016) indicated that the fish are in good condition and the
population is viable. This is an important finding because it suggests that mine-related effects
on WCT are unlikely in lotic habitats of other MUs where main stem concentrations of mine-
related stressors are lower, and there is greater access to main stem and tributary habitats with
minimal or no disturbance from mining. Teck continues to work with the Regional Fish and Fish
Habitat Committee to identify, prioritize, and implement aquatic habitat improvements, with
particular focus on MU1 where historical mining has had more effect on the amount and quality
of tributary habitat than in other MUs. A Tributary Management Plan is also under development
to protect or rehabilitate aquatic ecosystems in tributaries that flow into the Fording River,
Michel Creek, and the Elk River.

The main, unexpected observation for MU1 was a reduction in the proportion of Ephemeroptera
relative to normal reference area values over a distance of about 12 km of the Fording River
main stem since 2012. Several factors were identified as potential causes (e.g., elevated nitrate
concentrations increased temperature, variation in annual flow regimes, seasonal dewatering,
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and/or calcite deposition) and the FRO LAEMP design was adjusted to allow for further
investigation of the cause(s) of benthic invertebrate community changes in September 2017.

Reduced % EPT at lower Swift Creek (GH_SC1 and GH_SC2), and reduced invertebrate
abundance at lower Cataract Creek (GH_CC1) have no long-term ecological consequence,
because water from these streams will be directed to the future FRO AWTF. Increasing
selenium concentrations at Kilmarnock Creek (FR_KC1) will also be addressed by directing a
portion of the flow to the future AWTF. Increasing concentrations of nitrate at Clode Ponds
decant [FR_CC1] warrant on-going monitoring since concentrations of nitrate already exceed
Level 1 benchmarks in much of the Fording River.

Twenty two of 25 mine-exposed tributary and main stem monitoring areas in MU had benthic
invertebrate community total abundance and taxa richness within normal reference area ranges.
Of 19 and 10 WCT muscle samples collected in lotic and lentic areas of MU1 in 2015, only one
fish from the lentic area (Henretta Lake) had a tissue selenium concentration slightly over the
EVWQP Level 1 benchmark (HQ > 1) (=3%).

Increasing nitrate and selenium concentrations in upper LCO Dry Creek [LC_DCDS, LC_DC3])
are the expected consequence of advancement of mining into that catchment based on the
approved plan for LCOIl. The concentrations of mine-related constituents in LCO Dry Creek
remain well below levels of concern at the present time.

Management Unit 2 (Lower Fording River) Integrated Summary

MUZ2 includes areas on the main stem Fording River downstream from Josephine Falls and in
two tributaries to the Fording River (Grace Creek [reference] and Line Creek [reference and
mine-exposed portions]).

Concentrations of mine-related constituents in water and tissues in MU2 were generally
consistent with expectations based on models developed in support of the EVWQP. Exceptions
included higher than anticipated aqueous nitrate concentrations due to greater loading than
anticipated from Line Creek upstream from West Line Creek, which will be taken into account in
the next update of the RWQM. Also, despite significant reductions in total aqueous selenium
concentrations, tissue selenium concentrations were elevated in Line Creek immediately
downstream from the AWTF in 2016 (compared to predictions and values observed in 2015).
This was the result of discharge of selenium from the AWTF that was in a chemical form (i.e.,
predominantly selenite) that is more readily accumulated by aquatic organisms than the form
that is normally found in other parts of the watershed (i.e., selenate). Teck is currently pilot
testing an active oxidation process to convert most of the selenium discharged by the AWTF
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back to selenate, which is expected to result in less tissue selenium accumulation in Line Creek
after it becomes operational at full-scale.

All six mine-exposed tributary and main stem monitoring areas in MU2 had benthic invertebrate
community total abundance and taxa richness values within normal reference area ranges. All
10 WCT captured in MU2 in 2015 had muscle selenium concentrations less than the Level 1
benchmark for reproductive effects.

A significant temporal reduction of % Ephemeroptera in the lower Fording River (FO23)
occurred after 2012 and then showed consecutive increases in 2013, 2015, and 2016. The
2016 value was within the reference area normal range.

Management Unit 3 (Upper Elk River) Integrated Summary

MU 3 includes the main stem EIk River and its east-side tributaries located to the west of GHO,
extending downstream to the mouth of the Fording River. Conditions in MU3 in 2015 to 2016
were generally consistent with expectations based on comparisons of observed conditions to
EVWQP predictions and past monitoring results. The exceptions were reduced % EPT and
% Ephemeroptera at the monitoring area on the Elk River upstream from the Fording River
(ELUFO). No benthic invertebrate community effects were observed at EL20, ELDEL, and
ELUEL, closer to GHO sources and HQs for mine-related stressors were also less than one at
all four Elk River areas downstream from GHO, suggesting the cause of effects at ELUFO was
not mine-related.

Cougar Creek (GH_COUGAR), for which an increasing trend in nitrate concentrations was
observed, flows only intermittently. As it is dry much of the year, it has low habitat value within
the broader spatial context of MU3.

Step increases in concentrations of nitrate, selenium, and sulphate were observed at Mickelson
Creek (GH_ MCH1) in all years after 2012, but especially after 2014. Maximum monthly mean
concentrations of both nitrate and sulphate were greater than EVWQP Level 1 benchmarks in
2015. Calcite deposition also increased over time, particularly after 2015. It is not considered
to be fish bearing, but western toads have been observed within the catchment (Minnow
2016e). The area around Mickelson Creek has been extensively deforested in recent years.
This information bears consideration in future cycles of RAEMP or GHO LAEMP study design
development.

Sulphate concentrations increased at Leask Creek (GH_LC2) in all years, particularly after 2013
and were above the Level 1 benchmark in 2013. The stream is considered to be non-fish-
bearing and the catchment has also been disturbed by logging.
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All six mine-exposed tributary and main stem monitoring areas in MU3 had benthic invertebrate
community total abundance and taxa richness values within normal reference area ranges. All
10 WCT captured in MU3 in 2015 had muscle selenium concentrations less than the Level 1
benchmark for reproductive effects.

MU3 is very large and includes the Elk River up to its headwaters. The mine-disturbed
tributaries have small catchments relative to other mine-disturbed and undisturbed tributaries in
MU1-MU4. Therefore the mine-disturbed tributaries represent a small proportion of the total
tributary habitat in MU3 and in the watershed as a whole.

Management Unit 4 (Michel Creek and Middle Elk River) Integrated Summary

MU4 is large and encompasses Michel Creek and its tributaries as well as the middle portion of
the Elk River and its tributaries. Aqueous concentrations of selenium, nitrate, and sulphate
agreed with predictions from EVWQP models at the Order Station in the ElIk River downstream
from the Fording River (EV_ER1) in 2016. At the CMO Michel Creek Compliance Point
(CM_MC2), observed values corresponded reasonably well to modelled values for sulphate;
however, selenium and nitrate concentrations were greater than modelled concentrations, which
also occurred during the EVWQP model calibration period and may relate to overestimation of
flows at that location. Future adjustments to the RWQM are expected to address the few
discrepancies noted between observed and modelled concentrations of nitrate, selenium, or
sulphate at some water monitoring stations in MU4.

Tissue selenium concentrations in benthic invertebrates were consistent with predicted values,
except at Bodie Creek, where observed values were outside of the predicted range in both 2015
and 2016. Increases in tissue selenium concentrations compared to predictions and past
observations (2012) may be related to one or more of a number of factors, such as altered
invertebrate communities due to exposure to mine-influenced water downstream of the
sediment ponds, exposure to pit dewatering, or some other factor related to proximity to the
point of discharge.

The reduction in % Ephemeroptera observed in Michel Creek upstream from EVO occurred
after 2012 and was followed by consecutive increases in 2015 and 2016, with all values being
within the reference area normal range. In spite of significant increases observed after 2015,
concentrations of nitrate and sulphate in water remain near or within normal ranges for
reference areas (depending on the month) and well below Level 1 benchmarks. Therefore, no
further action is warranted other than on-going monitoring.

Another concern that has emerged from the monitoring data for MU4 is elevated concentrations
of selenium and PAHs in sediment at Goddard Marsh (GO13) and Otto Creek ponds (OTTO),
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and the toxicity response that was observed in laboratory tests of sediment samples from these
areas that used standard invertebrate species. There were no significant differences in
condition of LSU from GO13 relative to reference, and only a minor increase in condition of LSU
from OTTO (6%) but, based on very large differences in area size, habitat characteristics, and
LSU population sizes among reference and mine-exposed areas, the relative health of the
populations in Goddard Marsh and Otto Ponds is uncertain.

The other monitoring observations for MU4 were consistent with expectations based on past
monitoring results. All 15 mine-exposed tributary and main stem monitoring areas in MU4 had
benthic invertebrate community total abundance and taxa richness values within normal
reference area ranges.

Management Unit 5 — Lower Elk River

MU5 represents the portion of the Elk River downstream from Michel Creek to its mouth at
Koocanusa Reservoir. There are no tributaries affected by mining within this MU. Aqueous
concentrations of selenium, nitrate, and sulphate agreed with EVWQP model predictions at the
Order stations in the Elk River downstream from Michel Creek (EV_ER1) and at the Elko
Reservoir (EV_ELKORES) in 2016. Three reference tributaries had water quality, calcite, and
benthic invertebrate tissue selenium concentrations within normal ranges, except for elevated
sulphate at McCool Creek. Water quality in the Elk River reflected the influence of mining
based on NRQs > 1 for nitrate, selenium, and sulphate. Benthic invertebrates collected
between Sparwood and ELDFE (Elk River immediately downstream from Fernie) had selenium
concentrations within normal ranges, but selenium concentrations were greater than the normal
range in invertebrates collected farther downstream near Elko (ELELKO) and near the mouth of
the Elk River (ELH93). The most notable finding was temporal reduction in % EPT and
% Ephemeroptera immediately upstream the Elk River mouth (ELH93), where values of these
endpoints were well below reference area normal ranges. There were no significant changes
detected for mine-related stressors, so the cause of the benthic invertebrate community
changes is uncertain. Additional samples were collected in 2017 to further investigate
conditions at this location. All monitoring areas in MU5 had benthic invertebrate community
total abundance and taxa richness values within normal reference area ranges.

Management Unit 6 — Koocanusa Reservoir

Management Unit 6 (MUG) consists of the Canadian portion of Koocanusa Reservoir, which was
created when the Libby Dam (Montana) was constructed in 1972. As required under Permit
107517, a three-year study characterizing and comparing chemical and biological conditions
downstream from the Elk River relative to upstream was implemented from 2014 to 2016.
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Most of the water column within the reservoir was oxygenated with slightly alkaline pH. In situ
water quality profiles showed only limited gradients in temperature, oxygen, pH, and
conductivity with depth. Findings were consistent with a study completed by Hamilton et al.
(1990) which concluded that waters in the Canadian portion of the reservoir remain relatively
well-mixed, even during periods of maximum water elevation (May-November), as a result of
basin morphometry, continual movement of water from river inputs and reservoir operations,
and exposure to strong prevailing winds.

The evaluation of water quality focused on key substances associated with coal mining: nitrate,
selenium, and sulphate. Concentrations of these substances were generally similar in water
samples collected at middle and bottom depths at all sample locations downstream of the Elk
River, but were higher than concentrations measured in samples collected at the surface.
Differences between upstream and downstream concentrations were greater in 2016 than 2015
for both nitrate and selenium, but mean concentrations at the downstream areas in 2016 were
similar to or less than those observed in 2015. Sulphate concentrations did not differ
significantly between downstream and upstream. Site performance objectives for nitrate,
selenium, sulphate, and dissolved cadmium were consistently met at the Order station
(RG_DSELK).

Sediment samples collected in the reservoir both downstream and upstream from the Elk River
were mostly silt (260%), with sand and clay comprising smaller fractions. Sediments collected
upstream from the EIk River (T2/TN) were significantly sandier (annual means of 2-10%) with
less clay (means of 17-19%) than those collected downstream (T4; means of <1% for sand and
26-30% for clay). This may be related to the shallower depths and more fluvial nature of the
reservoir upstream of the Elk River (i.e., greater seasonal scour resulting in finer particles
accumulating in sediments farther downstream). Total organic carbon content was similar at
both areas, ranging from 0.9 to 1.7%.

Concentrations of most metals and polycyclic aromatic hydrocarbons (PAHSs) in sediment were
higher in sediments collected downstream from the Elk River compared to upstream, but did not
increase over the three year study. Concentrations of some metals (upstream and downstream)
and PAHs (downstream only) in sediments were above the lower provincial sediment quality
guidelines, but none exceeded the higher guidelines. The general pattern of higher
concentrations in sediment downstream from the Elk River compared to upstream may be
related to a greater proportion of fine sediment particles in the downstream area, providing more
surface area for adsorption than larger particles.

The reservoir is considered to be phosphorus limited. Low concentrations of phosphorus and
chlorophyll-a, along with low seston and zooplankton biomass, all indicated that the reservoir is
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oligotrophic. Phytoplankton communities in the reservoir were numerically dominated by
diatoms, and to a lesser extent with Chrysophytes. There were no significant differences in
overall phytoplankton density, biomass, or richness between downstream and upstream areas
over the three years. Community structure was similar between upstream and downstream
areas, except for greater Cyanophyte (biomass at the downstream area, which was considered
to have low ecological significance because this group represented <1% of the community.

The zooplankton community was numerically dominated by rotifers and copepods, with
relatively low numbers of cladocerans. With the exception of abundance and biomass of
cladocerans (tended to be lower downstream from the Elk River compared to upstream), no
consistent differences were observed between downstream and upstream areas in overall
zooplankton community structure (i.e., density, biomass, richness, and absolute or relative
density or biomass of copepods or rotifers), over the three year study. Selenium
concentrations in zooplankton were also similar between downstream and upstream areas in all
three years.

Benthic invertebrate communities upstream (T2/TN) and downstream (T4) from the Elk River
were primarily composed of oligochaetes (mostly immature Tubificinae), insects (various
species of chironomids), and ostracods in all three study years. Overall community density and
richness did not differ significantly between upstream and downstream areas in any of the three
study years. However, the densities of ostracods and oligochaetes were higher at the
downstream area compared to upstream. Greater abundance of these organisms may be
associated with preference for greater depths and finer sediment texture present at the
downstream area, and/or avoidance of coarser, compacted sediments that may dry out during
low pool in the upstream area.

Mean benthic invertebrate tissue selenium concentrations were significantly higher at the
downstream area (6.9 ug/g dw) than the upstream area (5.0 ug/g dw), and were greater than
the BC interim chronic dietary guideline of 4 ug/g dw, but were consistently less than the Level 1
EVWQP benchmarks (based on <10% effect) for growth and reproductive effects to benthic
invertebrates (13 mg/kg dw) and for dietary effects to fish (11 mg/kg dw).

Largescale sucker, northern pikeminnow, peamouth chub, redside shiner, and yellow perch
were consistently captured in highest numbers at all three fish study areas (i.e., areas within the
reservoir in the vicinity of the mouths of Sand Creek, Elk River, and Gold Creek). Other species
that were captured included bull trout, burbot, kokanee, longnose sucker, mountain whitefish,
pumpkinseed, rainbow trout, slimy sculpin, and westslope cutthroat trout.

Following technical guidance developed by Environment Canada, fish surveys were conducted
in April of each study year at each of the three study areas, to assess endpoints indicative of
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fish survival (mean age), growth (body size-at-age), reproduction (relative gonad weight) and
energy storage (relative liver weight and overall condition). Peamouth chub were targeted in
2014 but additional species (northern pikeminnow, redside shiner, yellow perch, and largescale
sucker) were also evaluated in subsequent years. Results were statistically compared between
the downstream areas (Elk River and Gold Creek) and the upstream area (Sand Creek). No
consistent patterns were observed among fish species, sexes, or sampling years that were
indicative of influence from the Elk River.

Tissue samples were collected for analysis of metals from all fish species collected over the
three-year study. Some fish had concentrations of selenium in muscle or whole body that were
greater than the BC guidelines of 4 ug/g dw for both tissue types. All muscle and whole body
samples were less than the USEPA criterion of 11.3 pg/g dw in muscle and 8.5 ug/g dw in
whole bodies, except for a single yellow perch with a muscle selenium concentration of
15.0 yg/g dw. Similarly, ovary selenium concentrations were frequently greater than the BC
chronic guideline of 11 ug/g dw (particularly in peamouth chub, redside shiner, and northern
pikeminnow). All species except redside shiner and northern pikeminnow had mean ovary
selenium concentrations less than the EVWQP Level 1 benchmark for reproductive effects to
fish (18 mg/kg dw), and the 2016 USEPA guideline of 15.1 pg/g dw. Northern pikeminnow had
mean ovary selenium concentrations above the Level 1 benchmark at the Elk River area in only
one of the three years they were sampled (2014), when ovaries were relatively undeveloped.
Mean redside shiner ovary selenium concentrations were above the Level 1 benchmark at both
the Elk River and the Sand Creek areas in both years sampled.

Data obtained during the 2014 to 2016 sampling program are being used to design the next
phase (2018 to 2020) of chemical and biological monitoring in the Canadian portion of
Koocanusa reservoir. Results of all monitoring will be considered in the weight of evidence
evaluation of MUG, which is currently under development in consultation with the EMC.
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ACRONYMS AND ABBREVIATIONS

ABMP — Area-based management plan (refers to Elk Valley Water Quality Plan)
AFDM - Ash-free dry mass (in this project, refers to periphyton)

AMP — Adaptive Management Plan

ANOVA - Analysis of Variance

ANCOVA — Analysis of Covariance

APHA — American Public Health Association

AWTF — Active Water Treatment Facility

BACI — Before-After Control-Impact

CABIN — Canadian Aquatic Biomonitoring Network (Environment Canada 2012a,b).
Cl - Calcite Index

Clp — Calcite Presence Score (Number of particles with calcite )/(Number of particles counted)

Clc — Calcite Concretion Score (Sum of particle concretion score)/(Number of particles counted)

CMO - Coal Mountain Operation
CSM - Conceptual Site Model
CV - Coefficients of Variation
CPUE - Catch-per-unit-effort

CRC ICP-MS - Collision Reaction Cell Inductively Coupled Plasma-Mass Spectrophotometry

CRFD - Cumulative Relative Frequency Distributions
CVAFS - Cold Vapour Atomic Fluorescence Spectrophotometry
CV - Coefficient of Variation

DO - Dissolved Oxygen

DOC - Dissolved Organic Carbon

DQA - Data Quality Assessment

DQO - Data Quality Objective

dw — Dry Weight

EA — Environmental Assessment

EF — Enrichment Function

EMC — Environmental Monitoring Committee

ENV — British Columbia Ministry of Environment and Climate Change Strategy (formerly
BCMOE)

EPA — Environmental Protection Agency
EPT — Ephemeroptera (mayflies), Plecoptera (stoneflies), Trichoptera (caddisflies)
EVO - Elkview Operation

V.
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EVWQP - Elk Valley Water Quality Plan
FRO - Fording River Operation

GIS — Geographic Information System
GHO - Greenhills Operation

GPS - Global Positioning System

HR — High Resolution

HQ - Hazard Quotient, computed by dividing an measured value by a value that represents a
threshold for potential effects

HSD — Honestly Significant Differences

ICP-MS - Inductively Coupled Plasma Mass Spectrometry
IQR - Interquartile Range

KNC — Ktunaxa Nation Council

KS — Kolmogorov-Smirnov statistical test

km — Kilometres

LAEMP — Local Aquatic Effects Monitoring Program

LCO - Line Creek Operation

LPL — Lowest Practical Level, referring to taxonomic identification of benthic invertebrates
LRL — Laboratory Reporting Limit

LSU — Longnose Sucker

m — Metres

MW — Mountain Whitefish

MU - Management Unit

MURR - University if Missouri’s Research Reactor Center
NAA — Neutron Activation Analysis

NMDS — Nonmetric Multidimensional Scaling Ordination
N:P — Total Nitrogen to Total Phosphorus

NRQ — Normal Range Quotient. Computed by dividing a measured value by the upper limit of
the normal reference area range (97.5" percentile) for a given sample type and
measurement endpoint

PAH - Polycyclic Aromatic Hydrocarbon
PCA - Principal Components Analysis

PC-x — (as in PC-1) referring to one of the summary variables resulting from a Principal
Components Analysis

Qx — referring to calendar quarters
QA/QC - Quality Assurance / Quality Control
r — Correlation Coefficient

./r'_'-‘_""‘_
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RAEMP - Regional Aquatic Effects Monitoring Program
RM - Repeated Measures

SPO - Site Performance Objective

SQG - Sediment Quality Guideline

SRC — Saskatchewan Research Council

SSBM - Site-Specific Benchmarks

TDS — Total Dissolved Solids

TIE — Toxicity Identification Evaluation

TKN - Total Kjeldahl Nitrogen

TOC - Total Organic Carbon

TSS — Total Suspended Solids

TTF - Trophic Transfer Factors or Functions
USEPA — U.S. Environmental Protection Agency
UTM — Universal Transverse Mercator system
VIE - Visible Implant Elastomer

WCT - Westslope Cutthroat Trout
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DEFINITIONS

algae — simple rootless, unicellular plants containing chlorophyll that grow in sunlit waters in
proportion to the amount of available nutrients.

allochthonous — material that is imported into an ecosystem (in this report referring to organic
material and nutrients in the aquatic ecosystem that have terrestrial origin)

ANOVA - analysis of variance

autochthonous — native to or produced within an ecosystem (e.g., algae are autochthonous
sources of energy in the aquatic ecosystem)

bacteria — single-celled microorganisms that lack chlorophyll.

basin — the area drained by a river and its tributaries.

benthic — pertaining to the bottom substrates of aquatic environments.

benthic invertebrates — animals (without backbones) living in or on the bottom of a water body.
Also referred to as benthic macroinvertebrates, infauna, or macrobenthos.

bioaccumulation — the accumulation of substances in an organism, which occurs when the
rate of absorption exceeds the rate of loss by catabolism or excretion.

bioavailable — when a substance is in a form that can be absorbed into the body/tissues of an
organism.

biota — referring to plant or animal life

calcite — a precipitate created by the reaction of dissolved calcium (Ca2+) and carbonate (CO3?)
ions under conditions of saturated carbonate and/or increasing water pH or calcium
concentrations.

community — an assemblage of populations of different species living together in space and
time.

conceptual site model — a picture and/or written description used to describe sources of
environmental stressors and the physical-chemical processes that control fate and
exposure pathways relevant to evaluating environmental conditions and potential effects
to receptors

consumer — any organism which consumes other organisms (living or dead) to satisfy its
energy needs.

detritus — suspended or deposited organic matter resulting from the decomposition of plants
and animal tissues or waste products.

emergent vegetation — aquatic plants (macrophytes), the greater part of which, including the
leaves, protrudes from the surface of the water, although its roots are under water (e.g.,
cattails, bulrushes).
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enrichment — in ecology, enrichment usually refers to the addition of nitrogen, phosphorus and
carbon compounds or other nutrients into a lake or other waterway that greatly increases
the growth potential for algae and other aquatic plants. In contaminant ecology, it can
refer to the relative concentrations of a contaminant in organisms relative to their
environment (e.g., water or sediment concentrations).

Ephemeroptera — mayflies

family — Biological classification between genus and order.

food chain — series of organisms, each eating or decomposing the preceding one (with the
exception of food producers, which obtain their food by assimilation of inorganic
nutrients). The succession of trophic levels through which energy flows.

food web — complex network of many interconnected food chains and feeding interactions.

genus — biological classification between family and species

habitat — a place where the physical and biological elements of ecosystems provide a suitable
environment including the food, cover, and space resources needed for plant and animal
livelihood.

in situ — in the natural or original place

lentic — traditionally refers to standing or still water bodies. In this study, the definition has been
broadened to include relatively slow-flowing habitats (see also lotic).

lotic — traditionally refers to any flowing aquatic system, such as streams or rivers. In this
study, the definition has been more narrowly applied to relatively fast-flowing habitats
typical of much of the Elk River watershed (see also lentic).

macrophyte — large, rooted or floating aquatic plants that may bear flowers and seeds. Some
plants, like duckweed and coontail, are free-floating and are not attached to the bottom.

macroinvertebrate — organisms without backbones that are visible to the eye without the aid of
a microscope.

nutrient — materials that are considered essential to the support of biological life; in freshwater
systems, nitrogen and phosphorus are particularly important for supporting plant life at
the base of the food web

organic matter — the components of live or dead plant or animal matter possessing a carbon-
hydrogen structure.

Order — biological classification between class and family

otolith — An ear stone (or calcareous concretion) in the inner ear of a bony fish. Each year, a
new concretion (layer of bone