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NITRATE AND SULPHATE CHRONIC TOXICITY

1.0 INTRODUCTION

This document provides interpretation and synthesis of supplemental studies of nitrate and sulphate toxicity
conducted by Teck Coal Ltd. (Teck) in response to environmental permit requirements in the Elk Valley, BC. Two
separate programs consisting of a Nitrate Chronic Toxicity Study and a Sulphate Chronic Toxicity Study at high
hardness concentrations are described herein. The Nitrate Chronic Toxicity Study was completed by Teck in
response to a condition included in a letter approving the Regional Aquatics Effects Monitoring Program (RAEMP)
issued by the BC Ministry of Environment (now BC Ministry of Environment and Climate Change Strategy; ENV)
on 14 November 2014 (hereafter referred to as the RAEMP Approval Condition). The Sulphate Chronic Toxicity
Study was completed in accordance with Section 9.8.1 of Environmental Management Act Permit 107517.

Both chronic toxicity studies assessed the sensitivity of invertebrates, fish, and amphibians to nitrate and sulphate
in a laboratory setting using site waters from the Elk Valley, and tested at hardness concentrations relevant to
conditions in the Elk Valley. Both studies included supplemental testing in Fall 2016; these tests represented a
continuation of work to better understand toxicity of nitrate and sulphate to species considered representative of
organisms in the Elk Valley. The study design for the most recent supplemental testing program was built from
several previous investigations:

m The Phase 1 Mixture Toxicity Study conducted in 2012—2013 (Golder and Nautilus 2013)
m Testing completed in Fall 2013 in support of the Elk Valley Water Quality Plan (EVWQP) (Teck 2014)

m Testing completed in 2015 under Permit 107517, including mixture tests with nitrate and sulphate conducted
under Section 9.8.2 (Golder 2016a)

m Pilot testing in 2015 with amphibians for the purposes of method development (Golder and Nautilus 2016)

The details of the study designs for the most recent supplemental tests are provided in Golder (2016b) for fish and
invertebrates, and in Golder and Nautilus (2016) for amphibians. The primary goals of the Nitrate Chronic Toxicity
Study and the Sulphate Chronic Toxicity Study were to address residual uncertainties from the EVWQP and to
help to validate that the Site Performance Objectives (SPOs) remain protective of aquatic life. These studies are
but two components of a larger set of chronic toxicity testing requirements being executed by Teck.

1.1 Study Objectives

The Nitrate and Sulphate Chronic Toxicity studies were designed to meet the Permit 107517 and RAEMP Approval
Condition requirements. They have generated site-relevant information to achieve the following objectives:

m Evaluate the sensitivity of invertebrates and fish using longer-term tests relative to those conducted prior to
Permit 107517—This objective was satisfied by incorporating site-specific embryo-alevin rainbow trout
toxicity testing across a wider range of hardness and water quality conditions than was assessed previously
for this test type. In addition, incorporation of the 32-day early life-stage test of fathead minnow development
test in the sulphate toxicity program strengthened the assessment of chronic toxicity to fish. Both the rainbow
trout and fathead minnow test protocols applied test durations equal to or greater than those required for
Permit-based testing under Section 9.8 (ii).

m Confirm that the benchmarks established in the EVWQP are applicable to high hardness conditions—
Additional longer-term testing was completed with sensitive fish and invertebrate species focussing on the

i
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high hardness concentrations (greater than 250 mg/L as CaCOz3). For nitrate, this objective was satisfied
through additional testing of Fording River site waters (high hardness), plus testing of waters amended to
higher hardness levels (i.e., approximately 700 mg/L as CaCOgs). The latter treatments were intended to
represent conditions in other mine-influenced waters in the Elk Valley, conditions observed in other seasons,
and/or conditions representative of long-term estimates of water quality in mine-influenced water bodies. For
sulphate, a similar approach was used, but incorporated an even wider range of hardness conditions resulting
from the addition of calcium sulphate and magnesium sulphate salts. These results were used to confirm
previous test findings, to reduce uncertainty in site-specific effect benchmark derivations, and will support
finalization of long term sulphate SPOs per Section 9.8.1 of Permit 107517.

m Evaluate the sensitivity of amphibians to nitrate and sulphate relative to other aquatic species—This objective
entailed amphibian toxicity testing of amended (spiked) site waters to assess the sensitivity of a
representative species (leopard frog) to nitrate and sulphate using long-term metamorphosis tests®. These
tests, conducted in parallel for nitrate and sulphate, will address the Section 9.8.1 requirement for testing of
“other sensitive species” and the specific RAEMP Approval Condition related to amphibian testing of nitrate.
The tests were conducted over ranges of nitrate and sulphate exposures that overlapped the effect
benchmarks for sensitive species used in the development of SPOs.

This report is limited to discussion of sulphate- and nitrate-amended waters (i.e., “spiking studies”) to support the
evaluations of these two specific constituents. Other chronic testing, including semi-annual and quarterly testing
of unamended site waters to satisfy Permit 107517, is reported separately in annual interpretative reports.

2.0 SUMMARY OF HISTORICAL TESTING

As documented in Section 1.1, a primary objective of the nitrate and sulphate toxicity study designs was to address
uncertainties that have been identified from previous rounds of testing. Prior to the Fall 2016 testing, there were
three main rounds of chronic testing that incorporated sulphate and nitrate additions to Elk Valley site waters (i.e.,
first three boxes of Table 1). The results of tests of nitrate and sulphate conducted prior to 2016 are summarized
briefly in the following subsections to provide context for the supplemental testing conducted in 2016. The
remainder of the report emphasizes the technical results from the Fall 2016 testing program. Figure 1 illustrates
how the Fall 2016 testing program fits into the broader program of chronic testing undertaken by Teck. This report
marks the completion of the nitrate and sulphate chronic testing programs for fish and invertebrates, as depicted
in the purple-highlighted sections of Figure 1. Additional chronic toxicity tests with amphibians related to nitrate
and sulphate toxicity are planned for 2018.

! Due to control failures observed in Spring/Summer of 2016 and 2017, the amphibian testing will be repeated in 2018 to complete remaining
Permit requirements. Proposed modifications to the testing procedures are discussed in Section 4.1.

2
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Table 1: Overview of Site Water Amendment Testing (Spiking Studies) for Nitrate and Sulphate in the
Elk Valley

eIncluded spiking of Fording River site water (FR-B) with nitrate and
sulphate

*|C, calculated for multiple species, including C. dubia, rainbow trout
embryo-alevin, mayfly

eIncluded multiple site waters (varying in hardness) amended separately
Fall 2013 Chronic Toxicity with nitrate and sulphate

Tests *Used in conjunction with other information as technical basis for
benchmarks for aquatic life, which informed SPO development

J

eIncluded multiple site waters amended to site-specific SPO values for

. nitrate, sulphate, selenium, cadmium
Fall 2015 SPO Mixture StUdy eEmphasized the most sensitive long-term chronic endpoints identified in
previous testing

J
l N\

Fall 2016 Supplemental -Impfc?ved re.pllcatlon for endpoint preC|.5|0n (C. dubia, rainbow trout)

. d Suloh eAdditional site waters evaluated (e.g., higher hardness)
Nitrate an ulphate Tests *Emphasized most sensitive long-term chronic endpoints

| J

FR-B—Fording River Bridge sampling location
ICx—Inhibition concentration associated with x% level of adverse response
SPO—Long-term Site Performance Objective from Elk Valley Water Quality Plan

31 March 2018
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Figure 1: Overview of Elk Valley Chronic Toxicity Testing Requirements
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Testing every 3 years for

Nitrate Chronic Toxicity
RAEMP Approval Letter
~80-d L. pipiens (leopard frog)
~39-d 0. mykiss (egg / swim up)
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A 4

Q4
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Sulphate Chronic Toxicity
Section9.8.1

~30-d P. promelas

~80-d L. pipiens

~30-d 0. mykiss (egg / alevin)
~7-d C. dubia (orotherinvert)

L. pipiens
pilotstudy

Q3/Q4

(a)

o Q00

Program continuation per Permit 107517 requirements

Semi-annual and quarterly chronic testing program (Permit 107517)

WOCT egg selenium exposures and SPO mixtures chronic testing
program (Permit 107517)

Information flow among chronic testing components. Information
obtained from earlier studies will be used to inform design details for
other components (e.g., choice of sensitive species, replication,

stations).

Reporting period for chronic testing component(s). For example, the
three reports scheduled for Q1 of 2016 would summarize the
collective information from Q1-Q4 of 2015.

Q3/Q4

Nitrate and Sulphate chronic testing program (RAEMP approval letter, Permit 107517)

selenium egg exposures
(2018, 2021, etc.)

ollow- uptesting -_—
F -
(a) I

with nitrate, ! ( R \
I sulphate, or I J

A ~
mixtures

@

(a) The amphibian tests originally planned for Q2—Q3 of 2016 and retested in Q2—Q3 of 2017, were terminated due to a negative control
failure. These tests have been reassigned to start in late Q2 (carrying into Q3) of 2018. The initiation date will depend on the developmental
status of leopard frog cultures.
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2.1 Phase 1 Mixture Toxicity Tests

Preliminary information on the concentration-response of nitrate and sulphate was obtained from mixture testing
completed using laboratory water and water from the FR-B location on the Fording River near Line Creek
Operations (Golder and Nautilus 2013). Test organisms in the 2012—-2013 mixture study included two species of
crustaceans (Hyalella azteca and Ceriodaphnia dubia) and rainbow trout. It also included sulphate toxicity testing
with mayflies (Centroptilum triangulifer).

2.1.1 Nitrate

The Phase | Mixture Toxicity Study included several test organisms and endpoints for evaluation of the toxicity of
nitrate in Fording River (FR-B) water, including:

m survival and reproduction of C. dubia from 7-day tests completed according to Environment Canada (2007)

m survival and growth of amphipods (H. azteca) from 14-day tests completed according to Environment Canada
(1997, 2013)

m embryo-alevin development of rainbow trout (O. mykiss) from 39-day tests completed according to
Environment Canada (1998), with exposure extended through full yolk sac absorption

m embryo-alevin development of lake trout (Salvelinus namaycush) from 68-day tests completed according to
Environment Canada (1998).

Of these tests, the most sensitive endpoints were C. dubia reproduction and rainbow trout development (percent
swim-up). The reported IC2o for reproductive effects to C. dubia in spiked Fording River water was 25 mg/L NOs-N,
and the reported 1C2o for percent swim-up of rainbow trout in spiked Fording River water was 26 mg/L NOs-N.
Results of the nitrate toxicity tests are presented in Table 2. Table 2 also summarizes the range of nitrate
concentrations tested and associated water hardness.

Table 2: Results of Nitrate Toxicity Tests in Fording River Water, Phase 1 Mixture Toxicity Study

Tested NO3 Tested Hardness®
[mg/L NOsz-N] [mg/L as CaCOg]

Nitrate Toxicity Test Endpoint Test Results®

7-d Ceriodaphnia dubia

Survival LCso = 64.9 mg/L NOz-N (54-80)
- 12.2t0 128 420

Reproduction IC20 = 25.1 mg/L NOs-N (19-28)
39-d Rainbow trout

Survival LCso = 63 mg/L NO3-N (59-68)

Embryo-alevin development

. IC20 = 25.7 mg/L NOs-N (17-74

(% swim-up) 13.8 to 601 435 > gL NOs-N (17-74)

Length IC20 > 178.5 mg/L NOs-N (CI not calculable)

Weight IC20 = 98 mg/L NOs-N (66-165)
14-d Hyalella azteca

Survival i

12.810 128 436 Could not be Qetermlned due to poor
Growth performance in the control sample

@ Hardness concentrations are approximate.

() Effects concentrations are provided as LCs, (lethal concentration) and IC,, (inhibiting concentration) values (95% confidence interval).
mg/L = milligrams per litre; Cl = 95% confidence interval.

31 March 2018 Golder
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The lake trout development test was completed in a similar manner to the rainbow trout tests summarized in
Table 2; however, only three nitrate concentrations were tested (control, 50, and 150 mg/L NOsz-N). No toxicity of
nitrate to lake trout embryo-alevin survival was observed in any treatment. Slightly reduced survival was observed
in un-amended control water at 50 mg/L NOs-N, but this response was not significantly different from survival in
control water with no added nitrate.

Golder and Nautilus (2013) also evaluated potential toxicity modifying factors for the nitrate testing, and concluded
that some toxicity-modifying effect was observed in the nitrate-only toxicity test that was completed with C. dubia.
In this test, the IC2o for reproduction in Fording River water was 25.1 mg/L NOs-N, which is higher than the 1C2o for
reproduction of <6.3 mg/L NOs-N observed in the corresponding laboratory control water. However, this toxicity-
modifying effect was not consistently observed across all tests, and, for both C. dubia and rainbow trout, nitrate
toxicity in Fording River water was similar to published toxicity data for tests conducted at lower levels of water
hardness.

Overall, the evaluation of toxicity modifying factors indicated the following:

m Although some toxicity-modifying effects were observed with respect to nitrate toxicity in Fording River water,
they are not as pronounced as would be expected based on effects of water hardness alone.

m Low chloride concentrations may explain why the toxicity-modifying effect in Fording River water is less than
expected, based on the results reported in previous studies.

m Based on the reported IC20 endpoints, and without consideration of the full range of mixture interactions
discussed below, effects from nitrate to populations of sensitive representative species would not be expected
in the Fording River system until in-stream concentrations approached 25 mg/L, the lowest chronic endpoint
reported in the nitrate-only toxicity tests in Fording River water.

2.1.2 Sulphate

The Phase | Mixture Toxicity Study included several test organisms and endpoints for evaluation of the toxicity of
sulphate in Fording River (FR-B) water, including:

m Survival and reproduction of C. dubia from 7-day tests completed according to Environment Canada (2007).

m Embryo-alevin development of rainbow trout from 28-day tests completed according to Environment Canada
(1998).

m Survival and growth of mayflies (Centroptilum triangulifer) from 28-day tests completed according to
published procedures established by Dr. David Buchwalter (Conley et al. 2009; Xie et al. 2010).

Results of the sulphate toxicity tests are presented in Table 3, which also summarizes the range of sulphate
concentrations tested and associated water hardness and total dissolved solids (TDS) concentrations.

2
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Table 3: Results of Sulphate Toxicity Tests in Fording River Water and Alkalinity-Supplemented Fording
River Water, Phase 1 Mixture Toxicity Study

- Tested
(a)
Smphaéi(-lj—oéilﬁltty Test Te[sr;ed/LS]Oz; Tes[trid ;I'LI]DS Hardness®@ Test Results®
P 9 9 [mg/L as CaCO3]
Fording River Water
7-d Ceriodaphnia dubia
LCso for sulphate > 1,610 mg/L (Cl not
Survival calculable); TDS at LCso> 2,409 mg/L;
hardness at LCso > 2,166 mg/L as CaCO3
165 to 1,610 407 to 2,409 366 to 2,168
IC20 for sulphate = 595 mg/L (332-948);
Reproduction TDS at IC20 = 1,012 mg/L; hardness at
IC20 = 910 mg/L as CaCOs
28-d Rainbow trout
LCso for sulphate = 1,033 mg/L
Survival (636-1,414); TDS at LCso = 1,599 mg/L;
hardness at LCso = 1,438 mg/L as CaCOs
- 18510 1,767 | 451 to 2,557 406 to 2,301
Embryo-alevin IC20 for sulphate = 530 mg/L (176-772);
development (Yoswim- TDS at IC20 = 923 mg/L; hardness at IC20
up) =830 mg/L as CaCOs
28-d Mayfly
LCso for sulphate > 1,470 mg/L (Cl not
Survival calculable); TDS at LCsp > 2,158 mg/L;
hardness at LCso > 1,941 mg/L as CaCOs
IC20 for sulphate > 1,470 mg/L (Cl not
Growth 20810 1,470| 476 to 2,158 42910 1,942 calculable); TDS at IC2 > 2,158 mgl/L;
hardness at IC20> 1,941 mg/L as CaCOs
IC20 for sulphate = 885 mg/L (CI not
Biomass calculable); TDS at IC20 = 1,398 mgl/L;
hardness at IC20 = 1,257 mg/L as CaCOs
Alkalinity-supplemented Fording River Water
7-d Ceriodaphnia dubia
LCso for sulphate > 1,630 mg/L (Cl not
Survival calculable); TDS at LCso > 2,386 mg/L;
hardness at LCso > 2,146 mg/L as CaCOs
170to0 1,630| 413 to 2,386 372t0 2,147
IC20 for sulphate = 840 mg/L (251-1,227);
Reproduction TDS at IC20 = 1,322 mg/L; hardness at
IC20 = 1,189 mg/L as CaCOs
28-d Rainbow trout
LCso for sulphate = 988 mg/L (861—
Survival 1,087); TDS at LCso = 1,555 mg/L;
hardness at LCso = 1,398 mg/L as CaCO3
186 to 1,775| 501 to 2,578 451 to 2,320

Embryo-alevin
development (Yoswim-up)

IC20 for sulphate = 622 mg/L (473-738);
TDS at IC20 = 1,052 mg/L; hardness at
IC20 = 946 mg/L as CaCOs

@ TDS and hardness concentrations varied with the tested sulphate concentration to maintain realistic ratios of major ions (i.e., increasing
sulphate concentration is associated with increasing TDS and hardness in mine-influenced waters). Hardness concentrations are
approximate. Alkalinity was 140 mg/L (Fording River water) and 180 mg/L (alkalinity-supplemented Fording River water).

() Effects concentrations are provided as ICy (inhibiting concentration) values with 95% confidence intervals, where calculable.
TDS = total dissolved solids; mg/L = milligrams per litre; Cl = 95% confidence interval.
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The most sensitive endpoints in the sulphate testing of FR-B water (Table 3) were C. dubia reproduction
(IC20 =595 mg/L SO4) and rainbow trout percent swim-up (IC20 = 530 mg/L SO4). The addition of alkalinity did not
result in statistically significant changes in endpoint values for C. dubia reproduction (IC20 = 840 mg/L SOa4) or
rainbow trout percent swim-up (IC20 = 622 mg/L SOa). For both tests, the confidence intervals on the estimated
IC20 values exhibited broad overlap between the two tested waters, indicating that there was no significant
difference in toxicity, and both values were considered to be valid estimates of the true threshold for sulphate
toxicity in these water sources.

The sulphate testing yielded the following conclusions:

m Some toxicity-modifying effects were observed with respect to sulphate toxicity in Fording River water, likely
attributable to increased water hardness. Specifically, the estimated ICzo0 values for normal surviving rainbow
trout embryo-alevins were higher than reported by Elphick et al. (2011) for tests conducted in soft water.

m Based on the reported IC20 endpoints, and without consideration of the full range of mixture interactions
discussed below, effects from sulphate to populations of sensitive representative species would not be
expected in the very hard waters of the Fording River system until in-stream concentrations exceed 530 mg/L,
the lowest chronic endpoint reported in the sulphate-only toxicity tests.

m No indication was observed that interactions or additive effects of sulphate and nitrate, or of sulphate and
nitrate with other constituents, occur at the estimated 1C20 concentrations. However, additive effects between
nitrate and sulphate could occur at much higher concentrations of both constituents (i.e., nitrate = 41 mg/L
NOs3-N and sulphate = 931 mg/L SOa).

2.2 Fall 2013 Nitrate and Sulphate Toxicity Testing

The primary purpose of the Fall 2013 toxicity testing program was to expand upon the Phase 1 Mixture Toxicity
Study by testing a wider range of water sources and additional toxicity test endpoints, with the goal of supporting
development of benchmarks for the protection of aquatic life. In October 2013, water from five locations in the Elk
Valley, including one reference site, was collected and submitted for toxicity testing. Some of the water from each
location was tested directly, with the remaining water being spiked with different levels of nitrate or sulphate to
create a range of exposure concentrations (Teck 2014). For both sulphate and nitrate, test organisms consisted
of two species of fish (rainbow trout and fathead minnows) and two species of invertebrates (Hyalella azteca and
Ceriodaphnia dubia). The selected tests for the Fall 2013 program included the following durations, endpoints, and
protocols:

m 7-day survival and growth test using fathead minnows (Pimephales. promelas; Environment Canada 2011)
m 7-day swim-up fry development test using rainbow trout (O. mykiss; Lazorchak and Smith 20072)

m three-brood (7- to 8-day) survival and reproduction test using water fleas (C. dubia; Environment
Canada 2007)

m l4-day survival and growth test using a freshwater amphipod (H. azteca; Environment Canada 2013).

2 This protocol was an adaptation of the Environment Canada (1998) protocol for early life stage testing of salmonids. The test used swim-up
fry because site-specific tests of 7-d embryo development in rainbow trout (Golder and Nautilus 2013) did not elicit any toxic responses over
a wide range of nitrate exposures.
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Samples from the Elk and Fording rivers were spiked to evaluate sulphate and nitrate toxicity. Toxicity tests for
nitrate were performed using all five site waters as the base water. All five were supplemented with nominal
concentrations of 3, 5, 10, 17, 31 and 57 mg/L nitrate (NOs-N). Each individual test (i.e., each site water and
constituent combination) included exposures to a laboratory control water and an unamended sample (i.e., without
any added sulphate or nitrate).

Key findings from the Fall 2013 toxicity testing of nitrate included the following:

m Neither fish species (rainbow trout, fathead minnow) was found to be sensitive to nitrate in 7-day exposures,
and ICzo values were greater than the highest concentration for all tested waters for both species.

m Nitrate supplementation reduced C. dubia reproduction, and this was the most sensitive toxicological
endpoint observed.

m The sensitivity of the C. dubia reproduction endpoint differed between the Fording and EIk rivers, but was
similar between stations on the same river. Toxicity of nitrate to C. dubia reproduction was greatest in the
spiked Elk River samples, and lowest in the spiked Fording River samples. This relationship was statistically
significant, suggesting that another component of water quality modifies the toxicity of nitrate. Statistical
analyses yielded C. dubia reproduction IC2o estimates for nitrate (stations pooled by reach) of 5.5 mg/L NOs-N
for the Elk River and 17 mg/L NOs-N for the Fording River.

m The sensitivity of the H. azteca survival and biomass endpoints were greater than for either fish species, but
not as great as for the C. dubia reproduction endpoint.

m The concentration-response analysis for H. azteca indicated that the biomass endpoint was more sensitive
than the survival or growth (dry weight) endpoints. The biomass endpoint yielded similar IC20 estimates for
Elk River water, ranging between 23 and 29 mg/L NOs-N. The two Fording River waters tested in Fall 2013
yielded somewhat different estimates, with 1C20 values ranging from 13-41 mg/L NOs-N.

m Nitrate toxicity was greatest in the upstream (reference) waters, indicating that mine-influenced waters
contain substances or properties that ameliorate nitrate toxicity to some extent.

The four waters used for sulphate testing were supplemented with nominal concentrations of 50, 90, 192, 292,
525 and 945 mg/L sulphate (SOa4) in addition to the concentrations in the unamended samples. Sulphate was
added using CaS04:2H20 and MgS0a4-7H20 at a ratio of calcium and magnesium of 2.6:1 (on a mass basis). The
goal was to evaluate organism sensitivity over a reasonably wide range of concentrations, including at hardness
levels beyond those considered by the provincial water quality guideline (BC WQG).

Key findings from the Fall 2013 toxicity testing of sulphate included the following:

m For rainbow trout, the most sensitive sublethal IC2o for sulphate was greater than the highest concentration
for all tested waters for this species (i.e., >68 mg/L SO4). This indicated that the fry stage was not as sensitive
as embryo-alevin development stages, as documented in Golder and Nautilus (2013) and Meays and Nordin
(2013).

m Fathead minnows were not found to be sensitive to sulphate exposure at the fry stage, and IC2o values were
greater than the highest concentration for all tested waters for both species.
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m Crustaceans were observed to be less sensitive to sulphate in site-specific tests relative to previous testing
including other studies of sulphate toxicity in high hardness waters (Elphick et al. 2011). The reproduction of
C. dubia was not adversely affected up to the maximum concentration tested in Fall 2013 (i.e., total measured
concentration of 1200 mg/L SOu).

m The Fall 2013 testing program concluded that the hardness range of the BC WQG can be extended so that
the value of 429 mg/L SO applies to hardness conditions >250 mg/L as CaCOs, as occurs in the Fording
River and in the Elk River just downstream of the Fording River. This BC WQG is lower than the lowest I1C20
observed for any species in site-specific testing in 2013, but some uncertainty remained due to high replicate
variability observed in the rainbow trout embryo-alevin test.

2.3 EVWQP Benchmarks

In conjunction with the development of the EVWQP, Teck (2014) developed water quality benchmarks for nitrate
and sulphate to support the development of long-term targets in the Elk and Fording rivers. Benchmarks were
derived for multiple levels of effect, corresponding to approximately 10%, 20% and 50% responses to sensitive
aquatic species (Level 1, Level 2 and Level 3 respectively). For sulphate, a specific objective was to determine
whether the provincial water quality guideline (WQG) for sulphate, currently specified up to a maximum water
hardness of 250 mg/L as CaCOs, can be extended above 250 mg/L hardness.

Water quality benchmarks for sensitive receptors reflecting 10%, 20% and 50% levels of effect are summarized in
Table 4 and Table 5, for nitrate and sulphate respectively. Benchmarks were defined with reference to sensitive
species of fish, invertebrates and amphibians. These benchmarks integrated the findings of the site-specific testing
of fish and invertebrates described in Sections 2.1 and 2.2, along with consideration of the literature for amphibian
toxicity. The nitrate benchmarks derived for the EVWQP (Table 4) also incorporated the observed relationship of
toxicity responses to water hardness. The values shown are adjusted to a typical condition representative of the
Fording and EIk rivers, but can also be customized to other water hardness conditions using a hardness-dependent
equation.
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Table 4: Summary of Effect Benchmarks for Aquatic Receptors Exposed to Nitrate in the Fording and

Elk Rivers
Fording River Benchmarks Elk River Benchmarks
R Representative Species and (mg/L NOs-N) (mg/L NOs-N)
eceptor Test Type Used as a Basis for
Group yp Benchmark Level 1 | Level 2 Level 3 Level 1 Level 2 Level 3
(~10% (~20% (~50% (~10% (~20% (~50%
Effect) Effect) Effect) Effect) Effect) Effect)
Rainbow trout (O. mykiss)—39-day
Fish embryo-alevin development completed 16 21 48 9 12 27
using augmented site water
Water flea (C. dubia)—8-day
reproduction completed using 11 15 31 3 5 21
augmented site water
Invertebrates
Amphipod (H. azteca)—14-day
biomass completed using augmented 19 23 59 17 26 58
site water
Northern leopard frog (L. pipiens)—
- 52-day growth in length (Level 1)
Amphibians Pacific tree frog (P. regilla)—10-day 33 405 1,598 19 225 888
growth from literature (Levels 2 and 3)
Notes:

Values based on a representative hardness of 360 mg/L as CaCO; (Fording River) and 200 mg/L as CaCOs (Elk River).

Values shown in the table can be adjusted to other hardness values using a slope of 1.0003; however, the analysis does not support
extrapolation to values lower than the WQG of 3 mg/L NOs-N.

Table 5: Summary of Effect Benchmarks for Aquatic Receptors Exposed to Sulphate in Hard to Very
such as those present in the Fording and Elk Rivers

Hard Waters

Derived Benchmarks (mg/L SO4)

Receptor Representative Species and Test Type Used as a
Group Basis for Benchmark Level 1 Level 2 Level 3
(~10% Effect) | (~20% Effect) | (~50% Effect)
Rainbow trout (O. mykiss)—21- to 28-day embryo-
. alevin development; applied geometric mean of
Fish SFU/Kennedy study and Phase 1 Mixture Toxicity 499 674 1,173
Study
Water flea (C. dubia)—Three-brood reproduction
completed using augmented site water; applied
geometric mean of the lowest unbounded concentration 625 729 1,315
Invertebrates | from Fall 2013 and the concentration from Phase 1
Mixture Toxicity Study
Ma_lyfly _(C. trlangullfer_)—ZS-day biomass completed 696 885 1,402
using simulated Fording River water
Pacific tree frog (P. regilla)—21-day survival and growth
Amphibians | from literature; applied average of two IC estimates 481 822 1,545
derived from same underlying data
=
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2.4 Site Performance Objectives Mixture Testing

In conjunction with the approval of the EVWQP, Permit 107517 required additional spiking tests that incorporated
sulphate and nitrate amendments, along with other Order constituents, to validate the SPOs when present together
in a mixture. Specifically, the SPO mixture study addressed Permit Section 9.8.2 requirements to confirm that
when nitrate, selenium, sulphate, and cadmium are present together in surface waters at the long-term SPO
concentrations, the waters are not toxic to sensitive aquatic species relevant to the Elk Valley. To address this
permit requirement, mixture toxicity tests were undertaken with C. dubia, P. subcapitata, H. azteca, P. promelas,
and O. mykiss. A study design for the mixture toxicity tests was submitted to ENV on 30 April 2015
(Golder 2015a,b) and results are summarized in Golder (2016a).

Findings of relevance to the evaluation of nitrate and sulphate toxicity included:

m There was no evidence of adverse effects of SPO mixtures on C. dubia, P. subcapitata, P. promelas or
O. mykiss at any dilution. These results confirm that Elk and Fording River waters meeting the long-term
SPOs specified in Permit 107517 are not toxic to sensitive aquatic receptors.

m Survival and growth in the H. azteca test showed no statistically significant differences between laboratory
control water and reference waters. However, there were unexplained mortalities in four of ten replicates
in the H. azteca test in the 100% vol/vol Elk River SPO mixture. These mortalities were not observed in other
SPO treatments, and likely reflected a confounding factor that affected some but not all replicates
in that test.

The lack of adverse effects associated with sulphate, nitrate, and other mine-related constituents in a mixture
provided evidence that the long-term SPOs for sulphate and nitrate are protective of aquatic life. Therefore, to
identify the thresholds for toxicity of nitrate and sulphate to aquatic organisms, testing at concentrations above the
long-term SPOs was required.

3.0 OVERVIEW OF 2016 STUDY

The final approved study design (Appendix C) provides the details of the study design and methodology for fish
and invertebrate testing. Section 3.0 of this document provides a high level summary of the procedures used to
collect and analyze toxicity data, with details specific to the nitrate toxicity study and the sulphate toxicity study
deferred to Sections 4.0 and 5.0, respectively.

In summary, the program included:
m Collection of site waters from three locations representing a range of hardness conditions:
= Reference location on the Elk River upstream of Greenhills Operation (GH_ER?2)
= Elk River upstream of Grave Creek, and downstream of the confluence with the Fording River (EV_ER4)

= Upper Fording River upstream of Josephine Falls, and downstream of Greenhills Creek (GH_FR1)
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3.1

Amendment (spiking) of the water collected at GH_FR1 to create modified base water® (GH_FR1-HH) with
higher hardness (700 mg/L as CaCOs). The amendment introduced magnesium sulphate and calcium
sulphate, using a ratio of calcium:magnesium that was representative of mine-influenced conditions (i.e.,
2.6:1).

For base waters (GH_ER2, EV_ER4, GH_FR1, GH_FR1-HH [nitrate only]), amendment of samples with
nitrate additions or sulphate additions (separately) to create a series of amended concentrations per sample
site, similar to the approach used in the 2013 work completed in support of the EVWQP (Teck 2014).

Completion of the following chronic toxicity tests for nitrate: 39-d embryo-alevin rainbow trout development
test (extended to yolk sac absorption); three-brood C. dubia reproduction.

Completion of the following chronic toxicity tests for sulphate: 30-d embryo-alevin rainbow trout development
test; three-brood C. dubia reproduction, 32-d fathead minnow larval development test.

Concentration-response assessment for each test endpoint to quantify the influence of each primary
constituent (sulphate, nitrate) and the potential influence of secondary constituents (e.g., hardness, other
water quality factors) on the nature of concentration-response.

Development of point estimates (i.e., ICx estimates) to depict the sensitivity of each test species to nitrate or
sulphate exposure.

Comparison of ICx estimates to previous testing to confirm that benchmarks for the protection of aquatic life
developed for the EVWQP remain protective.

Base Water Characteristics

3.1.1 Primary Constituents

The final approved study design (Appendix C) provided estimated concentrations of nitrate, sulphate, and water
hardness for the purpose of determining approximate treatment dilution series concentrations. These estimated
(predicted) concentrations were made well in advance of the Fall 2016 sampling program based on seasonal
patterns observed in recent years of water quality monitoring. Predicted concentrations of nitrate, sulphate and
hardness from the approved study design were compared to measured concentration ranges as summarized
below. Due to a high level of agreement between predicted and measured concentrations, no modifications to the
study design were required:

Station GH_ER2

= Predicted nitrate 0.05 mg/L NOs-N; measured nitrate range 0.07—0.09 mg/L NOs-N

= Predicted sulphate 20 mg/L SOa4; measured sulphate range 22—23 mg/L SO4

= Predicted hardness 165 mg/L CaCOs; measured hardness range 163-182 mg/L CaCOs

Station EV_ER4

3 Base water is defined as site water (with or without hardness adjustment) prior to the introduction of the supplemental nitrate or sulphate.
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= Predicted nitrate 3.0 mg/L NOs-N; measured nitrate range 2.9-3.0 mg/L NOs-N

= Predicted sulphate 70 mg/L SO4; measured sulphate range 76—77 mg/L SO4

= Predicted hardness 245 mg/L CaCOs; measured hardness range 249-265 mg/L CaCOs
[ Station GH_FR1

=  Predicted nitrate 10 mg/L NOs-N; measured nitrate range 9.8—-10.9 mg/L NO3-N

= Predicted sulphate 185 mg/L SO4; measured sulphate range 212-226 mg/L SO4

= Predicted hardness 430 mg/L CaCOs; measured hardness range 437-482 mg/L CaCOs
m Station GH_FR1-HH

= Predicted hardness 700 mg/L CaCOs; measured hardness range 672—-719 mg/L CaCOs

= Nitrate and sulphate identical to GH_FR1 without hardness adjustment

Sulphate concentrations in unamended waters were below the provincial guidelines in all samples. The only
unamended water that exceeded the provincial guideline for nitrate was GH_FR1.

3.1.2 Secondary Constituents

In addition to nitrate, sulphate, and hardness, concentrations of other water quality parameters are of interest to
determine whether there is potential for contribution of these constituents to the patterns of responses in toxicity
tests. For each of the four base waters, these constituents were present in consistent concentrations across all
nitrate and sulphate treatments, with the exception of sodium, calcium, and magnesium, which were used as
counter-ions to deliver the supplemental nitrate and sulphate into solution.

Results of analytical chemistry on each site water (for all site weekly samples) are presented in Tables 6-10.
These measurements were taken one day following the collection of the samples in the field, and prior to the
introduction of supplemental nitrate or sulphate. For sample GH_FR1-HH, only hardness data are presented
(Table 10) because the sample was an aliquot of GH_FR1 (Table 9), with the only change to water chemistry
being the addition of salts to increase hardness to approximately 700 mg/L CaCOs.

Comparison of water quality data to provincial and federal water quality guidelines indicated that water quality
parameters were below levels of potential concern, with the following exceptions:

m Alkalinity—The “working” provincial guideline for alkalinity (total as CaCO3) for protection of aquatic life is >20
mg/L, and this unbounded guideline applies to any freshwater body with low sensitivity to acid inputs (>8
mg/L dissolved calcium) (BC MOE 2017). This guideline was exceeded in all site waters, including reference
water. The mean concentration in upstream reference water was 147 mg/L as CaCOgs, reflecting the elevated
background concentrations of carbonates and bicarbonates in Elk Valley surface waters. Mine-influenced
samples contained higher alkalinity (mean of 164 mg/L as CaCOsat Station EV_ER4 and 197 mg/L as CaCOs
at Station GH_FR1). These modest elevations in alkalinity above reference levels are unlikely to elicit
significant responses to aquatic toxicity endpoints.

2

31 March 2018 ?Golder
Report No. 1523293-R-Rev1-3300 14 Associates



NITRATE AND SULPHATE CHRONIC TOXICITY

Table 6: Water Quality for Site Water GH ER2 Prior to Supplemental Nitrate or Sulphate Amendment

GH_ER2
Sample Characteristics Week 1-4 Week 1-4 Week 1-6 Week 1-6
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 (Mean) ) (Mean) )
Field Date Sampled 25-Oct-2016 1-Nov-2016 8-Nov-2016 15-Nov-2016 | 22-Nov-2016 | 29-Nov-2016 — — — —
Client Sample ID GH_ER2 GH_ER2-RD2 | GH ER2 RD3 | GH ER2 RD4 | GH ER2 RD5 | GH-ER2_RD6 — — — —
Lab Date Sampled 26-Oct-2016 2-Nov-2016 9-Nov-2016 16-Nov-2016 23-Nov-2016 30-Nov-2016 — — — —
Time Sampled 10:00 11:30 10:30 14:11 0:00 12:00 — — — —
ALS Sample ID 11848912-2 L1852463-2 L1855744-2 L1858716-2 L1861625-2 L1864606-1 — — — —
Param eter Unit BC MOE Aquatic CCMEAgquatic
Life Guideline Life Guideline
Physical Tests (Water)
Total Dissolved Solids mg/L — — — 202 172 181 177 181 186 183 7% 183 6%
Hardness, Total (as CaCO3) mg/L — —_ —_ 167 179 182 173 178 163 175 4% 174 4%
Anions and Nutrients (Water)
Alkalinity, Total (as CaCO3) mg/L 20 w — — 147 146 149 144 146 149 147 147 1%
Ammonia, Total (as N) mg/L 1.2 pH — — 0.0147 0.0185 0.0149 0.0093 0.0121 0.0078 0.014 26% 0.013 31%
Chloride (Cl) mg/L 150 A 120 — <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 — — — —
Nitrate (as N) mg/L 3 A 2.9 — 0.0712 0.0811 0.0776 0.0823 0.0812 0.0867 0.078 6% 0.08 7%
Nitrite (as N) mg/L 0.02 A 0.06 — <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 — — — —
Phosphorus (P)-Total mg/L 0.005-0.015 A 0.004-0.100 — 0.0063 0.0032 0.0021 <0.0020 0.0032 0.0044 0.0039 56% 0.0038 42%
Sulphate (SO4) mg/L 309-429 H — — 23.3 22.9 22.5 22.4 22.6 22.4 23 2% 23 2%
Total Metals (Water)
Aluminum (Al)-Total mg/L — — 0.1 pH 0.0085 0.0141 0.0089 0.0087 0.0077 0.0057 0.01 27% 0.0089 31%
Antimony (Sb)-Total mg/L 0.009 W — — <0.00010 <0.00010 <0.00010 0.00030 <0.00010 <0.00010 — — — —
Arsenic (As)-Total mg/L 0.005 A 0.005 — 0.00015 0.00011 0.00013 0.00011 0.00013 <0.00010 0.00013 15% 0.00013 13%
Barium (Ba)-Total mg/L 1 W — — 0.0468 0.0464 0.0481 0.0464 0.0472 0.0458 0.047 2% 0.047 2%
Beryllium (Be)-Total mg/L 0.00013 W — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Boron (B)-Total mg/L 1.2 A 15 — <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 — — — —
Cadmium (Cd)-Total mg/L 0.00029 H 0.00022 H 0.0000071 0.0000072 0.0000058 0.0000096 0.0000084 0.0000050 0.0000074 21% 0.0000072 23%
Calcium (Ca)-Total mg/L — — — — 48.3 50.8 48.8 47.2 51.2 47.1 49 3% 49 4%
Cesium (Cs)-Total mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Chromium (Cr)-Total mg/L| 0.0010-0.0089 | W| 0.0010-0.0089 [ — 0.00026 0.00027 0.00029 0.00028 0.00029 0.00025 0.00028 5% 0.00027 6%
Cobalt (Co)-Total mg/L 0.004 A — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Copper (Cu)-Total mg/L 0.006 H 0.0033 H <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Iron (Fe)-Total mg/L 1 A 0.3 — 0.010 0.016 0.012 <0.010 0.010 <0.010 0.0127 24% 0.012 24%
Lead (Pb)-Total mg/L 0.0086 H 0.0053 H <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 — — — —
Lithium (Li)-Total mg/L — — — 0.0015 0.0014 0.0021 0.0015 0.0020 0.0016 0.0016 20% 0.0017 17%
Magnesium (Mg)-Total mg/L — — — — 11.9 11.3 12.2 11.8 12.2 11.1 12 3% 12 4%
Manganese (Mn)-Total mg/L 1.265 H — — 0.00169 0.00192 0.00153 0.00146 0.00141 0.00120 0.0017 12% 0.0015 16%
Molybdenum (Mo)-Total mg/L 1 A 0.073 | 0.00102 0.00102 0.00103 0.00103 0.00106 0.00105 0.001 1% 0.001 2%
Nickel (Ni)-Total mg/L 0.11-0.15 W 0.13 H <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Phosphorus (P)-Total mg/L 0.005-0.015 A — <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 — — — —
Potassium (K)-Total mg/L — — — — 0.358 0.358 0.377 0.368 0.365 0.351 0.37 3% 0.36 3%
Selenium (Se)-Total mg/L 0.002 A 0.001 — 0.0009 0.0009 0.0016 0.0009 0.0009 0.0009 0.0011 32% 0.001 28%
Silicon (Si)-Total mg/L — — —_ — 1.82 1.83 1.86 1.82 1.83 1.83 1.8 1% 1.8 1%
Silver (Ag)-Total mg/L 0.0015 H 0.00025 — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 0.000013 — — — —
Sodium (Na)-Total mg/L — — — — 0.677 0.726 0.718 0.731 0.715 0.726 0.71 3% 0.72 3%
Strontium (Sr)-Total mg/L — — — — 0.233 0.235 0.235 0.237 0.238 0.227 0.24 1% 0.23 2%
Sulfur (S)-Total mg/L — — — — 8.25 8.27 9.31 7.91 8.52 8.16 8.4 7% 8.4 6%
Thallium (TI)-Total mg/L 0.0008 W 0.0008 — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Tin (Sn)-Total mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Titanium (Ti)-Total mg/L — — — — <0.00030 <0.00030 <0.00030 <0.00030 <0.00030 <0.00030 — — — —
Uranium (U)-Total mg/L 0.0085 W 0.015 — 0.000796 0.000793 0.000881 0.000839 0.000797 0.000834 0.00083 5% 0.00082 4%
Vanadium (V)-Total mg/L — — — — <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — e
Zinc (Zn)-Total mg/L 0.0525 H 0.03 — 0.0178 0.0141 0.0175 0.0098 0.0139 0.0082 0.015 25% 0.014 29%
Dissolved Metals (Water)
Aluminum (Al)-Dissolved mg/L 0.05 A — — 0.0016 0.0020 0.0017 0.0017 0.0019 0.0010 0.0018 10% 0.0017 21%
Antimony (Sb)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Arsenic (As)-Dissolved mg/L — — — — <0.00010 0.00010 <0.00010 <0.00010 0.00010 <0.00010 — — — —
Barium (Ba)-Dissolved mg/L — — — — 0.0456 0.0457 0.0437 0.0428 0.0462 0.0452 0.044 3% 0.045 3%
Beryllium (Be)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Boron (B)-Dissolved mg/L — — — — <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 — — — —
Cadmium (Cd)-Dissolved mg/L — — — — | <0.0000050 <0.0000050 0.0000054 <0.0000050 0.0000060 0.0000057 — — — —
Calcium (Ca)-Dissolved mg/L — — — — 47.1 49.4 47.0 45.4 48.1 46.0 47 3% 47 3%
Cesium (Cs)-Dissolved mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Chromium (Cr)-Dissolved mg/L — — — — 0.00023 0.00021 0.00022 0.00023 0.00022 0.00022 0.00022 4% 0.00022 3%
Cobalt (Co)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Copper (Cu)-Dissolved mg/L — — — — <0.00020 0.00026 <0.00020 <0.00020 <0.00020 <0.00020 — — — —
Iron (Fe)-Dissolved mg/L — — — — <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 — — — —
Lead (Pb)-Dissolved mg/L — — — — <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 — — — —
Lithium (Li)-Dissolved mg/L — — — — 0.0014 0.0013 0.0018 0.0016 0.0017 0.0016 0.0015 15% 0.0016 12%
Magnesium (Mg)-Dissolved mg/L — — — — 11.7 10.9 12.2 11.6 11.8 10.9 12 5% 12 5%
Manganese (Mn)-Dissolved mg/L — — — — 0.00133 0.00120 0.00119 0.00110 0.00105 0.00107 0.0012 8% 0.0012 9%
Molybdenum (Mo)-Dissolved mg/L — — — — 0.000969 0.000952 0.000987 0.000987 0.000963 0.000971 0.00097 2% 0.00097 1%
Nickel (Ni)-Dissolved mg/L — — — — <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Phosphorus (P)-Dissolved mg/L — — — — <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 — — — —
Potassium (K)-Dissolved mg/L — — — — 0.347 0.334 0.369 0.364 0.342 0.367 0.35 5% 0.35 4%
Selenium (Se)-Dissolved mg/L — — — — 0.000876 0.000935 0.00125 0.000924 0.000942 0.000881 0.0010 17% 0.00097 15%
Silicon (Si)-Dissolved mg/L — — — — 1.66 1.71 1.67 1.67 1.71 1.70 1.7 1% 1.7 1%
Silver (Ag)-Dissolved mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — —_ — —
Sodium (Na)-Dissolved mg/L — — — — 0.686 0.723 0.725 0.742 0.680 0.710 0.72 3% 0.71 3%
Strontium (Sr)-Dissolved mg/L — — — — 0.227 0.223 0.228 0.225 0.225 0.219 0.23 1% 0.22 1%
Sulfur (S)-Dissolved mg/L — — e — 7.61 7.69 7.73 7.34 7.81 7.14 7.6 2% 7.6 3%
Thallium (TI)-Dissolved mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Tin (Sn)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Titanium (Ti)-Dissolved mg/L — — — — <0.00030 <0.00030 <0.00030 <0.00030 <0.00030 <0.00030 — — — e
Uranium (U)-Dissolved mg/L — — — — 0.000767 0.000747 0.000861 0.000797 0.000746 0.000812 0.00079 6% 0.00079 6%
Vanadium (V)-Dissolved mg/L — — — — <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Zinc (Zn)-Dissolved mg/L — — — — 0.0159 0.0126 0.0158 0.0087 0.0126 0.0068 0.013 26% 0.012 31%
Notes: W = Working Guideline; A = Approved Guideline; | = Interim guideline; pH = pH dependent guideline; H = hardness-dependent guideline (value shown is adjusted to 150 mg/L hardness); — = no guideline available, or value not calculable; CV =
coefficient of variance. indicate exceedance of BC Approved or Working Water Quality Guidelines.
W =
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NITRATE AND SULPHATE CHRONIC TOXICITY

Table 7: Water Quality for Site Water EV_ER4 Prior to Supplemental Nitrate or Sulphate Amendment

EV_ER4
Sample Characteristics Week 14 Week 14 Week 1-6 Week 1-6
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 (Mean) (V%) (Mean) (V%)
Field Date Sampled 25-Oct-2016 1-Nov-2016 8-Nov-2016 15-Nov-2016 22-Nov-2016 29-Nov-2016 — — — —
Client Sample ID EV_ER4 EV_ER4-RD2 | EV_ER4 RD3 | EV_ER4 RD4 | EV_ER4 RD5 | EV-ER4 RD6 — — — —
Lab Date Sampled 26-Oct-2016 2-Nov-2016 9-Nov-2016 16-Nov-2016 23-Nov-2016 30-Nov-2016 — — — —
Time Sampled 10:00 11:30 10:30 14:11 0:00 12:00 — — — —
ALS Sample ID L1848912-3 L1852463-3 L1855744-3 L1858716-3 L1861625-3 L1864606-3 — — — —
Parameter Unit BC MOE Aquatic CCMEAquatic
Life Guideline Life Guideline
Physical Tests (Water)
Total Dissolved Solids mg/L — — — 305 293 298 289 289 299 296 2% 296 2%
Hardness, Total (as CaCO3) mg/L — — — 249 257 253 253 265 248 253 1% 254 2%
Anions and Nutrients (Water)
Alkalinity, Total (as CaCO3) mg/L 20 W — — 163 162 167 162 162 164 164 163 1%
Ammonia, Total (as N) mg/L 1.2 pH — — <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 — — — —
Chloride (Cl) mg/L 150 A 120 — 2.02 1.92 1.97 1.96 2.00 2.00 2.0 2% 2.0 2%
Nitrate (as N) mg/L 3 A 2.9 — 2.91 2.89 3.00 2.93 2.88 2.88 2.9 2% 2.9 2%
Nitrite (as N) mg/L 0.02 A 0.06 — <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 — — — —
Phosphorus (P)-Total mg/L 0.005-0.015 A 0.004-0.100 — 0.0038 0.0053 0.0036 0.0023 <0.0020 0.0044 0.0038 33% 0.0039 28%
Sulphate (SO4) mg/L 309-429 H — — 77.3 75.5 76.4 75.9 76.6 76.4 76 1% 76 1%
Total Metals (Water)
Aluminum (Al)-Total mg/L — — 0.1 pH 0.0099 0.0106 0.0071 0.0109 0.0065 0.0110 0.0096 18% 0.0093 22%
Antimony (Sh)-Total mg/L 0.009 W — — <0.00010 0.00012 <0.00010 0.00027 <0.00010 <0.00010 — — — —
Arsenic (As)-Total mg/L 0.005 A 0.005 — 0.00025 0.00017 0.00020 0.00016 0.00021 0.00018 0.0002 21% 0.0002 17%
Barium (Ba)-Total mg/L 1 W — — 0.0689 0.0696 0.0662 0.0660 0.0697 0.0684 0.068 3% 0.068 2%
Beryllium (Be)-Total mg/L 0.00013 W — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Boron (B)-Total mg/L 1.2 A 1.5 — <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 — — — —
Cadmium (Cd)-Total mg/L 0.00029 H 0.00022 H 0.0000103 0.0000171 0.0000159 0.0000159 0.0000175 0.0000147 0.000015 21% 0.000015 17%
Calcium (Ca)-Total mg/L — — — — 65.2 68.9 65.4 64.6 69.3 64.9 66 3% 66 3%
Cesium (Cs)-Total mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Chromium (Cr)-Total mg/L| 0.0010-0.0089 | wW/| 0.0010-0.0089 |— 0.00029 0.00025 0.00024 0.00033 0.00034 0.00025 0.00028 15% 0.00028 15%
Cobalt (Co)-Total mg/L 0.004 A — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Copper (Cu)-Total mg/L 0.006 H 0.0033 H <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Iron (Fe)-Total mg/L 1 A 0.3 — 0.013 0.010 <0.010 0.014 0.010 <0.010 0.012 17% 0.012 18%
Lead (Pb)-Total mg/L 0.0086 H 0.0053 H 0.000087 <0.000050 <0.000050 0.000052 <0.000050 <0.000050 — — — —
Lithium (Li)-Total mg/L — — — 0.0089 0.0085 0.0098 0.0098 0.0098 0.0098 0.0093 7% 0.0094 6%
Magnesium (Mg)-Total mg/L — — — — 21.6 205 21.3 22.0 22.2 20.8 21 3% 21 3%
Manganese (Mn)-Total mg/L 1.265 H — — 0.00103 0.00108 0.00087 0.00102 0.00090 0.00088 0.001 9% 0.00096 9%
Molybdenum (Mo)-Total mg/L 1 A 0.073 | 0.00113 0.00119 0.00117 0.00123 0.00124 0.00118 0.0012 4% 0.0012 3%
Nickel (Ni)-Total mg/L 0.11-0.15 W 0.13 H 0.00053 0.00072 0.00084 0.00061 0.00071 0.00058 0.00068 20% 0.00067 17%
Phosphorus (P)-Total mg/L 0.005-0.015 A — — <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 — — — —
Potassium (K)-Total mg/L — — — — 0.650 0.635 0.652 0.690 0.663 0.699 0.66 4% 0.66 4%
Selenium (Se)-Total mg/L 0.002 A 0.001 — 0.010 0.011 0.011 0.010 0.011 0.010 0.011 4% 0.011 4%
Silicon (Si)-Total mg/L — — — — 1.99 2.04 2.02 1.97 2.10 211 2.0 2% 2.0 3%
Silver (Ag)-Total mg/L 0.0015 H 0.00025 — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Sodium (Na)-Total mg/L — — — — 2.20 2.26 2.19 2.45 2.35 2.64 2.3 5% 2.3 7%
Strontium (Sr)-Total mg/L — — — — 0.243 0.242 0.245 0.247 0.249 0.242 0.24 1% 0.24 1%
Sulfur (S)-Total mg/L — — — — 27.0 27.7 27.9 26.4 29.7 27.4 27 3% 28 4%
Thallium (TI)-Total mg/L 0.0008 W 0.0008 —| <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Tin (Sn)-Total mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Titanium (Ti)-Total mg/L — — — — <0.00030 <0.00030 <0.00030 0.00040 <0.00030 <0.00030 — — — —
Uranium (U)-Total mg/L 0.0085 W 0.015 — 0.00124 0.00124 0.00135 0.00137 0.00125 0.00129 0.0013 5% 0.0013 4%
Vanadium (V)-Total mg/L — — — — <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Zinc (Zn)-Total mg/L 0.0525 H 0.03 — 0.0186 <0.0030 <0.0030 0.0364 0.0046 <0.0030 0.0275 46% 0.0199 80%
Dissolved Metals (Water)
Aluminum (Al)-Dissolved mg/L 0.05 A — — 0.0013 0.0017 0.0014 0.0017 0.0011 0.0022 0.0015 14% 0.0016 25%
Antimony (Sb)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Arsenic (As)-Dissolved mg/L — — — — 0.00014 0.00016 0.00014 0.00016 0.00015 0.00016 0.00015 8% 0.00015 6%
Barium (Ba)-Dissolved mg/L — — — — 0.0674 0.0685 0.0632 0.0648 0.0678 0.0670 0.066 4% 0.066 3%
Beryllium (Be)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — e — -
Boron (B)-Dissolved mg/L — — — — <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 — — — —
Cadmium (Cd)-Dissolved mg/L — — — — 0.0000112 0.0000116 0.0000117 0.0000104 0.0000129 0.0000102 0.000011 5% 0.000011 9%
Calcium (Ca)-Dissolved mg/L — — — — 63.7 68.4 65.4 62.7 66.5 63.9 65 4% 65 3%
Cesium (Cs)-Dissolved mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Chromium (Cr)-Dissolved mg/L — — — — 0.00021 0.00017 0.00019 0.00023 0.00027 0.00020 0.0002 13% 0.00021 16%
Cobalt (Co)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Copper (Cu)-Dissolved mg/L — — — — <0.00020 0.00036 <0.00020 <0.00020 <0.00020 <0.00020 — — — —
Iron (Fe)-Dissolved mg/L — — — — <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 — — — —
Lead (Pb)-Dissolved mg/L — — — — <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 — — — —
Lithium (Li)-Dissolved mg/L — — — — 0.0085 0.0082 0.0096 0.0095 0.0092 0.0097 0.009 8% 0.0091 7%
Magnesium (Mg)-Dissolved mg/L — — — — 20.9 19.8 21.8 21.8 215 19.7 21 5% 21 5%
Manganese (Mn)-Dissolved mg/L — — — — 0.00066 0.00066 0.00065 0.00061 0.00054 0.00058 0.00065 4% 0.00062 8%
Molybdenum (Mo)-Dissolved mg/L — — — — 0.00109 0.00111 0.00113 0.00113 0.00114 0.00114 0.0011 2% 0.0011 2%
Nickel (Ni)-Dissolved mg/L — — — — <0.00050 0.00060 0.00068 0.00055 0.00057 <0.00050 0.00061 11% 0.0006 10%
Phosphorus (P)-Dissolved mg/L — — — — <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 — — — —
Potassium (K)-Dissolved mg/L — — — — 0.624 0.639 0.700 0.704 0.644 0.670 0.67 6% 0.66 5%
Selenium (Se)-Dissolved mg/L — — — — 0.0106 0.0105 0.0110 0.0105 0.0108 0.0101 0.011 2% 0.011 3%
Silicon (Si)-Dissolved mg/L — — — — 1.88 1.93 2.00 1.89 1.88 1.95 1.9 3% 1.9 2%
Silver (Ag)-Dissolved mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Sodium (Na)-Dissolved mg/L — — — — 2.12 2.23 2.22 241 2.30 2.38 2.2 5% 23 5%
Strontium (Sr)-Dissolved mg/L — — — —_ 0.237 0.234 0.245 0.236 0.238 0.237 0.24 2% 0.24 2%
Sulfur (S)-Dissolved mg/L — — — — 25.8 25.0 26.3 25.5 26.3 24.8 26 2% 26 2%
Thallium (TI)-Dissolved mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Tin (Sn)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 0.00011 <0.00010 0.00014 — — — —
Titanium (Ti)-Dissolved mg/L — — — — <0.00030 <0.00030 <0.00030 <0.00030 <0.00030 <0.00030 — — — —
Uranium (U)-Dissolved mg/L — — — — 0.00120 0.00120 0.00134 0.00130 0.00119 0.00127 0.0013 6% 0.0013 5%
Vanadium (V)-Dissolved mg/L — — — — <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Zinc (Zn)-Dissolved mg/L — — — — 0.0074 0.0013 0.0011 0.0067 0.0036 0.0015 0.0041 82% 0.0036 79%
Notes: W = Working Guideline; A = Approved Guideline; | = Interim guideline; pH = pH dependent guideline; H = hardness-dependent guideline (value shown is adjusted to 150 mg/L hardness); — = no guideline available, or value not calculable; CV =
coefficient of variance. indicate exceedance of BC Approved or Working Water Quality Guidelines.
W =
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NITRATE AND SULPHATE CHRONIC TOXICITY

Table 8: Water Quality for Site Water GH FR1 Prior to Supplemental Nitrate or Sulphate Amendment

GH_FR1
Sample Characteristics Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 1-4 Week 1-4 Week 1-6 Week 1-6
(Mean) (CV%) (Mean) (CV%)
Field Date Sampled 25-0ct-2016 1-Nov-2016 8-Nov-2016 15-Nov-2016 22-Nov-2016 29-Nov-2016 — — — —
Client Sample ID GH_FR1 GH FR1-RD2 | GH FR1_RD3 | GH FR1_RD4 | GH_FR1_RD5 | GH-FR1_RD6 — — — —
Lab Date Sampled 26-Oct-2016 2-Nov-2016 9-Nov-2016 16-Nov-2016 23-Nov-2016 30-Nov-2016 — — — —
Time Sampled 10:00 11:30 10:30 14:11 0:00 12:00 — — — —
ALS Sample ID 1L1848912-1 L1852463-1 L1855744-1 L1858716-1 L1861625-1 L1864606-2 — — — —
Param eter Unit BC MOE Aquatic CCMEAquatic
Life Guideline Life Guideline
Physical Tests (Water)
Total Dissolved Solids mg/L — — — 577 552 575 563 580 583 567 2% 572 2%
Hardness, Total (as CaCO3) mg/L — — — 448 465 460 459 482 437 458 2% 459 3%
Anions and Nutrients (Water)
Alkalinity, Total (as CaCO3) mg/L 20 W — —
Ammonia, Total (as N) mg/L 1.2 pH — — <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Chloride (Cl) mg/L 150 A 120 — <25 <25 <25 <25 <25 <25
Nitrate (as N) mg/L 3 A 2.9 —
Nitrite (as N) mg/L 0.02 A 0.06 — <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 — — — —
Phosphorus (P)-Total mg/L 0.005-0.015 A 0.004-0.100 — 0.0069 0.0028 <0.0020 0.0036 0.0046 0.0041 0.004 49% 0.004 35%
Sulphate (SO4) mg/L 309-429 H — — 226 225 218 221 223 212 223 2% 221 2%
Total Metals (Water)
Aluminum (Al)-Total mg/L — — 0.1 pH 0.0106 0.0210 0.0170 0.0090 0.0114 0.0093 0.014 39% 0.013 37%
Antimony (Sb)-Total mg/L 0.009 W — — 0.00017 0.00029 0.00017 0.00055 0.00021 0.00014 0.0003 61% 0.00026 60%
Arsenic (As)-Total mg/L 0.005 A 0.005 — 0.00018 0.00013 0.00013 0.00012 0.00018 0.00011 0.00014 19% 0.00014 22%
Barium (Ba)-Total mg/L 1 W — — 0.103 0.104 0.0995 0.0959 0.109 0.107 0.1 4% 0.1 5%
Beryllium (Be)-Total mg/L 0.00013 W — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Boron (B)-Total mg/L 1.2 A 15 — <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 — — — —
Cadmium (Cd)-Total mg/L 0.00029 H 0.00022 H 0.0000149 0.0000192 0.0000190 0.0000161 0.0000219 0.0000171 0.000017 12% 0.000018 14%
Calcium (Ca)-Total mg/L — — — — 102 104 104 103 109 101 103 1% 104 3%
Cesium (Cs)-Total mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Chromium (Cr)-Total mg/L| 0.0010-0.0089 | W /| 0.0010-0.0089 | — 0.00013 0.00018 0.00017 0.00021 0.00021 0.00015 0.00017 19% 0.00018 18%
Cobalt (Co)-Total mg/L 0.004 A — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Copper (Cu)-Total mg/L 0.006 H 0.0033 H <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Iron (Fe)-Total mg/L 1 A 0.3 — 0.014 0.025 0.029 0.018 0.021 0.019 0.022 31% 0.021 25%
Lead (Pb)-Total mg/L 0.0086 H 0.0053 H 0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 — — — —
Lithium (Li)-Total mg/L — — — 0.0175 0.0166 0.0195 0.0188 0.0191 0.0195 0.018 7% 0.019 6%
Magnesium (Mg)-Total mg/L — — — — 49.5 47.3 47.6 50.8 51.0 44.9 49 3% 49 5%
Manganese (Mn)-Total mg/L 1.265 H — — 0.00134 0.00181 0.00192 0.00140 0.00199 0.00179 0.0016 18% 0.0017 16%
Molybdenum (Mo)-Total mg/L 1 A 0.073 | 0.00106 0.00112 0.00111 0.00116 0.00106 0.000986 0.0011 4% 0.0011 6%
Nickel (Ni)-Total mg/L 0.11-0.15 W 0.13 H 0.00268 0.00289 0.00300 0.00289 0.00307 0.00191 0.0029 5% 0.0027 16%
Phosphorus (P)-Total mg/L 0.005-0.015 A — — <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 — — — —
Potassium (K)-Total mg/L — — — — 1.29 1.29 1.27 1.40 1.32 1.31 1.3 5% 1.3 3%
Selenium (Se)-Total mg/L 0.002 A 0.001
Silicon (Si)-Total mg/L — — — — 2.19 2.30 2.33 2.31 2.29 2.33 2.3 3% 2.3 2%
Silver (Ag)-Total mg/L 0.0015 H 0.00025 — <0.000010 <0.000010 <0.000010 <0.000010 0.000033 <0.000010 — — — —
Sodium (Na)-Total mg/L — — — — 1.98 211 1.93 2.26 2.07 2.12 2.1 7% 2.1 6%
Strontium (Sr)-Total mg/L — — — — 0.150 0.148 0.154 0.157 0.154 0.148 0.15 3% 0.15 2%
Sulfur (S)-Total mg/L — — — — 77.6 80.8 80.4 78.4 83.4 71.4 79 2% 79 5%
Thallium (TI)-Total mg/L 0.0008 W 0.0008 — <0.000010 0.000016 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Tin (Sn)-Total mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Titanium (Ti)-Total mg/L — — — — <0.00030 0.00063 <0.00030 <0.00030 <0.00030 <0.00030 — — — —
Uranium (U)-Total mg/L 0.0085 W 0.015 — 0.00244 0.00246 0.00264 0.00265 0.00243 0.00242 0.0025 4% 0.0025 4%
Vanadium (V)-Total mg/L — — — — <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Zinc (zn)-Total mgl| _ 0.0525 H 0.03 —| oo0s2 <0.0080 <0.0080 0.0231 0.0072 0.013 107% 0.022 107%
Dissolved Metals (Water)
Aluminum (Al)-Dissolved mg/L 0.05 A — — 0.0012 0.0014 0.0013 <0.0010 0.0011 <0.0010 0.0013 8% 0.0013 10%
Antimony (Sb)-Dissolved mg/L — — — — 0.00016 0.00019 0.00016 0.00019 0.00016 0.00013 0.00018 10% 0.00017 14%
Arsenic (As)-Dissolved mg/L — — — — <0.00010 0.00011 <0.00010 0.00010 <0.00010 <0.00010 — — — —
Barium (Ba)-Dissolved mg/L — — — — 0.101 0.103 0.0968 0.0967 0.103 0.104 0.099 3% 0.1 3%
Beryllium (Be)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Boron (B)-Dissolved mg/L — — — — <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 — — — —
Cadmium (Cd)-Dissolved mg/L — — — — 0.0000140 0.0000090 0.0000147 0.0000159 0.0000164 0.0000155 0.000013 23% 0.000014 19%
Calcium (Ca)-Dissolved mg/L — — — — 99.9 102 99.7 101 104 99.9 101 1% 101 2%
Cesium (Cs)-Dissolved mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Chromium (Cr)-Dissolved mg/L — — — — 0.00011 0.00011 <0.00010 0.00013 <0.00010 <0.00010 — — — —
Cobalt (Co)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Copper (Cu)-Dissolved mg/L — — — — <0.00020 0.00022 0.00022 <0.00020 <0.00020 <0.00020 — — — —
Iron (Fe)-Dissolved mg/L — — — — <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 — — — —
Lead (Pb)-Dissolved mg/L — — — — <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 <0.000050 — — — —
Lithium (Li)-Dissolved mg/L — — — — 0.0166 0.0156 0.0182 0.0181 0.0178 0.0195 0.017 7% 0.018 8%
Magnesium (Mg)-Dissolved mg/L — — — — 48.5 44.3 46.0 48.9 48.1 43.1 47 5% 46 5%
Manganese (Mn)-Dissolved mg/L — — — — 0.00104 0.00122 0.00120 0.00111 0.00119 0.00155 0.0011 7% 0.0012 14%
Molybdenum (Mo)-Dissolved mg/L — — — — 0.00104 0.00105 0.00108 0.00112 0.00103 0.000944 0.0011 3% 0.001 6%
Nickel (Ni)-Dissolved mg/L — — — — 0.00253 0.00275 0.00282 0.00273 0.00278 0.00186 0.0027 5% 0.0026 14%
Phosphorus (P)-Dissolved mg/L — — — — <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 — — — —
Potassium (K)-Dissolved mg/L — — — — 1.28 1.21 1.24 1.37 1.26 1.32 1.3 5% 1.3 5%
Selenium (Se)-Dissolved mg/L — — — — 0.0460 0.0466 0.0468 0.0476 0.0500 0.0454 0.047 1% 0.047 3%
Silicon (Si)-Dissolved mg/L — — — — 2.06 2.08 2.09 2.08 2.09 2.19 2.1 1% 2.1 2%
Silver (Ag)-Dissolved mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Sodium (Na)-Dissolved mg/L — — — — 1.97 2.01 1.87 212 1.93 2.05 2.0 5% 2.0 4%
Strontium (Sr)-Dissolved mg/L — — — — 0.146 0.143 0.148 0.151 0.147 0.146 0.15 2% 0.15 2%
Sulfur (S)-Dissolved mg/L — — — — 72.4 74.5 72.9 72.7 75.0 69.2 73 1% 73 3%
Thallium (Tl)-Dissolved mg/L — — — — <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 <0.000010 — — — —
Tin (Sn)-Dissolved mg/L — — — — <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 <0.00010 — — — —
Titanium (Ti)-Dissolved mg/L — — — — <0.00030 <0.00030 <0.00030 <0.00030 <0.00030 <0.00030 — — — —
Uranium (U)-Dissolved mg/L — — — — 0.00241 0.00232 0.00256 0.00256 0.00229 0.00233 0.0025 5% 0.0024 5%
Vanadium (V)-Dissolved mg/L — — — — <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 — — — —
Zinc (Zn)-Dissolved mg/L — — — — 0.0029 0.0014 0.0012 0.0033 0.0020 0.0066 0.0022 48% 0.0029 69%
Notes: W = Working Guideline; A = Approved Guideline; | = Interim guideline; pH = pH dependent guideline; H = hardness-dependent guideline (value shown is adjusted to 150 mg/L hardness); — = no guideline available, or value not calculable; CV =
coefficient of variance. indicate exceedance of BC Approved or Working Water Quality Guidelines.
g
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Table 9: Hardness for Site Water GH FR1-HH Prior to Supplemental Nitrate Amendment

GH FR1-HH
Sample Characteristics Week 14 | Week1-4 | Week1-6 | Week1-6
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
(Mean) (CV%) (Mean) (CV%)

Field Date Sampled 25-0Oct-2016 1-Nov-2016 8-Nov-2016 15-Nov-2016 22-Nov-2016 29-Nov-2016 — — — —

Client Sample ID GH_FR1-HH | GH FR1-RD2-HH | GH_FR1_RD3-HH | GH_FR1_RD4-HH | GH_FR1_RD5-HH | GH-FR1_RD6-HH — — — —

Lab Date Sampled 26-Oct-2016 2-Nov-2016 9-Nov-2016 16-Nov-2016 23-Nov-2016 30-Nov-2016 — — —

Time Sampled 10:00 11:30 10:30 14:11 0:00 12:00 — — — —

ALS Sample ID — — — — — — —

Parameter Unit BC MOEAqL{atlc CCMEAqugtlc

Life Guideline Life Guideline

Physical Tests (Water)

Hardness, Total (as CaCO3) mg/L — — — 709 717 684 706 719 672 704 2% 701 3%
Notes: W = Working Guideline; A = Approved Guideline; | = Interim guideline; pH = pH dependent guideline; H = hardness-dependent guideline (value shown is adjusted to 150 mg/L hardness); — = no guideline available, or value not calculable; CV =
coefficient of variance. indicate exceedance of BC Approved or Working Water Quality Guidelines.
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m Selenium— The long-term average selenium guideline is 2 pg/L total selenium. This guideline was exceeded
in all mine-influenced site waters, but none of the reference water samples. Although selenium may cause
acute toxicity at high concentrations, the observed concentration ranges in mine-influenced water (10-11
Mg/l in EV_ER4; 45-49 ug/L in GH_FR1) fall below the concentration ranges for acute toxicity and for chronic
toxicity elicited through water exposures only (BC MOE 2012, USEPA 2016). The most deleterious effect on
aquatic organisms is due to its chronic bioaccumulative properties; these chronic effects are manifested
primarily through selenium accumulation primarily through the dietary pathway, and not directly through water
(Chapman et al. 2010).

E Zinc—The maximum concentration of total zinc in any individual water sample was 55.8 pg/L in Week 5 at
GH_FR1. This concentration marginally exceeded the provincial water quality guideline adjusted to hardness
of 150 mg/L as CaCOs (lower bound used for screening) but this elevated zinc concentration was transitory,
such that the 30-d average zinc concentration was below the screening guideline. Furthermore, the zinc
concentration was well below the guideline using sample-specific hardness (302 pg/L) and the dissolved
concentration zinc concentration in this sample was only 2.0 pg/L.

In summary, the water quality in all unamended samples was appropriate for use in the study, with few if any
parameters present that could influence the toxicological endpoints in the study. Moreover, even if responses
occurred due to conditions of unamended water quality, these would be observed in all treatments for each water
source (and hence controlled for). The amended water samples therefore served as suitable reference waters
against which the corresponding exposure series of nitrate, sulphate, and hardness amendments could be
compared.

3.1.3 Variations in Water Quality

An additional consideration for study interpretation was the variance in water quality characteristics among weekly
sampling events at the same location. The correspondence of weekly samples to toxicity tests was:

m  Week 1 (25 October 2018)—water supply for 7-d C. dubia tests, and the first week of all P. promelas and O.
mykiss tests

m  Weeks 2-4 (1 November, 8 November, and 15 November 2018)—water supply for all P. promelas and O.
mykiss tests

m  Week 5 (22 November 2018)—water supply for final week of P. promelas tests, and penultimate week of O.
mykiss tests with nitrate

m  Week 6 (29 November 2018)— water supply for final week of O. mykiss tests with nitrate only

Because the fish toxicity tests used between 4 and 6 separate samples of site water, it was important to confirm
that variations in water quality did not confound the study design. This was evaluated through calculation of
coefficients of variance (CVs) for each analyte and water source (Tables 6—10) and through graphical analysis of
key constituents (Figure 2). The CV is a measure of relative variability, calculated as the ratio of the standard
deviation to the arithmetic mean. CVs were not calculated for substances with a majority of values below detection
limits. For most analytes, the CVs were less than 0.1. When results were evaluated over the full six weeks, only a
few analytes yielded CVs of greater than 0.5:

m EV_ER4—total zinc (CV=0.80), dissolved zinc (CV=0.79)

i
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m GH_FR1—total zinc (CV=1.07), dissolved zinc (CV=0.69), and total antimony (CV=0.60)

Figure 2 portrays the week-to-week variance in water chemistry for each sampling location. The substances that
are of greatest importance to the study design (nitrate, sulphate, hardness, and other indicators of ionic strength)
exhibited very low variance among sampling events, with concentration differences generally within the range of
analytical precision, and no indications of systematic trends over the six week period. The constituent with the
highest degree of variation (zinc) is depicted in Figure 2(h). The degree of variation was greatest in sample
GH_FR1 and elevated CVs were driven by two anomalous total zinc concentrations of over 30 pg/L. The reason
for the elevated variance for zinc is unknown, but as all of the concentrations are below water quality guidelines
once adjusted to sample-specific hardness, such variations are expected to have negligible consequences for the
toxicological outcomes of the study.

3.2 Statistical Methods
3.21 General Procedures

The data analysis followed the procedures identified in the final approved study design (Appendix C) and included
the following data processing procedures:

m Theresponses were calculated as the mean response in the amended waters divided by the treatment mean
in the unamended waters, then multiplied by 100 to provide a response on a percentage basis. All inhibition
concentration estimates (IC/ECx) in this report are based on scaling to the matched unamended site water
for each water source.

m Responses were calculated as both treatment mean responses (for presentation of general trends, such as
those depicted on Figure 3) and as replicate-specific responses (for use in formal statistical analysis).

m Statistical endpoints were calculated using replicate-specific results to avoid loss of information through
aggregation. This applied to the statistics presented in the laboratory report (i.e., CETIS calculations) and to
analysis of covariance (ANCOVA) used to identify groups of related stations.

m The “unamended waters” mentioned above refer to the site waters prior to the introduction of supplemental
nitrate or sulphate additions, but after hardness adjustment (if applicable).

m For each toxicity test and substance (nitrate or sulphate), a single negative laboratory control was run
concurrently with the treatments from all base waters and amendments. This was possible because the tests
(both control and exposed treatments) were initiated on the same day for each test protocol.

m Laboratory control performance was not used to standardize test water responses; rather it was used for
quality assurance performances (i.e., test validity and as an indication of organism health).

2=
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Figure 2: Water Quality Characteristics of Base Waters Prior to Amendment with Nitrate or Sulphate, Collected from Six
Consecutive Weeks in Fall 2016
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From left to right, water samples correspond to 25 October 2016, 1 November 2016, 8 November 2016, 15 November 2016, 22 November
2016, and 29 November 2016.

Red dashed line depicts BC provincial water quality guideline (if available).

7-d (three brood) C. dubia tests used samples from Week 1 only
32-d P. promelas tests used samples collected in Weeks 1-5

30-d O. mykiss tests used samples collected in Weeks 1-4 (test terminated prior to need for Week 5 refresh)
39-d O. mykiss tests used samples from Weeks 1-6
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From left to right, water samples correspond to 25 October 2016, 1 November 2016, 8 November 2016, 15 November 2016, 22 November
2016, and 29 November 2016.

Red dashed line depicts BC provincial water quality guideline (standardized to 150 mg/L hardness for zinc).

7-d (three brood) C. dubia tests used samples from Week 1 only

32-d P. promelas tests used samples collected in Weeks 1-5

30-d O. mykiss tests used samples collected in Weeks 1-4 (test terminated prior to need for Week 5 refresh)
39-d O. mykiss tests used samples from Weeks 1-6

3.2.2 Endpoint Estimates

The evaluation of toxicity test endpoint data from the Fall 2016 study was conducted in two ways:
m default endpoint estimates from the laboratory report (provided for each water source)

m analysis of covariance (ANCOVA) of individual replicate data
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The laboratory report (Appendix A) provided calculations of LCso and EC2s/IC2s values from concentration-
response calculations conducted for each water source (i.e., waters from different sampling locations, reflecting
different base chemistry prior to amendment with nitrate or sulphate). These estimates were calculated using
Tidepool (2013) software and were calculated based on comparison of the results in nitrate or sulphate-amended
waters to the corresponding unamended site waters. The use of EC2s/IC2s for sublethal endpoints is consistent
with the standard reporting of the analytical laboratory for chronic toxicity test results; however, the EC10/IC10
values and EC20/IC20 values were also obtained from the Tidepool (2013) data sheets for comparison to previous
testing results. The EC20/IC20 values are considered more reliable for making comparisons among studies because
an EC20/IC20 value has narrower confidence bands relative to smaller effect sizes (i.e., improved reliability for
making comparisons among studies), and because use of a 20% response to a sensitive species has precedent
for use in aquatic ecological risk assessments (Mebane 2010, Suter et al. 1995). Lower effect sizes (e.g.,
EC10/IC10) have typically been used to represent a conservative threshold for absence of effects, rather than a
threshold level for negative effects (CCME 2007). An effect level of 10% or less is generally considered to be
indistinguishable from normal variability in control or reference organisms (Environment Canada 2005). Alternative
point estimates to the EC20/IC20 values such as the 10% and 50% effect estimates are provided in the detailed
statistical analyses for each test species presented in the attachments to Appendix A. Section 6.0 compares results
of previous testing using both EC10/IC10 values and ECa20/IC20 values.

The ANCOVA approach was a refinement of the statistical analysis intended to identify water sources that
exhibited similar concentration-response profiles. Where concentration-response profiles were statistically
different among water sources, it was preferable to derive separate endpoint estimates; however, aggregation of
water sources yielding similar concentration-response was preferred, to improve precision of the endpoint
estimates and improved statistical power. Initially, to explore the data and evaluate best curve fitting models,
various model fits such as Gompertz, log-linear, sigmoidal, and cubic models were analyzed. However, because
the range of concentrations tested did not encompass very high magnitude responses (such as adverse effects of
70 to 100%), the S-shaped (sigmoidal) model types commonly applied for curve fitting to aquatic toxicity data did
not result in the best model fit. Most Gompertz models and other sigmoidal models did not converge on solution
and/or lack of model fit was evident. Therefore, the model fitting evaluated linear and quadratic models; these
model types provided satisfactory representation of the observed concentration-response profiles. The spacing of
the treatments across the exposure axis was often suited to an analysis with untransformed data (i.e.,
transformations were not needed to avoid violating underlying statistical model assumptions). If assumptions such
as normality were not met, we used ANCOVA on log-transformed data or rank-ANCOVA (non-parametric tests).

In order to determine whether to pool data from multiple water sources, we used ANCOVA to test the equality of
slopes between locations. If slopes were significantly different between locations, this was an indication of
difference in concentration-response, and we then conducted pairwise comparisons (Tukey test) to determine
which groups differed from each other.

Sections 4 and 5 provide summary tables for the selected statistical models used to fit the data. Additional details
for the ANCOVA model fits, including parameter estimates, are provided in Appendix D.
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4.0 NITRATE CHRONIC TOXICITY STUDY

The Nitrate Chronic Toxicity Study consisted of the following three components, reflective of the test species being
considered: an amphibian testing component, an invertebrate test component, and a fish test component. Each of
these components is discussed in more detail below. The health histories of the test organisms used in the
exposures were acceptable and met the requirements of the test protocols. With the exception of amphibian tests,
the tests met all control acceptability criteria and water quality parameters remained within ranges specified in the
protocols throughout the tests (Appendix A). There were no deviations from the test methodologies, other than
planned modifications described in the study design (Golder 2016b).

4.1 Amphibian Testing

Amphibian testing was required as part of the RAEMP approval letter, which required additional nitrate toxicity
testing, including "amphibian toxicity testing to assess the sensitivity of representative species to nitrate using
long-term metamorphosis tests." The first stage of amphibian testing entailed completion of a chronic survival,
growth and development pilot study with L. pipiens exposed to nitrate and sulphate. The purpose of this study was
to ensure that this species could be cultured and tested successfully in the laboratory, and to provide preliminary
indications of effects ranges for testing in subsequent experiments.

Pilot study findings of relevance to the design of the nitrate study included:

m The results of the pilot study indicated that the testing conditions used in this study were suitable for testing
with L. pipiens.

m The test was able to detect effects of nitrate to larval survival and provided preliminary estimates of LC2 and
LCso values (19.2 mg/L NOsz-N and 28.8 mg/L NOs-N, respectively); testing above and below these
concentrations was recommended for definitive testing. No effects were observed for any growth endpoint at
any exposure concentration.

m There was a statistically significant difference in survival and days to metamorphosis between a soft
laboratory water control and reconstituted hard water. This effect was identified as an important consideration
for the 2016 amphibian testing of the hard waters of the Elk Valley.

The detailed study design for additional amphibian testing was prepared by Golder and Nautilus (2016) and
submitted by Teck on 15 April 2016, and subsequently reviewed by EMC. Following review of the amphibian study
design by EMC, the L. pipiens tests were initiated as planned by Nautilus in their Burnaby BC laboratory, with
testing commencing in June 2016. However, a high rate of mortality was observed early in the exposure period,
including the negative controls, ultimately causing a control failure and termination of the test. As described in
Teck (2016), a second round of testing in July 2016, including copper amendment to control for potential microbial
effects, also failed to meet laboratory control performance criteria. Consequently, the 2016 amphibian testing
program was terminated. The laboratory theorized that poor test performance may be related to specimen batch
health, possibly related to a viral or bacterial infection within the supplied egg masses. The program was repeated
in 2017, and tadpoles hatched successfully prior to the initiation of the test; however, a high rate of mortality was
again observed early in the exposure period, including the negative controls. A second attempt in 2017 using the
same egg supply using laboratory synthetic water was attempted but ultimately yielded another control failure.

The consequence of the control failures described above is that all amphibian tests must be reinitiated in 2018
using new organism cultures. Leopard frogs have a single annual development testing window, requiring that
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testing will be postponed until late Spring of 2018. Given the two consecutive years of control failures, some
revisions to the test have been discussed with EMC to reduce potential for additional test failures:

m Use of synthetic (laboratory-prepared) water, prepared to match the composition of Elk Valley conditions prior
to amendment with nitrate salts, would reduce the potential for microbial effects in the exposure water.

m Use of a second supplier of leopard frog egg masses will be investigated as a contingency for potentially
compromised egg quality. The leopard frog egg masses used in 2016 and 2017 were obtained from Dr. Vance
Trudeau at the University of Ottawa. These eggs were sourced from a local experimental pond, then
transported to the laboratory where gravid females were induced to spawn. Although egg quality may not be
responsible for the test failures in 2016 or 2017, addition of a second egg supplier would reduce potential for
problems in 2018, and allow for switching of egg supply if one source produces superior quality specimens.

m Division of the testing program into two discrete batches of treatments will be undertaken, either in separate
parts of a single laboratory, or divided between two laboratories. In the event that one batch of tests exhibits
indication of compromised conditions (e.g., early mortality in controls), the egg/larvae from the other batch of
tests will be used to set up a new set of treatments so that testing can still be completed within the seasonal
testing window.

4.2 Invertebrate Testing
4.2.1 Methods

The test species used to represent the invertebrate community was C. dubia, using the Environment Canada
three-brood survival and reproduction protocol. The summary of test conditions for this protocol is provided in
Appendix B (Table B-2).

The 2016 nitrate testing program for C. dubia included:

m Collection of waters from three locations representing a range of hardness conditions:
= Reference location on the Elk River upstream of Greenhills Operation (GH_ER?2)
= Elk River upstream of Grave Creek, and downstream of the confluence with the Fording River (EV_ER4)
= Upper Fording River upstream of Josephine Falls and downstream of Greenhills Creek (GH_FR1)

m  Amendment (spiking) of the water collected at GH_FR1 to create modified base water# with higher hardness
(700 mg/L as CaCOs). The amendment introduced magnesium sulphate and calcium sulphate, using a ratio
of calcium:magnesium that is representative of mine-influenced conditions (i.e., 2.6:1). The purpose of this
amendment was to represent higher hardness conditions that are observed in some portions of the Fording
River watershed upstream of GH_FR1, and that are observed during periods of elevated hardness during
winter base flow. The name convention assigned to this high-hardness modified base water was
GH_FR1-HH.

m For all base waters (GH_ER2, EV_ER4, GH_FR1, GH_FR1-HH), amendment of samples with nitrate
additions (using sodium nitrate salts) was conducted to create a series of six additional nitrate concentrations

4 Base water is defined as site water (with or without hardness adjustment) prior to the introduction of the supplemental nitrate.
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per sample site, similar to the approach used in the 2013 work completed in support of the EVWQP (Teck
2014).

m For each base water, the nitrate concentrations were developed to span from expected no-effect
concentrations to concentrations expected to yield significant toxicity (i.e., approximately 50% inhibition of
reproduction). Given the hardness-dependence previously observed for nitrate, the concentration series was
different for each water source (i.e., higher hardness waters evaluated higher nitrate concentrations).

m A modification to the Environment Canada three-brood survival and reproduction protocol was incorporated
to provide additional replication for the survival endpoint. This modification has been incorporated in response
to a recommendation from the EMC based on review of the final draft study design. For each standard test
replicate (i.e., each of the 10 test replicates per treatment required by the Environment Canada protocol), two
additional replicates were prepared, such that each treatment contained an A, B, and C replicate. The A
replicate was evaluated following the standard test protocol, with quantification of both the survival of the first-
generation females and three broods of reproduction (neonates). The B and C replicates were evaluated for
mortalities at end of test only. Accordingly, the reproduction endpoint included data from up to 30 neonate
broods (from 10 first-generation females, each contributing up to three broods), whereas the survival endpoint
included data from a total of 30 first-generation females.

The total measured concentrations of nitrate in the nitrate treatments are summarized below. These concentrations
reflect the sum of both the nitrate in the base waters plus nitrate added through the addition of sodium nitrate.

m Station GH_ER2—0.14 (unamended), 3.4, 5.2, 9.1, 15.1, 24.0, and 43.9 mg/L NOs-N
m Order Station EV_ER4—2.9 (unamended), 5.2, 8.1, 12.1, 19.6, 30.9, and 49.5 mg/L NOs-N
m  Order Station GH_FR1—9.8 (unamended), 14.3, 20.6, 25.4, 38.1, 53.8, and 73.4 mg/L NOs-N

m Treatment GH_FR1-HH (Station GH_FR1 water with supplemented hardness)—10.5 (no nitrate
amendment), 14.4, 20.4, 27.2, 38.2, 52.4, and 73.9 mg/L NOs-N.

These measured concentrations closely matched the target concentrations specified in the study design.

4.2.2 Results

Detailed tabulated results of the nitrate toxicity tests using C. dubia are provided in Tables 8 to 11 of Appendix A.
The site waters showed no adverse effects relative to the negative laboratory controls for this species.

For tests with nitrate, there were no adverse effects relative to the unamended samples observed on survival
of C. dubia with any of the four site waters that were tested. Survival ranged from 90-100% in all treatments, and
was 100% in most treatments. The incorporation of additional replication for the survival endpoint provided
additional confidence that there was no significant mortality across the study. With the exception of the 8.1 mg/L
treatment for EV_ERA4, there was either zero mortalities or only a single mortality in each treatment. Reproduction
was inhibited in site waters GH_ER2, GH_FR1, and hardness-adjusted site water GH_FR1 (Figure 3); the IC2s
values were 37.3, 56.7 and 51.9 mg/L NOs-N, respectively (Table 10). There were no adverse effects observed in
the test with site water EV_ERA4, resulting in an IC2s of >49.5 mg/L NOsz-N.
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The ANCOVA analysis (Figure 4; Table 11) indicated that the reference water GH_ER2 was different from the
three other locations (mine-influenced waters) so we grouped water sources accordingly and calculated endpoints
separately for these groups.

Figure 3: Mean Reproduction of C. dubia by Treatment for Tests conducted in Nitrate Supplemented Water in 2016.
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Fording River GH_FR1-HH consists of GH_FR1 water hardness-supplemented to 700 mg/L as CaCOs prior to addition of nitrate.

Table 10: CETIS Statistical Endpoints from Individual Water Sources from C. dubia Nitrate Tests

Watercourse Teck WQ Survival LC2o Reproduction Reproduction Reproduction ICso
Station ID (mg/L SOa4) IC20 (Mg/L NO3-N) | IC2s5 (mg/L NO3-N) (mg/L NO3-N)
GH_FR1 >73.4 54.5 (43.3-57.8) 56.7 (48.5-59.8) 69.7 (65.8-n/a)
Fording River
GH_FR1-HH >73.9 47.7 (42.9-56.3) 51.9 (44.8-58.1) 65.9 (58.2-72.3)
GH_ER2 >43.8 29.6 (18.5-42.5) 37.3 (22.6-n/a) >43.8
Elk River
EV_ER4 >49.5 >49.5 >49.5 >49.5
Point estimates shown with 95% confidence limits, where applicable (n/fa—confidence limits not applicable).
CETIS—Comprehensive Environmental Toxicity Information System (Tidepool 2013).
o
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Figure 4: Reproduction of C. dubia (Individual Replicate Data) for Tests conducted in Nitrate Supplemented Water in 2016,
with Best Fit Model for Each Station (left pane) and Grouped Water Sources (right pane).
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Table 11: ANCOVA Results for C. dubia Reproduction in Nitrate Tests in 2016

Compared to Statistical i 2 .
Water Source Water Source Difference® P-Value Conclusion

EV_ER4 GH_ER2 10.37 0.004* Reference water different from mine-
influenced
Marginal result, considered not

EV_ER4 GH_FR1 -7.44 0.044* different once effect of simultaneous
multiple comparisons considered

EV_ER4 GH_FR1-HH -4.34 0.42 Not different
Reference water different from mine-

- *

GH_ER2 GH_FR1 17.81 <0.001 influenced

GH_ER2 GH_FR1-HH 14.72 <0.001* Reference water different from mine-
influenced

GH_FR1 GH_FR1-HH 3.09 0.70 Not different

Calculated I1C1o Calculated I1C20 Calculated I1Cso
Water Source (mg/L NOs-N) (Mg/L NOs-N) (mg/L NOs-N)

GH_ER2 15.1 29.5 69.9 Reference water

Pooled (EV_ERA4,

GH_FR1, 50.7 57.3 72.3 Mine-influenced waters

GH_FR1-HH)

Pairwise comparison statistically significant at a=0.05.

(1) statistical difference = Difference between treatment means, evaluated for statistical significance using Tukey’s Honestly
Significant Difference test.

(2) P-Values are the results of pairwise comparisons between the treatments listed in the first two columns of the table. Tukey’s
Honestly Significant Difference test was used to generate pairwise results where the overall treatment effect was statistically

significant.
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The concentration-response for C. dubia reproduction, including the ICx estimates in Table 11 and the graphical
depictions in Figure 3 and Figure 4, indicate several findings of importance:

m The sensitivity of C. dubia to nitrate was greatest in the reference site waters (GH_ER2), confirming the
findings from previous testing that water composition (particularly hardness) is a modifier for nitrate toxicity
to C. dubia.

m The overall sensitivity of C. dubia to nitrate was lower than observed in previous testing of Elk Valley waters,
with IC20 values for reproduction greater than observed in the Phase 1 Mixture Study or the Fall 2013 Study.

m The observed ICzo values for reproduction in 2016 were consistent with literature-based values gleaned from
other testing of this species for similar hardness conditions (Baker et al. 2017).

m The nature of hardness-dependence observed in Fall 2016 was slightly different than observed in previous
site-specific testing. Specifically, the three mine influenced waters tested in 2016 exhibited similar sensitivity,
indicating that the ameliorative effect of hardness may reach a maximum in the Fording River, and remain
stable at even higher hardness conditions such as those represented by GH_FR1-HH.

4.3 Fish Testing

43.1 Methods

The test species used to represent fish was the rainbow trout Oncorhynchus mykiss. Emphasis on rainbow trout
embryo-alevin tests in the 2016 testing program was based on the demonstrated sensitivity of early life stage trout
to nitrate, as reported in literature studies (McGurk et al. 2006) and in previously completed site-specific tests
(Golder and Nautilus 2013). Rainbow trout were also specifically referenced for consideration in the RAEMP
Approval Condition. Although the semi-annual Permit-based testing for rainbow trout under Section 9.8(ii) entails
use of the Environment Canada (1998) ~30-day embryo-alevin test protocol, a modification to a slightly longer
duration was applied for evaluation of nitrate. The 39-day early life stage rainbow trout test (with full adsorption of
the yolk sac) targeted the most sensitive species and life stage identified in previous site-specific testing. The
summary of test conditions for this protocol is provided in Appendix B (Table B-3).

The 2016 nitrate testing program for rainbow trout included:

m Collection of waters from three locations representing a range of hardness conditions:
= Reference location on the Elk River upstream of Greenhills Operation (GH_ER?2)
= Elk River upstream of Grave Creek, and downstream of the confluence with the Fording River (EV_ER4)
= Upper Fording River upstream of Josephine Falls, and downstream of Greenhills Creek (GH_FR1)

m  Amendment (spiking) of the water collected at GH_FR1 to create an additional base water with higher
hardness (700 mg/L as CaCOg), exactly as described in Section 4.2.1 for invertebrate testing.

m For all base waters (GH_ER2, EV_ER4, GH_FR1, GH_FR1-HH), amendment of samples with nitrate
additions (using sodium nitrate salts) to create a series of six additional nitrate concentrations per sample site.

m The range of the concentration series was slightly different than for C. dubia, reflecting the differences in the
effect concentrations from past site-specific testing. The concentration ranges have been specified separately

i
31 March 2018 ?Golder
Report No. 1523293-R-Rev1-3300 29 Associates
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for each water source due to the anticipated hardness-dependence of nitrate toxicity, as documented in the
literature for several freshwater aquatic species.

The measured concentrations in the treatments were:

m Station GH_ER2—0.1 (unamended), 3.1, 5.1, 8.9, 14.4, 25.8, and 45 mg/L NOs-N

m Order Station EV_ER4—2.9 (unamended), 5.1, 9.0, 14.7, 25.4, 42.7, and 69.3 mg/L NOs-N

m Order Station GH_FR1—10.2 (unamended), 14.1, 20.2, 27.5, 38.4, 53.6, and 74.5 mg/L NOs-N

m Treatment GH_FR1-HH (GH_FR1 with supplemented hardness)—10.2 (no nitrate amendment), 14.9, 22.3,
34.7,49.3, 72.9, and 110.6 mg/L NOs-N

These concentrations reflect the sum of both the nitrate in the collected waters plus nitrate added through the
addition of sodium nitrate. These concentrations closely matched the target concentrations specified in the study
design.

4.3.2 Results

For tests with nitrate, there were no adverse effects on rainbow trout relative to the negative laboratory control in
the unamended site waters GH_ER2, EV_ER4, or GH_FR1; however, the hardness adjusted GH_FR1-HH sample
exhibited significantly lower survival and proportion reaching swim-up relative to the negative control (Table 21 of
Appendix A). All treatments of GH_FR1-HH appear to be similarly affected by the hardness adjustment; survival
rates were approximately half or less of the negative control performance in all GH_FR1-HH treatments. This effect
is attributable to the hardness adjustment rather than to the water composition of the original sample, because the
GH_FR1 sample without hardness adjustment did not exhibit these differences relative to the negative control.
Furthermore, there were no properties of the unamended GH_FR1 sample that would have influenced the
sensitivity of fish during the hardness adjustment (Section 3.1.2). The results for GH_FR1-HH have higher
uncertainty than the other tested waters, but a nitrate concentration-response was still evident in spite of this
additional source of variance (Figure 5).
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Figure 5: Mean Responses for Rainbow Trout Endpoints by Treatment for Tests conducted in Nitrate Supplemented Water in 2016.
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