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Introduction

De Beers Canada Inc.’s (De Beers’) Snap Lake diamond mine is located in the Snap Lake property
approximately 220 km northeast of Yellowknife. The site is remote with year-round access available
by aircraft from Yellowknife. A 35 kilometer winter access road also connects the site to kilometer
222 of the Tibbitt-Contwoyto winter road. Snap Lake is a completely underground mine and mining
operations began in 2008 to access kimberlite deposits under Snap Lake.

The 2013 Snap Lake Water License Amendment Application proposes to change the allowable levels
of some components within the water that is released to Snap Lake from the mine. The amount of
these components which can be released into the aquatic environment are called “Effluent Quality
Criteria” or EQC. The Canadian federal government has set guidelines for some EQCs, but most do
not apply well to the northern aquatic environment of Snap Lake.

The primary component addressed in the amendment application is called “Total Dissolved Solids”
(TDS). TDS refers to the amount of different types of salts in the water. These include chloride,
calcium and sodium, with smaller amounts of sulfate, silica, fluoride, ammonia and nitrate, among
others. The water at Snap Lake Mine contains TDS because underground mining activities release
ancient water from underground, called “connate water.” As mining continues into new areas,
connate water that is trapped within the rock is released. It is important to note that there is not
currently an EQC for TDS. At present, an in-lake limit has been set based upon predictions made
during the Environmental Assessment of the mine. De Beers was required to do studies of the
aquatic life in Snap Lake in order to recommend the amount of TDS that the water could contain
while still making sure that that would fish and the food they depend on will stay healthy.

TDS is a focus of this application because:

« High levels of TDS can be harmful to the animals and plants that live in Snap Lake, including
fish.

o The amount of TDS that is currently allowed to be within Snap Lake may be overprotective.

« TDSin Snap Lake is increasing, and studies at Snap Lake show that increasing the allowable
levels to a point will not be harmful to the aquatic community.

Groundwater and Site Models

Snap Lake Mine has to pump very large amounts of water out of the underground mine every day.
The amount of water pumped from underground will continue to increase over the next 20 years of
mine operations. One of the ways De Beers plans operations at Snap Lake Mine, including
understanding water volume and water quality, is through the development of models. These are
predictions made by geologists and engineers of the rock structure, water flow and water quality
using the most current information available. For example, the information gathered prior to mine
production was used to design the infrastructure and systems used to collect, treat and release
water from the mine. This information is continuously reviewed using actual data for water flow and
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quality gathered during operations. De Beers has updated underground and surface water models
using our understanding of water volume gained since mining at Snap Lake began.

Underground Simulation

The underground model uses current and past measured water flows into the underground mine as
well as information about the rock, permafrost and future mine plans to develop predictions of water
flows in the future. The current model predicts that up to 60,000 cubic metres of water (the same
volume as 24 Olympic swimming pools) could be collected in the underground mine each day.

Site Simulation

Understanding the site water balance helps De Beers understand how water needs to be collected,
stored, and managed at surface. This includes water that is collected through rainfall and snow melt
and water from the North Pile, where processed kimberlite is stored.

All water collected at Snap Lake from the underground and surface is piped to the Water Treatment
Plant. There, sediment from the water is removed and the water is tested before it is released. This is
to make sure that water meets license criteria before it enters Snap Lake. This effluent from the
mine site is discharged through pipes, called diffusers, with special fittings that slowly release the
treated water into Snap Lake allowing the two waters to mix together.

Site Model Water Quality

The Site Water Quality Model helps us to understand the quality of the water coming from different
areas of the mine. Water quality data from various facilities on the mine site are used with the Site
model to understand both quality and quantity of water. This helps us understand and predict the
water that will be released into Snap Lake now and into the future, when the mine is closed.

These predictions suggest that TDS in the managed site water will be highest between now and
2018. After that the increases will be slower. This model shows us that the connate water entering
the mine is the main reason for changes in water quality.

Lake Model

The lake model uses the information from both surface and underground models. The lake model
predicts how water that interacts with the mine affects Snap Lake. This model focuses on TDS
(including nutrients), and metals predicted to enter the lake now and in the future. The models
shows that without reducing the amount of TDS and nutrients in the mine effluent, the amount of
these components will increase in Snap Lake beyond the proposed limits, indicating that
management action will be required.

How Site Specific Limits are set

The Canadian Council of Ministers of the Environment (CCME) determine the level of effluent
components that can be released without impacting the aquatic environment and the animals and
plants that live in it. The CCME allows specific limits to be developed for effluent components to take

2
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into account the conditions that exist at a specific site, such as the temperature and hardness of the
water. These “modifying factors” are developed through benchmark studies that are explained
below.

TDS, including Fluoride and Nitrate Benchmark Studies

For TDS, including fluoride and nitrate, De Beers completed laboratory tests on fish and small
animals and plants that live in Snap Lake. The laboratory tests used water and organisms similar to
Snap Lake. Water was spiked with ions that copy the proportions of TDS in the water at Snap Lake.
This was used to determine how much of these ions in the water would cause an effect to the
various organisms tested. De Beers tested different species of animals and plants, including fish.
These animals and plants included lab species that are commonly used for this type of testing as
well as species that exist in Snap Lake. The testing has allowed experts to recommend the amount
of TDS and its constituents that can be released into Snap Lake without having effects on the plants
and animals that live in the Lake. For chloride, De Beers used information from similar studies
completed at the EKATI Diamond Mine.

The results of the benchmark studies were used to determine what levels should be set at the Water
Treatment Plant (SNP 02-17B) for discharge into the Lake, based on the volumes and water quality
experienced at Snap Lake.

TDS Response Plan

The amount of TDS in Snap Lake is increasing, and will exceed allowable limits if additional
mitigation is not applied The TDS response plan has identified where TDS in mine water comes from,
and identifies some options for how it can be managed. The main source of TDS (including chloride
and fluoride) is the underground mine water.

Management efforts to reduce the amount of TDS in mine effluent being released into Snap Lake are
focused on studies De Beers started in 2012 on water treatment options. In the first stage of the
studies, De Beers looked at different technologies that could be used to remove TDS from all of the
mine water. The studies concluded that there are technologies available that are effective at
removing TDS, however treatment of all water collected on site is uneconomical. De Beers is now
studying options to remove TDS and other components from smaller volumes of mine water.

Nitrogen Response Plan

Two nutrients, nitrate and ammonia, are discussed in this plan. Nitrate and ammonia in effluent
water come from the use of explosives during mining. Explosive residue containing nitrate and
ammonia enters the water management system in two ways: from underground mine workings, and
through seepage from the North Pile. The Nitrogen Response Plan discusses the work that De Beers
has completed to understand how these nutrients are increasing in Snap Lake, and what can be
done to reduce them. De Beers has identified options for improving blasting practices and efficiency,
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diluting nutrient-rich water, improving explosives storage and transport, and updating model
predictions.

EQC Report

F

The EQC report takes into consideration the results of the benchmark studies, and makes
recommendations for limits of the different water quality components and where these limits should
be applied. The proposed EQCs are included in the water licence application, and are summarized
below:

Average Monthly Limit (mg/L) Max Grab (mg/L)
Parameter

current proposed current proposed

Total Suspended

Solids 7 7 14 14

AmmoniaasN 10 10 20 20
0.5 1 1 3
22 14 44 32

Nitrate as N (January 1,

2015) 4 14 8 32

Chloride 310 378 620 607

Fluoride Jan1 2015 0.15 243 0.3 3.73
IG5 427 150 640

trace remove trace remove

Propose removing current whole-lake average TDS Water Licence limit
of 350 milligrams per litre (mg/L) and replacing with end-of-pipe AML of
684 mg/L and max grab of 1,003 mg/L.




Supplemental Information Request
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Attachment 1: Additional Information as referenced in Excel Comment Table

MVLWB 2

Topic: Effectiveness of proposed water management measures to achieve compliance
with the proposed SSWQO for TDS in Snap Lake

Figure MVLWB 2-1, panels a to c, presents predicted total dissolved solids (TDS) concentrations
in the diffuser area, main basin, and outlet of Snap Lake, re spectively, assuming that effluent
discharged to Snap Lake from the Snap Lake Mine will be treated such that TDS concentrations
in the effluent will not exceed the proposed average monthly limit (AML) of 684 milligrams per litre
(mg/L) from January 1, 2015 to January 1, 2029. For the simulation, if the concentration of TDS in
the effluent was predicted to be greater than 684 mg/L in De Beers (2013a), the concentration of
TDS was reduced to 684 mg/L. If the concentration of TDS in th e effluent was predicted to be
less than 684 mg/L in De Beers (2013a), the concentration of TDS was not changed. Effluent was
discharged to Snap Lake at the lower and upper bound discharge rates predicted in De Beers
(2013b).

Figure MVLWB 2-1 Predicted Depth Averaged Total Dissolved Solids Concentrations in
Snap Lake (with Mitigation)
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Note: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-
20e, SNAP09, and SNAPO08, respectively.

mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective.

In the Upper Bound Scenario, TDS concentrations are predicted to exceed the pro posed site-
specific water quality objective (SSWQO) of 684 mg/L from 2023 to 2028. The Upper and Lower
Bound Scenarios represent the rang e of po ssible effluent discharge rates to Snap Lake. De
Beers expects that actual discharge rates to Snap Lake will be intermediate between the two
scenarios. The Lower Bound Scenario was used to calculate an AML for TDS because, even at
the lower end of expected flows, mitigation will be required to meet the proposed AML over the
life of the mine. Effluent discharge rates to Snap Lake will be compared to the predicted Upper
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and Lower Bound discharge rates. If a ctual discharge rates begin to follow the Upper Bound
Scenario, effluent quality criteria (EQC) will be revised.

References

De Beers (De Bee rs Canada Inc.). 2013a. Sna p Lake Site Model Wat er Quality Report.
Submitted to the Ma ckenzie Valley Land and Water Board. Yellowknife, NWT,
Canada.

De Beers. 2013b. Snap Lake Site Model Water Balance Report. Submitted to the Macke nzie
Valley Land and Water Board. Yellowknife, NWT, Canada.

MVLWB 8

Topic: Effectiveness of proposed water management measures to achieve compliance
with the proposed SSWQO for Chloride in Snap Lake

Figure MVLWB 8-1, panels a to ¢, presents predicted chloride concentrations in the diffuser area,
main basin, and outlet of Snap Lake, respectively, assuming thatthe predicted chloride
concentrations make up 46 percent (%) oft he predicted TDS concentrations in Snap Lake.
Predicted chloride concentrations were generated by taki ng 46% ofth e predicted TDS
concentrations that were presented in De Beers’ response to MVLWB 2.

Figure MVLWB 8-1 Predicted Depth Averaged Chloride Concentrations in Snap Lake
(with Treatment)
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-4 - Snap Lake Mine

(b) Main Basin
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Note: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-
20e, SNAP09, and SNAPO08, respectively.

mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective.

MVLWB 11

Topic: Effectiveness of proposed mitigations

Please see De Beers’ response to MVLWB 2 and MVLWB 8.
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1 INTRODUCTION

1.1 Background

On December 20, 2013, De Beers Canada Inc. (De Beers) made an application to the Mackenzie
Valley Land and Water Board (MVLWB) to amend its existing water licence for the Snap Lake Mine
(MV2011L2-0004). De Beers requested 17 amendments to existing water licence conditions. On
January 22, 2014 this application was referred by the MVLWB to the Mackenzie Valley Review Board
(the Review Board) for environmental assessment (EA; EA1314-02). The water licence amendment
application was referred based on jurisdictional questions, and concerns raised by parties, regarding
proposed amendments that exceed a limit for one water quality parameter (total dissolved solids or
“TDS”). On March 28, 2014, the Review Board determined that the components of the proposed
water licence amendment application that will be assessed in the EA process include TDS and its
constituents including, but not limited to: nitrite, nitrate, chloride, fluoride, and sulphate (MVRB
2014).

The Review Board reviewed De Beers’ water licence amendment application and decided that it
provided sufficient information to commence an assessment on items the Review Board decided are
within the scope of this EA. Because sufficient information was provided in the amendment
application, the Review Board did not issue a Terms of Reference and, hence, no Developer’s
Assessment Report was required. The Review Board, in conducting an EA of a development proposal
must, however, consider the factors listed in section 117.(2) of the Mackenzie Valley Resource
Management Act. In its application of December 19, 2013, De Beers provided information regarding
the potential impact on the environment of the proposed amendment to TDS. In this submission, De
Beers is providing supplemental information to enable the Review Board to specifically consider, in
regards to the proposal, the cumulative impact and impact of accidents and malfunctions on the
environment, as well as alternative means of carrying out the proposal.

1.2 Scope of the Development and Supplemental Information

The development proposal to which this supplemental filing pertains is the discharge of treated
effluent to Snap Lake with effluent quality criteria (EQCs) (Table 1-1).
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Table 1-1 Proposed Effluent Quality Criteria for Nitrate, Chloride, Fluoride, Sulphate and Total
Dissolved Solids

Proposed Average Monthly Limit (AML)
(mg/L)

Nitrate 14 32
Chloride 378 607
Fluoride 2.43 SHS
Sulphate 427 640
Total dissolved solids 684 1,003

Parameter Proposed Max Grab (MDL) (mg/L)

Note: Effluent quality criteria are limits that apply at end-of-pipe (i.e., at the last point of discharge to the receiving environment).

AML = average monthly limit; MDL = maximum daily limit; mg/L = milligrams per litre; max = maximum.

The supplemental filing includes the following information:

e updated water quality modeling predictions addressing comments received on the application
March 14;

e cumulative effects of TDS in the Lockhart River watershed;
e accident and malfunctions related to discharge of TDS; and,

e alternatives to the proposal.

The supplemental information is focused predicted changes to water quality, and possible impacts to
aquatic life. No linkage between increased TDS in Snap Lake and socio-economic or cultural factors
could be determined; thus, these factors were excluded from further review.
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2 UPDATED WATER QUALITY PREDICTIONS

2.1 Snap Lake

2.1.1 Introduction

Effluent quality criteria are limits that apply at end-of-pipe (i.e., at the last point of discharge to the
receiving environment). As part of the Water Licence Amendment Application, EQC were derived
such that parameter concentrations in Snap Lake would remain below appropriate site-specific water
quality objectives (SSWQOs) if EQC values were adopted and met for the duration of operations (De
Beers 2013b).

The Snap Lake Mine Hydrodynamic and Water Quality Model Report (De Beers 2013a), submitted as
part of the Water Licence Amendment Application, presents predicted concentrations of TDS, ions,
nutrients, metals, and metalloids in Snap Lake, assuming potential mitigation would not be in place
to reduce TDS concentrations below recommended effluent quality criteria (EQC). Since the
submission of the Water Licence Amendment Application, further modelling has been completed to
predict concentrations in Snap Lake assuming that the proposed EQCs for TDS and other
parameters will be adopted, and not exceeded over mine life. This section describes predictions of
TDS, chloride, fluoride, sulphate, and nitrate concentrations in Snap Lake assuming thateffluent
discharged from the Snap Lake Mine (Mine) to Snap Lake will undergo mitigation such that
parameter concentrations in the effluent will not exceed the proposed average monthly limits as
presented in Table 1-1 (De Beers 2013b).

Set-up and calibration of the hydrodynamic and water quality model for Snap Lake is described in
Section 2.1.2. Model predictions for Snap Lake are presented in Sections 2.1.3, comparisons to
SSWQOs and drinking water guidelines are presented in Section 2.1.4.

2.1.2 Methods

The Snap Lake model setup and model inputs were identical to those described in De Beers (2013a)
with the exception of the parameters simulated and concentration of TDS in the effluent discharge to
Snap Lake (Sections 2.1.2.1 and 2.1.2.2).

2.1.2.1 Model Parameters

Concentrations of TDS, chloride, fluoride, sulphate, and nitrate were carried forward in this
assessment, aligning with those parameters identified in the EA scoping document (MVRB 2014).
Nitrite was not simulated in either the site model or the Snap Lake model, due to its rapid
transformation to nitrate.

2.1.2.2 Model Scenarios

Two model scenarios were considered for the operational period from 2014 to 2028. The model
scenarios assumed that mitigation would be in place such that TDS concentrations in the effluent
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discharge to Snap Lake would not exceed the proposed AML of 684 mg/L. Where the concentration
of TDS in the effluent discharge to Snap Lake was predicted to be greater than 684 mg/L in De
Beers (2013c), the concentration of TDS was reduced to 684 mg/L in the model. If the concentration
of TDS in the effluent discharge to Snap Lake was predicted to be less than 684 mg/L in De Beers
(2013c), the concentration of TDS in the model was not changed. The model scenarios were based
on the expected range of groundwater discharge rates from the Mine (Figure 2-1) (Itasca 2013).

The two model scenarios were:

e Base Case A: Lower Bound effluent discharge rate and TDS concentrations in the effluent do not
exceed 684 mg/L from January 1, 2015 to January 1, 2029; and,

e Base Case B: Upper Bound effluent discharge rate and TDS concentrations in the effluent do not
exceed 684 mg/L from January 1, 2015 to January 1, 2029.

Figure 2-1 Upper and Lower Bound Minewater Discharge
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2.1.3 Model Results

With mitigation in place to meet the proposed EQC at end-of-pipe, predicted depth-averaged
concentrations of TDS, chloride, fluoride, sulphate, and nitrate concentrations were predicted to
remain below proposed SSWQOs in Snap Lake (Figures 2-2 to 2-6), with one exception. In the Upper
Bound Scenario, depth-averaged TDS concentrations at the outlet of Snap Lake were predicted to
exceed the proposed TDS SSWQO of 684 mg/L during ice-cover between 2023 and 2028 (Figure 2-
2). The increase was due to the influence of modelled salt exclusion at the shallow outlet location.
Current monitoring data indicate that TDS concentrations near the outlet of Snap Lake are lower
than near the diffuser. However, TDS concentrations were predicted to be sufficiently elevated under
the Upper Bound scenario that ice formation and salt exclusion results in exceedance of the SSWQO
as the lake approaches equilibrium. The Upper and Lower Bound scenarios represent the range of
possible effluent discharge rates to Snap Lake. De Beers expects that actual discharge rates to Snap
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Lake will be intermediate between the two scenarios. The Lower Bound Scenario was used to
calculate an AML for TDS because, even at the lower end of expected flows, mitigation will be
required to meet the proposed AML over the life of the mine.

Actual monitored effluent discharge rates to Snap Lake will be compared to the predicted Upper and
Lower Bound discharge rates. If actual discharge rates begin to follow the Upper Bound Scenario,
and TDS concentrations near the outlet approach the 684 mg/L (would be identified under the
Aquatic Effects Monitoring Program [AEMP] Response Framework), EQC may need to be revisited to
remain below 684 mg/L at all locations throughout the lake.
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Figure 2-2 Depth-Averaged Total Dissolved Solids Concentrations in Snap Lake ( Proposed
Effluent Quality Criteria Are Met)
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Notes: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-20e, SNAPQ9, and
SNAPOS, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L.

mg/L = milligrams per litre; SSWQO = site-specific water quality objective; SNP = surveillance network program.
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Figure 2-3 Depth-Averaged Chloride Concentrations in Snap Lake (Proposed Effluent Quality
Criteria Are Met)
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Notes: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-20e, SNAPQ9, and
SNAPOS, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L.

mg/L = milligrams per litre; SSWQO = site-specific water quality objective; SNP = surveillance network program.
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Figure 2-4 Depth-Averaged Fluoride Concentrations in Snap Lake (Proposed Effluent Quality
Criteria Are Met)
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Notes: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-20e, SNAPQ9, and
SNAPOS, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L.

mg/L = milligrams per litre; SSWQO = site-specific water quality objective; SNP = surveillance network program.
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Figure 2-5 Depth-Averaged Sulphate Concentrations in Snap Lake (Proposed Effluent Quality
Criteria Are Met)
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SNAPOS, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L.

mg/L = milligrams per litre; BCMOE WQG = British Columbia Ministry of Environment water quality guideline; SNP = surveillance network
program
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Figure 2-6 Depth-Averaged Nitrate Concentrations in Snap Lake (Proposed Effluent Quality
Criteria Are Met)
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Notes: Monitored data near the diffuser, in the main basin, and near the outlet are from representative stations SNP 02-20e, SNAPQ9, and
SNAPOS, respectively. Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L.

mg/L = milligrams per litre; SSWQO = site-specific water quality objective; SNP = surveillance network program.
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2.1.4 Comparisons to Drinking Water Guidelines

Water quality predictions were compared against Canadian drinking water quality guidelines (WQGs;
Health Canada 2012; Table 2-1). Canadian drinking water quality guidelines (WQGs) that are health-
based are reported as maximum acceptable concentrations (MACs). Water quality guidelines related
to the physical characteristics of the water (i.e., taste, odour, colour) are referred to as aesthetic
objectives (AOs). Aesthetic objectives (TDS, chloride, sulphate) were considered in the assessment,
as these can influence a user’s perception of water drinkability. However, these objectives are not an
indication of adverse effects to human health.

The SSWQOs recommended for total dissolved solids and chloride and the maximum predicted
concentrations in Snap Lake exceed AOs, which are based on taste. The palatability of drinking water
has been rated by panels of tasters, according to TDS concentration: excellent, less than 300 mg/L;
good, between 300 and 600 mg/L; fair, between 900 and 1,200 mg/L; and, unacceptable, greater
than or equal to 1,200 mg/L (Health Canada 2012; WHO 1996).

Table 2-1 Comparison to Drinking Water Guidelines
Health Canad Maximum Predicted Concentration in Snap Lake with
ealth Lanada i . Proposed Effluent Quality Criteria Are Met ®
Guidelines for Site-Specific
Drinking Water®@ Water Quality Lower Bound Upper Bound
Parameter (mg/L) Objective Diffuser Outlet Diffuser Outlet
TDS <500 (AO) 684 633 638 679 697
Nitrate (as N) 10 (MAC) 16.4 6.2 5.3 7.2 6.4
Chloride (46% of TDS) <250 (AO) 388 291 293 312 321
Fluoride (0.06% of TDS) 1.5 (MAC) 2.46 0.38 0.38 0.41 0.42
Sulphate (7% of TDS) <500 (AO) 429 44 45 48 49

Bold concentrations are above a drinking WQG
a) Guidelines shown are from the Health Canada Guidelines for Canadian Drinking Water Quality (updated to August 2012).
b) Assumes TDS in effluent will be below the AML of 684 mg/L.

AO = aesthetic objective; MAC = maximum acceptable concentration; % = percent; TDS = total dissolved solids; N = nitrogen; mg/L =
milligrams per litre.
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2.2 Downstream Lakes

2.2.1 Introduction

Snap Lake receives treated effluent from the Mine. Daily discharge rates from the Mine have steadily
increased since discharge began in 2004, resulting in changes to water quality in Snap Lake.
Treated effluent is becoming evenly mixed throughout the main basin of Snap Lake and, as
predicted, is present in lakes downstream of Snap Lake (De Beers 2013d). Results from monitoring
programs conducted in 2011 and 2012 showed evidence of treated effluent and dissolved salts
and nutrients concentrations above baseline levels throughout the first two small lakes immediately
downstream of Snap Lake and near the inlet of Lac Capot Blanc, respectively.

Based on results from the 2011 and 2012 monitoring programs, it was recommended that further
information be collected in the first three downstream lakes (i.e., Downstream Lake 1 [DSL1],
Downstream Lake 2 [DSL2], and Lac Capot Blanc) and that downstream modelling completed as
part of the Environmental Assessment Report (EAR) be updated (De Beers 2013d, 2014).
Accordingly, the Downstream Lakes Special Study was completed in 2013 to collect additional
monitoring information (i.e., bathymetry, supporting environmental variables, water and sediment
quality, and chlorophyll) from these lakes and to further document the extent of treated effluent
downstream of Snap Lake (Figure 2-7).

Results from 2013 Downstream Lakes Special Study indicate that treated effluent was evident in
DSL1, DSL2, and Lac Capot Blanc (De Beers 2014). Concentrations of dissolved salts and nutrients
decreased with distance downstream. The extent of the effluent plume was observed up to

5 kilometres (km) from the inlet of Lac Capot Blanc, which is farther from the inlet than in 2012. The
treated effluent mixed rapidly as it entered Lac Capot Blanc (as evidenced by a notable decrease in
salt and nutrient concentrations near the inlet) then dispersed gradually, with concentrations
returning to background levels within approximately 5 km of the inlet, which is approximately 11 km
downstream of Snap Lake. In the EAR, concentrations were conservatively predicted to reach near
background concentrations approximately 44 km downstream of Snap Lake at the end of
operations, using a steady-state mixing model and assuming maximum concentrations during
operations (De Beers 2002).

Additional modelling has been completed to predict TDS concentrations in lakes downstream of
Snap Lake using the proposed SSWQO. The geographic extent of the modelling included DSL1,
DSL2, Lac Capot Blanc, and the modelling nodes downstream through the Lockhart River watershed
identified as part of the EAR (Figure 2-8).

Setup of the mass-balance models for DSL1, DSL2, and Lac Capot Blanc: set-up and calibration of
the hydrodynamic model for Lac Capot Blanc; and setup of the mass-balance model for lakes
downstream of Lac Capot Blanc are described in Section 2.2.2. Predictions of TDS concentrations in
DSL1, DSL2, Lac Capot Blanc, and lakes downstream of Lac Capot Blanc are presented in

Section 2.2.3. Data gaps and model uncertainty are discussed in Section 2.2.4, followed by
conclusions and recommendations in Sections 2.2.5 and 2.2.6, respectively.

12
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2.2.2 Methods

2.2.2.1 Mass-Balance Models of Downstream Lakes 1 and 2 and Lac Capot
Blanc

A mass-balance model of DSL1, DSL2, and Lac Capot Blanc was set up in GoldSim (GoldSim
Technology Group 2009). GoldSim is a graphical, object-oriented mathematical model where all
input parameters and functions are defined by the user, and are built as individual objects or
elements linked together by mathematical expressions. The GoldSim model was used to calculate:

e inflows to and outflows from DSL1, DSL2, and Lac Capot Blanc; and,

e daily average TDS concentrations in DSL1 and DSL2.

The inputs to the GoldSim model were divided into hydrological and chemical inputs.

Hydrological Inputs

The main hydrological inputs to DSL1 are the inflow from Snap Lake and point and non-point source
inflows from the DSL1 basin. The main hydrologic inputs to DSL2 are the inflow from DSL1 and point
and non-point source inflows from the DSL2 basin. The main hydrological inputs to Lac Capot Blanc
are the inflow from DSL2 and point and non-point source inflows from the Lac Capot Blanc basin.
The main outflows from DSL1 and DSL2 are the discharges to DSL2 and Lac Capot Blanc,
respectively. The main outflow from Lac Capot Blanc consists of the two outlet channels located on
the north side of that lake (Figure 2-7). Other inflows to and outflows from DSL1, DSL2, and Lac
Capot Blanc are direct precipitation and evaporation. To construct the water balance used in this
model, time series of flows were generated based on the following sources:

e estimates of monthly runoff; and,

e estimates of monthly precipitation and evaporation data from the local study area (De Beers
2002).

Historical discharge data from Snap Lake to DSL1 used in the mass-balance model were obtained
from the gauged tributary outflows at Snap Lake. For future simulations, the discharge from Snap
Lake to DSL1 was obtained from the hydrodynamic and water quality model of Snap Lake (De Beers
2013a).

A water withdrawal was included for ice formation each winter from October to January in DSL1,
DSL2, and Lac Capot Blanc, and a discharge was returned back to the lake each spring from April to
June to simulate melting. In 2011 and 2012, ice formation and melting volumes were derived from
the annual average of maximum ice thickness measurements at Snap Lake. In DSL1, DSL2, and Lac
Capot Blanc, an ice thickness of 130 centimetres (cm) was used for 2011 (the average of maximum
measured ice thickness in Snap Lake that year), and an ice thickness of 140 cm was used for 2012
(the average of maximum measured ice thickness in Snap Lake that year). In 2013, an ice thickness
of 130 cm was used (the average of measured ice thickness in DSL1, DSL2, and Lac Capot Blanc
that year). For every year afterwards, an ice thickness of 130 cm was used (130 cm is the long-term
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average of maximum measured ice thickness for Snap Lake). The water withdrawn and returned for
ice formation had no associated constituents, meaning that salts were rejected from the ice and
remained in the lake.

Chemical Inputs

The TDS concentrations in the discharge from Snap Lake to DSL1 were obtained from the
hydrodynamic and water quality model of Snap Lake (De Beers 2013a). Inflows from the drainage
areas of DSL1, DSL2, and Lac Capot Blanc were assigned the same water quality time series as that
of the gauged tributary inflow to Snap Lake. Initial concentrations of TDS in DSL1, DSL2, and Lac
Capot Blanc were estimated based on field data from monitoring programs completed during the
2011 open-water season (De Beers 2012a).

2.2.2.2 Hydrodynamic Model of Lac Capot Blanc

Three-dimensional (3-D) hydrodynamic modelling was completed to predict concentrations of
temperature and TDS in Lac Capot Blanc. A hydrodynamic model of Lac Capot Blanc was developed
to model processes such as water circulation and stratification and to predict the concentration of
TDS in different areas of the lake. The hydrodynamic model of Lac Capot Blanc was developed in the
Generalized Environmental Modelling System for Surfacewaters (GEMSS) platform.

Model Segmentation

A 3-D grid (Figure 2-9) was developed for Lac Capot Blanc where measured bathymetric data were
available. This portion of Lac Capot Blanc is expected to cover the majority of the area of the lake
affected by inflows from Snap Lake. The grid spacing was approximately 200 metres (m) horizontally;
the vertical resolution was approximately one metre. The grid comprised a total of 29 active layers
and 8,813 active cells.

Inputs

All known and anticipated point and non-point source inflows to the lake were included as inputs to
the Lac Capot Blanc model. Inputs to the lake are classified as meteorological, hydrological, and
chemical, as described in the following sections.
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Figure 2-9 Lac Capot Blanc Model Grid in Plan View
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Meteorological Inputs

Meteorological inputs are key drivers of lake circulation and thermal dynamics. The forcing data
required and used for this hydrodynamic model were:

e airtemperature;

e dew point temperature;
o wet bulb temperature;
e atmospheric pressure;
e wind direction;

e wind speed; and,

e solar radiation.

The meteorological data from onsite meteorological stations at Snap Lake were used for the Lac
Capot Blanc model. This dataset provides adequate representation of meteorological conditions,
given that Lac Capot Blanc is located approximately 5 km downstream of Snap Lake. An hourly time
series was constructed for each of the meteorological inputs from the meteorological stations at
Snap Lake during the calibration time period from July 1, 2010 to December 31, 2013, with the
exception of the solar radiation time series from 2010 to 2012. For the solar radiation input data
from 2010 to 2012, an hourly time series of modelled solar radiation data was obtained for
Yellowknife, Northwest Territories (NWT) from Environment Canada’s Canadian Weather Energy and
Engineering Datasets (Environment Canada 2013). Where gaps existed in the site-specific data, data
from the Environment Canada station at the Yellowknife Airport were used. For simulations of future
conditions, the time series used to calibrate the model was repeated.

Hydrological Inputs

The hydrological inputs to the Lac Capot Blanc hydrodynamic model were the same as those
described for the mass-balance model.

Chemical Inputs

Water quality input data to Lac Capot Blanc were the same as those described for the mass-balance
model. In-lake samples were used to initialize lake concentrations for the start of simulations (July 1,
2010). Subsequently, in-lake samples were used for calibration, and not as forcing data.
Concentrations of TDS in the inflow to Lac Capot Blanc from DSL2 were obtained from the output of
the mass-balance model. Because the mass-balance model cannot simulate temperature, the
temperature of the inflow to Lac Capot Blanc from DSL2 was assumed to be identical to the
temperature of the Snap Lake outflow, and was obtained from the hydrodynamic and water quality
model of Snap Lake (De Beers 2013a).

Modelled Constituents

Parameters included in the hydrodynamic model of Lac Capot Blanc were temperature and TDS.
Other parameters (i.e., chloride, fluoride, sulphate, nitrate and nitrite) were not carried forward at

18



De Beers Canada Inc.
Snap Lake Water Licence Amendment Environmental Assessment EA201314-002

this time; TDS provides an indication of the extent of the effluent plume and it’s selections as a
representative parameter was consistent with the approach used in the EAR (De Beers 2002). The
calibration of temperature and TDS are described below.

Hydrodynamic Model Calibration

The model was calibrated to individual temperature and TDS data collected during sampling events
in 2011, 2012, and 2013. In 2013, the model was also calibrated to continuous temperature and
TDS datasets collected at the outlet of Lac Capot Blanc during the open-water season. The first step
in the calibration was to achieve a water balance within the model. The water balance was achieved
by setting the discharge from DSL2 to Lac Capot Blanc equal to that predicted in the DSL2 mass-
balance model, estimating non-point source tributary inflows from the Lac Capot Blanc basin based
on runoff calculations in De Beers’ Site Water Balance Report, setting precipitation and evaporation
rates equal to those estimated in the Snap Lake EAR (De Beers 2002, 2013d) and calculating the
outflow from Lac Capot Blanc so that the capacity of the lake remained constant.

The hydrodynamic component of the model was calibrated to aligh measured and modelled thermal
and transport behaviour in Lac Capot Blanc. Because of the limited calibration dataset, default
model values were used for thermal and transport variables. Time series plots of surface water
temperatures in Lac Capot Blanc showed that the model matched surface water temperatures
reasonably well (Figures 2-10 and 2-11). The modelled thermal profiles fit the measured profiles well
(Attachment I).

The transport calibration considered the horizontal distribution and vertical stratification of TDS in
Lac Capot Blanc. For the horizontal component of the transport calibration, the model matched TDS
concentrations reasonably well (Figures 2-12 and 2-13). The alignment between calculated and
modelled TDS profiles in Lac Capot Blanc was generally good, with the exception of TDS profiles at
the inlet of the lake in 2012 (Attachment |). Because of the coarseness of the model grid (i.e., the
grid spacing was approximately 200 m horizontally and 1 m vertically), detail regarding plume
behaviour was lost near the inlet of the lake.

The cyclical annual patterns evident in time series figures presented in this submission are due to
salt rejection during ice formation and melting. The magnitude of these cycles varies depending on
the year and the depth of the lake at the location that the time series represents.
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Figure 2-10  Surface Water Temperature Time Series Calibration Results
(a) Monitoring Station: LCB-1
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Figure 2-11  Surface Water Temperature Time Series Calibration Results at the Outlet of Lac
Capot Blanc
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Note: Solid line represents model results; dashed line represents continuously monitored water temperatures.
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Figure 2-12  Total Dissolved Solids Time Series Calibration Results
(a) Monitoring Station: LCB-1

25

15 A

10 ~

Total Dissolved Solids Calculated
(mg/L)

O T T T T T T T T
Jul-2010 Dec-2010 May-2011 Oct-2011 Apr-2012 Sep-2012 Feb-2013 Jul-2013 Jan-2014

Date

(b) Monitoring Station: LCB-3

25

20

15 - °

10 - L

Total Dissolved Solids Calculated
(mg/L)

o T T T T T T T T
Jul-2010 Dec-2010 May-2011 Oct-2011 Apr-2012 Sep-2012 Feb-2013 Jul-2013 Jan-2014

Date

Note: Solid line represents model results; dots represent calculated total dissolved solids concentrations.

mg/L = milligrams per litre.

22



De Beers Canada Inc.
Snap Lake Water Licence Amendment Environmental Assessment EA201314-002

Figure 2-13  Total Dissolved Solids Time Series Calibration Results at the Outlet of Lac Capot
Blanc

20

_/\/-—/J\’_*VW

15 A

Total Dissolved Solids Calculated
(mg/L)
o

0 T T T
15-Jul-2013 29-Jul-2013 12-Aug-2013 26-Aug-2013 09-Sep-2013

Date
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2.2.2.3 Mass-Balance Model for Lakes Downstream of Lac Capot Blanc

An Excel-based mixing model was used to calculate TDS concentrations in lakes downstream of Lac
Capot Blanc. The model included a series of calculations that were used to predict the TDS
concentrations at each downstream node (Figure 2-7). The downstream nodes were consistent with
those used in the EAR (De Beers 2002); node numbering originated from station numbers used for
the 1993/94 and 1999 Lockhart watershed monitoring initiative by the then Department of Indian
and Northern Affairs Canada (INAC) (Puznicki 1996; Blais 2001, pers. comm.). The same historical
dataset used in the EAR was used in this updated downstream lakes assessment (refer to Model
Inputs below).

The model calculated the maximum potential incremental increase in TDS load from Lac Capot
Blanc, and then added this load to the downstream nodes assuming that there was no attenuation
except for dilution. The increase in TDS load from Lac Capot Blanc, when comparing baseline and
operational values, was calculated using Equation 1:

AL = (C, X Q,) — (Cp X Qp) (Equation 1)
where:

AL = incremental increase in TDS load from Lac Capot Blanc (grams per day [g/d]);

Co = maximum TDS concentration at the Lac Capot Blanc outlet during operations (mg/L);

Qo = average annual outflow from Lac Capot during operations (cubic metres per day

[m3/d]);
Cb = baseline TDS concentration in Lac Capot Blanc (mg/L); and,
Qb = average annual outflow from Lac Capot Blanc during baseline conditions (m3/d).

The incremental TDS load was then added to the baseline load at each downstream site. The new
downstream TDS concentrations were determined by dividing this sum by the average flow at the
node using Equation 2:

Cxo = (Cxp X Qxp +AL)/(Qxp + Qo — Qp) (Equation 2)
where:

Cxo = TDS concentration at node “x” during operations (mg/L);

“wyn

Cxb = average TDS concentration at node “x” during baseline conditions (mg/L); and,

Uy

Qxb = flow at node “x” during baseline conditions (m3/d).

The predicted downstream TDS concentrations were compared to baseline TDS concentrations to
determine the maximum potential change in water quality. The mass-balance model was steady-
state, so it conservatively represented a snapshot in time, as if peak TDS concentrations remained in
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Lac Capot Blanc indefinitely. The model did not compute a time-varying estimate of concentrations at
particular nodes, nor did it account for time of travel through the Lockhart River system.

Model Inputs

The baseline TDS load from Lac Capot Blanc was calculated using the initial TDS concentration and
the average annual outflow from the hydrodynamic model of Lac Capot Blanc. The baseline TDS
concentrations at nodes downstream of Lac Capot Blanc were consistent with those used in the EAR
(De Beers 2002). However, the average annual outflow from the hydrodynamic model of Lac Capot
Blanc was greater than originally estimated in the EAR. To produce baseline flows at nodes
downstream of Lac Capot Blanc, the difference in outflow from Lac Capot Blanc was added to the
downstream flows estimated in the EAR (Table 2-2). The operational TDS load was calculated using
the maximum concentration predicted for the Lac Capot Blanc outflow for each of the model
simulations (Section 2.2.3). The baseline load at the downstream nodes was calculated using the
average baseline TDS concentrations from the 1993/94 and 1999 Lockhart watershed studies (De
Beers 2002).

Table 2-2 Inputs Used in the Model Downstream of Lac Capot Blanc
EAR Inputs 2013 Model Inputs
Distance Baseline TDS Baseline TDS
Downstream From Concentration Concentrations
Downstream Site Shap Lake (km) (mg/L) Flow (m3/s) (mg/L)@ Flow (m3/s)®

Lac Capot Blanc (outlet) 11 18 0.7 12 1.6
37 (upstream of King Lake) 24 17 0.9 17 1.8
22 (Mackay Lake) 44 20 4.4 20 5.3
11 (Mackay Lake) 54 12 22.4 12 233
23 (Mackay Lake) 65 10 28.4 10 29.3
24 (Mackay Lake) 81 14 38.7 14 39.6
26 (Mackay Lake) 109 17 40.9 17 41.8
3 (Inlet of Alymer Lake) 155 20 55.5 20 56.4
4 (Aylmer Lake) 172 24 79.0 24 79.9
53 (Clinton Colden Lake) 227 35 88.7 35 89.6
52 (Ptarmigan Lake) 310 24 109.2 24 110.1
43 (Lockhart River) 419 53 121.7 53 122.6
19 (Lockhart River outlet) 434 14 122.6 14 123.5

a) Baseline TDS concentrations used as 2013 model inputs were consistent with those used in the EAR with the exception of the baseline
TDS concentration for Lac Capot Blanc. The baseline TDS concentration for Lac Capot Blanc was consistent with the initial TDS
concentration from the calibrated hydrodynamic model.

b) Baseline flows used as 2013 model inputs at nodes downstream of Lac Capot Blanc were calculated by adding the difference in outflow
from the hydrodynamic model of Lac Capot Blanc (i.e., 1.6 m3/s) and the EAR baseline flow for Lac Capot Blanc (i.e., 0.7 m3/s) to the
downstream flows estimated in the EAR.

km = kilometre; mg/L = milligrams per litre; m3/s = cubic metres per second; EAR = Environmental Assessment Report; TDS = total
dissolved solids.

25




De Beers Canada Inc.
Snap Lake Water Licence Amendment Environmental Assessment EA201314-002

2.2.3 Model Simulations

A total of six model scenarios were considered for the operational period from 2014 to 2028. Four of
the model scenarios assumed that the effluent would be discharged from the Mine to Snap Lake
without mitigation for TDS and two of the model scenarios assumed that mitigation would be in place
starting January 1, 2015 (e.g., the effluent discharged from the Mine to Snap Lake would be treated
to remove salts). The model scenarios were based on the expected range of groundwater discharge
rates from the Mine and the expected range of TDS concentrations in the discharge from the Mine.
The four non-mitigation model scenarios were the same groundwater scenarios identified in support
of the Water Licence Amendment Application submitted in 2013 (ltasca 2013):

e Upper Bound Scenario A: discharge quantity and quality from Snap Lake to DSL1 based on
minewater discharge from Scenario 4 and arithmetic mean connate water TDS concentrations
from the Snap Lake groundwater model;

e Upper Bound Scenario B: discharge quantity and quality from Snap Lake to DSL1 based on
minewater discharge from Scenario 4 and geometric mean connate water TDS concentrations
from the Snap Lake groundwater model;

e Lower Bound Scenario A: discharge quantity and quality from Snap Lake to DSL1 based on
minewater discharge from Base Case and arithmetic mean connate water TDS concentrations
from the Snap Lake groundwater model; and,

e Lower Bound Scenario B: discharge quantity and quality from Snap Lake to DSL1 based on
minewater discharge from Base Case and geometric mean connate water TDS concentrations
from the Snap Lake groundwater model.

Upper Bound scenarios had a higher minewater discharge rate than Lower Bound scenarios
(Figure 2-1) and Scenario A had a higher connate water TDS concentration than Scenario B
(Figure 2-14).

For the two model scenarios with mitigation in place, the discharge quantity and quality from Snap
Lake to DSL1 were based on results from Base Cases A and B (Section 2.1).

The two mitigation scenarios were:

e Upper Bound Mitigation: same discharge quantity as Upper Bound Scenarios, but TDS
concentrations in the effluent discharge to Snap Lake do not exceed 684 mg/L from January 1,
2015 to January 1, 2029; and,

e Lower Bound Mitigation: same discharge quantity as Lower Bound Scenarios, but TDS
concentrations in the effluent discharge to Snap Lake do not exceed 684 mg/L from January 1,
2015 to January 1, 2029.
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Figure 2-14  Average Connate Water Total Dissolved Solids Concentrations
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2.2.4 Model Results

2.2.4.1 Mass-Balance Models of Downstream Lakes 1 and 2

Non-mitigation Scenarios

Concentrations of TDS in DSL1 were predicted to exceed the proposed SSWQO of 684 mg/L in every
scenario with the exception of Lower Bound Scenario B. Concentrations of TDS during ice-covered
conditions were predicted to range from approximately 600 to 1,400 mg/L in 2028 (Figure 2-15).
Concentrations of TDS in DSL2 were predicted to exceed the proposed SSWQO of 684 mg/L in all
four scenarios. Concentrations of TDS during ice-covered conditions were predicted to range from
approximately 700 to 1,500 mg/L in 2028 (Figure 2-16). Maximum TDS concentrations were
predicted to be higher in DSL2 than in DSL1 during ice-covered conditions, even though DSL2 is
further downstream, because its smaller volume results in greater influence of salt rejection.

Mitigation Scenarios

Concentrations of TDS in DSL1 and DSL2 were predicted to remain below the proposed SSWQO of
684 mg/L with mitigation in place. Concentrations of TDS in DSL1 during ice-covered conditions
were predicted to range from approximately 475 to 525 mg/L in 2028 (Figure 2-17). Concentrations
of TDS in DSL2 during ice-covered conditions were predicted to range from 525 to 600 mg/L in
2028 (Figure 2-18).
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Figure 2-15  Predicted Whole-Lake Average Total Dissolved Solids Concentrations in Downstream
Lake 1
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Figure 2-16  Predicted Whole-Lake Average Total Dissolved Solids Concentrations in Downstream
Lake 2
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Figure 2-17  Predicted Whole-lake Average Total Dissolved Solids Concentrations in Downstream
Lake 1 (With Proposed EQC)
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Figure 2-18  Predicted Whole-lake Average Total Dissolved Solids Concentrations in Downstream
Lake 2 (Proposed Effluent Quality Criteria Are Met)
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Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L.

mg/L = milligrams per litre; SSWQO= site-specific water quality objective.
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2.2.4.2 Hydrodynamic Model of Lac Capot Blanc

Non-mitigation Scenarios

Concentrations of TDS in Lac Capot Blanc were predicted to remain below the proposed SSWQO of
684 mg/L for all scenarios. Concentrations of TDS during ice-covered conditions were predicted to
range from approximately 85 to 180 mg/L in 2028 (Figure 2-19). The lower TDS concentrations were
predicted to occur under Lower Bound Scenario B; higher TDS concentrations occurred under Upper
Bound Scenario A.

Mitigation Scenarios

Concentrations of TDS in Lac Capot Blanc were predicted to remain below the proposed SSWQO of
684 mg/L. Concentrations of TDS during ice-covered conditions were predicted to range from
approximately 65 to 75 mg/L in 2028 (Figure 2-20).

Figure 2-19  Predicted Whole-Lake Average Total Dissolved Solids Concentrations in Lac Capot
Blanc
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mg/L = milligrams per litre; SSWQO= site-specific water quality objective.
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Figure 2-20  Predicted Whole-Lake Average Total Dissolved Solids Concentrations in Lac Capot
Blanc (Proposed Effluent Quality Criteria Are Met)
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Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L.

mg/L = milligrams per litre; SSWQO= site-specific water quality objective.

2.2.4.3 Mass-Balance Model for Lakes Downstream of Lac Capot Blanc

Non-mitigation Scenarios

Consistent with EAR predictions, maximum TDS concentrations in lakes downstream of Lac Capot
Blanc were predicted to decrease with distance downstream (Figure 2-21). As total watershed areas
and inflows to the lakes increase, the influence from the Mine is reduced. Without treatment,
predicted concentrations ranged up to 50% higher compared to EAR values immediately
downstream from Lac Capot Blanc, but were near background TDS concentrations and EAR
predictions by Site 11 (MacKay Lake), which is approximately 54 km downstream of Snap Lake
(Figure 2-21).

Mitigation Scenarios

With mitigation in place (i.e., TDS in effluent discharge less than or equal to 684 mg/L), predicted
TDS concentrations ranged up to 10% lower compared to EAR predictions (De Beers 2002)
immediately downstream from Lac Capot Blanc. Predicted TDS concentrations were generally within
EAR predictions and the baseline range at Site 22 (MacKay Lake), which is approximately 44 km
downstream of Snap Lake (Table 2-3; Figure 2-22). The reason for the lower predicted TDS
concentrations downstream of Lac Capot Blanc compared to EAR predictions was due to the
assimilative capacity of Lac Capot Blanc, not previously considered. Concentrations at the outlet of
Lac Capot Blanc were lower than previously predicted, once mixing and in-lake processes were
captured in the modelling.
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Table 2-3 Maximum Predicted Changes in Total Dissolved Solids Concentrations in Lakes
Downstream of Snap Lake
Distance Maximum TDS Concentrations (mg/L)®
fr(?r?\vglns:;.)ef:arl](e Baseline TDS (mg/L) AR 2013 Model Predictions
Downstream Site (km) (range = 10 to 53) Predictions Base Case A Base Case B

37 (upstream of King Lake) 24 17 119 66 74
22 (Mackay Lake) 44 20 41 37 39
11 (Mackay Lake) 54 12 16 16 16
23 (Mackay Lake) 65 10 13 13 13
24 (Mackay Lake) 81 14 16 17 17
26 (Mackay Lake) 109 17 19 19 20
3 (Inlet of Aylmer Lake) 155 20 22 22 22
4 (Aylmer Lake) 172 24 22 26 26
53 (Clinton Colden Lake) 227 35 36 36 36
52 (Ptarmigan Lake) 310 24 25 25 25
43 (Lockhart River) 419 53 54 54 54
19 (Lockhart River outlet) 434 14 14 14 14

Note: Shaded cells indicate where TDS concentrations are predicted to be outside of the baseline range.
(a) Assumes TDS in the Snap Lake Mine effluent will be below the AML of 684 mg/L.

mg/L = milligrams per litre; km = kilometre; EAR = Environmental Assessment Report; TDS = total dissolved solids.

32



De Beers Canada Inc.
Snap Lake Water Licence Amendment Environmental Assessment EA201314-002

Figure 2-21  Predicted Total Dissolved Solids Concentrations in Lakes Downstream of Lac Capot Blanc
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Figure 2-22 Predicted Total Dissolved Solids Concentrations in Lakes Downstream of Lac Capot Blanc (Proposed Effluent Quality Criteria

are Met)
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2.2.5 Data Gaps and Model Uncertainty

Total Dissolved Solids

Data-related uncertainty in TDS concentrations was moderate because the dataset used for the
calibration time period was limited. As discussed in Section 2.2.2.2, the hydrodynamic model of Lac
Capot Blanc was calibrated to measured data collected during 2011, 2012, and 2013.

Predicted TDS concentrations in the lakes downstream of Snap Lake only apply to the modelled
scenarios presented in this report. Predicted TDS concentrations downstream of Snap Lake would
change if the scenarios do not effectively capture TDS concentrations in the effluent (non-mitigation
scenario) or effective mitigation is not implemented (mitigation scenario).

Hydrologic Inputs

Data-related uncertainty in inflows to and outflows from DSL1, DSL2, and Lac Capot Blanc was high
because inflows to and outflows from DSL1, DSL2, and Lac Capot Blanc were not gauged. As
discussed in Section 2.2.2.1, inflows to, and outflows from DSL1, DSL2, and Lac Capot Blanc relied
on calculations from the mass-balance model.

Model Segmentation

Data-related uncertainty in model segmentation for the hydrodynamic model of Lac Capot Blanc was
moderate for the following reason:

e Asdiscussed in Section 2.2.2.2, the 3-D grid that was developed for Lac Capot Blanc did not
cover the entire lake. As a result, the area and volume of Lac Capot Blanc that were used in the
hydrodynamic model were not representative of true values because the bathymetry is not yet
complete. As recommended in Section 2.2.6, the 2014 to 2016 Downstream Lakes Special
Study will be collecting additional bathymetric surveys of the southern arms of Lac Capot Blanc
to provide a complete bathymetry map for Lac Capot Blanc.

Ice Formation and Melting

Data-related uncertainty with respect to ice formation and melting was low for the following reason:

o The length of the ice-covered season was not monitored. In the model, ice forms on DSL1, DSL2,
and Lac Capot Blanc from mid-October to January of each year, and ice melts from mid-April to
mid-June of each year. Therefore, the length of the ice-covered season is assumed to be eight
months, as is the case for Snap Lake.

Baseline Dataset

e The baseline dataset was limited to the 1993/94 and 1999 Lockhart watershed studies as
presented in the EAR. Additional information downstream of Snap Lake has been collected and
may be of value for future model refinements.
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2.2.6 Conclusions

In 2013, treated effluent was evident in DSL1, DSL2, and Lac Capot Blanc. Concentrations of
dissolved salts and nutrients decreased with distance downstream. The extent of the effluent plume
was observed up to 5 km from the inlet of Lac Capot Blanc, which is farther from the inlet than in
2012, and approximately 11 km downstream of Snap Lake.

With TDS in effluent discharge less than or equal to the proposed EQC of 684 mg/L, predicted TDS
concentrations decreased with distance downstream, remained below the SSWQO of 684 mg/L, and
were generally within EAR predictions and the baseline range at Site 22, which is approximately

44 km downstream of Snap Lake (Table 2-3 and Figure 2-22).

2.2.7 Recommendations
Recommendations to improve the downstream lakes models are:

e Maintain and calibrate the downstream lakes model annually to include water quality data
collected during the 2014 to 2016 Downstream Lakes Special Study, including parameters other
than TDS.

e Measure the main point source inflows to and outflows from DSL1, DSL2, and Lac Capot Blanc
when water quality samples are collected to determine whether the water balances developed
for the downstream lakes are representative of conditions

e Update the Lac Capot Blanc model grid once additional bathymetric data are collected so that
the entire area and volume of Lac Capot Blanc can be modelled.

e Record ice thickness routinely in DSL1, DSL2, and Lac Capot Blanc. Ice formation, melting dates,
and ice thickness drive salt rejection and freshwater replacement in the downstream lakes
models, which in turn affect mixing and overall concentrations.

e Re-visit the baseline TDS data downstream of Lac Capot Blanc to include more recent data
collected in the area as outlined in the Northwest Territories Water Stewardship Program (GNWT
and AANDC 2014).
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3 CUMULATIVE EFFECTS

3.1 Introduction

Cumulative effects are those effects that result from a combination of the Snap Lake minewith other
past, present, and reasonably foreseeable future developments (MVEIRB 2004). A cumulative
effects assessment requires qualifying, and if possible quantifying the development proposal’s
contribution to the combined residual effects from other projects or activities.

The proposed development will involve discharge of treated effluent with TDS concentrations at the
SSWQO of 684 mg/L (i.e., the proposed average monthly limit). The objective of this section is to
review the potential for cumulative effects resulting from the proposed development discharge of
treated effluent with TDS concentrations in combination with other developments. This review
considered cumulative effects from past, present, and reasonably foreseeable future developments
within the area potentially affected by the release of TDS and associated ions - nhamely the Lockhart
River watershed.

3.2 Methods

The approach to reviewing potential for cumulative effects involved consideration of the following:

e What is the magnitude and extent of the proposed development?

e Does the extent of the proposed development overlap with other past, present, or reasonably
foreseeable developments?

e Are there other non-development impacts that can and should be included? If, yes, how would
they influence the answers to the preceding two questions?

e What is the combined effect from the proposed development, other developments, and non-
development factors?

If an overlap between developments or non-developments was identified in this review, then
assessment of the potential cumulative effects was required.

To evaluate the magnitude and extent of the proposed development, the results of water quality
modelling from Snap Lake were reviewed, to determine the extent of the plume of treated effluent in
lakes downstream of Snap Lake (Section 2 of this submission). The study area for the assessment
included the Lockhart River Watershed (Figure 3-1). Major developments within the Lockhart River
Watershed were reviewed for the potential for interaction with Snap Lake Mine treated effluent
release to the watershed and the potential for cumulative effects from TDS. Developments were
identified using the Gahcho Kué Project cumulative effects database developed during the Gahcho
Kué Project environmental assessment (De Beers 2010) as well as a review of the 2013 NWT
Mineral Exploration Overview (Falck and Gochnauer 2013).
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Current developments include the De Beers Gahcho Kué Project, the Tibbitt-Contwoyto winter road,
and the potential East Arm National Park (Thaidene Nene). Past developments of note in the
Lockhart River watershed include the Tundra/Salmita Mine, which is located south of Courageous
Lake. This gold mine was active in the 1960s and 1980s; the site is the final stages of remediation
(MVLWB Licence MV2009L8-0008). In 2013, the site treated and released over 100,000 m3 of
effluent; this is predicted to reduce to 75,000 m3 in 2014 (WESA 2014). Future releases will not
require treatment (WESA 2014) and the volume of those releases may be variable. Given the
potential for past, present, and future releases containing TDS, the Tundra Mine was included in this
review.

Other developments such as exploration sites, tourist lodges, or hunting camps were not included as
they are not permitted for water releases to the Lockhart River watershed. There are two active
exploration sites in the watershed but their operations are currently restricted to exploration drilling:
Seabridge Gold Inc. Courageous Lake Project (MVLWB Permit MVC20120025); and, Kennady
Diamonds Kennady North Project (MVLWB Licence MV2013L20005) (Figure 3-1). No prediction of
water quality from these projects can be made as they are still early in mine exploration and planning
stages. Further development, including mining is considered hypothetical, and as such, they were
excluded from further review. Potential developments that had recent proposals for work in the
Lockhart River watershed but will no longer occur within the foreseeable future (e.g., Talston
Hydroelectric Expansion Project) were also excluded.

Changes due to natural causes or to climate change were excluded from this review. It is possible
that changes in water quality through climate change may occur, such as melting permafrost
contributing additional TDS to surface water (Murdoch et al 2000). Such a phenomenon has been
documented in the Yellowknife area in a small stream (Spence et al. 2013); however it is uncertain
whether a similar effect would be observed in a larger watershed with a large dilution factor (Spence
et al. 2013). Therefore, the potential effects of climate change on TDS sources to the Lockhart River
were excluded from further review.
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3.3 Results

The treated effluent from Snap Lake is predicted to be near background concentrations within
approximately 40 km of the mine, similar to the original predictions from the EAR (De Beers 2002)
(Figure 2-8). As such, the extent of the plume is restricted to a small area of the upper Lockhart River
(Figure 2-8) as in the original project proposal. The Gahcho Kué Project is not expected to alter water
guality outside of the Kirk Lake watershed of the lower Lockhart River watershed (Figure 2-8). The
Tundra Mine is currently not expected to alter water quality outside of a localized area (INAC 2009;
Figure 2-8). Current monitoring results suggest that discharges from the mine are localized to the
Sandy Lake and Matthews Lake area (INAC 2009; AANDC 2013); this does not overlap with Snap
Lake effluent (Figure 2-8).

Operation of the Tibbitt-to-Contwoyto winter road is not expected to contribute TDS to the watershed.
The extent of activities associated with a potential East Arm National Park (Thaidene Nene) or within
the wider area of interest (see Wright et al. 2013 for an updated mineral and energy resource
assessment in the area of interest; Figure 3-1) is not known, but it is not anticipated for the
foreseeable future to include releases of TDS and its development is anticipated to be positive for
the watershed in terms of protection for the area (De Beers 2010).

There is no overlap between the Mine and developments releasing or having the potential to release
TDS to the environment and, as such, the development’s contribution to cumulative effects in the
Lockhart River watershed is nil (Figure 2-8).

3.4 Conclusion

What potential cumulative effects will the discharge of treated effluent with TDS concentrations
equal to the SSWQO of 684 mg/L (i.e., the proposed average monthly limit) from the Snap Lake
Mine have on water quality in the Lockhart River Watershed?

The discharge of treated effluent with TDS concentrations equal to the SSWQO does not overlap with
discharges from other developments and as such no cumulative effects assessment is required.On
the basis of a review of major developments in the Lockhart River watershed and the type and extent
of the discharges from those developments, De Beers concludes that the discharge of effluent at
the proposed limits will not contribute to cumulative effects on water quality within the Lockhart
River Watershed..
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4 ACCIDENTS AND MALFUNCTIONS

4.1 Introduction

This section consists of an assessment of the environmental consequences from accidents and
malfunctions in relation to discharge of treated minewater containing elevated concentrations of
TDS. On the basis of the scope of the EA outlined by the Review Board, this was assessed on the
basis of an "upset in the water management system" releasing higher than permitted concentrations
of TDS for a limited time duration. This section does not assess the risk of the occurrence of an
accident or malfunction; operational risk management measures based on risk assessment will
substantially reduce the potential occurrence of such an occurrence.

Standard policies, procedures, practices, and operating systems are integral to managing potential
accidents and malfunctions. Accidents and malfunctions are unlikely to adversely impact the
development or the environment due to management systems or mitigation that:

e prevent accidents and malfunctions though proper training, awareness, education, and
equipment maintenance;
e assess accidents and malfunction risks during the design of the proposed project;

e continue to assess these risks through all project life cycles including detailed engineering
design, construction, operation, and closure;

e incorporate inherently safe designs and effective contingency plans; and,

e implement a site environmental management plan including effective and efficient emergency
response plans.

De Beers has described its policies and procedures in relation to water management in the Water
Management Plan (De Beers 2013e) and outlined risks in relation to water management in the
North Pile Risk Assessment in a submission to the MVLWB (De Beers 2012b).

4.2 Objective

The objective of this section is to assess the potential environmental consequences from accidents
or malfunctions in relation to discharge of treated minewater containing elevated concentrations of
TDS as consolidated in the following key question:

What impacts will a potential accident or malfunction related to discharge of treated minewater

containing elevated levels of TDS at the Snap Lake Project site have on the receiving
environment, specifically Snap Lake?
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4.3 Methods

Accident or malfunction scenarios or cases involving releases of TDS were developed. The water
quality in the receiving environment was predicted for each case. The environmental consequence of
each case was then assessed.

The assessment was conservative and assumed:

e an accident or malfunction occurs during the remaining years of operation;

e an accident or malfunction in relation to discharge of elevated TDS would persist for a maximum
of 7 days before management action was effective;

e the discharge from an accident or malfunction is restricted to Snap Lake and specifically to the
main basin of Snap Lake and does not affect drinking water because management actions would
prevent larger-scale releases.

Water quality was predicted for accidents and malfunctions related to TDS releases as this is the
most restrictive parameter of those required by the Review Board EA.

4.3.1 Accident or Malfunction Cases

Eight cases were considered for potential water quality changes related to Accidents or Malfunctions
(Table 4-1). These were compared to the two Base Cases outlined in Section 2 where no accident or
malfunction occurs.

For Base Cases A and B described previously in this submission, effluent was discharged from the
Mine to Snap Lake with treatment for TDS such that the concentration of TDS in the effluent did not
exceed the proposed AML of 684 mg/L from January 1, 2015, to January 1, 2029. For the Accident
or Malfunction Cases (1A and 1B, defined below), an accident or malfunction occurs on site and
effluent is discharged to Snap Lake with a TDS concentration of 1,000 mg/L at the lower and upper
bound discharge rates, respectively (Table 4-1). A TDS concentration of 1,000 mg/L represents an
accident or malfunction where the Mine discharges TDS concentrations approximately equal to the
proposed maximum daily limit of 1,003 mg/L.

For the Accident or Malfunction Cases 2A and 2B (defined below), an accident or malfunction occurs
on site and effluent is discharged to Snap Lake with a TDS concentration of 2,000 mg/L at the lower
and upper bound discharge rates, respectively. A TDS concentration of 2,000 mg/L represents an
accident or malfunction where the Mine discharges TDS concentrations approximately equal to the
maximum TDS concentrations predicted in De Beers (2013c).

Water quality modelling of each case was completed to predict maximum concentrations of TDS in
Snap Lake using the 3-D hydrodynamic and water quality model developed in the GEMSS platform.
The Snap Lake model setup and model inputs were identical to those described in De Beers (2013a)
with the exception of the concentration of TDS in the effluent discharged to Snap Lake (Section 2.1).
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Table 4-1 Descriptions of Accident or Malfunction Cases
Timeline Name Effluent Discharge Rate Effluent Discharge TDS Concentration during Malfunction
(mg/L)
Malfunction Case 1A Lower Bound
1,000
Malfunction Case 1B Upper Bound
2017
Malfunction Case 2A Lower Bound
2,000
Malfunction Case 2B Upper Bound
Malfunction Case 1A Lower Bound
1,000
_ Malfunction Case 1B Upper Bound
2025 Malfunction Case 2A Lower Bound
2,000
Malfunction Case 2B Upper Bound

Note: Assumes that as of January 2015 the effluent AML is 684 mg/L and that accident occurs under ice in mid-March when little dilution
occurs and occurs for a maximum of seven days.

mg/L = milligrams per litre; TDS = total dissolved solids; < = less than or equal to; “-“ = not applicable.

Predicted concentrations of TDS from the Base Cases and the Accident or Malfunction Cases are
compared to the proposed site-specific water quality objective (SSWQO) of 684 mg/L. Predicted
concentrations of TDS from the Accident or Malfunction Cases are compared to predictions from the
Base Cases, and the spatial extent and duration of the TDS plumes resulting from each accident or
malfunction are also presented. If the predicted concentration of TDS exceeded 684 mg/L, then the
volume of the lake in which the exceedance occurred was calculated. It was assumed that the area
immediately adjacent to the diffuser (end-of-pipe) had concentrations of TDS similar to the
concentration being released.

4.3.2 Environmental Consequences

Potential environmental consequences of the discharge were assessed according to a combination
of factors. Effects of an accident or malfunction on aquatic life depend on the residual volume of the
accident or malfunction, its toxicity, and the volume of the lake affected by the discharge. This is
consistent with the approach used in the 2002 Environmental Assessment of the Snap Lake Mine
(De Beers 2002). The TDS Benchmark Study (De Beers 2013f) was reviewed to define aquatic life
toxicity environmental consequences.

Environmental consequence used in this section is ranked according to four levels (Table 4-2). These
levels are defined according to a combination of portion of the community affected, magnitude of the
toxic effect, spatial extent, duration, and reversibility. Both lethal and sublethal effects were
considered; assessment of lethal effects was more protective since lethality causes a direct effect on
the population, especially for fish.

Portion of Community Affected

o C(Cladocerans - Effects assumed to be less important for Snap Lake because cladocerans make
up a small proportion of the zooplankton community, and there is likely to be redundancy in the
zooplankton community in terms of the food chain supporting fish.
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Rest of community including zooplankton and fish - Effects could have a more important effect
overall on Snap Lake because effects on zooplankton groups that make up a larger proportion of
the community (e.g., copepods) or on fish populations have a higher probability of affecting the
structure and function of the ecosystem. However, this portion of the Snap Lake aquatic
community is relatively tolerant to concentrations of TDS above 1,000 mg/L (De Beers 201.3f).

Maghnitude

Sublethal - There is 20% reduction in growth, reproduction, or normal development endpoint.
For cladocerans, this is 648 mg/L; for other species, this is >1,000 mg/L. Assumes that effects
less than 20% are essentially indistinguishable from background variability.

Lethal - There is 20% lethality in a population. This threshold cannot be defined on the basis of
the TDS Benchmark Study because lethal effects were not observed in the testing. It is assumed
to be at concentrations above 1,000 mg/L.

Spatial Extent

10% of lake volume - When <10% of lake volume is affected, it is unlikely to affect overall
populations within the lake.

20% of lake volume - When the volume is in the 10% to 20% range then an effect to the lake is
possible, with the degree of effect depending on what species are affected and the magnitude of
effect.

50% of lake volume - When volume exceeds 50%, then an effect on a particular species or
group of species becomes more important and must be evaluated on a case-by-case basis.

Duration

One generation (7 days) - This time corresponds to the generation time for short-lived
zooplankton species (note that Daphnia have a longer generation time). A toxic effect lasting for
one generation is non-negligible but likely of low significance for zooplankton. The duration of a
water quality change that could cause this duration of a toxic effect could range from 1 to 7 days
(i.e., 1 day exposure could affect the whole generation if it came at a key time). Although a toxic
effect on one generation of a fish population is much more significant, the generation time for
fish species is much longer (multiple months to 1 year).

One annual cycle of ice-off and plankton productivity (6 months to 1 year) - An effect on
zooplankton lasting an entire productivity season could start to cause a shift in the plankton
community, depending on the sensitivity and significance of the species being affected.

Multiple annual cycles (more than 1 year) - If the effect lasts for multiple annual cycles, a shift in
the community becomes likely.

Reversibility

An increase in TDS levels above the sublethal or lethal toxicity thresholds would typically be
reversible under the cases being examined (i.e., the failure-related release would be corrected).
Thus, in most cases, the water quality change and associated potential for toxicity would be
reversible.

In the event that the water quality effect was not reversible, the impacts on the structure and
function of Snap Lake become more severe.

44



Table 4-2

De Beers Canada Inc.

Snap Lake Water Licence Amendment Environmental Assessment EA201314-002

Definition of Levels of Environmental Consequence

Duration
Environmental Consequence Magnitude (Based on Toxicity to (Duration of Toxic
Rating (Level) Portion of Community Affected Aquatic Life) Spatial Extent Effects ) Reversibility
Lethal
not relevant no toxicity not relevant not relevant reversible
Negligible sensitive zooplankton (cladocerans) acutely lethal <10% of total lake volume <1 day reversible
other species acutely lethal <0.04% of total lake volume?t <1 day reversible
other species acutely lethal <5% of total lake volume <1 day reversible
Low
sensitive zooplankton (cladocerans) acutely lethal <10% of total lake volume >24 hours; <1 year reversible
sensitive zooplankton (cladocerans) acutely lethal >10% of total lake volume >24 hours; <1 year reversible
Moderate other species acutely lethal >10% of total lake volume <1 day reversible
other species acutely lethal <5% of total lake volume >24 hours; <1 year reversible
other species acutely lethal >10% of total lake volume >24 hours; <1 year reversible
High
any species acutely lethal or sub-lethal >10% of lake volume any duration irreversible
Sublethal
not relevant no toxicity not relevant not relevant reversible
Negligibl sensitive zooplankton (cladocerans) sublethal not relevant <3 days reversible
egligible
other species sublethal <0.04% of total lake volume?t <1 day reversible
sensitive zooplankton (cladocerans) sublethal <10% of total lake volume >3 days reversible
sensitive zooplankton (cladocerans) sublethal <20% of total lake volume >3 days reversible
Low sensitive zooplankton (cladocerans) sublethal <10% of total lake volume 1 year reversible
other species sublethal <10% of total lake volume >3 days reversible
sensitive zooplankton (cladocerans) sublethal <20% of total lake volume 1 year reversible
Mod sensitive zooplankton (cladocerans) sublethal >50% of total lake volume >3 days reversible
oderate
other species sublethal <20% of total lake volume >3 days reversible
other species sublethal <10% of total lake volume 1 year reversible
High other species sublethal >50% of total lake volume 1 year reversible
g
other species sublethal >20% of total lake volume 1 year irreversible

Source: Table modified from De Beers (2002) with data from TDS Benchmark Study (De Beers 2013f).
Note: sublethal to sensitive zooplankton = >684 mg/L; sublethal to other plankton or fish = 1,000 mg/L; lethal to other plankton or fish >1,000 mg/L.

a) The area immediately surrounding the diffuser is <0.04 % of the volume of the lake.

< = less than; > = greater than; % = percent; TDS = total dissolved solids; mg/L = milligrams per litre.
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4.4 Results

The results of the water quality predictions for accidents and malfunctions are shown in
Table 4-2. Plots of the predicted concentrations in each Accident and Malfunction case are
provided in Figures 4-1 through 4-4. Four of the Accident and Malfunction cases are
predicted to result in water quality that is below the SSWQO and is therefore assumed to be
non-toxic (either lethal or sub-lethal) to aquatic life, and the environmental consequences
are rated as negligible (Table 4-3). Four of the cases are predicted to have concentrations of
TDS that exceed the SSWQO (Figures 4-2 to 4-4); of these four, three are predicted to
exceed the SSWQO for a limited time and to occur in a very small volume of the lake (2%)
and are rated as negligible in consequence. One case is predicted to exceed the SSWQO in
14% of the lake with the corresponding environmental consequence rated as a low (Table 4-

3).

Table 4-3 Prediction of water quality in Accident or Malfunction Cases
Effluent Discharge | Exceedance of the Volume of Lake Predicted
Effluent TDS Concentration SSWQO in Snhap Affected by Environmental
Timeline Name Discharge Rate during Malfunction Lake? Exceedance Consequence
(mg/L)
Malfunction No None Negligible
Case 1A Lower Bound (Figure 4-1 a,b)
Malfuncti 1,000 N N Negligibl
alfunction o one egligible
Case 1B Upper Bound (Figure 4-3 a,b)
2017 Malfunction No None Negligible
Case 2A Lower Bound (Figure 4-1 a,b)
2,000 —
Malfunction U Bound Yes <2% of lake Negligible
Case 2B pper Boun (Figure 4-3 a,b) (Figure 4-3c)
Malfunction No None Negligible
Case 1A Lower Bound (Figure 4-2 a,b)
Malfuncti 1,000 Y 2% of lak Negligibl
alfunction es <2% of lake egligible
Case 1B Upper Bound (Figure 4-4 a,b)
2025 - —
Malfunction L Bound Yes 2% of lake Negligible
Case 2A ower Boun (Figure 4-2 a,b) (Figure 4-2c)
2,000
Malfunction U Bound Yes 14% of lake Low
Case 2B pper Boun (Figure 4-4 a,b) (Figure 4-4c)

Note: Assumes that as of January 2015 the effluent AML is 684 mg/L and that accident occurs under ice in mid-March when little dilution
occurs and occurs for a maximum of 7 days.

mg/L = milligrams per litre; TDS = total dissolved solids; < = less than or equal to.
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Figure 4-1 Maximum Predicted Total Dissolved Solids Concentrations with Accident or
Malfunction in 2017 with Lower Bound Discharge Rate

(a) Near Diffuser, SNP 02-20e, for Period of Operations
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mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective.
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Figure 4-2 Maximum Predicted Total Dissolved Solids Concentrations with Accident or
Malfunction in 2025 with Lower Bound Discharge Rate

(a) Near Diffuser, SNP 02-20e, for Period of Operations
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mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective; TDS = total dissolved
solids; >= greater than.
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Figure 4-3 Maximum Predicted Total Dissolved Solids Concentrations with Accident or
Malfunction in 2017 with Upper Bound Discharge Rate

(a) Near Diffuser, SNP 02-20e
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mg/L = milligrams per litre; SNP = surveillance network program; SSWQO = site-specific water quality objective; TDS = total dissolved
solids; >= greater than.
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Figure 4-4 Maximum Predicted Total Dissolved Solids Concentrations with Accident or
Malfunction in 2025 with Upper Bound Discharge Rate

(a) Near Diffuser, SNP 02-20e
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4.5 Conclusions

What impacts will a potential accident or malfunction related to discharge of treated minewater
containing elevated levels of TDS at the Snap Lake Project site have on the receiving environment,
specifically Snap Lake?

The impacts (environmental consequence) of the modelled accidents and malfunctions cases were
assessed as negligible to low. Any effects would be restricted to sensitive species of zooplankton
(cladocerans) and not to the larger aquatic community. Effects would be restricted to a small volume
of the lake and often would not exceed the TDS SSWQO or maximum daily limit.
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5 ALTERNATIVES

De Beers has evaluated two potential alternatives to the development proposal; namely alternatives
to discharging mine effluent at concentrations not exceeding AML of 684 mg/L mg/L TDS; 14 mg/L
nitrate; 378 mg/L chloride; 2.43 mg/L fluoride; 1 mg/L nitrite and 427 mg/L sulphate. Both
alternatives are currently not considered economically feasible.

Alternative 1: Effluent Quality Criteria Unchanged

De Beers is seeking higher EQCs based on the results of site-specific chronic effects benchmark
studies, which recommend SSWQOs that are protective of the aquatic environment of Snap Lake.
Prior to applying for revised EQCs, De Beers evaluated the results of predicted life-of-mine water
quality (De Beers 2013a) to determine the feasibility of continuing current mine operations under
current EQC limits. The water quality models have indicated that the licence limits for TDS, chloride
and nitrate (effective January 1, 2015) are not realistically achievable with current mine practices,
and will be exceeded within the next 1 to 5 years. De Beers’ evaluation of treatment technologies, as
reported in the TDS Response Plan (De Beers 2013g) indicate that the cost to implement treatment
of the whole effluent to achieve current licence limits using available technology is estimated at
$188M.

De Beers believes that the current proposed SSWQOs and associated EQCs are protective of the
environment, and are achievable based on review of pre-feasibility studies.

Alternative 2: Reduction of Footwall Development

The greatest contributor to TDS loadings to Snap Lake is mine effluent which generates from release
of connate water during mine operations, specifically during the advancement of the footwall. The
increases in TDS in mine effluent as reported in ltasca (2013) are directly related to continued
mining as proposed in the mine plan. Slowing advancement of the footwall would decrease the rate
of TDS loading to the environment. However, since footwall development is essential to the current
methods for mining the ore deposit, slowing footwall development also directly affects the rate of ore
development.

Reduction in footwall development is not achievable to support the current mine plan and results in
the mine becoming not economically viable in the long term.

Alternative 3: Reducing Water Flows

The investigation of options for reducing flows in the underground, are discussed in the TDS
Response Plan (De Beers 2013g).
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Figure I-1 Water Temperature (°C) Profile Calibration Plots at LCB Inlet.
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Note: Solid line represents model results; dots represent measured water temperatures.
°C = degrees Celsius; m = metre.
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Figure I-2 Water Temperature (°C) Profile Calibration Plots at LCB-1
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Figure I-3 Water Temperature (°C) Profile Calibration Plots at LCB-3
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Figure -4 Water Temperature (°C) Profile Calibration Plots at LCB Outlet
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Note: Solid line represents model results; dots represent measured water temperatures.
°C = degrees Celsius; m = metre.
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Figure I-5 Total Dissolved Solids (mg/L) Profile Calibration Plots at LCB Inlet
08/27/2012
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Note: Solid line represents model results; dots represent calculated total dissolved solids concentrations.
mg/L = milligrams per litre; m = metre.
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Figure 1-6 Total Dissolved Solids (mg/L) Profile Calibration Plots at LCB-1
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Figure I-7 Total Dissolved Solids (mg/L) Profile Calibration Plots at LCB-3

09/01/2011
0 2 4 6 8 10 12 14 16 18 20
422
A0 ----=mmmmmnmmmnmee oo e
o
418 --=mmmenn e nne oo - <o
—_ o
Eqer ] o
C o
(=]
R e
[ 4124 o
o
10} -- - mmmemn oo - <o
R GGALSSCCRTITEEEES CERRRLERPRRLRE
406
07/13/2013
0 2 4 6 8 10 12 14 16 18 20
422
L SSGGRISSOTIISCLPEERPRRRE ~SEEPRLER
T R CCAlaCRE R CEEEERERRRE FEEEEREEE
E 48] g
S
e GRAITCCITETTEIFEEEPRE "SEESERES
3
TR 114 GORRECEEEESERRREREERRELERPEEPRE "SR SeEEE
T R CRALECRRTCEEEERERRRE FEEEEREEE
408} - ---=xmmsmmmmenmn e fee
406

Elevation (m)

Elevation (m)

422
420
418
416
414
412
410
408
406

0 2 4 6 8 10 12 14 16

08/25/2012

18 20

0 2 4 6 8 10 12 14 16

422

09/11/2013

18 20

420
418
416
414
412
410
408

406

Note: Solid line represents model results; dots represent calculated total dissolved solids concentrations.

mg/L = milligrams per litre; m = metre.

Elevation {m)

422

05/04/2013
0 2 4 6 8 10 12 14 16 18 20
. L]
____________________________________ PR
L]
PO
L]
PR
L]
PR
L]
PR
L]




De Beers Canada Inc.
Snap Lake Water Licence Amendment Environmental Assessment EA201314-002

Figure I-8 Total Dissolved Solids (mg/L) Profile Calibration Plots at LCB Outlet
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TECHNICAL MEMORANDUM

DATE April 11, 2014 PROJECT No. 14-1349-0003/1500/1503

TO Erica Bonhomme, Snap Lake Environmental Manager
De Beers Canada Inc.(DBCI)

CC Tasha Hall and Alison Snow (Golder); Alexandra Hood (DBCI)

FROM Peter M. Chapman EMAIL pmchapman@golder.com
SECOND DAPHNIA MAGNA 21-DAY TDS TOXICITY TEST RESULTS

1.0 BACKGROUND AND INTRODUCTION

Golder Associates Ltd (Golder 2013) developed a total dissolved solids (T DS) benchmark for aquatic life for
Snap Lake based on a literature review, problem formulation, and site-specific toxicity tests with phytoplankton,
zooplankton, benthic invertebrates, and fish spe cies representative of aquatic rece ptors in Snap Lake. Most
species tested showed no adverse effects at TDS concentrations greater than (>) 1,400 milligrams per litre
(mg/L); however, two daphnid species were more sensitive to T DS and showed adverse effects at lower TDS
concentrations. Although daphnids comprise on average of approximately 2 percent (%) of the zooplankton
community in Snap La ke, a con servative site-specific water quality obje ctive (SSWQO) of 684 mg /L was
proposed based on Daphnia magna 21-day (d) toxicity tests reported in Golder (2013).

The results of the TDS testing, in cluding the proposed TDS SSWQO, were presented to interested parties,
including regulatory agencies and representatives of Aboriginal communities, on January 6, 2014 in Yellowknife,
Northwest Territories (NWT). There was discussion following the presentation regarding the repeatability of the
tests.

As a result of the discussion regarding test repeatability, De Beers Canada Inc (De Beers) requested that Golder
repeat the 21-day D. magna test that provides the basis for the proposed TDS SSWQO. The present technical
memorandum provides the methods and results from this repeat testing and discusses the results relative to the
proposed SSWQO.

2.0 METHODS

A synthetic lake water sample was prepared, with the same ratio of major ions in Snap L ake but at a n ominal
TDS concentration of 1,500 mg/L. The sample was prepared by Nautilus Environmental, the same laboratory
that prepared samples for previous TDS testing reported in Golder (2013). The synth etic lake wat er was
analysed foritsioni ¢ composition to assess concentrations ofthe maj or ions and to cal culate TDS
concentrations. Results of those analyses determined that the calculated TDS concentration for the sy nthetic
lake water sample was 1,477 mg/L, which was very close to the target nominal concentration of 1,500 mg/L.

A 21-d D. magna survival and reproduction toxicity test was conducted by Nautilus Envi ronmental following
American Society for Testing and Materials (ASTM 2004) procedures. Daphnids were exposed to the following
calculated TDS concentrations in a dil ution series that also included a negative (clean) control: 295, 437, 686,
991, and 1477 mg/L. The Nautilu s Environmental Data Report is provided a s Attachment 1 and incl udes the
chemical analyses of the TDS test solutions.

Golder Associates Ltd.
500 - 4260 Still Creek Drive, Burnaby, British Columbia, Canada V5C 6C6
Tel: +1 (604) 296 4200 Fax: +1 (604) 298 5253 www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
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3.0 RESULTS

As is app arent from Figure 1, the D. magna toxicity testreporte d herein (Test 2) produced a similar
dose-response as the previous D. magna toxicity te st (Test 1) reported in Golder (2013). However, the 20%
inhibition concentration (IC20) for the present test (Test 2) was >1,477 mg/L compared to the first test (Test 1),
where the IC20 wa s 684 mg/L. The flatness of the dose-response explains these differen ces, which are not
unreasonably large (Cherr et al. 1994).

Figure 1 Concentration-Response for Two Daphnia magna Snap Lake TDS Toxicity Tests
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4.0 RELEVANCE TO THE SNAP LAKE TDS SSWQO

The Canadian Council of Ministers of the Environm ent (CCME 2007; Part Il, Sect ion 1-10 and 1-11) states
“Multiple comparable records for the same endpoint are to be combined by the geometric mean of these records
to represent the averaged species effects endpoint.” CCME (2007, Part Il, Section 3.1-2) similarly states, twice,
“If there is more than one comparable record for a preferred endpoint, then the species effects endpoint is to be
represented by the geometric mean of these records.”

Previous SSWQOs developed for the Ekati Diamond Mine followed the above approach. Specifically, in cases
where more than one acceptable value was available for an individual species endpoint, the values were
combined using the geo metric mean to produ ce a single va lue for ea ch species (Elphick et al. 2011;
Ekati 2012a,b,c). This approach was specifically applied to daphnid toxicity data in Elphick et al. (201 1) and
Ekati (2012c)

The geometric mean of the two 1C20 values (Tests 1 and 2) for D. magna is 1,005 mg/L TDS. Based on CCME
(2007) and previous precedent in the NWT, this value could reasonably replace the Snap Lake TDS SSWQO of
684 mg/L p reviously proposed by Golder (2013) in reference to the De Be ers Water Licence Amendment
Application.

5.0 CLOSURE

We trust that this technical memorandum provides you with the information you require at this time. Should you
have any questions, or require further information, please contact the undersigned.

GOLDER ASSOCIATES LTD.
Prepared by: Reviewed by:

I
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/‘// f'{'"?{ . 4 / ' ;Z ST~

Peter M Chapman, PhD Cathy A McPherson, BSc
Principal, Senior Environmental Scientist Senior Environmental Scientist
PMC/CAM/me

Att.
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Review of Site-Specific Water Quality
Obijective for Strontium



TECHNICAL MEMORANDUM

DATE April 11, 2014 PROJECT No. 1413490003/2200/2201

TO Erica Bonhomme and Alex Hood
De Beers Canada Inc

FROM Peter M Chapman EMAIL pmchapman@golder.com

REVISION OF SITE-SPECIFIC WATER QUALITY OBJECTIVE FOR STRONTIUM

The purpose of this technical memorandum is to detail why Golder Associates Ltd. (Golder) has revised the site-
specific water quality objective (SSWQO) for strontium based on external peer review during preparation for peer
reviewed publication. Specifically, three studies have been removed from the SSWQO derivation as discussed
below.

Jones (1939) conducted toxicity tests with Three-spined Stickleback (Gasterosteus aculeatus) to determine a
survival curve for strontium. The test duration was 10d, and test solutions were renewed daily. The author
reported a “lethal concentration limit” of 1,200,000 pg/L strontium, which Golder interpreted as being a measure
of median lethal time (LT50, or time to 50% mortality). Jones (1939) defined the lethal concentration limit as
being the level to which the concentration of test material must be reduced before definite toxic effect
disappears, but did not specify what percent mortality was considered a definite toxic effect. The author reported
mean or average survival times, but upon further review it was not clear what percent mortality was associated
with those survival times. Testing was conducted for 2.5 x longer than the standard 4-d acute toxicity test;
however, the endpoint was survival. Because this study only measured survival and not sublethal endpoints, and
because the actual percentage effect being reported was unclear, it was removed from the SSWQO derivation.

Jones (1940) also conducted 48-h tests with the planarian, Polycelis nigra, and reported “lethal concentration
limits” of 3,500,000 and 6,000,000 pg/L for two different strontium salts. With only a slight dilution, survival was
extended considerably. This study was removed from the SSWQO derivation for the same reason as this
author’s earlier study with Stickleback.

Schroder et al. (1995) reported that a 24-h immersion in a strontium chloride solution is used for marking Chum
Salmon (Oncorhynchus keta) and Sockeye Salmon (O. nerka) fry prior to their release in the wild. Chum Salmon
fry were exposed to three strontium concentrations (120,000, or 1,200,000, or 9,000,000 pg/L) for 24 h, and then
reared for 34 d on a standard hatchery diet. Control mortality was 1%; mortality in the 1,200,000 pg/L treatment
was 2%; and, mortality in the 9,000,000 ug/L treatment was 7%. Sockeye Salmon fry were immersed in a
5,000,000 pg/L strontium solution for 24 h and then reared for 21 months on a standard hatchery diet to
determine how long the marked fish could be distinguished from unmarked fish. The Sockeye Salmon data were
not used in the original SSWQO as the authors did not provide detailed mortality data. The Chum Salmon data
were used in the original SSWQO because, although this was an acute 24-h exposure to strontium, there was a
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34-d follow up in clean water. However, the highest effect was only 7% and the endpoint was unbounded, thus it
was removed from the SSWQO derivation.

The remaining data continue to meet the requirements of CCME (2007) for species representation to produce a
Type A water quality guideline using a species sensitivity distribution (SSD). The Fisher-Tippett distribution
produced the lowest Anderson Darling statistic, indicating the best fit to the data in the tails of the distribution,
and was selected for deriving the HC5 of 10,685 mg/L, with confidence limits of 4,499 to 25,373 mg/L (Figure 1).
All of the species mean chronic values utilized in deriving the SSWQO exceeded this value, indicating that the
objective was protective.

Figure 1: Species Sensitivity Distribution for Strontium

HC5 = 10,685 pg/L Sr

If you have any questions please do not hesitate to contact the undersigned.

Peter M Chapman, PhD Cathy A McPherson, BSc
Principal/Technical Director Senior Environmental Scientist
PMC/CAM/me
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EXECUTIVE SUMMARY

Strontium concentrations in Snap Lake water have been increasing since Mine operations began in 2005.
In 2012, total strontium concentrations were above 700 micrograms per litre (ug/L) in the diffuser area
and approximately 600 pg/L elsewhere in the main basin. In co ntrast, baseline (2004) concentrations in
Snap Lake and background concentrations inthe area around Snap La ke were less than 15 ug/L.
Modeling predictions suggest that strontium concentrations in Snap Lake could increase to approximately
4,000 ug/L by the end of Mine operations.

Concentrations of total strontium mea sured in treated Mine effluent peaked at 4,320 ug/L in June 2006,
and have since decreased to approximately 1,600 pg/L in 2012. Although measured concentrations have
decreased in recent years, modeling predictions suggest that strontium concentrations in treated mine
effluent could increase to approximately 4,700 ug/L by the end of mine operations.

There are no national water qu ality guidelines (WQGs) for strontium for protection of freshwater aquatic
life in Canada or the United States, and no benchmark was established as part of the 2002 Environmental
Assessment Report (EAR). Ecometrix (2011) proposed 500 ug/L as both a site-sp ecific water quality
objective (SSWQO) for Snap Lake and an effluent quality criterion (EQC) for treated mine effluent; this
made no allowance for effluent mixing and was calculated based on potentially flawed data. As part of the
Strontium Response Plan that De Beers is required to submit to the McKenzie Valley Land and Water
Board (MVLWB) in December 2013, a benchmark for strontium in Snap Lake is to be recommended.

Available data on the acute and chronic toxicity of strontium to freshwater aquatic life were compiled and
reviewed. Acute toxicity was reported to occur at concentrations ranging from 75,000 to 15,000,000 pg/L.
The majority of chronic effects occurred at concentrations above 11,000 ug/L; however, calculation of a
representative benchmark was confounded by results from three studies indicating that chronic effe cts
occurred at lower concentrations. One of these studies, with a goldfish, was not applicable to Snap Lake
as goldfish are not found there. The other two studies were repeated to determine whether their findings,
which have been questioned, were correct. In fa ct, these new studies showed that chronic effects
occurred at considerably higher strontium concentrations. The goldfish study, although not repeated, had
been conducted by the a uthors of one of the two studies that were re peated and shown to be no n-
reproducible; it is also thus likely that repeating this study would also have resulted in considerably higher
strontium effects concentrations.

A chronic effects benchmark of 14,130 ug/L is recommended for strontium in Snap Lake. The burden of
evidence (tissue burdens of strontium in Snap Lake and reference lake fish; toxicology of strontium) does
not indicate that there is a present or future risk of strontium toxicity to the aquatic biota of Snap Lake.

De Beers Canada Inc.
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LIST OF ACRONYMS

Term Definition
AEMP Aquatic Effects Monitoring Program
AMV aquatic maximum value
CaCO3; calcium carbonate
CEB chronic effects benchmark
CCME Canadian Council of Ministers of the Environment
dw dry weight
EAR Environmental Assessment Report
EC effect concentration
EC50 median effective concentration
ELS early life stage
EQC effluent quality criterion
FAV final acute value
FCV final chronic value
GMAV genus mean acute value
HC5 hazardous concentration to 5% of species
IC inhibitory concentration
IC10 concentration that is an inhibition to 10% of organisms
1C20 concentration that is an inhibition to 20% of organisms
IC50 concentration that is an inhibition to 50% of organisms
IDEM Indiana Department of Environmental Management
IR Information Request
LC lethal concentraion
LC20 concentration that is lethal to 20% of organisms
LC50 concentration that is lethal to 50% of organisms
LOEC lowest observed effect concentration
LT50 the leathal time to 50% mortality of organisms
MATC maximum acceptable toxicant concentration
MDEQ Michigan Department of Environmental Quality
MVLWB McKenzie Valley Land and Water Board
NOEC no observed effect concentration
SD standard deviation
SMCV species mean chronic value
SNP Surveillance Network Program
SSD species sensitivity distribution
SSWQO site-specific water quality objective
TDS total dissolved solids
USEPA United States Environmental Protection Agency
WwQG water quality guideline
ww wet weight
WHO World Health Organization
YCT yeast, cerophyl, trout chow
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UNITS OF MEASURE

Term Definition
°C degrees Celsius
% percent
d day
h hour
km kilometre
L litre
pg/L micrograms per litre
mg/kg milligrams per kilogram
mg/L milligrams per litre
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1 INTRODUCTION

De Beers Canada Inc. (De Bee rs) owns and operates the Snap Lake Mine (Mine), an underground
diamond mine located approximately 220 kilometres northeast of Yellowknife, Northwest Territories. The
Mine began construction in 2004, became operational in late 20 05, and is expected to be in operation
until 2026. T o comply with the Mine’s Water Licence (Water Licence MV2001L2-0002, renewed as
MV2011L2-0004 in 2012), De Beers is required to undertake a water quality monitoring component as
part of a larg er Aquatic Effects Monitoring Program (AEMP) that also includes monitoring of sediment
quality, plankton, benthici nvertebrates, and fish in Snap La ke. The AEMP water q uality component
includes monitoring of total and dissolved strontium concentrations in Snap Lake, along with other metals,
and these results are submitted in annual AEMP reports (e.g., De Beers 2013a). In addition, De Beers is
required to monitor the quality of its treated effluent discharge as part of its Surveillance Network Program
(SNP), results of which are also submitted to the Mackenzie Valley Land and Water Board (MVLWB).

Strontium is present in the kimberlite and pro cessed kimberlite. A ben chmark for strontium was not
established as part of the Environmental Assessment Report (EAR; De Beers 2002) and there are no
Canadian WQGs for strontium for protection of freshwater aquatic life or for drinking water.

At the September 14 to 16, 2011 MVLWB Technical Sessions pertaining to the Mine’ s Water Licence
renewal application, it was noted that strontium concentrations have in creased in Snap Lake water
relative to baseline conditions. An Information Request (IR) was made to De Beers to provide readily
available information on strontium tothe MVL WB, and such information was provided in 2011.
The MVLWB also retained Ecometrix Inc. to propose site-specific water quality objectives (SSWQO) for
Snap Lake and effluent quality criteria (EQC) for the treated Mine effluent for a number of parameters,
one of which was strontium (Ecometrix 2011).

The current Water Licence requires that a Strontium Response Plan be submitted to the MVLWB by
December 31, 2013. One component of that Strontium Response Plan is to provide recommendations
and supporting rationale for a SSWQO for strontium i n Snap Lake, derived from toxicity tests cond ucted
by De Bee rs and/or published toxicology stu dies. The purpose of this report isto address that
requirement of the Strontium Response Plan. This report provides an ov erview of en vironmental
concentrations of strontium associated with Snap Lake, a compilation and review of available information
on the toxi city of strontiu m to fre shwater aquatic life, results of addition al chronic toxicity testing
undertaken to reduce uncertainty associated with the existing chronic toxicity data, and proposes a
chronic effects benchmark (CEB) for strontium in Snap Lake.

De Beers Canada Inc.
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2 WATER QUALITY BENCHMARKS FOR STRONTIUM

There are currently no national water quality guidelines (WQGs) for strontium for protection of freshwater
aquatic life in Canada or the United States.

Ecometrix (2011) proposed a SSWQO for strontium in Snap Lake of 500 micrograms per litre (ug/L); the
same value was also proposed as an EQC for treated Mine effluent, making no allowance for efflue nt
mixing and dilution following discharge. This value was calculated as the geometric mean of the two
lowest lethal concentration to 50% mortality (LC5 0)' values in their database: a 28-day (d) L C50 for
Rainbow Trout (Oncorhynchus mykiss) of 250 pg/L (Birge et al. 1980) and a 7-d LCS50 for the amphipod
Hyalella azteca of 1,000 pg/L (Borgmann et al. 2005). Ecometrix (2011) identified issues with both these
test results, which are discussed in Sections 4.0 and 6.0 of this report.

Hull (2008) provided a collection of worksheets showing calculations used to develop acute and ch ronic
values for strontium for the Michigan Department of Environmental Quality (MDEQ 2008), although it was
not clear whether these had been formally ado pted as state water quality standards. Development of
these water quality benchmarks for strontium involved rejecting all of the data available in the literature at
the time, and relying on d ata from six unpu blished studies (see Appendix A). A Tier | final acute value
(FAV) of 80,600 pg/L was calculated using acute data from six studies; the FAV was divided by two to
obtain an acute benchmark, the aquatic maximum value (AMV), of 40,300 ug/L. Chronic toxicity data from
one test with Ceriodaphnia dubia and one test with Fathead Minnow, Pimephales promelas (Cook 2008,
cited in Hull 2008), plus acute-to-chronic ratios, were used to calculate a Tier Il final chronic value (FCV)
of 21,000 pg/L as a chronic benchmark for strontium. According to Chowdhury and Blust (2012), that
chronic threshold was also adopted by Ohio (Ohio EPA 2009) and Quebec.

The Indiana Department of Environmental Management (IDEM 2001) calculated Tier Il acute and chronic
values for strontium using acute data fromtwo studies with Daphnia magna and Tubifex tubifex
(Khangarot 1991; Khangarot and Ray 1989). It appears that the genus mean acute value (GMAV) for
Daphnia magna was calculated incorrectly because it used 24-hour (h) and 48-h LC50s from the same
test. Calculation of the acute and chronic values involved use of application factors and a default acute-
to-chronic ratio because of the lack of data, resulting in a Tier Il acute valu e of 4,800 pg/L and chronic
value of 530 pg/L.

' The LCp is the concentration of test material estimated to be lethal to a specific percentage (“p”) of the test organisms. The LC50,
or median lethal concentration, is the concentration estimated to be lethal to 50% of the test organisms.
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3 ENVIRONMENTAL CONCENTRATIONS OF
STRONTIUM IN SNAP LAKE

Information on strontium concentrations measured in treated Mine effluent and in water, se diment, and
fish tissue samples collected from Snap Lake and associated reference lakes, is briefly summarized
below. These data have previously been provided to the MVLWB as part of the EAR, and/or in AEMP and
SNP monitoring reports. Data from app roximately October 2012 were the most recent data available? for
inclusion herein. Total and dissolved concentrations of strontium were generally similar in water samples,
so for simplicity only total strontium concentrations are presented here.

3.1 Treated Mine Effluent

Concentrations of total strontium measured in treated mine water at Stations SNP02-17 and SNP02-17B
between 2004 and 2012 are shown in Figure 1. Strontium concentrations fluctuated between 734 and
2,560 pg/L in 2004 and 2005, increased to a maximum of 4,320 pyg/L in June 2006, then decreased
gradually such that the flow-weighted average concentration for 2012 was 1,563 pg/L. Although
measured concentrations have decreased in recent years as less areas of kimberlite are open relative to
the amount of inflow and are on a downward trend, modelling completed in 2013 (De Beers 2013b)
indicated that maximum total strontium concentrations in the treated effluent discharge were predicted to
range between 2,400 and 3,800 ug/L under Lower Bound Scenarios and between 2,900 and 4,700 pg/L
under Upper Bound Scenarios.

3.2 Lake Water

Concentrations of total strontium mea sured in Snap Lake water between 2004 and 2012 are shown in
Figure 2 for the five different areas of the lake: diffuser; near-field; mid-field; far-field; and, northwest arm.
Concentrations measured in the Northeast Lake and Lake 13 reference lakes are also included.

Baseline water quality of Snap Lake was characterized through analyses of water samples collected
between 1998 and 2001; results from these analyses were reported in the EAR (De Beers 2002). The
baseline lake-wide mean concentration of total strontium in Snap Lake was 5.7 pg/L, and the range was
7.3 to 13.3 pg/L. Similarly, baseline concentrations of total strontium measured in two reference lakes in
1999 ranged from 7.0 to 11.6 pg/L (De Beers 2002). Additional sampling was conducted in five candidate
reference lakes in 2005, where total strontium concentrations ranged from 5.1 to 9.9 ug/L (Golder 2005).

2 Data collected in 2013 are und ergoing analysis and interpretation as part of pr eparation of the 2013 AEMP report and were
therefore not available for inclusion.
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Figure 1 Concentrations of Total Strontium Measured in Treated Mine Effluent from Snap
Lake Mine, June 2004 to October 2012

Monthly Avg = monthly average; SNP 02-17 = treated effluent from the temporary water treatment plant; SNP 02-17B = treated
effluent from the permanent water treatment plant; SNP = Surveillance Network Program; ug/L = micrograms per litre.

Figure 2 shows that total strontium concentrations have increased steadily in Snap Lake since 2005, such
that in 2012 they peaked at 716 pg/L in the diffuser area, and were approximately 500 to 700 ug/L in the
near-field, mid-field, and far-field areas. Modelling completed in 2013 (De Beers 2013c) indicated that
total strontium concentrations in Snap Lake were predicted to range from an average of 2,000 to
3,000 pg/L under Lower Bound Scenarios and from an average of 2,500 to 4,000 ug/L under
Upper Bound Scenarios (Figure 3). In contrast, total strontium concentrations in the refe rence lakes in
2012 ranged from 10 to 13 pg/L in Northeast Lake, and from 9to 10 pg/L in Lake 13, consistent with
pre-mining conditions.

Background strontium water concentrations in the area around Snap Lake are typically less than (<)
15 ug/L. In contrast, the World Health Organization (WHO 2010) reported that natural strontium
concentrations ranged from 1 to 13,600 ug/L in European rivers (median concentration of 110 ug/L), and
from 400 to 1,500 pg/L in surface waters in the United States.

De Beers Canada Inc.
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Figure 2 Concentrations of Total Strontium in Water at Stations Located in Five Areas of Snap Lake, and in the Northeast Lake
Reference Lake, from 2004 to 2012

Note: pg/L = micrograms per litre; normal range is based on data collected prior to 2004, with the upper and lower range calculated as the mean + 2 standard deviations.
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Figure 3 Predicted Total Strontium Concentrations in Snap Lake, 2004 to 2029
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Note: pg/L = micrograms per litre. Data shown are from representative stations within Snap Lake: Diffuser Area = SNAP13 (2004 to
April 2006) and SNP 02-20e (July 2006 to 2012); Main Basin = SNAPQ9; Outlet = SNAPOS.
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3.3 Sediment

Mean concentrations of strontium measured annually in sediments from five areas of Snap Lake between
2004 and 2012 are shown in Figure 4. For co mparison purposes, mean concentrations measured in
sediments from the Northeast Lake reference lake from 2008 to 2012, and from Lake 13 in 2012, are also
included. Sediment concentrations are reported as dry weight (dw).

The baseline lake-wide mean strontium concentration in Snap Lake sediments sampled in 1999 and 2004
was 27.2 mg/kg (dw), and individual stations ranged from 21.0 to 42.0 mg/kg (dw) (De Beers 2012).
Since 2006, mean se diment concentrations have increased in the diffu ser, near-field, mid-field, and
far-field areas. Mean concentrations in northwest arm sediments were initially higher than other areas of
Snap Lake in 2004 and 2005, then decreased in 2006 and had only modest increases through 2012 apart
from a peak in 2011. In 2012, the lake-wide mean strontium concentration in Snap Lake sediments was
58.2 mg/kg (dw), and individual stations ranged from 24.2 to 84.4 mg/kg (dw). In contrast, strontium
concentrations in Northeast Lake sediments showed little change from 2008 to 2012 and have remained
similar to baseline Snap Lake sediment concentrations with a mean of 28.0 mg/kg (dw) and a range of
27.4 to 33.3 mg/kg (dw) in 2012.

Figure 4 Mean Concentrations of Strontium in Sediments Annually at Stations Located in

Five Areas of Snap Lake from 2004 to 2012, in Northeast Lake from 2008 to 2011,
and in Lake 13 in 2012

Note: mg/kg (dw) = milligrams per kilogram dry weight; normal range is based on baseline data collected in 2004, with the upper
and lower range calculated as the mean * 2 standard deviations.

De Beers Canada Inc.



Snap Lake Mine 3-6 December 2013
Development of Strontium
Chronic Effects Benchmark for Aquatic Life

3.4 Fish Tissue

Mean concentrations of strontium mea sured in muscle tissue from Lake Trout (Salvelinus namaycush)
and Round Whitefish (Prosopium cylindraceum) captured from Snap Lake and two reference lakes in
large-bodied fish surv eys conducted in1 999, 2004,a nd 2009 are shown in Figure 5.
Mean concentrations were determined from samples of four to eight male or female fish from each
sampling event.

Lake Trout were sampled from Snap Lake in each of the three years, from Reference Lake in 1999 and
2004, and from Northeast Lake in 2004 and 2009. Strontium concentrations in Snap Lake fish were lower
in 2004 than in 1999 and then increased in 2009, but were not as high as strontium concentrations in fish
from the reference lakes.

Round Whitefish were sampled from Snap Lake in 1999, 2004, and 2009, from Reference Lake in 1999
and 2004, and from Northeast Lake in 2004. Strontium concentrations in Snap Lake fish were similar in
1999 and 2009, but lower in 2004; no Northeast Lake fish data were available from 2009 for comparison,
but the concentrations measured in 1999 and 2004 Reference Lake fish were higher than fish from Snap
Lake in both those years.

Mean concentrations of strontium were measured in carcasses® of Lake Chub (Couesius plumbeus)
captured from Snap Lake and two reference lakes in a small-bodied fish survey co nducted in 20 12;
this was the first year that tissue concentrations were monitored in Lake Chub. Mean tissue strontium
concentrations were 49. 6 mg/kg ww (wetwei ght) forfi sh fromSna p Lake,a s compared to
mean concentrations of 39.6 and 33.3 mg/kg ww for Northeast Lake and Lake 13, respectively. The mean
concentration for Snap L ake fish wa s within the normal range calculated based on referen ce lake
concentrations.

® Carcasses consisted of flesh and bone, but not viscera, liver, or gonad tissues.
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Figure 5 Mean Concentrations of Strontium in Muscle Tissue of Lake Trout (top panel) and
Round Whitefish (bottom panel) in Snap Lake and Two Reference Lakes in 1999,
2004, and 2009
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4 LITERATURE REVIEW ON TOXICITY OF STRONTIUM
TO FRESHWATER AQUATIC LIFE

Available acute and chronic toxicity data for freshwa ter fish, invertebrate s, algae, and amp hibians are
tabulated in Appendix A. The LC50s from acute toxicity tests with strontium ranged from a 48-h L C50 of
75,000 pg/L for the wate r flea Daphnia hyalina (Baudouin and Scoppa 1974) toa 24-h LC50 of
15,000,000 pg/L for the nematode Caenorhabditis elegans (Tatara et al. 1998). Fish and invertebrates
exhibited similar acute toxicity to strontium. Because the objective of this review was to develop a CEB for
strontium, only the chronic toxicity studies are summarized below. Test endpoints are expressed in terms
of the concentration of strontium, not the metal salt. No studies on the toxicity of strontium in sediments
were identified.

4.1 Fish

Pacholski (2009) conducted a 21 -d test with juv enile Rainbow Trout; ad ditional details of the test
procedures and endpoint calculations were provided in Hyd roQual (2009, 2013)*. Testfish were
approximately 0.3 to 0.5 g ww at te st initiation, and the exposure system was static-renewal with weekly
replacement of test solutions. Control survival after 21 d was 90 percent (%), and the results were
corrected for control responses. Survival was the only endpoint measured, and the endpoints reported
were an LC10 of 67,000 ug/L, an LC20 of 110,000 pg/L, and an LC50 of 286,000 ug/L. The LC10 of
67,000 pg/L was considered to be an acceptable low-effect concentration and was therefore used for the
CEB determination (see Section 6.0).

Birge (1978) conducted a 28-d test with Rainbow Trout, from fertilization through to four days post-hatch;
results of this study were also reported in Birge et al. (1979). The exposure system was static-renewal,
with replacement of test solutions every 12 hours. Control performance was not reported, but the results
were corrected for control responses. Survival was the only endpoint measured; an LC01 of 6.0 ug/L and
an LC50 of 200 ug/L were reported. The LC0O1 was considered to be too con servative an estimate of a
no-effect concentration for the CEB, as the Canadi an Council of Ministers of the Environment (CCME
2007) methodology allows for up to a 10% effect for that estimate, and was also problematic because it
was within the range of baseline and/or background strontium concentrations associated with Snap Lake
and nearby reference lakes. Conversely, the LC50 was considered to be insensitive and therefore
unsuitable for the CEB; CCME (2007) notes that if lethal endpoints are used as low-effect concentrations
for the CEB, their effect level sho uld be bet ween 11 and 25%. A maximum a cceptable toxicant
concentration (MATC)of 35 ug/L was calculated asthe geometric mean ofthe L C01 and LC50
concentrations. This MATC was still only three times higher than baseline/background Snap Lake
concentrations, and was lower than background concentrations reported for European and US streams.

* HydroQual (2009) conducted toxicity tests with freshwater algae, invertebrates, and fish in support of Pacholski (2009), but o nly
reported point estimates based on 25% and 50% effect levels fo r each test. For the purpose of developing the strontium CEB
proposed in this report, HydroQual was subsequently requested to provide point estimates based on the 10% and 20% effect levels
for each those tests (HydroQual 2013).
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Results from this study were also over 1,000 times more sensitive than reported by Pacholski (2009) for
juveniles of the same species.

Birge etal. (1980) reported results for a 28-d te st with Rainbow Trout, co nducted from fertilization
through to four days post-hatch; results of this study were also reported in Birge et al. (19 81).
The exposure system was static-renewal, with replacement of test solutions every 12 hours.
Control survival was 83 to 96%, which was acceptable for this type of test, and the results were corrected
for control responses. Survival was the only endp oint measured, and the e ndpoints reported were an
LCO1 of 13 ug/L, an LC10 of 49 ug/L, and an LC50 of 250 ug/L. Results from this study were consistent
with those reported by Birge (1978), butwe re also close to baseline/background concentrations
associated with Snap Lake and lower than background concentrations reported for European and
US streams.

Birge et al. (1980) noted that their point estimates were calculated by a different method than used in
previous studies. Given the similarity in results reported by Birge (1978) and Birge et al. (1980) for the
28-d Rainbow Trout test, and the lack of details about test methodologies, there is uncertainty as to
whether these represent results from two separate tests orresults fro m a single test calculated by
different methods. To provide a conservative approach to d eveloping the strontium CEB, itha s
been assumed that they represent two separate tests. Because the results from the Birge (1978) and
Birge et al. (1980) Rainbow Trout tests indicated a much greater sensitivity to strontium than reflected in
other toxicity test results, additional Rainbow Trout early life stage (ELS) tests were conducted to
determine whether th ese results could be relied upon, in other words, whether their findings could be
reproduced (see Section 5.0).

Birge (1978) conducted a 7-d test with Goldfish, Carassius auratus, from fertilization through to four days
post-hatch; results of this study were also reported in Birge et al. (1979). The exposure system was
static-renewal, with replacement of test solutions every 12 hours. Control performance was not reported,
but the results were corrected for control re sponses. Survival wasthe only endpoint measured;
an LCO1 of 45.3 pg/L and an L C50 of 8,580 ug/L were reported. For reasons previously described,
an MATC of 623 ug/L was calculated as the geometric mean of the LCO1 and LC50. Although the MATC
from this study was well above the baseline/background strontium concentrations associated with
Snap Lake, it was within the range of background concentrations reported for European and US streams.
Also, Goldfish are not native to North America and are not found in Snap Lake.

Pacholski (2009) conducted astan dard 7-d survival and g rowth test with larval (<24-h old)
Fathead Minnow; additional testing details and endpoint calculations were provided in HydroQual (2009,
2013). Control performance was acceptable, and the results were corrected for the control responses.
For survival, the endpoints reported were an LC10 of 255,000 ug/L, an LC20 of 276,000 ug/L, and an
LC50 of 354,000 ug/L. For growth (expressed as increased dw), the endpoints were reported as an IC10°
of 263,000 ug/L and an 1C20 of 304,000 pg/L. The IC10 of 2 63,000 pg/L was used for the CEB
determination.

® The I Cp is the inhibiting concentrati on for a sp ecified percentage (“p”) effecton a continuous endpoint such as growth or
reproduction. For example, the IC10 is the con centration of t est material estimated to cause a 10% reduction in gro wth or
reproduction of the test species.
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Hull (2008) provided a collection of worksheets showing calculations used to develop acute and ch ronic
values for strontium for the Michigan Department of Environmental Quality, including tabulated toxicity
data from a number of unpublished reports. Hull (2008) used survival data from a 7-d Fathead Minnow
test conducted by Cook (2008), but only reported the noo bserved effect concentration®
(NOEC; 92,870 pg/L) and lowest observed effect concentration (LOEC; 188,750 ug/L) that were used to
calculate an MATC of 132,390 ug/L. We were able to obtain copies of summary tables and bench sheets
(Cook 2013) in order to confirm testing details and calculate point estimates that would be more suitable
for use inth e CEB determination. Th e Cook (2008) Fathead Minnow testwas a standard 7-d larval
survival and growth test; control performance was acceptable and the results were corrected for control
responses. For survival, the LC20 and LC50 were greater than (>) 92,870 ug/L. For growth (expressed
as increased dry weight), the IC10 was <13,440 ug/L and the IC20 was 17,420 pg/L. Because the IC10
for growth was lower than the lowest test concentration, and therefore could not be estimated accurately,
the 1C20 of 17,420 ug/L was included in the CEB deter mination. Survival and growth resul ts from the
Cook (2008) 7-d Fathead Minnow test were mo re sensitive than the Pa cholski (2009) 7-d Fathead
Minnow results. However, survival results from Cook (2008) were similar to the Pacholski (2009) results
for juvenile Rainbow Trout, and also consistent with results from three acute 96-h LC50s for Fathe ad
Minnow that ranged from 140,180 to 228,470 ug/L (Hull 2008).

Jones (1939) conducted toxicity tests with Stickleback (Gasterosteus aculeatus), to determine a survival
curve for strontium. The test duration was 10 d, and test solutions were renewed daily. The lethal time to
50% mortality (LT50) for strontium was 1,200,000 ug/L for this 10-d exposure; this result was included in
the CEB determination.

Schroder et al. (1995) reported that a 24-h immersion in a strontium chloride solution is used for marking
Chum Salmon (Oncorhynchus keta) and Sockeye Salmon (O. nerka) fry prior to their release in the wild.
The strontium is de posited in calcified tissues and can easily be detected in otoliths when the fish are
older. For that study, Ch um Salmon fry were expo sed to three strontium concentrations (120,000, or
1,200,000, or 9,000,000 ug/L) for 24 h, reared for 34 d on a standard hatchery diet, then sacrificed for
analyses. Control mortality was 1%; mo rtality in the 1,200,000 ug/L treatment was 2%, and mortality in
the 9,000,000 pg/L treatment was 7%. The geometric mean of these two results was used for the CEB
determination. In a se cond experiment, Sockeye Salmon were immersed in a 5,000,000 ug/L strontium
solution for 24 h and then reared for 21 months on a standard hatchery diet to determine how long the
marked fish could be distinguished from unmarked fish. Although mortality data were not provided for the
second experiment, it was presumed that survival was sufficiently high during the 21-month rearing period
to provide meaningful test results. However, this information was not used in the CEB determination.

4.2 Invertebrates

Biesinger and Christensen (1972) conducted 21-d tests with the water flea, Daphnia magna, to determine
effects of strontium exposure on survival and reproduction. They reported a 21-d LC50 of 86,000 ug/L for

® The NOEC is the highest test co ncentration where there is no statistically significant difference in mean response relative to the
control. The LOEC is the low est test concentration where the re is a statistically significant difference in mean response relat ive to
the control.
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survival and a 21-d median effective concentration (EC50)" of 60,000 ug/L for reproduction. In addition,
an EC16 of 42,000 ug/L was calculated for reproduction, to represent the lowest effect size that could be
distinguished from variabil ity associated with the control responses. This EC16 was used for the CEB
determination.

Pacholski (2009) conducted a 21-d survival and reproduction test with Daphnia magna, and reported an
LC50 of 122,000 ug/L for survival; the IC (inhibitory concentration)10 was 23,000 ug/L and the 1C20 was
35,000 pg/L for reproduction. Control performance was acceptable, and results were corrected for control
responses. Additional d etails regarding testing and endpoint calculations were provided in HydroQual
(2009, 2013). The IC10 and IC20 for reproduction were lower than the EC16 from the Biesinger and
Christensen (1972) study; the IC10 was included for the CEB determination.

Cook (2008; cited in Hull 2008) cond ucted a 6-d surv ival and reproduction test with the water flea,
Ceriodaphnia dubia. Hull (2008) only reported the NOEC and LOEC for reproduction as 24,570 and
45,890 ug/L, respectively, and used those values to calculate an MATC of 33,578 ug/L. Point estimates
more suitable for use in the strontiu m CEB dete rmination were determined using data provided by
Cook (2013). The LC5 0 for survival was 92,8 70 ug/L, and the IC10and IC2 0 forrep roduction
were 22,920 ug/L and an 1C20 of 33,610 pg/L, respectively. The IC10 for reproduction was included for
the CEB determination.

Pacholski (2009) conducted a 6-d survival and reproduction test with Ceriodaphnia dubia, and reported
an LC50 of 206,000 ug/L for su rvival, andan IC10 of 2,866 ug/L and an 1C20 of 1 1,160 ug/L for
reproduction. Additional details regarding testing and endpoint calculations were provided in
HydroQual (2009, 2013). Control performance was acceptable, and re sults were co rrected for co ntrol
responses. Mean reproduction fluctuated among the lower test concentrations, and therefore the IC20 of
11,160 pg/L was considered to be a more representative endpoint for use in the CEB determination.

Borgmann et al. (2005) conducted 7-d tests with the amphipod, Hyalella azteca, to determine the effects
of strontium on survival. The primary objective of this study was to assess the toxicity of 63 elements in
waters at two different hardness concentrations, and therefore a number of elements were only tested at
a few concentrations, startingat 1,000 yg/L and then testing at higher orlo wer concentrations
depending on the initial result. This was the ca se for strontium, which wa s not test ed at a full
dilution series that would have allowed for determi nation of LC2 0 or LC50 values. In soft water,

the 7-d LC50 was >1,000 ug/L; there was 18% mortality at 315 ug/L but only 12% mortality at 1,000 ug/L.
In higher-hardness water, the 7-d LC50 was >3,150 ug/L, and there was only 7% mortality at 1,000 ug/L.
The authors reported that control survival was at least 80%, which is reasonable for this test method.
However, the results were not corrected for the control responses and, given that the survival results that
were reported for stro ntium were all at least 80% it is possible that, with correctio n for the control
responses, these effect sizes would have been smaller or even non-existent. This is supported by the fact
that Hull (2008) reported a 48-h LC50 of 198,011 pg/L from an acute Hyalella azteca test, a concentration
almost 200 times higher than that reported by Borgmann et al. (2005). In order to address the uncertainty
regarding these results, additional toxicity testing was conducted with Hyalella azteca (see Section 5.0).

" The ECp is the concentration of test material estimated to cause an adverse effect other than lethality to a specific percentage (“p”)
of the test organisms. The EC50, or median effective concentration, is the concentration estimated to cause an effect to 50% of the
test organisms.
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Boutet and Chai semartin (1973) reported a 30-d LC5 0 of 390,000 ug/L for white cla wed crayfish,
Austropolmobius pallipes pallipes, and a 30-d LC50 of 860,000 ug/L for spinycheek crayfish, Orconectes
limonus. Both these results were included for the CEB determination.

Suzuki (1959) conducted 10-d tests with mosquito larvae, Culex pipiens paliens, to determine the time
required to reach 50% effect levels using different concentrations of strontium. The EC50 for emergence
occurred at approximately 6.9 days and was 553,000 ug/L. The EC50 f or pupation occurred at
approximately 4.1 days and was 5,530 pg/L, but the time required to reach this endpoint was inconsistent
for the range of test concentrations. The EC50 of 553,000 ug/L for emergence was considered to be more
representative and was therefore included for the CEB determination.

Jones (1940) conducted 48-h tests with the planarian, Polycelis nigra, and reported LT50s of 3,500,000
and 6,000,000 pg/L for two different strontium salts. The author considered this endpoint to be the
threshold of toxicity because with only a slight dilution survival was extended considerably. Both of these
results were included for the CEB determination.

4.3 Algae / Plants

Pacholski (2009) conducted a standard 72-h algal growthte st withth e alga Pseudokirchneriella
subcapitata; additional testing detail s and en dpoint calculations were p rovided in Hydro Qual (2009,
2013). Control performance was acceptable, and the results were corrected for the control responses.
The 72-h IC10wa s 36,000 pg/L and the IC20 was 47,000 ug/L; the IC10 was used for the CEB
determination. The algae demonstrated a horm etic response, with gro wth stimulation occurring at
strontium concentrations up to 23,000 pg/L, but inhibition of growth at higher concentrations.

4.4 Amphibians

Birge (1978) conducted a 7-d te st with the narro w-mouthed toad, Gastrophryne carolinensis, from
fertilization through to four days post-hatch; results of this study were also reported in Birge et al. (1979).
The exposure system was static-ren ewal, with replacement of test solutions every 12 h ours.
Control performance was not reported, but the results were corrected for control responses. Survival was
the only endpoint measured; an LC01 of 2.4 ug/L and an LC50 of 160 ug/L were reported. The LCO1 was
considered to be too conservative for use as a no-effect concentration, and the LC50 was no t
conservative enough as a low-effect concentration. An MATC of 20 pg/L was calculated as the geometric
mean of the LC01 and LC50; this MATC was only two time s higher than baseline/background strontium
concentrations associated with Snap Lake. Apart from one possible sighting of an unknown frog species
near Snap Lake in 2005, there has been no evidence that amphibians are present in Snap Lake, which is
located north of the treeline. This study was excluded from the CEB determination, based on the absence
of amphibians in Snap L ake and the fact thatt he test endpoints were close to baseline/ background
strontium concentrations associated with S nap Lake and lower than background concentrations
associated with European and US streams.
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5 RESULTS OF NEW TOXICITY STUDIES

Results of the chronic toxicity studies summarized in Section 4.0 showed that there were two sets of
studies contributing uncertainty to the strontium CEB determination. The 28-d Rainbow Trout test results
reported by Birge (1978) and Birge et al. (1980) were orders of magnitude lower than other test results
performed with a range of aquatic species, so additional Rainbow Trout ELS tests were conducted to
determine whether those test re sults were reproducible. The 7-d Hyalella azteca tests conducted by
Borgmann et al. (2005) did not include high enough strontium concentrations to calculate point estimates,
and therefore additional testing with Hyalella azteca was performed to determine sensitivity to higher
strontium concentrations. Results from these additional toxicity tests were added to the chronic toxicity
data set (Appendix A) used for the strontium CEB determination.

5.1 Rainbow Trout Early Life Stage Toxicity Tests

Nautilus (2013) conducted two Rainbow Trout ELS tests to repeat the tests reported in Birge (1978) and
Birge et al. (1980 ), in order to establish whether those results were rep eatable, and to determin e the
relative sensitivity of Rainbow T rout to strontium. The tests were co nducted under two water quality
regimes: one with wate r hardness similar tot hat used by Birge and colleagues (approximately
100 milligrams per liter [mg/L] as calcium carbonate [CaCQO3]); and, a second test in water with a lower
hardness (approximately 12 mg/L as CaCO;). Testing was conducted under these two hardness regimes
because it was anticipated that sensitivity to strontium may change in response to calcium concentrations
in the water. The proximity of calcium and strontium to each other on the periodic table suggests that they
may share similar properties that could result in interactions by competitive ex clusion at uptake sites on
the fish gill.

Test conditions are summarized in Table 1, and additional details are provided in the Nautilus laboratory
report (Appendix B). Test methods were intended to match those used by Birge (1978), with the following
exceptions:

e Test solutions were renewed every 24 h, rather than every 12 h;
e The number of eggs exposed per concentration was 120, rather than 150;
o The test temperature was 14 + 1 degrees Celsius (°C), rather than 13 + 0.5°C; and,

e The test ended seven days after 50% of the control fish had hatched (32-d exposure overall), rather
than four days following hatch (28-d exposure overall).
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Table 1 Summary of Test Conditions for Nautilus (2013) Rainbow Trout Early Life Stage
Toxicity Tests
Parameter Test Condition
Test organism Rainbow Trout (Oncorhynchus mykiss)
Test organism source Fraser Valley Trout Hatchery, BC, Canada

Test organism age

Fertilized eggs

Test type Static-renewal (daily)
Test duration 32d

Test vessel 2-L plastic jars

Test volume 2L

Test replicates

4 replicates per treatment

No. of organisms

30 per replicate

Dilution water

Low hardness test: dechlorinated municipal water

(11 to 12 mg/L as CaCO3)

High hardness test: moderately hard reconstituted water
(98 to 100 mg/L as CaCO3)

Test temperature 14 +£1°C

Feeding None

Photoperiod 24 hours dark

Aeration Gentle aeration throughout test

Test protocol

Environment Canada (1998)

Test endpoints

Survival and normal development

Test acceptability criterion for controls 65% normal surviving fry

Reference toxicant Sodium dodecyl sulphate (7 d embryo exposure)

d= days; L= litres; mg/L= milligrams per litre; CaCO3= calcium carbonate; °C= degrees Celsius; %= percent

These procedural differences were implemented to provide consistency with the standard Environment
Canada (1998) test proto col. They were con sidered minor a nd not be an ticipated to result in any
difference in sensitivity between the tests. If anything, the use of a slightly higher test temperature and
longer test duration would have been expected to result in lower (more sensitive) test e ndpoints than
those reported by Birge and colleagues but this was not the case.

Results of the toxicity tests performed at two different water hardness concentrations are summarized in
Table 2 (very soft water) and Table 3 (moderately hard water). Control performance was acceptable for
both tests, a nd results were corrected for mean control responses. The e ndpoints measured were
survival to hatching, and normal development of surviving fry. There was very little difference between
these two endpoints, as almost all of the surviving fish developed normally. Because of small differences
in the con centration-response patterns for e ach test endpoint, the point e stimates for survival were
slightly lower than those for normal development and were therefore given priority for the CEB
determination.

Rainbow Trout were more sensitive to strontium in very soft water, when exposed at the embryo-larval
stage. In the test with very soft water, the survival endpoints were an LC10 of 75,200 ug/L, an LC20 of
98,500 pg/L, and an LC50 of >157,500 ug/L. In contrast, the corresponding survival endpoints for the test
performed with moderately hard water were all >151,100 pg/L. These point estimates were more than
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1,000 times higher than those reported by Birge (1978) and Birge et al. (1980), but were similar to the
results reported by Pacholski (2009) for a 21-d te st with Rainbow Trout fry. The LC1 0 of 75,200 pg/L in
very soft water was used for the CEB determination; this was a conservative approach because Snap
Lake water has a higher hardness.

Table 2 Results of the Nautilus (2013) Rainbow Trout Early Life Stage Test Using Strontium
in Very Soft Water

Normally Developed
Strontium Concentration (ug/L) Survival to Hatch (%) Surviving Fry (%)

Nominal Measured Mean + SD Mean + SD

Control 16 722+125 70.6 £12.7

5,000 4,700 71.3+12.0 68.7 £ 15.0

10,000 10,300 74.8£9.7 67.2+7.2

20,000 20,800 742+55 71.6+6.5

40,000 42,400 76.7 £ 10.5 75.0+11.4

80,000 79,900 63.8+6.3 61.4+3.6

160,000 157,500 398+24 38.9+23

boint Estimat EC50 >157,500 >157,500
(uog';]L mz;:‘uareej s EC20 98,500 101,400

EC10 75,200 77,800

pg/L= milligrams per litre; %= percent; EC= effective concentration; > = greater than; SD = standard deviation

Table 3 Results of Nautilus (2013) Rainbow Trout Early Life Stage Test Using Strontium in
Moderately Hard Water
Normally Developed
Strontium Concentration (ug/L) Survival to Hatch (%) Surviving Fry (%)

Nominal Measured Mean + SD Mean + SD

Control 163 83.9+11.3 81.3+13.3

5,000 4,000 67.4 + 6.6 63.2+7.0

10,000 10,700 79.4 4.7 74.5+6.2

20,000 20,100 78672 72.5+8.3

40,000 39,500 76.6 + 3.6 76.6 + 3.6

80,000 78,400 76.5+7.2 72.0+8.3

160,000 151,100 79.0 £ 4.6 72.8+4.9

boint Estimat EC50 >151,100 >151,100
(u‘;'/nL mse;';uar:j s EC20 >151,100 >151,100
EC10 >151,100 >151,100

pg/L= milligrams per litre; %= percent; EC= effective concentration; > = greater than; SD = standard deviation

5.2 Hyalella azteca Survival and Growth Test

Nautilus (2012) conducted a toxicity te st with the amphipod, Hyalella azteca, to obtain more clearly
defined point estimates than those reported by Borgmann et al. (2005). Whereas Borgmann et al. (2005)
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conducted 7-d tests with survival as the only test endpoint, this additional testing was conducted using a
14-d test duration in order to measure effects on both survival and growth (Environment Canada 1997).
The amphipods were exposed to strontium-spiked test solutions in test containers with a clean sediment
substrate. Test conditions are summarized in Table 4, and additional details are provided in the Nautilus
laboratory report (Appendix C).

Results of the toxicity test are summarized in Table 5. Control performance was acceptable, and results
were corrected for mea n control re sponses. The endpoints measured were survival and gro wth
(dry weight). For survival, the LC50 was 176,800 pg/L. For growth, the IC10 was 31,200 ug/L and the
IC20 was 4 3,000 ug/L. These point estimates were at least an o rder of magnitude higher than those
previously reported by Borgmann et al. (2005). The IC10 of 31,200 ug/L was included for the CE B
determination.

Table 4 Summary of Test Conditions for the Nautilus (2012) Hyalella azteca Toxicity Test
with Strontium
Parameter Test Condition
Test organism Amphipod (Hyalella azteca)
Test organism source Aquatic BioSystems, Fort Collins, CO, USA
Test organism age 7-8dold

Test type

Static-renewal (three times per week)

Test duration

14d

Test vessel

375 mL glass jars

Test treatment

100 mL control sediment; 175 mL overlying water

Test replicates

3 replicates per treatment

No. of organisms

10 per replicate

Test temperature

23+1°C

Dilution water

Moderately hard reconstituted water (80 to 100 mg/L as CaCO3), prepared as per
Environment Canada (1997)

Feeding 1.5 mL of yeast, cerophyl, trout chow (YCT) per replicate daily
Photoperiod 16 hours light/8 hours dark
Aeration Gentle aeration throughout test

Test protocol

Environment Canada (1997)

Test endpoints

Survival and biomass

Test acceptability criterion for controls Mean control survival of 280% and 20.1 mg/amphipod dw

Reference toxicant Sodium chloride (NaCl)

d= day; mL= millilitre; °C= degrees Celsius; mg/L = milligrams per litre; CaCOj3 = calcium carbonate; = = greater than or equal to;
% = percent; mg= milligram; dw= dry weight
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Table 5 Results of Nautilus (2012) 14-d Hyalella azteca Toxicity Test with Strontium
Strontium Concentration (ug/L) Survival (%) Biomass (mg/ind)
Nominal Measured Mean + SD Mean + SD
Control 56 1000 0.41+£0.03
30,000 30,100 1000 0.38 £ 0.05
60,000 61,200 100+ 0 0.25+0.05
120,000 125,000 100+ 0 0.13 £0.01
240,000 242,000 0 Not applicable
480,000 469,000 0 Not applicable
LC50 176,800 Not applicable
Point Estimates IC50 Not applicable 79,600
(mg/L measured Sr) IC20 Not applicable 43,000
IC10 Not applicable 31,200

d = day; LC= lethal concentration; IC= i nhibitory concentration; pg/L= micrograms per litre; %= pe rcent; SD = standard deviatio n;
mg/L= milligrams per litre
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6 PROPOSED CHRONIC EFFECTS BENCHMARK FOR
STRONTIUM
6.1 Overview of Benchmark Calculation Methodology

Toxicity test endpoi nts calculated from chronic studies were compiled using a sp ecies sensitivity
distribution (SSD) approach; no-effect and low-effect endpoints were given preference. When more than
one endpoint was available from a p articular study, only the most suitabl e endpoint was used in
accordance with the CCME (2007 ) ranking system. For exam ple, if bothan EC10a nd EC20 were
reported for an endpoint then the E C10 was sele cted, and if both lethal and sublethal effects we re
assessed then only the more sensitive sublethal endpoint was selected. If endpoints from multiple studies
were available for a particular species, then a species mean chronic value (SMCV) was calculated as the
geometric mean of the most suitable endpoint from each study. The geometric mean, as opposed to the
arithmetic mean, was used to minimize bias toward high test results. The resulting SMCV was used in the
SSD so that there was on ly one data entry for each available species. SMCVs were then ranked from
lowest to highest, and the percent of species affected was calculated using the following equation:

Percent Affected = (X—-0.5) /N

where X is the species rank, with 1 being the most sensitive species, and N is the total number of species
in the database. The correction factor of 0.5 was used (Hazen plotting position [Aldenberg et al. 2002]) to
create symmetry in cumulative probability (i.e., median ranked species willbe associated with 50%
affected) and to a cknowledge thatt he concentration affecting the highest ranked species isnot
necessarily associated with adverse effects to the entire aquatic community.

SigmaPlot software was used to fit the SMCV data to a curve for the SSD, using a logistic four-parameter
model. The CCME (2007) approach for WQG derivation is to use the intercept of the fifth (5th) percentile
of the SSD a s the WQG, with the inte nt that this hazardous concentration to 5% of species (HC5) will
provide protection to 95% of the aquatic species. This approach was adopted to determine the strontium
CEB for Snap Lake.

6.2 Calculation of Strontium Chronic Effects Benchmarks

Tests with three species were excluded from the CEB calculation: Goldfish (Birge 1978; Birge et al.
1979); Rainbow Trout (Birge 1978; Birge et al. 19 79); and, Hyalella azteca (Borgmann et al. 2005).
Goldfish are not found in Snap Lake, are not native to North America, and the tests by Birge and
colleagues produced results that overlap ped with background strontium concentrations (i.e., we re
questionable).

The tests conducted by Birge and colleagues with Rainbow Trout were not reproducible, also overlapped
background concentrations, and had previou sly been considered unreliable. These two studies by
Birge and colleagues also reported results for testing of a number of other metals, in addition to strontium.
A review of the US Environmental Protec tion Agency’s (USEPA) water quality ¢ riteria for aluminum,
arsenic, cadmium, chromium, copper, and selenium revealed that the corresponding data from these two
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studies were listed as ‘other data’ but were notincluded in the datasets used for criteria derivation;
no reason was given for this exclusion. Ecometrix (2011) stated: “There is evidence for other metals that
the Birge et al. tests are not reproducible...confidence in the trout result is low.” Thus, the more recent
data for Rainbow Trout were used instead in the CEB calculation.

The Hyalella azteca tests by Borgmann et al. (2 005), when redone using additional test concentrations
and an additional endpoint, provided less uncertain data for this amphipod. The study design and data
processing used by Borgmann et al. (2005) were such that clearly defined point estimates could not be
determined and the responses that were reported were likely overly conservative because they were not
corrected for potentially similar control responses. Ecometrix (2011) stated that these results, like the
results of th e studies by Birge and colleagues discussed above, were low outliers inth e literature.
In contrast, Nautilus (2012) reported that effects on Hyalella occurred at concentrations at least 30 times
higher than those reported by Borgmann et al. (20 05). These more recent data were used in the CEB
calculation.

Table 6 summarizes the endpoints that were used to generate the SSD for strontium, with the data from
the Birge (1978), Birge et al. (1980), and Borgmann et al. (2005) studies replaced by the Rainbow Trout
studies by Pach olski (2009) and Nautilus (2013), and the Hyalella azteca study by Nautilus (2012).
Data from 10 chronic studies with 12 species (representing 4 fish, 7 invertebrates, and 1 algal species)
were used for this calculation. Figure 6 shows the SSD curve for this dataset, and the associated HC5 of
14,130 pg/L.

The HC5 of 14,130 ug/L is a more realistic chronic threshold than the WQO for Snap Lake of 500 ug/L
calculated by Ecometrix (2 011) using the geometric mean of the unreliable (as demonstrated in repeat
testing) Birge et al. (1980) and Borgmann et al. (2005) studies. This chronic threshold of 14,130 ug/L is
also conservative when considered relative to the endpoints used to generate it. The six lo west SMCVs
used to gen erate this chronic threshold ranged from approximately 16,000 to 71,000 ug/L and we re
calculated from point estimates that repre sented effect levels b etween 10 and 20%, with the majority
being 10% effect levels.

The above chronic threshold of 14,130 ug/L is lower than the chronic threshold adopted for strontium by
the US states of Michigan and Ohi o (Hull 20 08; MDEQ 2008; Ohio EPA 2009) and s ubsequently
by Quebec (Chowdhury and Blust 2012): 21,000 ug/L.

A recent review of the homeostasis and toxicology of strontium (Chowdhury and Blust 2012) found that
“Sr in the environment is not generally considered a concern to aquatic organisms. The only known case
is the Kola region of Russia, where many lakes are heavily co ntaminated with Sr from n earby metal
mines, and the fish living in the lakes are characterized by high concentrations of tissue Sr in association
with skeletal abnormalities (Moiseenko and Kudryavtseva 2001).” Asi s apparent from Figure 5,
large-bodied fish in Snap Lake have lower strontium tissue concentrations than reference lakes despite
increasing strontium concentrations in the waters of Snap Lake (Figure 2). However, the opposite was
true for a small-bodied fish, Lake Chub.
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Calcium and strontium share many common pathways; strontium uptake and toxicity decrease as calcium
concentrations increase (Blust 2011; Chowdhury and Blust 2012). This was evident in the results reported
by Nautilus (2013) for Rainbow Trout ELS tests at two different water hardness concentrations; strontium
was less toxic at the higher hardness. Calcium concentrations, as a major component of total dissolved
solids (TDS), are increasing in Snap L ake. Thus, it is co nsidered unlikely that there is an imminent or
future hazard to aquatic life in Snap Lake from strontium toxicity.

Table 6 Chronic Toxicity Data Used to Generate Species Sensitivity Distribution for
Strontium
Strontium Species Mean
Common Concentration | Chronic Value Percent
Citation Test Species Name Endpoint (ug/L) (ng/L) Rank | Affected
Pacholski (2009); . . .
HydroQual (2009, 2013) Ceriodaphnia dubia |water flea IC2 11,160
Cook (2008) od 1 15,993 1 4%
00 as cited in . . .
Hull (2008); Cook (2013) Ceriodaphnia dubia |water flea IC4o 22,920
Nautilus (2012) Hyalella azteca amphipod IC10 30,240 30,240 2 13%
Pacholski (2009); .
HydroQual (2009, 2013) Daphnia magna water flea IC10 23,000
Bios ] 31,081 3 21%
iesinger an .
Christensen (1972) Daphnia magna water flea EC+s 42,000
Pacholski (2009); Pseudokirchneriella o
HydroQual (2009, 2013) | subcapitata green algae IC1o 36,000 36,000 4 29%
Cook (2008) as cited in |Pimephales Fathead Ic 17 420
Hull (2008); Cook (2013) | promelas Minnow 20 ’
- 67,686 5 38%
Pacholski (2009); Pimephales Fathead Ic 263000
HydroQual (2009, 2013) |promelas Minnow 10 ’
Pacholski (2009); Oncorhynchus .
HydroQual (2009, 2013) | mykiss Rainbow Trout | - LC1o 67,000
- 70,982 6 46%
Nautilus (2013) Oncorhynchus Rainbow Trout LCo 75,200
mykiss
Boutet and Austropotamobius |white-clawed o
Chaisemartin (1973) pallipes pallipes crayfish LCso 390,000 390,000 7 54%
Suzuki (1959) Culex pipiens mosquito ECso 553,000 553,000 8 63%
paliens
Boutet and . spinycheek o
Chaisemartin (1973) Orconectes limosus crayfish LCso 860,000 860,000 9 1%
Gasterosteus Threespine o
Jones (1939) aculeatus L. Stickleback LTso 1,200,000 1,200,000 10 79%
Schroder et al. (1994) Oncorhynchus keta | Chum Salmon NOEC 1,200,000
3,286,335 11 88%
Schroder et al. (1994) Oncorhynchus keta | Chum Salmon LCos 9,000,000
Jones (1940) Polycelis nigra planarian LTso 3,500,000
4,806,246 12 96%
Jones (1940) Polycelis nigra planarian LTso 6,600,000

pg/L- micrograms per litre; %=percent; IC= inhibitory concentration; EC= effective concentration; LC= lethal concentration; NOEC =
no observed effect concentration
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Figure 6 Species Sensitivity Distribution for Strontium

pg/L= micrograms per litre; % = percent; HC5 = hazardous concentration to 5% of species; Sr = strontium.
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Appendix A.

Acute and Chronic Toxicity Data for Strontium

_ ] _ _ _ _ . Hardness (mg/L Conductivity/ . Biological . Strontium Included/ o

Endpoint Type" [Trophic Group Test Species Common Name Life Stage Chemical Species pH Caco,) Alkalinity Duration Measurement Endpoint Concentration Excluded for Citation
(ug/L) SSD

Acute Toxicity Data
acute Fish Gasterosteus aculeatus L. ;:Li?jg;’;i juveniles (3-5 cm) SKNOy), 6.0-6.8 NR NR 2d survival LTs 6,500,000 excluded  |Jones (1939)
acute Fish Lepomis macrochirus Bluegill Sunfish NR SrCl, NR NR NR 4d survival LCso 6,316,556 excluded ESE (2000) as cited in Hull (2008)
acute Fish Morone saxatilis Striped Bass juveniles SrCl, - 6H,0 8.12 4,430 36 r;‘;“g‘;s/f_cm ! 44 survival LCso >92,800 excluded  |Dwyer et al (1992)
acute Fish Oncorhynchus mykiss Rainbow Trout juveniles SrCl, NR 82 NR 4d survival LCso 2,348,110 excluded Harding ESE (2001) as cited in Hull (2008)
acute Fish Oncorhynchus nerka Sockeye Salmon emergent fry SrCl, - 6H,0 NR NR NR 24 h survival / stress NOEC 3,000,000 excluded Oxman et al (2004)
acute Fish Pimephales promelas Fathead Minnow 10d old srCl, NR 100-616 NR 4d survival LCso 144,610 excluded ((;%‘;252008) as cited in Hull (2008); Cook
acute Fish Pimephales promelas Fathead Minnow NR SrCl, NR 82 NR 4d immobilization ECs 140,180 excluded Owusu-Yaw (1998) as cited in Hull (2008)
acute Fish Pimephales promelas Fathead Minnow NR Sr(NO3), NR 100 NR 4d survival LCso 228,470 excluded SFALBL (1998) as cited in Hull (2008)
acute Invertebrate Austropotamobius pallipes pallipes white-clawed crayfish 19-32 mm SrCrO,4 7 NR NR 4d survival LCso 440,000 excluded Boutet and Chaisemartin (1973)
acute Invertebrate Caenorhabditis elegans nematode young adult (3 to 4 d old) Sr(NO3), NR NR NR 4d survival LCso 465,000 excluded Williams and Dusenbury (1990)
acute Invertebrate Caenorhabdituis elegans nematode adult Sr(NO3), NR NR NR 24 h survival LCso 15,000,000 excluded Tatara (1998)
acute Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl, NR 100-616 NR 48 survival LCso 96,030 excluded ((;%‘1252008) as cited in Hull (2008); Cook
acute Invertebrate Chironomus tentans midge NR SrCl, NR NR NR 48 h survival LCso 424,456 excluded ESE (2000) as cited in Hull (2008)
acute Invertebrate Culex pipiens paliens mosquito fourth stage SrCl, - 6H,0 NR NR NR 8.2d survival LCso 5,530,000 excluded Suzuki (1959)
acute Invertebrate Cyclops abyssorum prealpinus copepod adult (0.62 mm) SrCl, - 6H,0 7.2 NR 75 pS /0.58 meq/L 48 h survival LCso 300,000 excluded Baudouin and Scoppa (1974)
acute Invertebrate Daphnia hyalina water flea adult (1.27 mm) SrCl, - 6H,0 7.2 NR 75 pS /0.58 meq/L 48 h survival LCso 75,000 excluded Baudouin and Scoppa (1974)
acute Invertebrate Daphnia magna water flea <24 h old SrCl, 7.7 45.3 NR/42.3 mg/L 48 h survival LCso 125,000 excluded Biesinger and Christensen (1972)
acute Invertebrate Daphnia magna water flea <24 hr old SrCl, - 6H,0 several several several 48 h immobilization ECso <2,300 excluded Dwyer et al (1992)
acute Invertebrate Daphnia magna water flea NR SrCl, 72-78 235 -260 NR /390-415 mg/L 48 h immobilization ECso 94,000 excluded Khangarot and Ray (1989)
acute Invertebrate Daphnia magna water flea NR SrCl, NR 150 NR 4d immobilization ECs 227,070 excluded Owusu-Yaw (1998) as cited in Hull (2008)
acute Invertebrate Daphnia magna water flea NR Sr(NO3), NR 100 NR 4d survival LCso 140,770 excluded SFALBL (1998) as cited in Hull (2008)
acute Invertebrate Dugesia tigrina brown planarian NR SrCl,- 6H,0 7.8-82 84 -870 NR 4d survival LCso 129,550 excluded Hull (2008)
acute Invertebrate Dugesia tigrina brown planarian NR SrCl,- 6H,0 7.8-82 84 -870 NR 4d survival LC1o00 239,100 excluded Hull (2008)
acute Invertebrate Dugesia tigrina brown planarian NR SrCl,- 6H,0 7.8-82 84 -870 NR 4d survival LCy 86,080 excluded Hull (2008)
acute Invertebrate Dugesia tigrina brown planarian NR SrCl, - 6H,0 78-82 84 - 870 NR 4d survival MATC 111,180 excluded Hull (2008)
acute Invertebrate Eudiaptmous padanus padanus copepod adult (0.43 mm) SrCl, - 6H,0 7.2 NR 75 pS /0.58 meg/L 48 h survival LCso 180,000 excluded Baudouin and Scoppa (1974)
acute Invertebrate Hyalella azteca amphipod NR SrCl, NR NR NR 48 h survival LCso 198,011 excluded ESE (2000) as cited in Hull (2008)
acute Invertebrate Hyalella azteca amphipod juveniles SrCl, NR 80-100 NR 4d survival LCso 396,000 excluded Lee et al (2012)
acute Invertebrate Orconectes limosus spinycheek crayfish 19-32 mm SrCrO,4 7 NR NR 4d survival LCso 910,000 excluded Boutet and Chaisemartin (1973)
acute Invertebrate Physa integra snail NR SrCl, NR NR NR 4d survival LCso 537,504 excluded ESE (2000) as cited in Hull (2008)
acute Invertebrate Tubifex tubifex annelid mixed age SrCl, - 6H,0 7.6 245 NR /400 mg/L 4d immobilization ECs 240,800 excluded Khangarot (1991)




Appendix A. Acute and Chronic Toxicity Data for Strontium

Hardness (mg/L Conductivity/ Biological Strontium Included/
Endpoint Type® |Trophic Group Test Species Common Name Life Stage Chemical Species pH . Y Duration 9 Endpoint Concentration Excluded for Citation
CaCO0,) Alkalinity Measurement
(ug/L) SSD
Chronic Toxicity Data
chronic Fish Carassius auratus Goldfish eggs SrCl, 74 195 NR 7d survival LCo4 45.3 excluded Birge (1978); Birge et al (1979)
chronic Fish Carassius auratus Goldfish eggs SrCl, 74 195 NR 7d survival LCso 8,580 excluded Birge (1978); Birge et al (1979)
chronic Fish Carassius auratus Goldfish eggs SrCl, 74 195 NR 7d survival MATC 623 included Birge (1978); Birge et al (1979)
. . Threespine . . ] .
chronic Fish Gasterosteus aculeatus L. Stickleback juveniles (3-5 cm) Sr(NO3), 6.0-6.8 NR NR 10d survival LTso 1,200,000 included Jones (1939)
subchronic Fish Oncorhynchus keta Chum Salmon emergent fry SrCl, 7.7 38-57 NR 35d* survival LCos 9,000,000 included Schroder et al. (1994)
subchronic Fish Oncorhynchus keta Chum Salmon emergent fry SrCl, 7.7 38-57 NR 35d* survival NOEC 1,200,000 included Schroder et al. (1994)
chronic Fish Oncorhynchus mykiss Rainbow Trout eggs SrCl, 74 104 NR 28d survival LCo4 6 excluded Birge (1978); Birge et al (1979)
chronic Fish Oncorhynchus mykiss Rainbow Trout eggs SrCl, 74 104 NR 28d survival LCso 200 excluded Birge (1978); Birge et al (1979)
chronic Fish Oncorhynchus mykiss Rainbow Trout eggs SrCl, 74 104 NR 28d survival MATC 35 included Birge (1978); Birge et al (1979)
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 69-7.8 92-110 NR 28d survival LCo4 13 excluded Birge et al (1980); Birge et al (1981)
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 69-7.8 92-110 NR 28d survival LCio 49 included Birge et al (1980); Birge et al (1981)
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 69-7.8 92-110 NR 28d survival LCso 250 excluded Birge et al (1980); Birge et al (1981)
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval Srcl, 6.5-7.3 Soft (11 - 12) 31-54 1S/ 324 normal EC1o 77,800 excluded  |Nautilus (2013)
7-11 mg/L development
. . . . 31-54 uS/ normal .
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 6.5-7.3 Soft (11 - 12) 32d ECy 101,400 excluded Nautilus (2013)
7-11 mg/L development
. . . . 31-54 uS/ normal .
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 6.5-7.3 Soft (11 - 12) 32d ECs >157,500 excluded Nautilus (2013)
7-11 mg/L development
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 6.5-7.3 Soft (11 -12) :;154;;/'_/ 32d survival LC1o 75,200 included Nautilus (2013)
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 6.5-7.3 Soft (11 -12) :;154;95”_/ 32d survival LCy 98,500 excluded Nautilus (2013)
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 6.5-7.3 Soft (11 - 12) :;154;95”_/ 32d survival LCso >157,500 excluded Nautilus (2013)
. . . . Moderately hard 299-348 uS / normal .
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 7.5-7.9 (80 - 100) 58-64 mg/L 32d development ECyo 3,048 excluded Nautilus (2013)
. . . . Moderately hard 299-348 uS / normal .
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 7.5-7.9 (80 - 100) 58-64 mg/L 32d development ECy >151,100 excluded Nautilus (2013)
. . . . Moderately hard 299-348 uS / . .
chronic Fish Oncorhynchus mykiss Rainbow Trout embryo-larval SrCl, 7.5-7.9 (80 - 100) 58-64 mg/lL 32d survival LC1o >151,100 excluded Nautilus (2013)
chronic Fish Oncorhynchus mykiss Rainbow Trout fry (0.5 g wet wt) SrCl, - 6H,0 7.7 NR 432 pS/lcm / NR 21d survival LCyo 67,000 included Pacholski (2009); HydroQual (2009, 2013)
chronic Fish Oncorhynchus mykiss Rainbow Trout fry (0.5 g wet wt) SrCl, - 6H,0 7.7 NR 432 pS/lcm / NR 21d survival LCy 110,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Fish Oncorhynchus mykiss Rainbow Trout fry (0.5 g wet wt) SrCl, - 6H,0 7.7 NR 432 pS/cm / NR 21d survival LCso 286,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl, NR 100 - 348 NR 7d growth ICo <13,440 excluded ((;%‘1252008) as cited in Hull (2008); Cook
chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl, NR 100 - 348 NR 7d growth ICa0 17,420 included ((;%‘1252008) as cited in Hull (2008); Cook
chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl, NR 100 - 348 NR 7d survival LCzo >02,870 excluded ((;%‘1252008) as cited in Hull (2008); Cook
chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl, NR 100 - 348 NR 7d survival LCso >02,870 excluded ((;%‘1252008) as cited in Hull (2008); Cook
chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl, - 6H,0 7.3 199 4:;31?/;;: ! 7d growth ICyo 263,000 included Pacholski (2009); HydroQual (2009, 2013)
chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl, - 6H,0 7.3 199 4:;31?/;;: ! 7d growth I1Cy 304,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl, - 6H,0 7.3 199 4:;31?/;;: ! 7d survival LCyo 255,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl, - 6H,0 7.3 199 4:;31?/;;: ! 7d survival LCy 276,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Fish Pimephales promelas Fathead Minnow <24 h old SrCl, - 6H,0 7.3 199 4:;31?/;;: ! 7d survival LCso 354,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Austropotamobius pallipes pallipes white-clawed crayfish 19-32 mm SrCrO,4 7 NR NR 30d survival LCso 390,000 included Boutet and Chaisemartin (1973)
chronic Invertebrate Ceriodaphnia dubia water flea <24 h old srcl, NR 100 - 348 NR 6d reproduction IC1o 22,920 included | C0°K (2008) as cited in Hull (2008); Cook

(2013)




Appendix A.

Acute and Chronic Toxicity Data for Strontium

_ ] _ _ _ _ . Hardness (mg/L Conductivity/ . Biological . Strontium Included/ o
Endpoint Type" [Trophic Group Test Species Common Name Life Stage Chemical Species pH Caco,) Alkalinity Duration Measurement Endpoint Con((:sg/t[?non Excl;geDd for Citation
chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl, NR 100 - 348 NR 6d reproduction 1Cy0 33,610 excluded ((;%:2)(2008) as cited in Hull (2008); Cook
chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl, NR 100 - 348 NR 6d survival LCso 92,870 excluded ((;%‘1252008) as cited in Hull (2008); Cook
chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl, - 6H,0 8.2 149 41:;?;;2 ! 6d reproduction ICyo 2,866 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl, - 6H,0 8.2 149 41:;?;;2 ! 6d reproduction I1Cy 11,160 included Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl, - 6H,0 8.2 149 41:;?;;2 ! 6d survival LCyo 137,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Ceriodaphnia dubia water flea <24 hold SrCl, - 6H,0 8.2 149 41:;?;;2 ! 6d survival LCy 149,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Ceriodaphnia dubia water flea <24 h old SrCl, - 6H,0 8.2 149 41:;?;;2 ! 6d survival LCso 206,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Culex pipiens paliens mosquito fourth stage SrCl, - 6H,0 NR NR NR 6.9d emergence ECs 553,000 included Suzuki (1959)
chronic Invertebrate Culex pipiens paliens mosquito fourth stage SrCl, - 6H,0 NR NR NR 4.1d pupation ECs 5,530 excluded Suzuki (1959)
chronic Invertebrate Daphnia magna water flea <24 hr old SrCl, 7.7 45.3 NR/42.3 mg/L 21d reproduction ECis 42,000 included Biesinger and Christensen (1972)
chronic Invertebrate Daphnia magna water flea <24 hr old SrCl, 7.7 45.3 NR/42.3 mg/L 21d reproduction ECso 60,000 excluded Biesinger and Christensen (1972)
chronic Invertebrate Daphnia magna water flea <24 hr old SrCl, 7.7 45.3 NR/42.3 mg/L 21d survival LCso 86,000 excluded Biesinger and Christensen (1972)
chronic Invertebrate Daphnia magna water flea <24 hr old SrCl, 7.7 45.3 NR/42.3 mg/L 21d growth I1Cy4 99,900 excluded Biesinger and Christensen (1972)
chronic Invertebrate Daphnia magna water flea <24 h old SrCl, - 6H,0 7.8 139-171 380 pS/cm / NR 21d reproduction ICyo 23,000 included Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Daphnia magna water flea <24 h old SrCl, - 6H,0 7.8 139-171 380 pS/cm / NR 21d reproduction I1Cy 35,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Daphnia magna water flea <24 h old SrCl, - 6H,0 7.8 139-171 380 pS/cm / NR 21d survival LCyo 72,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Daphnia magna water flea <24 h old SrCl, - 6H,0 7.8 139-171 380 pS/cm / NR 21d survival LCy 86,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Daphnia magna water flea <24 h old SrCl, - 6H,0 7.8 139-171 380 pS/cm / NR 21d survival LCso 122,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Invertebrate Hyalella azteca amphipod juveniles Sr atom;;uily)sd?;zt(i)?vnezt)andards 74 18 46 uS / 14 mg/L 7d survival LCys 315 included Borgmann et al (2005)
chronic Invertebrate Hyalella azteca amphipod juveniles Sr atmm‘y’Z‘?g;g‘l’v"ezt)a”dards 74 18 46 yS / 14 mgiL 7d survival LCys 1000 included  |Borgmann et al (2005)
chronic Invertebrate Hyalella azteca amphipod juveniles Sr atom;;uily)sd?;zt(i)?vnezt)andards 74 18 46 uS /14 mg/L 7d survival LCso >1000 excluded Borgmann et al (2005)
chronic Invertebrate Hyalella azteca amphipod juveniles Sr atomz?uily)sd?;zt(i)?vnezt)andards 8.4 124 311 uS/ 84 mg/L 7d survival LCo7 1000 included Borgmann et al (2005)
chronic Invertebrate Hyalella azteca amphipod juveniles Sr atom;;uily)sd?;zt(i)?vnezt)andards 8.4 124 311 uS/ 84 mg/L 7d survival LCso >3150 excluded Borgmann et al (2005)
chronic Invertebrate Hyalella azteca amphipod 7-8 d old SrCl, 7.6-8.2 100 342;?:;,? ! 14d growth ICqo 30,240 included Nautilus (2012)
chronic Invertebrate Hyalella azteca amphipod 7-8 d old SrCl, 7.6-8.2 100 342;?:;,? ! 14d growth 1C5 43,150 excluded Nautilus (2012)
chronic Invertebrate Hyalella azteca amphipod 7-8 d old SrCl, 7.6-8.2 100 342;?:;,? ! 14d growth I1Cs 79,240 excluded Nautilus (2012)
chronic Invertebrate Hyalella azteca amphipod 7-8 d old SrCl, 7.6-8.2 100 342;?:;,? ! 14d survival LCso 176,800 excluded Nautilus (2012)
chronic Invertebrate Orconectes limosus spinycheek crayfish 19-32 mm SrCrO,4 7 NR NR 30d survival LCso 860,000 included Boutet and Chaisemartin (1973)
subchronic Invertebrate Polycelis nigra planarian NR SrCl, 6.6 NR NR 48 h survival LTso 6,600,000 included Jones 1940
subchronic Invertebrate Polycelis nigra planarian NR Sr(NO3), 6.6 NR NR 48 h survival LTso 3,500,000 included Jones 1940
chronic Algae / Plants Pseudokirchneriella subcapitata green algae 7 d old culture SrCl, - 6H,0 6.5 NR NR 3d growth ICyo 36,000 included Pacholski (2009); HydroQual (2009, 2013)
chronic Algae / Plants Pseudokirchneriella subcapitata green algae 7 d old culture SrCl, - 6H,0 6.5 NR NR 3d growth ICy 47,000 excluded Pacholski (2009); HydroQual (2009, 2013)
chronic Amphibian Gastrophryne carolinensis narrow-mouthed toad eggs SrCl, 74 195 NR 7d survival LCos 2.4 excluded Birge (1978); Birge et al (1979)
chronic Amphibian Gastrophryne carolinensis narrow-mouthed toad eggs SrCl, 74 195 NR 7d survival LCso 160 excluded Birge (1978); Birge et al (1979)
chronic Amphibian Gastrophryne carolinensis narrow-mouthed toad eggs SrCl, 74 195 NR 7d survival MATC 20 excluded Birge (1978); Birge et al (1979)

" Chronic tests based on CCME (2007) definition that chronic benchmarks in the aquatic ecosystem that are intended to protect all forms of aquatic life for indefinite exposure periods &7d exposures for fish and invertebrates, 224h exposures for aquatic plants and algae).

NR = No data reported
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1.0 INTRODUCTION

Strontium is an alkaline earth metal that occurs in the Periodic Table immediately above barium
and below calcium. This metal is highly reactive in water and typically occurs in aqueous
solution as a divalent cation (Sr2*) or as a hydroxide, Sr(OH)*. It occurs naturally in rocks,
either as the sulfate mineral celestite (SrSOs) or the carbonate strontianite (SrCOs) and is

released into the environment during coal and oil combustion.

There are currently no Canadian or USEPA water quality benchmarks for strontium. The
Indiana Department of Environmental Management has established a benchmark based on
limited data; a Secondary Acute Value (SAV) was calculated based on application of a 13-fold
safety factor to the lowest Genus Mean Acute Value, which was an LC50 of 123.8 mg/L for
Daphnia. The acute guideline was then calculated by dividing the SAV by two, and the chronic
guideline was calculated by dividing the SAV by 18, which was a generic acute-to-chronic ratio
for contaminants with no data, resulting in benchmarks of 4.8 mg/L for acute and 0.53 mg/L
for chronic exposures (Kallander 2001). The Michigan Department of Environmental Quality
has also developed water quality benchmarks for strontium (Hull 2008) by rejecting all of the
data available in the literature at the time, and relying on data from six unpublished studies.
The Final Acute Value was calculated as 81 mg/L, and acute and chronic benchmarks were
established as 40 and 21 mg/L, respectively. The chronic value was calculated on the basis of
an acute-to-chronic ratio of 3.83, which was the geometric mean of estimates for: 1) Ceriodaphnia

dubia; 2) fathead minnows; and, 3) a default acute-to-chronic ratio of 18.

In general, the available data for strontium have demonstrated that it exhibits a low degree of
toxicity to aquatic organisms. However, a small number of data are available that suggest that
it may, in fact, exhibit toxicity at concentrations lower than those associated with the
benchmarks promulgated by Indiana and Michigan. For example, Birge (1978) exposed SrCls to
rainbow trout (Oncorhynchus mykiss), goldfish (Carassius auratus), and the narrow-mouthed toad
(Gastrophryne carolinensis) from fertilization to 4 days post hatch for each species. The rainbow
trout and narrow-mouthed toad were similar in sensitivity, producing LC50s of 0.2 mg/L and
0.16 mg/L strontium, respectively. These effect levels represent the most sensitive data in the
available dataset, and both fall well below the Indiana and Michigan benchmarks. Goldfish
were less sensitive, with an LC50 of 8.58 mg/L, although even this value falls below the limit

for chronic exposure established by Michigan State.
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In a subsequent publication, Birge et al. (1980) reported similar results for development of
rainbow trout to four days post hatch, with an LC50 of 0.25 mg/L; an LC10 of 0.049 mg/L was
also reported in this subsequent publication. However, it appears likely that the data from
Birge (1978) and Birge et al. (1980) reflect the results of differing statistical analyses of the same

dataset, rather than being results from two discrete tests.

The toxicity tests performed in the present study were conducted to repeat the tests reported in
Birge (1978) and Birge et al. (1980), in order to establish whether those results were anomalous,
or whether rainbow trout are indeed relatively sensitive to strontium. The tests were conducted
under two water quality regimes: one with water hardness similar to that used by Birge and co-
authors (approximately 100 mg/L as CaCO:s); and, a second test in water with a lower hardness
(approximately 12 mg/L as CaCOs). Tests were conducted under two hardness regimes since it
was anticipated that sensitivity to strontium may change in response to calcium concentration
in the water because the proximity of these two elements on the periodic table suggests that
they might share similar properties that could result in interactions between them by

competitive exclusion at uptake sites on the gill.
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2.0 METHODS

The toxicity tests were conducted according to procedures summarized in Table 1, which are
based on Environment Canada (1998) test methods for embryo-alevin lifestages of rainbow

trout.

Eggs and milt were obtained from four female and three male fish from the Fraser Valley Trout
Hatchery (Abbotsford, BC). Milt was inspected under a microscope for motility following
mixing with water; milt with highly motile sperm was pooled and used for fertilization. The
eggs were pooled and fertilized in the absence of water. After allowing approximately 20

minutes for fertilization, the eggs were transferred to their test solutions.

The control waters used in the two tests were: 1) dechlorinated Metro Vancouver municipal
tapwater; and, 2) dechlorinated tapwater supplemented with salts to approximately 100 mg/L
hardness, according to the proportions outlined by USEPA for moderately hard water (USEPA
2002). Strontium was introduced to the test solutions as strontium chloride. Test solutions
were renewed daily with freshly-prepared solutions throughout exposure, at which point pH,
temperature, and dissolved oxygen were measured on both the 24-hr old and freshly prepared

solutions, and mortalities were recorded and removed.

The test was ended seven days following the time that 50% of the fish in the controls had
hatched, which resulted in a 32-day exposure. At the end of the test, percent surviving hatched

fish and survival of normally-developed fish were evaluated as test endpoints.

Subsamples of the test solutions were collected at the beginning and end of the test and
measured for strontium by ALS Environmental. Statistical analyses were conducted using

measured concentrations of strontium and using CETIS version 1.8 (Tidepool Software 2012).

The methods that were employed in these tests followed standardized procedures developed
for testing of early life stages of salmonids by Environment Canada (1998). They are considered
to be equivalent procedures to those used by Birge (1978), but have the following minor
differences, which are not expected to have had an effect on the relative sensitivity of the

procedures:

e the water renewal frequency employed here was every 24 h, compared with every 12 h;

e the number of eggs exposed per concentration was 120, compared with 150;
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e the exposure temperature was 14 + 1°C here, compared with 13 + 0.5°C; and,
o the test ended seven days after 50% of the control fish had hatched (32 day exposure

overall), compared with four days following hatch (28 day exposure overall).

These procedural differences are minor and would not be anticipated to result in any difference

in sensitivity between the tests.

Table 1. Summary of test conditions: rainbow trout embryo-alevin toxicity test.

Test organism
Test organism source
Test organism age
Test type

Test duration
Test vessel

Test volume

Test replicates
No. of organisms
Test temperature
Feeding
Photoperiod
Aeration

Test protocol

Test endpoints

Test acceptability criterion for controls
Reference Toxicant

Oncorhynchus mykiss

Fraser Valley Trout Hatchery
Fertilized eggs

Static-renewal (daily)

30 days

2-L plastic jars

2-L

4 replicates per treatment

30 per replicate

14 +£1°C

None

24 hours dark

Gentle aeration throughout test
Environment Canada (1998), EPS1/RM/28
Survival and normal development

65% normal surviving fry
Sodium dodecyl sulphate (SDS)
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3.0 RESULTS AND DISCUSSION

Copies of bench-sheets from the tests and printouts of statistical analyses are provided in

Appendix A. Results of analytical confirmations of test solutions are provided in Appendix B.

The results of toxicity tests using rainbow trout are provided in Tables 2 and 3 for very soft
water (measured as 11 to 12 mg/L as CaCOs) and moderately hard water (measured as 98 to
100 mg/L as CaCO:s), respectively. In very soft water, the EC10 and EC20 were 75.2 and 98.5
mg/L strontium; however, no adverse effects were observed in the test in moderately hard
water in any of the test solutions, resulting in point estimates of >151.1 mg/L strontium. Thus,

it appears that increasing water hardness does indeed reduce the toxicity of strontium.

The test conducted in moderately hard water produced results that are in stark contrast to those
reported under similar conditions by Birge (1978) and Birge et al. (1980), in which an effect on
50% of exposed test organisms was observed at 0.2 to 0.25 mg/L strontium. The results
presented by these authors have been questioned for other toxicants; for example, Davies et al.
(2005) reported no adverse effects on developing rainbow trout exposed to up to 400 mg/L
molybdenum, whereas Birge (1978) and Birge et al. (1980) reported LC50s of 0.73 and 0.78
mg/L, respectively, for this metal. Thus, it appears that the data presented by Birge (1978) and

Birge et al. (1980) are anomalous, and should not be relied upon.

The only other test reported in the literature involving exposure of salmonids to strontium was
conducted by Schroder et al. (1995), in which hatchery sockeye and chum fry were marked with
strontium prior to release. Exposure for 24 hours to concentrations as high as 1200 mg/L
strontium resulted in no significant mortality for up to 34 days following exposure, although
exposure to 9000 mg/L did induce mortalities. Although the short exposure complicates a
direct comparison, these results also indicate effect levels that were orders of magnitude higher
than those reported by Birge (1978).

31 QA/QC

Measured strontium concentrations were in good agreement with target concentrations, and
measurements conducted at the end of the test were similar to those measured at test initiation,

indicating that the exposure concentrations were consistent during exposure.
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The performance of the control exposures met acceptance criteria specified in the test method
and the water quality (pH, temperature, dissolved oxygen) remained within acceptable ranges

during the tests.
Results of reference toxicant (positive control) tests are provided in Table 4. The reference

toxicant test results fell within the range of historical data from the laboratory (mean + 2 SD),

indicating that the sensitivity of the test organisms was appropriate.
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Table 2. Results of the rainbow trout embryo-alevin test using strontium in very soft

water.
Concentration (mg/L) Survival to Normally developed
hatch (%) surviving fry (%)
Sr (nominal) Sr (measured)
Control 0.0 722+125 70.6 £12.7
5 47 71.3+12.0 68.7£15.0
10 10.3 748 £9.7 67.2+72
20 20.8 742+55 71.6 £6.5
40 424 76.7+£10.5 75.0+11.4
80 79.9 63.8+6.3 61.4+3.6
160 157.5 39.8+24 389+23
Point estimates EC50 >157.5 >157.5
(mg/L measured Sr) EC20 98.5 (55.1 - 120.2) 101.4 (49.2 - 124.4)
EC10 75.2 (29.1 - 98.7) 77.8 (23.5 -103.2)
Table 3. Results of the rainbow trout embryo-alevin test using strontium in moderately
hard water.
Concentration (mg/L) Survival to hatch (%) Normally developed
surviving fry (%)
Sr (nominal) Sr (measured)
Control 0.1 83.9+11.3 81.3+13.3
5 4.0 67.4+6.6 63.2+7.0
10 10.7 794+47 74.5+6.2
20 20.1 78.6+£7.2 725+83
40 39.5 76.6 £3.6 76.6 £3.6
80 78.4 76.5+72 72.0+£83
160 151.1 79.0£4.6 72.8£4.9
Point estimates EC50 >151.1 >151.1
(mg/L measured Sr) EC20 >151.1 >151.1

EC10 >151.1 >151.1
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Table 4. Reference toxicant test results for early life stage tests with rainbow trout.

Endpoint Date Toxicant Point Acceptable Range  CV
estimate
Embryo development 25 Oct 2012 SDS 42mg/L 1.9-94mg/L 49
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Rainbow Trout Embryo Summary Sheet

Client: Golder Start Date/Time: Oct 25, 2012 @ 1700h

Work Order No.: 12193 Test Species: Oncorhynchus mykiss

Sample Information:

Sample ID: Strontium in Dechlor Water
Sample Date: n/a
Date Received: n/a
Sample Volume: n/a

Dilution Water:

Type: Dechlorinated Tap Water
Hardness (mg/L CaCO3): 11-12
Alkalinity (mg/L CaCOs;): 7-11

Test Organism Information:

Batch No.: 102512
Source: Fraser Valley Trout Hatchery
Loading Density: n/a

SDS Reference Toxicant Results:

Reference Toxicant ID: RTE39

Stock Solution ID: 12802
Date Initiated: 25-Oct-12
7-d EC50 (95% CL): 2.3 (2.1 -2.5) mg/L SDS
Reference Toxicant Mean and Range: 4.2 (1.9 -9.4) mg/L SDS
Reference Toxicant CV (%): : 49
Test Results:
Survival Proportion normal
EC25 (mg/L) (95% CL) 109.2 (69.4 - 130.9) 112.1 (64.5 - 135.2)
EC50 (mg/L) (95% CL) >157.5 (n/a) >157.5 (n/a)
Reviewed by: T Date reviewed:  Jour U /13
< /

Issued: July 17, 2006; Ver. 1.0 Nautilus Environmental



CETIS Analytical Report

Report Date: 11 Jan-13 09:53 (p 1 of 2)

Test Code: 12193 | 18-5559-6750

Salmonid Embryo-Alevin Survival and Development Test Nautilus Environmental
Analysis ID:  11-2313-2282 Endpoint: Survival Rate CETIS Version: CETISv1.84
Analyzed: 11 Jan-13 9:52 Analysis: Linear Regression (MLE) Official Results: Yes
Batch ID: 14-5322-9195 Test Type: Survival-Development Analyst: Karen Lee
Start Date: 25 Oct-12 17:00 Protocol: EC/EPS 1/RM/28 Diluent: Dechlorinated Tap Water
Ending Date: 26 Nov-12 14:00 Species:  Oncorhynchus mykiss Brine:
Duration: 31d 21h Source:  Fraser Valley Trout Hatchery Age:
Sample ID:  02-2758-5265 Code: D90ACF1 Client: Golder
Sample Date: 25 Oct-12 17:00 Material:  Strontium Project:
Receive Date: 25 Oct-12 17:00 Source:  Golder
Sample Age: NA Station: Strontium in Dechior Water
Linear Regression Options )
Model Function Threshold Option Threshold Optimized Pooled Het Corr  Weighted
Log-Normal [NED=A+B*log(X)] Control Threshold 0.276423 Yes No No Yes
Regression Summary
ters LL AlCc BIC Mu Sigma Adj R2 F Stat Critical "P-Value Decision{a:5%)
16 -500.4 1008 1011 2.218 0.2672 0.612 0.2986 2.84 0.8755 Non-Significant Lack of Fit
Point Estimates
Level mg/L 95% LCL 95% UCL
EC5 60.09 17 84.93
EC10 75.15 29.1 98.74
EC15 87.38 41.65 109.8
EC20 98.51 55.05 120.2
EC25 109.2 69.4 130.9
EC40 1415 114.1 176.8
EC50 1653 138.6 2353
Regression Parameters
Parameter Estimate Std Error 95% LCL 95% UCL t Stat P-Value Decision(a:5%)
Threshold 0.261 0.01918 0.2235 . 0.2986 13.61 <0.0001  Significant Parameter
Slope 3.742 1.131 1.526 5.958 3.31 0.0028 Significant Parameter
Intercept -8.302 2412 -13.03 -3.574 -3.442 0.0020 Significant Parameter
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)
Model 49.67035 49.67035 1 44.58 <0.0001  Significant
Lack of Fit 1.499102 0.374776 4 0.2986 0.8755 Non-Significant
Pure Error 26.35535 1.255017 21
Residual 27.85445 1.114178 25
Residual Analysis
Attribute Method Test Stat Critical P-Value Decision{a:5%)
Goodness-of-Fit Pearson Chi-Sq GOF 27.85 37.65 0.3146 Non-Significant Heterogenity

Likelihood Ratio GOF - 284 37.65 0.2896 Non-Significant Heterogenity
Variances Bartlett Equality of Variance 8.282 12.59 0.2182 Equal Variances

Mod Levene Equality of Variance 0.7061 2.573 0.6482 Equal Variances
Distribution Shapiro-Wilk W Normality 0.9663 0.9264 0.4850 Normal Distribution

Anderson-Darling A2 Normality = 0.448 2.492 0.2835 Normal Distribution
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11 Jan-13 09:53 (p 2 of 2)

CETIS Analytical Report Report Date:

Test Code: 12193 { 18-5559-6750
Salmonid Embryo-Alevin Survival and Development Test Nautilus Environmental
Analysis ID:  11-2313-2282 Endpoint: Survival Rate CETIS Version: CETISv1.8.4
Analyzed: 11 Jan-13 9:52 Analysis: Linear Regression (MLE) Official Results: Yes
Survival Rate Summary Calculated Variate(A/B)
C-mg/L Control Type Count Mean Min Max StdErr StdDev CV% %Effect A B
0 Negative Control 4 0.7223 0.5667 0.871 0.0625 0.125 17.3% 0.0% 89 123
47 v 4 0.7133 0.5357 0.7931 0.05983 0.1197 16.78%  1.25% 83 116
103 4 0.7477 0.6333 0.8667 0.04843 0.09686 12.95% -3.52% 89 119
20.8 4 0.7421 0.6897 0.7931 0.02743 0.05485 7.3%% -2.74% 86 116
424 4 0.7667 0.6667 0.9 0.0527 0.1054 13.75%  6.14% 92 120
79.9 v 4 0.6382 0.5625 0.7 0.03126 0.06252 9.8% 11.64% 79 124
1575 v/ 4 0.3978 0.375 0.4231 0.0121 0.0242 6.08% 4493% 46 116
Survival Rate Detail
C-mg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Negative Control 0.7419 0.871 0.5667 0.7097
4.7 0.5357 0.7742 0.7931 0.75
10.3 0.7667 0.6333 0.7241 0.8667
20.8 0.7 0.7931 0.6897 0.7857
42.4 0.7 0.8 0.6667 0.9
79.9 0.7 0.5625 0.6129 0.6774
157.5 0.3793 0.4231 0.375 0.4138
Graphics Log-Normal [NED=A+B*log(X)]
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CETIS Analytical Report

Report Date:

11 Jan-13 09:54 (p 1 of 2)

Test Code: 12193 | 18-5559-6750

Salmonid Embryo-Alevin Survival and Development Test Nautilus Environmental
Analysis ID:  08-1069-4817 Endpoint: Proportion Normal CETIS Version: CETISv1.8.4
Analyzed: 11 Jan-13 9:52 Analysis: Linear Regression (MLE) Official Results: Yes
Batch ID: 14-5322-9195 Test Type: Survival-Development Analyst:  Karen Lee
Start Date: 25 Oct-12 17:00 Protocol: EC/EPS 1/RM/28 Diluent: Dechlorinated Tap Water
Ending Date: 26 Nov-12 14:00 Species:  Oncorhynchus mykiss Brine:
Duration: 31d 21h Source: Fraser Valley Trout Hatchery Age:
Sample ID:  02-2758-5265 Code: D9Y0ACF1 Client: Golder
Sample Date: 25 Oct-12 17:00 Material:  Strontium Project:
Receive Date: 25 Oct-12 17:00 Source: Golder
Sample Age: NA Station: Strontium in Dechlor Water
Linear Regression Options
Model Function Threshold Option  Threshold Optimized Pooled Het Corr Weighted
Log-Normal [NED=A+B*log(X)] Control Threshold 0.292683 Yes No No Yes
Regression Summary
Iters LL AlCc BIC Mu Sigma Adj R2 F Stat Critical P-Value Decision(a:5%)
22 -519.7 1046 1049 2.226 0.2613 0.5526 0.4323 2.84 0.7837 Non-Significant Lack of Fit
Point Estimates
Level mgiL 95% LCL 95% UCL
EC5 62.53 12.61 89.46
EC10 77.81 23.51 103.2
EC15 90.17 35.61 1141
EC20 1014 49.24 124.4
EC25 1121 64.46 135.2
EC40 1444 1141 185.5
EC50 168.2 140 258
Regression Parameters
Parameter Estimate Std Error 95% LCL 95% UCL tStat P-Value Decision(a:5%)
Threshold 0.294 0.01976  0.2553 0.3327 14.88 <0.0001  Significant Parameter
Slope 3.827 1.279 1.321 6.334 2.993 0.0061 Significant Parameter
intercept -8.519 2739 -13.89 -3.15 -3.11 0.0046 Significant Parameter
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)
Model 41.22927 41.22927 1 35.35 <0.0001  Significant
Lack of Fit 2.218082 0.554521 4 0.4323 0.7837 Non-Significant
Pure Error 26.93838 1.28278 21
Residual 29.15647 1.166259 25
Residual Analysis
Attribute Method Test Stat Critical P-Value Decision(a:5%)
Goodness-of-Fit Pearson Chi-Sq GOF 29.16 37.65 0.2574 Non-Significant Heterogenity

Likelihood Ratio GOF 29.65 37.65 0.2377 Non-Significant Heterogenity
Variances Bartlett Equality of Variance 11.81 12.59 0.0663 Equal Variances

Mod Levene Equality of Variance 0.8354 2.573 0.5563 Equal Variances
Distribution Shapiro-Wilk W Normality 0.9552 0.9264 0.2663 Normal Distribution

Anderson-Darling A2 Normality  0.6369 2.492 0.0973 Normal Distribution
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CETIS Analytical Report | Report Date: 11 Jan-13 09:54 (p 2 of 2)

Test Code: 12193 | 18-5559-6750
Salmonid Embryo-Alevin Survival and Development Test . Nautilus Environmental
Analysis ID:  08-1069-4817 Endpoint: Proportion Normal CETIS Version: CETISv1.84
Analyzed: 11 Jan-13 9:52 Analysis: Linear Regression (MLE) Official Results: Yes
Proportion Normal Summary Calculated Variate(A/B)
C-mg/L Control Type Count Mean Min Max StdErr StdDev CV% %Effect A B
0 Negative Control 4 0.7059 0.5333 0.8387 0.06372 0.1274 18.05%  0.0% 87 123
47 4 0.6873 0.4643 0.7931 0.07519 0.1504 21.88% 2.63% 80 116
10.3 4 0.6718 0.6 0.7333 0.03575 0.07151 10.64% 4.83% 80 119
20.8 4 0.7165 0.6552 0.7857 0.03267 0.06534 9.12% -1.51% 83 116
424 4 0.75 0.6333 0.9 0.05693 0.1139 15.18%  -6.25% 90 120
79.9 4 0.6135 0.5625 0.6452 0.01825 0.0365 5.95% 13.1% 76 124
157.5 4 0.3892 0.375 0.4231 0.01135 0.02269 5.83% 4487% 45 116

Proportion Normal Detail
C-mg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4

0 Negative Control 0.7419 0.8387 0.5333 0.7097

47 0.4643 0.7419 0.7931 0.75

10.3 0.7333 0.6 0.6207 0.7333

20.8 0.6667 0.7586 0.6552 0.7857

424 0.7 0.7667 0.6333 0.9

79.9 0.6333 0.5625 0.6129 0.6452

157.5 0.3793 0.4231 0.375 0.3793

Graphics Log-Normal [NED=A+B*log(X)]
69 @
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Rainbow Trout Embryo-Alevin Toxicity Test

Client: Golder ‘ Test Date:October 25, 2012
WO: 12193
Weekly Mortality Counts Total Dead  Total Abnormal Alevins Total Normal Alevins " Total Number Exposed
Test Conc. Rep 1 2 3 4 5 o
Control-Dechlor 1 1 1 1 2 3 8 v 0 23 31V
2 1 0 0 1 2 4 v 1 26 31v
3 3 2 0 4 a4 13 v 1 16 30Y
4 1 1 0 6 1 9 v 0 22 v
5 1 2 0 0 8 3 13 v 2 13 287
2 1 1 0 3 2 7 Vv 1 23 31V
3 1 0 0 4 1 6 v 0 23 29
4 1 2 0 0 4 7 v 0 21 28 v
10 1 1 1 0 2 3 7 v 1 22 30 v
2 1 0 2 1 7 11 v 1 18 Vv
3 3 1 0 4 0 g8 v 3 18 29 ~
4 0 0 0 3 1 4 v 4 22 30 v
20 1 2 2 2 1 2 9 v 1 20 30 v
2 0 0 0 2 4 6 v 1 22 29
3 1 1 0 3 4 9 v 1 19 29
4 1 0 1 4 0 6 v 0 22 28 v
40 1 1 0 0 2 6 9 v 0 21 30
2 1 0 0 5 o| 6 v 1 23 E L
3 2 1 1 5 1 10 v 1 19 ' 30 v
4 0 0 0 1 2 3 v 0 27 30
80 1 4 0 1 2 2 9V 2 19 30
2 3 1 1 5 4 14 0 18 32,
3 2 0 1 5 4 12 v 0 19 31y
4 5 0 0 1 4 10 v 1 20 31
160 1 5 0 0 5 8 18 v/ 0 11 29 v
2 5 0 0 5 5 15 0 11 26, .
3 4 1 0 5 10 20 v 0 12 32
4 3 1 0 4 9 17 v 1 11 29 /

JOEW
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Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 (& |Foch
Sample ID: Strontium {Dechior) Stop Date & Time: 2 ~Nov-{2. @ (Yo
Work Order #: 12193 Test Species: Oncorhynchus mykiss

Days

Concentration mi ‘
Control Initial | new |
Temperature (°C) | 145
DO (mgl)  liod

_pH B
Cond. (uSicm) |31}

initials [ 2743
Concentration 0

5 Initial
Temperature (°C) M5
DO (mg/L) lod 1163 |98 [ B2 2t |22 |24 (30 | 4,4 |job] to |16 | ]S B¢

pH 72 32 (3.0 [>T w0 W R 30 (IR [ G e (33 (3N [Fo
Cond. (uSicm) ‘5’\ 53 43 50 \4 A 36 35 3

Initials Wi o n ~ e o I Y
Concentration 0 _

10 Initial

Temperature (°C) {45
DO (mglL) jo.

pH 7.\
Cond. (uSlcm) |69
initials ub
Concentration 0 1 2
20 initial L new | old | new
Temperature (°C) | S MO [WM.D | 19,0
DO (mg/L) ot lic.> |l |zn . - . -
pH 34 (30 (30 27 (¥ | H [ R 13230 [ F0 {69 (33 9.0 [T
Cond. (uSicm) [ 95 1S 94 22 03 liq a8 4i
Initials wh | U ~ A up e | AW XAV
DO meter: DO" pH meter: ’M\H-— } Conductivity meter: C.' {
Control Analysts: Mﬁﬁ%[%du
Hardness* l%ﬂ(aﬁ" wo| -T
Alkalinity* o<t | F1) Reviewed by: _ JOT
*mgl/L as CaCO3 AT ,

Date reviewed: _ 70“" - 107/ 2
~J T =

Sample Description: C\ears edechlonnpled wanler f\‘n:hﬁ( Wi Avoshvim

Comments:

Version 1.0 Issued June 26, 2006 . ! Nautilus Environmental



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 @Q—?}d"\
Sample ID: Strontium (Dechlor) Stop Date & Time: . [, <Noy~IZ @'Ei{oeh
Work Order #: 12193 Test Spectes: Oncorhynchus mykiss
Days
Concentration 0 » 1 _ _
40 nit mnew _old new
Temperature (°C) NS 1M.C |IM/O M5 WM.S ‘ WO | iMoo
DO(mglt) _ |iod 16> [160 | t=a | leet ltey |10] |48 [igel (o'l Jiva [R-F |jart
pH 10 Jo® 30 [ 22 ¥ (3 v (30 (3o |3 | 6% 32 (69 (1w
Cond. (uS/icm) |15} 1S3 (Y] 4y %"‘O\ [3b ey - R
Initials wh | Wb ~l A ' I v
Concentration _ 2 __ 3 ] 6 7 _
80 old | new | © | old | new | old | new |
Temperature (°C) [4S 4,0 MO | ivp |14 | e [ 145 \B_LQ \U\.‘)/ S W3 IZO B\{Q l‘fuc
DO (mglL) o4 163 6.0 o] ;s | 1en isd 1o 144 lee't [fo-tlip2 a6 (16
pH 30 164 [ [ (39 [¥ (39 [30 [To [HE{ L9 [F0 [eq (64
Cond. (uSlcm) |6} | et Ly 2%} %0 [0 25 LS|
Initials |3 b ~ ) ‘
Concentration 0 1 ) 2 ‘
160 mnit | new | old | new | old |
Temperature (°C) |Ms  [1M.0 Nao fup | 144 .
DO (mg/L) 4 103 |{p.) |tea liny |1oa [ @D 1jp\ |99 [0t |fo. i |02 |46 o2
pH bd od 6B [ts [+ |3l [30 (69 [FF1L.E [0 [6€ [£9
Cond. (uSicm)
Initials
Concentration
Temperature (°C)
DO (mgiL)
pH
Cond. (uS/cm)
Initials
DO meter: DO-1 pH meter: pH-1 Conductivity meter: C-1
Control Analysts:  KLB, fwp g3l T/
Hardness* e Yool 1t
Alkalinity* | Lol Reviewed by:  JG1L
*mg/L as CaCO3 -4\

Sample Description:

Comments:

Date reviewed:
<

jau LO/L}

elLar) dechloringed walec cpikced wh  Chonhvma

Version 1.0 Issued June 26, 2006
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Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder ‘ Start Date & Time: 25-Oct-12( [}BOI—,
Sample ID: Strontium (Dechlor) Stop Date & Time: 26-NOI{2 (& 4ol
Work Order #: 12193 Test Species: Oncorhynchus mykiss

Concentration
Control
Temperature (°C)
DO (mgiL)
pH
Cond. (4S/cm)
Initials

Concentration
5 ow | ‘ol ‘
Temperature (°C) \\.\@ g (Mol 4w | 14m | 45 | 1e= |H. - .
DO (mg/L) (o102 10, | tom| for ifon 1 F7 lio.0 2.4 [®-2 148 |60 |38 4%
pH .916:5[F1 (A 2 93 [ Yilea (72 (13 (32 (6% 69 [p7
Cond. (uSiem) | L€ | 89 53 33+ | 50 w7 Wy us [
Initials el Ego ~ '

Concentration 9
i 10 d 5‘;?{ﬁew:§- _old new 1 ol
i Temperature (°C) o | 148 yH R . 2
DO (mgiL) l2p |25 (25| 9E s ‘2,"7 i0-> ‘1.8 ico %% 199
pH F2 M I N A (FTFD (3] (6 (6966
Cond. (uSfcm)_ bl L3 s A 2 2
Initials a A Ko ANV S 3o
]
Concentration 7 8 i
| 20 ‘Initial| new | old | new | old /| ne

Tempersture (°C) }ﬁ‘-(z@ 134 Ifta (4
DO (mg/L) 0\ |[p.0l@3 | (2P

pH Qﬂ ( -2 3 q\;o : ’ -
Cond. (uS/cm) D 3 Q.(K q Z ﬁ c Q‘], Q0 8¢ (51?

Initials vl jegie A n CsL oW Y ko]

DO meter: D - v ‘pH meter: ‘I/FH‘ ! Conductivity meter: (C ~ |
Control Analysts: (L.ﬁq AwD PRI
} Hardness* mhg@ _"’“-— o
| Alkalinity* boed Reviewed by: <) GU_
*mg/L as CaCO3 :‘,-l\ Date reviewed: _74n. 507/ 3
AV [

Sample Description: ((ar) Jechlor waler §rAV61/ with G
Comiments:

Version 1.0 Issued June 25, 2006 Nautilus Environmental



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Start Date & Time: 25-Oct-12(® {FooW

Client: Golder
Sample ID: Strontium (Dechlor) Stop Date & Time: ﬂa’péu'[z, (c) 420N
Work Order #: 12193 Test Species: Oncorhynchus myKiss
Days
Concentration 7 8 9 110
40 J_old new | old | new | old | newoldnew
Temperature (°C) \‘\‘0 W\~ ]Lifa 9> Mo | 4 | (1@
DO (mgiL) 1w\ 0] (o[ so0]ted | {2065
pH Lqleg (492095 [N |23 | 3°
Cond. (uS/cm) Ll €9 IS (2
Initials \(3L Cae e ~
Concentration 7 8 )
80 old | new ! old | new | | ol
Temperature (°C) |\vo | (34 | 190 - . .
DO (mgl/L) Wl @olle-l |ise i | P %8 (160 |10-0 |iD-3 |49 |10.D |84 |es
pH 09 6AIA2 | e | 21 | *3 | 5 48 |7~ |3\ |F0 (68 |68 | bt
Cond. (Sicm) 44 71__%{ 15s 28 273F¥ 263 213 ‘“;? s
Initials (= 9] & ~ ~ Ko W BT KT

Concentration
160

Temperature (°C)

DO (mg/L)

0.3

_pH

Cond. (uSlcm) [\

initials

Concentration

Temperature {°C)

DO (mg/L)
pH
Cond. (4S/cm)
Initials ]
T ,
DO meter: M- pH meter: vjmjf( — | Conductivity meter: (-1
Control Analysts: I_égj " élﬂm_ Q\,.)

Hardness* wNo o ML

Alkalinity* b% Reviewed by: « JG(

*mg/L as CaCO3

Sample Description:

Comments:
\\

NG

-0

Clear ) Decilor

Date reviewed; Ja . (0/12
A= 7

woader S?\\lceo(. wifh Sr

Version 1.0 Issued June 26, 2006
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Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality MeasUrements

Client: Golder Start Date & Time: 25-Oct-12 @[q-mﬂ,
Sample ID: Strontium (Dechlor) Stop Date & Time: -~ i
Work Order #: 12193 Test Species: Oncorhynchus myklss
Days
Concentration 14 15| _16 17 |21
Control | old | new | old | new | old | new | old | new | old old | usw
Temperature (°C) ol 4o o [9:0 {142 | 140| 145 | (12 . , oo %[3
DO (mg/L) (e.°2]iD. | {@,{7 lod | I=4 |fo1 led 1 {lag Q3 93 @D o (Lo
pH Y[ (s [3o 32 (7o lz2 (3@ [2a [ ¥V [Fo 7t [6Y £
Cond. (uS/icm) | 39 32 32 17 22 % 3 g
Initials kg &nin ~ ~ n Y5 g~ | Kau
Days
Concentration
5
Temperature (°C)
DO (mg/L)
pH_
Cond. (uS/cm) jg
Initials Eyo| dpm o~ A A L eI
Concentration
10 ‘ v : v
Temperature (°C) £ . . - < g
DO (mg/L) 0.0 | Wi | 168 (o ling [leq |wq | l2y | jos |44 | A3 [10-0]iv.0 | 104
pH. b1 168 e [6A [>2 2] 2o (M [F2]ed [T [EX[Tw
Cond. (uSlem) | bl | (2 33 54 W) LS Lq Cy
Initials i | ciam N R A I e egd
Days
Concentration v _
20 lmtsa? nEw _ ne
Temperature (°C) | 1.0 | {{ 01 .0 [ o | (v> | r4n| jwo| 1vs | rvolG s (1D | IS iy |88
DO (mglL) o 02U 192|124 L1064 | et [ 12d [ ,oq | 0048 190 101 [l
pH 6.X[11 16 [hell3 [Fo[P3 23 [Zoleq [ [1X [
Cond.wSlcm) | 44 | a5 £y Fi £ 9o 43 qS
Initials Egv| £ihin o~ A A Civ ¥ov e |
DO meter: :b,) i pH meter: PH ~] Conductivity meter: 0." '
Control Analysts: _&7_&1_&!@7_@&_‘
Hardness* By 1l ,
Alkalinity* LJ')Q\i Reviewed by: JGl -
* mg/L as CaCO3 -1 Date reviewed: J an~ fo ![, 3

Sample Description:

Comments:

Version 1.0 Issued June 26,

Qlears dedor wiler sped Wit 8

2006
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Cv



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 (2(30d\
Sampile ID: Strontium (Dechlor) Stop Date & Time: 2§ [NaJ I %l {M_QQQ‘
Work Order #: 12193 Test Species: Oncorhynchus ykiss

Days

Concentration 14 15 ‘ — 18
Temperature (°C) i“l O ,‘q :\\' gi"'l ‘D ,'{’° (Y~ VAL /Y- A 1 iYR [E[,fl)

Cond. (pSicm) | {pX ié"i 145 iS* 149 N 163 153

Concentration
80
Temperature (°C)
DO (mgiL)
pH
Cond. (pS/cm)
Initials

Concentration
160
Temperature (°C)
DO {mg/L)
pH
Cond. {(uSicm)
Initials

Concentration

o

Temperature (°C)
DO (mgil)
pH
Cond. (pS/cm)
Initials

DO meter: Do - pH meter: ﬁk‘ ‘ Conductivity meter: ~ C— 1

Control Analysts: YOl AP, EPI
Hardness* wMeg THL AR

Alkalinity* tetY Reviewed by: _ JO&
*“mg/L as CaCO3 F41 Date reviewed: _ Jouq- 10/i3
v 7 1

Sample Description: Ci{?arlL dechhiler Woter ﬁ{)fﬁ(& M?’k Sr

Comments:

Version 1.0 Issued June 26, 2006 Nautilus Environmentai

DO (mg/L) ool |D.0 | eo]io.o|tod |los liog | toa [ 10AAY W0 |99 |leqs
pH Y30 [ 3] 32 b= P |69 (R0 |[Po |64 [+0 | b¥| 50

initials WL | gmm ~ ~ N I {coC TEa



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 /ﬂr)noh
Sample ID: Strontium (Dechlor) Stop Date & Time: Lo M@!‘E em 354
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Days
Concentration
Control
Temperature (°C) ~ - P . - >
pomgt) A TITA Q8 liey |45+ (9§ (122199 ljo2 (W00 0|99 |ino
_pH b3 PBrlase 2 [P 2| R 3 |63 [Yo bslr |3y
Cond. (ustem) |34 | 3y 32 31 32 % 32 [ 25
Initials kL | LOLL A A J‘(/JL/_U Lo )%/ 7T

Concentration

5
Temperature (°C) . . ) Y ol 1Y
DO (mg/L) 93001 A& e (oo | HE| 122 lo-t [lo.o [to-1 [ip: O [jol [F19 [ 84
_pH A8 a\ ni e [ vy |avag (63 (32 [k (R ]22
Cond. (uS/icm) | S\ W““a &3 v o 43 So 43 g |
Initials (3w | kSl /3w N AL o it |31

Concentration

10 )
Temperature (°C)
DO (mg/L)
4&'.' -
‘Cond. (uS/cm)
Initials
Days
Concentration | 21 | 22 23
20 Initial| new | old [ new | oid | old
Temperature (°C) N\? 4.0 I‘LO ?‘I.a 1Yo Yo .
po(mg) 4K 10180 [ et [ 104 [ 2.8t 449 93 [10) |00 0. 1198 | jon
pH LA ]F0 1 [P | w3 [A [T [68 [FU (66 [F1 (7
Cond. (uSiem) [ G | Y gl gL | g3 9 2 4S5
Initials &Y FQU/jW A | r \(/jb I o 33T
DO meter: DO pH meter: J‘H-_} Conductivity meter: (-1
Control Analysts: K;l_ A W
Hardness* VN -
Alkalinity* LY bl ' Reviewed by: J Gl
*mg/L as CaCO3 2-N Date reviewed: r]"QM~L07l3
< r
Sample Description: ()_Q#_ZS‘— L onivol A—'l&; B;_-Z_gr (’Nﬂfz_f D- Z;} ZAW”\« léﬁme;W)
Comments: "

Version 1.0 Issuec June 26, 2006 Nautilus Environmental



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 @[}a $n
Sample ID: Strontium (Dechlor) Stop Date & Time: 3 & hb? [./“ @ i Doy
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Days
Concentration
40 -
Temperature (°C) A .
pomgi) | AX V(62 | )0y lpen | G5l0g (00 |4F m vy |too [1e-elipd
pH o (94 [0 [22 M - « :
Cond. {(uS/icm) ly“ - BAY ‘ 142
Initials ¥ KsU/ 3w ~
Concentration ! 23
80 | new | oid | new |
Temperature (°C) 4o | 14,8
DO (mglL) jo.¢ lio,e
pH - Eradiie X
Cond. (uS/cm) ‘%c( 165 153
Initials [V ‘CXD/JW ~
Concentration 21 23 »
Temperature (°C) “—\ [ o (14~ ° o |\ v
DO (mg/L) QW |jo0 lies [ oo | UF (102 |fp=lw4 (10-] 100 [to.0 |94 |iD:D
pH b-3 [0 [bA R : ,
Cond. (uS/cm) @L\ S’()E
Initials EINSIYAL
Concentration 21 22
initial| new | old | new |
Temperature (°C)
DO (mg/L)
pH
Cond. (S/cm)
Initials 4
i
DO meter: cbO"( pH meter: U“)’(\ | ~ Conductivity meter: C‘?
Control Analysts: C—JL . Awn
Hardness* 0 1117
Alkalinity* K 2 Reviewed by:  J G
* mg/L as CaCO3 Date reviewed: (7119\ (o ﬁ 3

Sample Description:

Comments:

Version 1.0 Issued June 26,

2006

Nautilus Environmental



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 /5 (3556
Sample ID: Strontium (Dechlor) Stop Date & Time: 7 ;- MgV }’\ %5
Work Order #: 12193 Test Species: Oncorhynchusﬁyk/ss
Days
Concentration | 28 | 29 _J 30 31 | 32 33 35
Control old | new bid‘ _[t_ew : old new Olﬂ; new 0' d new ]d e ﬂeW
! Temperature (°C) | 4.0 |13 S IWM.0| jyr | t1e] iun| 14= / II{.,a
DO(mgl) Do 0.0 8¢ [a (a6 (441 gg | [/ 4%
pH b [ P3P [ a3 [Pf22 |/ (69
Cond. (uSfem) [3T | 3D 3% 2’( ©“
Initials 7 . ~ o Lo
Concentration 28
5 old
Temperature (°C) { 4 0O i :
DO (mgll) | 4,4 m.o Yod |0 22 1 4.4] 9% K
pH A 132 [T 2= | |aa i |/ 164
Cond. (uSfem) | 55 140 S St (X
Initials I35 (5 L ~ ~ | %195
Concentration 28
10 old | n
Temperature (°C) | 14 0
DO (mg/L) .8 | 19 : ‘ ‘
pH FAEN am B 1, F2] 3y 7 )
Cond. (uSicm) | 3 b1 S 32 gz ’
Initials ST koo Al A pIL
Concentration 28 29 30 v
20 Initial | new | old | new | old | new | .
Temperature (°C) | [ 4 [13.0 | NG 17| /4
DO (mg/L) 9.3 e No,\ [ioa | 74
pH {0 5 1340 7:0 e ?_7&
Cond. (uSfem) | ipl | 9Y oL
Initiais JN 103\/ r~
DO meter: Do pHmeter: _ D H-f ~ Conductivity meter: C‘Jy
. Control Analysts:  _TTT K9( Awd
Hardness* -
Alkalinity* -1\ Reviewed by: _J(x{

*mg/L as CaCG3

Sample Description:

Comments:

7ul/l (O/IS

Date reviewed: _

Version 1.0 issued June 26, 2006

Nautilus Environmental



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 12—90.4
Sample ID: Strontium (Dechlor) Stop Date & Time: Z4~No) 52 “E ) a0
Work Order #: 12193 Test Species: Oncorhyncinus mykiss
Days
Concentration '
40
Temperature (°C) ) . 2 | ¥
Do(mg) 198 Nod Mo\ |en |95 (94152 | / 2.
pH bh 170 30[>% [ 39 /48 [/ [9-=
Cond. (uSfem) | 1b 7 |28 1bq res ‘Tév
Initials 11| ¥r- ~ ~ R1%51%

Concentration
80
Temperature (°C)
DO (mg/L)
pH
Cond. (uS/cm)
Initials

Concentration
160
Temperature {°C)
DO (mgiL)
pH
Cond. (uS/cm}
Initials

Concentration

“Temperature (°C)
DO (mgiL)
pH 1
Cond. (uSicm)
Initials
DO meter: Do -1 pH meter: [f"l’{~ 1 | Conductivity meter: (- |
Control . Analysts: VRS A AwD

Hardness* -t '

Alkalinity* Kl _ . Rewewed by: <JGU
* mg/L as CaCO3

Date reviewed: 70“ h- 10 Z(}

Sample Description:

Comments:

Version 1.0 Issued June 26, 2006

Nautilus Environmental



Embryo-Alevin-Fry Toxicity Test

Daily Mortality
Client: Golder Start Date & Time: 25-0ct-12 (<) (Fpoh
Sample ID:  Strontium (Dechlor) Stop Date: LMoy~ 1WWorm
Work Order #: 12193 Test Species: Oncorhynchus mykis§ v
g Total Dead Total
Treatments Day of Test - No. of Morta"t'?s Eggs/ Undeveloped/ | Total No. | Total
Rep| 1 2 3 4 5 6 7 Embryos Unhatched Alevins | Exposed
(mg/L Sr) Alevins Embryos
Control Alo [olClo [O1D | ] { <6 4%
B O L 0[] [ )
) \ 1y (% 3
D | O (4 \io (¢ | |
5 A|O 1 D Tt | Z
B | O 0 \ i
c o o | ! \
10 A O D | 4 l
B | O 0 A i
clo [ 3
DO O |0 )
20 A |0 o |T Z
B|O o | O 0
c|0 o || ]
D | O o1l [
40 Ao KN i
B0 0 [\ o
c |0 i e <
DO 8 {0 [6)
80 A|D o -t &
B |O ~ i 2,
blo | | | 14 5
160 A|O A IS 5
B O i ¢ S
cC 0 L | o
b0 J v el 3 2
A
B
C
D A 7
Tech Initials N A W e ol [Bo KT 7S
Comments:

Reviewed by: JGU Date reviewed: —] 4+ (o / (%
~ i

. Nautilus Environmental
Version 1.0 issued June 26, 2006



Embryo-Alevin-Fry Toxicity Test

Daily Mortality

25-0ct-‘12 {Foohn

7

Client: Golder Start Date & Time:
Sample ID:  Strontium (Dechlor) Stop Date: %’/\}W/L (> i
Work Order #: 12193 Test Species: Oncorhync%us my'kiss o
i Total Dead Total :
Treatments Day of Test - No. of Mortalities Eggs/ Undeveloped/ | Total No. Total
Rep| 8 9 (10 11 {12 13| 14 Embryos Unhatched Alevins | Exposed
(mg/L Sr) Alevins Embryos W liad
Control Allleoleloleo (O VY [ %)
- B | o olo o | © ) \
c [ i F (ool D 7
D | ¢ o{0 [0 |1} {
5 A |l © ol |0 |0 (%)
Bl O filo o |90 I
c | v olo [0 D 0
D |V i o o |\ T
10 Al p Rk i D) i
B | O Olo ¥ (9]
c|O o] |0 i
20 AlO § lo |1 ot 7
B | O o |lp | O 0
c | | (1. 10 l
. D Q O 0
40 A ) O o
B|O o Q
c o) i
W) ) 0
80 Al o 9 o
B | O {1 O i
clo O prd A
D | Q ¢ 0
160 Al QO o 0
B | 0 (9]
c 0 jL Y0 j
Dlo [V IYIV ] ‘4 {
A
B
Cc
D J
Tech Initials v | A~ eI Vet LY v
Comments:
Reviewed by: J6 Date reviewed: Jaun- {0/ |y
N f

}é_rsion 1.0 Issued June 26, 2006

T

T e e e

Nautilus Environmental



Embryo-Alevin-Fry Toxicity Test
Daily Mortality

Client: Golder Start Date & Time: 25.0ct-12 (P (Foil
Sample ID:  Strontium (Dechlor) Stop Date: 2o~ NV (2 ([ pown .
Work Order #: 12193 " Test Species: Oncorhynchus mykiss\" -
res Total Dead Total
Treatments Day of Test - No. of Mortalities Eggs! Undeveloped/ | Total No. Total
Rep| 15| 16 | 17 | 18 | 19 | 20 | 21 Embryos Unhatched Alevins | Exposed
(mgiL Sr) Alevins Embryos
Control Alo s lmploie [0 [ i 25 Y
B { 0 ) L
C \ 0 0
D 0 Q
5 A g )
c ) 0
D T v J Q ()
10 ALY 0 o |9 )
B || Iy} i |10 2
ClQ o 0 190 )
D | 0 D 5} %)
20 A ¢ O <
B % 0 (9]
C || v | D Q
D d 1o i
40 A 010 aQ
B é (o] () i
c Q0 1\ i
D g i3 O
80 A ] { 10 i
B |V ] { lo 1
C ! ' 2_1a l
DO ) O
160 A 1| 0 o
B O 9]
% | 9 ba)
PERARVIEVAN ) | Q Q |
A ;
B |
C
D % 74
Tech Initials I 7 1 |~ g el 0 K<v
Comments:
Reviewed by: Jol Date reviewed: Tou,- (0 / [,
~Y [

. Nautilus Environmental
Version 1.0 Issued June 26, 2006



Embryo-Alevin-Fry Toxicity Test

Daily Mortality

Client: Golder Start Date & Time: 25-Oct-12 (:IODI,,
Sample ID:  Strontium (Dechlor) Stop Date: T-NOu-[L %OV
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Treatments Day of Test - No. of Mortalities To?g:;s?ad Und:\z:z:pedl Total No. | Total
Rep| 22 | 23 | 24 | 25 | 26 | 27 | 28 Embryos Unhatched Alevins | Exposed
{mg/L Sr) Alevins Embryos ot
Control Als e |t O |1 |8 o P
B . 1 10 o |0 % t
c | o |[v]o 4
D i 18 [eole [ L
5 A S Q213 | ¥
B 0 013 o = .
c ] 0 I3 4
D © J_|0 Q
10 A i ~ A4 ) T
% 211 o | A <
D : 2|V 3
20 A 5 110 1
B g% 10 [ 2.
Cc ] 1 BENL AR D
D CrU v A 27
40 A { o |1 2
B o / S N
c { ; % 2 s
D ol V11 lol¥ |1 {
80 A o | o P 0 |0 2
B jlal 10 1 0 &
C riol |12 X
D~ {{ |2 i Ji] ) t
160 AL T8 (o[ 0 1< & A
Blo | o] U 31 &
clo | Llo v 1 J
DI | il=2l¥ |V |pl|l2 4 N
A
B
C
D
Tech Initiais Kool [ il luv[ Y ecc |21
Comments: 1) e breckdpin debns preand”
Reviewed by: < J(s yh\ Date reviewed: \,]'CN/I - Lo/ 1%

Version 1.0 Issued June 26, 2006

Nautilus Environmental



Embryo-Alevin-Fry Toxicity Test
Daily Mortality

Client: Golder Start Date & Time: 25-Oct-12 (2 (Foon

Sample ID: Strontium (Dechlor) Stop Date: 2~Nw- L @ oo

Work Order #: 12193 , Test Species: Oncorhynchus mykiss

o Day of Test - No. of Mortaliti
Concentration ay of Test - No. of Mortalities E‘;‘;"‘: Total Total No. | Total

331 34| 35 Fish Undeveloped Fry Exposed

30 | 31

P
[1)
©

(mg/L Sr)

Control O |0 3l

L] 2|

0

3

3l

ik

31

A

2%

10 4

AN {1 = | )

k)

4

k{2

20 30

C)r-"r—

3

o
f

¥
3

40

oo p [¢le]| o+ |l olok [Rololo| &
)

—O™o | LelV]-lo
5

80

160

il B=ES SIS N
bl

o
Iy

o OWH)%@WS N {OMIOLEI N O [N O M- 5NV @

SISINYEH S

~ =0 jelgR <
LD

5

glojw/»|o|o|lwir|lo0jw|>|O|0/m>|O|0/m(>o(0|w>|o|0]ju(>o0m| >

Tech Initials il ~ |~ o~ oL v

Comments:

Reviewed by: \j (O . Date reviewed: c 7@(« L /l 5
NS 7

Nautilus Environmental
Version 1.0 Issued June 26, 2006



Strontium (Dechlor Water)

Day: 32~
Normal hatched Abnormal hatched |Unhatched Dead
Control|A 25 Ky & 2
Control|B b ] J 2
Control|C b ! % 4
Control|D 17 ) e |
5|A \% 5. @ 2
5(8 23 ! o, )
5|C '2/3 0 © o
5|D 2 Q o o
10]A T i 2. O
10(8 ) \ % b
10|c & 2 [ O
10|D v Y O Q
20|A Lo ) i ©
20(B v I 2 0
20/c 19 [ 2 2
20|D 7L o B O
40{A z 0 o &
40(B 23 \ o O
40|C 19 P 5] i
40[D 7+ v e 7
80/A \9 7 0 Z
80|B ¥ O i Z.
80j{C {4 O 1 2z
80[D ) 1 2 {
160|A 1) © 0 +
160|B T Q S &
160{C {2 o 0 9
1600 | ) § e F
A Lh bun
B-lolh 3 d
C— 22\ Gt

D~ 2th Jen ny



Strontium (Dechlor Water)

Day-32
Normal hatched | Abnormal hatched Dead
Controil|A 15 o 7
Control|B 6 i 7
Control|C 1L ! K
Control|D 17 % i
5|A \3 2 &)
5|8 13 { i
5(C 13 (o)
5|D 21 ¢
10(A Y73 { 7
10/B B T b
10]cC ] B 0
10|D U 4 D)
20|A 0 A i
20(B y } 7
20/c ‘B [ ¢4
20/D % 0 o)
40{A 24 0 S
40/B 23 i )
40|C {9 1 |
40(D 1T ) 7
80|A ia 2. 2
80|8 (% R 32
80|C i4 O Y
80D 20 N U
160(A l 0 =+
160(B ) 0 <
160|C (2 0 q
160|D I i g

dah. (0(15



. Rainbow Trout Embryo Summary Sheet

Client: Golder | Start Date/Time: Oct 25, 2012 @ 1700h

Work Order No.: 12193 Test Species: Oncorhynchus mykiss

Sample Information:

Sample ID: Strontium in Moderately Hard Water
Sample Date: n/a
Date Received: n/a
Sample Volume: n/a

Dilution Water:

Type: Moderately Hard Water
Hardness (mg/L CaCOs,): 98 - 100

Alkalinity (mg/L CaCOg): 58 - 64

Test Organism Information:

Batch No.: 102512
Source: Fraser Valley Trout Hatchery
Loading Density: n/a

SDS Reference Toxicant Results:

Reference Toxicant ID: RTE39

Stock Solution ID: 12802
Date Initiated: 25-Oct-12
7-d EC50 (95% CL): 23(21-25) wme /. SDS
[]
Reference Toxicant Mean and Range: 42(1.9-94) wn g /L SHS
Reference Toxicant CV (%): 49 v

Test Results:

Survival Proportion normal
EC25 (mg/L) (95% CL) >151 >151
EC50 (mg/L) (95% CL) >151 >151
Reviewed by: JGU Date reviewed: Jag, U /i3
() T

Issued: July 17, 20086; Ver. 1.0 Nautilus Environmental



CETIS Analytical Report

Report Date:

21 Dec-12 11:38 (p 1 of 2)

Test Code: 12193b | 11-8840-3279
Salmonid Embryo-Alevin Survival and Development Test Nautilus Environmental
Analysis ID:  12-4770-7529 Endpoint: Survival Rate CETIS Version: CETISv1.84
Analyzed: 21 Dec-12 11:38 Analysis: Linear Interpolation (ICPIN) Official Results: Yes
Batch ID: 09-1470-1516 Test Type: Survival-Development Analyst:  Karen Lee
Start Date: 25 Oct-12 17:00 Protocol: EC/EPS 1/RM/28 Diluent: Mod-Hard Synthetic Water
Ending Date: 26 Nov-12 14:00 Species:  Oncorhynchus mykiss Brine:
Duration: 31d 21h Source:  Fraser Valley Trout Hatchery Age:
Sample ID: 06-0694-0544 Code: 242D2D80 Client: Golder
Sample Date: 25 Oct-12 17:00 Material:  Strontium Project:

Receive Date: 28-New-12-+4:884% Source:
Station:”  Strontium in Moderately Hard Water

Sample Age: . NA

Golder

Linear Interpolation Options
X Transform Y Transform Seed Resamples Exp 95% CL  Method
Log(X+1) Linear 1970874 200 Yes Two-Point Interpolation

Point Estimates

Level mg/L 95% LCL 95% UCL
EC5 1.422 N/A N/A
EC10 >151 N/A N/A
EC15 >151 N/A N/A
EC20 >151 N/A N/A
EC25 >151 N/A N/A
EC40 >151 N/A N/A
EC50 >151 N/A ‘N/A

Survival Rate Summary

Calculated Variate(A/B)

C-mg/L Control Type Count Mean Min Max StdErr StdDev CV% %Effect A B
0 Negative Control 4 0.8391 0.7241 0.9655 0.05639 0.1128 13.44% 0.0% 99 118
4 4 0.6737 0.5862 0.7419 0.03298 0.06596 9.79% 19.71% 81 120
10.7 4 0.7937 0.7419 0.8387 0.02342 0.04685 5.9% 5.41% 96 121
20.1 4 0.7859 0.7143 0.8571 0.03624 0.07247 9.22% 6.34% 92 117
39.5 4 0.7658 0.7333 0.8 0.01781 0.03563 4.65% 8.73% 83 108
78.4 4 0.7649 0.6786 0.8462 0.0358 0.0716 9.36% 8.84% 87 114
151 4 0.7899 0.7241 0.8276 0.02305 0.0461 5.84% 5.86% 90 114
Survival Rate Detail

C-mg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4

0 Negative Control 0.7241 0.9655 0.7667 0.9

47 06667 07419 05862 0.7

107 v 0.8387 0.7667 0.8276 0.7419

201 v 0.7143 0.8571 0.7333 0.8387

395 v 0.8 0.7931 0.7368 0.7333

78.4 v 0.7931 0.6786 0.8462 0.7419

151 v 0.7241 0.8276 0.8148 0.7931

000-089-184-2 CETIS™ v1.8.4.29 Analyst: QAJ%

Tat. /i



CETIS Analytical Report Report Date: 21 Dec-12 11:38 (p 2 of 2)
Test Code: 12193b | 11-8840-3279
Salmonid Embryo-Alevin Survival and Development Test Nautilus Environmental
Analysis ID: . 12-4770-7529 Endpoint: Survival Rate CETIS Version: CETISv1.84
Analyzed: 21 Dec-12 11:38 Analysis: Linear Interpolation (ICPIN) Officiai Results: Yes
Graphics
.:
o8 §\ pe. .o 0 o o - - - ®
. )
o7 g s
é 06 ;—
E 05 -:-
00 E I | I
71
000-089-184-2 CETIS™ v1.8.4.29 Analyst: QA: J(-Y((

_Jawm.ulin



CETIS Analytical Report

Report Date:

21 Dec-1211:38 (p 1 of 2)

Test Code: 12193b | 11-8840-3279

Salmonid Embryo-Alevin Survival and Development Test Nautilus Environmental
Analysis ID:  01-8558-3418 Endpoint: Proportion Normal CETIS Version: CETISv1.84

Analyzed: 21 Dec-12 11:38 Analysis: Linear Interpolation (ICPIN) Official Resuits: Yes

Batch ID: 09-1470-1516 Test Type: Survival-Development Analyst:  Karen Lee

Start Date: 25 Oct-12 17:00 Protocol: EC/EPS 1/RM/28 Diluent: Mod-Hard Synthetic Water
Ending Date: 26 Nov-12 14:00 Species: Oncorhynchus mykiss Brine:

Duration: 31d 21h Source: Fraser Valley Trout Hatchery Age:

Sample ID:  06-0694-0544 Code: 242D2D80 Client: Golder

Sample Date: 25 Oct-12 17:00 Material:  Strontium Project:

Receive Date: 26-Nev-1244:6090% Source: Golder

Sample Age: NA Station:  Strontium in Moderately Hard Water

Linear Interpolation Options

X Transform Y Transform Seed Resamples Exp 95% CL Method

Log(X+1) Linear 43786 200 Yes Two-Point Interpolation

Point Estimates

Level mg/L 95% LCL 95% UCL

EC5 1.012 0.116 N/A

EC10 3.048 N/A N/A

EC15 >151 N/A N/A

EC20 >151 N/A N/A

EC25 >151 N/A N/A

EC40 >151 N/A N/A

EC50 >151 N/A N/A

Proportion Normal Summary Calculated Variate(A/B)

C-mg/L Control Type Count Mean Min Max StdErr StdDev CV% %Effect A B

0 Negative Control 4 0.8135 0.6552 0.9655 0.06658 0.1332 16.37% 0.0% 96 118
4 4 0.632 0.5517 0.7097 0.035 0.07001 11.08% 2231% 76 120
10.7 4 0.7451 0.6774 0.8276 0.031 0.062 8.32% 8.41% 90 121
201 4 0.7254 0.6429 0.8065 0.0413 0.0826 11.39% 10.83% 85 117
385 4 0.7658 0.7333 08 0.01781 0.03563 4.65% 5.86% 83 108
78.4 4 0.7198 0.6071 0.7931 0.04144 0.08289 11.52% 11.52% 82 114
151 4 0.7283 0.6897 0.7931 0.02473 0.04947 6.79% 10.48% 83 114
Proportion Normal Detail

C-mg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4

0 Negative Control 0.6552 0.9655 0.7667 0.8667

4 0.6667 0.7097 0.5517 0.6

10.7 0.7419 0.7333 0.8276 0.6774

20.1 0.6429 0.7857 0.6667 0.8065

39.5 0.8 0.7931 0.7368 0.7333

78.4 0.7931 0.6071 0.7692 0.7097

151 0.6897 0.7931 0.7407 0.6897
000-089-184-2 CETIS™ v1.8.4.29 Analyst: QA: Jé’t'

it



CETIS Analytical Report Report Date: 21 Dec-12 11:38 (p 2 of 2)
Test Code: 12193b | 11-8840-3279
Salmonid Embryo-Alevin Survival and Development Test Nautilus Environmental
Analysis ID:  01-8558-3418 Endpoint: Proportion Normal CETIS Version: CETISv1.84
Analyzed: 21 Dec-12 11:38 Analysis: Linear Interpolation (ICPIN) Official Results: Yes
Graphics
®-g - -8 - - - -9 - - ®
g 0.5
o 1 I t 1 L 1 |
c-mg/L

000-089-184-2 CETIS™ v1.8.4.29 Analyst: QA: Je

o Wi



Rainbow Trout Embryo-Alevin Toxicity Test

Client: Golder Test Date:October 25, 2012
WO: 12193
Weekly Mortality Counts Total Dead  Total Abnormal Alevins Total Normal Alevins Total Number Exposed
Test Conc. Rep 1 2 3 4 5
Control-MHW 1 1 0 0 3 4 8 7 2 19 29 v/
2 0 0 0 1 0 1V 0 28 29 ¥
3 0 2 0 1 4 7v 0 23 30 v
4 0 0 0 1 2 3 v 1 26 ‘ 30 v
5 1 2 0 0 3 5 10 v 0 20 30 v
2 2 0 0 3 3 8 1 22 31 v
3 1 4 0 6 1 12 v 1 16 29 «
4 2 0 0 7 0 9 v 3 18 30 v
10 1 0 0 0 3 2 5 & 3 23 31/
2 3 0 0 1 3 7¢ 1 2 30
3 2 0 0 2 1 5 v 0 24 29/
4 0 0 0 6 2 8 v 2 21 31 «
20 1 3 1 0 3 1 8 v 2 18 28 v
2 1 0 0 3 0 4 v 2 22 28
3 1 0 0 5 2 g 2 20 30 v«
4 1 0 0 a4 0 5 v 1 25 31 v
40 1 0 0 0 2 4 6 0 24 30
2 2 1 0 1 2 6 v 0 23 29 v
3 0 2 0 1 2 5 ./ 0 14 19 v
4 2 0 1 4 1 g v 0 22 30 v~
80 1 1 0 1 2 2 6 v 0 23 29 v
2 2 2 0 2 3 9 v 2 17 28 »~
3 1 1 0 1 1 4 v 2 20 26
a4 3 1 0 1 3 8 1 22 31 v
160 1 2 1 0 2 3 8 v 1 20 29 v
2 1 0 2 2 0 5 v 1 23 29 /
3 0 0 2 2 1 5 2 20 27 v
4 2 0 1 1 2 6 3 20 29 o

J
<]a¢4~l(/¢j,



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 @ { Foeh
Sample ID: Strontium (MHW) Stop Date & Time: jjov Mo/l?.-@l‘iao i’\
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Days
Concentration 0 1 2 , 3 4 5 __ 6 7
Control  Initial| new | old | new d | n '4 ‘ id | ne
Temperature (°C) [IMS 14,0 [{M.O |18 MG Mo
DO (mg/L) 10.010.4 |88 120 |24 [tz e |j b 9.b
pH 38 |3 (3 =2 [F [ 3¢ (39 |38 i |3&
Cond. (uSlem) 1202 | 300 1489 252 3
Initials KL& (7% ~ -~ =Y Jor
Concentration 0 ‘
5 Initial | ne
Temperature (°C) [IS.0
DO (mg/L) 6.0
pH 13 e
Cond. (uSlem) |3\ ' .
Initials b b ~ ~ \ub S IN K
Days
Concentration 0 3 i _ 4 , _ 7
10 Initial new | old | new | old | new | old | new | old | new |
Temperature (°C) | [4.5 ive 14K WS 1M |- -3 14.0 [ 140 iy~
DO (mg/L) (0.0 toaf | toq 00 [l0.O[10 [ /6,98 |93 |4-K
pH 19 1212278 138 (& 24 (33 [33 [T
Cond. (uSicm) Q8 22¢ | 339 ST 313 1YY
Initials (b ~ s E7re N ere
Concentration 0 1 2 4 5 6 7
20 Initial| new | old | new | old | new new | oid | new | old | new | old | new
Temperature (°C) [11S V.0 1M [1v-0 1w | tvs [ 1w (M5 [ ¥S | -S| .0 [wo | (1 u
DO (mg/L) 100 1O NGO | ton [1mn [toi | 1oy [(00]I00 1122 [0y |98 |93 [(o-®
pH 1% |18 (33 |33 (372 [ 221aD (394 (78 HEBH F+ 4 (38 [33 3 X
Cond. (uSiem) 354|353 245 34) 2D a4y 50 36y
Initials wp b ~ - A5 e N Loe
DO meter: pH meter: Conductivity meter:
Control Analysts: KLE, AP KJi, Jin
Hardness* qg‘“ 109
Alkalinity* ¢ - (Y Reviewed by: < J(G&
*mg/L as CaCO3 .

Date reviewed: lan - U // 3
=7 /

Sample Description:

Ugar) Moderalely hard woiter ‘?R ed with  Slmafive

Comments:

Version 1.0 Issued June 28, 2006 Nautilus Environmental



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 (2]|2p0h
Sample ID: Strontium (MHW) Stop Date & Time: NOV 4 /12 @ l4goW
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Days
Concentration 0 |
40 Initial| new
Temperature (°C) [IMS .0
DO (mg/L) 0.0 [t1e.\ lip.o[f? lts~ |, |lewe |16:0 |j©0 |(o:f |jo-1 |29 |83 | le°
pH 13 (18 3.3 [ [ (2 (92 (74 [38 g2 [78 (33 [97
Cond. (uSfcm)  [4de  [MOS bor §on, 420 qq/LU.D YiF Lﬂo
Initials wh b - ~7 723 Iv Y Lic
Concentration 0 T
80 | Initial| ne id | new
Temperature (°C) [iu$ (5
DO (mgll) _ [10:0 CE
pH 1.8 X
Cond. (uS/cm) | SCA : ) 5{C
tnitials % il ~ ~ K—’ﬁ/ Jiv ("J““
Concentration 0
160 Initial
Temperature (°C) {145
DO (mg/L) 0.0 _ a . . \9,
pH 18 3% (33 [ % [+ 22 18 113 (&Pt 2338 [+3 |95 |
Cond. (uSliem) [G40 | 630 0% vys | M3 & R7] 3370
Initials [ 910 e - ~ YA (Vi IN I
Days
Concentration | 0 1 2 3 | | 7
Initial | new | old | new J_‘__o_l'd'{ _new | old | new | new
Temperature (°C)
DO (mglL)
pH -
Cond. (yS/cm)
Initials
DO meter: pH meter: Conductivity meter:
Control Analysts: LB, 4D WL jw
Hardness* 45-100 o
Alkalinity* S5 -l Reviewed by: _J LM
*mg/L as CaCO3

Sampie Description:

Comments:

Version 1.0 Issued June 26,

cleary MHw Q(p%lud with Sy

Date reviewed: Jam- i ][y
i i

2006
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Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 (R (Juoh
Sample ID: Strontium (MHW) Stop Date & Time: NV Z&/IL @ V4ooh
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Concentration ’ ] _
Control _new new | od | new ! old
Temperature (°C) hE S 1, g Mo - .
DO (mg/L) WO 03 |jp | (22 12~ | 40,3 3¢ 100 |1 |03 148 1A% 195 1oy
pH AX A | S [re [Ae [Af 195 (43 | 3B (FF |FHe|IY | A4
Cond. (uSfem) | %25 | %o 223 31y 35 711 326 (3G
initials ool Gge ~ — "R N =i
Days
Concentration ) 11 12 13 14
5 Oid new - oid newg O!d new 4 afd - new .
Temperature (°C) . N Jee | 3o [HO (M5 S (W0 [HUD ]| pwy
DO (mglL) O d 0.3 [Ov]ier [fou (1o | 2.2|15.0 [tef [4¥ |ag [0 |93 [0
pH 23 Ry 145 138 9 (s [ ¥AaAg4c [ (33 3433} |1]
Cond. (uS/cm) 'Z”}} 1Sy 3¢ 3724 320 228 W gU
Initials I L% ~ N e BN N e
Concentration | 7 |- 8
10 old | new | old | new |
Temperature (°C) | { Y OlHo (.ol 1in
DO(mgi)  |fod (103 | jon . |toe
pH ERAET AT AR
Cond. (uStem) [ 3SY | @3 38°
lnitials S j(_‘,ﬂ C
Days
Concentration 7 I 8
20 Initial | new | old | ne new | old | new | old | new | oid | new | new
Temperature °C) 1.2 [ {40 [[¥o o | swm | it 190 4.0 [0 [#0 14S | N0 [0 | 1.
DO (mg/L) IF=% Vi ljotlioe | ]ion] 95 160 o 194 |48 | ©1|3% Loo
pH 8 1A% (Y [32 [ 38 3¢ [ Hh7 38 (1% (33 (33 (36 (3T [3.3
Cond.usiem) |30 | 3B\ | “3FS | 23¢ | 350 393 38O X6
Initials NV JC ~ lm [e7e Jw s [
DO meter: pH meter: Cdnductivity meter:
Control Analysts:  Kat, AwD. Fnl
Hardness* 1 q¢-~100 P -
Alkalinity* é\:t, L Reviewed by: Ryl =
*mg/L as CaCO3 Date reviewed: {]M' w3

Sample Description:

Comments:

Cloars MHW spied with S

!

Version 1.0 issued June 26, 2006

Nautilus Environmental



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 _ (R{}sé*
Sample ID: Strontium (MHW) Stop Date & Time: Ni}\/?/b/lz@ Jhoph
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Days
Concentration
Temperature (°C) 1o | rqn [HO 1RO (1o [MS (WO NO 1¥o
DO (mg/L) le~| 6.5 00 [lP-1 (9.9 a9 |0 4.4 o2
pH 2 | =1y (1% (323 [33 (3L 33 |9
Cond. (uS/icm) ] 13 4ie u3b ‘fqr;
Initials - el W W W
Days
Concentration 7 8 9 , 10 11 12 13 14
80 oid | new | old | new | oid | new | old | new | old | new | old | new | old | new.
Temperature (°C) | [P | {y.2 Mo | s | 14e | 142 | mo | MO (.0 (4D (145 [0 |40 DY,
DO (mg/L) 02 o3[tar|1er | lsq [ 1on]| 92 li0l 11194 |99 (il (A2 | ot
pH 23 [AV 9333 [ (39 [FP (2% [Ay [F-5 33 (36 [F3 |
Cond. (usiem) | 443 S Sof s1S | 520 5% 5533 | 5%
Initiais vl gve ~ |a_ €T W N lex
Concentration
160 ?
Temperature (°C) /i [0 J . g
pomg) |lav |t i3 lie2 [tom [1en | AL 104 liot [9-9 (9.9 (0] (29 [vet
oH 3F 38 laglralxnp [ [ A 38 (1% (34 %3 (36 [33 (29 ]
Cond.(uslem) |37 Y | F2 ¥ | 332 | 330 333 5 12
Initials T o o~ A ~ lLge IW oW "2
Concentration 7 l 8
Initial
Temperature (°C)
DO (mg/L)
pH
Cond. {uS/cm)
Initials i
DO meter: pH meter: Conductivity meter:

Control Analysts: & ]l_, ﬁﬁ i) dg

Hardness* q8~100

Alkalinity* Sg(.- (o d | Reviewed by: 1l
*mg/L as CaCO3 Date reviewed: ‘l Bane. Y z 1
Sample Description: Clear > MH W ¢ viked witrh Ge
Comments:

Version 1.0 Issued June 26, 2006 Nautilus Environmental



Client:

Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Golder

Sample ID:

Strontium (MHW)

Work Order #:

12193

Start Date & Time: 25-Oct-12 (2 (FgoV
Stop Date & Time:  Nov 2&/12 (& {locoh

Test Species: Oncorhynchus myKiss

Days

Concentration
Control

Temperature (°C)

DO {mglL)

pH

Cond. (uS/em)

Initials

B¢

Concentration

Temperature (°C) . . LY ) . -
DO (mgiL) for-Lrit:i 10O |lod |jop |joy |ten lod lip o | fa 1A (o0 | 94 [1¥4
pH A X33 23 2o (BS [ar B9 132 [ 2% 29 (3t 32 [ 93 (%
Cond. (usfem) Mt 38| ze> 245 348 24 ¥y 33 7Y3
Initials i ' F

Concentration

10
Temperature (°C)
DO (mg/L)
pH
Cond. (uS/cm)
Initials
Concentration
20 | oold |
Temperature (°C) o | Y. . 2 -
DO (mglL) o wet9d toa [losliea [ iad 154 | a0V g Lo [2F ] 100
pH A1 137 g [ (RS [ REIR [ya (a2 P9 (3 22 [F3|FF
Cond. (usfem) [XXA| 33 ¢ 3 7< 284 3yv. 1836, | 280 [5H
Initials CLI— Enin T — n Jua\ ZY
DO meter: pH meter: Conductivity meter:
.
Control . Analysts: kIl A0, M
Hardness* Q Q’ {00 i
Alkalinity* cg- ot Reviewed by: < JGA~

* mg/L as CaCO3

Sample Description:

Comments:

Version 1.0 Issued June 26,

Date reviewed:

Jan. Uf3
< f

Clear> MHIN spiked vivh Sr

2006

Nautilus Environmental

Y



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 & (Fpow
Sample ID: Strontium (MHW) Stop Date & Time: Nov 26/12. & 140
Work Order #: 12193 Test Species: Oncorhyrichus mykiss
Concentration 14 15 16
Temperature (°C) |\4:2 lq 0 M,O (4o | | o | 14 [1eo | iwn iy,c M0 (LYo |jg0 [ £S5
pomgi) | 2 Ui [I0.0 [ 1o [j0.m 121 [teq [1er [1eg 100193 | (o.0|(0-c|laq
pH T 22 3T (53 |35 [ aglvp 2 | 3|38 (38 |95 [3FH T &
Cond. (uSfem) ks | 452 ©35 438 g3 yrv LW *Pa(%é:
Initials %7} £ ~ ~ n @j v T ( +

Concentration

80 _new | old | new
Temperature (°C) |49 [{4.& [ 14,0 | ju.»
DO (mglL) ,9:‘ TS M 10, |[{9= | o] tox 10 /5 {d v q.% 0o (oo (g(
pH ot 131 Fe [ R 13ES P 137 2 [ (23 [0 T8 [7374
Cond. (uSlem) [R5y 55( | S4v s3 ¢t 524 $39 €8t (SR
Initials | twn ~ o ~ e et |\
Concentration 14 |
160 old | n
Temperature (°C) E\L}D ; D |} $
DO (mg/L) fo-t [0 249.9 |1e4 /,;,./ lod L1ad | w04 1o [« | | jeo lies | o]
pH AKX 2 A1 F0 | e [ RS [ [ | abh (23 [T | F | 333
Cond. (usiem) [3AWX| 343 T4 FeF 359 ' L9s 6@
Initials ‘f“’) i [
Concentration 14 15 ‘
nitial| new | old | new |
Temperature (°C)
DO (mg/L)
pH
Cond. (uS/cm})
Initials
DO meter: pH meter: Conductivity meter:
Control Analysts:  jeql. AWD. g
Hardness* 0[% {00 R
Alkalinity* gk LM Reviewed by: Ol
*mg/L as CaCO3 Date reviewed: _ Jan- W [;2
v ‘r I S
Sample Description: Cleary MHW %WM with S¢
Comments:
Version 1.0 Issued June 26, 2006 Nautilus Environmental




Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-Oct-12 (R(hroln
Sample ID: Strontium (MHW) Stop Date & Time: AWy 2L {IL @ 140619
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Concentration _ £¢
Control _ney
Temperature (°C) . ur v . .
DO(mgit)  |4.$ [10.11j00 [1=diltee |ie2|ag 10\ 4. %102 |k |0t |{oe ias
pH . 4. - I 4 -
Cond. (uSicm)
Initials
Concentration
5
Temperature (°C)
DO (mg/L)
pH
Cond. {yS/cm)
Initials
Days
Concentration , )
Temperature (°C) \Y O {40 [0 ljup | 14| sweliveo 1401130 (110 Mo [Mo | idpn
DO (mgit) . |G, 4 | 1 Iy 3 |jo-. ¥ lio- .
_pH 13
Cond. {pSicm) %G
Initials KIv
Concentration 21 _
20 initial old | |
Temperature (°C) | {43 '(LV Yo 2 . [
DO (mgiL) 4616t [0 120 [1on | tes | 99 el S It |9 N0 | oo (B8
pH A F[FLH0 (29 (39 32 ap AARAY (36 (30 [T5 [T [2F
Cond. (uSlcm) (D81 | %39 331 3L 39 303 ¥ |3
Initials LM LIY W ~ ~ 1&g v v It
DO meter: pH meter: Conductivity meter: _
Controli Analysts: K3, A'QD, :Y\:D,DT
Hardness* d%-lon Lo -
Alkalinity* ?g -64 Reviewed by: ~J Ol

*mg/L as CaCO3
Sample Description:

Comments:

Date reviewed:  Taur. I /in,
<J =

SO o fl adaag VY DL couteole A-2T, K -30C-25, D -2
égmﬁ&\ rcgﬁam/u . v - —F / ’ '}

(‘EW’QZ%

Version 1.0 Issued June 26, 2006
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Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Client: Golder Start Date & Time: 25-0ct-12 (M Qpgw
Sample ID: Strontium (MHW) Stop Date & Time: WLE/IZ/@Z‘{(?OL
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Days
Concentration 21 22 _
40 old | new | old | new | old | new | old | new | « ew new | old | ne
Temperature (°C) {419 4.0 |eo | Tue igim | 1uce | v | 140 1.0 (3o | W9 %o | (42 1D
pO(mg) (3.6 [10f 1.9 [tes | joo|fzn] o009 1% J1oy |93 [lo [l |00
pH ¥ [Tl T e 1M | P32 F [ Fe [36 F6 [F3 |TT
Cond. (uSfcm) |V L\S}a «25" Yz T Hay XA Yy | qup
initials Kgu 3 J\ . oe o Kr— |oT
Concentration
80
Temperature (°C)
DO (mglL)
_pH
Cond. (pS/cm)
Initials

Concentration
160
Temperature (°C) - 14
DO (mgiL) 82 B o lisy | o] tenlas g 4 1o\ °L°\ [oo)ton | (oD
pH 36136 (e 122 [ 33] WA AF M (36 [F6 [Fb]26 23
Cond. (uSlem) | 4% T3 FX Fyi *29 | F3 |G T3 F12
Initials LU k3l o | ~ N eI | g~ Y koY 15T

Concentration

lnmat e
Temperature (°C})
DO (mg/L)
pH
Cond. (uS/cm)
Initials -
v
DO meter: pH meter: Conductivity meter:

' Control Analysts: ‘éSL ﬁ]@ ﬁ,:’}; i3 )
Hardness* 45- 100

Alkalinity* ge-Y | - Reviewed by: JG
*mg/L as CaCO3 Date reviewed: Teen - ‘W {3

Sample Description:

Comments:

Version 1.0 Issued June 26, 2006 Nautilus Environmental



Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Start Date & Time: 25-Oct-12 @ (Boow

Client: Golder
Sample ID: Strontium (MHW) Stop Date & Time: AW b/( 1L @ Moo
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Days
Concentration 28 29 & 30 _ 34 35
Contro! old newL old | new | old d Y%new | old | new
Temperature (°C) | g MO | MO | l4s | jun
DO (mg/L) 3.1 [ 06.0 |ten |94
pH 15 138 35 28 |34
Cond. (uSfem) | 34a | 3™ 225
Initials 111 MV e
Concentration 28 29 30 35
5 | old | new | old | new | old new
Temperature (°C) | {40 [\M.0 | M0 (1 | s
DO (mg/L)
pH
Cond. {(pS/icm)
Initials
Concentration 35
10 new
Temperature (°C)
DO (mg/L)
pH
Cond. (1Sicm)
Initials
Concentration 28 | 29 30 ]
20 Initial| new | old | new | old | new | old old |
Temperature (°C) | /45 | MO | WO | e | wa| ma| qn| /| 140
DO (mgl/L) g, %10\ T{}.O oY | 941 5 / 9.%
pH 7339 3G [ [3¥ 2y 95 [/ [FO
Cond. (uSfem) | o5 |3 o | " yef 194
Initials a0 | eov ~ ~ Ly
DO meter: pH meter: Conductivity meter:
Control Analysts:  {IL/ AP [ T
Hardness* %100
Alkalinity* {’c;— B Reviewed by: At

* mg/L as CaCO3

Sample Description:

Comments:

Version 1.0 issued June 26, 2006

Date reviewed:

LT
< /

©hy 23 8ep 108 was ot Qeitert (00 =5.6) - bevphon vestved-

Nautilus Environmental



Client:
Sample ID:
Work Order #:

Embryo-Alevin Freshwater Toxicity Test
Initial and Final Water Quality Measurements

Golder

Strontium (MHW)

12193

Start Date & Time: 25-Oct-12 @ Qe
Stop Date & Time: _Nov 26 /1L (@ j4sei

Test Species: Oncorhynchus mykiss

[

Concentration

Days

40 .
Temperature (°C) . : N
DO (mgiL) ap [10_10.0 i~ 221494 32 | / 4.3
pH 17[80 [T [*P e (22 |/ (20
Cond. (uSicm) | 152 | 444 g se e o Yk
Initials \:’3’( Légj - A A @’7]’

Concentration

80
Temperature (°C) {
DO (mgL) |6, (101 f0.0 [ter %6 (a8 1G2 | / 19F
pH 2FB0 (1S [FF (T [ 32| ¥p qb
Cond. (uSicm) | 5%p | 330 e 359 £5b
Initials (fﬂ Lj\/ ~ - [[’3 -
Concentration 28 _ « _ 30 ‘
160 _old | new | old | new | old | ne z:
Temperature (°C) | {45 WO | IO 440 | 140 Yo lies | [ 1iY.D
pomgt) | 9% Dot Yoo [i=2 |94 [ 58199 / 9%
pH 111800315 P2 (26 (2 [/ [Fe
Cond. (uSicm) | 444|350 LY 2t 2 b\
Initials 1l Lsv n N Eg<
Concentration 28 29 30
Initial| new | ofd | pew | old | new |
Temperature (°C)
DO (mg/L)
pH
Cond. (uS/cm)
Initials
DO meter: pH meter: Conductivity meter:
Control Analysts:  ESL/AWDISTT
Hardness* a5-1o0
Alkalinity* 55- by Reviewed by: JOU_

* mg/L as CaCO3

Sample Description:

Comments:

Date reviewed:

Tan. ]
J l')

Version 1.0 Issued June 26, 2006

Nautilus Environmental



Embryo-Alevin-Fry Toxicity Test
Daily Mortality

Client: Golder Start Date & Time: 25-Oct-12_ &0 (Fevh
Sample ID:  Strontium (MHW) Stop Date: Noviv/lz @ Weoly
Work Order #: 12193 Test Species: Oncorhynchus mykiss
it Total Dead Total
Treatments Day of Test - No. of Mortalities Eggs/ Undeveloped/ | Total No. Total
Rep| 1 | 23| 4|5]| 6! 7 Embryos Unhatched | Alevins | Exposed
(mglL Sr) Alevins Embryos 3
Contro! AlD isclolC |01 \ i 2
B1O |, * 0 | @ 0 7
clo |] n | Q 0
D|D D | U 0
5 Ai{O i | 1
B|O % Q| 2
cl0 f PR i
DO 3 O |2 | 7
10 Ao \ DA )
B|O 0 13 3
cC |0 o | - 1
D | O e 0
20 AlD 2 |3 3
B O o [V !
clo 0 11 i
DO 0|1 {()
40 A | O Do
B |0 [ | 1M 2
clo [ 0 l0 ]
D|O 0 | = 1
80 A|lO 8 | i
B|O \ L[ 2
Cl10 1 D 1t i
b0 o 3% 3 -
160 Ao 3 |z Z
B O 0 i i
c|0 / 010 0
DO | Ul [ VKSR 2
A
B
C
D 3
Tech Initials JW | A | & < kel rao Zie
Comments:

Reviewed by: J M Date reviewed: 1@)\ - M// ®
N /

) Nautilus Environmental
Version 1.0 Issued June 26, 2006 ent



Embryo-Alevin-Fry Toxicity Test
Daily Mortality

Client: Golder Start Date & Time: 25-0ct-12 | Fo0ia

Sample ID:  Strontium (MHW) Stop Date: Novib (12 @ iuyesh
Work Order #: 12193 Test Species:  Oncorhynchus mykis?s/ i
i Total Dead Total
Treatments Day of Test - No. of Mortalities Eggs/ Undeveloped/ | Total No. Total
Rep| 8 9 /101 11112 13 | 14 Embryos Unhatched Alevins | Exposed
(mglL Sr) Alevins Embryos 3¢
Control Ald |[el o] |D Ol o Q g
B I, 710 |0 |o 5] i
cl| Q g [\ |1 | © 2
D¢ VI olJd o 0
5 AlD L (Y 10 |D |o O
B | ¢ VIV 10|90 Jo J
c @ 2L ol lo ¢
D D o 0Olo 10 o %
10 Alp @) Oipn |O o
B |9 010 1o )
Clg Q10 0 o
D D, 19O ~ D
20 AlY i]0 o
B |V g |0 0 0
c | Q010 o] ©
D |%® O D Is) U
40 AU O 10 D 2]
B 'R v 10 0 [
c [ Z |0 O | 2
D | n 0 0 0 ©
80 Al o vlo R) ©
B |1 {lo ) 2
c |\ v ]lo 7 i
D |o 110 0 1
160 Al | V10 o i
) 0 |0 O D)
C | O Y10 | © o O
D| D Vioglo |Jd 0 [\
A
B
C
D W
Tech Initials AN NI T oV %
Comments:

Reviewed by: JeA Date reviewed: Jow-ti /g
~ ;

Nautilus Environmental

Version 1.0 issued June 26, 2006




Embryo-Alevin-Fry Toxicity Test

Daily Mortality
Client: Golder Start Date & Time: 25-0ct-12  {Fwoir
Sample ID:  Strontium (MHW) Stop Date: Ay Yo/ (L@ (Gao
Work Order #: 12193 Test Species: Oncorhynchus mykiss
it Total Dead Total
Treatments Day of Test - No. of Mortalities Eggs/ Undeveloped/ | Total No. Total
Rep| 15 | 16 | 17 | 18 | 19 | 20 | 21 Embryos Unhatched Alevins | Exposed
(mg/L Sr) < Alevins Embryos g
Control Ao [OCToljo [V 0 |O Q , e
Bl [ L[, O 0 e
c i (V[ ) o)
Dl { | ]l ) 0
5 A | ) Q
B o )
c \ 0 0
D 0 0
10 A O &)
B ] e
C O 0 .
D 8] v
20 A_ / 9 O
B B 9l O
c | O )
D ] h R
40 A Q Q
B / ) )
c 4 e D
D { Yoo i
80 A [») K i
B (oMK, Q
c ;] 1O A
D ) 3 )
160 A 7 01 9
B v O i 1
c |\ 1219 o "8 v
D || J 1O ol v [Y (Y8 |
A
B
C
D — ad
Tech Initials INT 4 s I~ v For| IV g s
Comments:

Reviewed by: JG’CL, Date reviewed: C 70w(r ] / 17
yam

) Nautilus Environmental
Version 1.0 issued June 26, 2006



Embryo-Alevin-Fry Toxicity Test

Daily Mortality
Client: Golder Start Date & Time: 25-0ct-12_ (@ (Jpin
Sample ID:  Strontium (MHW) Stop Date: MWy o fdad\
Work Order #: 12193 Test Species: Oncorhynchus mykiss ‘
. Total Dead Total
Treatments Day of TéSt - No. of Wortalities Eggs/ Undeveloped/ | Total No. Total
Rep| 22 | 23 / 24 | 25 | 26 | 27 | 28 Embryos Unhatched Alevins | Exposed
(mg/L Sr) Alevins Embrvos «.’_a_j/
Control Al [ JLiploly |V > 2
B | *|0© 0 |9 { -
c |o i1 A {
I i |o v \
5 Ao NE v 2
B 1 T[o WK 2
Clo {19 o |5 W
D ¢ || 2 ¥
10 A 'y l %
B Gl g R L
C / - d A4 © Y -
D J 1010 1'% v &
20 AV el 0y o ~ 5
B [t o 0 ¥ %
Cleg Y Y 1 &
D | g O e 2 &
40 Ailg o A i 0 2z
B I{ o (v IRNY; 0 t
Cloulo i |
D o1y G &
80 A o1 i ' <
B } O i Z
C < J i L] l
D [e] | l¢ ] |
160 A VLo VY n o 0 Z \
B F T oY [0 |9 | Z
c | Ao oe Jo [ &
D |w 1ol B g RN { v
A
B
C
D .
Tech Initials KL | ~ g Jeou] fou ¥l ~ IR %
Comments:
Reviewed by: d W Date reviewed:. cht il / {3
<J ;7

) Nautifus Environmental
Version 1.0 Issued June 26, 2006



Embryo-Alevin-Fry Toxicity Test

Daily Mortality
Client: Golder Start Date & Time: 25-Oct-12 @ H’DO h
Sample ID: Strontium (MHW) Stop Date: 26-Nov-12 ﬁb Y @Qiq
Work Order #: 12193 Test Species: Oncorhynchus mykiss
Concentration Day of Test - No. of Mortalities Total Total Total No. Total
R 2 1 313 Dead Undeveloped Fry Exposed
(mg/L Sr) | ep 9 30 3 32 3 4 35 Fish
Control Alo 1O | o4 & 29
B |O O O 74
clO A 4
D |! i B 20
5 Al2 7 S 20
B |9 2 2 21
c 1 } /9
D 0 0 20
10 Al Z 2 2l
B | | Z 3 £32)
c i 24
D P 2 3t
20 A ) | 2
B V10 0 P25
Cc 1 j Z 25
D O |4a 0 2\
40 ALY 13 3 7
B | | O | i g A
Clo 2 e [4
D i I 30
80 A vV 1 Z Z 74
B I |2 % 2
c 0 |\ i Lo
D 1 |2 k 31
160 A 2 3 25
B 0 |0 @] 249
c o |1 | 1t
D VAR E> Z 24
A
B
Cc
D
Tech Initials LBvla |~ WU B i
Comments:
Reviewed by: ] A Date reviewed: Jam . U/
< 3

IGautilus Environmental
Version 1.0 Issued June 26, 2006



Strontium {Moderately Hard Water)

Day: 32 :
Normal hatched [Abnormal hatched |Unhatched Dead
Control|A 4 7 5 ]
Control|B X © O )
Control|C 253 o 2 i
Control|D 4 ! © l
5|A 2,0 0 2z O
5|8 1L i 2, S
5/C 1, f i 0
5|D S 3 % 0
10/A 23 2 i \
10|B 11 i ¢ Z
10(C 4 o | o
10|D 2w - Z o)
20|A 3¢ % 0 {
208 7t > © 3)
20|C 20 T J {
20[D 5 0 0 p)
40(A 14 O 2 !
408 13 0 0 {
40|C i 0 i (
40|D 1% Q i )
80|A L3 ) Z %)
80(B 3 Z o Z
80|C 20 Z i O
80|D 22 i | {
160|A 70 \ o Z
160|B , 1 O o)
160|C 0 7 i 19)
160{D 20 3 I l

Jol
Jam- i 3



Strontium (Moderately Hard Water)

Day-32
Normal hatcked | Abnormal hatched Dead
ControllA 4 2 Lﬂ,& ‘{*
Control|{B 28 © &
Control|C 25 0 L
Control|D 25 { |
'5(A 70 0 2-
5|8 22 | 2
5/C b i I
5D (& 2 )
10|A 23 2 2
10|B 2% { 2
10(C YA © |
10|D 2| 2 2
20/A (2 2 \
20{B 22 2, 0
20/C 20 P l
20(D 5 { 0
40{A 74 O g
40(B 213 O [
40|C VY O 2
40|D 1L O \
80|A 25 0 2
80/B \3 Z 2
80{C 10 2 !
80|D 7 ) 2
160|A 20 i 2
160|B 23 [ )
160|C 20 7. ]
160|D 20 < S

jﬁ? i /,3



Client: G'hol der

Hardness and Alkalinity Datasheet

w.o#_ (2193
Alkalinity Hardness
_ Volume of
Sample |(mL) 0.02N (mL) of 0.02N Sample 0.01M Total
Volume |HCL/H,S0, HCL/H,80, Total Alkalinity Volume  [EDTA Hardness
Sample ID Sample Date |(mL) usedto pH4.5 jused topH 4.2 |(mg/LCaCOj) (mL) Used (mL) |(mg/L CaCOs){Technician
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APPENDIX B - Analytical chemistry data



Analytical measurements on solutions at test initiation

NAUTILUS ENVIRONMENTAL Date Received: 27-NOV-12
ATTN: Karen Lee Report Date: 04-DEC-12 13:19 (MT)
Version: FINAL

8664 Commerce Court
Imperial Square Lake City

Burnaby BC V5A 4N7 _
Client Phone: 604-420-8773

Certificate of Analysis

Lab Work Order #: L1242991

Project P.O. #: NOT SUBMITTED
Job Reference:
C of C Numbers: 1,2

Legal Site Desc:

Can Dang
Senior Account Manager

[This report shall not be reproduced except in full without the written authority of the Laboratory.]

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700
ALS CANADA LTD  Part of the ALS Group A Campbell Brothers Limited Company


James
Typewritten Text
Analytical measurements on solutions at test initiation


L1242991 CONTD....

PAGE 2 of 5
ALS ENVIRONMENTAL ANALYTICAL REPORT  (0*PEC:1213:19(MD
Version: FINAL
Sample ID L1242991-1 L1242991-2 11242991-3 L1242991-4 11242991-5
Description WATER WATER WATER WATER WATER
Sampled Date 25-0CT-12 25-0CT-12 25-0CT-12 25-0CT-12 25-0CT-12
Sampled Time
Client ID | PC- CONTROLSR | DC-5MG/L SR DC - 10MG/L SR DC - 20MG/L SR DC - 40MG/L SR
Grouping Analyte
WATER
Total Metals Strontium (Sr)-Total (mg/L) 0.0140 4.70 10.1

22.0

46.2




L1242991 CONTD....

PAGE 3 of 5
04-DEC-12 13:19 (MT
ALS ENVIRONMENTAL ANALYTICAL REPORT _ (MO
Version: FINAL
Sample ID L1242991-6 L1242991-7 L1242991-8 L1242991-9 L1242991-10
Description WATER WATER WATER WATER WATER
Sampled Date 25-0OCT-12 25-0OCT-12 25-0OCT-12 25-0OCT-12 25-0OCT-12

Sampled Time

Client ID | DC-80MGILSR | DC-160MG/IL SR | MHW - CONTROL | MHW -5MG/LSR | MHW - 10MG/L SR
SR

Grouping Analyte

WATER

Total Metals Strontium (Sr)-Total (mg/L) 84.0 165 0.0176 562

10.9




L1242991 CONTD....
PAGE 4 of 5

ALS ENVIRONMENTAL ANALYTICAL REPORT  (*PEci2131s(m

Version: FINAL
Sample ID L1242991-11 L1242991-12 L1242991-13 L1242991-14
Description WATER WATER WATER WATER
Sampled Date 25-0CT-12 25-0OCT-12 25-0CT-12 25-0OCT-12

Sampled Time

Client ID MHW - 20MG/L SR |MHW - 40MG/L SR | MHW - 8OMG/L SR MHW - 160MG/L

SR
Grouping Analyte

WATER

Total Metals Strontium (Sr)-Total (mg/L)

21.7 41.2 82.0 165




11242991 CONTD....

PAGE 5 of 5

- 04-DEC-12 13:19 (MT

Reference Information Version: o
ersion: FINAL

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

MET-TOT-MS-VA Water Total Metals in Water by ICPMS EPA SW-846 3005A/6020A

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or
microwave oven (EPA Method 3005A). Instrumental analysis is by inductively coupled plasma - mass spectrometry (EPA Method 6020A).

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:

1 2

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.

mg/kg - milligrams per kilogram based on dry weight of sample.

mg/kg wwt - milligrams per kilogram based on wet weight of sample.

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight of sample.

mg/L - milligrams per litre.

< - Less than.

D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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British Columbia
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Chain of Custody
RNovidiz

LI2424a4| s
Sample Collection By: ANALYSES REQUIRED
¥ 1L1242991-COFC -
Report to: Invoice To: 4
St
Company Nautilus Environmental Company waulus Environmental g
Address 8664 Commerce Court Address 8664 Commerce Court B
City/State/Zip Burnaby, BC, V5A 4N3 City/State/Zip Burnaby, BC, V5A 4N3 é
Contact Karen Lee Contact Karen Lee 8
Phaone Phone % o
Email karen@nautilusenvironmental.com Email karen@nautilysenvironmental.com § [
] [
— [+4
CONTAINER NO. OF =
SAMPLE ID DATE TIME MATRIX TYPE CONTAINERS COMMENTS g
1 DC - Control ¢ 25-Oct-12 125ml Bottle 1 x
2 DC - 5mg/L Sr 25-Oct-12 125m} Bottle 1 X
3 DC - 10mg/L Sr 25-0ct-12 125ml Bottle 1 X
4 DC - 20mg/L Sr 25-Oct-12 125ml Bottle 1 X
5 DC - 40mg/L Sr 25-Oct-12 125mi Battle 1 y
6 DC - 80mg/L Sr 25-Oct-12 125ml Bottle 1 X
7 DC - 160mg/L Sr 25-Oct-12 125ml Bottle 1 X
8
9
10
PROJECT INFORMATION SAMPLE RECEIPT RELINQUISHED BY {CLIENT) RELINQUISHED BY (COURIER)
(Signature) (Time) {Signature) (Time)
Client: Total Neo. of Containers (4@’\ IQUO h
1T e — oo
. Karen Lee ; 2012 (Printed Name!
PO No.: Received Good Condition? (Printed Name) {Date) 900-45 _zi
i tehas Fact Gt —  —rmeary Nautilus-Environmental — — o [cCompany} T - =
- kshili?:%ed == = T | Matchés Test Schedule? Eamaeiy 0
SPECIAL INSTRUCTIONS/COMMENTS; RBT embryo strontium test in dechlorinated RECEIVED BY (COURIER) RECEIVED BY (LABORATORY)
water, Day 0. Samples are not preserved, T e S Tiime)
: (Bas
(Printed Name) {Data) (Printed Name) (Datg)
hov 23
(Company) (Company) a_
‘h’wm L.
I

Additional costs may be required for sample disposal or storage. Payment net 30 unless otherwise contracted,
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i Fax 604.357.1361
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s
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Contact Karen Lee Contact Karen Lee E
Phone Phone S o
Email karen@nautilusenvironmenial,com Email karen@nautilusenvironmental.com E E
wvl
— o
CONTAINER NO. OF 8
SAMPLE ID DATE TIME MATRIX TYPE CONTAINERS COMMENTS ]
1 MHW - Contral S | 25-Oct-12 125mi Bottle 1 x
2 MHW - Smg/iL Sr 25-0Oct-12 125m! Bottle 1 x
3| MHW-10mg/LSr 25-Oct-12 125ml Bottle 1 X
4 MHW - 20mg/L Sr 25-Oct-12 125ml Bottte 1 x
5 MHW - 40mg/L Sr 25-0Oct-12 125ml Bottte 1 x
| MHW-80mg/L Sr 25-Oct-12 125mi Bottle 1 x
7] MHW - 160mg/L Sr 25-Oct-12 125mi Bottle 1 x
8
9
10
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water, Day 0. Samples are not preserved. maderately e T e S T
i@fé {&He
(Printed Name} (Date) (Printed Namse) (Date)
Adov &4
(Company} {Company)
1=

Additional costs may be required for sample disposal or storage. Payment net 30 unless otherwise contracted.
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Analytical measurements on test solutions at test termination
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Legal Site Desc:
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Analytical measurements on test solutions at test termination


L1242999 CONTD....

PAGE 2 of 5
ALS ENVIRONMENTAL ANALYTICAL REPORT  (0*PEC:1214:96(MD
Version: FINAL
Sample ID L1242999-1 L1242999-2 11242999-3 L1242999-4 1L1242999-5
Description WATER WATER WATER WATER WATER
Sampled Date 27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12
Sampled Time
Client ID | DC-CONTROL DC - 5MG /L SR DC - 10MG /L SR DC - 20MG /L SR DC - 40MG /L SR
Grouping Analyte
WATER
Total Metals Strontium (Sr)-Total (mg/L) 0.0553 4.79 105

19.5

38.6




L1242999 CONTD....

PAGE 3 of 5
04-DEC-12 14:56 (MT
ALS ENVIRONMENTAL ANALYTICAL REPORT _ D
Version: FINAL
Sample ID L1242999-6 L1242999-7 L1242999-8 L1242999-9 L1242999-10
Description WATER WATER WATER WATER WATER
Sampled Date 27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12
Sampled Time
Client ID | DC-80MG/LSR |DC-160MG/LSR | MHW -CONTROL | MHW -5MG /L SR MHW - 10MG /L
SR
Grouping Analyte
WATER
Total Metals

Strontium (Sr)-Total (mg/L)

75.8

150

0.271

2.39

105




L1242999 CONTD....

PAGE 4 of 5
04-DEC-12 14:56 (MT
ALS ENVIRONMENTAL ANALYTICAL REPORT _ (M)
Version: FINAL
Sample ID L1242999-11 L1242999-12 11242999-13 L1242999-14
Description WATER WATER WATER WATER
Sampled Date 27-NOV-12 27-NOV-12 27-NOV-12 27-NOV-12
Sampled Time
; MHW - 20MG /L MHW - 40MG /L MHW - 80MG /L MHW - 160MG /L
Client ID R SR SR SR
Grouping Analyte
WATER
Total Metals Strontium (Sr)-Total (mg/L) 18.5 378 74.7 137




L1242999 CONTD....

PAGE 5 of 5

- 04-DEC-12 14:56 (MT

Reference Information Version: o
ersion: FINAL

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

MET-TOT-MS-VA Water Total Metals in Water by ICPMS EPA SW-846 3005A/6020A

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or
microwave oven (EPA Method 3005A). Instrumental analysis is by inductively coupled plasma - mass spectrometry (EPA Method 6020A).

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

Chain of Custody Numbers:

1 2

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.

mg/kg - milligrams per kilogram based on dry weight of sample.

mg/kg wwt - milligrams per kilogram based on wet weight of sample.

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight of sample.

mg/L - milligrams per litre.

< - Less than.

D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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o
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Contact Karen Lee Contact Karen Lee 5
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i : g B
Email karen@nautilusenvironmental.com Email karen@nautilusenvironmental.corn g 2
o Q
—_ o
CONTAINER NO. OF =2
SAMPLE ID DATE TIME MATRIX TYPE CONTAINERS COMMENTS 5
1 DC - Control 27-Nov-12 125ml Bottle 1 X
2 DC - 5Smg/L Sr 27-Nov-12 125ml Bottle 1 X
3 DC - 10myg/L Sr 27-Nov-12 125ml Bottle 1 x
4 DC - 20mg/L Sr 27-Nov-12 125ml Bottle 1 x
5 DC - 40mg/L Sr 27-Nov-12 125m| Botte 1 X
6 DC - BOmg/L Sr 27-Nov-12 125ml Bottle 1 x
7 DC - 160mg/L Sr 27-Nov-12 125ml Bottle 1 X
8
9
10
PROJECT INFORMATION .SAHPLE RECE!PT RELINQUISHED BY (CLIENT) RELINQUISHED BY (COURIER)
" — " — phiow - i 180Gh (Signature) (Time}
Client: Total No. of Containers (Sianature) (;é&’\ (Time)
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water, Day 32. Samples are not preserved. ST ey T ' ]
(Printed Name) {Date) (Printed Name) T {Pate}
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(Company) {Company) m _4 a .
T

Additional costs may be required for sample disposal or storage. Payment net 30 unless otherwise contracted.
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Chain of Custody
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Report to; Invoice To: o
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Contact Karen Lee Contact Karen Lee E
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Email karen@nautilusenvironmental.com Emall karen@nautilusenvironmental.com § 'g
w
— -4
CONTAINER NO. OF Jii
SAMPLE ID DATE TIME MATRIX TYPE CONTAINERS COMMENTS |9
1 MHW - Control 27-Nov-12 125ml Bottle 1 X
2 MHW - Smg/L Sr 27-Nov-12 125ml Bottle 1 x
3 MHW - 10mg/L Sr 27-Nov-12 125ml Bottle i x
4 MHW - 20mg/L Sr 27-Nov-12 125mt Bottle 1 %
5 MHW - 40mg/L Sr 27-Nov-12 125ml Bottle 1 X
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water. Day 32. Samples are not preserved. Sgnatare) {Time} (Signature) ' S (Time)
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32 C

Additional costs may be required for sample disposal or storage. Payment net 30 unless otherwise contracted.
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1.0 INTRODUCTION

The toxicity of strontium to Hyalella azteca is not well characterized. Borgmann et al. (2005)
reported results for survival of this species following a 7-day exposure to strontium; however, it
is not clear whether actual toxicological effects were observed in the test solutions, or whether
the apparent effects observed were related to natural background mortality, because the results
were not corrected for control mortality, and a relatively small reduction in survival was

observed.

The testing described here was performed to definitively evaluate the sensitivity of this

amphipod to strontium using both survival and growth endpoints over a 14-day exposure.

2.0 METHODS

The toxicity tests were conducted according to procedures summarized in Table 1, which were
adapted from Environment Canada (1997) test methods for evaluating sediments for toxicity;
tests were adapted by using control sediment for all exposures, and exposing the organisms to
various concentrations of strontium in the overlying water, which was renewed with freshly

prepared solution three times per week. Control sediment was pre-rinsed sand.

Control water was moderately hard water (80 to 100 mg/L hardness), prepared according to
Environment Canada (1997), and strontium was introduced to the test solutions as strontium
chloride. The test involved a 14 day exposure, following which survival and biomass were

evaluated.
Subsamples of the test solutions were collected at the beginning and end of the test and

measured for strontium by ALS Environmental. Statistical analyses were conducted using

measured concentrations of strontium and using CETIS version 1.8 (Tidepool Software).

Nautilus Environmental 1



Table 1. Summary of test conditions: 14-d Hyalella azteca toxicity test.

Test organism

Test organism source

Test organism age
Test type

Test duration
Test vessel

Test Treatment
Test replicates
No. of organisms
Test temperature
Feeding
Photoperiod
Aeration

Test protocol

Test endpoints

Hyalella azteca

Aquatic BioSystems, Fort Collins, CO

7-8dold

Static-renewal (three times per week)

14 days

375-mL glass jars

100 mL control sediment; 175 mL overlying water
3 replicates per treatment

10 per replicate

23 +1°C

1.5 mL of yeast, cerophyl trout chow (YCT) per replicate daily
16 hours light/8 hours dark

Gentle aeration throughout test

Environment Canada (1997), EPS1/RM/33

Survival and biomass

Mean control survival of 280% and >0.1 mg/amphipod dry

Test acceptability criterion for controls .
P y weight

Reference Toxicant NaCl

3.0 RESULTS

Measured concentrations were in good agreement with target concentrations of strontium and

the test met acceptance criteria specified in the test method.

Results of initial chronic toxicity test using H. azteca are provided in Table 2. Results from this
test did not produce substantial adverse effects (i.e., toxicity) on H. azteca; the highest test
concentration of 63.6 mg/L produced biomass that was only reduced by 23% relative to the
control. Point estimates derived from such a small adverse effect are not robust, and IC10 and
IC20 values have not been reported from this test. Consequently, the test was repeated using
higher concentrations of strontium, so that point estimates could be calculated (Table 3). Bench-
sheets from these tests, as well as printouts of statistical analyses are provided in Appendix A.
The IC10 and IC20 from the repeated test based on biomass were 31.2 and 43.0 mg/L strontium,

respectively.

Nautilus Environmental 2



Results of reference toxicant (positive control) tests are provided in Table 4. The reference
toxicant tests result fell within the range of historical data from the laboratory (mean + 2 SD),

indicating that the sensitivity of the test organisms was appropriate.

Nautilus Environmental 3



Table 2. Results of the initial chronic toxicity test using Hyalella azteca.

Concentration (mg/L) Survival (%) Biomass (mg)
Sr (nominal) Sr (measured)
Control 0.04 100+ 0 0.31+£0.04
0.25 0.26 98+5 0.29 £0.03
0.5 0.52 100+ 0 0.31+£0.02
1.0 0.95 100+ 0 0.30 £0.06
2.0 1.9 100+ 0 0.31+£0.03
4.0 3.7 100+ 0 0.28 £0.04
8.0 7.5 100+ 0 0.27 £0.02
16.0 15.4 100+ 0 0.31+£0.02
32.0 30.2 95+10 0.25+0.03
64.0 63.6 100+ 0 0.24 £0.02
Point estimates LC50 >63.6 -
(mg/L measured Sr) 1C50 -- >63.6
Table 3. Results of the second chronic toxicity test using Hyalella azteca.
Concentration (mg/L) Survival (%) Biomass (mg)
Sr (nominal) Sr (measured)
Control 0.0 100+ 0 0.41+0.03
30 30.1 100+ 0 0.38 £0.05
60 61.2 100+ 0 0.25£0.05
120 125.0 100+ 0 0.13 £0.01
240 242.0 00 -
480 469.0 00 -
Point estimates LC50 176.8 (159.2-196.2) -
(mg/L measured Sr) IC50 - 79.6 (70.6 - 89.8)
1C20 - 43.0 (34.9 - 50.9)
IC10 -- 31.2 (21.7 - 38.7)

Nautilus Environmental



Table 4. Reference toxicant test results.

Endpoint Date Toxicant Point Acceptable Range  CV
estimate

H. azteca 96 hr LC50 3 May 2012 NaCl 40¢g/L 31-65g/L 20

5 July 2012 NaCl 53¢g/L 3.0-63¢g/L 21

Nautilus Environmental
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APPENDIX A - Toxicity test data
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Client:

Hyalella azteca Sediment Test Summary Sheet

Golder Start Date: 03-May-12

Work Order No.:

12192 Set up by: KJL

Sample Information:

Sample ID: Strontium Study
Sample Date: n/a
Date Received: n/a
Sample Volume: n/a

Test Organism Information:

Species: H. azteca
Supplier: Aquatic Biosystems, CO
Date received: 02-May-12 '

Age or size (Day 0): 7-8 Days

NaCl Reference Toxicant Results:

Reference Toxicant ID HA48

Stock Solution ID:

Date Initiated:

NaCl
03-May-12

96-h LC50 (95% CL): 4.0 (3.1 - 5.2) g/L NaCl

96-h LC50 Reference Toxicant

Mean and 2SD Range: 4.5, 3.1 -6.5g/L NaCl CV (%) 20
Test Results:

Sample ID Survival £ SD (%) Average Biomass + SD (mg)
Control Sediment 100.0 * 0.0 0.31 * 0.04
0.2595 mg/L Sr 97.5 + 5.0 029 + 0.02
0.516 mg/L Sr 100.0 + 0.0 0.31 * 0.02
0.951 mg/L Sr 100.0 + 0.0 0.30 + 0.06
1.925 mg/L Sr 100.0 + 0.0 0.30 + 0.04
3.7 mg/L Sr 100.0 * 0.0 028 = 0.04
7.495 mg/L Sr 100.0 + 0.0 027 = 0.02
15.35 mg/L Sr 100.0 + 0.0 0.31 * 0.02
30.2 mg/L Sr 95.0 + 10.0 023 + 0.04
©63.6 mg/L Sr 100.0 + 0.0 024 0.02
Reviewed by: ﬁ/w Date reviewed: [, No,v Zoit




Chronic H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment Water Quality

Client: Golder Start Date: 03-May-12
Work Order No.: 1212 % Termination Date: 17-Mar-12
Sample ID: Strontium Test Organism: Hyalella azteca
Temperature (°C)
Day
Sample ID 0 1 2 3 4 5 6 7
@\?\/L Sr) old | newj old [ new | old { new| old | new | old | new | old | new | old
Control 240 |13-0 |2 | W2 [gup [an 2| qup |32 [ BEE| B [0 [Bo (310 |23.0
0.25 a [al0 [Uho [ A | a9 o [225 | E2 B30 [Tho |*3o |10 [23-0
0.5 24.0 |23.0 |Z%o [ 2| W2 | w0 ag.0]220 |240 |30 Mo |30 |10 |23.0
1 24.9 {230 |10 o | m. o] 34,9 We |B.o e [23.0 o |Bo |0 |25
2 Mo (230 o | WPl e | a4l | P [ Bw e |Ho |0 230 |24-2 230
4 2o |23 Whe | | w.o | w2l e [ Qo e [0 |ago 13- [0 |23
8 Weo |30 40 |agm |anl | LY2 e 3o MO (D30 e | Bo 1H-9 |13.0
16 Yo [129 |24 | o] WP | W |Ue 220 o {130 [240 |23 |oh0 [23- 8
32 29.2 B0 |0 | Wa| W mwe |ars (200 WMo |2la |25 (130 (249 h3-B
64 We |30 'bgﬂ“" Wo | W | o |t [Pho |2%es (2] | s B0 | 240|205
Technician Initials | KL | ¥ [vae | ~o | & | Al a e Jen (e [l | ese [l [ere
Conductivity (uS)
Day
Sample ID 1 2 3 4 5 6 7
, 0
Qr\qﬂ— S‘r) old | new| old | new| old | new | old | new od { new | old | new | old
Control 4T |35 (349 |364] 35 [392 |3+ ¥ 274 Ll [T8C | S43[29s 1394 |34
0.25 AT |3y |35S [ IXY] 252 Fd (353|789 |9¢Y | 287|346 |98 (3% |2
0.5 sce 1339 [35€ D9z 35| 18135% %00 |79k 1389 Pl | 339 |36 |zped
1 3ug 32% |366 | 233U IFS| IO (152 [34F [3&> | T4l |3 [ 3SE |=pe
2 TS0 |3gb |363 | S| 356 |77b |Be2| 3xc 1250 1283 RS 386 |3 |ss
4 2c7 1392 [ 365 [776 |70 35S |23 [290 [3se 342 EEE | 3¢ Jisv [3499
8 26F 130|336 ga2 |3 B Ra {2199 36F |40l |36X |39 BSE | %3S
16 389 |4t [39% 429 | Y3o[ 4 [¥25 |4 285 |auy o |47 |38F | 424
32 33 {961 |44 (Y% q |aer | 16| gz M99 vz Be7 (4720 M0 B (4o
64 c2' g3z |sA |52 tsif| 537 [sass4y [SA [sot [§4 [syz [s20 |5,
Technician Initials | ¥gl | Woe| egv ~| a A A s | ol [T [0 L ige | YL e
Comments:
Reviewed by: &'—"‘/ Date Reviewed: (, Akw Zo1v

Nautilus Environmentat




Chronic H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment Water Quality

Client: Golder Start Date: 03-May-12
Work Order No.: {214+ Termination Date: 17-May-12
Test Condition: Strontium Test Organism: Hyalella azteca
Dissolved Oxygen (mg/L)
Day
Sample ID 0 1 2 4 5 6 7
(Mq/L Sr) old | new | oid | new | old j new | old | new | old | new | od | new | od
Control U e [ [YI [ HRE Y [T [T |poRr |2 |22 |27 |§.(
0.25 24 |&L |98 |39 2% |35 |+F|25 |24 [&T |80 (92 |99 | &
0.5 Yo [Fe |24 | ¥4t [ S e |FS (29 |s™ (&1 [2+(24 | pa
1 o 130 29 [ 26 [ ¥ (e [z [34 [X&[p2 bz [F2 |25 | g
2 NMEEEHES R AR A TN EY N EA ER A T P A ER I D
4 B [e9 [79 (25198 [3s (32 [5d (29 [+ 16 T3 [2F [ 80
8 [0 132 (25 | 26| 5¢ 123 [35 (3¢ (|24 | 22|38 [ ya
16 5 | yo 183 149 [ #P1 [ |35 (79 [so [ B ]3x [24 | e
32 g e [3a 1 »5[ s [Falas [zl |Felas [F9] &a
64 U |7t [2A] 25128125 | RS [+t [P |0 |[BO g2 [§o | fe
Technician Initials |FOV | A [ W9L| ~ | | A | A [egu| ko | W e [ Yo | WiC (¥
pH
Day
Sample 1D 1 2 4 5 6 7
, 0
{rmy/L Sr) oid | new | old | new | old | new | old | new | old [ new | old | new | old
Control $0 2o |R.0 | F2 | & Fll&o o |80 |[fo [Ro |[Ro |80 |30
0.25 o |8> |80 [Roippy | #o B [Ro [FT I3 [Bo [ ko [go |5
0.5 8‘_0 o §-o | 7.0 p 2| & £ &o |7 _Q fo (Ro R0 3'0 NP
1 go {y.o |[ro j—{," sl S Repo (24 (30 [Ho o Bo |fe
2 go |82 lgo | 0] 52| K| & loo [ 3o (8o |8 13, 99
4 g0 |92 |§ | ROl g P H | & Q0o [79 |2 |Bo |20 [#0 [Ro
8 g0 I30 Igo | 12 &0l Aol ae 8o [39 [po [&0 (21 [Bo [beo
16 B-0 |§9 j§0 | 8P|l ro] B R2Ik0 |99 (82 3o [ Rt 9.9 [§-o
32 80 138 MIA| F P RG] Ao RO19, 139 0o 349 [&o [TX {pe
64 1938 (S5 (03| a] Ao | KR2IXSHE 72 [3- [ 109258 (0.0
Technician Initials | gV |54 7Y Al oA LA A g | || e Wl | ere [
Comments: G)R@\;L%J?Hz}'i" @;\ﬁay,g?p\:ag
Reviewed by: Date Reviewed: (o Nov 2oiL

7
e
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Chronic H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment Water Quality

Client: Golder Start Date: 03-May-12
Work Order No.: ALY Termination Date: 17-Mar-12
Sample ID: Strontium Test Organism: Hyalella azteca
Temperature (°C)
Day .
Sample ID 7 8 9 10 11 12 13 14
@\ﬁ/LSY) new | old new | old new } old new | oid new | old new | old new | old
Control 240 (|2%9 [1ds | BBS % 13 e (185 S 1340 2voe | 240 [8B-¢ [2yn
0.25 251230 o [ BE | WMo lare | ave [23.5023-S [0 (245 240 |35 4o
0.5 BL (230 |Uo |M5 [ we | Be |We [P35 |23.5 iy |2e (290 (B S x40
1 13S [Ho o |1A WP 129 | qu= | BI85 1Mo [T8o |24 p 255 (2o
2 23-5 (Voo | 4o |26 |ane 132 lquo R3¢ BLS [PHo [240 |40 [23.5 240
4 240 1230 |949 |95 | e |30 | me fns 255 W o o |2u0 |8 | 240
8 zhe |0 [0 (38 | s |aae liwe |25 [F3S |uie |gu.0 |2d= (23 .S |24,
16 9.9 | L2 |84 | 10 |ag.o |0 3.8 | B-S R 2 |%o |23.5 |24.0
32 w0 2.5 | 140 1225 | we 182 | me 1235 [Mo AR (740 |rY-o j1f.o |PHe
64 130 1. [Tto |asg » |8 |ame |25 Mo PHW [73.6 |20 |1, | o
Technician Initials | Kgl | &7~ s | A | o Al A eIV feol e e (Wil lese | 69C
Conductivity (pS)
Day
Sample ID 7 8 9 AQ 11 12 13 14
(f“ﬁ/ LS‘*’? new J old | new | old | new | old | new | old  new | old | new | old | new | old
Contiol _[243 [3%0 |34y |FoUIBY8 |ome | S5 bol | 544 | 793 | 247 | 2m1 |3%5 |3
0.25 750 (395 | B3 1399 | 369 [ 331 |98 {tu¥ |34F| (yyp | 356 [0S 340 |384
0.5 248 Moy (347 [4oc [ 3oL 23y [ wx (400 (38K [4oq [357 | 406|313 [340
1 250 |3%¢ |34 [ Y03 [36F [340 (a6 [€20 [3c0 [uog (359|379 [35 | 3ay
2 I |34 [239 |9 [36= [ 3eb |Yig G5 352 |4l (262|197 (353 | qod
4 355 |wo |2¢ |42 [330 |39 [Mu |Nzo [SCd [wis [368 [ UF [35G |40y
8 369 |Goy |3F0|4° |36 |HiL %3 |430 BFL 4% [BFo | 434 |FFo (1Y
16 37 |0A (31 | O 485 [4#8 |45t |yt |89z | ysy 4o | Uyr 393 | %
32 IV My [6 | w9t v v |0 |Sot Y3, | 4aT | 48 | Y | §3e |9
64 325 (¢ [ 56l 345|539 |59 [Foey| 11615 [ 535 ] Svo| $21 | vee
Technician Initials | ks [F3e pov ~ 1~ Al Al Jev (s [ao o | ¥
Comments: N
Reviewed by: %\n_— Date Reviewed: [,, Mo/v 37
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Chronic H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment Water Quality

Client: Golder Start Date: 03-May-12
Work Order No.: A R% Termination Date: 17-May-12
Test Condition: Strontium Test Organism: Hyalella azteca
Dissoived Oxygen (mg/L)
Day
Sample ID 7 8 10 11 12 13 14
@ﬁiL $r) new | old {new | old | new | old | new { old { new | old | new | old | new | old
Control F5 [ 34 (a0 |24 |32 [ [s2 [8o (@2 |94 [1% |l2c |50 [33
0.25 ‘g‘,ﬁ 2/\F ) ’,rf “}Q ?\_Q) ;\o B0 5.1 44‘ “14 ‘:'; 1% 374
0.5 Ty (80 |2 |as [ o |5 25 lger 123 |3¥% | 3-S]sw (323
] T [P (b [ |25 [ 20 [po |28 [0 (33 |39 [7€ 5o |73
2 Fex |4 |80 | A | ¥ | gol3pe |24 |62 [FU 1F9 [FT |80 3T
4 25 |2% |80 [ S [>T [0 Ter (23 o [FU TFq )55 [0 BB
8 A4 (36 |Bo [ RS [ 36 [ M3 w0 |35 (3% |24 (39 [4-308D |33
16 70 7Y |go |29 [ A8 [ A [0 (15 [3+ [ F4[39 [*3¥gq B3
32 F5135 {80 [ RhG | ™ [®e | 00 |4y 182 (%3 |29 43934 |93
64 Falac [so [ [ [hoe [ po 24 [5v [ [29 [H®)F [Fy
Technician Initials | g~ v |¥~ | A al a |~ Jege [6gC (@t UL (5L Ko ke
pH
Day
Sample ID 7 8 9 10 11 12 13 14
{V"‘f) L Sv) new | old | new old new | old | new | old | new | old | new | old | new | old
Control 2o |$94 W | Re |£9 ko [go |Bo 12 |44 129 175 (9.9
0.25 20 |80 lpo |&R |£2 |51 |fe [0 l99 |29 174 RO |79
0.5 Po 124 {yo [F° IfP |50 lgo o 199 |38 |39 (39 [95 | 7T
1 o |28 [Re |50 [po]| 82 30 8o (8o |29 (3G |30 39 [TX
2 ¥o [24 [Ro [Fo |59 50 ] jolpo |29 |29 (34 [14 (29 |5
4 T.o (o (8o | 4o M2 | B0 5 |po> |29 |39 [F4 |14 |24 3%
8 p? |fo 8o | AP PO | A2 [gn [go B9 (3 |39 236174 [ AR
16 ¥o 5o [So [ po |2 [polse [0 [34 139 [34 [230]79
32 %o Ino (29 [peleo| #21ag (S0 (34 139 |98 2142 97
64 1Y |950]28 | #7152 [he [24 (234 |38 |74 |35 223 2¢ (43
Technician Initials |E3L JIGL (65w | ~ | & [ m ~ | g iXgy | Wi ko | lex | eat

Comments:

Reviewed by:

Htey B Jlf&(‘-"ﬂ @ ﬂerd—ﬁ o

Rall ccps

(1112 ﬂg;zed :)“H 'ﬂuml\a70/§i¢u5jmf [ anic oK

T

Date Reviewed:
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H. azteca Sediment Toxicity Test Data Sheet

Freshwater Sediment Survival and Weight

Client: Graldo
Work Order No.: (219>
Sawmpie D! Sheonhum

Start Date:

May 3. 2012

Termination Date:  Ma., % 20(2

Test Organism: H. azteca

Control 1 A tO V) 0 i3%2.84 12563
2 B (o 0 %) i331.10 132439 lo
3 C {0 o] “0 1340, 3IY 1244 .41 o
4 D 2 D i 1336-1% | (379, b o
0.25 5 A B o ) 2.6 HEED (o
6 B [C] 0 0 135364 1338.05 [O
7 C q O | 1335-04 33350 g
8 D (o 9 o 1334.91 1334. 44, o
0.5 9 A 0 0 2 V34040 i343-1S [o
10 B 1o ° o) 132503 1%LE. A {0
11 c v ¢ O 1339.8% (342 .92 (O
12 D Lo 3 © 3331 1334.96 o
1 13 A \o 0 ® 130162 | 1345.%5 10
14 B o o =) 1335. %% 13%2.549 {9
15 [} o & D 114333 1347494 [0
16 D {o o © 1%336. 6% 1232 ¢9 (0
2 17 A b | © 0 13362 1339.4% o
18 B {o 0 0 133459 1341, 2 10
19 c lo ) 0 R i240.6\ qQW
20 D | {9 o e 1%Ho. 9% 1344 . 09 je
Comments: @ (ost o fronster
| pans © 6~ 13339 (1342
Reviewed by; %-._\.v Date Reviewed: L Nov 2012
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H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment Survival and Weight

Client: Cro) Ao Start Date: MW 3; 20| ¥
Work Order No.: (212 Termination Date: Ma?/ [F 201V
Sample LD:? Strondy (un Test Organism: H. azteca

A {0 0 @) \33%). 60 334.0% (o KIL
22 B |0 0 o i335.32 123&. &5 (o
23 c (o 0 O 1326. 7% 1339.4% (o
24 D 40 I 0 I EFTEL 1%229.15 (o
8 25 A |l fo 6] ) Ege 114.6% [i333.%6 o
26 B {o O © 1333.52 | 1375.95 lo
27 c (o 0 o 1336.$0 1% 2. 4o lo
28 D [O 0 D 13z 13 1346 .00 jo
16 29 A i o d WL [i3%A4.0% B47.%% I\
30 B Lo o ) i333.2% [236-53 (o
31 c 70 © o (33614 i334.25 lo
32 D (o 0 o) v p4z-34 34515 o
32 33 A lo © o g_  |i336. o4 13%%. ¢ i0
34 B ¥ o 2 13375 | 33994 3
35 c (o © “© 1339.1v 124127 jo
36 D lo o] ) v 1304.1% 1211.58% 10
64 37 A [o o) 0 kg 131318 1319.43 10
g B lo © v 1325,y 1321 %s 10
39 C o P &) 1320.21 1232.6% (o
40 D (o © o) v [Boago 13259 {0 RY,
Comments: Rowodgheol pans® 26-1555.31 3% -133%.%0
Reviewed by: %—\_ Date Reviewed: é Neov 2ol

/s
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CETIS Summary Report Report Date: 29 May-12 09:04 (p 1 of 1)

Test Code: 12192} 08-9611-41861

Hyalella 14-d Survival and Growth Sediment Test Nautilus Environmental
Batch ID: 07-1508-5401 Test Type: Survival-Growth Analyst:  Karen Lee
Start Date: 03 May-12 Protocol: EC/EPS 1/RM/33 Diluent: Mod-Hard Synthetic Water
Ending Date: 17 May-12 Species: Hyalella azteca  Brine:
Duration: 14d 0Oh "+ Source: Aguatic Biosystems, CO Age:
Sample D: 12-9817-1117 Code: 4D6084ED Client: Golder‘
Sample Date: 03 May-12 Material:  Strontium Project:
Receive Date: 03 May-12 Source: Goider
Sampie Age: NA Station: Strontium
Point Estimate Summary
Analysis ID  Endpoint Level mg/L 95% LCL 95% UCL TU Method
07-1606-1540 Survival Rate ECS5 >63.6 N/A N/A Linear InterPoIation (ICPIN)

EC10 >63.6 N/A N/A

EC15 >63.6 N/A N/A

EC20 >63.6 N/A N/A

EC25 >63.6 N/A N/A

EC40 >63.6 N/A N/A

EC50 >63.6 N/A N/A
Survival Rate Summary
C-mg/L Control Type  Count Mean 95% LCL 95% UCL Min Max Std Err StdDev  CV% %Effect
0 Negative Control 4 1 1 1 1 1 0 0 0.0% 0.0%
0.2595 4 0.975 0.9563 0.9937 0.9 1 0.025 0.05 5.13% 2.5%
0.516 4 1 1 1 1 1 0 0 0.0% 0.0%
0.951 4 1 1 1 1 1 0 0 0.0% 0.0%
1.925 4 1 1 1 1 1 0 0 0.0% 0.0%
3.7 4 1 1 1 1 1 0 0 0.0% 0.0%
7.495 4 1 1 1 1 1 0 0 0.0% 0.0%
15.35 4 1 1 1 1 1 0 0 0.0% 0.0%
30.2 4 0.95 0.9127 0.9873 0.8 1 0.05 0.1 10.53%  5.0%
63.6 4 1 1 1 1 1 0 0 0.0% 0.0%
Survival Rate Detail
C-mg/L Control Type Rep1 Rep 2 Rep 3 Rep 4
0 Negative Control 1 1 1 1
0.2595 1 1 0.9 1 .
0.516 1 1 1 1
0.951 1 1 1 1
1.925 1 1 1 1
37 1 1 1 1
7.495 1 1 1 1
15.35 1 1 1 1
30.2 1 0.8 1 1
63.6 1 1 1 1
Survival Rate Binomials
C-mg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Negative Controi 10/10 10/10 10/10 10/10
0.2595 10/10 10/10 9/10 10/10
0.516 10/10 10/10 10/10 10/10
0.951 10110 10/10 10/10 10/10
1.925 10/10 10/10 1010 10/10
3.7 10/10 10/10 10/10 10/10
7.495 10/10 10/10 10/10 10/10
15.35 11/11 10/10 10/10 10/10
30.2 10/10 8/10 10/10 10/10
63.6 10/10 10/10 10/10 10/10

000-089-184-2 CETIS™ v1.8.4.29 Ahalyst: QA: %’




CETIS Analytical Report Report Date:. 07 Nov-12 15:16 (p 1 of 3)
Test Code: 12192 | 08-9611-4161

Hyalella 14-d Survival and Growth Sediment Test Nautilus Environmental
Analysis ID:  12-2159-0124 Endpoint: Mean Dry Biomass-mg CETIS Version: CETISv1.84

Analyzed: 07 Nov-12 15:16 Analysis: Nonlinear Regression Official Results: Yes

Batch ID: 07-1508-5401 Test Type: Survival-Growth Analyst: Karen Lee

Start Date: 03 May-12 Protocol: EC/EPS 1/RM/33 Diluent: Mod-Hard Synthetic Water
Ending Date: 17 May-12 Species:  Hyalella azteca Brine:

Duration: 14d Oh Source: Aquatic Biosystems, CO Age:

Sampile ID: 12-9817-1117 Code: 4D6084ED Client: Golder

Sample Date: 03 May-12 Material: ~ Strontium Project:

Receive Date: 03 May-12 Source: Golder

Sample Age: NA Station: Strontium

Non-Linear Regression Options

Model Function X Transform Y Transform Weighting Function PTBS Function
3P Log-Logistic EV [Y=A/(1+(X/D)"C)] None None * Normal [W=1] Off [Y*=Y]
Regression Summary

Iters LogLL AiCc BIC Adj R2  Optimize F Stat Critical P-Value Decision(a:5%)

62 115.3 -224 -219.8 0.2352 Yes 1.371 2.334 0.2534 Non-Significant Lack of Fit

Point Estimates

Level mgiL 95% LCL 95% UCL

IC5 3.215 0.002521 11.88

IC10 121 2.509 29.95

IC15 27.49 10.37 554

IC20 51 16.93 113.3

IC25 84.95 17.48 249.8

IC40 290.5 7.634 3215

tC50 596.3 4,152 85650

Regression Parameters

Parameter Estimate Std Error 95% LCL 95% UCL t Stat P-Value Decision(a:5%)

A 0.3065 0.01335 0.2804 0.3327 22.96 <0.0001  Significant Parameter

c 0.5638 0.3469 -0.1161 1.244 1.625 0.1126 Non-Significant Parameter

D 596.3 901.3 -1170 2363 0.6616 0.5123 Non-Significant Parameter

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)

Model 0.017429 0.017429 1 14 0.0006 Significant

Lack of Fit 0.011168 0.001595 7 1.371 0.2534 Non-Significant

Pure Error 0.034907 0.001164 30

Residual 0.046075 0.001245 37

Residual Analysis

Attribute Method Test Stat Critical P-Value Decision(a:5%)

Variances Bartlett Equality of Variance 7.507 16.92 0.5844 Equal Variances

Mod Levene Equality of Variance 0.8987 2.211 0.5384 Equal Variances
Distribution Shapiro-Wilk W Normality 0.9806 0.9447 0.7131 Normal Distribution
Anderson-Darling A2 Normality 0.2045 2.492 0.9155 Normal Distribution

000-089-184-2

CETIS™ v1.8.4.29 Analyst:




CETIS Analytical Report

Report Date:
Test Code:

07 Nov-12 15:16 (p 2 of 3)
12192 | 08-9611-4161

Hyalella 14-d Survival and Growth Sediment Test

Nautilus Environmental

Analysis ID:  12-2159-0124 Endpoint: Mean Dry Biomass-mg CETIS Version: CETISv1.8.4
Analyzed: 07 Nov-12 15:16 Analysis:  Nonlinear Regression Official Resuits: Yes
Mean Dry Biomass-mg Summary Calculated Variate

C-mgl/L Control Type Count Mean Min Max StdErr StdDev  CV% Y%Effect
0 Negative Control 4 0.3143 0.263 0.363 0.02105 0.04211  13.4% 0.0%
0.2595 4 0.2835 0.255 0.312 0.01203 0.02407 8.49% 9.79%
0.516 4 0.3097 0.285 0.334 0.0103 0.0206 6.65% 1.43%
0.951 4 0.3012 0.24 0.371 0.02763  0.05527 18.35%  4.14%
1.925 4 0.2995 0.239 0.326 0.02041 0.04083 13.63% 4.69%
37 4 0.281 0.248 0.334 0.0185 0.03699 13.16%  10.58%
7.495 4 0.2693 0.243 0.29 0.009938 0.01988 7.38% 14.32%
15.35 4 0.3097 0.281 0.326 0.01007 0.02014 6.5% 1.44%
30.2 4 0.2348 0.196 0.277 0.02013 0.04025 17.15%  25.3%
63.6 4 0.2425 0.228 0.269 0.009329 0.01866 7.69% 22.83%
Mean Dry Biomass-mg Detail

C-mg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4

0 Negative Control  0.328 0.363 0.263 0.303

0.2595 0.312 0.291 0.276 0.255

0.516 0.334 0.316 0.304 0.285

0.951 0.313 0.281 0.371 0.24

1.925 0.326 0.322 0.239 0.311

37 0.248 0.273 0.269 0.334

7.495 0.267 0.243 0.29 0.277

15.35 0.3209 0.326 0.311 0.281

30.2 0.277 0.196 0.205 0.261

63.6 0.228 0.231 0.242 0.269

000-089-184-2

CETIS™ v1.8.4.29

Analyst: QA: %



CETIS Analytical Report

Report Date:

07 Nov-12 15:16 (p 3 of 3)

Test Code: 12192 | 08-9611-4161
Hyalella 14-d Survival and Growth Sediment Test Nautilus Environmental
Analysis ID:  12-2159-0124 Endpoint: Mean Dry Biomass-mg CETIS Version: CETISv1.8.4

Analyzed: 07 Nov-12 15:16 Analysis:

Nonlinear Regression

Official Results: Yes

Graphics

3P Log-Logistic EV [Y=A/(1+(X/D)Y*C)]
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Client.__(nolder
wo# M9z Hardness and Alkalinity Datasheet
Alkalinity Hardness
Volume of

Sample j(mL) 0.02N (mL) of 0.02N Sample  [0.01M Total

Volume  |HCL/H,SO, HCL/H,S0,4 Total Alkalinity Volume  |EDTA Hardness
Sample ID Sample Date |(mL) usedto pH4.5 [used topH4.2 J(mg/CaCO,) (mL) Used (mL) |(mg/L CaCOj3)|Technician
MHW Conhro | Mowf U1 | §D 2.3 .9 gu, $0 %> (oY Ksv

Notes:
Reviewed by: %\ Date Reviewed: la Nov ZeiL
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NAUTILUS ENVIRONMENTAL Date Received: 03-MAY-12

ATTN: Karen Lee Report Date: 11-MAY-12 17:42 (MT)
8664 Commerce Court | Version: FINAL

Imperial Square Lake City

Bumnaby BC V5A 4N7 Client Phone: 604-420-8773

Certificate of Analysis

Lab Work Order #: L1142729

Project P.O. #: NOT SUBMITTED
Job Reference:
C of C Numbers: Golder

Legal Site Desc: _ .
Stranhom
‘HYM{ - Dﬁ!f O
May 3/(2

s

Can Dang
Senior Account Manager

[This report shall not be reproduced except in full without the written authority of the Laboratory.]

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700
ALS CANADALTD  Part of the ALS Group A Campbeli Brothers Limited Company
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L1142729 CONTD....
PAGE 2 of 4
11-MAY-12 17:42 (MT|
ALS ENVIRONMENTAL ANALYTICAL REPORT (M)
Version: FINAL
Sample ID L1142729-1 L1142729-2 L1142729-3 L1142729-4 L1142729-5
Description WATER WATER WATER WATER WATER
Sampled Date | 03-MAY-12 03-MAY-12 03-MAY-12 03-MAY-12 03-MAY-12
Sampled Time
; SEDIMENT 0.25-SR 0.50-SR 1.0-SR 2.0-SR
Client ID CONTROL
Grouping ~  Anayte
WATER
Total Metals Strontium (Sr)—TotaI (mg/L) 0.0242 0.276 0.533 1.04 202

* Please refer to the Reference Information section for an explanation of any qualifiers detected.




L1142729 CONTD....

PAGE 3 of 4
- - 7: T
ALS ENVIRONMENTAL ANALYTICAL REPORT 11-MAY-A2 17:42 (MT)
Version: FINAL
Sampile ID 1.1142729-6 L1142729-7 L1142729-8 1.1142729-9 1.1142729-10
Description WATER WATER WATER WATER WATER
Sampled Date 03-MAY-12 03-MAY-12 03-MAY-12 03-MAY-12 03-MAY-12
Sampled Time
Client ID 4.0-SR 8.0-SR 16.0-SR 32.0-SR 64.0-SR
Grouping _ Analyte
WATER
Total Metals Strontium (Sr)-Total (mg/L) 3.78 768 16.3 30.2 676

* Please refer to the Reference Information section for an explanation of any qualifiers detected.



L1142729 CONTD....
PAGE 4 of 4
11-MAY-12 17:42 (MT)

Reference Information Version:  FINAL

Qualifiers for Sampie Submission Listed:

Qualifier Description

SPL Sample was Preserved at the laboratory - total metals

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

MET-TOT-LOW-MS-VA Water Total Metals in Water by ICPMS(Low) EPA SW-846 3005A/6020A

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or
microwave oven, or filtration (EPA Method 3005A). Instrumental analysis is by inductively coupled ptasma - mass spectrometry (EPA Method 6020A).

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BC, CANADA

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.

mg/kg - milligrams per kilogram based on dry weight of sample.

mgrkg wwt - milligrams per kilogram based on wet weight of sample.

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight of sample.

mg/L - milligrams per litre.

< - Less than.

D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.



Lo - I N < TR 1 B - S v I I

—
(=]

TESTING LOCATION /ol~~--2 Circle)

ZRN ; . :
/ Q}\(V\H‘t{{MQ €= nuivor | ~ L 772A Chain of Custody
i . /4 Dritish Columbia
k;‘ ) [ \ 4 8664 Commerce Court
. SN i ! Burnaby, British Columbia, Canada V3A 4N3
\ )) IR 2T T e Phone 604.420.6773
“ay fH T I Fax 604.357.1361
il ! ' ax W Dal:e”u onl 3 Page_[_of_L
Sample Collection By: ) ANALYSES REQUIRED
Report to: _ Invoice To: ;J
r( Nt
Company O Company @ =
Address Address ‘3
- . e
City/State/Zip City/State/Zip g
Contact Contact 5
Phone Phone S '.;
Email karen@nautiusenvironmental.com Email karen@nautiusenvironmental.com E_ g
[¥2)
- 4
CONTAINER NO. OF =
SAMPLE ID DATE TIME MATRIX TYPE CONTAINERS COMMENTS o
Sediment Control 03-May-12 125m Gottle 1 Strontium - Day O X
0,25 - Sr 03-May-12 125ml Bottle 1 Strontium - Day O X
0.50 - Sr 03-May-12 125ml Bottle 1 Strontium - Day 0 «
1.0-5r 03-May-12 125mi Bottle 1 Strontium - Day 0 x
2.0-~8r 03-May-12 125ml Bottle 1 Strontium - Day 0 X
4.0 - 5r 03-May-12 125m} Bottle 1 Strontium - Day 0 “x
8.0 - Sr 03-May-12 125mi Bottle 1 Strontium - Day 0 "
16.0 - Sr 03-May-12 125ml Bottle 1 Strontium - Day 0 x
32.0-Sr 03-May-12 125ml Bottle 1 Strontium - Day 0 X
64.0 - Sr 03-May-12 125mi Bottle 1 Strontium - Day 0 x
PROJECT INFORMATION ' SAMPLE RECEIPT RELINQUISHED BY (CLIENT) RELINQUISHED BY (COURIER)
(Slgnature) {Tire) {Slgnatura) {Tire)
lient: .
Client Total No. of Containers W {%D"]
(Printed Name) (Date) (Printod Name) (Date)
PO No.: Recelved Good Condition? re [ e M&\/ S/ 2
Shipped (Company) ' . {Compaqy)
Via: Matches Test Schedule? Noautilug  Eniv-onmepta !
SPECIAL INSTRUCTIONS/COMMENTS: Hyalella sediment test. Day 0. Sampies are not , RECEIVED BY (COURIER) ° RECEIVED BY (LABORATORY)
preserved‘ (Sig"ature)TN (\{\ % 115 E (Tlmj)\’l)‘o {Signature) (Time}
(Printed Name) a / . . (Date) {Printed Name) (Dae)
(Company) (Company)

Additional costs may be required for sample disposal or storage. Payment net 30 unless otherwlise contracted.



NAUTILUS ENVIRONMENTAL Date Received: 17-MAY-12
ATTN: Karen Lee Report Date:  28-MAY-12 18:11 (MT)

8664 Commerce Court Version: FINAL
Imperial Square Lake City

Burnaby BC V5A 4N7 _
Client Phone: 604-420-8773

Certificate of Analysis

Lab Work Order #: 11149217

Project P.O. #: NOT SUBMITTED ¢
Job Reference:

C of C Numbers:
Legal Site Desc: (('( sl Arv

5+Yom“"MW\
Hlyal = Day M

——

Can Dang
Senior Account Manager

[This report shall not be reproduced except in full without the written authority of the Laboratory.]

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W8 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700
ALS CANADALTD  Partof the ALS Group A Campbell Brothers Limited Company
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11149217 CONTD....
PAGE 2 of 4
28-MAY-12 18:11 (MT)
Version: FINAL

ALS ENVIRONMENTAL ANALYTICAL REPORT

Sample ID |  L1149217-1 L1149217-2 L1149217-3 L1149217-4 L1149217-5
Description WATER WATER WATER WATER WATER
17-MAY-12 17-MAY-12 17-MAY-12 17-MAY-12 17-MAY-12

Sampled Date
Sampled Time
: SEDIMENT 0.25-SR 0.50-SR 1.0-SR 2.0-SR

Client ID CONTROL

Grouping  An

WATER
Total Metals Strontium (Sr)-Total (mg/L) 0.0543 0.243 0499 ¢  0.862 1.83




L1149217 CONTD....

€

PAGE 3 of 4
ALS ENVIRONMENTAL ANALYTICAL REPORT 28-MAY-12 18:11 (MT)
Version: FINAL
Sample ID L1149217-6 L1149217-7 L1149217-8 L1149217-9 L1149217-10
Description WATER WATER WATER WATER WATER
Sampled Date 17-MAY-12 17-MAY-12 17-MAY-12 17-MAY-12 17-MAY-12
Sampled Time
Client ID 4.0-SR 8.0-SR 16.0-SR 32.0-SR 64.0-SR
Grquping'
WATER
Total Metals Strontium (Sr)-Total (mg/L) 3.62 7.31 14.4 302 59.6




11149217 CONTD....
s PAGE 4 of 4
28-MAY-12 18:11 (MT)

Version: FINAL

Reference Information

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

MET-TOT-LOW-MS-VA Water Total Metals in Water by ICPMS(Low) EPA SW-846 3005A/6020A

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or
microwave oven, or filiration (EPA Method 3005A). Instrumental analysis is by inductively coupled plasma - mass spectrometry (EPA Method 6020A).

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BC, CANADA

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added fo samples prior to analysis as a check on recovery.

mg/kg - milligrams per kilogram based on dry weight of sample.

mg/kg wwt - milligrams per kilogram based on wet weight of sample.

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight of sample.

mg/L - milligrams per litre.

< - Less than.

D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported refate only to the samples as received by the faboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.



(:j\{m«’ci{us ém)iv'ommmm[

TESTING LOCATION {Please Circle)

@ British Columbia

8664 Commerce Court

Chain of Custody

Phone 604.420.8773
Fax 504.357.1361

\uk o\

Burnaby, British Calumbia, CanadaV3A 4N3 -

Dateﬂ‘:y/ Page_ !

Additional costs may be required for sample disposal or storage, Payment net 30 unless otherwise contracted.

Sample Coltection By: ANALYSES REQUIRED
Report to: ) Invoice To: ?
t —
Company Company { v
Address Address ‘E
City/State/Zip City/State/Zip 2
Contact Contact ;F:
Phone Phone s ;‘
Email karea@nautilusenvirgnmental.com Email karen@naytiusenvironmental.com g 'g
- - -4
CONTAINER NO. OF 2
SAMPLE 1D DATE TIME MATRIX TYPE CONTAINERS COMMENTS ks
1 Sediment Control 17-May-12 125mt Bottla 1 Strontium - Day 14 X
2 0.25 - Sr 17-May-12 125mi Bottle 1 Strontium - Day 14 X
3 Q.50 - Sr 17-May-12 125ml Battle 1 Strontium - Day 14 "
4 1.0-Sr 17-May-12 125mi Bottle 1 Strontium - Day 14 X
5 2.0-5r 17-May-12 125mi Bottle t Strontium - Day 14 %
6 4.0 - Sr 17-May-12 125m) Bottle 1 Strontium - Day 14 %
7 8.0 - Sr 17-May-12 125mi Bottlc 1 Strontium - Day 14 %
8 16.0 - 5r 17-May-12 125mi Bottle 1 Strontium - Day 14 x
9 32.0- 5r 17-May-12 125mi Bottle 1 Strontium - Day 14 X
10 64.0 - Sr 17-May-12 125m| Bottlo 1 Strontium - Day 14 x
PROJECT INFORMATION SAMPLE RECEIPT RELINQUISHED BY (CLIENT) RELINQUISHED BY (CCURIER)
rSignature) {Time) {Signature) . (Time)
Client: Total No. of Containers m |Fo0 h
(Printed Wame) (Date) (Printed Name) (Date)
. Recej
PO No eceived Good Condition? dare n [ ee May &/12
Shipped L (Company) . - (Company)
V?: Matches Test Schedule? Nauwtrlus EV\V\ ronamental
SPECIAL INSTRUCTIONS/COMMENTS: Hyalella sediment test. Day 14. Samples are not RECEIVED BY (COURIER) RECEIVED BY {LABORATORY)
preserved (s guu‘] ‘\, ‘j. \? O% {Time} (Signature) (Time)
(Printed Name) ()3) (Date) (Printed Name) 3
{Company) \
c .
\\“L\1149217“COF




Hyalella azteca Sediment Test Summary Sheet

Client: In-House (R&D) Start Date: 05-Jul-12
Work Order No.: n/a Set up by: KJL
Sample Information:

Sample ID: Strontium Study

Sample Date: n/a

Date Received: n/a

Sample Volume: n/a

Test Organism Information:

Species: H. azteca

Supplier: Aguatic Biosystems, CO

Date received: 04-Jui-12

Age or size (Day 0):  7-8 Days

NaCl Reference Toxicant Results:

Reference Toxicant ID HA50

Stock Solution [D: NaCl

Date Initiated: 05-Jul-12

96-h LC50 (95% CL): 5.3 (4.6 - 6.0) g/L NaCl

96-h LC50 Reference Toxicant

Mean and 2SD Range: 4.4, 3.0 -6.3 g/L NaCl CV (%) 21

Test Results:

Meof 2o + SD (mg)

Sample 1D Survival £ SD (%) ie

Control Sediment 100.0 + 0.0 0.41 + 0.03

30.1 mg/L Sr 100.0 + 0.0 0.38 0.05

61.2 mg/L Sr 100.0 t 0.0 025 + 0.05

125.0 mg/L Sr 100.0 t+ 0.0 013 0.01

242.0 mg/L Sr 0.0 + 0.0 000 0.00

469.0 mg/L Sr 0.0 + 0.0 000 = 0.00
Reviewed by: %/""-—\ Date reviewed: (; Neov ok




Chronic H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment Water Quality

. Ko
Client: in ~House (£+D) Start Date: S7~denrs— Tuly STz
Work Order No.: nla Termination Date: #=dobd2 i I\] (4 /12
Fest-Conditior Strontium Test Organism: Hyalella azteca '
Sawmple \P?
Temperature (°C)
Day
Sample ID . 1 2 3 4 5 6 7
imﬂﬂ‘ $r) od | new!| old | new | old | new | old | new | old | new | old | new | old
Control Mo (240 [ (o [ |pe.o [ e, [T [ W0 [ W [ |240 (2% W
30 W.o |0 Mo | W | yup W~ 7/‘(.,0 W0 4_,“{47 W | M-? [ o b‘fﬂ')
60 W (2o 1o [, [ e (s | vofug, |20 [LY¥0 (WMo it 0 |0 | tMo
120 o (290 (149 (o [we (e | awo o | W | o1y [140 [ 40 (242
240 Mo o |0 | U | bre |1uwp | gus o2 | o | Wwo [ W0 1M (290 (240
480 U |49 240 | o | e [ [ Mo ad %0 (g0 [Ue2 [ 440 [240 | Ko
Technician Initials [Eg™~| KTL [ k7C| ~ | ~ Al o~ | T e (&1 2T 77 ¢gr | E7C
Conductivity (uS)
Day
Sample ID 0 1 2 3 4 5 6 7
(W\ﬁ/’L Sr‘) old | new| old [ new | old | new | old | new | old { new | old § new | old
Control 23 (596 |39 1163 (34 & [ I75 [34F [45¥ [3¢¢|Ud |39 [363 RB4d |96%
30 423 |ugy MO [Qeglysy | Fo 48 |qar 436 449 477 [dT0 |4gp |4gs
60 So4 |5)° |S3! |36 |sp2 |SYL |y, (60 |S23 560 |e2F|Sto ST isho
120 Gy (62 [3b [F56F [e55 g0 [Fo8 [bS% [13° [GseAzy [Fr|ago
240 6% Q%0 [0 | 12991 99505 |[o0% |jogk []o3T |ioZf {1039 [(963 {1039 |I62
480 1965 | 1564 (632 | 1599 16331601} | [ [16H (1690 [1Fb |1GS il | G6H4 [ [Fep
Technician Initials | KTY] (L34 ] 58| ~ = |~ NI (W Tl e [eae [t
Comments:
Reviewed by: %‘\ Date Reviewed: L Ngsr Tail

Nautilus Environmental




Client:

Chronic H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment Water Quality

[n-house (RAD)

£
Start Date: 27=dum42= Ji{4q ST

Work Order No.: hn Termination Date: H=dtt42  Jily (4/(2
3 HHer: Strontium Test Organism: Hyalella azteca
Savple g
Temperature (°C)
Day
Sample 1D 7 8 9 10 11 12 13 14
(my/L §+) new | old | new | old | new | old { new | old | new | old | new [ old | new | old
Control Mo B0 |2¥o W2 |47 P [9¢° [280 [tV 2.5 [23-S 240 [23€| 235
30 2o [ B2 (B up |\Ae | o | wp [Heo |240 |23 [25.6114.0 [2No | 28§
60 o 1230 (B0 o [ aus laes ks F9.S Ry 255 [21.0]tde 240 .t
120 Uo (125 [l lane [11ee (1w (1o (B30 1240 B0 130 1. 245 [23.0
240 Mo [72.5 | BL [amr a2 s | W2 13.$ WL |13 |22 A0 o | 23S
480 o [3-1]ud | x| o] 1es | Mo B3.S | Wo [ [22.0[23-S [ 29,]32.8
Technician Initials |¥JL | (-] O] A | A ~ e O] ke Jai [ ] ki [ere
Conductivity (uS)
Day ,
Sample ID 7 8 9 10 11 12 13 14
(ma /L 5¢) new | old | new | old | new | old | new | old | new | old | new | old { new | old
Control __[3¥7 [39¢ 3 1261 |40 [ 7511599 [3S0 [SC St |2g0 |24 350
30 3T sy [TEC | oy | 435|500 | 449 |48 |UHF- [T | A40|naS | 4301422
80 S19 595 148 | S5y | Sth |STE | S¥S | 584 IS5t |53C|S1A |95 |21 | S2S
120 61745 [0 [ [Fo5] 77 [Ay [0 g0t [Foo [ GH 26r [igb (€T
240 lo%e [(0bG [10b( | It 1235 1o 1062 | o 033 [[0F0 193 11036 | 1036 |1576
480 [ FIHE (S | 190 mes | 3| 1700 | LFot |2k (T2 |1 i ipA 498|125
1653
Technician Initials {3 |3 U] ~ | a ~ | ~ |3 | Jese |iav ot [oclege
Comments: CD Gnt - 'Hgi' 30 —HY 60-633 @ 365
Reviewed by: % Date Reviewed: Q Absr ot

Nautilus Environmental

o~

d



Chronic H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment Water Quality

e
Client: In-Howsz (RAD) Start Date: 27umd® Tl 4 Sqx
Work Order No.: nla Termination Date: H=dtd2- T Iy (4 /72
Test-Condition: Strontium Test Organism: Hyalella azteca '

Sam.ol{ p

-

Dissolved Oxygen (mg/L)

Day

Sample ID 0 1 2 3 4 5 6 7
(mg/L S v) old | new | old [ new | old | new | old | new | old | new | old | new | old
Control Fo (1S So | Fe [&° ]93¢ [pe |8 (€274 |R-P4 |39 |78
30 9 |46 ]po | FH|A | a< e [FE 33 [F4 (81 2.6 |36 [FF

60 b4 e [ 513 [ a3 [re 134 |83 |39 18 [0 |39 [F6
120 4 [A-L |t |28 A1 [2a | & 24 3 g (& [*b |37 |37
240 Fo 33 |30 |[FA| S| M [Ro 94 [543 (34 |32 |35 |39 [F6
480 69 (33 3F 1P| B2l [Re [4Y 85 199 [PV 13k (g0 |23
Technician Initials | KTLl | WL | ~ [ & A |« e Jlere 8- s g | B |

pH
Day

Sample ID 0 1 2 3 4 5 6 7
(mg/L §) old | new | old | new | old | new| old | new | old | new | old | new | old
Control 42 [2A (80 |FA | &Ko [T |3 o po 3.9 Eo |[fo [Fo |23
30 2L 132 [ ¥ [ 3l er [8 [35 [29 (29 [B0o [§0 |32

60 44 13- TTFA | D gl ye | & [T [39 [38 [3-9 |39 3o |33
120 A6 |F8 [FUR [ ¥ [ 23|~ [F1 124 |99 |38 |25 [Fo |2
20 |6 [¥ORS [33 [2F [T B [5.9 [24 (3.9 [3:8 [%9 |77 [o7
480 e 3B (3 X[ 33 | KA | F | AR (AT (38 |95 |37 |29 |38 |32
Technician Initials | 3% [¥oC [V3C | | _ A |~ Bl - TolV]ior [ G

Comments:

Reviewed by: 3 P Date Reviewed: é /\)g\l Zon_

Nautilus Environmental



Chronic H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment Water Quality

LI
Client: —~Houle (,QJ‘ DL Start Date: 27=dor=12" [V(.,, i~
Work Order No.: n;a Termination Date: Naedab42- Ji |G |9//2-
Test-Conditionm Strontium Test Organism: Hyalella azteca [
Sample (P?
Dissolved Oxygen (mgiL)
Day
Sample ID 7 8 9 10 11 12 13 14
(mail $r) new | old | new | old | new | old | new | old | new | old | new | old | new | old
Control o |14 [Po | do |29 [3a (&P Rt |pe IR [ (B2 RS
30 ¥ |29 (9 (23 [R5 |A® |50 [Fd [z [Fb |23 [Fa (5.2 [T
60 T8 18 |2 | 52 182 182 (560 jgd 18 1 F3F(8Y B0 22 |
120 o |Fv g U [RA |52 [#° |5l [#eo |5 | 2F 22949 [ 3T
240 B B4 [FU |52 [ 2R 1ho (5 180 (5o [ |t B0 [Sy | FH
480 g4 ¥V |3V [&o | Fo|ae |g1 |Fo (Fo | FF| 3V 30 |81 |AE
Technician Initials [V [ 0L k1L | A~ | &~ | A | & | W] I0L || [ WL | Ege

pH
Day
Sample ID 7 8 9 10 1 12 13 14
éf"“")fL §ﬂ new | old new | old new old new gld__ new old new | old new | old |
Control |, ¥ [%.8 |50 | RD | 5> | R | me [l 0L |00 (2% 50 (2T | 5o
30 o Bt [F9[pe [po [ [ 52 [%0 [R2 [Ro [Fo (80 |79 [Po
60 FA |48 |T8 [he [#° 15 | Fl (80 [0 130 g0 |30 |9 [P
120 FA [2F (39 [ &0 e [ Al | oy [gO [$0 (|30 [FAl3n [29 (Lo
240 A8 124 (3% [v2 R [ 7 [#4 (32 [T 13A (3.9 94 |7 |29

480 273K Y | S 98 | e | B [F4 2.8 2% |23 1739 |3k |74

Technician Initials | Ygb |GV | ~ | ~ | | < JU WL | g [ere [BSC [ ae [ o3c

Comments:

Reviewed by: %\—\_ Date Reviewed: L N v i

Nautilus Environmental



H. azteca Sediment Toxicity Test Data Sheet
Freshwater Sediment 14-d Survival and Weight

: ¥re
Client: In-UNouse (F4D) Start Date: 27=dund2- Ty S//2
W.O. #: nli Termination Date: 14-duirte~ Tlly (/12
Sample ID: Strontium Test Organism: Hyalella azteca K

Control

10 Tio3.22

1 A >4 (o]
2 B 10 O O to21.63 {o31.FH {o
3 c 10 0 0 q94. 10 948. ¢ [0
4 D {0 o Q v ]9g5. 0 1000 .15 /o A
30 5 A io o o - |asusq ag8. 25 Lo ¥IL
6 B {0 O o) 2Fs.%8 qQ3a. U to
7 C {0 9] 4o {ol4. 4 ol 54 io
8 D o D 0 AN ool.$3 (O 3
60 9 A {o 0 O ks ool %S tood .59 lo [ &
10 B {0 o o (oo5- §0 loog- 34 (o
11 c {o 0 0 {onl.H ook, of (o
12 D {0 © o Y q999.52 (00L. 5} (0 )
120 13 A {0 0 O gt |le22.9% jol4d.1% o I
14 B %) © © {oig.94 tol9- 25 Lo 1
15 c i0 O 2 03846 lo40.1¢ i0
16 D (0 o o) (e2(.69 te23%.1% (O /
240 17 A & 2 Y g [|000-44 — o Eo—
18 B o] (o) ib (oit-30 — o) ‘
19 C 0 0 o loo*-q0 — o
20 D ) 0 Lo N 449. 68 _— O N
("
Comments: jlawe/(‘p‘}%.ed\ ?oms *4- % [000. 0% (D~ 100k, T
Reviewed by: % Date Reviewed: (g Nov Toir

y

Nautilus Environmental




H. azteca Sediment Toxicity Test Data Sheet

Freshwater Sediment 14-d Survival and Weight

Client: ln-House (£1D)
n

W.0. #

Sample ID: Strontium

480 | 21

A

Start Date: 2+F~dem=42—
Termination Date: Ad=dui=t2-

(I

July S/

Test Organism: Hyalella azteca

Uul«{ Yk

t Pan+ Or’g:‘ams'm: vﬁd’;ﬂ%‘weighé d L

ls) o) - (o)
22 B O ) - Q
23 c 0 O _ (4]
24 | D pJ o - 2 ¥
Comments:
Reviewed by: % Date Reviewed: (a Nev Lo

Nautilus Environmental









CETIS Analytical Report Report Date: 07 Nov-12 15:23 (p 2 of 2)

Test Code: n/a| 16-6428-1589
Hyalella 14-d Survival and Growth Sediment Test Nautilus Environmental
Analysis ID:  08-0161-7154 Endpoint: Mean Dry Biomass-mg CETIS Version: CETISv1.84
Analyzed: 07 Nov-12 15:23 Analysis: Nonlinear Regression Official Results: Yes

Mean Dry Biomass-mg Detail

C-mg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4

0 Negative Control  0.36 0.411 0.41 0.444

30.1 0.336 0.323 0.413 0.431

61.25 0.175 0.254 0.254 0.305

125 0.131 0.131 0.122 0.144

242 0 0 0 0

468 0 0 0 0

Graphics 3P Log-Logistic EV [Y=A/(1+(X/D)*C)]

Mean Dry Biomass-mg
Residual

Residuat
Resldual

PYYY) ST I RS I P INUNIS VAP U PSR ETUP AP SPRPAVI SAPIPIER |

.00 005 o10 015 0.20 025 030 035 0.0 0.45

Mean Dry Blomass-mg

000-089-184-2 CETIS™ v1.8.4.29 Analyst: QA: h’




Client_|n=House (R1D)

woz hia Hardness and Alkalinity Datasheet
Alkalinity Hardness
Volume of

Sample [(mL) 0.02N (mL) of 0.02N Sample 0.01M Total

Volume |HCL/H;SO, HCL/H,S0, Total Alkalinity Volume JEDTA Hardness
Sample ID Sample Date |(mL) usedto pH 4.5 lused to pH 4.2 |(mg/LCaCOy) (mL) Used (mL) j(mg/L CaCO,)|Technician
MY Wgal] 2dySl |50 | 3.0 3. S8 50 |50 [po |yl

Notes:
Reviewed by: % Date Reviewed: L My  Toq

7

Version 1.0 Issued June 26, 2006

Nautilus Environmental
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NAUTILUS ENVIRONMENTAL Date Received: 05-JUL-12
ATTN: Karen Lee Report Date:  12-JUL-12 12:27 (MT)

8664 Commerce Court Version: FINAL
Imperial Square Lake City

Bumaby BC VSA 4N Client Phone: 604-420-8773

Certificate of Analysis

Lab Work Order#: L1173792

Project P.O. #: NOT SUBMITTED
Job Reference:

C of C Numbers: oA -
Legal Site Desc: ?@% 0
Sv analyss
HY& ({;l\a
Tuh{ S ! zo\ &
Day ©

—

Can Dang
Senior Account Manager

[This report shall not be reproduced except in full without the written authority of the Laboratory.] *

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700
ALS CANADALTD Partofthe ALS Group A Campbell Brothers Limited Company

RBIGHY SOLUTIODNS



L1173792 CONTD....

PAGE 2 of 4
ALS ENVIRONMENTAL ANALYTICAL REPORT 12-JUL-12 12:27 (MT)
) Version: FINAL
Sampie ID 111737921 L1173792-2 L1173792-3 L1173792-4 " L1173792:5
Description WATER WATER WATER WATER WATER
Sampled Date 05-JUL-12 05-JUL-12 05-JUL-12 05-JUL-12 05-JUL-12
Sampled Time
Client{p | CONTROL-SR 30-SR 60-SR 120-SR 240-SR
Groﬁpiﬁg
WATER
Total Metals Strontium (Sr)-Total (mg/L) 0.0258 31.7 63.5 197 246




L1173792 CONTD....
PAGE 3 of 4

ALS ENVIRONMENTAL ANALYTICAL REPORT 12-JUL-1212:27 (MT)

Version: FINAL

Sample ID L1173792-6

Description WATER
Sampled Date 05-JUL-12
Sampled Time
Client ID 480-SR
‘Grouping
WATER
Totai Metals Strontium (Sr)-Total (mg/L)

479




L1173792 CONTD....

PAGE 4 of 4

. 12-JUL-12 12:27 (MT

Reference Information Version: M7
ersion: FINAL

Test Method References:

ALS Test Code Matrix Test Description Method Reference™

MET-TOT-ICP-VA Water Total Metals in Water by ICPOES EPA SW-846 -3005A/6010B

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater” published by the
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or
microwave oven (EPA Method 3005A). Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method
6010B).

** ALS test methods may incorporate modifications from specified reference methods t6 improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BC, CANADA

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.

mg/kg - milligrams per kilogram based on dry weight of sample.

mg/kg wwt - milligrams per kilogram based on wet weight of sample.

mgrkg Iwt - milligrams per kilogram based on lipid-adjusted weight of sample.

mg/L - milligrams per litre.

<-Less than.

D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.



TESTING LOCATION (Please Circle)

@msh Cotumbia
78664 Commerce Court

Chain of Custody

Bumaby, British Columbia, Canada V5A 4N3

Phone 634.420.8773
Fax 604.357.1361

iISample Collection By:

L
Date Sl & [Page__l__of(_

Report to: Invoice To: ’ 08
0 ( L U e
Address Address o L7 37 ve - c0F ¢ "%
City/State/Z2ip - City/State/Zip E
Contact Contact E
Phone Phone g ;
Email karen@nautilusenvirenmental.com Email karen@nautiusenvironmental,com ;gj g
SAMPLE ID DATE TIME | MATRIX | O R e ers COMMENTS g "
! Control - Sr 05-Jul-12 125ml Bottle 1 Strontium - Day 0 y
2 30 - Sr 05-Jul-12 125mi Bottle 1 Strontium - Day 0
3 60 - Sr 05-Jui-12 125mi Bottle 1 Strontium - Day O X
4 - 120 -sr 05-Jul-12 125ml Bottle 1 Strontium - Day @ x
5 240 - Sr 05-Jul-12 125m! Bottle 1 Strontium - Day 0 "
6 480 - Sr 05-Jul-12 125m! Bottle 1 Strontium - Day 0 "
7]
8
9
10
PROJECT INFORMATION SAMPLE RECEIPT RELINQUISHED BY (CLIENT) RELINQUISHED BY (COURIER)
(Signature) (Time) (Siguatuce) {Time)
Client: Total No. of Containers [%O l/\
(Printed Name) (Late) (P-Inted Name) (Date)
PO No.: Received Good Condition? Ka e A L(( Twl S ) X
5"\‘,':::“' Matches Test Schedule? mmf:;)q “.H Lawg Ewn \!\\ MV\M@V\TJ o
SPECIAL INSTRUCTIONS/COMMENTS: Hyalella sediment test. Day 0. Samples are not RECEIVED BY (COURIER) RECEIVED BY (LABORATORY)
preserved. (Signature) (Time) (Signa tuoe=- \edTime)
N\ RPN
(Printed Name) Date) (Printed Name! {Datey
(Company) (Company) W\y S fa\%b

Additional costs may be required for sample disposal or storage. Payment net 30 unless otherwise contracted.




NAUTILUS ENVIRONMENTAL Date Received: 19-JUL-12
ATTN: Karen Lee Report Date:  25-JUL-12 15:54 (MT)

8664 Commerce Court Version: FINAL
Imperial Square Lake City

Bumaby BC VA 4N7 Client Phone: 604-420-8773

Certificate of Analysis

Lab Work Order #: 11181583

Project P.O. #: NOT SUBMITTED
Job Reference:

C of C Numbers:
Legal Site Desc: Ly
9 }Zﬂuvmi 2
Se C&qu(\]ﬂ‘;

Hyalella
Suiy (22012

Da\(/ by

——

Can Dang
Senior Account Manager

[This report shall not be reproduced except in full without the written authority of the Laboratory.]

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700
ALS CANADA LTD  Part of the ALS Group A Campbell Brothers Limited Company
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L1181583 CONTD....

PAGE 2 of 4
-1215:
ALS ENVIRONMENTAL ANALYTICAL REPORT 25-JUL-1215:54 (W7)
Version: FINAL
Sample ID L1181583-1 L1181583-2 L1181583-3 L1181583-4 L1181583-5 .
Description WATER WATER WATER WATER WATER
Sampled Date 19-JUL-12 19-JUL-12 19-JUL-12 19-JUL-12 19-JUL-12
Sampled Time
Client ID | CONTROL-SR 30- SR 60- SR 120- SR 240 - SR
Grouping - :Apalyte" '
WATER
Total Metals Strontium (Sr)-Total (mg/L) 0.0867 28.5 59.0 123 238

* Please refer to the Reference Information section for an explanation of any qualifiers detected.



L1181583 CONTD....
PAGE 3 of 4

ALS ENVIRONMENTAL ANALYTICAL REPORT 25-JUL-1215:54 (MT)

Version: FINAL

Sample ID L1181583-6
Description WATER
Sampled Date 19-JUL-12
Sampled Time
Client ID 480-SR

Grouping ..

WATER

Total Metails Strontium (Sr)-Total (mg/L) 459

* Please refer to the Reference Information section for an explanation of any qualifiers detected.



L1181583 CONTD....

PAGE 4 of 4

. 25-JUL-12 15:54 (MT

Reference Information ) (1)
Version: FINAL

Qualifiers for Sample Submission Listed:

Qualifier Description

SPL Sample was Preserved at the laboratory - Total Metals

Test Method References:

ALS Test Code Matrix Test Description Method Reference**

MET-TOT-ICP-VA Water Total Metals in Water by ICPOES EPA SW-846 3005A/6010B

This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United
States Environmental Protection Agency (EPA). The procedures may involve preliminary sample treatment by acid digestion, using either hotblock or
microwave oven (EPA Method 3005A). Instrumental analysis is by inductively coupled plasma - optical emission spectrophotometry (EPA Method
6010B).

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The fast two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

VA ALS ENVIRONMENTAL - VANCOUVER, BC, CANADA

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS

Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples. For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.

mg/kg - milligrams per kilogram based on dry weight of sample.

mg/kg wwt - milligrams per kilogram based on wet weight of sample.

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight of sample.

mg/L - milligrams per litre.

<-Less than.

D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test resuits reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.



/ &Nﬁ\uti[us E nvivoumental

HB(I5E3

TESTING LOCATION (Please Circle)

MmN

Chain of Custody

Brltlsh Columbla

ﬂumaby Brlllsh Columbia, Canada V5A qM3
Phone 604.420.8773
Fay 604.357,1361

“lﬂ\ll\\\%\ll\

Date Qu\ “ ﬂz‘P(age Lo {

Sample Collection By: ANALYSES REQUIRED
Report to: Invoice To: ?
Company ([ Company © g
Address ~  Address . e —_— .42 4=
T R jhs
CityfState/Zip City/State/ Zip -4
Contact Contact E
Phone Phone 5 E
Emait karen@naulilusenvironmental.com Email karen@nautilusenvironimental.com § '§
2} Q
= -
CONTAINER NO. OF 8
SAMPLE ID DATE TIME MATRIX TYPE CONTAINERS COMMENTS g
1 Control - 8r 19-Jul-12 125ml Bottle 1 Strontium - Day 14 x
2 30-5r 19-Jul-12 125ml Bottie 1 Strontium - Day 14 x
3 60 - Sr 19-Jul-12 125m1 Battle 1 Strontium - Day 14 %
P 120 - Sr 19-Juf-12 125m) Bottle 1 Strontium - Day 14 X
5 240 - Sr 19-Jul-12 125ml Bottle 1 Strontium - Day 14 %
6 480 - Sr 19-Jul-12 125ml Bottle 1 Strontium - Day 14 .
7
8
g
10
PROJECT INFORMATION SAMPLE RECEIPT RELINQUISHED BY {CLIENT) RELINQUISHED BY {(COURIER)
(Stgrature) (Time) (Signature) (Time)
Client: Total No. of Containers -é%p( — t%ﬁ L\
(Printed Name) L (Date) Printed Name) {Date)
PO No.: Received Good Condition?
’ e Sz
Shippad {(Company) {Company}
i Matches Test Schedule? Neawhius Endyenmeivfal
SPECIAL INSTRUCTIONS/COMMENTS: Hyalella sediment test. Day#% Samples are not RECEIVED BY (COURIER) RECEIVED BY (LABORATORY)
pl’ESENEd "‘" i (Signature) (Time) (5Ignatur;) {Time)
: hdud 13350
(Printed Name) (Gate) (Printed Name) V ‘\J‘ (Date)
omp oot
{Company) {Company} \

Additional costs may be required for sample disposal or storage. Payment net 30 unless otherwise cantracted.
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