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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Executive Summary

Background

The Mount Polley Mine is a copper-gold mine owned and operated by Mount Polley Mining Corporation (MPMC),
a subsidiary of Imperial Metals Corporation. The mine is located 56 km northeast of Williams Lake,
British Columbia (BC). As a result of a foundation failure of the Tailings Storage Facility (TSF) in 2014, mining and
milling operations were suspended and MPMC did not have a permitted water discharge, and mine contact water
was conveyed to and stored in the Springer Pit. The TSF has since been repaired and authorized for use under
Mines Act Permit M-200 and Environmental Management Act (EMA) Permit 11678. An amended effluent
discharge permit (EMA Permit 11678) currently allows water discharge from the mine; however, the permitted
discharge expires on 30 November 2017.

A condition of EMA Permit 11678 is the development of a Long-Term Water Management Plan that incorporates
consultation, and a draft Technical Assessment Report (TAR) was submitted to the BC Ministry of Environment
(MoE) by 30 June 2016. This TAR, now being formally submitted, provides the details of the proposed Long-Term
Water Management Plan for the mine, including the discharge quantity and quality for the operations, closure, and
post-closure phases of the mine. It includes a technical assessment of the effluent discharge during operations to
identify whether or not receiving water uses would be impaired. That assessment, contained in this TAR, is
prepared for use by the MoE in permitting decisions and by MPMC as part of its due diligence to follow a plan that
meets the requirements of the EMA (SBC 2003, Chapter 53) and the Metal Mining Effluent Regulation
(MMER; SOR/2002-222).

Approach

The focus of this TAR is on water management during operations, based on the recently approved four-year mine
plan. Accordingly, this TAR has been developed to satisfy three objectives:

m develop a Long-Term Water Management Plan that is adaptable to mine development and that considers the
operations, closure, and post-closure conditions of the mine and in the receiving environment

m propose discharge characteristic limits for EMA Permit 11678 for the operations phase, which entails using
best applicable practices, assessing best available technology (BAT), establishing a discharge location, and
assessing receiving environment conditions

m provide responses to information requirements (Appendix A) for Mines Act permitting during operations,
closure, and post-closure

The TAR describes the receiving environment, water quantity during the various mine phases, an options analysis
of operations discharge locations and water treatment technologies, and predicted effluent and receiving
environment water quality during operations for the four-year mine plan.
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The existing water treatment plant, with some modifications, was considered the best option for the remainder of
operations. In the near-term, treated effluent will continue to be released via the present discharge to
Hazeltine Creek and subsequent conveyance by pipe from the upper sedimentation pond in lower Hazeltine Creek
to Quesnel Lake. By or before 30 November 2017, MPMC is required to remove the effluent from the
Hazeltine Creek channel, at which point the effluent is proposed to be conveyed directly via pipeline to the existing
diffusers in Quesnel Lake.

The technical evaluation of the operations discharge presented in this TAR involved the identification of
BAT for effluent treatment, identification of proposed effluent permit quantity and quality limits, and prediction of
conditions in the receiving environment to identify the potential for impacts on receiving environment use.

The impact assessment was based on a structured and transparent process guided by MoE policy, guidance, and
statute. For effluent discharges to aquatic receiving environments in BC, both federal and provincial environmental
legislation applies. While a permit to discharge is required by the provincial government, there is no federal permit
requirement. Federal requirements are imposed on a metal mine discharge by regulation. While this TAR has
been prepared in support of a provincial permit amendment process, federal requirements have also been
addressed in the evaluations.

The common expectations under the federal MMER and provincial EMA are three-fold:

m The effluent should not be acutely lethal.

m The effluent constituents must not exceed the numeric limits specified in the MMER (Schedule 4) and the pH
and toxicity requirements specified in S.4(1)(b,c).

m  Chronic sublethal effects should not occur outside of the initial dilution zone (IDZ). A lack of chronic sublethal
effects are maintained when the constituent of concern has a concentration lower than the BC ambient water
quality guidelines (BC WQGs) for applicable receiving environment uses.

For the proposed effluent discharge to Quesnel Lake, the IDZ was defined as a cylindrical body of water around
the outfall with a lateral radius of 100 m, which is a common IDZ. Predicted concentrations of constituents at the
edge of the IDZ for the mixed effluent were compared to applicable BC ambient WQGs. Comparisons were made
to the most conservative guideline for each constituent, representing the most sensitive receiving environment use
relevant to the West Basin of Quesnel Lake.

The derivation of effluent permit limits was based on the protection goal of attainment of BC WQGs at edge of IDZ
and no acute lethality at end-of-pipe. The typical effluent quality of the discharge during operations is expected to
reflect predicted median concentrations. It is, however, normal for effluent volume and quality to fluctuate based
on conditions of mining operations, weather, and other natural factors. Additionally, the model and input data carry
inherent uncertainty. Accordingly, a margin of safety between expected quality and enforceable limits has been
incorporated into the derivation of effluent permit limits proposed in this TAR. This allowance prevents the
administrative burden of non-compliance events that are above permit limits but are not environmentally disruptive,
while providing firm and enforceable limits that are protective of the environment and do not cause pollution
(as per the EMA definition of pollution: the presence in the environment of substances or contaminants that
substantially alter or impair the usefulness of the environment).
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The following approach was adopted in the TAR to establish effluent limits for the discharge to Quesnel Lake:

m Surface water quality objectives were identified at the edge of the IDZ. Objectives were set as the BC WQGs
for the Protection of Freshwater Aquatic Life.

m  The minimum 30-day dilution factor at the edge of the IDZ during operations was estimated using a near-field
dispersion model and a far-field hydrodynamic model for Quesnel Lake.

m Effluent targets were calculated at the discharge point using the minimum 30-day dilution factors to determine
discharge concentrations that would meet the BC WQGs at the edge of the IDZ.

m The proposed end-of-pipe effluent discharge targets were screened against MMER limits, where available,
and for the potential for acute toxicity by comparison to short-term maximum BC WQGs and acute screening
values derived in the effluent assessment.

m Discharge targets were reduced to a concentration not considered to have the potential for acute lethality at
end-of-pipe, where applicable.

m Some effluent targets were further refined by lowering them to a value based on upper limits of predicted
effluent to allow a margin of safety between expected quality and enforceable limits.

The proposed flow rate for the discharge to Quesnel Lake is an instantaneous rate of 0.6 m%s and an annual
maximum of 10 Mm?, which equates to an average of 0.33 m?%s. The higher rates are being sought to allow more
rapid drawdown of Springer Pit water in the near term and TSF supernatant during freshet conditions for the
remainder of operations.

In addition to the active discharge of treated effluent to Quesnel Lake, MPMC is seeking a permit to passively
discharge water from Springer Pit through groundwater to Bootjack Lake. This seepage is predicted to occur if
water level in the pit rises above 1030 metres above sea level, which could occur under contingency scenarios
during mine operations and is part of the mine closure plan. A similar approach was taken to establish limits for
the Springer Pit discharge to Bootjack Lake, although the approach was simplified because the flow rate is much
lower and, consequently, there was no need to adjust targets beyond the modelled values.

A Comprehensive Environmental Monitoring Plan (CEMP) has been developed by MPMC to confirm that the
current effluent permit limits are protective of water quality and aquatic resources in Quesnel Lake and
Bootjack Lake. Monitoring related to the proposed discharges and associated effluent permit limits will be
incorporated into this existing CEMP.
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Closure/post-closure options for mining-influenced water treatment were assessed to provide confidence that a
practical transition can be made between operations and closure, and a BAT assessment of these options was
carried out. It is MPMC'’s preference to return flows to pre-development watersheds using decentralized passive
water treatment systems, subject to the performance limits of such systems. This preference reflects the views
expressed by various parties during consultation. MPMC has invested in the development and evaluation of
passive systems in the context of the mine site, and a conceptual design for a conventional passive water treatment
system is included in this TAR. This option requires optimization through bench scale and pilot testing, and a plan
to evaluate the system’s performance during operations is provided. In addition to the bench scale and pilot testing,
uncertainties related to future feed water quality, updates to the closure water management plan, and flows and
target qualities for the receiving environment need to be refined before this option can be considered a proven
system.

Therefore, a second option was identified as closure mine water treatment BAT, which consists of using in-pit lake
treatment, involving elements of passive technologies, combined with an optimized operations water treatment
system. This is currently deemed the most viable option for continued use in the closure and post-closure phases
and is the basis for the permit amendments sought. This option is considered a backstop in the event that bench
scale testing and piloting indicate that a passive system may not be viable at this site.

Proposed Effluent Permit Limits and Impact Assessment Findings

The proposed EMA Permit 11678 limits are compliant with the limits specified by the MMER,; therefore, compliance
with EMA Permit 11678 will facilitate regulatory consistency between the discharge requirements of the EMA and
the MMER. The treated effluent itself is not predicted to be acutely lethal at the point of discharge, a finding
supported by the absence of acute toxicity to rainbow trout and Daphnia magna, in the untreated water in the
Springer Pit and the current treated effluent.

A number of contingency scenarios were considered for the remainder of operations. First, a No Discharge
scenario was simulated, assuming discharge from the site could not occur for an extended period of time and
water would accumulate in the Springer Pit. This was considered a “worst-case” scenario in which to assess the
seepage from the Springer Pit to Bootjack Lake, which would have a higher rate of discharge if water levels rose
to 1,050 metres above sea level in the Springer Pit. The seepage from the Springer Pit is proposed to be permitted
as an operational discharge. The proposed rate was estimated using the worst-case scenario above, and it is
therefore likely to exceed the actual rate throughout operations, during which dewatering of the Springer Pit is
ongoing. An impact assessment was conducted based on the predictions generated for this scenario, and
EMA Permit 11678 limits are proposed for Springer Pit seepage for the remainder of operations.

The impact assessment carried out in this report concluded that pollution (as per the EMA definition) is unlikely to
occur as a result of the proposed Quesnel Lake discharge or the potential seepage from Springer Pit to
Bootjack Lake; specifically:

m Adverse effects on aquatic life and impairment of other receiving environment uses identified for the
West Basin of Quesnel Lake (i.e., drinking water source, recreational contact, wildlife) are not expected based
on predicted concentrations at the edge of the IDZ in Quesnel Lake. The treated whole effluent at the point
of discharge is not expected to be acutely lethal to aquatic life. Following dilution and mixing, conditions within
the IDZ would likewise not be expected to be acutely toxic to aquatic life. Chronic toxicity is not expected
beyond the IDZ boundary.
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m Adverse effects on aquatic life and impairment of other receiving environment uses identified for
Bootjack Lake (i.e., drinking water source, recreational contact, wildlife) are not expected due to seepage
from Springer Pit. The seepage at the point of discharge is not expected to be acutely lethal to aquatic life
and, following dilution and mixing, conditions within the IDZ would likewise not be expected to be acutely
toxic to aquatic life. Chronic toxicity is not expected beyond the IDZ boundary.

Based on this assessment, no additional parameters are identified for assessment or regulation in the proposed
permit amendment. Monitoring proposed in this assessment will be undertaken to verify predictions at the
end-of-pipe and at the IDZ.

Assessment of Uncertainty

The assessments in the TAR were necessarily predictive exercises, with the objective of identifying whether the
proposed treated effluent will result in adverse effects to the receiving environment. Assessing impact before the
discharge occurs requires the use of various predictive tools, such as water chemistry predictions, effluent dilution
modelling, and comparison to established benchmarks. While these tools are useful and provide a reasonable
prediction of likely circumstances, it is important to identify the main uncertainties associated with a predictive
assessment and to consider the implications of these uncertainties on predictions made. The main areas of
uncertainty identified in the present assessment, which are described in greater detail in the TAR, are as follows:

m  Plume dilution and surface water quality are as predicted by the computer simulation models.
m Background water quality concentrations were as identified in the dataset available for Quesnel Lake.

m  Confirmation of inputs (flows, water qualities, and receiving environment water quality targets) for the closure
water treatment system.

m Treated effluent concentrations from the proposed closure treatment system.

m Implications of the interaction of constituent mixtures with regard to toxicity.

Potential implications of these uncertainties and monitoring that can be undertaken to reduce uncertainties are
described in this TAR. When uncertainty is taken into consideration, the overall prediction that pollution will not
occur remains unchanged.

Consultation

The selection of the water treatment technology and discharge location is a result of a BAT assessment and
options analysis including conceptual design work, in consultation with regulators, First Nations, local community
members, and local governments. Consultation with various parties on this EMA Permit 11678 amendment
application has been an ongoing process in the development of the TAR, and further consultation (30 days) is a
statutory requirement following formal submission of the amendment application and supporting TAR. The
application now being pursued has benefited from early consultation that MPMC has elected to undertake. All
parties have provided helpful and constructive input during their participation, and all parties are invited to provide
further comment on the application during the 30-day public comment period.
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Some of the major points raised during consultation included support for the mine’s continued operation and
acceptance of the necessity of managing water balance, including having a discharge, a desire to pursue options
at closure to return appropriately treated water to area drainages (e.g., Bootjack Lake, Edney Creek,
Polley Lake/Hazeltine Creek), and a strong desire by some of the area residents that the discharge not go to
Quesnel Lake, regardless of whether BC WQGs would be met. These views have been considered in this TAR,
and water management plans include further evaluation of the feasibility of discharge to local watercourses in a
post-closure scenario. With regard to the fundamental objection of discharge to Quesnel Lake, this option is the
technically and environmentally better option, and the concerns have been pursued by a robust evaluation so that
impacts on Quesnel Lake water quality will not result in impairment of water use of Quesnel Lake water. This was
approached first through a comprehensive sampling of mine contact water and application of BAT to provide an
appropriate level of source control and then through a detailed evaluation of potential effects on Quesnel Lake
water quality. This evaluation included the application of cautious assumptions during plume modelling and a
multi-year projection of water quality in Quesnel Lake using a three-dimensional hydrodynamic model. Monitoring
of the existing authorized discharge over the past six months has confirmed the previous predictions of high dilution
that were generated using the same models that were updated and applied for this TAR. The designs and
evaluation carried out here will again take into consideration information obtained from the public comment period.
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1.0 INTRODUCTION

The Mount Polley Mine is a copper-gold mine owned and operated by Mount Polley Mining Corporation (MPMC),
a subsidiary of Imperial Metals Corporation (IMC). The mine site is located 56 km northeast of Williams Lake,
British Columbia (BC) (Figure 1-1). On 4 August 2014, failure of the Tailings Storage Facility (TSF) foundation
resulted in mining and milling operations being suspended and mine contact water being conveyed to, and stored
in, the Springer Pit.

An amended effluent discharge permit (Permit 11678), issued under the Environmental Management Act (EMA)
currently allows discharge from the mine; however, the permitted discharge expires on 30 November 2017.
Condition 2.9 of EMA Permit 11678 requires the development and implementation of a Long-Term Water
Management Plan that incorporates consultation. This TAR provides the details of the proposed Long-Term Water
Management Plan for the mine, including the discharge quantity and quality, for the operations, closure, and
post-closure phases of the mine life.

The focus of the current TAR is on water management during operations for the currently authorized four-year
mine life plan. The information provided in this TAR also addresses information requests from the Ministry of
Energy and Mines (MEM) regarding long-term water management, as generated during the review of the
application for the (now authorized) return to full operations and use of the TSF (MPMC 2015a). The MEM
developed Terms of Reference (TOR) (Appendix A) for information that was also to be submitted with the TAR on
30 June 2016 (including that which is incorporated into the TAR) to satisfy questions raised by the MEM during
this review, as included as Appendix A to the 23 June 2016, amendment to Mines Act Permit M-200. This includes
supporting information that is being carried forward into this TAR (e.g., results of hydrogeological modelling,
geochemical model source terms). Accordingly, in addition to its procedural role in applying for an effluent permit
amendment, this TAR has been developed to satisfy three complementary objectives:

m develop a Long-Term Water Management Plan that is adaptable to mine development and considers the
operations, closure, and post-closure conditions of the mine and in the receiving environment

m propose discharge characteristic limits for EMA Permit 11678 for the operations phase, which entails
assessing Best Available Technology (BAT), establishing a discharge location, and assessing receiving
environment conditions so that pollution does not occur

m satisfy information requirements for Mines Act permitting during operations, closure, and post-closure

s
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1.1 Background and Overview

Following the TSF foundation failure on 4 August 2014, and subsequent Pollution Abatement Order 107461 issued
to MPMC by the MoE, MPMC did not have a permitted water discharge from the mine. MPMC diverted all mine
contact water on site to the Springer Pit, and, with the establishment of containment infrastructure for collection of
drainage from the breached section of the TSF being completed on 4 September 2014, all contact water was
subsequently directed to and contained within the Springer Pit. This measure was implemented as part of the
emergency response and was considered a temporary water management plan. It was known at the time that the
mine had a positive water balance and that the Springer Pit had a finite capacity; thus, the strategy had a finite
time frame.

In 2015, MPMC submitted a Mines Act permit amendment application to the MEM to amend its existing
Permit M-200 and resume operations at the mine. A Mines Act Permit M-200 amendment was received from the
MEM on 9 July 2015, allowing MPMC to return the mine to restricted operations, which included the following
permitted activities:

m  mining of up to 4 million tonnes (Mt) of ore for a period of no more than one year

m deposition of 4 Mt of tailings in the Springer Pit

Mill operations restarted on 4 August 2015.

On 31 May 2015, MPMC submitted an application to amend EMA Permit 11678 for a short-term discharge. The
EMA Permit 11678 amendment application was approved on 29 November 2015. The permitted short-term water
discharge involves the discharge of treated effluent to Quesnel Lake via the Hazeltine Creek channel, which has
been reconstructed following the TSF dam foundation failure, but is currently not fish habitat. MPMC commenced
discharge of treated effluent under this authorization on 1 December 2015.

s
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The key objectives of the 29 November 2015 EMA Permit 11678 amendment were to manage contact water that
had accumulated on site since the TSF foundation failure, while allowing time to develop a Long-Term Water
Management Plan. It was recognized by MPMC, the MoE, and the MEM that the proposed short-term water
management plan was developed within the scope of the short-term water management objectives and did not
reflect the preferred long-term treatment and discharge options. Notably, transition to an alternative discharge
option is part of the strategy to rehabilitate and return Hazeltine Creek to a fish-bearing aquatic system. As such,
the MoE included the following condition in the amended EMA Permit 11678:

“The Permittee must develop and implement a long term water management plan.” and
“A draft Technical Assessment Report in support of the long term water management plan, that
includes an implementation schedule, must be submitted to [MoE] Environmental Protection by
June 30, 2016.”

Condition 2.8 of the 29 November 2015 amendment of EMA Permit 11678 also required MPMC to
“develop and implement an alternative to the discharge to Hazeltine Creek” by 30 November 2016, with an
Alternative Discharge Design and Construction Plan to be submitted to the MoE by 31 January 2016. The
Alternative Discharge Design and Construction Plan (Golder 2016a) was submitted to the MoE on
29 January 2016. Following consultation with local communities, the MoE removed EMA Permit 116878 condition
2.8 to allow for additional planning, assessment, and consultation on long-term discharge alternatives.

On 6 November 2015, MPMC submitted a Mines Act Permit M-200 amendment application to return the mine to
full operations (MPMC 2015a). This application was approved on 23 June 2016, and the proposed mine waste
and water management plans, as well as the Reclamation and Closure Plan (RCP), included in the application
were used to inform the development of the Long-Term Water Management Plan presented in this TAR. Within
the context of this TAR, “long-term” water management is planned around the following distinct phases of the mine
life: operations, closure, and post-closure.

Recognizing that a decision on the Mines Act Permit M-200 amendment application for full operations would not
be made by the MEM prior to the then authorized 4 Mt of ore being processed, MPMC submitted a “bridging”
permit application to amend Mines Act Permit M-200 and EMA Permit 11678 to allow for processing of an
additional 1 Mt of ore under the conditions of the restricted operations. Required authorizations for this extension
to the restricted operations were received from the MoE and the MEM on 29 April 2016.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

1.2 Company Information

MPMC is a wholly owned subsidiary of Imperial Metals Corporation, a Canadian mining company active in the
acquisition, exploration, development, mining, and production of base and precious metals, with a focus on
western North America. Key properties are the Mount Polley Mine; Huckleberry Mine, an open pit
copper/molybdenum mine (50% interest) in west-central BC; Red Chris Mine, an operating copper-gold property
in northwest BC; Sterling Mine, a heap leach gold mine in Nevada, USA; and Ruddock Creek, a
pre-development stage zinc/lead property (50% interest) in southeast BC.

The main contact information for MPMC is:
Mount Polley Mining Corporation

Dale Reimer, General Manager
P.O.Box 12
Likely BC VOL 1NO

The mine, located 56 km northeast of Williams Lake, BC, is owned by MPMC. The property covers 18,892 ha,
consisting of seven mining leases totalling 2,007 ha and 44 mineral claims encompassing 16,885 ha.

1.3 Terms of Reference

Generic TOR outlined in the Technical Guidance 1: Environmental Management Act Applications (MoE 2014a)
are intended for proponents of major mine projects applying for an effluent discharge permit under the EMA.
Additional guidance is also provided in the document entitled Joint Application Information Requirements for Mines
Act and Environmental Management Act Permits prepared by the MEM and the MoE (2016).

The TOR and Joint Application Information Requirements have been adapted to the current TAR. A summary of
major sections are listed in Table 1-1 to orient the reader, and a concordance table, as outlined in
Technical Guidance 2: Environmental Management Act Applications (MoE 2014b), has been filled out and is
provided in Appendix A to verify concordance with provincial guidance. A second concordance table, consisting of
a series of information requirements provided by the MEM, is also included in Appendix A. Collectively, these
tables are intended to serve as a TOR for this TAR.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Table 1-1: Concordance with Generic Terms of Reference for Technical Assessment Reports under the

EMA

Provincial Guidance

Relevant Section in this
Technical Assessment Report

Project description and |ntr0ducti0n Section 10
overview Project description and mine plan Section 2.0
Geology and geochemistry Section 3.1
Climate and hydrology Section 3.2
o ) Groundwater quality Section 3.3
Baseline information
Surface water quality Section 3.4
Fisheries and aquatic resources Section 3.6
Vegetation and Wildlife Section 3.7
Reclamation planning and Approach to reclamation planning Section 4.1
effective mine closure End land use and capability objectives Section 4.2
Description of discharges Section 5.2
) Discharge location Section 5.3
Discharges and treatment — -
Proposed effluent limits Section 5.4
Treatment options assessment Section 5.5
Groundwater quantity and quality Section 6.1
Surface water quantity and quality Section 6.2
E”V'Toﬁme”ta' effects Impact Assessment - Operations Section 6.3
prediction
Impact Assessment - Closure Section 6.4
Uncertainty assessment Section 6.5
) Mine site water management plan Section 7.0
Mine management plans - -
Selenium water management plan Section 7.0
Operations monitoring Section 8.1
Discharges and environmental | No Discharge Scenario monitoring Section 8.2
monitoring requirements for — -
EMA permits Closure/Post-closure monitoring Section 8.3
Quality Assurance Requirements Section 8.4
e
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

2.0 PROJECT DESCRIPTION AND MINE PLAN
2.1  Mine Processing

On 6 November 2015, MPMC submitted a Mines Act Permit M-200 amendment application to the MEM
(MPMC 2015a) to mine the Phase 4 Cariboo-Springer Pit. On 23 June 2016, this application was approved by the
MEM, and an amendment to Mines Act Permit M-200, Approving the Return to Full Operations and Use of the
Tailings Storage Facility, was received. The required approval from the MoE to resume deposition of tailings in the
TSF, as required under EMA Permit 11678, was also received on 23 June 2016. The Phase 4 Cariboo-Springer
Pit contains 27 Mt of reserves that will be mined and processed or stockpiled over a four-year mine life. As part of
this mine plan, the TSF will be constructed to a crest elevation of 970 metres above sea level (masl). The available
capacity at this elevation (34 Mt) will be consumed through processing of ore from the following:

m Phase 4 Cariboo-Springer Pit (22.5 Mt)
m Boundary Zone Underground (0.5 Mt)
m Boundary Zone Open Pit (0.59 Mt)

m  Ore stockpiles (5.31 Mt)

The TSF will also receive tailings re-handled from the Springer Pit (5 Mt) that were deposited during restricted
operations.

The four-year mine life considers the following three phases: restricted operations, full operations, and pre-closure.
Details of the mine plan are presented in the Mines Act Permit M-200 amendment application to return the mine
to full operations (MPMC 2015a) and summarized in the following subsections. Collectively, these three phases
in the mine plan comprise the operations phase in the Long-Term Water Management Plan.

2.1.1 Restricted Operations

From August 2015 to November 2015, milling occurred on a week-on, week-off schedule with a target milling rate
of 20,000 tonnes per day (tpd). Processing was increased in December 2015 to 24 hours per day, seven days per
week, with a target milling rate of 18,000 tpd because of challenges with the temporary shutdown of mill operations
during the winter and in consideration of changed market conditions.

At the time the Mines Act Permit M-200 amendment application to return the mine to full operations was submitted
(6 November 2015), it was assumed that all permits would be received in time to allow the TSF to be operational
on 1 May 2016. As such, the Mines Act Permit M-200 amendment application and subsequent authorizations only
included milling of 4 Mt of ore. However, permitting delays necessitated the bridging permit described in
Section 1.1 and the tailings resulting from milling of the additional 1 Mt of ore being deposited in the Springer Pit.
Tailings deposition in the TSF resumed in June 2016.
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2.1.2 Full Operations

Full operations includes the mining of the Phase 4 Cariboo-Springer Pit with a proposed average milling rate of
22,000 tpd. Full operations coincides with a transition from deposition of tailings in the Springer Pit to deposition
in the TSF. Mining of the Phase 4 Cariboo-Springer Pit is expected to be completed in 2019. Mining of the
Phase 4 Cariboo-Springer Pit will require mine-contact water and tailings currently stored in the Springer Pit to be
removed. Tailings are planned to be removed by a combination of hydraulic and conventional shovel-truck
methods and deposited in the repaired TSF.

2.1.3 Pre-closure

Under the currently authorized mine plan, pre-closure will commence when mining of the Phase 4
Cariboo-Springer Pit is completed. The onset of the pre-closure period may be postponed if the four-year mine
plan is extended. Viable reserve estimates for the mine extend an additional five years beyond the full operations
four-year mine plan; thus, depending on future economic conditions, application may be made during the full
operations phase to extend the mine life, postponing onset of pre-closure and closure phases.

During pre-closure, no active mining will take place; however, processing of ore stored in stockpiles will occur.
Potentially acid generating (PAG) waste rock stored in the Temporary Northwest (NW) PAG Stockpile will also be
re-handled for permanent storage in the mined-out Cariboo-Springer Pit. The current mine schedule has
processing of stockpiled ore ceasing in July 2020. The amount of stockpiled ore that will be mined during
pre-closure will be dependent on the available capacity in the TSF with a crest elevation of 970 masl. MPMC
projected that 5.3 Mt of stockpiled ore will be milled with approximately 6 Mt remaining in ore stockpiles at closure
(MPMC 2015a).

2.2 Mine Waste Management

The following three waste streams will be produced during operations: waste rock, tailings, and process water.
These waste streams are summarized in the following subsections; additional details are provided in the
Mines Act Permit M-200 amendment application (MPMC 2015a).

2.2.1 Waste Rock

Mining of the Phase 4 Cariboo-Springer Pit will produce 40 Mt of non-acid generating (NAG) waste rock and
25.2 Mt of PAG waste rock. NAG waste rock will be used in construction of the TSF, used on site for projects, or
stored in the Southeast Rock Disposal Site (SERDS) (Figure 2-1). PAG waste rock, as identified and managed in
accordance with site metal leaching / acid rock drainage (ML/ARD) considerations, will be stored in the
Temporary NW PAG Stockpile (Figure 2-1). All PAG rock stored in the Temporary NW PAG Stockpile is planned
for subaqueous disposal at closure, and, accordingly, is to be deposited and submerged in the mined-out
Cariboo-Springer Pit.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

2.2.2 Tailings

With the return to full operations, the 5 Mt of tailings stored in the Springer Pit are expected to be removed from
the pit by January 2018. Tailings produced from processing of ore mined from the Phase 4 Cariboo-Springer Pit
and ore stockpiles during the return to full operations will be deposited in the TSF. Approximately 22.5 Mt of tailings
will be produced from mining of fresh ore from the Phase 4 Cariboo-Springer Pit and 5.31 Mt from mining of
stockpiled ore.

2.2.3 Process Water

Similar to the tailings, the contact water stored in the Springer Pit will be removed and discharged by January 2018
(Appendix B). Process water that is liberated from the tailings slurry in the TSF will be reclaimed to the mill to
supplement the plant water requirements. Surplus water will be treated and discharged as described in
Section 5.0.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

2.3 Operations Mine Water Management

The main objective of the Mine Water Management Plan (MWMP) developed as part of this TAR is to define the
water management practices that will help prevent the year-over-year accumulation of contact water at the mine,
and to mitigate the potential for unplanned and/or non-compliant releases to the environment. The following
strategies are proposed to meet this objective:

m To the extent practicable, reduce the volume of non-contact water collected on site by diverting non-contact
water away from site collection systems.

m Treat and discharge surplus water so that minimal water accumulates, with minimal carry-over from year to
year, and sufficient capacity is available to withstand conditions up to the 1-in-200-year wet conditions.

m  Maintain a minimum pond volume of one million cubic metres (1 Mm?3) in the TSF for operation of reclaim
pumps.

m Maintain adequate tailings beaches in the TSF, with a minimum of 100 m long beaches.

There will be minimal storage of contact water on site; however, during freshet (April through June) and extreme
storm events, the volume of mine water runoff will exceed the discharge and treatment capacity. Therefore,
temporary detention of the freshet and extreme storm runoff volume will be necessary to equalize flows prior to
discharge. Details of the MWMP are presented in Appendix B of the TAR; this section provides a summary.

2.3.1 Restricted Operations Phase

Restricted operations extended until late June 2016. During this time, contact water from roads, haul roads, waste
rock dumps, and other mine areas north of Bootjack Creek was either collected in sumps (e.g., NW, 9K,
Mine Drainage Creek, Mill Site, Wight Pit, Cariboo Pit) or flowed directly to the SERDS, West, and Long Ditches
(Figure 2-1). The water that collected in the sumps was either pumped directly to the Springer Pit, or to the SERDS,
West, or Long Ditches, which flowed to the Central Collection Sump (CCS). Water in the TSF was pumped to the
CCS. Water in the CCS was used to meet mill process requirements, or reported to the Springer Pit or the
Perimeter Embankment Till Borrow Pond (PETBP). Surplus water in the Springer Pit was pumped to the water
treatment plant (WTP) and discharged to Hazeltine Creek (Figure 2-1).

Discharge from the WTP was conveyed via the Hazeltine Channel to two twin diffusers, where it was subsequently
discharged to Quesnel Lake.
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2.3.2 Operations

Full operations extend from completion of restricted operations until the second quarter of 2020. Until the
Springer Pit is drawn down, water stored in the pit will be discharged from site via the WTP or used to supplement
mill process water requirements. Outside of the TSF, mine contact water will either flow or be pumped to the
SERDS, West, and Long Ditches, which flow to the CCS (Figure 2-1). Water from the CCS will be used to provide
mill process water, allowed to flow by gravity to the PETBP to be treated and discharged, or conveyed to the TSF
for temporary detention (typically during the freshet period). At other times, water from the TSF may be pumped
to the CCS for use in processing or treatment prior to discharge.

From the fourth quarter of 2017 to the third quarter of 2018, water and tailings in the Springer Pit are planned to
be pumped as a slurry, or excavated and hauled, to the TSF.

2.3.3 Closure and Post-closure

The closure phase will begin in July 2020 and is planned to continue for two years. Post-closure represents the
time period beyond July 2022. Water management during closure/post-closure is discussed in Section 4.0 of this
TAR.

2.34 No Discharge Scenario

In the event that MPMC is not able to discharge from site, water originating from within the mine footprint will be
stored in the Springer Pit or another mined-out pit, if these facilities are available to store water during a
No Discharge scenario.

2.4  Regulatory Framework

For effluent discharges to aquatic receiving environments in BC, the applicable legislation includes the federal
Fisheries Act (R.S.C., 1985, c. F-14), which contains a general prohibition against the deposit of a deleterious
substance into waters frequented by fish (Section 36), and the provincial EMA, which contains a general prohibition
against causing pollution. Under the general provisions of the Fisheries Act, what constitutes a deleterious
substance is a matter of expert opinion; however, for the purposes of discharges involving a metal mine, which
applies to the current effluent discharge permit amendment application, what constitutes a deleterious substance
is specifically defined in the Metal Mining Effluent Regulations (MMER). While a permit to discharge is required by
the provincial government, there is not a federal permit requirement; federal requirements are imposed on a metal
mine discharge by regulation.

While this TAR has been prepared in support of a provincial permit amendment process, federal requirements
have also been addressed in the evaluations carried out because MPMC must comply with both provincial and
federal laws.
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2.4.1 Environmental Management Act

The EMA is BC'’s principal pollution control statute with regulations made pursuant to that Act for more specific
regulatory purposes. The EMA prohibits causing pollution, and (per subordinate regulation) requires specified
dischargers to obtain an effluent discharge permit. Because federal legislation has no effluent permitting system,
federal agencies (i.e., Environment and Climate Change Canada [ECCC] and Fisheries and Oceans Canada
[DFQ]) utilize the provincial permit process to communicate their specific requirements to the proponent. However,
the proponent remains responsible for compliance with the general prohibitions of those federal laws
(described further below), notwithstanding the presence of a provincial permit. The amended permit for the effluent
discharge is being sought under Schedule 1 of the Waste Discharge Regulation (B.C. Reg. 54/2016), pursuant to
the EMA.

In the EMA, pollution is defined as “the presence in the environment of substances or contaminants that
substantially alter or impair the usefulness of the environment.” The common expectations under the EMA are
two-fold:

m Acutely lethal conditions should not exist at the point of discharge or within the initial dilution zone (IDZ) of
the effluent.

m Chronic sublethal effects should not occur outside of the IDZ. A lack of chronic sublethal effects is reliably
predicted when the parameter of concern has a concentration lower than applicable BC ambient water quality
guidelines (WQGs) (MoE 2015a, 2016a).

The IDZ is the three-dimensional zone around the point of discharge where mixing of the effluent and the receiving
water occurs. For a large waterbody, the IDZ is commonly defined as a cylindrical body of water around the outfall
with a lateral radius the lesser of 100 m from the outfall or 25% of the width of the body of water and extending
upwards to the surface of the water column. This definition is consistent with the BC Municipal Wastewater
Regulation (B.C. Reg. 87/2012); while this is not a municipal wastewater effluent, the Municipal Wastewater
Regulation provides delineation of commonly accepted IDZs under regulations made pursuant to the EMA.

2.4.2 Fisheries Act

With respect to the Fisheries Act, a deleterious substance is a substance that, if added to water, would degrade
or alter or form part of a process of degradation of that water such that it would likely be rendered deleterious to
fish or fish habitat, or the use by man of fish that frequent that water. The specific properties defining a substance
as being deleterious under the parent Act are up to interpretation by experts, except where sector-specific
regulations have been developed, such as the MMER (SOR/2002-222). ECCC may request more stringent
requirements by communicating those requirements to the provincial permitting authority.

DFO also regulates the placement of physical structures within fish habitats. The need for a DFO authorization for
effluent discharge infrastructure will be determined prior to installation, as was done for the current pipelines on
the Quesnel Lake bottom.
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2.4.3 Metal Mining Effluent Regulations

The MMER is a sector-specific regulation written under the authority of the Fisheries Act and
Subsections 34(2), 36(5) and 38(9) of the Act show how it fits with the parent legislation. The MMER includes
specific definition of what constitutes a deleterious substance in effluent from a metal mine. The MMER also
contains a requirement to undertake an environmental effects monitoring (EEM) program. Undertaking an
EEM program provides assurances that the technology-based effluent limits specified in the MMER are sufficient
to protect the aquatic receiving environment. The MMER limits were used as one set of criteria for screening
end-of-pipe concentrations in Sections 5.0 and 6.0. Given that MMER limits are technology based and the majority
of effluent constituents considered in this TAR do not have MMER limits, the MMER limits are viewed here as a
minimal compliance requirement (i.e., if the evaluation shows it to be necessary, more stringent requirements can
be set under provincial permit); however, the assessment of impacts in Section 6.3.4 is broader as necessitated
by the requirements of provincial legislation.

2.4.4 Navigation Protection Act

Consideration should also be given to the Navigation Protection Act (R.S.C., 1985, c. N-22), which is concerned
with promoting the safe navigation of vessels, including verification that the installation of physical structures does
not impede navigation. With specific regard to subsurface pipes, this process leads to protection against damage
to the pipe by restricting vessel anchoring at the location of a pipe. The need for a Navigation Protection Act permit
for the short-term pipe placement, as well as the potential long-term placement of a diffuser, will be determined
prior to installation of any infrastructure, as was done for the current Quesnel Lake installation.

2.4.5 Water Sustainability Act

In BC, legislation of matters relating to use and flow of surface water and groundwater, and protection of water
resources, are governed by the Water Sustainability Act (WSA; SBC 2014). The WSA was brought into force on
29 February 2016, replacing the Water Act. Five new regulations were introduced under the WSA, consisting of
the Water Sustainability Regulation (B.C. Reg. 36/2016), the Water Sustainability Fees, Rentals and
Charges Tariff Regulation (B.C. Reg. 37/2016), the new Groundwater Protection Regulation (B.C. Reg. 39/2016),
the new Dam Safety Regulation (B.C. Reg. 40/2016), and the Water Districts Regulation (B.C. Reg. 38/2016). The
Water Sustainability Regulation includes requirements for the licensing, diversion, and use of groundwater and
surface water to protect water resources and ecosystems, while the Groundwater Protection Regulation
specifically addresses protection of the groundwater resource and identifies requirements for the construction of
wells.

MPMC currently holds three surface water licences, specifically:
m 5002458, which authorizes the non-power storage of Hazeltine Creek (500,000 m3/yr)

m C101763, which authorizes Polley Lake water to be stored (1,000,352 m3/yr) and used for processing ore

(455 m3/d)
m C111741, which allows Polley Lake water to be used for dust suppression (818 m%d) and work camps
(36 m%/d)
=
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

With the introduction of the WSA, these licences continue to be valid under the WSA rather than the former
Water Act. An increase in the annual fees for these licences came into effect on 29 February 2016, based on the
new Water Sustainability Fees, Rentals and Charges Tariff Regulation.

Section 11 of the WSA requires an authorization for works in and about a stream, which includes a broader
definition of “stream” in law than what is commonly understood to be a stream in ordinary use. In the present case,
a stream would include Hazeltine Creek and Quesnel Lake. There are certain activities that are authorized by
regulation; however, the need for a written authorization will depend on the specific effluent discharge
infrastructure being constructed.
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3.0 BASELINE INFORMATION
3.1 Geology and Geochemistry

An understanding of the regional and local geology, as well as the geochemical characteristics of materials
to be mined (e.g., waste rock), is required to develop an understanding of how mine wastes will weather and to
identify the processes that will control the release of constituents under ambient conditions. The following
subsections provide a summary of the mine geology and geochemical characteristics that were subsequently
used to derive the geochemical source terms (Appendix C) for inclusion into the site-wide water quality model
(WQM; Appendix D). Subsections of Section 3.1 were written by SRK Consulting (SRK), which was also
responsible for the geochemistry component of this TAR (Appendix C).

3.1.1 Regional Geology

The mine is in Quesnellia, an accreted terrane in the Intermontane Belt of the Canadian Cordillera. Quesnellia is
characterized by Triassic to Jurassic volcanic, sedimentary, and mafic to intermediate intrusive rocks formed in a
west-facing arc that developed west of the continental margin of ancestral North America. The mine is within the
Mount Polley Intrusive Complex (MPIC), situated in the Central Quesnel Belt, a region of Quesnellia roughly
between latitudes 51.5° and 53.5°N (Figures 3-1 and 3-2). In this area, the arc and a marginal basin immediately
to its east were obducted eastwards onto the then continental margin in the late Early Jurassic. Continued crustal
shortening in the Middle Jurassic resulted in regional metamorphism and southwest-verging back-folding of the
now coupled arc-marginal basin and continental margin assemblages. The mine lies in the core of a broad regional,
northwest-trending upright syncline at the western limit of this Middle Jurassic folding. Regional metamorphic
grade at the mine is no more than zeolite facies.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Stratified Triassic rocks surrounding Mount Polley are assigned to the Nicola Group, the type-area of which is in
southern Quesnellia, where the Nicola hosts other porphyry copper deposits such as the Highland Valley,
Copper Mountain, and New Afton mines. The arc stratigraphy in the Mount Polley district extends from the
Middle and Late Triassic Nicola Group into the Early Jurassic. From the base, the Nicola Group consists of
Middle to early Late Triassic sedimentary and minor volcanic rocks, overlain by a thick Late Triassic succession
of submarine, trachybasaltic volcanics and related tuffaceous sediments and volcaniclastic breccias. The youngest
assemblage, which extended into the Early Jurassic, consists of volcanic, plutonic, and sedimentary rocks
representing a more mature stage of arc activity, and more differentiated magmatism, when the MPIC was formed.
The youngest arc rocks are polymictic breccia and conglomerate that unconformably overlie the MPIC, and are
products of late arc uplift and erosion. In the southern part of the Mount Polley property, Nicola Group country
rocks are covered by post-accretion units, including outliers of unnamed Cretaceous sandstone and conglomerate,
early Tertiary andesitic volcanic and sedimentary rocks of the Kamloops Group, and Miocene-Pliocene basaltic
volcanics of the Chilcotin Group.

3.1.2 Deposit Geology

The MPIC hosts the Mount Polley copper-gold porphyry deposit (Figures 3-1 and 3-2). It is a Late Triassic
magmatic centre approximately 6 by 4 km, elongated in a north-northwest direction. It consists of alkalic, marginally
silica-undersaturated intrusions, and magmatic-hydrothermal breccias. The age of the deposit is approximately
205 million years based on uranium-lead isotopic dating; there is close agreement between age determinations
from MPIC intrusions and minerals associated with sulphide mineralization. Mineralization occurs in almost all
constituent rock types of the MPIC, and thus occurred late in its formation. Nearly all economic mineralization is
in breccias, or in mineralized stockwork veins in adjacent wall rock intrusion. Country rocks of the Nicola Group
closest to the MPIC are mafic to intermediate volcanic and subvolcanic coherent rocks, and related breccias, and
may form components of mineralized hydrothermal breccias in the periphery of the MPIC.

3.1.3 Metal Leaching/Acid Rock Drainage Geochemistry

Details of the characterization of ML/ARD potential at the mine are provided in Appendix C. Findings are
summarized below.

The Mount Polley deposit is classified as an alkalic porphyry copper-gold deposit. With the exception of the
distinctive small Pond Zone skarn deposit, it has been mined from several mineralized zones (Springer, Cariboo,
Bell, Southeast, Northeast, Boundary) with common geological features including mainly a monzonitic plutonic
host rock, association with breccia bodies in the intrusion, dominantly potassic hydrothermal alteration, lack of
pronounced pyrite haloes, enrichment in copper and selenium relative to global norms, pervasive calcite, and
natural oxide alteration. As a result, geochemical characteristics are consistent between zones, allowing a
site-wide approach to geochemical characterization.
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PAG and NAG waste rock materials occur locally as pyrite zones, but NAG rock dominates. ARD potential has
been used to segregate waste rock, with NAG waste rock being placed in several waste rock disposal sites and
PAG waste rock either deposited in completed pits that are projected to flood at the closure of the mine
(in accordance with the management practice of subaqueous disposal), or placed in the Temporary NW PAG
Stockpile for final subaqueous disposal in the Springer Pit. Based on review of operational processes and data,
NAG waste rock is expected to be non-acidic in perpetuity because the classification approach tended to result in
NAG waste rock reporting to PAG waste rock disposal locations rather than the reverse.

Tailings are classified as NAG based on operational monitoring and testing of tailings spilled into Hazeltine Creek
in August 2014 (Appendix C of SRK 2015).

The ML/ARD assessment was used to inform the development of geochemical source terms for use in the
site-wide WQM. Major geochemical source terms were identified as waste rock stockpiles and tailings. Other
sources included backfilled waste rock, ore processing, pit walls, ore stockpiles, and the sulphur and magnetite
stockpiles. Source terms were mainly developed from conceptual geochemical models, then interpretation of rock
geochemical characteristics and seepage data, rather than scale-up of laboratory kinetic test data. The reader is
referred to Appendix C for details on the derivation of geochemical source terms and to Appendix D for how these
source terms are applied in the model.

3.2 Climate and Hydrology

This section describes the baseline climate and hydrology at the mine. The analyses have previously been
described by Golder Associates Ltd. (Golder 2015a,b,c).

3.21 Climate

The mine is located in the Cariboo region of BC, approximately 56 km northeast of Williams Lake. This region
experiences high spatial climate variation due to its topographical complexity. MPMC has operated climate stations
on site since 1995, although records are not continuous. From 1995 through 2012, MPMC maintained one climate
station at the mill site (Figure 3-3) that measured and recorded rainfall and temperature. In 2012, this was replaced
with two stations: one near the mill site and one adjacent to the TSF. These new stations measure and record
wind speed and direction, relative humidity, solar radiation, temperature, and rainfall. The details of these stations
are shown in Table 3-1 and their locations are shown in Figure 3-3.

The climate of the mine site was characterized using data from the ECCC station previously operated in the nearby
town of Likely, as well as from the three on-site climate stations.
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Table 3-1: Local and Regional Climate Stations for the Mount Polley Mine

. Northing | Easting | Elevation Period of
Station Name (m N) @ (m E) (masl) ® Data Type Record

Likely 5828785 | 599332 704 | Temperature, rainfall, 1974-1993
snowfall, total precipitation

Mill Site Weather Station 5822420 592495 1,118 Rainfall, temperature 1995-2012
Rainfall, temperature, relative

Weather Station #1 (near mill) | 5822420 | 592792 1471 | humidity, =~ 2012-2016
solar radiation, wind speed,
wind direction
Rainfall, temperature, relative

Weather Station #2 (TSF) 5819955 | 594059 964 | humidity, ~— 2012-2016
solar radiation, wind speed,
wind direction

(@) UTM Coordinate system- Zone 10U

(b) Elevation for on-site climate stations measured with handheld GPS device

TSF = tailings storage facility; masl = metres above sea level.

During the winter, snowpack is measured at four snowcourse sites at minimum frequency of once per month, with
more frequent measurements typically being taken during the melt phase. The details of the snowcourse stations

are provided in Table 3-2 and their locations are shown in Figure 3-3.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Table 3-2: Local Snowcourse Stations at the Mount Polley Mine

Northing Easting Approximate
Station Name @ Elevation Period of Record
(m N) (m E) (b)
(masl)

Snowcourse 1 (near mill) 5823182 592792 1,171 1997-2010, 2016
Snowcourse 2 (near TSF) 5819976 594092 964 1997-2016
Snowcourse 3 5823895 593632 976 2012-2016
Snowcourse 4 5823537 590835 1,112 2015-2016

(@) UTM Coordinate system- Zone 10U

(b) Elevation measured by handheld GPS device

TSF = tailings storage facility; masl = metres above sea level.

3.2.1.1 Temperature

The community of Likely is located approximately 9 km northeast of the mine at an elevation of 724 masl. The
elevation of the mine ranges from about 920 to 1,200 masl, and therefore the average temperatures are generally
0.3°C to 1.0°C cooler than recorded at Likely.

Monthly temperature values for the Likely climate station are shown in Table 3-3. Temperatures at Likely are
generally mild to cold, with average monthly temperatures ranging from 15.1°C in July and August to -6.6°C in

January.
Table 3-3: Likely Climate Station Monthly Temperatures (1974 to 1993)
Temperature
Month (°C)
Average Maximum Minimum

January -6.6 -2.9 -11.1
February -4.5 0.6 94
March -0.8 5.8 -6.0
April 4.0 11.3 -2.1
May 9.1 16.3 2.3
June 12.8 19.8 6.0
July 15.1 22.7 8.1
August 15.1 22.3 7.8
September 10.7 17.3 4.0
October 4.7 10.6 0.1
November -1.3 2.4 -4.8
December -5.6 -2.1 -9.2
Annual 4.4 22.7 -11.1
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

3.2.1.2 Annual Precipitation

Long-term precipitation time series representative of the climate conditions at the mine were derived using the
long-term regional data from the Likely station (1974 to 1993) and available local data from the three on-site climate
stations (1995 to 2015).

The mine experiences high summer precipitation due to summer storms, with the lowest precipitation occurring in
February. Precipitation typically occurs as snowfall starting in November, and accumulates until March. Average
annual precipitation at the mine is estimated to be 670 mm. Estimated wet and dry values for a range of return
periods are shown in Table 3-4, and in Figure 3-4 and Figure 3-5.

Table 3-4: Frequency Analysis of Mount Polley Mine Site Annual Precipitation (31 Years)

Return Period Wet Dry
(yr) (mm) (mm)

200 1,091 354

100 1,048 378

50 1,001 406

25 948 438

10 865 491

5 791 545

Average 670

Note: Generalized extreme value distribution.
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Figure 3-4: Frequency Analysis of Annual Precipitation — Wet-Year Values (Generalized Extreme Value Distribution)
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Figure 3-5: Frequency Analysis of Annual Precipitation — Dry-Year Values (Generalized Extreme Value Distribution)
Monthly values for the 1:25 year dry and wet precipitation and for the 1:200 year dry and wet precipitation were
assumed to follow the same monthly distribution as the average precipitation (Table 3-5).

Table 3-5: Long-Term Precipitation at the Mount Polley Mine Site (1974 to 2015)

Precipitation
Month (mm)
Average 1:200-Year Dry 1:25-Year Dry 1:25-Year Wet | 1:200-Year Wet
January 50.8 26.9 33.3 72.0 82.9
February 37.5 19.8 24.5 53.1 61.1
March 42.8 22.7 28.0 60.7 69.8
April 49.5 26.2 324 70.2 80.7
May 53.5 28.3 35.1 75.8 87.3
June 78.2 41.4 51.3 111 128
July 58.9 31.2 38.6 83.4 96.0
August 52.2 27.6 34.2 73.9 85.1
September 48.2 25.5 31.5 68.3 78.6
October 58.2 30.8 38.1 82.5 94.9
November 53.5 28.3 35.1 75.8 87.3
December 85.6 45.3 56.1 121 140
Annual Total 670 354 438 948 1,091

Note: Includes Likely weather station data (1974 to 1993).
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3.2.1.3 24-Hour Design Rainfall Depths

Annual maximum series for 24-hour precipitation from the Likely weather station (1974 to 1993) and MPMC data
from 2001 to 2006 and 2012 to 2015 were used to undertake a frequency analysis to provide design values.
Results are shown in Table 3-6 and Figure 3-6. The 24-hour probable maximum precipitation (PMP) depth of
188 mm was estimated using the Hirschfield method (Hogg and Carr 1985) using the Likely weather station data.

Table 3-6: 24-Hour Precipitation Depths

Return Period Depth
(yr) (mm)@
2 321
10 46.1
25 52.2
100 60.6
200 64.6
1000 73.5
Probable maximum precipitation (PMP)®) 188

a) Three-parameter log-normal distribution.

b) The PMP does not have a return period.
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Figure 3-6: Frequency Analysis of 24-Hour Rainfall (Two-Parameter Log-Normal Distribution)
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3.2.14 Evaporation

Currently, there are two climate stations at the mine that measure and record precipitation (rain), temperature,
wind speed and direction, solar radiation, and relative humidity every 5 to 30 minutes. Lake (open water)
evaporation was calculated based on measured climate parameters such as solar radiation, wind speed, and
temperature, using the Penman equation (Penman 1948). Lake evaporation estimates were derived for the period
2005 to 2012. Lake evaporation shows a typical seasonal profile, with no evaporation in the winter months and
maximum evaporation in the summer months. Average annual lake evaporation at the mine site was estimated to
be 404 mm. Estimated average monthly and annual lake evaporation values are provided in Table 3-7.

Table 3-7: Estimated Average Monthly and Annual Lake Evaporation (1997 to 2012)

Month Average LaEl:nemE)vaporation
January 0
February 0
March 0
April 0
May 52.0
June 94.3
July 102
August 88.8
September 48.1
October 18.2
November 0.3
December 0
Annual 404

Note: Derived from data measured at on-site climate stations, pro-rated with long-term data from Likely weather station (19 years).

3.2.2 Future Climate Change Projections

Current operations are scheduled until 2020, and therefore adjustments for future climate change are not required.
However, over the longer term into post-closure, climate change may become significant. Although the current
water balance focuses on the current operations, pit lake filling (Appendix B, Section 6.6) extends several decades
into post-closure; therefore, the potential effects of climate change should be considered.

The effect of climate change on precipitation and temperature can be assessed using results from global circulation
models that have been run to forecast changes under different climate scenarios. The resolution of these models
is typically spatially coarse. For example, the Canadian Earth System Model CanESM2 (Chylek et al. 2011) has a
horizontal resolution of 310 km (2.81 degrees), which limits the application to local changes, particularly in
mountainous environments. Statistical downscaling and interpolation techniques are available to provide greater
resolution. An approach that is used in BC is PRISM (Parameter-elevation Regressions on Independent Slopes
Model), which is an expert system that uses point data and a digital elevation model to generate gridded estimates
of climate parameters (Daley et al. 2002). In BC and North America, PRISM-generated data for historical conditions
and for future climate scenarios are available from the ClimateBC online resource (Wang et al. 2012).
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PRISM-generated values from ClimateBC have been used to assess future changes to temperature and
precipitation (Appendix B, Attachment G). Results from the CanESM2 are available for two scenarios:
Representative Concentration Pathway 4.5 and Representative Concentration Pathway 8.5. Representaive
Concentration Pathways refer to climate scenarios and indicate the additional climate forcing (W/m?) in the year
2100 (e.g., 4.5 W/m?). Representative Concentration Pathway 8.5 is the warmer scenario (Figure 3-7), although
there are indications that the projected CO:2 forcings for Representative Concentration Pathway 8.5 are too
extreme to be realized (Inman 2011).

1250
Representative Concentration Pathway 8.5
1150
1050
950
E 850
E,: Representative
uUJ' 750 Concentration Pathway
E 6.0
O
O 650
550 . :
Representative Concentration
Pathway 4.5
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Representative Concentration Pathway 2.6
350

2000 2005 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Figure 3-7: CO2 Equivalent Climate Forcings for Representative Concentration Pathways Scenarios

Source: After Moss et al. 2008.
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Changes to current conditions were determined for the Representative Concentration Pathway 4.5 and
Representative Concentration Pathway 8.5 scenarios for years 2025, 2055, and 2085. The relative changes
determined from the ClimateBC data were added to the current (2016) Mount Polley monthly values to derive
future average monthly and annual values for 2025, 2055, and 2085. The projected annual climate parameters for
current (2016) conditions and for Representative Concentration Pathway 4.5 and Representative Concentration
Pathway 8.5 scenarios for 2025, 2055, and 2085 are summarized in Table 3-8. The climate change scenarios are
based on the CanESM2 model values provided from the ClimateBC online resource. In general, the future climate
change scenarios indicate warmer, wetter conditions, with increased evaporation and reduced snowfall
(Table 3-8). The climate change scenarios are based on the CanESM2 model values provided from the ClimateBC
online resource.

Table 3-8: Projected Annual Mount Polley Climate from CanESM2 Model

Mean Delta Mean
Scenario Year Annual Annual Tem Precipitation | Rainfall | Snowfall | Evaporation
Temp il (mm) (%) (%)@ (mm)
" (°C)
(°C)
Current 2016 4.4 0 670 67 33 404
Representative 2025 5.9 15 692 67 33 457
Concentration 2055 7.3 2.9 694 73 27 524
Pathway 4.5 2085 8.1 37 721 74 26 547
Representative 2025 6.0 1.6 689 67 33 458
Concentration 2055 8.4 4 718 74 26 557
Pathway 8.5 2085 11.1 6.7 742 84 16 644

a) After sublimation loss.

3.2.3 Site Drainage and Hydrology

The mine is drained by three main watersheds: Hazeltine Creek (30.2 km?) at Quesnel Lake, Edney Creek
(87.4 km?) at Quesnel Lake, and Morehead Lake (62.7 km?) (Figure 3-8). The Hazeltine Creek watershed includes
Polley Lake and conveys all water from Polley Lake, the east side of Mount Polley, and the area surrounding the
TSF. The Morehead Creek watershed includes the Bootjack Lake catchment area (11.2 km?). These areas do not
include the current mine footprint (13.0 km?).

The focus of the baseline hydrology is upper Hazeltine Creek because it is the current location of discharge and
has the most complete and extensive record for the mine drainages. Design discharges and flow volumes for the
mine drainages are based largely on analysis of upper Hazeltine Creek.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Both the Hazeltine Creek and the Morehead Lake watersheds have been significantly altered by historical
(pre-mine) water diversions. Bootjack Creek, a small remnant of which now flows into Polley Lake, historically
conveyed water from Bootjack Lake to Hazeltine Creek. In 1913, flow from Bootjack Lake was reversed by
damming its southeast end and digging a new outlet westward to Morehead Creek. Around the same time, a
control structure was also built at the outlet of Polley Lake (Hazeltine Creek), and Hazeltine Creek water was
diverted to the previously existing Bullion Pit. Flow from Polley Lake to Hazeltine Creek was restored with the
abandonment of mining at the Bullion Pit during World War Il. However, the flow from Bootjack Lake to
Hazeltine Creek was never restored. In 1997, the Bootjack Dam was strengthened by MPMC under the guidance
of DFO to protect the fisheries resource of Bootjack Lake.

Before the TSF foundation failure in August 2014, Edney Creek and Hazeltine Creek converged just prior to
discharging into Quesnel Lake. Separate channels have been constructed to maintain fish passage in
Edney Creek while restricting fish passage in Hazeltine Creek. Historically, Bootjack Creek flowed into
Hazeltine Creek below Polley Lake. Since the TSF foundation failure, Bootjack Creek now flows into Polley Lake.

MPMC has maintained a hydrological monitoring station on upper Hazeltine Creek (currently H1, Table 3-9) that
was originally installed by the Water Survey of Canada (08KHO027). In general, the hydrology of Hazeltine Creek
(and by extension, the mine area) can be described as snowmelt driven, with the majority of annual runoff occurring
during the spring snowmelt in April and May freshet (KP 2014).

Table 3-9: Summary of Existing Hydrometric Stations

Gauge Northing Easting Catchmerzlt Area Years of Operator
(m N) (m E) (km?) Record

Upper Hazeltine (H1)® 5818978 597030 24.3 1994-2016 MPMC
Lower Hazeltine (H2) 5817253 601024 28.6 2015-2016 MPMC
Lower Edney Creek (H3) 5817123 601583 87.4 2015-2016 MPMC
Morehead Creek (W1b) 5825162 588907 11.2 1997-2016 MPMC
Quesnel River at Likely (08KH001) 5830493 596664 5970 1924-2016 EC

a) Installed at the location of Environment and Climate Change Canada Station 08KH027. Also known as Station W7.

3.231 Measured Flows in Hazeltine Creek

The Hazeltine Creek below Polley Lake gauge (08KHO027) was installed by Water Survey of Canada in 1994
approximately 2.7 km downstream of Polley Lake, at Gavin Bridge on the Likely Road. In 1995, MPMC took over
operation of the gauge and renamed the gauge W7 (Table 3-9). The gauge typically operated from April through
October. Knight Piésold Ltd. (KP) completed a review of the flow data and determined that data collected prior to
2007 were subject to numerous quality issues, including a non-stationary rating curve. Data collected since 2007
at gauge W7 are considered of acceptable quality (KP 2014).

Gauge W7 was destroyed during the debris flow that occurred following the foundation failure along a section of
the TSF. It was re-established as gauge H1 in April 2015. A second gauge (H2) was installed in July 2015 on lower
Hazeltine Creek. A weir with a sluice gate was installed at the outlet of Polley Lake in April 2015, which is currently
used to regulate flows. Discharge to upper Hazeltine Creek from the WTP began on 1 December 2015, as per
EMA Permit 11678.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Annual average flow at the upper Hazeltine Creek station is 0.19 m%/s, and ranges from 0.05 m%/s in the winter
(December through February) to 0.74 m®/s in April (KP 2014). The largest observed flow was approximately
2.3 m¥s.

3.23.1.1 2015 to 2016 Flows

Approximately one year of data are available from gauges H1 (upper Hazeltine) and H2 (lower Hazeltine)
(Figure 3-9). Details of gauge installation, rating curves, and data were provided by WaterSmith Research Inc.
(WaterSmith 2016a). Flows after December 2015 include discharge from the WTP. Currently, outflows from
Polley Lake are regulated by operation of the sluice gate at the Polley Lake weir.
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Figure 3-9: Measured Daily Discharge in Hazeltine Creek, 2015 to 2016, at Gauges H1 and H2
Daily paired regression of flows from gauges H1 and H2 prior to discharges from the WTP (Figure 3-10A) indicates

that flows in lower Hazeltine Creek are 1.12 times the measured flows in upper Hazeltine Creek, which reflects
the larger catchment area for lower Hazeltine Creek.
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Figure 3-10A: Paired Regression of Daily Flows between Gauges H1 and H2 — Prior to Discharge from the WTP
(Before December 2015)

Hazeltine Creek flow data from 2016 show a poorer correlation between gauges H1 and H2 (Figure 3-10B), which
is attributed to the regulation of outflow from Polley Lake by operation of the sluice gate at the Polley Lake weir
and discharge from the WTP (which is located above H1).
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Figure 3-10B: Paired Regression of Daily Flows between Gauges H1 and H2 — Affected by Polley Lake Weir and Includes
Discharge from the WTP (Data from 2016)

3.2.3.2 Mine Site Gauges
3.2.3.2.1 Lower Edney Creek

Flow data from lower Edney Creek (gauge H3) for 2015 until May 2016 are shown in Figure 3-11 (data from
WaterSmith [2016a]). Water elevations are collected from continuous monitoring with a pressure transducer, and
the rating curve is developed from a combination of manual gauging with a FlowTracker® at low flows, and salt
dilution at high flows.
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Figure 3-11: Measured Flow at Lower Edney Creek for 2015/2016

Source: WaterSmith 2016a.

3.2.3.2.2 Morehead Creek

Flow data have been collected at Morehead Creek below Bootjack Lake at gauge W1b by MPMC since 1997,
although data are not continuous. Most recent data from 2016 are not available, as a new rating curve will have to
be developed following removal of channel debris in 2016. Flow and temperature data for the 2015 season are
shown in Figure 3-12. Water elevations are collected from continuous monitoring with a pressure transducer, and
the rating curve is developed form manual gauging with a FlowTracker®.
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Figure 3-12: Measured W1b Flow and Temperature for 2015

Source: WaterSmith 2016b.

3.2.3.2.3 Other Mine Site Gauges

In 2015 and 2016, water levels and/or flow were monitored at gauges W4a (North Dump Creek),
W5 (Bootjack Creek), and W12 (6km Creek) as required under EMA Permit 11678, and at several locations in the
mine’s water collection system (WaterSmith 2016b).

3.2.3.3 Derived Flows for Hazeltine Creek

Although flow has been measured in upper Hazeltine Creek since 1994, the overall record length is too short with
substantial data gaps and data quality issues to develop long-term flow statistics and design flows. Long-term
derived flows at upper Hazeltine Creek have been developed using statistical correlation with regional gauges by
KP (2014). These derived flows were used as the basis to develop design flows for the mine drainages. The
methodology is described below.

KP (2014) assessed 15 regional flow gauges (Table 3-10) and concluded that Moffat Creek near Horsefly
(08KHO019) has the most similar catchment conditions and hydrology to Hazeltine Creek. The catchment area of
Moffat Creek is 548 km?.
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Table 3-10: Regional Hydrometric Stations

Distance
. . . from Catchment Years .
l\?&?r?ggr Station Name Laglw)de Lorzgvl\tl;Jde Hazeltine Area of Resgtl:altit;on
Creek (km?) Record
(km)
] Natural/

08kHoz7 | Hazeltine Creek below Polley | 5, 54 12157 0 24.3 19 | Regulated

Lake (H1/W7) .

since 2015

08KHO011 Quesnel Lake near Likely 52.58 121.54 7.27 Unknown 55 Natural
08KH001 Quesnel River at Likely 52.62 121.57 11.42 5,970 87 Natural
08KH031 E:‘::eﬂy River above Quesnel | 5, 45 121.42 12.71 Unknown 7 | Natural
08KHO19 Moffat Creek near Horsefly 52.32 121.41 24.68 548 47 Natural
08KHO10 gfggﬁﬂy River above McKinley | = 5, o9 121.06 42.64 790 51 | Natural
08KkH020 | McKinley Creek below outletof | 55 5g 121.00 46.59 431 47 | Regulated

McKinley Lake
08KE024 Little Swift River at the Mouth 52.92 121.76 46.79 127 40 Natural

Sheridan Creek above
08MC045 McLeese Lake 52.43 122.29 49.8 99 17 Natural
08MC039 g‘r’;fl?d Creek below Valley 52.11 121.94 50.76 192 27 | Regulated
08MCo40 | 327 slose River above Borland | - 55 og 121.99 56.24 1,990 27 | Natural
08KHO006 Quesnel River near Quesnel 52.84 122.22 57.32 11,500 72 Natural
08MC018 Fraser River near Marguerite 52.53 122.44 58.95 114,000 61 Natural
08KH030 Penfold Creek near the Mouth 52.79 120.75 63.58 Unknown 12 Natural
08KH029 Camp Creek near the Mouth 52.78 120.74 63.89 Unknown 13 Natural
08KEO16 Baker Creek at Quesnel 52.97 122.52 81.81 1,550 48 Natural

Source: KP 2014.

KP developed correlation between daily flows in upper Hazeltine Creek (W7) and Moffat Creek using empirical
frequency pairing (Butt and Millar 2013) between the 2007 to 2013 daily flows from Hazeltine Creek and the
corresponding daily flows for Moffat Creek. The correlation was then applied to the entire historical flow data on
Moffat Creek to derive 47 years of synthetic flows for Hazeltine Creek (1967 to 2013).

Like any correlation method, empirical frequency pairing provides a relationship between two gauges within the
range of the observed data. The largest daily flow on Hazeltine Creek for the period 2007 to 2013 was 2.3 m?/s,
and therefore the synthetic flows greater than this value are based on extrapolation.

Average monthly derived discharge values for upper Hazeltine Creek are shown in Table 3-11 and Figure 3-13.
These values are for unregulated flows.
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Table 3-11: Average Discharge at Upper Hazeltine Creek

Date (m?/s) Ratio of Annual
January 0.056 0.30
February 0.055 0.29
March 0.083 0.44
April 0.377 2.00
May 0.731 3.87
June 0.390 2.06
July 0.198 1.05
August 0.078 0.41
September 0.069 0.37
October 0.077 0.41
November 0.090 0.48
December 0.063 0.34
Annual 0.189 1.00
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Figure 3-13: Average Monthly Discharge Flow Rates for Upper Hazeltine Creek

3.233.1

Annual Discharge

The annual discharge flow series was derived from KP (2014), for upper Hazeltine Creek for 1967 through 2013
(47 years) (Figure 3-14).
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Figure 3-14: Derived Annual Discharge Upper Hazeltine Creek

Source: KP 2014.

Frequency analysis was performed on the derived annual discharge flow series to derive extreme wet-year and
dry-year values (Table 3-12 and Figures 3-15 and 3-16).

Table 3-12: Frequency Analysis of Upper Hazeltine Annual Discharge (47 Years)

Return Period Wet Dry
(yr) (m3/s) (m3/s)

200 0.38 0.06

100 0.35 0.07

50 0.33 0.08

25 0.30 0.09

10 0.26 0.11

5 0.23 0.13

Average 0.19

Note: Two-parameter log normal distribution.
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Figure 3-15: Annual Discharge Upper Hazeltine Creek: Wet-Year Scenario (Two-Parameter Log-Normal Distribution)
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Figure 3-16: Annual Discharge Upper Hazeltine Creek: Dry-Year Scenario (Two-Parameter Log-Normal Distribution)
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3.2.3.3.2 Seven-Day Low Flow

Frequency analysis was performed on the annual seven-day low flow series to derive annual average and
1-in-10-year, seven-day average low flow (7Q10 low flow) for upper Hazeltine Creek (Figure 3-17). The average
annual seven-day low flow is 0.016 m%/s, and the 7Q10 low flow is 0.0017 m?/s.
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Figure 3-17: Frequency Analysis of Annual Minimum Seven-Day Low Flows (Three-Parameter Log-Normal Distribution)

3.2.3.3.3 Annual Flood

The mean annual flood (MAF) for the derived upper Hazeltine Creek flows is 1.6 m3/s (Golder 2015b). Frequency
analyses were performed on derived upper Hazeltine Creek (Figure 3-18) and Moffat Creek flows (Figure 3-19).
Design flows for upper Hazeltine Creek larger than the MAF (Q10, Q100, and Q200) were estimated in two ways:
from frequency analysis of the derived upper Hazeltine Creek flows (Table 3-13, Column 1) and by scaling the
values from Moffat Creek based on the ratio of the MAF values (i.e., 1.6/25.1 = 0.064; Table 3-13, Column 3). The
recommended design flows for Hazeltine Creek (Table 3-13) are conservatively based on scaling of the MAF from
Moffat Creek (Table 3-13, Column 3), which are in the order of 10% larger than the values obtained from direct
frequency analysis of the derived Hazeltine Creek flows (Table 3-13). The larger flows may reflect the absence of
a significant lake in the Moffat Creek watershed.
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Table 3-13: Estimated Daily Design Flows

Frequency Analysis of Derived Frequency Analysis of Scaled Moffat Creek
Return Period Upper Hazeltine Creek® Moffat Creek® to Hazeltine®

(year) (m3/s) (m3/s) (m3/s)
1) 2 ©)
MAF 1.6 251 1.6
10 25 39.4 25
100 3.4 57.9 3.7
200 3.7 63.1 4.0

a) Generalized extreme value distribution.

b) Scaled from Column 2 based on ratio of the MAFs, (i.e., x 1.6/25.1 = 0.064).
Source: Golder 2015b.

MAF = mean annual flood.
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Figure 3-18: Frequency Analysis of Derived Upper Hazeltine Creek Annual Maximum Series
(Generalized Extreme Value Distribution)
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Figure 3-19: Frequency Analysis of Moffat Creek Annual Maximum Series (Generalized Extreme Value Distribution)

3.2.34 Quesnel River at Likely

The Quesnel River at Likely gauge (08KH001) has been in continuous operation since 1924, with historical data

available until 2013 (90 years). Minimum and maximum recorded daily flows (and the 2013 hydrograph) are shown
in Figure 3-20.

The mean annual flow is 129 m®/s, with the monthly distribution shown in Figure 3-21. Design flows are
summarized in Table 3-14.
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Figure 3-20: Maximum and Minimum Historical Flows at Quesnel River at Likely (1924 to 2013) and the 2013 Hydrograph

Source: Environment and Climate Change Canada.
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Figure 3-21: Average Monthly Discharge for Quesnel River at Likely

3.24 Adopted Design Flows

Based on the derived flow series for Hazeltine Creek below Polley Lake (KP 2014), the estimated mean annual
discharge (MAD) at upper Hazeltine Creek is 0.19 m?/s, the mean annual seven-day low flow is 0.016 m®/s, and
the MAF is 1.6 m®/s (Table 3-14).

The MAD, mean annual seven-day low flow, and 7Q10 low flow values at lower Hazeltine Creek (H2) were scaled
by 1.12 based on measured flows in 2015 and 2016 (Figures 3-10A and 3-10B). The MAD, mean annual
seven-day low, and 7Q10 low flow values for Hazeltine Creek at the outlet of Polley Lake, lower Edney Creek
above Hazeltine confluence, and Morehead Creek at the outlet of Bootjack Lake (Table 3-14) were scaled from
the flows at Hazeltine Creek gauge linearly with the catchment area ratio. The MAF and larger design flows were
scaled by the catchment area ratio to the power 0.75 after Eaton et al. (2002).

Quesnel River at Likely (08KH001) design values were calculated from measured historic flow data (1924 to 2013).
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Table 3-14: Recommended Design Flows

Discharge
i Area® (m3/s)
Location (km?) Mean 7-Day 7Q10
MAD Low Flow Low Flow MAF | Q10 | Q100 | Q200
Polley Lake Outlet 214 | 047 0.014 0.0015 15 | 23 | 34 | 36
(including Lake Area)
tJpr)erHaze't'”ecreekeauge 243 | 0.19 0.016 0.0017 16 | 25 | 37 | 40
(Lﬁ;")erHaze't'”ecree" 286 | 0.21® 0.018® 0.0019 18 | 28 | 42 | 45
Morehead Creek
(at outlet of Bostjack Lake) 112 | 0.09 0.007 0.0008 09 | 14 | 21 | 22
Edney Creek
(above Hazeltine Creek 87.4 0.68 0.058 0.0061 4.2 6.5 9.7 10.4
confluence)
Quesnel River at Likely 5970 | 129 29.9 19.4 398 | 522 | 651 | 682

a) Catchment areas provided by MPMC.

b) Adjusted by 1.12 from H1 based on measured flows (Figures 3-10A and 3-10B).
Source: Golder 2015b.

Q10 = 1:10-year flow; Q100 = 1:100-year flow; Q200 = 1:200-year flow.

3.3 Groundwater Conditions

This section describes the conceptual hydrogeological model for the mine facilities and their surroundings. The
information presented in this section was used to support the development of predictive seepage models for the
open pits and the TSF. As appropriate, groundwater conditions are described for pre-mining, operations prior to
the TSF foundation failure (May 2014), and conditions following the foundation failure (October/November 2015).

3.3.1 Conceptual Hydrogeological Model
3.3.11 Information Sources

The conceptual model of groundwater conditions at the mine was previously summarized by Golder
(2015d, 2016b) as part of the groundwater characterization and monitoring review for the mine. Groundwater
conditions near the Springer Pit, Cariboo Pit, and Wight Pit were based on Golder’s (2001) hydrogeological studies
for the Cariboo Pit, Golder’'s (2006) assessment for the Wight Pit, AMEC’s (2013) hydrogeology assessment and
data review, and Golder’s (2010, 2014) pit lake studies for the Springer Pit. The conceptual understanding of
groundwater conditions near the TSF was interpreted from the drilling observations described by KP (1997), the
geologic overview report by Golder (2015e), the TSF detailed design report by Golder (2015f), and the
hydrogeological assessment and data review for the mine site by AMEC (2013).
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3.3.1.2 Topography

The main area of the mine is a topographic high, centred on Polley Mountain, which reaches an elevation of
approximately 1,250 masl. This topographic high is adjacent to the Cariboo-Springer Pit and is bounded to the
northeast by Polley Lake and to the southwest by Bootjack Lake. The TSF is located about 3 km southeast of the
mill in a topographically low area with an original ground elevation of approximately 920 to 940 masl. The current
crest of the dam embankment is approximately 967 masl, except for the area in Corner 1, which has a crest of
950 masl.

3.3.13 Local Geology

The area of the open pits (e.g., Wight, Boundary, Springer, Cariboo) is underlain by monzonite bedrock that has
been intruded by hydrothermal breccias and intersected by northwest—southeast striking faults. The bedrock in
the area of Springer and Cariboo pits is overlain by a discontinuous and relatively thin (i.e., a few metres) layer of
overburden of glacio-lacustrine and glacio-fluvial origin, primarily silt/clay. Near the Wight Pit, a thicker zone of
overburden was identified between the southeast crest of the pit and Polley Lake, with coarser and more
permeable sand/gravel sediments present at depth, directly above bedrock.

The overburden underlying the TSF consists predominantly of glacial till with interbeds of glaciofluvial and
glacio-lacustrine sediments. The overburden ranges in thickness from approximately 5 m along a bedrock knoll
near the South Embankment to approximately 50 m along portions of the Main Embankment (Golder 2015e,
Figures 6 and 9). The underlying shallow bedrock is weathered and/or fractured and predominantly volcanic
conglomerate (IMC 1990). The thickness of this weathered bedrock zone is highly variable and is inferred to range
from 2 to 43 m (based on borehole logs for the 1996 series monitoring wells [KP 1997] and the 2015 series
boreholes [Golder 2015g]). Competent bedrock that underlies the weathered zone consists of Nicola Group
volcanics that, according to the local geology map (Logan et al. 2007), likely consist of undivided mafic volcanic
and volcanoclastic rocks and/or intrusive rocks (pseudoleucite syenite). Drilling observations in the TSF footprint
prior to mining indicated predominately volcanic conglomerate bedrock (IMC 1990).

3.3.14 Hydraulic Conductivity

The hydraulic conductivity of the monzonite bedrock in the area of the open pits was found to generally decrease
with depth, from approximately mid-107 m/s to 10 m/s near the bedrock top, to 10 m/s at greater depth
(Golder 2014). These values indicate that this bedrock has a low, and at greater depth very low, capacity to
transmit groundwater (Powers and Corwin 2007). The northwest—southeast striking faults in the area of the
Cariboo and Springer pits appear to be well healed and not conductive, whereas in the area of the Wight Pit, faults
are associated with seepage that was observed in the southeast wall of this pit. In situ testing completed in the
overburden unit that overlies bedrock near the southeast corner of the Wight Pit (Golder 2004) indicated that
hydraulic conductivity of coarser materials within this unit is in the 10-° m/s range.

The results of in situ hydraulic conductivity testing in the area of the TSF summarized by KP (1990) indicated an
average hydraulic conductivity, calculated as a geometric mean of individual tests, for weathered (shallow) and
competent (deep) bedrock of approximately 1 x 107 m/s and 1 x 10® m/s, respectively. Measured hydraulic
conductivity values in the overburden ranged from 5 x 10 m/s to 1 x 10® m/s, with a geometric mean of
approximately 2 x 107 m/s.

3
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3.3.15 Recharge and Discharge Areas

Groundwater recharge occurs through the infiltration of precipitation in the topographic high area of
Polley Mountain and the surrounding slopes, excluding the existing mine pits. The open pits act as sinks for
groundwater flow when they are dewatered, and as both sinks and sources of groundwater seepage when flooded
to the spillover elevation. The recharge rate along the topographic high near the open pits was estimated during
calibration of the groundwater model (Golder 2014) to be approximately 30% of average annual precipitation.

The primary groundwater discharge areas at the mine are Polley Lake to the northeast, Bootjack Lake to the
southwest, and Hazeltine and Edney creeks to the southeast. Quesnel Lake, which is the largest lake in the area
and approximately 5 km to the east of the mine, along with Bootjack and Polley lakes, strongly control regional
groundwater flow and act as significant hydrogeological boundaries.

3.3.1.6 Downgradient Groundwater Use

A search in the MoE’s iMapBC online database in May 2016 indicated that there are no mapped aquifers within a
radius of 10 km from the mine. The closest mapped aquifer, Fraser Plateau Lave Aquifer No. 124 [IIB (11), is a
laterally extensive bedrock unit that was classified as having low demand and moderate vulnerability. The northern
terminus of this aquifer is located more than 15 km south of the mine. This database search also showed that
water supply wells are not present in the immediate vicinity of the mine. The closest wells are approximately
6 km east, on the eastern shore of Quesnel Lake. The database also contains information on water wells that are
located northwest from the mine (near Little Lake) and southwest from the mine (near Gavin Lake) at a distance
of at least 7 km. Considering these distances and the fact that several surface water features are between these
wells and the mine, itis unlikely that seepage from the mine facilities could reach these wells or the closest mapped
aquifer.

3.3.1.7 Tailings Storage Facility Design

The TSF includes one embankment that is approximately 4.8 km in length and is bounded to the west
by rising natural ground. The embankment is subdivided into three sections: the Main Embankment,
Perimeter Embankment, and South Embankment. Seepage from the tailings through the embankment and
foundation is collected in a series of toe and foundation drains, which report to three seepage collection ponds
situated next to the outer perimeter of the facility. Prior to the TSF foundation failure, when the TSF was
operational, water in the seepage collection ponds (seepage, runoff, and precipitation) was pumped back to the
TSF reclamation pond, or was recycled to the mill for use in the milling process (MPMC 2009). Currently, seepage
is pumped to the PETBP, from where it is either directed to the WTP for subsequent discharge via a diffuser to
Quesnel Lake or used for process water and temporarily stored in the Springer Pit.

The TSF was generally constructed over low permeability glacial till. Where natural surficial glacial till cover was
thin (less than 2 m) and was underlain by glacio-fluvial/glacio-lacustrine sediments, a low permeability glacial till
basin liner was constructed (KP 1997).
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3.3.2 Groundwater Flow Regime — Pre-mining

A conceptual cross-section showing groundwater conditions near the open pits prior to mining is provided in
Figure 3-22. Recharge to groundwater from precipitation along the topographic high resulted in a water table that
mounded relatively close to the ground surface and was a subdued replica of the topography. At higher elevations,
near the present location of the Cariboo Pit, the water table was approximately 30 m below the ground surface,
and at lower elevations the water table was within a few metres of the ground surface. The majority of groundwater
flow occurred in bedrock with discharge directed southwest towards Bootjack Lake and northeast towards
Polley Lake, with both lakes acting as strong hydrogeologic boundaries. Perched groundwater conditions might
have existed within pockets of lower permeability overburden along the topographic highs, and a more continuous
flow system (fully saturated) was likely active in the thicker overburden zone near the current location of the
Wight Pit southeast wall.

The groundwater regime below the TSF footprint prior to construction was assessed based on hydraulic head
measurements collected by KP (1990). Based on these measurements, the groundwater flow direction prior to the
development of the TSF was inferred to be from the west and northwest towards the east and southeast. The
water table was observed to be near ground surface, with small artesian pressures noted in the sandy materials
underlying or embedded in the surficial till. Upward groundwater flow gradients were measured along the
Main and Perimeter embankments, whereas a downward hydraulic gradient was observed beneath a bedrock
ridge (topographic high), adjacent to and beneath the South Embankment.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

3.3.3 Pre- and Post-Foundation Failure Groundwater Conditions

Groundwater conditions for the mine both prior to and following the TSF foundation failure were assessed based
on recent historical data from the mine groundwater monitoring program. The groundwater monitoring program
has been ongoing since 1995, with the objectives to monitor direction, quantity, and quality of groundwater
seepage near the mine facilities. As part of this program, 14 groundwater well pairs (each with one deep and one
shallow) and four single wells surrounding the mine and the TSF are monitored monthly to annually, depending
on location. The monitoring well locations are shown in Figure 3-23.

The groundwater regime below the mine and the TSF immediately prior to the TSF foundation failure was inferred
from the May 2014 hydraulic head measurements in the monitoring wells and surface-water level elevations in the
surrounding lakes, together with the measured or inferred water level elevations in the mine pits. The May 2014
hydraulic heads are shown in Figure 3-24.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

3.3.3.1 Open Pit Area

A conceptual cross-section depicting groundwater conditions at the mine that have developed during mining near
the open pits is provided in Figure 3-25. Once the floors of the open pits were lowered below the water table, they
started to act as sinks for groundwater flow. Immediately prior to the TSF foundation failure, the Springer Pit and
the Wight Pit were operated in a dewatered state, the Cariboo Pit was flooded, and the reclamation water pond in
the TSF covered almost all of the tailings surface. Under these conditions, the Springer Pit and the Wight Pit acted
as sinks for groundwater flow, with groundwater directed in a radial pattern towards the pit walls. Inflow to the
Springer Pit occurred primarily through bedrock, with the majority of this inflow originating from the
precipitation-driven recharge from the topographic high area of Polley Mountain and from the flooded Cariboo Pit
located adjacent to it. An approximately northwest—southeast trending groundwater divide was inferred to exist
between the Springer Pit and Bootjack Lake; therefore, the Springer Pit was not inferred to be recharged by lake
water. Due to the relatively close proximity of the Wight Pit to Polley Lake, groundwater inflow to this pit likely
included recharge from Polley Lake that occurred primarily through the overburden unit and, to a lesser degree,
through bedrock, as well as precipitation-driven recharge from the topographic high area of Polley Mountain.
Groundwater inflow to the Springer Pit and Wight Pit that MPMC observed during mining was relatively low and in
reasonable agreement with permeability testing conducted near these pits.

s

17 October 2016 ?Golder
Reference No. 1411734-162-R-Rev0-16000 54 Associates



O:\Active\_201411421\1411734 Mount Polley\Ph 16000 LT TARM - 4001 _3-22 & FIG_3-25.PPTX

Southwest

Springer Pit

LEGEND

- Recharge from Direct Precipitation

- Water Table

- Inferred Groundwater Flow Direction
- Bedrock

- Overburden (discontinuous silts/clays)

- Overburden (sand and gravel)

Northeast

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1260 [m]

---------- o 200 o)

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1140 [m]-
--------------- fo 1080 [m]

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1020 [m]

WightPit Polley Lake ... 960 [m]:

Approximate Elevation(m)

0 150 300

[m]

NOTES:

SCHEMATIC ONLY

Scale is approximate and vertical exaggeration is 2:1.
Arrows only show the direction of groundwater

flow and their size is not proportional to the flow
magnitude.

CLIENT
MOUNT POLLEY MINING CORPORATION
LIKELY, BC

PROJECT
RESUMED OPERATIONS AND CLOSURE WATER
MANAGEMENT PLAN

CONSULTANT YYYY-MM-DD

2015-09-15

TITLE

_ PREPARED

wz

CONCEPTUAL HYDROGEOLOGICAL MODEL
CONDITIONS DURING MINING

DESIGN

Wz

€ AlL Golder
L7 Associates

REVIEW

pwc

PROJECT No PHASE Rev FIGURE NO

APPROVED

bwc

1411734 16000 (] 3-25

ET SIZE HAS BEEN MODIFIED FROM: ANSI A

SHE

o

WHAT 15 SHOWN

F THIS MEASUREMENT DOES HOT MATG

in




MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Water table elevations near the open pits were inferred to be highest below the central, topographic high area of
Polley Mountain. From this area, groundwater was inferred to be directed radially outwards towards Polley Lake
to the east, Bootjack Lake to the west, the TSF to the south, a drainage channel to the southeast (between the
open pit area and the TSF) that drains into the south end of Polley Lake, and the area northwest of the open pits.

The local groundwater flow directions, as presented in Figure 3-24, near individual mine waste and storage
facilities were as follows:

m Temporary NW PAG Stockpile—towards the northwest and west, in the direction of Bootjack Lake, with a
small component of flow towards the dewatered Springer Pit.

m #1 Ore and Cariboo Ore stockpiles—towards the southwest, in the direction of Bootjack Lake.

m  Mill area—towards the southwest, south, and southeast, in the direction of Bootjack Lake and the drainage
channel between the open pit area and the TSF.

m High Oxide Stockpile, Pond Zone soil stockpile, and SERDS and associated soil stockpile—towards
the southeast in the direction of Polley Lake and/or the drainage channel between the open pit area and the
TSF.

m East Dump / Rock Disposal Site (RDS)—towards the southeast, east, and northeast, in the direction of
Polley Lake.

m Northeast Zone (NEZ) Dump—towards the east in the direction of Polley Lake.
m NEZ Soil Stockpile—towards the east-northeast in the direction of Polley Lake.

m North Bell Dump—because it is located near the centre of the mine, groundwater flow from this facility is
likely radially outwards, towards the southwest to northeast, in the direction of the Springer Pit, Bootjack Lake,
the Wight Pit, and Polley Lake.

m Boundary Dump—towards the north-northeast, in the direction of the Wight Pit.

Comparison of the shallow versus deeper hydraulic heads at the paired well locations situated within the lower
lying areas of the mine perimeter (near the lakes) indicated that the vertical component of groundwater flow was
generally directed downward except at two locations close to the northeast side of Bootjack Lake (GW11-1a/b and
GW12-2a/b), where the vertical groundwater flow component was upward.

Since the TSF foundation failure, the Springer Pit has become partially flooded because of its use for water and
tailings storage, while the Cariboo Pit has been dewatered as required for continued operations and the Wight Pit
has remained dewatered. Under these conditions, the Wight Pit continues to act as a sink for groundwater flow,
whereas the Springer Pit and the Cariboo Pit act only as partial sinks, with the magnitude of the inward and outward
hydraulic gradients dependent on the water level in the pits. The site-wide directions of groundwater flow under
these conditions are inferred to be similar to those observed under operational conditions, described above.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

3.3.3.2 Tailings Storage Facility Area

Prior to the TSF foundation failure, upgradient groundwater flow towards the TSF was generally from the
northwest, originating from the area of Bootjack Lake and the topographic high area of Polley Mountain. Thus,
groundwater inflow to the TSF also included recharge from Bootjack Lake. Groundwater outflow from the TSF
prior to the foundation failure, when the pond was at an elevation of approximately 965 masl, was generally radially
directed outward from the TSF, with some groundwater flow east and south towards Hazeltine Creek, and some
groundwater flow southwest towards Edney Creek and its tributaries.

The hydraulic heads measured at the perimeter of the TSF in May 2014 (pre-foundation failure) were highest on
the northwest side of the TSF and lowest on the southeast side of the facility, as shown in Figure 3-24. Comparison
of the shallow versus deeper hydraulic heads at the paired well locations indicated that the vertical component of
groundwater flow was generally directed upward on the southwest side of the TSF and downward on the east side,
with a strong downward gradient on the southeast side.

Hydraulic heads measured in monitoring wells between October and November 2015 were reviewed to assess
the groundwater flow regime near the TSF after the foundation failure, which included the subsequent draining of
the tailings and change in water management (i.e., water storage in the Springer Pit rather than the TSF). Overall,
these flow conditions were inferred to be somewhat similar to pre-construction conditions, with groundwater flow
generally directed from the northwest and southwest towards the east-southeast across the facility. The primary
difference between the pre- and post-foundation failure regime was that the groundwater high associated with the
TSF pond was reduced after the foundation failure, with less groundwater outflow from the TSF towards the
southwest. However, the groundwater levels within the TSF footprint are currently higher (i.e., above the
pre-construction ground surface elevation) due to the presence of the tailings.

3.3.3.3 Seasonal Variability in Hydraulic Heads

Review of hydraulic head measurements recorded at the monitoring wells since the start of the monitoring program
indicated that hydraulic heads are generally higher (shallower) in May and lower (deeper) in October on a
year-to-year basis. Prior to the TSF dam foundation failure, the seasonal variation in hydraulic heads
(May vs. October) at the monitoring well locations varied between approximately 0 m and 2.4 m with the following
exceptions: the seasonal variation was up to 3.5 m (in May/October 2013) for the well pair between the
Springer Pit and Bootjack Lake (GW12-2a/b) (Figure 3-23) as a result of progressive drawdown during pit
dewatering (to facilitate mining operations), and was up to approximately 4.0 m (between October 2012 and
May 2013) for the deep well on the south side of the TSF (GW96-3a). The reason for the higher variation at
monitoring well GW96-3a is unknown. Overall, the observed seasonal variability in groundwater levels was not
inferred to substantially change the groundwater flow directions near the open pit area or the TSF.
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3.4  Surface Water Quality

A brief characterization of existing surface water quality in waterbodies located near the mine that could potentially
be influenced by mine-related inputs, either during operations or closure, is presented below for Quesnel Lake,
Bootjack Lake, Hazeltine Creek, and Polley Lake. Table 3-15 provides information related to the description and
rationale of survey study design, including sampling locations, collection methods, and identification of analytical
laboratories used, analytical methods, and quality assurance/quality control (QA/QC) procedures; details can be
found in the original reports cited. Water quality samples were collected by MPMC staff following the
Post TSF-Breach Monitoring Plan — 2015 (MPMC 2015b) in accordance with relevant MoE guidance cited in
MEM and MoE (2016).

The following time periods were considered most appropriate to characterize baseline water quality for the
purposes of the impact assessment. Baseline water quality data were intended to represent existing conditions
prior to the proposed effluent discharge. These data were also used as the baseline input to the WQM developed
for this TAR (Appendix D) to make water quality predictions for operations, closure, and post-closure assessment
periods.

m Quesnel Lake—The 2015 data collected in the West Basin, east of the sill near Cariboo Island, were
summarized. These data represent the upstream background water quality of Quesnel Lake flowing into the
West Basin. In 2015, turbidity was not elevated east of the sill and was lower than the background level of
1 nephelometric turbidity unit (NTU) referred to by the MoE in Pollution Abatement Order 107461
(MoE 2015b).

m Bootjack Lake—As discussed in Section 3.4.2, Bootjack Lake is not considered to have been impacted by
mine operations or by the TSF foundation failure. The earliest available data for this lake include one sampling
event in 2001, with routine monitoring beginning in 2006. Therefore, baseline water quality was defined by
the 2001 through 2015 dataset, with the exception of selenium. For selenium, only the 2015 data were used
because samples from previous years were analyzed using method detection limits (MDLs) that were higher
than BC WQGs (MoE 2015a). Data collected prior to 2015 were below the MDL applicable at the time
(lowest MDL: less than 0.0005 milligrams per liter [mg/L]). More recent analyses with lower detection limits
in 2015 resulted in detected concentrations less than 0.0005 mg/L selenium.

m Polley Lake—The 2015 data were summarized to provide a conservative input to the WQM to reflect current
conditions in the lake, as concentrations of some parameters have remained elevated above pre-TSF
foundation failure concentrations. Data collected in 2014 were not appropriate to define existing conditions
for the impact assessment because these data either reflected conditions before the TSF foundation failure
or reflected conditions in the immediate aftermath of the TSF foundation failure. Neither of these time periods
represent existing conditions.
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m Hazeltine Creek—The 2015 data were summarized to provide conservative input to the WQM to reflect
current conditions in Hazeltine Creek, as concentrations of some parameters have remained elevated above
pre-TSF foundation failure concentrations. Data were restricted to June through November 2015 to reflect
conditions after reconstruction of the creek channel was completed, but prior to the discharge of treated
effluent from Springer Pit to the creek. To provide a longer time series to characterize this baseline
(in accordance with MoE guidance [2012]), data were supplemented with monitoring data from stations
upstream of the effluent discharge between 1 December 2015 and 4 April 2016 (most recent available data).
Data collected during or prior to 2014 either reflected conditions before the TSF foundation failure or reflected
conditions immediately after the TSF foundation failure, and do not represent existing conditions. These data
were therefore not used to characterize baseline water quality in Hazeltine Creek. While not used to describe
baseline conditions, data collected by the MoE along Polley Flats were used to derive model inputs to account
for a loading source from tailings that remain along Hazeltine Creek.

The following summary statistics were calculated for the resulting datasets for each waterbody to represent
existing conditions:

m number of samples
m number and percentage of samples with values below the MDL

®  minimum, median, arithmetic mean, 95" percentile, and maximum concentrations

Minimum, maximum, and median values were calculated using absolute values; that is, when the summary statistic
corresponded to a non-detect value in the dataset, the MDL was reported. For values reported as less than the
MDL, the MDL was substituted for calculation of the mean and 95" percentile. A mean was not calculated for
parameters with greater than 50% non-detect values. A median was only reported where a mean was not
calculated. A 95" percentile was not calculated for parameters with less than 10 measurements or with greater
than 95% non-detect values.

Baseline concentrations were defined as arithmetic mean concentrations or median where a mean was not
calculated. Baseline data were compared to applicable BC drinking water guidelines and BC 30-day WQGs
(MoE 2016a) protective of aquatic life; the maximum WQG was substituted where a 30-day WQG did not exist, as
indicated in summary tables provided in Sections 3.4.1 through 3.4.4. WQGs calculated based on toxicity
modifying factors (e.g., hardness, pH, chloride) were calculated based on corresponding toxicity modifying factor
values described in the summary statistics for each waterbody.

BC WQGs protective of the most sensitive receiving environment use (generally aquatic life) were used for
screening water quality.

S
17 October 2016 ?Golder
Reference No. 1411734-162-R-Rev0-16000 59 Associates



MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Table 3-15: Surface Water Quality Characterization, Existing Conditions: Location of Supporting Detailed

Information Required b

MoE (2014a,b)

Information

Quesnel Lake

Bootjack Lake

Hazeltine Creek

Polley Lake

Baseline study design —
description and
rationale @

MPMC (2015b)

MPMC Annual Reporting

MPMC (2015b)

MPMC (2015b)

Identity of certified
laboratories that
analyzed the samples

MPMC (2015b)

MPMC Annual Reporting

MPMC (2015b)

MPMC (2015b)

Summary table of
sample site locations,
sample dates, sample
size, and
rationale/purpose for
each site

MPMC (2015b)

MPMC Annual Reporting

MPMC (2015b)

MPMC (2015b)

Identification of which
data reflect un-impacted
baseline versus
conditions influenced by
development

Golder (2016¢.d)

MPMC Annual Reporting

Golder (2016c¢.d)

Golder (2016c.d)

Detailed map of
sampling locations

MPMC (2015b)

MPMC Annual Reporting

MPMC (2015b)

MPMC (2015b)

Illustration of spatial and
temporal variance in

. Golder (2016¢c.d) | MPMC Annual Reporting Golder (2016¢.d) Golder (2016c¢.d)
key parameters using
graphs
Summary of available
baseline data and This TAR This TAR This TAR This TAR

comparison to water
quality guidelines

(a) Unless otherwise stated, study design description and rationale includes parameters analyzed, field instrumentation, sampling

frequency and period, site locations, statistical considerations, and collection methods and quality assurance/quality control protocols.

(b) Sampling sites that appear to be influenced by groundwater discharge, or may be in the future, were not identified in any of the baseline

reports.

TAR = Technical Assessment Report; MPMC = Mount Polley Mining Corporation.

34.1

Quesnel Lake

The average residence time of Quesnel Lake is approximately 10 years, but is estimated to be 90 days within the
West Basin (Laval et al. 2008). Quesnel Lake is oligotrophic, with low primary productivity, and total dissolved
solids (TDS). The West Basin has vertical mixing typical of temperate lakes, with thermal stratification for most of
the year, interrupted by brief turnover periods in the spring and the fall when vertical density gradients are lowest.
The physical limnology of the West Basin is described more fully in Laval et al. (2008) and Tetra Tech EBA Inc.
(Tetra Tech 2015).

Levels of total suspended solids (TSS), turbidity, and total metals previously elevated in the West Basin as a result
of the TSF foundation failure remained below WQGs throughout 2015 east of Cariboo Island (Golder 2016c¢,d). All
mean constituent concentrations were below applicable BC WQGs in Quesnel Lake baseline water quality
measured east of Cariboo Island in 2015 (Table 3-16).
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Table 3-16. Summary of Water Quality Statistics for Quesnel Lake:

Existing Conditions, East of Cariboo Island (2015)

1411734-162-R-Rev0-16000

BC Drinking Water . b
R . a BC Water Quality Guidelines Quesnel Lake
Quality Guidelines’
Parameter Units Number of Number of Percent of
Maximum Notes 30-day Average Notes Samples Samples Minimum?® Median® Mean' 95th*" Maximum®
Samples
<MDL <MDL
Physical Parameters
pH (field) pH units 6.5-85 A 6.5-9.0 A 60 0 0 7.3 NC 76 8 8.7
Temperature (field) °C - - - - 60 0 0 3.1 NC 6.6 19 20
Conductivity (field) ys/cm - - - - 60 0 0 59 NC 128 184 202
Turbidity NTU +5NTU A *2NTU from Ac 61 0 0 0 NC 15 2.3 48
background
Hardness (Dissolved) mg/L - - - - 90 0 0 48 NC 54 56 57
Total Dissolved Solids mg/L - - - - 90 0 0 60 NC 69 77 85
Total Suspended Solids mg/L - *5 mglL. from Ac ) 89 99 <3 <3 NC <3 12
background
Major lons
Alkalinity, Total (as CaCOs) mg/L - - see note W, d 90 0 0 40 NC 50 52 53
Chloride mg/L 250 A 150 A 90 90 100 <0.5 <0.5 NC NC <0.5
Fluoride mg/L 1.5 A 1.0-1.1 A, Max, e 90 0 0 0.025 NC 0.033 0.036 0.036
|Sulphate mg/L - - 218 A f 90 0 0 4.5 NC 6.3 6.5 6.6
Nutrients
Ammonia mg/L (as N) - - 1.8 Ag 90 88 98 <0.005 <0.005 NC NC 0.013
Nitrate mg/L (as N) 10 A 3 A 90 0 0 0.044 NC 0.13 0.15 0.15
Nitrite mg/L (as N) 1 A 0.02 A h 90 90 100 <0.001 <0.001 NC NC <0.001
Total Phosphorus mg/L 0.01 A, lakes O'Ooi;k%gw n A 90 51 57 <0.002 <0.002 NC 0.0038 0.098
Total Metals
Aluminum mg/L - 5 A, WW, Max 90 0 0 0.0081 NC 0.019 0.034 0.22
Antimony mg/L 0.014 \Wi 0.0009 w 90 85 94 <0.0001 <0.0001 NC <0.0001 0.00013
Arsenic mg/L 0.025 Interim 0.005 A 90 10 11 <0.0001 NC 0.00012 0.00015 0.00022
Barium mg/L - - 1 w 90 0 0 0.0047 NC 0.0053 0.0058 0.0081
Beryllium mg/L 0.004 W 0.00013 w 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Boron mg/L 5 A 1.2 A 90 89 99 <0.01 <0.01 NC NC 0.01
Cadmium mg/L - - no total WQG, A 90 86 9 <0.000005 | <0.000005 [  NC NC | <0.00001
see dissolved

Calcium mg/L - - see note W, d 90 0 0 16 NC 18 19 19
Chromium mg/L - - 0.001 W, i 90 90 100 <0.0005 <0.0005 NC NC <0.0005
Cobalt mg/L - - 0.004 A 90 89 99 <0.0001 <0.0001 NC NC 0.00017
Copper mg/L 0.5 A 0.002 A j 90 5 5.6 0.0005 NC 0.00085 0.0012 0.0073
Iron mg/L - - 1 A, Max 90 82 91 <0.03 <0.03 NC 0.04 0.17
Lead mg/L 0.05 A 0.005 A k 90 46 51 <0.00005 0.000053 NC 0.0004 0.0031
Lithium mg/L - - - - 90 58 64 <0.0005 <0.001 NC 0.0012 0.0016
Magnesium mg/L - - - - 90 0 0 1.9 NC 2 21 2.3
Manganese mg/L - - 0.85 Al 90 0 0 0.00038 NC 0.0013 0.0027 0.0089
Mercury mg/L 0.001 A 0.00001 A, m 10 10 100 <0.000005 | <0.000005 NC NC <0.000005
Molybdenum mg/L 0.25 A 1 A 90 0 0 0.00027 NC 0.00035 0.00043 0.00051
Nickel mg/L - - 0.025 W, n 90 88 98 <0.0005 <0.0005 NC NC 0.00052
Selenium mg/L 0.01 A 0.002 A 90 10 11 0.000065 NC 0.00014 <0.0005 <0.0005
Silicon mg/L - - - - 90 0 0 1.4 NC 1.7 1.9 2.1
Silver mg/L - - 0.00005 A o 90 90 100 <0.00001 <0.00001 NC NC <0.00001
Sodium mg/L - - - - 90 0 0 0.86 NC 0.96 1 1.5
Strontium mg/L - - - - 90 0 0 0.11 NC 0.13 0.14 0.15
Thallium mg/L 0.002 0.0008 90 90 100 <0.00001 <0.00001 NC NC <0.00001
Tin mg/L - - - 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Titanium mg/L - - - - 90 89 99 <0.01 <0.01 NC NC 0.011
Uranium mg/L - - 0.0085 w 90 0 0 0.00014 NC 0.00016 0.00017 0.00018
Vanadium mg/L - - - - 90 89 99 <0.0005 <0.0005 NC NC <0.001
Zinc mg/L 5 A 0.0075 A, p 90 90 100 <0.003 <0.003 NC NC <0.003
Dissolved Metals
Aluminum mg/L 0.2 A 0.05 Aq 90 0 0 0.0043 NC 0.0063 0.0091 0.011
Antimony mg/L 0.014 \Wi - - 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Arsenic mg/L 0.025 Interim - - 90 58 64 <0.0001 <0.0001 NC 0.00012 0.00013
Barium mg/L - - - - 90 0 0 0.0047 NC 0.0051 0.0054 0.0058
Beryllium mg/L 0.004 W - - 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Boron mg/L 5 A - - 90 90 100 <0.01 <0.01 NC NC <0.01
Cadmium mg/L - - 0.0001 Ar 90 89 99 <0.000005 | <0.000005 NC NC <0.00001
Calcium mg/L - - - - 90 0 0 16 NC 18 19 19
Chromium mg/L - - - - 90 90 100 <0.0005 <0.0005 NC NC <0.0005
Cobalt mg/L - - - - 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Copper mg/L 0.5 A - - 90 7 7.8 <0.0005 NC 0.00071 0.001 0.002
Iron mg/L - - 0.35 A, Max 90 90 100 <0.03 <0.03 NC NC <0.03
Lead mg/L 0.05 A - - 90 33 37 <0.00005 NC 0.00011 0.00028 0.00071
Lithium mg/L - - - - 90 64 71 0.00069 <0.001 NC 0.0011 0.0013
Magnesium mg/L - - - - 90 0 0 1.9 NC 2 21 2.3
Manganese mg/L - - - - 90 2 2.2 0.000086 NC 0.00034 0.00099 0.0028
Mercury mg/L - - - - 10 10 100 <0.000005 | <0.000005 NC NC <0.000005
Molybdenum mg/L 0.25 - - 90 0 0 0.00026 NC 0.00032 0.00037 0.00045
Nickel mg/L - - - - 90 90 100 <0.0005 <0.0005 NC NC <0.0005
Potassium mg/L - - - - 90 0 0 0.43 NC 0.48 0.52 0.53
Selenium mg/L 0.01 A - - 90 10 11 0.000059 NC 0.00014 <0.0005 <0.0005
Silicon mg/L - - - - 90 0 0 1.4 NC 1.7 1.8 2
Silver mg/L - - - - 90 90 100 <0.00001 <0.00001 NC NC <0.00001
Sodium mg/L - - - - 90 0 0 0.82 NC 0.94 0.99 1.2
Strontium mg/L - - - - 90 0 0 0.11 NC 0.13 0.14 0.14
Thallium mg/L 0.002 A - - 90 90 100 <0.00001 <0.00001 NC NC <0.00001
Tin mg/L - - - - 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Titanium mg/L - - - - 90 90 100 <0.01 <0.01 NC NC <0.01
Uranium mg/L - - - - 90 0 0 0.00013 NC 0.00015 0.00016 0.00017
Vanadium mg/L - - - - 90 90 100 <0.0005 <0.0005 NC NC <0.001
Zinc mg/L 5 A - - 90 89 99 <0.003 <0.003 NC NC <0.0031
Notes:

A = approved guideline, W = working guideline, Max = maximum guideline used, Min = Minimum concentration requirement based on life stage, WW = wildlife water supply guidelines

NC = not calculated, "<" reported value is less than method detection limit (MDL)

[ Underlined value

|= exceeds maximum BC Drinking Water Quality Guidelines

[ Shaded value

|= exceeds 30-day average BC Water Quality Guidelines

a) BC WQ guideline for the protection of drinking water, available at http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-quality/water-quality-guidelines, accessed October 8, 2015. BC Drinking WQGs for total metals
substituted where dissolved metal WQGs do not exist

b) BC Water Quality Guidelines (BC WQG). Fresh Water Aquatic Life 30-day Guidelines used, except where noted (e.g., molybdenum, total aluminum). Maximum (Max) guidelines substituted where 30-d guidelines do not exist.

c) For guideline comparison, Quesnel Lake background turbidity is assumed equal to 1 NTU and background TSS is equal to the MDL of 3.0 mg/L.
d) Waterbody is highly sensitive to acid inputs when alkalinity <10 mg/L (dissolved calcium <4 mg/L); moderately sensitive to acid acid inputs when alkalinity is 10-40 mg/L (dissolved calcium 4-8 mg/L); has low sensitivity to acid inputs when
alkalinity >40 mg/L (dissolved calcium >8 mg/L). The more restrictive of calcium or alkalinity applies.
e) Hardness dependent fluoride guideline: BC Max WQG (mg/L) = (-51.73+(92.57log10(hardness))*0.01), 0.4 at hardness 10 mg/L.

f) Hardness dependent sulphate guideline: BC 30-d WQG (mg/L) = 128 at hardness <30 mg/L, 218 at hardness 31-75 mg/L, 309 at hardness 76-180 mg/L, 429 at hardness 181-250 mg/L, determined based on site water at hardness >250

mg/L.

g) pH and temperature dependent ammonia guideline: values selected from Table 4 in BC WQG based on maximum temperature and pH.
h) Chloride (Cl) dependent nitrite guideline: BC 30-d WQG (mg/L) = 0.02 at Cl <2 mg/L, 0.04 at Cl 2-4 mg/L, 0.06 at Cl 4-6 mg/L, 0.08 at Cl 6-8 mg/L, 0.10 at Cl 8-10 mg/L, 0.20 at Cl >10 mg/L.
i) Max guideline is for hexavalent chromium.
j) Hardness dependent copper guideline: BC 30-d WQG (mg/L) = 0.002 at hardness <50 mg/L, (0.04*hardness/1000) at hardness >50 mg/L.

k) Hardness dependent lead guideline: BC 30-d WQG (mg/L) = (3.31 + exp(1.273*In(hardness) - 4.704)) / 1000 at hardness >8 mg/L.

1) Hardness dependent manganese guideline: BC 30-d WQG (mg/L) = 0.0044*hardness+0.605.

m) Mercury BC 30-d WQG (mg/L) = 0.0001/(MeHg/THg), where MeHg is mass (or concentration) of methyl mercury and THg is total mass (or concentration) of mercury in a given water volume; assumed = 0.00001 at 1% MeHg.

n) Hardness dependent nickel guideline: BC 30-d WQG (mg/L) = 0.025 at hardness <60 mg/L, (exp(0.76*In(hardness)+1.06))/1000 at hardness <180 mg/L, 0.15 at hardness >180 mg/L.

o) Hardness dependent silver guideline: BC 30-d WQG (mg/L) = 0.00005 at hardness <100 mg/L, 0.0015 at hardness >100 mg/L.
p) Hardness dependent zinc guideline: BC 30-d WQG (mg/L) = (7.5+0.75(hardness-90))/1000.

q) pH dependent dissolved aluminum guideline: BC 30-d WQG (mg/L) = 0.05 at pH 26.5, exp(1.6-3.327*(median pH)+0.402*(median pH2)) at pH <6.5.

r) Hardness dependent dissolved cadmium guideline: BC 30-d WQG (mg/L) = (exp(0.736*In(hardness)-4.943))/1000.
s) Minimum, maximum, and median were calculated using absolute values; that is, when the summary statistic corresponded to a non-detect (ND) value in the dataset, the MDL was reported.
t) Mean was not calculated for parameters with greater than 50% non-detect values. A median was reported where a mean was not calculated.

u) 95th percentile was not calculated for parameters with less than 10 samples.

v) 95th percentile was not calculated for parameters with greater than 95% non-detect values.
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3.4.2 Bootjack Lake

Bootjack Lake has a surface area of 268 ha, a mean depth of 7.5 m, and a maximum depth of 18 m (IMC 1990).
A summary of water quality based on the available data record during mine operations (2001 to 2015) is presented
in Table 3-17. This summary indicates that Bootjack Lake is a clear (mean turbidity of 0.92 NTU), circumneutral
(mean pH of 7.6) lake with soft water (mean hardness of 43 mg/L as calcium carbonate [CaCOs]). Bootjack Lake
can be characterized as a mesotrophic lake with a mean total phosphorus concentration of 0.015 mg/L.
Bootjack Lake thermally stratifies during the summer months, with well oxygenated conditions above the
thermocline and a progressive decrease in dissolved oxygen with depth below the thermocline (MPMC 2016a).
There is no indication that Bootjack Lake water quality was affected by the TSF foundation failure, as water quality
data from August 2014 and November 2014 (post-TSF foundation failure), were similar to data collected prior to
and including May 2014 (pre-TSF foundation failuire) (MPMC 2016a).

With respect to existing conditions, mean concentrations of all constituents listed in Table 3-17 were below
applicable BC WQGs, with the exception of total copper and total phosphorus. The 2001 to 2015 mean total copper
concentration in Bootjack Lake (0.0027 mg/L) was marginally above the 30-day BC WQG for total copper
(0.002 mg/L) protective of aquatic life. The mean dissolved copper concentration (0.0021 mg/L) was also
marginally above this total copper guideline. Bootjack Lake was documented to have total copper concentrations
naturally elevated above the BC WQG before the mine was constructed (IMC 1990). The mean total phosphorus
concentration exceeded the BC drinking water guideline aesthetic value, but was within the limits of the BC aquatic
life guideline (i.e., 0.005 to 0.015 mg/L).
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17 October 2016 ?Golder
Reference No. 1411734-162-R-Rev0-16000 62 Associates



October 2016 1411734-162-R-Rev0-16000

Table 3-17. Summary of Water Quality Statistics for Bootjack Lake: 2001 to 2015

BC Drinking Water i oy .
Quality Guidelines® BC Water Quality Guidelines Bootjack Lake
Parameter Units Number of | Number of | Percent of
Maximum Notes 30-day Average Notes umbero Samples <| Samples <| Minimum' Median' Mean" 95th"" Maximum!'
Samples
MDL MDL

Physical Parameters
pH (field) pHunits | 6.5-8.5 A 6.5-9.0 A 166 0 0 6.4 NC 7.6 8.4 9.3
Temperature (field) °C - - - - 138 0 0 0.29 NC 12 21 23
Conductivity (field) ys/cm - - - - 162 0 0 51 NC 90 134 218
Turbidity NTU +5 NTU A +2 NTU from background Ac 16 0 0 0.3 NC 0.92 2.0 23
Hardness (Dissolved) mg/L - - - - 100 0 0 32 NC 43 54 65
Total Dissolved Solids mg/L - - - - 97 0 0 3.8 NC 63 82 217
Total Suspended Solids mg/L - - +5 mg/L from background A, c 104 80 77 <3.0 <3.0 NC 4.5 158
Major lons
Alkalinity, Total (as CaCOs) mg/L - - see note W, d 104 0 0 23 NC 41 47 57
Chloride mg/L 250 A 150 A 70 0 0 0.94 NC 1.4 1.7 2.0
Fluoride mg/L 1.5 A 09-1.2 A, Max, e 47 0 0 0.051 NC 0.065 0.12 0.13
Sulphate mg/L - - 218 - 218 A f 104 0 0 2.2 NC 4.0 5.5 6.0
Nutrients
Ammonia ng/L (as N - - 1.8 Ag 104 57 55 <0.005 <0.005 NC 0.040 0.078
Nitrate ng/L (as N 10 A 3 A 93 59 63 <0.005 <0.005 NC 0.077 0.12
Nitrite ng/L (as N 1 A 0.02 - 0.02 A h 93 84 90 <0.001 <0.001 NC 0.0018 0.006
Total Phosphorus mg/L 0.01 A, lakes 0.005 - 0.015 in lakes A 102 0 0 0.0036 NC 0.015 0.027 0.063
Total Metals
Aluminum mg/L - - 5 A, WW, Max 100 0 0 0.0044 NC 0.026 0.052 0.23
Antimony mg/L 0.014 w 0.0009 w 100 60 60 0.00009 <0.0001 NC 0.00013 0.00019
Arsenic mg/L 0.025 Interim 0.005 A 100 0 0 0.00024 NC 0.00038 0.00068 0.0012
Barium mg/L - - 1 w 100 0 0 0.013 NC 0.018 0.023 0.028
Beryllium mg/L 0.004 w 0.00013 W 100 100 100 <0.00005 <0.0001 NC NC <0.0005
Boron mg/L 5 A 1.2 A 97 0 0 0.039 NC 0.047 0.059 0.067
Cadmium mg/L - - no total WQG, see dissolved A 100 93 93 <0.000005 | <0.00001 NC <0.00005 | 0.000051
Calcium mg/L - - see note W, d 100 0 0 9.8 NC 13 17 20
Chromium mg/L - - 0.001 W, i 100 98 98 <0.0002 <0.0005 NC NC 0.0013
Cobalt mg/L - - 0.004 A 100 97 97 <0.00002 <0.0001 NC NC 0.00013
Copper mg/L 0.5 A 0.002 - 0.003 Aj 100 0 0 0.0016 NC 0.0027 0.0041 0.010
Iron mg/L - - 1 A, Max 100 13 13 <0.03 NC 0.097 0.27 0.42
Lead mg/L 0.05 A 0.004 - 0.005 A k 100 80 80 <0.00005 | <0.00005 NC 0.00012 0.00077
Lithium mg/L - - - - 100 97 97 <0.0002 <0.001 NC NC <0.005
Magnesium mg/L - - - - 99 0 0 1.8 NC 2.4 3 3.7
Manganese mg/L - - 0.74-0.89 Al 100 0 0 0.0015 NC 0.086 0.44 1.4
Mercury mg/L 0.001 A 0.00001 A, m 3 3 100 <0.00005 <0.00005 NC NC <0.00005
Molybdenum mg/L 0.25 A 1 A 100 0 0 0.00078 NC 0.0011 0.0013 0.002
Nickel mg/L - - 0.03 - 0.07 W, n 100 94 94 <0.0005 <0.0005 NC 0.00053 0.0045
Selenium mg/L 0.01 A 0.002 A's 10 0 0 0.00016 NC 0.00018 0.00020 0.00020
Silicon mg/L - - - - 100 0 0 0.47 NC 1.6 3.1 3.5
Silver mg/L - - 0.0001 A 0 100 96 96 <0.00001 <0.00001 NC NC 0.000018
Sodium mg/L - - - - 100 0 0 21 NC 25 3.1 3.8
Strontium mg/L - - - - 100 0 0 0.096 NC 0.12 0.15 0.18
Thallium mg/L 0.002 A 0.0008 W 100 100 100 <0.00001 <0.00001 NC NC <0.0001
Tin mg/L - - - - 100 99 99 <0.00005 <0.0001 NC NC 0.00011
Titanium mg/L - - - - 100 97 97 0.00046 <0.01 NC NC <0.01
Uranium mg/L - - 0.0085 w 100 0 0 0.000025 NC 0.00004 0.000053 | 0.000066
Vanadium mg/L - - - - 100 96 96 0.00026 0.001 NC NC <0.001
Zinc mg/L 5 A 0.0075 A p 100 77 77 <0.001 <0.003 NC 0.0045 0.037
Dissolved Metals
Aluminum mg/L 0.2 A 0.05 A q 71 18 25 <0.001 NC 0.0043 0.013 0.017
Antimony mg/L 0.014 w - - 71 51 72 0.00009 0.0001 NC 0.00012 0.00019
Arsenic mg/L 0.025 Interim - - 71 0 0 0.0002 NC 0.00034 0.00074 0.00086
Barium mg/L - - - - 71 0 0 0.0097 NC 0.017 0.020 0.023
Beryllium mg/L 0.004 w - - 71 71 100 <0.00005 | <0.00005 NC NC <0.0005
Boron mg/L 5 A - - 68 0 0 0.039 NC 0.045 0.051 0.065
Cadmium mg/L - - 0.000091 - 0.00015 Ar 71 67 94 <0.000005 | <0.000017 NC 0.00005 <0.00005
Calcium mg/L - - - - 71 0 0 11 NC 13 15 17
Chromium mg/L - - - - 71 71 100 <0.0002 <0.0005 NC NC <0.0005
Cobalt mg/L - - - - 71 70 99 <0.00002 0.0001 NC NC 0.0001
Copper mg/L 0.5 A - - 71 0 0 0.0013 NC 0.0021 0.003 0.004
Iron mg/L - - 0.35 A, Max 71 61 86 <0.005 <0.03 NC 0.037 0.21
Lead mg/L 0.05 A - - 71 62 87 0.00004 <0.00005 NC 0.00014 0.00047
Lithium mg/L - - - - 71 66 93 0.0002 <0.005 NC 0.005 <0.005
Magnesium mg/L - - - - 71 0 0 2.0 NC 2.3 25 3.2
Manganese mg/L - - - - 71 0 0 0.00018 NC 0.017 0.044 0.61
Mercury mg/L - - - - nm - - - - - - -
Molybdenum mg/L 0.25 A - - 71 0 0 0.00072 NC 0.001 0.0012 0.0015
Nickel mg/L - - - - 71 71 100 <0.0005 <0.0005 NC NC <0.0005
Potassium mg/L - - - - 71 0 0 0.40 NC 0.47 0.55 0.68
Selenium mg/L 0.01 A - s 10 0 0 0.00013 NC 0.00016 0.00017 0.00017
Silicon mg/L - - - - 71 0 0 0.38 NC 1.5 23 3.5
Silver mg/L - - - - 71 70 99 <0.00001 <0.00001 NC NC 0.00002
Sodium mg/L - - - - 71 0 0 2.2 NC 25 3.3 3.7
Strontium mg/L - - - - 71 0 0 0.095 NC 0.12 0.14 0.15
Thallium mg/L 0.002 A - - 71 71 100 <0.00001 <0.00001 NC NC <0.0001
Tin mg/L - - - - 71 67 94 0.00007 <0.0001 NC 0.0001 0.00089
Titanium mg/L - - - - 71 68 96 0.00033 <0.01 NC NC <0.01
Uranium mg/L - - - - 71 0 0 0.00002 NC 0.000035 | 0.000046 | 0.000053
Vanadium mg/L - - - - 71 68 96 0.00022 <0.001 NC NC 0.001
Zinc mg/L 5 A - - 71 55 77 <0.001 0.0027 NC 0.0038 0.0261
Notes:

A = approved guideline, W = working guideline, Max = maximum guideline used, Min = Minimum concentration requirement based on life stage, WW = wildlife water supply guidelines
NC = not calculated, "<" reported value is less than method detection limit (MDL)
Underlined value = exceeds maximum BC Drinking Water Quality Guidelines
Shaded value = exceeds 30-day average BC Water Quality Guidelines
italics = MDL > water guideline

a) BC WQ guideline for the protection of drinking water, available at http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-quality/water-quality-guidelines, accessed October 8, 2015. BC Drinking WQGs for total metals
substituted where dissolved metal WQGs do not exist

b) BC Water Quality Guidelines (BC WQG). Fresh Water Aquatic Life 30-day Guidelines used, except where noted (e.g., molybdenum, total aluminum). Maximum (Max) guidelines substituted where 30-d guidelines do not exist.

c) For guideline comparison, Bootjack Lake background turbidity is assumed equal to the mean value of 1 NTU and background TSS is equal to the MDL of 3.0 mg/L.

d) Waterbody is highly sensitive to acid inputs when alkalinity <10 mg/L (dissolved calcium <4 mg/L); moderately sensitive to acid acid inputs when alkalinity is 10-40 mg/L (dissolved calcium 4-8 mg/L); has low sensitivity to acid inputs when
alkalinity >40 mg/L (dissolved calcium >8 mg/L). The more restrictive of calcium or alkalinity applies.

e) Hardness dependent fluoride guideline: BC Max WQG (mg/L) = (-51.73+(92.57log10(hardness))*0.01), 0.4 at hardness 10 mg/L.

f) Hardness dependent sulphate guideline: BC 30-d WQG (mg/L) = 128 at hardness <30 mg/L, 218 at hardness 31-75 mg/L, 309 at hardness 76-180 mg/L, 429 at hardness 181-250 mg/L, determined based on site water at hardness >250 mg/L.

g) pH and temperature dependent ammonia guideline: values selected from Table 4 in BC WQG based on maximum temperature and pH.

h) Chloride (Cl) dependent nitrite guideline: BC 30-d WQG (mg/L) = 0.02 at Cl <2 mg/L, 0.04 at Cl 2-4 mg/L, 0.06 at Cl 4-6 mg/L, 0.08 at Cl 6-8 mg/L, 0.10 at Cl 8-10 mg/L, 0.20 at Cl >10 mg/L.
i) Max guideline is for hexavalent chromium.

j) Hardness dependent copper guideline: BC 30-d WQG (mg/L) = 0.002 at hardness <50 mg/L, (0.04*hardness/1000) at hardness >50 mg/L.

k) Hardness dependent lead guideline: BC 30-d WQG (mg/L) = (3.31 + exp(1.273*In(hardness) - 4.704)) / 1000 at hardness >8 mg/L.

1) Hardness dependent manganese guideline: BC 30-d WQG (mg/L) = 0.0044*hardness+0.605.

m) Mercury BC 30-d WQG (mg/L) = 0.0001/(MeHg/THg), where MeHg is mass (or concentration) of methyl mercury and THg is total mass (or concentration) of mercury in a given water volume; assumed = 0.00001 at 1% MeHg.

n) Hardness dependent nickel guideline: BC 30-d WQG (mg/L) = 0.025 at hardness <60 mg/L, (exp(0.76*In(hardness)+1.06))/1000 at hardness <180 mg/L, 0.15 at hardness >180 mg/L.

o) Hardness dependent silver guideline: BC 30-d WQG (mg/L) = 0.00005 at hardness <100 mg/L, 0.0015 at hardness >100 mg/L.

p) Hardness dependent zinc guideline: BC 30-d WQG (mg/L) = (7.5+0.75(hardness-90))/1000.

q) pH dependent dissolved aluminum guideline: BC 30-d WQG (mg/L) = 0.05 at pH 26.5, exp(1.6-3.327*(median pH)+0.402*(median pH2)) at pH <6.5.

r) Hardness dependent dissolved cadmium guideline: BC 30-d WQG (mg/L) = (exp(0.736*In(hardness)-4.943))/1000.

s) A total of 90 total selenium and 61 dissolved selenium samples were collected between 2001 and 2014. All samples during this time period were below the MDLs of 0.001 mg/L and 0.0005 mg/L, which are higher than the current MDL of
0.0005 mg/L and all 2015 measured values. Only the 2015 selenium values were used in the calculation of baseline water quality.

t) Minimum, maximum, and median were calculated using absolute values; that is, when the summary statistic corresponded to a non-detect (ND) value in the dataset, the MDL was reported.
u) Mean was not calculated for parameters with greater than 50% non-detect values. A median was reported where a mean was not calculated.

v) 95th percentile was not calculated for parameters with less than 10 samples.

w) 95th percentile was not calculated for parameters with greater than 95% non-detect values.
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3.4.3 Polley Lake

Polley Lake has a surface area of 453 ha, a mean depth of 18 m, and a maximum depth of approximately 35 m.
The lake has an estimated hydraulic residence time of approximately 16.2 years (Minnow 2014). Polley Lake is a
dimictic lake that mixes from surface to bottom twice each year. It stratifies thermally during the summer months,
with well-oxygenated conditions above the thermocline and a progressive decrease in dissolved oxygen with depth
below the thermocline to values below the BC WQG (Minnow 2014; Golder 2016c¢). Lake trophic status changed
from oligotrophic/mesotrophic prior to mine development to mesotrophic/eutrophic in 2012 (Minnow 2014).

Levels of TSS, turbidity, and total metals elevated in Polley Lake as a result of the TSF foundation failure had
decreased to below BC WQGs by early 2015 and water quality was similar to pre-TSF foundation failure
concentrations for most parameters (Golder 2015h, 2016¢). In 2015, only mean concentrations of total phosphorus
were above applicable BC WQGs (Table 3-18). Although mean total phosphorus in 2015 was above the
BC WQG range, the mean value was similar to values measured prior to the TSF foundation failure.

Long-term chronic exposure in laboratory toxicity tests to water collected from Polley Lake in 2015 did not result
in adverse effects on fish or invertebrates (Minnow 2014; Golder 2016c,e). The current water hardness of
Polley Lake (mean of 130 mg/L), an important modifier of metal toxicity, has remained higher than mean values
pre-TSF foundation failure (92 mg/L; Golder 2015h).
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Table 3-18. Summary of Water Quality Statistics for Polley Lake: Existing Conditions (2015)
BC Drinking Water Quality ] oy
S a BC Water Quality Guidelines Polley Lake
Guidelines
Parameter Units Number of Number of | Percent of
Maximum Notes 30-day Average Notes Samples | Samples | Minimum® | Median® Mean' 95th*" | Maximum®
Samples
<MDL <MDL
Physical Parameters
pH (field) pH units 6.5-8.5 A 6.5-9.0 A 89 0 0 7.2 NC 7.7 8.8 9.1
Temperature (field) °C - - - - 89 0 0 0.2 NC 10 19 22
Conductivity (field) ys/cm - - - - 89 0 0 278 NC 316 395 410
Turbidity NTU +5NTU A +2NTU from Ac 89 0 0 0.14 NC 0.9 1.8 35
background
Hardness (Dissolved) mg/L - - - - 90 0 0 124 NC 130 135 137
Total Dissolved Solids mg/L - - - - 90 0 0 172 NC 189 209 218
Total Suspended Solids mg/L . . *5 mg/L from Ac 90 80 89 <3.0 <3.0 NC 4.1 8
background
Major lons
ég‘g'gs';y’ Total (as mgiL - - see note W, d 90 0 0 74 NC 97 104 106
Chloride mg/L 250 A 150 A 90 0 0 1.28 NC 1.3 1.4 1.7
Fluoride mg/L 1.5 A 14-15 A, Max, e 90 0 0 0.08 NC 0.087 0.089 0.098
Sulphate mg/L - - 309 A, f 90 0 0 0.68 NC 46 48 52
Nutrients
Ammonia mg/L (as N) - - 1.8 A g 90 31 34 <0.005 NC 0.017 0.071 0.31
Nitrate mg/L (as N) 10 A 3 A 90 16 18 <0.005 NC 0.2 0.43 0.46
Nitrite mg/L (as N) 1 A 0.02 A h 90 54 60 <0.001 <0.001 NC 0.0096 0.017
Total Phosphorus mg/L 0.01 A, lakes 0.005I;k(2215 n A 90 0 0 0.0062 NC 0.036 0.076 0.1
Total Metals
Aluminum mg/L - - 5 A, WW, Max 90 0 0 0.0065 NC 0.028 0.06 0.2
Antimony mg/L 0.014 W 0.0009 w 90 0 0 0.00012 NC 0.00017 | 0.00025 | 0.00026
Arsenic mg/L 0.025 Interim 0.005 A 90 0 0 0.00088 NC 0.00099 | 0.001 0.0012
Barium mg/L - - 1 w 90 0 0 0.0098 NC 0.0124 0.013 0.015
Beryllium mg/L 0.004 W 0.00013 w 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Boron mg/L 5 A 1.2 A 90 0 0 0.027 NC 0.03 0.033 0.034
Cadmium mg/L - - no total WQG, A 90 86 9% | <0.000005 | <0.000005| NC NC | o.00016
see dissolved
Calcium mg/L - - see note W, h 90 0 0 40 NC 42 44 45
Chromium mg/L - - 0.001 W, i 90 90 100 <0.0005 <0.0005 NC NC <0.0005
Cobalt mg/L - - 0.004 A 90 88 98 <0.0001 <0.0001 NC NC 0.00012
Copper mg/L 0.5 A 0.005 Aj 90 10 11 0.0022 NC 0.0031 0.004 0.007
Iron mg/L - - 1 A, Max 90 76 84 <0.03 <0.03 NC 0.043 0.12
Lead mg/L 0.05 A 0.007 - 0.008 A k 90 37 41 <0.00005 NC 0.000096 | 0.00025 | 0.00066
Lithium mg/L - - - - 90 56 62 0.00076 <0.001 NC 0.0012 0.0013
Magnesium mg/L - - - - 90 0 0 5.3 NC 5.7 5.9 6.2
Manganese mg/L - - 1.15-1.21 Al 90 0 0 0.0031 NC 0.05 0.16 0.3
Mercury mg/L 0.001 A 0.00001 Am 12 12 100 <0.000005 | <0.000005 NC NC <0.000005
Molybdenum mg/L 0.25 A 1 A 90 0 0 0.010 0.011 0.011 0.012 0.013
Nickel mg/L - - 0.11-0.12 W, n 90 90 100 <0.0005 <0.0005 NC NC <0.0005
Selenium mg/L 0.01 A 0.002 A 90 0 0 0.00069 NC 0.0009 0.001 0.0011
Silicon mg/L - - - - 90 0 0 3.1 NC 3.8 4.3 4.6
Silver mg/L - - 0.0015 Ao 90 90 100 <0.00001 | <0.00001 NC NC <0.00001
Sodium mg/L - - - - 90 0 0 8.4 NC 9.5 10 11
Strontium mg/L - - - - 90 0 0 0.30 NC 0.32 0.33 0.35
Thallium mg/L 0.002 0.0008 w 90 89 99 <0.00001 | <0.00001 NC NC 0.00003
Tin mg/L - - - - 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Titanium mg/L - - - - 90 89 99 <0.01 <0.01 NC NC 0.012
Uranium mg/L - - 0.0085 w 90 0 0 0.00026 NC 0.00029 | 0.00032 | 0.00034
Vanadium mg/L - - - - 90 0 0 0.00062 NC 0.001 0.0013 0.0013
Zinc mg/L 5 A 0.033-0.043 A p 90 88 98 <0.003 <0.003 NC NC 0.018
Dissolved Metals
Aluminum mg/L 0.2 A 0.05 Aq 90 40 44 <0.003 NC 0.0038 | 0.0061 0.0095
Antimony mg/L 0.014 w - - 90 0 0 0.0001 NC 0.00014 | 0.00016 | 0.00017
Arsenic mg/L 0.025 Interim - - 90 0 0 0.00083 NC 0.00095 | 0.001 0.0012
Barium mg/L - - - - 90 0 0 0.0087 NC 0.012 0.013 0.014
Beryllium mg/L 0.004 w - - 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Boron mg/L 5 A - - 90 0 0 0.025 NC 0.027 0.03 0.031
Cadmium mg/L - - 0.0003 Ar 90 85 94 <0.000005 | <0.000005 NC <0.00001] 0.00013
Calcium mg/L - - - - 90 0 0 41 NC 43 44 45
Chromium mg/L - - - - 90 89 99 <0.0005 <0.0005 NC NC 0.00095
Cobalt mg/L - - - - 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Copper mg/L 0.5 A - - 90 0 0 0.0017 NC 0.0024 0.003 0.003
Iron mg/L - - 0.35 A, Max 90 90 100 <0.03 <0.03 NC NC <0.03
Lead mg/L 0.05 A - - 90 29 32 <0.00005 NC 0.00011 | 0.00031 0.00072
Lithium mg/L - - - - 90 66 73 <0.001 <0.0010 NC 0.0011 0.0012
Magnesium mg/L - - - - 90 0 0 5.4 NC 5.7 5.9 6.1
Manganese mg/L - - - - 90 0 0 0.00019 NC 0.02 0.12 0.21
Mercury mg/L - - - - 34 34 100 <0.000005 | <0.000005 NC NC <0.000005
Molybdenum mg/L 0.25 A - - 90 0 0 0.0096 NC 0.0106 0.011 0.012
Nickel mg/L - - - - 90 90 100 <0.0005 <0.0005 NC NC <0.0005
Potassium mg/L - - - - 90 0 0 1.1 NC 14 1.5 1.5
Selenium mg/L 0.01 A - - 90 0 0 0.0007 NC 0.00088 | 0.001 0.0011
Silicon mg/L - - - - 90 0 0 3.1 NC 3.8 4.2 4.3
Silver mg/L - - - - 90 90 100 <0.00001 | <0.00001 NC NC <0.00001
Sodium mg/L - - - - 90 0 0 8.3 NC 9.5 10 11
Strontium mg/L - - - - 90 0 0 0.29 NC 0.32 0.33 0.34
Thallium mg/L 0.002 A - - 90 90 100 <0.00001 | <0.00001 NC NC <0.00001
Tin mg/L - - - - 90 90 100 <0.0001 <0.0001 NC NC <0.0001
Titanium mg/L - - - - 90 90 100 <0.010 <0.010 NC NC <0.010
Uranium mg/L - - - - 90 0 0 0.00024 NC 0.00027 | 0.00029 | 0.00032
Vanadium mg/L - - - - 90 2 2 <0.0005 NC 0.0008 | 0.0011 0.0012
Zinc mg/L 5 A - - 90 86 96 <0.003 <0.003 NC NC 0.020
Notes:

A = approved guideline, W = working guideline, Max = maximum guideline used, Min = Minimum concentration requirement based on life stage, WW = wildlife water supply guidelines
NC = not calculated, "<" reported value is less than method detection limit (MDL)

Underlined value = exceeds maximum BC Drinking Water Quality Guidelines

Shaded value = exceeds 30-day average BC Water Quality Guidelines

italics = MDL > water guideline
a) BC WQ guideline for the protection of drinking water, available at http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-quality/water-quality-guidelines, accessed October 8, 2015. BC Drinking WQGs
for total metals substituted where dissolved metal WQGs do not exist.
b) BC Water Quality Guidelines (BC WQG). Fresh Water Aquatic Life 30-day Guidelines used, except where noted (e.g., molybdenum, total aluminum). Maximum (Max) guidelines substituted where 30-d guidelines do not
exist.
c) For guideline comparison, Polley Lake background turbidity is assumed equal to 1 NTU and background TSS is equal to the MDL of 3.0 mg/L.
d) Waterbody is highly sensitive to acid inputs when alkalinity <10 mg/L (dissolved calcium <4 mg/L); moderately sensitive to acid acid inputs when alkalinity is 10-40 mg/L (dissolved calcium 4-8 mg/L); has low sensitivity to
acid inputs when alkalinity >40 mg/L (dissolved calcium >8 mg/L). The more restrictive of calcium or alkalinity applies.
e) Hardness dependent fluoride guideline: BC Max WQG (mg/L) = (-51.73+(92.57log10(hardness))*0.01), 0.4 at hardness 10 mg/L.

f) Hardness dependent sulphate guideline: BC 30-d WQG (mg/L) = 128 at hardness <30 mg/L, 218 at hardness 31-75 mg/L, 309 at hardness 76-180 mg/L, 429 at hardness 181-250 mg/L, determined based on site water at
hardness >250 mg/L.

g) pH and temperature dependent ammonia guideline: values selected from Table 4 in BC WQG based on maximum temperature and pH.

h) Chloride (Cl) dependent nitrite guideline: BC 30-d WQG (mg/L) = 0.02 at Cl <2 mg/L, 0.04 at Cl 2-4 mg/L, 0.06 at Cl 4-6 mg/L, 0.08 at Cl 6-8 mg/L, 0.10 at Cl 8-10 mg/L, 0.20 at Cl >10 mg/L.
i) Max guideline is for hexavalent chromium.

j) Hardness dependent copper guideline: BC 30-d WQG (mg/L) = 0.002 at hardness<50 mg/L, (0.04*hardness/1000) at hardness >50 mg/L.

k) Hardness dependent lead guideline: BC 30-d WQG (mg/L) = (3.31 + exp(1.273*In(hardness) - 4.704)) / 1000 at hardness > 8 mg/L.

1) Hardness dependent manganese guideline: BC 30-d WQG (mg/L) = 0.0044*hardness+0.605.

m) Mercury BC 30-d WQG (mg/L) = 0.0001/(MeHg/THg), where MeHg is mass (or concentration) of methyl mercury and THg is total mass (or concentration) of mercury in a given water volume; assumed = 0.00001 at 1%
MeHg.

n) Hardness dependent nickel guideline: BC 30-d WQG (mg/L) = 0.025 at hardness < 60 mg/L, (exp(0.76*In(hardness)+1.06))/1000 at hardness <180 mg/L, 0.15 at hardness > 180 mg/L.

o) Hardness dependent silver guideline: BC 30-d WQG (mg/L) = 0.00005 at hardness<100 mg/L, 0.0015 at hardness >100 mg/L.

p) Hardness dependent zinc guideline: BC 30-d WQG (mg/L) = (7.5+0.75(hardness-90))/1000.

q) pH dependent dissolved aluminum guideline: BC 30-d WQG (mg/L) = 0.05 at pH=6.5, exp(1.6-3.327*(median pH)+0.402*(median pH2)) at pH <6.5.

r) Hardness dependent dissolved cadmium guideline: BC 30-d WQG (mg/L) = (exp(0.736*In(hardness)-4.943))/1000.

s) Minimum, maximum, and median were calculated using absolute values; that is, when the summary statistic corresponded to a non-detect (ND) value in the dataset, the MDL was reported.
t) Mean was not calculated for parameters with greater than 50% non-detect values. A median was reported where a mean was not calculated.

u) 95th percentile was not calculated for parameters with less than 10 samples.

v) 95th percentile was not calculated for parameters with greater than 95% non-detect values.
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3.4.4 Hazeltine Creek

Hazeltine Creek flows from Polley Lake into the West Basin of Quesnel Lake, a distance of approximately 9.2 km.
As a result of the debris flow from the TSF foundation failure, Hazeltine Creek was scoured along its length. The
exposed banks were susceptible to continual erosion, so erosion control and creek rehabilitation efforts have been
undertaken that included removal of deposited tailings material and stabilization/armouring of a new creek channel.
The works carried out to date have largely prevented further bank erosion and the water in Hazeltine Creek is now
relatively low in turbidity. This reduction in suspended particulate matter has resulted in lower total metal
concentrations in samples collected from Hazeltine Creek (Golder 2016c,d).

With respect to existing conditions, mean concentrations of all constituents listed in Table 3-19 were below
applicable BC WQGs, with the exception of turbidity, total phosphorus, and copper.

The mean turbidity of 6.4 NTU is expected to improve as vegetation is re-established along the creek banks. Of
note, however, is that the mouth of Hazeltine/Edney Creeks formed a delta prior to the TSF foundation failure,
which indicates that material transport occured, and by inference, turbidity in the process of that transport was
likely during (and most probably associated with) seasonal high flow.

Mean total phosphorus was above the BC WQG range for lake environments, but was within the range
documented prior to the TSF foundation failure (Minnow 2014). The mean total copper concentration of 0.024 mg/L
remained approximately an order of magnitude above the pre-TSF foundation failure mean concentration
(0.0031 mg/L; Golder 2015h). Copper concentrations above the BC WQG were reported for this creek prior to the
construction of the mine, consistent with the geology of the area that is naturally rich in copper and other metals.
Total copper was documented at mean concentrations above the BC WQG prior to mine development in 1989
(0.005 mg/L [range 0.001 to 0.019 mg/L]; IMC 1990) and 1995/1996 (0.003 mg/L [range 0.002 to 0.006 mg/L];
Minnow 2014).

Laboratory toxicity tests conducted on water collected from lower Hazeltine Creek in November 2015, prior to the
discharge of treated effluent from Springer Pit, did not result in adverse effects on fish or invertebrates
(MPMC 2016a). The current water hardness of Hazeltine Creek (mean of 174 mg/L), a modifier of metal toxicity,
has remained higher than mean values pre-TSF foundation failure (90 mg/L; Golder 2015h).
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Table 3-19. Summary of Water Quality Statistics for Hazeltine Creek: Existing Conditions (June to November 2015 and upstream of discharge December 2015 to April 2016)

BC Drlnklnlg V\l/atez Qually BC Water Quality Guidelines® Hazeltine Creek
Guidelines
Parameter Units Number of Number of | Percent of
Maximum Notes 30-day Average Notes Samples Samples | Minimum® | Median® Mean' 95th"" Maximum®
Samples
<MDL <MDL
Physical Parameters
pH (field) pH units 6.5-8.5 A 6.5-9.0 A 75 0 0 7.4 NC 8.0 8.5 8.7
Temperature (field) °C - - - - 75 0 0 -0.21 NC 7.7 21 23
Conductivity (field) us/cm - - - - 75 0 0 166 NC 352 530 812
Turbidity NTU +5 NTU A +2NTU from Ac 77 0 0 0.15 NC 6.4 21 139
background
Hardness (Dissolved) mg/L - - - - 56 0 0 122 NC 174 276 420
Total Dissolved Solids mg/L - - - - 56 0 0 151 NC 247 415 615
Total Suspended Solids mg/L - - *5 mg/L from Ac 56 17 30 <1 NC 13 62 185
background
Major lons
Alkalinity, Total (as CaCO3) mg/L - - see note W, d 56 0 0 84 NC 123 168 175
Chloride mg/L 250 A 150 A 56 0 0 1.2 NC 1.6 27 4.1
Fluoride mg/L 1.5 A 14-1.9 A, Max, e 56 0 0 0.08 NC 0.11 0.15 0.18
Sulphate mg/L - - 309 - 429 A f 56 0 0 43 NC 67 158 288
Nutrients
Ammonia mg/L (as N) - - 1.8 A g 56 33 59 <0.005 <0.005 NC 0.02 0.042
Nitrate mg/L (as N) 10 A 3 A 56 5 9 <0.005 NC 0.11 0.25 0.3
Nitrite ma/L (as N) 1 A 0.02 - 0.06 A h 56 37 66 <0.001 <0.001 NC 0.0028 <0.005
Total Phosphorus mg/L 0.01 A, lakes 0.005|;k(;£15 n A 56 0 0 0.0038 NC 0.033 0.12 0.26
Total Metals
Aluminum mg/L - - 5 A, WW, Max 56 0 0 0.017 NC 0.39 1.9 3.8
Antimony mg/L 0.014 Wi 0.0009 Wi 56 0 0 0.00012 NC 0.00019 0.00032 0.00039
Arsenic mg/L 0.025 Interim 0.005 A 56 0 0 0.00079 NC 0.0013 0.0023 0.0042
Barium mg/L - - 1 Wi 56 0 0 0.011 NC 0.03 0.071 0.082
Beryllium mg/L 0.004 w 0.00013 w 56 54 96 <0.0001 <0.0001 NC NC 0.00011
Boron mg/L 5 A 1.2 A 56 0 0 0.021 NC 0.031 0.038 0.051
Cadmium mg/L - - no to(;?slswol(\:/)i; see A 56 11 20 <0.000005 [ NC 0.000019 | 0.000066 | 0.00011
Calcium mg/L - - see note W, h 56 0 0 39 NC 54 85 130
Chromium mg/L - - 0.001 W, i 56 46 82 <0.0005 <0.0005 NC 0.0016 0.0049
Cobalt mg/L - - 0.004 A 56 12 21 <0.0001 NC 0.00041 0.0022 0.0036
Copper mg/L 0.5 A 0.005 - 0.017 A, j 56 1 2 0.0038 NC 0.024 0.077 0.21
Iron mg/L - - 1 A, Max 56 2 4 <0.03 NC 0.49 24 5.1
Lead mg/L 0.05 A 0.007 - 0.023 A k 56 24 43 0.00005 NC 0.00019 0.00084 0.0016
Lithium mg/L - - - - 56 14 25 0.001 NC 0.0017 0.0049 0.0059
Magnesium mg/L - - - - 56 0 0 5.5 NC 9.1 14 21
Manganese mg/L - - 11-25 Al 56 0 0 0.0053 NC 0.098 0.44 0.7
Mercury mg/L 0.001 A 0.00001 A, m 12 10 83 <0.000005 | <0.000005 NC 0.000010 | 0.000012
Molybdenum mg/L 0.25 A 1 A 56 0 0 0.010 NC 0.015 0.033 0.069
Nickel mg/L - - 0.11-0.15 W, n 56 24 43 <0.0005 NC 0.00094 0.0025 0.0054
Selenium mg/L 0.01 A 0.002 A 56 0 0 0.00063 NC 0.001 0.0019 0.0023
Silicon mg/L - - - - 56 0 0 29 NC 4.5 8.5 12
Silver mg/L - - 0.0015 A 0 56 45 80 <0.00001 <0.00001 NC 0.000037 | 0.000073
Sodium mg/L - - - - 56 0 0 8.1 NC 12 18 27
Strontium mg/L - - - - 56 0 0 0.3 NC 0.44 0.72 1.2
Thallium mg/L 0.002 0.0008 w 56 52 93 <0.00001 <0.00001 NC 0.000011 0.000029
Tin mg/L - - - - 56 54 96 <0.0001 <0.0001 NC NC 0.00014
Titanium mg/L - - - - 56 27 48 <0.01 NC 0.025 0.1 0.2
Uranium mg/L - - 0.0085 Wi 56 0 0 0.00027 NC 0.00071 0.0015 0.0023
Vanadium mg/L - - - - 56 0 0 0.00078 NC 0.0021 0.0061 0.011
Zinc mg/L 5 A 0.032 - 0.26 A p 56 37 66 <0.003 <0.003 NC 0.011 0.014
Dissolved Metals
Aluminum mg/L 0.2 A 0.05 A q 56 5 8.9 <0.003 NC 0.013 0.043 0.094
Antimony mg/L 0.014 w - - 56 0 0 0.00011 NC 0.00015 0.00023 0.00027
Arsenic mg/L 0.025 Interim - - 56 0 0 0.00068 NC 0.0011 0.0015 0.0018
Barium mg/L - - - - 56 0 0 0.011 NC 0.025 0.041 0.049
Beryllium mg/L 0.004 Wi - - 56 56 100 <0.0001 <0.0001 NC NC <0.0001
Boron mg/L 5 A - - 56 0 0 0.021 NC 0.029 0.034 0.039
Cadmium mg/L - - 0.00024 - 0.00061 Ar 56 15 27 <0.000005 NC 0.000013 0.000051 0.000094
Calcium mg/L - - - - 56 0 0 40 NC 55 88 134
Chromium mg/L - - - - 56 56 100 <0.0005 <0.0005 NC NC <0.0005
Cobalt mg/L - - - - 56 42 75 <0.0001 <0.0001 NC 0.00065 0.0011
Copper mg/L 0.5 A - - 56 0 0 0.0031 NC 0.013 0.037 0.077
Iron mg/L - - 0.35 A, Max 56 40 71 <0.03 <0.03 NC 0.29 0.66
Lead mg/L 0.05 A - - 56 52 93 <0.00005 | <0.00005 NC 0.000064 0.00015
Lithium mg/L - - - - 56 19 34 <0.001 NC 0.0014 0.0027 0.0036
Magnesium mg/L - - - - 56 0 0 5.5 NC 9.0 14 20
Manganese mg/L - - - - 56 0 0 0.00046 NC 0.082 0.41 0.68
Mercury mg/L - - - - 12 12 100 <0.000005] <0.000005| NC NC <0.000005|
Molybdenum mg/L 0.25 A - - 56 0 0 0.0093 NC 0.014 0.031 0.067
Nickel mg/L - - - - 56 49 88 <0.0005 <0.0005 NC 0.0012 0.0013
Potassium mg/L - - - - 56 0 0 1.2 NC 1.6 2.3 3.1
Selenium mg/L 0.01 A - - 56 0 0 0.00066 NC 0.001 0.0017 0.0024
Silicon mg/L - - - - 56 0 0 2.7 NC 3.8 4.8 5.2
Silver mg/L - - - - 56 54 96 <0.00001 <0.00001 NC NC 0.000015
Sodium mg/L - - - - 56 0 0 7.9 NC 12 18 28
Strontium mg/L - - - - 56 0 0 0.29 NC 0.43 0.69 1.2
Thallium mg/L 0.002 A - - 56 55 98 <0.00001 <0.00001 NC NC 0.000012
Tin mg/L - - - - 56 56 100 <0.0001 <0.0001 NC NC <0.0001
Titanium mg/L - - - - 56 51 91 <0.01 <0.01 NC 0.013 0.014
Uranium mg/L - - - - 56 0 0 0.00024 NC 0.00067 0.0014 0.0022
Vanadium mg/L - - - - 56 0 0 0.00061 NC 0.00097 0.0014 0.0017
Zinc mg/L 5 A - - 56 44 79 <0.003 <0.003 NC 0.0053 0.008
Notes:

A = approved guideline, W = working guideline, Max = maximum guideline used, Min = Minimum concentration requirement based on life stage, WW = wildlife water supply guidelines
NC = not calculated, "<" reported value is less than method detection limit (MDL)
Underlined value = exceeds maximum BC Drinking Water Quality Guidelines
Shaded value = exceeds 30-day average BC Water Quality Guidelines
a) BC WQ guideline for the protection of drinking water, available at http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-quality/water-quality-guidelines, accessed October 8, 2015. BC Drinking WQGs for total metals
substituted where dissolved metal WQGs do not exist.

b) BC Water Quality Guidelines (BC WQG). Fresh Water Aquatic Life 30-day Guidelines used, except where noted (e.g., molybdenum, total aluminum). Maximum (Max) guidelines substituted where 30-d guidelines do not exist.

c) For guideline comparison, Hazeltine Creek background turbidity is assumed equal to 1.5 NTU and background TSS is equal to the MDL of 3.0 mg/L.

d) Waterbody is highly sensitive to acid inputs when alkalinity <10 mg/L (dissolved calcium <4 mg/L); moderately sensitive to acid acid inputs when alkalinity is 10-40 mg/L (dissolved calcium 4-8 mg/L); has low sensitivity to acid inputs when
alkalinity >40 mg/L (dissolved calcium >8 mg/L). The more restrictive of calcium or alkalinity applies.

e) Hardness dependent fluoride guideline: BC Max WQG (mg/L) = (-51.73+(92.57log10(hardness))*0.01), 0.4 at hardness 10 mg/L.

f) Hardness dependent sulphate guideline: BC 30-d WQG (mg/L) = 128 at hardness <30 mg/L, 218 at hardness 31-75 mg/L, 309 at hardness 76-180 mg/L, 429 at hardness 181-250 mg/L, determined based on site water at hardness >250
mg/L.

g) pH and temperature dependent ammonia guideline: values selected from Table 4 in BC WQG based on maximum temperature and pH.

h) Chloride (Cl) dependent nitrite guideline: BC 30-d WQG (mg/L) = 0.02 at Cl <2 mg/L, 0.04 at Cl 2-4 mg/L, 0.06 at Cl 4-6 mg/L, 0.08 at Cl 6-8 mg/L, 0.10 at Cl 8-10 mg/L, 0.20 at Cl >10 mg/L.

i) Max guideline is for hexavalent chromium.

j) Hardness dependent copper guideline: BC 30-d WQG (mg/L) = 0.002 at hardness<50 mg/L, (0.04*hardness/1000) at hardness >50 mg/L.

k) Hardness dependent lead guideline: BC 30-d WQG (mg/L) = (3.31 + exp(1.273*In(hardness) - 4.704)) / 1000 at hardness >8 mg/L.

1) Hardness dependent manganese guideline: BC 30-d WQG (mg/L) = 0.0044*hardness+0.605.

m) Mercury BC 30-d WQG (mg/L) = 0.0001/(MeHg/THg), where MeHg is mass (or concentration) of methyl mercury and THg is total mass (or concentration) of mercury in a given water volume; assumed = 0.00001 at 1% MeHg.

n) Hardness dependent nickel guideline: BC 30-d WQG (mg/L) = 0.025 at hardness <60 mg/L, (exp(0.76*In(hardness)+1.06))/1000 at hardness <180 mg/L, 0.15 at hardness >180 mg/L.

o) Hardness dependent silver guideline: BC 30-d WQG (mg/L) = 0.00005 at hardness<100 mg/L, 0.0015 at hardness >100 mg/L.

p) Hardness dependent zinc guideline: BC 30-d WQG (mg/L) = (7.5+0.75(hardness-90))/1000.

q) pH dependent dissolved aluminum guideline: BC 30-d WQG (mg/L) = 0.05 at pH26.5, exp(1.6-3.327*(median pH)+0.402*(median pH2)) at pH <6.5.

r) Hardness dependent dissolved cadmium guideline: BC 30-d WQG (mg/L) = (exp(0.736*In(hardness)-4.943))/1000.

s) Minimum, maximum, and median were calculated using absolute values; that is, when the summary statistic corresponded to a non-detect (ND) value in the dataset, the MDL was reported.
t) Mean was not calculated for parameters with greater than 50% non-detect values. A median was reported where a mean was not calculated.

u) 95th percentile was not calculated for parameters with less than 10 samples.

v) 95th percentile was not calculated for parameters with greater than 95% non-detect values.
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3.5 Sediment Quality

This section provides a characterization of sediment quality with respect to existing conditions in the four
waterbodies (i.e., Quesnel Lake, Bootjack Lake, Hazeltine Creek, and Polley Lake). A description and rationale of
the study design for each sediment survey, including sampling locations, collection methods, analytical
laboratories used, analytical methods, and QA/QC procedures are in the original reports, listed in Table 3-20. The
synthesis is largely based on the most recent evaluations of sediment quality by Minnow (2015a,b) that discuss
and reference previous studies. The purpose of this sediment characterization is to describe the existing conditions
in receiving environments that could potentially receive effluent discharge either during operations or during mine
closure.
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Table 3-20: Sediment Quality Existing Condition Characterization: Location of Supporting Detailed
Information Required by MoE (2014a,b)

Information

Quesnel Lake

Bootjack Lake

Hazeltine Creek

Polley Lake

Baseline study design
— description and
rationale (@b)

Minnow (2015a,b) and
reports cited therein

Minnow (2015a,b)
and reports cited
therein

Minnow (2015a,b)
and reports cited
therein

Minnow (2015a,b)
and reports cited
therein

Identity of certified
laboratories that
analyzed the samples

Minnow (2015a,b) and
reports cited therein

Minnow (2015a,b)
and reports cited
therein

Minnow (2015a,b)
and reports cited
therein

Minnow (2015a,b)
and reports cited
therein

Summary table of
sample site locations,
sample dates, sample
size, and
rationale/purpose for
each site

Minnow (2015a,b) and
reports cited therein

Minnow (2015a,b)
and reports cited
therein

Minnow (2015a,b)
and reports cited
therein

Minnow (2015a,b)
and reports cited
therein

Identification of which
data reflect un-
impacted baseline
versus conditions
influenced by
development

Pre-mine baseline data
are not available
(Minnow 2015a);
impacted conditions
determined by
comparisons to in-lake
reference area

Minnow (2015a,b) —
Bootjack Lake,

used as a reference
lake for Polley Lake

Minnow (2015a,b) —
based on comparison
to pre-TSF foundation
failure and reference

Minnow (2015a,b) —
based on comparison
to pre-TSF foundation
failure and reference

Detailed map of
sampling locations

Figures 4.4 and 4.5 in
Minnow (2015a)

Figures 3.3 and 4.3
in Minnow (2015a)

Figures 3.1 and 4.2 in
Minnow (2015a)

Figures 3.2 and 4.3 in
Minnow (2015a)

lllustration of spatial
and temporal
variance in key
parameters using
graphs

Figures 7.1 and 7.3 for
littoral areas and
Figures 8.1, 8.3, and
8.4 for profundal areas
in Minnow (2015a)

Figure 6.1 in
Minnow (2015a)

Figures 5.1 and 5.2 in
Minnow (2015a)

Figure 6.1 in Minnow
(2015a)

Summary of available
baseline data and
comparison to
sediment quality
guidelines

Pre-mine baseline data
are not available
(Minnow 2015a);
impacted conditions
determined by
comparisons to in-lake
reference area

Table 3.7 and
Appendix A in
Minnow (2015a);
Table 1 in Minnow
(2015b)

Tables 3.2 and 3.3
and Appendix A in
Minnow (2015a);
Table 2 in Minnow
(2015b)

Table 3.5 and
Appendix A in
Minnow (2015a);
Table 1 in Minnow
(2015b)

Identification of
spatial and/or
temporal gaps in
database

Minnow (2015a)

Minnow (2015a)

Minnow (2015a)

Minnow (2015a)

(a) = Unless otherwise stated, baseline study design description and rationale includes parameters analyzed, field instrumentation, sampling

frequency and period, sampling locations, statistical considerations, and sample collection methods and quality assurance/quality control

protocols.

(b) = Sampling sites that appear to be influenced by groundwater discharge, or may be in the future, were not identified in any of the baseline

reports.

MoE = Ministry of Environment; TSF = tailings storage facility.
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Baseline sediment data collected prior to commencement of mining operations indicated that concentrations of
some metals were naturally elevated in these waterbodies relative to current sediment quality guidelines (SQGs)
(Minnow 2015a; MoE 2015a). These SQGs are numerical criteria that are protective of long-term exposure of
sediment-dwelling organisms, and include lowest effect levels (LELs), and probable effect levels (PELs). The LEL
represents concentrations below which adverse biological effects are expected to rarely occur, whereas the PEL
represents concentrations above which adverse biological effects are expected to occur frequently (CCME 1999).
While the LELs are useful for identifying concentrations below which adverse effects are unlikely, they are not
predictive of in situ toxicity, particularly where background concentrations are naturally elevated and geochemical
characteristics of the sediment used to derive the criteria are different from that near the mine. Therefore, in the
following characterization of existing conditions, more emphasis should be placed on the identification of PEL
rather than LEL exceedances.

Prior to mine operations, sediment copper concentrations in all four waterbodies were reported above the PEL,
indicating naturally elevated concentrations within the study area. The same was true for manganese and iron but
to a lesser extent (Minnow 2015b). Sediment concentrations of a larger number of metals were above LELs prior
to mine operations.

3.5.1 Quesnel Lake

Minnow (2015a,b) characterized sediment quality in near-field littoral and profundal areas of the West Arm of
Quesnel Lake. As stated in Table 3-20, pre-mine baseline data were not available for Quesnel Lake; therefore,
sediment chemistry data collected in 2014 and 2015 after the TSF foundation failure were compared to BC SQGs
and within-lake reference data. Reference data from areas of Quesnel Lake unlikely to be impacted by the
TSF foundation failure indicated that concentrations of metals (e.g., chromium, iron, nickel) in the less than 63 pm
fine sediment fractions were naturally elevated above BC SQGs (Minnow 2015a). The following observations were
made by Minnow (2015b) with respect to sediments sampled in both littoral and profundal stations in the
West Basin.

m At littoral near-field stations sampled in 2014 following the TSF foundation failure, mean concentrations of
arsenic, copper, iron, and manganese were higher than SQGs and also higher than reference area
95™ percentile concentrations (Minnow 2015a). Arsenic and manganese concentrations were higher than
LELs, with copper and iron greater than PELs.

m In deeper water at the profundal near-field station, the mean copper concentration was higher than the PEL
and the corresponding 95™ percentile reference concentration (Minnow 2015a).

This characterization of sediment quality based on 2014 data was similar to the 2015 data collected in a follow-up
study (Minnow 2015b).
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3.5.2 Bootjack Lake

Sediment quality in Bootjack Lake was characterized during the pre-mine baseline studies in 1989 (IMC 1990),
1995 (HKP 1996), and 1996 (HKP 1997), as well as following initiation of mine operations (i.e., in 1999
[Beak 2000], 2009 [Minnow 2011], and 2012 [Minnow 2013a]). Bootjack Lake was also used as a reference for
the post-TSF foundation failure impact assessment (Minnow 2015a,b), as the lake was not considered to be
impacted by either the mine or by the TSF foundation failure. Depositional sediment samples have been collected
throughout the lake at approximate depths of 3 to 12 m, although sampling efforts have generally focused on the
deepest area within the lake (Minnow 2015a).

Several metals in the 1989 to 2012 sediment dataset were reported to be above the respective LELs, with a fewer
number present at concentrations above the PELs (Minnow 2015a). No obvious spatial or temporal trends were
observed in the dataset, which suggests that metal concentrations, while naturally elevated in Bootjack Lake
sediments, have not changed appreciably over time as a result of the mine. The following BC WQG exceedances
were documented by Minnow (2015a) at two different depths within the lake.

m Deep stations—Mean concentrations of arsenic, chromium, copper, iron, manganese, mercury, and nickel
exceeded the relevant LELs, with mean copper concentrations also exceeding PEL (Minnow 2015a). The
95™ percentile concentrations of cadmium and selenium exceeded the relevant LELs. The 95" percentile
manganese concentration exceeded the PEL.

m Mid-depth stations—Mean concentrations of copper, iron, mercury, nickel, and selenium exceeded the
relevant LELs, with mean copper concentrations also exceeding the PEL (Minnow 2015a). The 95" percentile
concentrations of chromium exceeded the LEL.

Sediment samples were collected by Minnow (2015a,b) from one of the deep stations in 2014 and 2015.
Mean and 95" percentile concentrations were similar to pre-TSF foundation failure concentrations; with arsenic,
chromium, iron, mercury, nickel, and selenium exceeding LELs and copper and manganese exceeding PEL at
concentrations similar to those previously reported (Minnow 2015b).

3.5.3 Polley Lake

Sediment quality in Polley Lake has been monitored prior to mine development (i.e., 1989 to 1996; IMC 1990;
HKP 1996, 1997), during operations (i.e., 1999, 2009, 2012; Beak 2000; Minnow 2011, 2013a), and after the
TSF foundation failure (i.e., 2014 and 2015; Minnow 2015a,b).

The two deepest areas of Polley Lake (Stations P1, P2, and L; 30 to 36 m depth) were the focus of baseline
sampling prior to mine development, whereas during operations, both deep and mid-depth (approximately
0.5 to 20 m depth) stations throughout the lake were sampled (Minnow 2015a). A gravity corer was used to collect
sediment samples during operations as opposed to a grab sampler that was used for the pre-mine baseline
studies. A gravity corer was also used most recently by Minnow (2015a,b) to sample sediment from the deep
Station P2 following the TSF foundation failure.
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Sediment quality data from these studies suggest a similar pattern of SQG exceedances throughout the sampling
period, in that arsenic, chromium, copper, iron, manganese, nickel, and selenium commonly exceeded LELs, with
copper and manganese commonly exceeding PELs (Minnow 2015b). Historically (i.e., 1989 to 2012),
95" percentile concentrations of cadmium and mercury in deep stations exceeded LELs (Minnow 2015a,b). The
most recent sediment sampling by Minnow (2015b) documented higher mean concentrations of arsenic and
copper in deep stations relative to concentrations previously reported for this lake. Mean arsenic concentrations
remained below the PEL.

354 Hazeltine Creek

Although Hazeltine Creek is primarily an erosional creek, depositional areas have been sampled during pre-mine
baseline studies (i.e., 1995 and 1996; HKP 1996, 1997), during operations (i.e., 1999, 2007, 2009, 2012, 2013;
Beak 2000; Minnow 2009, 2011, 2013a,b), and after the TSF foundation failure (i.e., 2014 and 2015;
Minnow 2015a,b). Minnow (2015a) did not consider the pre-mine 1996 baseline data to be reliable due to the
non-standard collection method used and abnormally high metal concentrations. Therefore, Minnow (2015a)
excluded these data from their sediment assessment.

In lower Hazeltine Creek, 95" percentile concentrations of arsenic, chromium, copper, iron, manganese, nickel,
and selenium in this 1995 to 2013 dataset exceeded LELs, with manganese also exceeding the PEL. In upper
Hazeltine Creek, 95 percentile concentrations of arsenic, copper, iron, manganese, and nickel exceeded the
LELs, with manganese also exceeding the PEL (Minnow 2015a).

More recently in 2014 and 2015, sediment quality data were collected from Hazeltine Creek by Minnow (2015a,b)
to evaluate changes in sediment chemistry since the TSF foundation failure and after reconstruction of the creek
channel. With the exception of copper and iron, metal concentrations in the less than 63 uym fraction were similar
in 2014 and 2015 compared to those measured previously. Mean concentrations of arsenic, copper, iron,
manganese, and nickel in 2014 and 2015 exceeded LELs, with copper and iron exceeding PELs (Minnow 2015b).

3.6 Fisheries and Aquatic Resources

The description of fisheries and aquatic resources focussed on assessing existing conditions (i.e., 2015) for
Quesnel Lake and Polley Lake. Bootjack Lake was not impacted by mine operations or the TSF foundation failure,
so pre-mine to current conditions were considered for this lake. The aquatic habitat of Hazeltine Creek was altered
as a result of the TSF foundation failure and has been undergoing reconstruction. It is anticipated that fish will
continue to be excluded from the portion of Hazeltine Creek that receives treated effluent until sometime after
November 2017, unless a water discharge pipe is installed and commissioned prior to that date and depending on
the status of reconstruction activities. The reach upstream of the point of discharge is undergoing rehabilitation to
restore fish habitat in 2016 and 2017.
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3.6.1 Quesnel Lake
Plankton Communities

Available information on plankton in Quesnel Lake is limited to sampling conducted weekly in the months
immediately following the TSF foundation failure (September to November 2014; Golder 2015h) and every month
between May and September 2015 (Golder 2016f). Because plankton communities exhibit inherent variability
related to temperature, daylight, and depth sampled, and because the same months were not sampled in both
2014 and 2015, the data between years are not directly comparable. Thus, the following summary of plankton
communities in Quesnel Lake focuses on the most recent plankton survey conducted between May and
September 2015.

In 2015, plankton communities were sampled at three stations in Quesnel Lake (one near-field exposure station
and two far-field reference stations) during the open water period from May to September. Spatial and temporal
trends in phytoplankton biomass (as chlorophyll a), and zooplankton abundance and biomass were qualitatively
examined by plotting the data. Trophic status of Quesnel Lake was determined through comparison of chlorophyll
a, nutrient concentrations, and water transparency (Secchi depths). The evaluation of trophic status indicated that
Quesnel Lake is oligotrophic (nutrient-poor, unproductive system). Chlorophyll a in Quesnel Lake was low and
seasonally variable, with concentrations generally increasing through the open water period from May to
September. Historical chlorophyll a data reported by Nidle et al. (1994) also indicated that Quesnel Lake is a
nutrient-poor, unproductive system.

Total zooplankton biomass and abundance in Quesnel Lake were also seasonally variable from May to
September 2015, with a general increasing trend in biomass and decreasing trend in abundance. Limited spatial
variability was observed among stations with similar trends observed near the mouth of Hazeltine Creek and at
reference stations (Horsefly [located west of Cariboo Island in the West Arm] and Junction [located in the
Main Basin where the East and North arms meet]). Zooplankton communities were generally dominated by either
cyclopoid copepods or cladocerans. Seasonal differences in community composition were observed throughout
the open water period of 2015, with cyclopoid copepods generally dominant in spring and early summer, and
cladocerans dominant in late summer and fall. Limited spatial variability was observed among stations with similar
trends observed at the Hazeltine (near-field exposure), Horsefly (reference), and Junction (reference) stations.

Benthic Invertebrate Communities

Analysis of the benthic invertebrate community in Quesnel Lake was conducted in 2014 to assess the initial
impacts of the TSF foundation failure (Minnow 2015b). The benthic invertebrate community assessment was
based on comparison of community metrics (e.g., diversity, richness, evenness) to reference areas in
Quesnel Lake.

In littoral areas of Quesnel Lake, taxa richness and density were lower at near-field stations located close to the
mouth of Hazeltine Creek compared to comparable reference areas. Within the littoral areas, dominant taxa were
Chironomidae (non-biting midges), Oligochaeta (oligochaete worms), and Amphipoda (amphipods), with lesser
representation (5% to 10%) by Bivalvia (clams and mussels), Gastropoda (snails), Hirudinae (leaches),
Acari (mites), and the Ephemeroptera, Plecoptera, and Trichoptera (EPT) group (consisting of mayflies, stoneflies
and caddisflies) (Minnow 2015b).
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Benthic communities sampled in profundal areas differed to a greater degree from reference areas than littoral
communities did, with far lower taxa richness and density at both near- and far-field stations. Dominant taxa in the
profundal areas were Chironomidae, Oligochaeta, and Amphipoda, with lesser representation by Ceratopogonidae
(biting midges), Gastropoda, and Bivalvia (Minnow 2015b).

Fish and Fish Habitat

The following characterization of fish and fish habitat is primarily based on information provided in
SNC-Lavalin (2015a). This report was part of the Post-Event Environmental Impact Assessment Report (PEEIAR)
(MPMC 2015c) that evaluated the impact of the TSF foundation failure on the aquatic receiving environment.

Quesnel Lake supports a varied fish community, with approximately 20 documented fish species that include
migratory salmonids (coho, chinook, and sockeye), resident salmonids (kokanee, rainbow trout, bull trout, and
lake trout), and benthic and forage fish species (Table 3-21). The majority of these fish species inhabit the littoral
and limnetic zones of the lake:

m Migratory salmonids typically use both the littoral and limnetic zones as rearing and foraging habitat for
young-of-year and juvenile life stages until they smolt and migrate downstream towards the marine
environment.

m Sockeye salmon are known to shoreline spawn in select littoral zone areas where suitable gravels and
groundwater upwelling occurs.

m Resident salmonids may spawn in the littoral zone (with the exception of bull trout) and typically rely on littoral
and limnetic habitat for rearing young-of-year and juveniles and foraging.

m Benthic and forage fish typically rely on littoral and benthic habitat for spawning, rearing, and foraging. Benthic
species are usually only present in the limnetic zone for a short period of time after hatching and consequently
rear in the pelagic column until settling to the benthic zone. Forage species may be present in the limnetic
zone during foraging activities. Adult burbot will make vertical migrations from the benthic zone to the open
water column in search of food (SNC-Lavalin 2015a).

Bull trout is a Blue-listed species of special concern and is the only fish species at risk listed in the Cariboo region,
based on the MoE Species and Ecosystems Explorer (CDC 2014). Coho salmon present in Quesnel Lake are part
of the Interior Fraser Coho population that has been identified as “endangered” by the Committee on the Status of
Endangered Wildlife in Canada. Coho is a species under consideration for addition to the Species at Risk Act
(SNC-Lavalin 2015a). A small subset of the Interior Fraser coho population spawns in Quesnel River and several
other tributaries to Quesnel Lake (Cariboo Envirotech Ltd. 2009).
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Table 3-21: Documented Fish Species in Quesnel Lake

Fish Group Common Name Scientific Name

Sockeye salmon

Oncorhynchus nerka

Migratory salmonids Coho salmon O. kisutch
Chinook salmon O. tshawytscha
Kokanee O. nerka
Rainbow trout O. mykiss
Bull trout Salvelinus confluentus
Resident salmonids Lake trout S. namaycush
Pygmy whitefish Prosopium coulteri
Mountain whitefish P. williamsoni
Lake whitefish Coregonus clupeaformis
Burbot Lota lota

Benthic species

Largescale sucker

Catostomus macrocheilus

Longnose sucker

C. catostomus

Slimy sculpin

Cottus cognatus

Forage species

Northern pikeminnow

Ptychocheilus oregonensis

Peamouth chub

Mylocheilus caurinus

Lake chub

Couesius plumbeus

Leopard dace

Rhinichthys falcatus

Longnose dace

R. cataractae

Redside shiner

Richardsonius balteatus

Notes: Adapted from SNC-Lavalin (2015a)

Foreshore inventory and mapping characterized the shore type near the mouth of Edney Creek as predominantly
gravel beach (49% of the study area) and rocky shore (more than 35%), and aquatic vegetation, dominated by
emergent grasses and herbaceous vegetation, covered 36% of the shoreline. Approximately 50% of the shoreline
was ranked as high or very high value, 48% as moderate value, and less than 2% as low or very low value
(Ecoscape 2012). High juvenile rearing values were identified along 20% of the shoreline (Ecoscape 2012).

3.6.2 Bootjack Lake
Plankton

Plankton communities in Bootjack Lake were monitored during baseline studies in 1989, 1995, and 1996
(IMC 1990; HKP 1996, 1997). Master lists of species in Bootjack Lake are provided for phytoplankton and
zooplankton in HKP 1996; monthly comparisons from May to October were made for the plankton communities
between Bootjack Lake and Polley Lake. Similar types of data were presented by IMC (1990) for sampling events
in August and October 1989. Highlights from these early baseline studies are as follows:

m Chlorophyll a in Bootjack Lake ranged from 0.7 to 4.2 pg/L in 1995 (HKP 1996), which indicates the lake was
oligotrophic according to the trophic classification scheme of Vollenweider (1970).

1‘ >
17 October 2016 ‘*Golder
Reference No. 1411734-162-R-Rev0-16000 75 Associates



MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

m The number of phytoplankton species identified in Bootjack Lake was 19 in August and 23 in October 1989,
with the chryptophyte species Chroomonas acuta being the dominant species in both sampling events
(IMC 1990).

m The small chrysophytes (Ochromonas and Chromulina species) dominated the phytoplankton species in
Bootjack Lake from May to October 1995 (HKP 1996).

m Zooplankton samples showed considerable variation between sampling locations and seasons
(IMC 1990; HKP 1996). For example, the cyclops species Cyclops bicuspidatus thomasi dominated the
zooplankton population of Bootjack Lake in May; the rotifers, Kellicottia species and Keratella cochlearis
dominated in June and August, respectively; and the cladocerians Daphnia rosea and D. longiremis were the
dominant species in both September and October (HKP 1996).

Benthic Invertebrate Communities

A benthic invertebrate community assessment was conducted as part of the post-event investigations for the
PEEIAR (Minnow 2015b). A description and rationale of the study design, the certified benthic taxonomist who
analyzed the 2014 samples, maps of sampling locations within Bootjack Lake (the reference lake) and
Polley Lake, an evaluation and description of baseline data including changes from pre-mine conditions, and a
detailed summary and discussion of the 2014 data are provided in Minnow (2015b). A summary of statistical
comparisons between 2014 data from Bootjack Lake and Polley Lake is provided in Section 3.6.4. Dominant
invertebrate taxon groups at mid-depth and deep stations in Bootjack Lake during the 2014 sampling included
Oligochaeta (worms), Chironomidae (midges), Acari (mites), Ephemeroptera (mayflies), Plecoptera (stoneflies),
and Trichoptera (caddisflies).

Benthic invertebrate communities were monitored by the mine during baseline studies in 1989, 1995, and 1996
(IMC 1990; HKP 1996; HKP 1997, respectively). Monitoring continued during mine operations in 1999, 2002, and
2012 (Beak 2000; Morrow 2003; Minnow 2013a, respectively). The benthic communities tended to be dominated
by Chironomidae with other identified species including Hydracarina, Chaoborinae, Nematoda, and Oligochaeta
(IMC 1990; HKP 1996).

Fish and Fish Habitat

Past studies in Bootjack Lake have identified three fish species within the lake: bridgeslip sucker
(Catastomus columbianus), longnose sucker, and rainbow trout (MPMC 2009).

Bootjack Lake is home to a sport fishery for a small-bodied population of native rainbow trout (Dolighan and
Zirnhelt 2015). Aerial survey data of the sport fishery indicate that angler effort in the past has ranged between
400 to 2,400 days per year (Dolighan and Zirnhelt 2015). Survey data indicated that 12 inlet streams draining into
Bootjack Lake contribute to the production of rainbow trout to Bootjack Lake (Dolighan and Zirnhelt 2015).
Very low numbers of adult rainbow trout, ranging between 5 and 30, were observed in most tributaries, and only
one stream (Tributary 10) had higher numbers of spawning trout. Survey results also indicated that the
Morehead Creek outlet provides spawning habitat for rainbow trout to this lake.
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3.6.3 Hazeltine Creek
Periphyton

Periphyton was sampled in upper Hazeltine Creek during the baseline studies (HKP 1996). Three replicate
periphyton samples were collected in August 1995. Samples were split into two vials for species identification and
chlorophyll a analysis. The samples consisted of diatoms (99% to 100%) with the dominant species being
Nitzschia spp, Synedra ulna, and Navicula spp. (HKP 1996). Mean chlorophyll a concentrations ranged from
2.59 to 5.88 pg/500 mL (HKP 1996).

Benthic Invertebrate Community

No benthic invertebrate community sampling was conducted in Hazeltine Creek in 2014 due to the absence of
appropriate erosional habitat following the TSF foundation failure (i.e., substrates were fine materials derived from
the tailings and scoured creek bed). Benthic invertebrate sampling was undertaken in 2015 following
reconstruction of the creek channel to track recovery, but the results of these surveys were not available when this
TAR was prepared.

Benthic invertebrate community surveys were conducted during pre-mine baseline studies in 1995 and 1996
(HKP 1996, 1997) and during mine operations in 1999 and 2007 (Beak 2000; Minnow 2009). The data were
re-evaluated by Minnow (2015b) to allow for comparisons to 2014 data. Benthic invertebrate community
characteristics were relatively stable from 1995 to 2007, with the exception of lower densities in 1996, which may
have been related to differences in sampling methods (Minnow 2015b). The proportion of EPT (Ephemeroptera,
Plecoptera, Trichoptera) taxa were high in both upper and lower Hazeltine Creek (43% to 76%) compared to other
taxa, indicative of good ecosystem health (Minnow 2015b).

Fish and Fish Habitat

Prior to the TSF foundation failure, rainbow trout, longnose sucker, and redside shiner appeared to be the only
species inhabiting upper Hazeltine Creek (Minnow 2014). A steep section of the creek located 5.8 to 7.0 km
downstream of Polley Lake presents a barrier to fish passage, such that fish from Quesnel Lake cannot access
upper Hazeltine Creek and Polley Lake (Minnow 2014). Fish species found in lower Hazeltine Creek included
sockeye salmon, chinook salmon, coho salmon, kokanee, rainbow trout, mountain whitefish, burbot, largescale
sucker, longnose sucker, longnose dace, peamouth chub, and redside shiner (SNC-Lavalin 2015a).
Hazeltine Creek was characterized as having moderate gradient, riffle-run stream morphology with flow typically
confined within a well-defined, meandering channel containing predominantly cobble-gravel substrate and
bordered by relatively steep banks (MPMC 2009).

Erosion control and creek remediation efforts have been undertaken including removal of deposited tailings
material, excavation and stabilization of a new creek channel, re-grading of the floodplain, and re-vegetation. The
works carried out to date have markedly controlled erosion. Fish access to Hazeltine Creek has been restricted
with temporary fish exclusion barriers and the creek is presently not used by fish.
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3.6.4 Polley Lake
Plankton

In terms of current conditions, plankton communities were sampled at two stations in Polley Lake during the open
water period from May to September 2015 (Golder 2016f). This sampling event was an update to the Quesnel and
Polley Lakes Aguatic Productivity Impact Assessment (Golder 2015i) that was submitted as part of the PEEIAR in
June 2015 (MPMC 2015c¢). In general, the sampling procedures in 2015 were consistent with those used in 2014
by the MoE. Details on sampling locations and timing, together with methods for field sampling, laboratory analysis,
data analysis, and QA/QC for this sampling event are reported in Golder (2016e).

A brief summary of the findings for the 2015 Polley Lake plankton sampling is as follows:

m Trophic status of Polley Lake was classified as ranging from oligotrophic to mesotrophic based on nutrients
measured close to the surface, Secchi depth, and chlorophyll a concentrations reported during the
2015 period from May to September. The nutrient data represented a sub-set of the nutrient data evaluated
in the 2015 Surface Water Quality Assessment from April to November at both surface and deep water
sampling locations (Golder 2016d). Evaluation of the entire 2015 total phosphorus dataset concluded that
phosphorus concentrations in Polley Lake were similar to those reported by Minnow (2014) that reported the
lake had changed from oligotrophic/mesotrophic to mesotrophic/eutrophic by 2012, two years prior to the
TSF foundation failure.

m Total zooplankton abundance in Polley Lake increased from May to June followed by a decline in abundance
from June to August. In September, zooplankton abundance at one sampling location (P1) increased, while
the other location (P2) had a slight decline from August. Total zooplankton abundance ranged from
approximately 5,000 to 25,000 organisms/m? among stations and sampling event in 2015, which is within the
range observed in baseline samples collected between 1989 to 1996 (1,394 to 559,437 organisms/m3;
reported in Minnow 2014).

m Similar community composition was observed at the two stations in Polley Lake. Copepod nauplii made up
the greatest proportion of total zooplankton abundance in Polley Lake between May and July, whereas
cyclopoid copepods were generally dominant in August and September. Cladocerans, rotifers, and calanoid
copepods were generally present in smaller numbers at both stations through the open water period.

Historical data for the plankton community in Polley Lake can be found in baseline studies conducted in
1989 (IMC 1990), 1995 (HKP 1996), and 1996 (HKP 1997).

Benthic Invertebrates Communities

A benthic invertebrate community assessment was conducted as part of the post-event investigations for the
PEEIAR (Minnow 2015b). A description and rationale of the study design, the certified benthic taxonomist who
analyzed the 2014 samples, maps of sampling locations within Polley Lake and the reference lake (Bootjack Lake),
an evaluation and description of baseline data including changes from pre-mine conditions, and a detailed
summary and discussion of the 2014 data are provided in Minnow (2015b). A brief summary of the results is
provided below.
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Samples were collected in mid-depth and deep stations in Polley Lake and the reference lake (Bootjack Lake) in
2014; mid-depth station results in Polley Lake were compared to reference conditions using a control-impact
statistical design and deep station results were compared to baseline (1999) and reference conditions using a
before-after-control-impact statistical design. Overall, the results suggested a potential impact of the TSF
foundation failure to benthic invertebrate communities at mid-depth stations and deep stations in the north basin.

Dominant invertebrate taxon groups at the Polley Lake mid-depth and deep stations included Oligochaeta (worms),
Chironomidae (midges), Acari (mites), Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera
(caddisflies). Although no statistically significant differences in proportions of key benthic taxa were found, the
reference lake appeared to have a higher proportion of Chaoboridae, which were not present or only had a small
presence in Polley Lake. In addition, community composition in the deep stations in the north basin differed from
that observed in 1999, with more oligochaetes and fewer Chironomidae, which was not observed in the reference
lake.

The benthic invertebrate community assessment in Polley Lake was based on samples collected within a few
months after the TSF foundation failure and therefore, the benthic invertebrates would not have had sufficient time
to recover from the physical disturbance. Benthic invertebrate community samples were collected in 2015 to track
the recovery but the results of these surveys were not available when this TAR was prepared.

Fish and Fish Habitat

The following summary of fish and fish habitat in Polley Lake is based primarily on Minnow (2014), with additional
information provided by Lirette (2015) and SNC-Lavalin (2015a). Rainbow trout, longnose sucker, and redside
shiner have been confirmed to be present in Polley Lake based on fish surveys conducted pre-mine and during
operations (i.e., 1989 [IMC 1990], 1995 [HKP 1996], 1999 [Beak 2000], 2009/2010 [Minnow 2011],
2012 [Minnow 2013a], and 2014 [Lirette 2015]). No provincially or federally listed species are known to occur in
Polley Lake (SNC-Lavalin 2015a).

Polley Lake supports a recreational fishery for rainbow trout with catch-per-unit-effort of rainbow trout suggesting
that the fish population has remained fairly consistent between 1995 and 2012 (Minnow 2014). SNC-Lavalin did
not find any specific information describing the fish habitat in Polley Lake during their post-event fish impact
assessment for the PEEIAR (SNC-Lavalin 2015a).

Rainbow trout spawning and rearing habitat is present in several of the small drainages that enter Polley Lake;
however, their contribution to productivity is not known. Hazeltine Creek is the only outlet for the lake and outlet
spawning by rainbow trout was known to occur (SNC-Lavalin 2015a).

3.6.5 Biological Tissue Sampling

A brief summary of the biological tissue sampling in the study waterbodies (Quesnel Lake, Bootjack Lake,
Hazeltine Creek, and Polley Lake) with respect to a characterization of baseline conditions is presented in this
section. Tissue sampling was conducted as part of monitoring programs to determine environmental impacts
following the TSF foundation failure and have been reported in detail elsewhere.
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2014/2015 Fish Tissue Collection

Fish tissue samples were collected in 2014 and in 2015 from Quesnel Lake, Polley Lake, and Bootjack Lake, as
well as a second reference lake (Trio Lake). Golder (2016g) consolidated and summarized the available fish tissue
data, characterizing the data by exposure and reference sites, species, tissue type, and collection year to conduct
a high-level exploratory analysis. In summary, the preliminary findings are:

m Selenium concentrations in ovary tissue of Polley Lake rainbow trout collected in 2015 were elevated and
appeared anomalous relative to other species, locations, and years. This increase was not present in rainbow
trout samples collected in 2016. Additional monitoring is ongoing to address this residual uncertainty.
Regardless, measured concentrations in a number of ovary samples from Polley Lake rainbow trout have
exceeded the applicable guideline of 11 mg/kg dw. Whole-body and/or muscle concentrations have also
exceeded the applicable guideline of 4 mg/kg dw in several instances in this lake.

m Increased arsenic concentrations were observed in some organ-specific samples that could be a precursor
for accumulation in muscle tissue over time; however, there were no exceedances of the applicable guideline
observed in tissue samples that would typically be consumed by humans (e.g., muscle samples).

m  For other metals, the pattern of accumulation in tissues was inconsistent and data were not further evaluated
by Golder (2016g) relative to tissue guidelines.

Although a sizeable number of fish were collected in 2014 and 2015, sampling was generally opportunistic. Data
are currently limited to two years of sampling, and tissue concentrations may change over time for different metals
as water quality is expected to improve with rehabilitation of aquatic systems such as Hazeltine Creek.

Zooplankton Tissue Chemistry

Detailed results for tissue chemistry measured in zooplankton collected monthly from May through
September 2015 from Quesnel Lake and Polley Lake are provided in Golder (2016f). In summary:

Quesnel Lake

m An increasing trend in arsenic concentrations was observed in zooplankton tissue at all three stations
sampled in Quesnel Lake, but was not correlated with aqueous arsenic concentrations at comparable water
sampling stations.

m No consistent trends were observed in zooplankton tissue concentrations of copper or mercury.

m Tissue selenium concentrations showed a general increasing trend at all three stations over the summer, but
was not correlated with aqueous selenium concentrations. Tissue selenium concentrations were generally
below the BC interim dietary guideline for tissue consumption by fish (MoE 2016a), but some concentrations
reported for the Hazeltine and Junction stations were at or above this guideline during some sampling events.
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Polley Lake

Zooplankton tissue concentrations of arsenic, copper, mercury, and selenium were generally similar between
sampling stations in Polley Lake. An increasing trend in tissue concentrations of these parameters was
observed at station P1 over the summer, but was not correlated with aqueous concentrations with the
exception of copper, which also exhibited a slight increase in aqueous concentrations.

Tissue selenium concentrations were at or above the BC interim dietary guideline for tissue consumption by
fish (MoE 2016a) at both stations.

Benthic Invertebrate Tissue Chemistry

Detailed results for tissue chemistry measured in benthic invertebrates collected in 2015 from Quesnel Lake,
Polley Lake, Bootjack Lake, and Hazeltine Creek are provided in Minnow (2015b). In summary:

Quesnel Lake

Littoral samples were composed mainly of chironomids, mayflies, leeches, amphipods, and pea clams.
Tissue concentrations of all metals, including copper, in benthic invertebrates from the far-field area of
Quesnel Lake did not differ from the reference area. Concentrations of selenium in invertebrates were less
than the wildlife dietary guideline of 4 pyg/g dw.

Profundal samples were composed mainly of chironomids. Copper was the only metal for which tissue
concentrations significantly were greater in the near-field compared to the reference area, but it was not
considered to be biomagnifying in that area based on a comparison of copper concentrations in co-located
sediment and benthic invertebrate samples (Golder 2016g). Tissue selenium concentrations for the near-field
area were slightly greater than the dietary guideline of 4 pg/g dw, but were significantly less than reference
area concentrations, indicating influences other than the mine which was supported by regional historic
sediment data. (e.g., Jackaman 2008).

Polley and Bootjack Lakes

Polley and Bootjack lake samples were composed mainly of chironomids and oligochaetes. Concentrations
of copper, manganese, molybdenum, selenium, tin, and titanium in benthic invertebrates from Polley Lake
were more variable and were significantly higher than those from Bootjack Lake (reference area).

For all these metals, except selenium, concentrations were lower in benthic invertebrates compared to
sediment concentrations in Polley Lake and Bootjack Lake, indicating accumulation factors of less than 1.
For selenium, tissue concentrations were approximately two times higher than sediment concentrations,
indicating that benthic invertebrates in Polley Lake may be accumulating selenium. However, benthic
invertebrates were not depurated prior to analysis, so sediment in the gut may have contributed to the metal
content.
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Hazeltine Creek

m Concentrations of several metals in benthic invertebrates from both upper and lower Hazeltine Creek were
significantly higher compared to samples from Edney Creek, the corresponding reference area.

m Tissue concentrations of several metals, including selenium, were lower in 2015 compared to samples
collected in Hazeltine Creek prior to the TSF foundation failure. Only copper and vanadium were higher in
tissue from 2015.

3.7 Vegetation and Wildlife
3.7.1 Vegetation

Based on a search undertaken by SNC-Lavalin (2015b) of the provincial vegetation database, no records of
ground-based vegetation surveys were found for the assessed study area (i.e., the Hazeltine Creek Corridor).
Instead, SNC-Lavalin (2015b) used terrestrial ecosystem mapping and post-TSF foundation failure field surveys
to assess the vegetation characteristics within the Hazeltine Creek Corridor.

The terrestrial study area for the TAR is located within the Quesnel Highland Ecosection, a highland area
characterized by Wet Interior Cedar—Hemlock forests in the valleys and low slopes, and cold-tolerant
Engelmann Spruce—Subalpine Fir forests on the upper slopes and lower mountain summits (Demarchi 2011). The
terrestrial study area is characterized by two biogeoclimatic subzones: the Horsefly moist cool (ICHmMk3) and the
Quesnel wet cool (ICHwk2). The ICHmMk3 subzone is dominated by Douglas fir (Pseudotsuga menziesii), western
redcedar (Thuja plicata), and hybrid white spruce (Picea glauca x engelmannii); the understory includes falsebox
(Paxistima myrsinites) and moss species. The ICHwk2 is dominated by western redcedar, western hemlock
(Tsuga heterophylla), and hybrid white spruce (Picea glauca x engelmannii). The understory for this variant
includes bunchberry (Cornus canadensis), oval-leaved blueberry (Vaccinium ovalifolium), step moss (Hylocomium
splendens), and pipecleaner moss (Rhytidiopsis robusta).

SNC-Lavalin (2015b) identified one Red-listed (endangered or threatened) and two Blue-listed (special concern)
communities within the ICHmMk3 zone of the Hazeltine Creek Corridor. The Red-listed community was a
fen/wetland (scrub birch/sedges/peat-mosses), while the Blue—listed included the forested communities of western
redcedar/oak fern/electrified cat’s-tail moss and the western redcedar/falsebox. No listed communities were
identified in the ICHwk2 subzone.

3.7.2 Wildlife and Wildlife Habitat

Based on a search undertaken by SNC-Lavalin (2015b) of the provincial wildlife database, no records of
ground-based wildlife surveys were found for the assessed study area (i.e., the Hazeltine Creek Corridor).
SNC-Lavalin (2015b) used field data collected during post-TSF foundation failure field surveys, as well as regional
species checklists and known species occurrences to assess wildlife in the Hazeltine Creek Corridor.

Wildlife species documented in the vicinity during fieldwork conducted after the TSF foundation failure (e.g., during
reconnaissance terrestrial survey, soil monitoring surveys, construction monitoring) are provided in Table 3-22.
Table 3-22 also includes wildlife species observed by mine staff in 2014 and 2015 (Litke 2016, pers. comm.;
Hughes 2016, pers. comm.). This is not an exhaustive list of species expected to occur but likely represents the
more common species that use the area throughout the year.
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Table 3-22: Wildlife Species Detected in the Vicinity of the Mine, 2014 to 2015

Mammals

Birds

Herpetofauna

Moose (Alces americanus)

Mule deer (Odocoileus hemionus)
Beaver (Castor canadensis)

Gray wolf (Canis lupis)

Black bear (Ursus americanus)
Cougar (Puma concolor)

Lynx (Lynx canadensis)

Red fox (Vulpes vulpes)

River otter (Lontra canadensis)

Red squirrel (Tamiasciurus hudsonicus)
Snowshoe hare (Lepus americanus)
Coyote (Canis latrans)

Bobcat (Lynx rufus)

Skunk (Mephitis mephitis)

Muskat (Ondatra zibethicus)
Packrat (Neotoma sp.)

Ermine (Mustela erminea)

Pine marten (Martes americana)
Fisher (Martes pennanti)

Mallard (Anas platyrhynchos)

Bufflehead (Bucephala albeola)
Ring-necked duck (Aythya collaris)
Common goldeneye (Bucephala clangula)
Northern pygmy-owl (Glaucidium gnoma)
Hairy woodpecker (Picoides villosus)
Pileated woodpecker (Dryocopus pileatus)
Ruffed grouse (Bonasa umbellus)

Spruce grouse (Falcipennis canadensis)
Bald eagle (Haliaeetus leucocephalus)
Common loon (Gavia immer)

Steller’s jay (Cyanocitta stelleri)

Osprey (Pandion haliaetus)

Golden eagle (Aquila chrysaetos)

Killdeer (Charadrius vociferus)

Great blue heron (Ardea herodias)
Sandhill crane (Grus canadensis)

Hooded merganser (Lophodytes cucullatus)

Common merganser (Mergus merganser)
Belted kingfisher (Megaceryle alcyon)
American dipper (Cinclus mexicanus)
Northern harrier (Circus cyaneus)
Red-tailed hawk (Buteo jamaicensis)
Canada goose (Branta canadensis)
Trumpeter swan (Cygnus buccinator)

Common gartersnake
(Thamnophis sirtalis)
Pacific treefrog
(Pseudacris regilla)
Western toad
(Anaxyrus boreas)
Columbia spotted frog
(Rana luteiventris)

Source: SNC-Lavalin 2015b; Litke 2016, pers. comm; Hughes 2016, pers. comm.

At-risk terrestrial wildlife potentially present in the Hazeltine Creek Corridor includes eight Blue-listed species
(special concern: three mammals, two birds, one amphibian, two invertebrates) and two Yellow-listed species
(secure, not at risk: one mammal and one bird; Table 3-23). Regionally important species that may occur within
the Hazeltine Creek Corridor, but are not listed species, include moose (Alces americanus), mule deer (Odocoileus
hemionus), and bald eagle (Haliaeetus leucocephalus). Economically important species that may occur within the
study area include furbearers, black bear (Haliaeetus leucocephalus), waterfowl, and game birds. A list of the bird
species expected to occur within the Cariboo region is provided in Appendix 2 of SNC-Lavalin (2015b).
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Table 3-23: At-Risk Terrestrial Wildlife Species Potentially Present in the Hazeltine Creek Corridor

Common Name

Scientific Name

BC Conservation Status Rank®

Hagen's bluet Enallagma hageni Blue
Magnum mantleslug Magnipelta mycophaga Blue
Western toad Anaxyrus boreas Blue
Great blue heron Ardea herodias Blue
Common nighthawk Chordeiles minor Yellow
Olive-sided flycatcher Contopus cooperi Blue
Wolverine Gulo luscus Blue
Little brown myotis Myotis lucifugus Yellow
Northern myotis Myotis septentrionalis Blue
Fisher Pekania pennanti Blue

(a) Source: http://www.env.gov.bc.ca/atrisk/red-blue.html
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4.0 RECLAMATION PLANNING AND EFFECTIVE MINE CLOSURE

As discussed in Section 1.0, in addition to its procedural role in applying for an effluent permit amendment, an
objective of this TAR is to develop a Long-Term Water Management Plan that is adaptable to mine development,
including during the closure and post-closure conditions. Therefore, water quantity and quality predictions
(Appendix B and D) have also been developed for these mining periods based on the proposed closure plan
provided in the RCP (MPMC 2015d). The following subsections provide an overview of the closure plan. The
reader is referred to MPMC (2015d) for additional details.

4.1  Approach to Reclamation Planning

An updated RCP has been prepared by MPMC (2015d). The overarching reclamation objectives for the mine, as
detailed in the RCP, are:

m long-term preservation of water quality within and downstream of decommissioned operations
m long-term geotechnical stability of constructed works

m removal of all access roads, ponds, ditches, pipelines, structures, and equipment not required following mine
closure

m long-term stabilization of all exposed materials that are susceptible to erosion

m establishment of a self-sustaining vegetative cover consistent with existing forestry, grazing and wildlife
needs (i.e., end land use objectives)

m natural integration of disturbed lands into the surrounding landscape and restoration of the natural
appearance of the area

The following sections provide a summary of the RCP for the waste rock dumps, the TSF, ore stockpiles and the
open pits. The reader is referred to the RCP (MPMC 2015d) for additional detail on the closure strategies for the
mine.

411 Waste Rock

The following waste rock dumps will be present at the mine at the cessation of operations (Figure 2-1):
m  Temporary NW PAG Stockpile
m  North Bell Dump

m  Boundary Dump

m NEZDump
m EastRDS
m SERDS
=
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Waste rock that is identified as PAG during mining is trucked to the Temporary NW PAG Stockpile. Geochemical
testing (Appendix C) indicates that, while this material is PAG, there is sufficient neutralization potential to buffer
acid production for decades. At closure, PAG waste rock will be re-handled and placed in the mined-out
Phase 4 Cariboo-Springer Pit and covered with water, and the Temporary NW PAG Stockpile will cease to exist.
The PAG waste rock will be fully submerged following flooding of the pit, and these materials are not expected to
become acid generating in the long term.

The North Bell Dump, Boundary Dump, NEZ Dump, East RDS, and SERDS contain NAG waste rock. NAG waste
rock mined during full operations and not required for projects or TSF construction will be placed in the SERDS.
The waste rock stored in existing waste rock dumps is a mixture of waste rock mined from different pits
(Appendix C) and, based on an inventory of the of the operational waste rock characterization, the amount of PAG
rock outside of the Temporary NW PAG Stockpile is low (Section 3.1.3) and the drainage from NAG rock is
expected to be neutral in perpetuity (Appendix C).

At closure, waste rock dumps will be re-sloped to maximum steepness of 2:1 and vegetated with the objective of
creating functioning terrestrial habitat consistent with end land use objectives, and returning the surface runoff to
as close to a natural runoff water quality as practicable. Following closure, drainage from the re-vegetated waste
rock dumps will consist of surface runoff and seepage through the facilities.

4.1.2 Tailings Storage Facility

At closure, MPMC proposes to reclaim the surface of the TSF into a forested and wetlands site. Approximately
15% of the surface area of the TSF basin is proposed to be covered with water, with the remainder of the area
being vegetated with indigenous species of trees, shrubs, and grasses. The pond level within the TSF will be
controlled by an overflow spillway constructed at an abutment. The spillway will be sized to manage the probable
maximum flood. The downstream embankment slopes will be pushed down to a slope of 2H:1V and the buttress
will be sloped 3H:1V. The embankment and the buttress slopes will be covered with selected overburden materials
and seeded with grasses and legumes to provide a stable vegetation mat that resists erosion. The seepage
collection ponds and recycle pumps will be retained after closure until monitoring results indicate that the water
quality from the TSF is suitable for direct release to the environment.

The tailings deposition plan will be to maintain the supernatant pond at the centre of the facility, against the natural
topography. Within the last year of deposition, prior to closure, the deposition plan will change to push the pond
closer to the northern corner (Corner 5) where the spillway is located, and at the same time reduce the pond
volume. The operational spillway will limit the size of the pond and leave the majority of the TSF surface area
without water cover.

The tailings conveyance system will be removed immediately following cessation of operations. The reclaim barge,
pumps, and pipeline will be used for supplementary flooding of the open pits, as required, and will then be removed.
Once open pit flooding is complete, the surface water diversion channel will be regraded to allow natural runoff
through the tailings area.
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4.1.3 Ore Stockpiles

Ore is currently stockpiled in the following locations at the mine:
m  #1 Ore Stockpile
m Cariboo Ore Stockpile

m High Oxide Stockpile

Mining of the Phase 4 Cariboo-Springer Pit is expected to produce an additional 3.5 Mt of stockpiled ore
(MPMC 2015a). MPMC proposes to process 5.3 Mt of stockpile ore during full operations; however, the total
volume of stockpiled ore that will be processed will be evaluated based on the available storage capacity in the
TSF at the cessation of mining in the Cariboo-Springer Pit and economic conditions at the end of the
four-year mine plan. It is estimated that 6.0 Mt of stockpiled ore will be stored at surface during closure.

4.1.4 Pit Lakes

Passive flooding of the following pits will commence at closure:
m  Cariboo-Springer Pit
m  Wight Pit

m Boundary Pit

The pits will be fully flooded during post-closure, and will discharge at surface.

4.2 End Land Use and Capability Objectives

The primary land uses prior to the mine development were commercial forestry and wildlife habitat. In addition,
some portion of the area was also used for cattle grazing, recreational activities, and hunting and trapping prior to
the mine being developed. The land was not used for agriculture. The main objective of MPMC reclamation
program is to return all areas that have been altered by the mine disturbance, with the exception of the pit walls,
back to equivalent or greater land capability than existed prior to the mine being developed. The primary end land
uses are wildlife habitat and forestry. The reader is referred to the RCP (MPMC 2015d) for details of the end land
use and capability objectives.
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5.0 DISCHARGES AND TREATMENT
5.1 Summary

As is common for developed mines in BC, the mine has a positive water balance, and, as such, discharge will be
required during operations, closure, and post-closure to prevent the stored accumulation of water. The location
and number of discharges is anticipated to vary throughout these periods. During operations, contact water from
within the mine site and the outlet location (Section 5.3) can be actively managed. Water will be discharged from
the Springer Pit and the PETBP, and amended EMA Permit 11678 limits are proposed (Section 5.4) for these
discharges. While not proposed, a No Discharge scenario has been considered to account for unforeseen
circumstances, assuming site water would be stored in the Springer Pit and discharge cannot occur for an
extended period. Hydrogeological modelling (Appendix B) indicates water would exfiltrate from the Springer Pit
and migrate towards Bootjack Lake as the pit lake elevation rises above 1,030 masl. Proposed discharge limits for
Springer Pit seepage are also included in this TAR (Section 5.4).

As discussed in Section 4.0, the objectives of the RCP are to return the mine to pre-mining land capability. Because
the mine is constructed in a watershed divide, it is desired that during the post-closure period, drainages will be
distributed back to their natural watersheds (Bootjack Lake, Polley Lake, and Hazeltine Creek), provided that this
can be achieved in an environmentally appropriate manner. The focus of this TAR is on the evaluation of discharge,
which is a necessary component of water management during operations for the four-year mine plan; however,
the technical information included in this TAR has incorporated conceptual long-term water management and
discharge plans, including during the post-closure phase.

At present, MPMC is applying to amend EMA Permit 11678 effluent limits for the currently authorized operations
period, and the modelling that was applied to establish these limits has been extended into the closure and
post-closure periods. The modelling carried out as part of the impact assessment and setting of proposed permit
limits reflects current plans in the four-year mine plan detailed in the Mount Polley Return to Full Operations Permit
Amendment Application (MPMC 2015a), and the closure and post-closure modelling reflects plans in the
2015 RCP update (MPMC 2015d), both as filed with MEM on November 6, 2015. Closure and post-closure
discharge permit amendments will be sought at a later stage in the mine life as directly measurable data and
additional information becomes available during operations. As an example, some of this information includes:

m validation of source terms though site water quality monitoring

m updated water quality and water balance predictions based on the results of ongoing monitoring and model
validation

m intervening changes to the mine plan (which, if contemplated, would be permitted separately)

m refinements and optimizations to the RCP, if they significantly affect water quality, water quantity, or the site
water management system (which may be included in the 15 January 2017 update)

m refinements and optimizations to the site water management system

m passive water treatment research and pilot testing (which may be advanced in the 15 January 2017 update)
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The following sections provide a summary of the discharge quantity and quality, as well as a description of how
treatment, using BAT, will be applied. Proposed amended EMA Permit 11678 effluent limits for operations are also
provided.

5.2 Description of Discharges

To evaluate the quantity and quality of discharges from the mine, the site-wide water balance model (SWWBM)
and the WQM, developed in GoldSim® were updated to reflect the four-year mine plan. Details of the model
calibration, inputs, assumptions, and results of the SWWBM and the WQM are provided in Appendix B and
Appendix D, respectively.

The SWWBM and the WQM simulated concentrations for the following periods:
m operations—January 2016, to June 2020
m closure—July 2020, to June 2022

m post-closure—July 2022, to December 2100

The model was run stochastically for 500 realizations. For each realization, a unique time series was calculated
based on values that were randomly sampled from within a statistical probability distribution that was derived
for each input. Following each simulation, mean, 90", and 99.5™" percentile volumes were calculated from the
500 realizations to assess a range of conditions and their associated probability in the SWWBM. Median and
95" percentile concentrations were calculated for each discharge source in the WQM. To put the results in
context, a 95" percentile prediction indicates the maximum concentration that is likely to be reached over
the duration of the simulation, with a 95% likelihood that concentrations will be at or below that concentration
(it does not suggest that concentrations will exceed this value 5% of the time).

The set of water quality constituents included in the model is provided in Table 5-1. This constituent list was carried
forward to predict concentrations at all points of interest, including concentrations in the downstream receptors
(e.g., Quesnel Lake and Bootjack Lake).

Table 5-1: Water Quality Model Constituent List

Category Constituent
Physical parameters TDS, hardness (calculated)
Major ions Calcium, chloride, fluoride, magnesium, potassium, sodium, sulphate
Nutrients Ammonia, nitrate, nitrite, total phosphorus

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

Total and dissolved metals
and metalloids

Note: Other water quality parameters such as pH and temperature were assumed based on historical site monitoring data. TSS concentrations

are assumed to be treated to the permit limit (i.e., 15 mg/L monthly mean, 30 mg/L maximum).
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MPMC maintains a robust database of site water quality monitoring results that extend over a decade. The results
of this monitoring are therefore considered to represent the most probable drainage water quality from mine site
facilities. The source terms provided by SRK (Appendix C) represent a conservative estimate of mine site facility
drainage water quality under the assumption that the sources are at their solubility limits and they provide a
conservative estimate of how the site drainage could change in the long term. Because it is not possible to know
at what point in time the source term method may become a better predictor of water quality (if indeed it does),
and because that time may vary for different sources and constituents, the following two scenarios were included
in the WQM:

m Scenario 1—discharge water quality evaluated using site monitoring data as inputs

m  Scenario 2—discharge water quality evaluated using source terms developed by SRK (Appendix C)

Within the context of the TAR, Scenario 1 results are used as the design basis for the WTP, as well as to provide
inputs into the impact assessment. Concentrations modelled in this scenario are thought to be more representative
of operations water quality than Scenario 2 because the main conditions driving source water chemistry
(e.g., mill operations, water management practices, pH, and redox state of mine materials) are not expected to
change for the remainder of operations. The model does account for the main drivers that are expected to change,
such as mining and milling of specific ore bodies and deposition and transfer of tailings to the TSF. Therefore,
Scenario 1 results were used for deriving EMA Permit 11678 limits that are proposed for operations. The
Scenario 2 results provide trajectories for monitoring as part of MPMC’s CEMP (Section 8.0) to identify when
adaptive management may be required. Future water quality monitoring data can be used to validate the model
and will provide an early indication of whether site drainage is tending toward solubility limits, which may indicate
the need for additional management during operations or to inform closure planning activities.

5.2.1 Operations

MPMC is currently authorized to discharge up to 0.3 m%/s per EMA Permit 11678. Site water requiring discharge
is managed through the Springer Pit and/or the PETBP (Figure 2-1) before being treated and discharged. The
existing Veolia Actiflo® treatment plant (Appendix E) has a design treatment capacity of 0.23 m?%/s, which may be
exceeded depending on feed water quality. The authorization for the current discharge was received on
30 November 2015, following amendment of EMA Permit 11678. Between December 2015 and June 2016 the
WTP operated at its 0.23 m%/s design capacity part of the time, and at approximately 75% of design capacity on
average, with water levels in the Springer Pit continuing to rise. Monitoring of water stored in the Springer Pit
indicated this water contains constituent concentrations below than the approved EMA Permit 11678 limits and is
suitable for direct discharge. Based on the influent feed water quality monitoring and recognizing the need to lower
water elevations in the Springer Pit, the WTP was programmed to include a passive treatment mode based on
influent water quality as determined by online instrumentation whereby reagents are not added and mechanical
mixing is not active. This passive treatment mode increases the effective discharge rate, while all water continues
to pass through the WTP (including lamella), and is monitored by online instrumentation. If water quality
deteriorates, the WTP enters “active” treatment mode. In any of these situations, attainment of permit limits
remains a legal requirement. Between July 2016 and August 2016, while operating in passive treatment mode,
the average effluent discharge rate was 0.28 m3/s (approximately 93% of the maximum authorized discharge rate),
and the Springer Pit water level was lowered by 8.5 m from its peak elevation.
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MPMC proposes to continue to discharge treated water, sourced from the PETBP, TSF, and/or water stored in the
Springer Pit via the WTP during operations. The following sub-sections provide the details of the quantity and
quality of these discharges.

5.2.1.1 Quantity of Discharge

The daily variation in the total mine water discharge for the mean, 90", and 99.5™ percentiles' during operations
is shown in Figure 5-1. Estimated annual discharge volumes during full operations are shown in Table 5-2. Until
the end of full operations (June 2020), discharge modelling is limited to 0.33 m%s (0.30 m%/s before 1 July 2016),
which accounts for a 10% increase in presently permitted flows.

MPMC has applied for a maximum annual discharge rate of 10 Mm? in the EMA Permit 11678 amendment.
Although this EMA Permit 11678 amendment application has yet to be processed by the MoE; for the purpose of
water balance modelling (Appendix B), a maximum discharge rate of 0.33 m3/s was selected to represent the
discharge under normal operating conditions after 1 July 2016 in the model. However, to balance larger flows that
occur during freshet, MPMC is applying for a maximum instantaneous discharge rate of 0.6 m3/s as part of this
Long-Term Water Management Plan. This will allow water levels in the Springer Pit and peak flows during freshet
to be managed, minimizing the volume of surplus water required to be stored on site. The average discharge rate
of 0.33 m¥/s reflects the constant rate required to discharge the maximum annual volume of 10 Mm3. Since no
more than 10 Mm? of water will be discharged annually, the discharge rate may be less than 0.33 m®s during
months with lower precipitation depths. Additional details on the proposed effluent limits are provided in Section
5.4 and assessment of impact in Section 6.3.

Notable points during operations include:
m During dewatering of the Springer Pit (2016 and 2017), the mean annual discharge is approximately 7.5 Mm?.

m  During full operations after the Springer Pit is dewatered (2018 to 2020), the mean annual discharge is
reduced to approximately 5.9 Mm3.

m The maximum annual discharge for 99.5"" percentile extreme wet conditions is 9.9 Mm3 in 2017
(year anticipated to have highest discharge needs in order to dewater the Springer Pit).

Therefore, while actual discharge rates are predicted to be lower than the maximum rate sought in this TAR,
10 Mm?3/yr is considered adequate to manage water under a wide range of foreseeable climate conditions.

190th and 99.5th percentiles correspond approximately to the 1:10-year wet and 1:200-year wet return periods, respectively.
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Figure 5-1: Discharge of Mine Water during Full Operations

Discharge (Mean) Discharge (90%) Discharge (99.5%)\

Table 5-2: Estimated Annual Discharge (treated plus bypass) of Mine Water during Operations

Annual Discharge
Year (m?3)
Mean 90" Percentile 99.5™" Percentile

2016 7,662,800 8,470,300 8,765,300
2017 7,379,300 8,864,200 9,914,100
2018 5,896,800 7,181,000 9,128,500
2019 5,805,000 6,573,600 7,912,900
2020 5,904,300 6,800,700 8,105,100

5.2.1.2 Quality of Discharge

The predicted quality of discharges for the Springer Pit and the PETBP are provided in Table 5-3. These
predictions present the range of water quality between the two discharge sources that can be directed to the WTP.
Predictions are shown assuming no treatment, so that water treatment can be added or optimized if necessary.
The concentrations provided in Table 5-3 represent the maximum of the daily median and 95" percentile
concentrations modelled during operations. Time series results for selected parameters, including TDS, sulphate,
nitrate, dissolved copper, molybdenum, and selenium, are presented in Figure 5-2 (Springer Pit) and Figure 5-3
(PETBP). To illustrate ranges, box and whisker plots showing the range of concentrations observed in the
Springer Pit and the PETBP are also presented. The total concentrations presented in Table 5-3 assume that TSS
have been settled to less than 15 mg/L, which meets the maximum monthly average concentration and the
instantaneous TSS limits in the current EMA Permit 11678 and the MMER.

1‘ >
17 October 2016 ‘*Golder
Reference No. 1411734-162-R-Rev0-16000 92 Associates



MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Predicted Springer Pit concentrations generally remain stable (e.g., have similar concentrations to current
conditions) until the end of 2017, when stored contact water in the Springer Pit has been pumped out. This occurs
because the pit lake accounts for the largest component of water in the pit during this period, in comparison to
other inflows (e.g., pit wall rock runoff, Temporary NW PAG Stockpile drainage). As the Springer Pit Lake elevation
is drawn down, the pit water quality becomes more variable as a result of the inflows accounting for a larger
percentage of the water stored in the Springer Pit (i.e., less equalization). At this time, water quality follows a
stronger seasonal trend, with peak concentrations occurring during freshet as a result of increased loadings from
pit wall rock runoff and the Temporary NW PAG Stockpile.

The PETBP is used to manage mine water prior to it being discharged via the WTP when water is not being
discharged directly from the Springer Pit. The PETBP collects drainage from several mine facilities including the
TSF and, therefore, the quality in the PETBP is a function of the constituent concentrations in several sources.
Water quality is predicted to have seasonal trends in the PETBP after the Springer Pit is dewatered in
January 2018 (i.e., when the PETBP would become the influent source for the WTP).
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Table 5-3: Summary of Predicted Springer Pit and Perimeter Embankment Till Borrow Pond Water Quality - Operations

Scenario 1 Scenario 2
Springer Pit Perimeter Embankment Till Borrow Pond Springer Pit Perimeter Embankment Till Borrow Pond
Parameter Units
Maximum of Median Maximum of 95th Maximum of Median Maximum of 95th Maximum of Median Maximum of 95th Maximum of Median Maximum of 95th
Predicted Percentile Predicted Predicted Percentile Predicted Predicted Percentile Predicted Predicted Percentile Predicted
Concentrations Concentrations Concentrations Concentrations Concentrations Concentrations Concentrations Concentrations
Physical Parameters
Hardness ‘ mg CaCOy/L | 571 697 593 677 695 712 864 901
Total Dissolved Solids mg/L 865 1002 883 998 1002 1017 1173 1205
Major lons
Calcium mg/L 174 212 183 207 213 217 264 272
Chloride mg/L 9.3 9.4 11 13 16 18 17 19
Fluoride mg/L 2.5 2.8 8.2 9.7 5.3 5.3 17 17
Magnesium mg/L 33 41 33 39 39 42 50 54
Potassium mg/L 9.3 9.3 10.0 13 9.8 9.8 15 15
Sodium mg/L 43 43 45 49 45 45 51 54
Sulphate mg/L 505 541 515 556 584 592 695 708
Nutrients
[Ammonia mg/L (as N) 0.21 0.54 0.53 0.64 0.33 0.33 1.0 1.0
Nitrate mg/L (as N) 9.8 17 9.3 14 22 24 21 22
Nitrite mg/L (as N) 0.08 0.43 0.057 0.23 0.3 0.31 0.29 0.3
Total Phosphorus mg/L 0.023 0.044 0.032 0.036 0.06 0.069 0.064 0.072
Total Metals
Aluminum mg/L 0.56 0.59 0.82 0.88 0.69 0.74 1.3 1.4
Antimony mg/L 0.0014 0.0016 0.0018 0.0022 0.0016 0.0018 0.0033 0.0035
Arsenic mg/L 0.0024 0.0033 0.012 0.014 0.0046 0.0047 0.024 0.025
Barium mg/L 0.086 0.087 0.11 0.12 0.097 0.098 0.19 0.2
Beryllium mg/L 0.00034 0.00048 0.00095 0.0012 0.0007 0.00079 0.0021 0.0022
Boron mg/L 0.16 0.3 0.15 0.2 0.26 0.39 0.25 0.3
Cadmium mg/L 0.000061 0.00023 0.00013 0.00026 0.00021 0.00031 0.00039 0.0005
Chromium mg/L 0.0012 0.0013 0.0018 0.002 0.0016 0.0017 0.0032 0.0034
Cobalt mg/L 0.00097 0.0049 0.00084 0.0023 0.007 0.0072 0.0058 0.0058
Copper mg/L 0.018 0.048 0.025 0.049 0.033 0.044 0.083 0.096
Iron mg/L 0.59 0.76 0.63 0.69 0.63 0.72 0.82 0.99
Lead mg/L 0.00023 0.00024 0.00039 0.00041 0.00032 0.00032 0.00065 0.00069
Lithium mg/L 0.014 0.016 0.013 0.018 0.016 0.019 0.025 0.028
Manganese mg/L 0.98 2.2 0.33 1.0 2.6 2.6 24 24
Mercury mg/L 0.0000025 0.0000026 0.0000032 0.0000035 0.0000025 0.0000025 0.0000025 0.0000025
Molybdenum mg/L 0.15 0.17 0.15 0.18 0.21 0.23 0.34 0.36
Nickel mg/L 0.0016 0.002 0.002 0.0024 0.0028 0.0029 0.0048 0.0051
Selenium mg/L 0.044 0.087 0.054 0.079 0.14 0.14 0.19 0.2
Silver mg/L 0.000034 0.000049 0.000094 0.00012 0.000073 0.000083 0.00021 0.00022
Strontium mg/L 3.0 3.4 2.8 3.5 3.7 4.1 6.4 6.9
Thallium mg/L 0.000091 0.0001 0.00021 0.00026 0.00014 0.00015 0.00042 0.00043
Tin mg/L 0.000071 0.00025 0.000064 0.00019 0.000098 0.00025 0.000091 0.00021
Titanium mg/L 0.031 0.035 0.03 0.033 0.036 0.038 0.039 0.042
Uranium mg/L 0.0026 0.0051 0.0024 0.0031 0.0032 0.0038 0.0043 0.0052
Vanadium mg/L 0.0051 0.0057 0.031 0.036 0.0094 0.0096 0.061 0.062
Zinc mg/L 0.0093 0.011 0.022 0.026 0.022 0.022 0.057 0.058
Dissolved Metals
Aluminum mg/L 0.075 0.098 0.33 0.39 0.2 0.25 0.8 0.86
Antimony mg/L 0.0014 0.0014 0.0017 0.002 0.0016 0.0016 0.0033 0.0034
Arsenic mg/L 0.0023 0.0031 0.012 0.014 0.0044 0.0046 0.024 0.024
Barium mg/L 0.081 0.082 0.1 0.12 0.092 0.093 0.19 0.19
Beryllium mg/L 0.00034 0.0004 0.00095 0.0012 0.0007 0.00071 0.0021 0.0021
Boron mg/L 0.16 0.27 0.15 0.16 0.26 0.36 0.25 0.27
Cadmium mg/L 0.000057 0.00014 0.00012 0.00017 0.00021 0.00022 0.00039 0.0004
Chromium mg/L 0.00055 0.00061 0.0012 0.0014 0.00098 0.001 0.0026 0.0027
Cobalt mg/L 0.00065 0.0046 0.00051 0.002 0.0067 0.0069 0.0055 0.0055
Copper mg/L 0.014 0.032 0.021 0.034 0.028 0.029 0.079 0.08
Iron mg/L 0.041 0.22 0.086 0.15 0.086 0.17 0.27 0.45
Lead mg/L 0.000083 0.000095 0.00024 0.00026 0.00017 0.00018 0.00051 0.00054
Lithium mg/L 0.013 0.013 0.012 0.015 0.016 0.016 0.025 0.025
Manganese mg/L 0.96 2.2 0.32 1.0 2.6 2.6 2.3 24
Mercury mg/L 0.0000025 0.0000026 0.0000032 0.0000035 0.0000025 0.0000025 0.0000025 0.0000025
Molybdenum mg/L 0.15 0.15 0.15 0.16 0.21 0.21 0.34 0.35
Nickel mg/L 0.001 0.0014 0.0014 0.0018 0.0022 0.0023 0.0042 0.0045
Selenium mg/L 0.044 0.083 0.054 0.074 0.14 0.14 0.19 0.19
Silver mg/L 0.000034 0.000039 0.000094 0.00011 0.000073 0.000073 0.00021 0.00021
Strontium mg/L 3.0 3.0 2.8 3.1 3.7 3.7 6.4 6.5
Thallium mg/L 0.000091 0.000094 0.00021 0.00025 0.00014 0.00014 0.00042 0.00042
Tin mg/L 0.000071 0.00015 0.000064 0.000085 0.000098 0.00015 0.000091 0.00011
Titanium mg/L 0.0087 0.013 0.0078 0.011 0.014 0.015 0.017 0.02
Uranium mg/L 0.0025 0.0044 0.0023 0.0024 0.0031 0.0032 0.0043 0.0046
Vanadium mg/L 0.0038 0.0044 0.029 0.035 0.0081 0.0083 0.06 0.06
Zinc mg/L 0.0078 0.0095 0.02 0.025 0.021 0.021 0.056 0.057
NOTES:
a) Calculated based on pi calcium and cor n:
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

5.2.2 No Discharge Scenario

As discussed in Section 5.1, seepage from the Springer Pit to Bootjack Lake is considered to be an operational
discharge in the event that MPMC is unable to discharge water from the mine and is required to store mine contact
water in the Springer Pit. This is referred to as the No Discharge scenario. This scenario is included in the TAR as
a contingency scenario. The quality of the seepage from the Springer Pit to Bootjack Lake under a No Discharge
scenario is dependent on when such a scenario would occur during operations. Within the context of this TAR, the
No Discharge scenario is defined by the following assumptions:

m the mine is unable to discharge beginning in March 2017 just prior to the freshet

m all water is managed through the Springer Pit until it reaches an elevation of 1,050 masl

Maximum daily median and 95" percentile Springer Pit concentrations during the No Discharge scenario are
presented in Table 5-4.

Hydrogeological modelling (Appendix B) indicates that seepage from the Cariboo-Springer Pit to Bootjack Lake
will increase to a maximum of 420 m%/d under average conditions when the pit lake elevation is at 1,050 masl. The
influence of the seepage on Bootjack Lake water quality was evaluated at the edge of the IDZ of 100 m assuming
the maximum daily median and 95" percentile concentrations would be maintained throughout the No Discharge
scenario. The predicted Bootjack Lake water quality at the edge of the IDZ is presented in Section 6.0. The
proposed effluent limits for Springer Pit seepage are presented in Section 5.4.
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Table 5-4: Summary of Predicted Springer Pit Seepage Water Quality - No Discharge Scenario

1411734-162-R-Rev0-16000

Scenario 1 Scenario 2
) Maximum of Median Maximum of 95th Maximum of Median Maximum of 95th
Parameter Units . ) A . ) .
Predicted Percentile Predicted Predicted Percentile Predicted
Concentrations Concentrations Concentrations Concentrations

Physical Parameters
Hardness® mg CaCOs/L 489 616 767 815
Total Dissolved Solids mg/L 723 903 1045 1100
Major lons
Calcium mg/L 150 188 235 248
Chloride mg/L 5.0 6.7 14 15
Fluoride mg/L 2.4 2.9 4.8 5.7
Magnesium mg/L 28 36 44 48
Potassium mg/L 4.5 5.9 6.9 7.4
Sodium mg/L 23 29 32 35
Sulphate mg/L 388 499 605 627
Nutrients
Ammonia mg/L (as N) 0.18 0.29 0.34 0.39
Nitrate mg/L (as N) 7.5 13 20 22
Nitrite mg/L (as N) 0.044 0.23 0.28 0.3
Total Phosphorus mg/L 0.02 0.028 0.055 0.062
Total Metals
Aluminum mg/L 0.083 0.12 0.26 0.32
Antimony mg/L 0.00073 0.00096 0.0016 0.0017
Arsenic mg/L 0.0025 0.0032 0.0053 0.0065
Barium mg/L 0.053 0.072 0.088 0.096
Beryllium mg/L 0.00038 0.00048 0.00064 0.00075
Boron mg/L 0.1 0.13 0.2 0.22
Cadmium mg/L 0.000065 0.00013 0.00022 0.00024
Chromium mg/L 0.00052 0.00063 0.0011 0.0013
Cobalt mg/L 0.00047 0.002 0.0052 0.0056
Copper mg/L 0.01 0.027 0.036 0.04
Iron mg/L 0.052 0.14 0.13 0.2
Lead mg/L 0.000086 0.0001 0.0002 0.00023
Lithium mg/L 0.0069 0.0083 0.012 0.013
Manganese mg/L 0.39 0.99 2.1 2.3
Mercury mg/L 0.0000025 0.0000025 0.0000023 0.0000024
Molybdenum mg/L 0.088 0.13 0.26 0.27
Nickel mg/L 0.0008 0.0013 0.0024 0.0029
Selenium mg/L 0.033 0.061 0.15 0.16
Silver mg/L 0.000034 0.00004 0.000072 0.000083
Strontium mg/L 13 2.1 4.4 4.7
Thallium mg/L 0.00011 0.00012 0.00013 0.00015
Tin mg/L 0.000062 0.000084 0.000081 0.000096
Titanium mg/L 0.0075 0.01 0.014 0.016
Uranium mg/L 0.0015 0.0019 0.0033 0.0035
Vanadium mg/L 0.0048 0.0064 0.0097 0.013
Zinc mg/L 0.0081 0.013 0.021 0.024
Dissolved Metals
Aluminum mg/L 0.083 0.12 0.26 0.32
Antimony mg/L 0.00073 0.00096 0.0016 0.0017
Arsenic mg/L 0.0025 0.0032 0.0053 0.0065
Barium mg/L 0.053 0.072 0.088 0.096
Beryllium mg/L 0.00038 0.00048 0.00064 0.00075
Boron mg/L 0.1 0.13 0.2 0.22
Cadmium mg/L 0.000065 0.00013 0.00022 0.00024
Chromium mg/L 0.00052 0.00063 0.0011 0.0013
Cobalt mg/L 0.00047 0.002 0.0052 0.0056
Copper mg/L 0.01 0.027 0.036 0.04
Iron mg/L 0.052 0.14 0.13 0.2
Lead mg/L 0.000086 0.0001 0.0002 0.00023
Lithium mg/L 0.0069 0.0083 0.012 0.013
Manganese mg/L 0.39 0.99 2.1 2.3
Mercury mg/L 0.0000025 0.0000025 0.0000023 0.0000024
Molybdenum mg/L 0.088 0.13 0.26 0.27
Nickel mg/L 0.0008 0.0013 0.0024 0.0029
Selenium mg/L 0.033 0.061 0.15 0.16
Silver mg/L 0.000034 0.00004 0.000072 0.000083
Strontium mg/L 13 2.1 4.4 4.7
Thallium mg/L 0.00011 0.00012 0.00013 0.00015
Tin mg/L 0.000062 0.000084 0.000081 0.000096
Titanium mg/L 0.0075 0.01 0.014 0.016
Uranium mg/L 0.0015 0.0019 0.0033 0.0035
Vanadium mg/L 0.0048 0.0064 0.0097 0.013
Zinc mg/L 0.0081 0.013 0.021 0.024
NOTES:

a) Calculated based on predicted calcium and magnesium concentrations
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5.2.3 Closure/Post-closure

During closure, mining infrastructure, including pipelines and pumps that are not required for ongoing water
management, will be decommissioned. Closure drainage will be implemented such that mine facilities drain to their
natural watersheds, including flooded open pits, once they have passively filled during post-closure and subject to
meeting limits for such discharge. It is desired that during post-closure, there would be individual site discharges
(Section 4.0) to the following waters:

m Bootjack Lake
m Polley Lake
m Hazeltine Creek

m Edney Creek

The objective of the RCP is to return the areas of mining disturbance to equal or better land capability than that
which existed prior to the mine being developed. This includes treatment of discharges that are above the proposed
closure effluent limits. The operations water treatment and discharge system is considered a viable option for
continued use in the closure and post-closure phases; however, it is MPMC’s preference to eventually return flows
to pre-development watersheds using passive water treatment. This preference reflects the input expressed by
local First Nations and by members of the local community during advance consultation. A 30-day consultation
period will also occur once the application is submitted, during which additional concepts for water management
may develop based on information obtained from consultation.

MPMC developed a Roadmap to Long-Term Water Management (Golder 2015j), which outlines the conceptual
approach to distributed passive or semi-passive treatment at the mine during post-closure. It is recognized that
the transition to distributed passive or semi-passive treatment systems will be completed over a period of time and
that, prior to the transition being completed, it must be demonstrated that the proposed treatment technology is
suitable for treating each site drainage source. To provide the basis for developing a piloting plan for a conceptual
passive treatment system (Appendix F), it was assumed that all discharges would continue to be managed through
the PETBP during the closure and post-closure periods. This is the first step in the design process, which allows
a treatment concept to be developed that can manage all of the load from site during the post-closure period. The
second stage in the design process is to pilot smaller-scale water treatment system(s) during operations to
evaluate the empirical efficiency of the system, which can then be used to refine the WQM for the purposes of
evaluating post-closure impacts, optimizing the passive treatment system(s), establishing effluent criteria, and
testing to confirm that the proposed criteria will meet environmental requirements. This second stage will be
combined with ongoing development of the RCP in an iterative process to refine and optimize water management
planning for the closure and post-closure phases.

The following sections provide the estimated discharge water quantity and quality from the PETBP assuming all
site water is managed through this facility. Predicted water qualities are also presented for the Springer Pit, since
this represents a discharge during post-closure. Following piloting of the passive or semi-passive treatment
system(s) and refinement of the RCP, model predictions will be refined to evaluate the discharge water quality
reporting to each downstream receiving waterbody.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

5.2.3.1

Quantity of Discharge

The daily variation in the total mine water discharge for the mean, 90", and 99.5"" percentiles during closure and
post-closure to 2050 is shown in Figure 5-4. Estimated annual discharge volumes are shown in Table 5-5. The
total annual discharge for the 99.5" percentile is 8.5 Mm? in 2050 after the Springer Pit is flooded.

The main conclusions during closure/post-closure are as follows:

m  During closure (2021 and 2022), the mean annual discharge will be approximately 3.8 Mm3.

m During closure (July 2020 onwards) the instantaneous discharge flows will increase due largely to direct
freshet flows from the TSF through the spillway and the lower equalization provided by smaller on-site storage
volumes. Conversely, low flows will become lower at closure compared to operations for the same reason.

m  During post-closure, the discharge volume will generally increase with time as the mine area is reclaimed.

m By approximately 2045, the Cariboo-Springer Pit will have reached the spillway elevation of 1,050 masl, and
the mean annual discharge will have increased to approximately 5.0 Mm3.
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Figure 5-4: Discharge of Mine Water during Closure and Post-closure Phases
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Table 5-5: Estimated Annual Discharge of Mine Water during Closure and Post-closure

Annual Discharge
Year (m?)
Mean 90™ Percentile 99.5" Percentile

2021 3,853,100 4,889,900 6,534,800
2022 3,821,900 4,913,900 6,491,600
2023 4,003,800 4,999,400 6,945,300
2024 4,109,800 5,164,400 6,709,100
2025 4,049,100 5,269,700 6,908,200
2030 4,213,500 5,201,100 6,349,700
2035 4,356,600 5,315,600 6,932,800
2040 4,303,400 5,241,600 6,592,300
2045 5,009,500 6,198,500 7,755,800
2050 5,034,500 6,184,400 8,447,000

5.2.3.2 Quality of Discharge

The qualities of before-treatment waters to be discharged for the Springer Pit and the PETBP are provided in
Table 5-6 and Table 5-7, respectively. In the case of the PETBP, the concentrations provided in Table 5-7
represent the maximum of the daily median and 95™ percentile concentrations modelled during closure and
post-closure. The predicted Springer Pit water qualities represent the maximum of the median and
95t percentile concentrations when the pit lake elevation is greater than 1,030 masl, which corresponds to the
elevation at which it is modelled that seepage may exfiltrate from the pit. Time series results for TDS, sulphate,
nitrate, dissolved copper, molybdenum, and selenium are presented in Figure 5-5 (Springer Pit) and Figure 5-6
(PETBP). Total concentrations presented in Table 5-6 and Table 5-7 assume that TSS have been settled to less
than 15 mg/L.

During post-closure, the PAG waste rock will be stored subaqueously in the Springer Pit. The waste rock dumps
and the TSF will re-sloped and re-vegetated. The runoff from the TSF and waste rock dumps is expected to evolve
to a natural runoff water quality as the vegetation establishes in these facilities. As a result, predicted
concentrations decrease in the PETBP (Figure 5-6) as this closure strategy is implemented.

Modelled concentrations in the PETBP are seasonal, with peak concentrations occurring during the winter months.
This occurs because there is no surface runoff and only seepage from the waste rock dumps and TSF, assigned
waste rock or tailings chemical profiles (Appendix D), is draining to the PETBP. Although the seepage produced
during this period represents a small percentage of the total annual volume (less than 5%), in the absence of any
other drainages to the PETBP, concentrations increase in this facility. During freshet and all other non-winter
months, concentrations decrease (Figure 5-6). There is also a small increase in modelled concentrations in 2055
(Figure 5-6). This occurs when the Cariboo-Springer Pit is full and begins to report to the PETBP during
post-closure.
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

Constituent concentrations in the Cariboo-Springer Pit are predicted to increase as the pit initially fills from flushing
of weathering products in the exposed pit walls. As the proportion of exposed wall rock decreases in post-closure,
concentrations subsequently decrease to steady-state concentrations as the water is replaced by catchment runoff
(Figure 5-5).

Wall rock in the Springer Pit is expected to contain approximately 18% PAG rock. No acidic drainage has been
observed at the mine, though a conservative (cautious) source term was developed based on humidity cell tests
that had their neutralization potential removed (Appendix C). This conservative source term was incorporated into
the Scenario 2 predictions (Appendix D), under the assumption that the PAG component of the pit wall would
become acid generating following refilling. If this occurs, several parameter concentrations are predicted to
increase in the Springer Pit, most notably copper (Figure 5-5). Since acidic drainage has not been observed at the
mine and is not reflected in the Scenario 1 water quality inputs, this increasing trend is not observed in the
Scenario 1 results (Figure 5-5).

There is uncertainty in the PAG wall source term because acidic drainage has not been observed to date. MPMC
will evaluate the composition of acidic drainage through further study during operations and update the model as
required to reduce the uncertainty in the post-closure predictions.
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Table 5.6 Summary of Predicted Springer Pit Water Qualit - Closure and Postclosure
Long Term Post Closure
(7/1/2020 - 7/1/2022) (7/1/2022 - 1/1/2050) 11/1/2050 - 1/1/2100)
parameter nits Scenario T Scenario? Scenario T Scenaio Sconario T Scenario?
Wiasimum of Median | Misimum of 55th | Wiasimam of Vedian | Maximarn of G5t | Miaximum of Median | Miswimam of S5t | Wiaximum of Vedian | Maximars of 95t | Miawimum of Median | Wimwimam of S5t | Maximum of Median | Maximar of 35t
Predicted percentie predicted Predicted percentie predicted Predicted percentie predicted Predicted percentie predicted Predicted percentie predicted Predicted percentie predicted
ardness” |~ns caco,/| 519 695 652 697 522 709 711 756 2% 204 343 388
|Total me/L 746 984 863 904 751 1005 932 978 439 575 462 506
Calcium mg/L 158 212 200 211 159 216 217 229 89 121 105 17
Chloride mg/L 31 52 15 17 31 59 17 18 23 42 15 17
Fluoride mg/L 022 034 043 0.46 0.26 0.42 0.48 051 023 032 0.42 045
[Magnesium mg/L 30 40 37 41 30 42 41 a5 18 25 20 23
Potassium mg/L 22 3.0 43 46 22 3.0 44 47 12 18 21 24
Sodium mg/L 16 21 18 20 16 22 20 22 12 16 1 13
|Sulphate_ me/L 389 547 458 482 392 561 509 542 211 294 208 240
Nutrients
|Ammonia g/L (as N} 0.19 0.44. 013 0.14 022 055 013 0.14 016 039 0.031 0.036
Nitrate. g/L (as N 96 17 22 24 96 17 22 24 42 83 15 36
Nitrite g/L (as N 0.074 036 03 031 0.081 037 059 06 0.051 013 027 029
[Tots Phosphorus mg/L 002 0031 0059 0067 002 0032 0068 0075 0014 0023 034 035
Total Metals
|Aluminum mg/L 05 053 0.68 074 052 056 0. 0.74 054 059 072 0.77
| Antimony mg/L 0.0007 0.0013 0.0009 0.0011 0.00087 0.0017 0.0012 0.0014 0.00073 0.0013 0.00065 0.00084
|Arsenic mg/L 0.0012 0.0018 0.0026 0.0032 0.0013 0.0021 0.0028 0.0034 0.0013 0.0021 0.0036 0.0043
Barium mg/L 0.055 0.077 0.074 0.076 0.055 0.077 077 0032 0.044 0075 0078
Beryllium mg/L 0.00016 0.0003 0.000083 0.00017 0.00021 0.00033 0.000084 0.00017 0.00023 0.00031 0.00034 0.00042
Boron mg/L 011 0.18 022 0.28 012 021 023 03 011 019 02 027
Cadmium mg/L 0.000056 0.00023 0.00021 0.00031 0.000056 0.00025 0.00021 0.00031 0.000041 0.00018 0.00018 0.00028
[Chromium mg/L 0.00084 0.00092 0.0013 0.0014 0.00094 0.001 0.0013 0.0014 0.001 0.0012 0.0014 0.0015
Cobalt mg/L 0.00097 0.004 0.0067 0.0067 0.00096 0.0037 0.0067 0.0068 0.00051 0.001 0018 0018
Copper mg/L 0.018 0.047 0.027 0.038 0.02 0.061 0.03 0.041 0.016 0038 032 033
Iron mg/L 058 071 063 07 06 071 063 07 061 068 067 073
Lead mg/L 0.00018 0.00019 0.00027 0.00029 0.00018 0.0002 0.00027 0.00029 0.00017 0.00019 0.00035 0.00038
Lithium mg/L 0.0033 0.0073 0.0053 0.0084 0.0037 0.0081 0.0066 0.0095 0.003 0.0069 0.0075. 0011
Manganese mg/L 078 26 076 26 065 0.74 078
[Mercur mg/L 0.0000025 0.0000026 0.0000025 0.0000025 0.0000025 0.0000027 0.0000025 0.0000025 0.0000022 0.0000022 0.0000022 0.0000022
[Molybdenum mg/L 0.077 16 0.087 0.16 024 058 01 099 012
[Nickel mg/L 0.0011 0.0018 0.0022 0.0026 0.0011 0.0019 0.0023 0.0026 0.0011 0.0016 0.0051 0.0055
Selenium mg/L 0.044 0.087 0.045 0.088 015 0.16 0018 0043 0.067 0075
Silver mg/L 0.0000068 0.00002 0.000029 0.000042 0.0000068 0.00002 0.000029 0.000042 0.0000055 0.000018 0.00005 0.000063
Strontium mg/L 11 24 28 33 12 29 42 46 085 18 20 25
| Thallium mg/L 0.000045 0.000059 0.000011 0.000024 0.000047 0.000062 0.000011 0.000024 0.000023 0.000035 0.000023 0.000036
|Tin mg/L 0.00007 0.00019 0.000096 0.00022 0.000071 000: 0.000099 0.00022 0.000052 0.00018 0.00035 0.00047
I Titanium mg/L 0.031 0.035 0.036 0.037 0.031 0.036 0.036 0.038 0028 0031 0031 0032
Uranium mg/L 0.0023 0.0045 0.0024 0.0033 0.0028 0.0056 0.003 0.0038 0.0023 0.0043 0.0016 0.0024
|Vanadium mg/L 0.0024 0.0032 0.0044 0.0051 0.0024 0.0035 0.0044 0.0054 0.0023 0.0034 0.0038 0.0049
zinc mg/L 00042 00052 0012 0013 00042 0011 0012 0013 00033 00063 0068 0065
|
|Aluminum mg/L 0.012 0.04 0.19 025 0.035 0.067 0.19 025 0.047 0.098 023 028
| Antimony mg/L 0.00068 0.0012 0.00088 0.0009 0.00085 0.0015 0.0012 0.0013 0.00071 0.0011 0.00063 0.00066
|Arsenic mg/L 0.00098 0.0016 0.0025 0.003 0.0011 0.0019 0.0026 0.0032 0.0011 0.0019 0.0034 0.0041
Barium mg/L 0.05 0.071 0.068 0.07 0.05 0.071 0.071 0.075 0.026 0039 0.069 0073
Beryllium mg/L 0.00016 0.00022 0.000083 0.000085 0.00021 0.00025 0.000084 0.000086 0.00023 0.00023 0.00034 0.00034
Boron mg/L 01 015 022 025 012 017 023 0.26 01 015 02 024
Cadmium mg/L 0.000051 0.00014 0.00021 0.00021 0.000052 0.00016 0.00021 0.00021 0.000036 0.000083 0.00018 0.00018
[Chromium mg/L 0.00019 0.00028 0.00064 0.0008 0.000: 0.0004 0.00064 0.0008 0.00038 0.00053 0.00071 0.00087
Cobalt mg/L 0.00064 0.0037 0.0063 0.0064 0.00064 0.0034 0.0064 0.0064 0.00018 0.00072 0018 0018
Copper mg/L 0.013 0.032 0.022 0.023 0.016 0.046 0.025 0.026 0.011 0023 032 032
iron mg/L 0.036 0.16 0.085 015 0.053 017 0.085 015 068 013 012 019
Lead mg/L 0.000032 0.000049 0.00012 0.00014 0.000032 0.00005 0.00012 0.00014 0.000026 0.00005 0.0002 0.00023
Lithium mg/L 0.003 0.0044 0.005 0.0055 0.0034 0.0052 0.0063 0.0066 0.0027 0.004 0.0072 0.0077
Manganese mg/L 076 17 25 0.74 27 045
[Mercury mg/L 0.0000025 0.0000026 0.0000025 0.0000025 0.0000025 0.0000027 0.0000025 0.0000025 0.0000022 0.0000022 0.0000022 0.0000022
[Molybdenum mg/L 0.077 021 0.087 0058 087 099
[Nickel mg/L 0.00057 0.0012 0.0017 0.002 0.00057 0.0013 0.0017 0.0021 0.00055 0.0010 0.0045 0.0049
Selenium mg/L 0.044 0.082 013 0.14 0.045 0.083 015 015 0018 0039 0.067 0.07
Silicon mg/L 6.8 84 10 11 6.9 88 11 11 74 16 17
Silver mg/L 0.0000068 0.00001 0.000029 0.000032 0.0000068 0.00001 0.000029 0.000032 0.0000055 0.000008 0.00005 0.000053
Strontium mg/L 11 19 28 28 12 24 42 42 14 20 21
| Thallium mg/L 0.000045 0.00005 0.000011 0.000015 0.000047 0.000053 0.000011 0.000015 0.000023 0.000025 0.000023 0.000026
|Tin mg/L 0.00007 0.000093 0.000096 0.00012 0.000071 0.000095 0.000099 0.00012 0.000052 0.000078 0.00035 0.00037
I Titanium mg/L 0.0087 0.013 0.014 0.015 0.0088 0.013 0.014 0.015 0.006 009 0.0084 0.0097
Uranium mg/L 0.0023 0.0039 0.0024 0.0026 0.0027 0.0049 0.003 0.0032 0.0022 0.0037 0.0015 0.0018
|Vanadium mg/L 0.0011 0.0019 0.0031 0.0038 0.0012 0.0022 0.0032 0.0041 0.00099 0.0021 0.0025 0.0036
|Zinc me/L 0.0026 0.0076 0.01 0.011 0.0027 0.0093 0.01 0.011 0.0018 0.0048 0.066 0.067

) Calculated based on predicted calcium and magnesium concentrations
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Table 5.7 Summary of Predicted Perimeter Embankment Tl Borrow Pond Water Quality - Closure and Post-Closure
Long Term Post Closure
(7/1/2020 - 7/1/2022) (7/1/2022 - 1/1/2050) 11/1/2050 - 1/1/2100)
parameter s Scenario T Scenaio? Scenario T Scenaio? Scenario T Scenario?
Wiaximum of Median | Masimum of 55th | Maimum of Median | Maximur of 5t | Maximum of Median | Masimum of S5th | Maximum of Median | Maximur of 95t | Maximum of Median | Masimum of S5th | Maximum of Median | Maximur of 55t
’ Percentile Predicted Predicted Percentile Predicted Predicted Percentile Predicted Predicted Percentile redicted Predicted Percentile Predicted Predicted Percentile Predicted
wrat rat c wrat rat wrat c wrat
ardness” |~ns caco,/| 697 1029 1143 1189 462 612 720 775 429 577 587 632
|Total me/L 1005 1510 1479 1530 687 912 949 1011 634 849 804 860
Calcium mg/L 214 311 350 362 142 184 219 232 132 173 179 192
Chloride mg/L 35 86 15 17 39 66 9.8 13 32 58 10 13
Fluoride mg/L 0.14 035 0.46 047 0.19 032 04 0.42 019 032 038 04
[Magnesium mg/L 40 61 65 69 26 37 42 48 24 35 34 37
Potassium mg/L 27 46 65 6.8 21 32 42 47 18 29 35 39
Sodium mg/L 17 25 30 32 15 19 23 27 14 17 19 21
|Sulphate_ me/L 554 906 907 935 372 531 576 617 339 495 a7 502
Nutrients
|Ammonia g/L (as N} 0.029 025 0.16 0.16 0.075 0.18 0.11 0.11 0.075 018 0.093 0.095
Nitrate. g/L (as N 94 25 47 47 93 17 3.0 35 7.8 16 27 35
Nitrite g/L (as N 0.041 05 17 17 0.034 032 11 11 0034 026 093 093
[Tots Phosphorus mg/L 002 0037 008 0088 0022 0034 0059 0071 002 0034 016 017
Total Metals
|Aluminum mg/L 057 065 062 07 058 0.68 062 0.69 058 067 0.64 072
| Antimony mg/L 0.00025 0.00057 0.0018 0.002 0.00039 0.00076 0.0014 0.0016 0.00039 0.00077 0.0012 0.0013
|Arsenic mg/L 0.00071 0.0011 0.0026 0.0029 0.00097 0.0014 0.0023 0.0025 0.00097 0.0015 0.0024 0.0028
Barium mg/L 0.063 012 012 012 0.04 0.065 0.072 0.037 0.063 0.06 0.065
Beryllium mg/L 0.000074 0.00035 0.000099 0.00023 0.00012 0.00035 0.000075 0.00021 0.00013 0.00026 0.00017 0.00027
Boron mg/L 0.051 011 02 024 0.088 015 0.14 0.18 0.089 015 014 019
Cadmium mg/L 0.000062 0.00036 0.00024 0.00034 0.000046 0.00025 0.00017 0.00027 0.000046 0.00024 0.00015 0.00025
[Chromium mg/L 0.0012 0.0014 0.0013 0.0016 0.0013 0.0016 0.0013 0.0016 0.0013 0.0016 0.0013 0.0016
Cobalt mg/L 0.0012 0.0052 0.011 0.011 0.00063 0.0018 0.0053 0.0053 0.00051 0.0017 0.0088 0.0088
Copper mg/L 0.014 0.072 0.037 0.049 0.013 0.053 0.059 0.07 0013 0.051 014 016
Iron mg/L 065 078 066 078 066 077 066 078 0.66 077 0.66 078
Lead mg/L 0.00018 0.0002 0.00023 0.00024 0.00018 0.00021 0.00021 0.00023 0.00018 0.00021 0.00025 0.00028
Lithium mg/L 0.002 0.007 0.0081 0.011 0.0026 0.0069 0.007 0.01 0.0026 0.0063 0.0067 0.01
Manganese mg/L 0.98 45 024 23 13
[Mercur mg/L 0.0000023 0.0000025 0.0000023 0.0000023 0.0000023 0.0000023 0.0000023 0.0000023 0.0000021 0.0000022 0.0000021 0.0000021
[Molybdenum mg/L 0.093 0.064 012 064 012
[Nickel mg/L 0.0014 0.0027 0.0031 0.0034 0.0014 0.002 0.0028 0.0032 0.0014 0.0019 0.0033 0.0038
Selenium mg/L 0.05 0.14 025 0.26 0.017 0.069 017 017 0.017 0.086 012 013
Silver mg/L 0.00001 0.000025 0.000019 0.000032 0.000012 0.000025 0.000015 0.000029 0.000010 0.000022 0.000025 0.000039
Strontium mg/L 14 40 6.8 73 15 32 52 57 14 30 38 43
| Thallium mg/L 0.00011 0.00012 0.00005 0.000062 0.00011 0.00012 0.000042 0.000054 0.000045 0.000062 0.000037 0.000049
|Tin mg/L 0.000067 0.0002 0.000093 0.0002 0.000063 0.00019 0.000075 0.00019 0.00006 0.00018 0.00017 0.00029
I Titanium mg/L 0.033 0.04 0.044 0.045 0.029 0.033 0.036 0.038 0.029 0032 0034 0035
Uranium mg/L 0.0011 0.0026 0.0049 0.0057 0.0013 0.0025 0.0035 0.0045 0.0013 0.0026 0.0026 0.0034
|Vanadium mg/L 0.0019 0.0026 0.0039 0.004 0.002 0.0025 0.0032 0.0036 0.002 0.0026 0.0032 0.0036
|Zinc me/L 0.005 0.017 0.011 0.012 0.0046 0.011 0.015 0.016 0.0044 0.011 0.032 0.033
|
|Aluminum mg/L 0.079 0.16 013 021 0.092 0.19 013 02 0.09 018 015 023
| Antimony mg/L 0.00023 0.00039 0.0018 0.0018 0.00037 0.00058 0.0014 0.0014 0.00037 0.00059 0.0011 0.0011
|Arsenic mg/L 0.00052 0.00093 0.0024 0.0027 0.00078 0.0012 0.0021 0.0023 0.00078 0.0013 0.0022 0.0026
Barium mg/L 0.057 0.11 0.11 012 0.034 0.059 0.065 0.067 0031 0.057 0.054 0.059
Beryllium mg/L 0.000074 0.00027 0.000099 0.00015 0.00012 0.00027 0.000075 0.00013 0.00013 0.00018 0.00017 0.00019
Boron mg/L 0.048 0.074 02 021 0.085 012 0.14 015 0.086 012 014 015
Cadmium mg/L 0.000058 0.00026 0.00024 0.00024 0.000042 0.00015 0.00016 0.00018 0.000042 0.00015 0.00015 0.00016
[Chromium mg/L 0.00053 0.00078 0.00068 0.00097 0.00065 0.00095 0.00066 0.00096 0.00064 0.00093 0.00066 0.00095
Cobalt mg/L 0.0009 0.0049 0.011 0.011 0.0003 0.0015 0.005 0.005 0.00018 0.0013 0.0084 0.0085
Copper mg/L 0.0097 0.057 0.033 0.034 0.0089 0.037 0.054 0.055 0.0088 0035 014 014
iron mg/L 0.11 0.11 023 0.11 023 0.11 023 011 023 011 023
Lead mg/L 0.000033 0.000059 0.00008 0.000096 0.000034 0.000063 0.000066 0.00009 0.000031 0.000062 0.00011 0.00013
Lithium mg/L 0.0017 0.0041 0.0078 0.0085 0.0023 004 0.0067 0.0076 0.0023 0.0033 0.0064 0.0071
Manganese mg/L 0.96 45 023 1.0 049 094 13 13
[Mercury mg/L 0.0000023 0.0000025 0.0000023 0.0000023 0.0000023 0.0000023 0.0000023 0.0000023 0.0000021 0.0000022 0.0000021 0.0000021
[Molybdenum mg/L 0.093 0.064 064 011
[Nickel mg/L 0.00085 0.0021 0.0026 0.0028 0.00081 0.0015 0.0023 0.0027 0.0008 0.0013 0.0028 0.0032
Selenium mg/L 0.05 0.14 025 0.26 0.017 0.064 017 017 0.017 0.062 012
Silver mg/L 0.00001 0.000015 0.000019 0.000022 0.000012 0.000015 0.000015 0.000019 0.000010 0.000012 0.000025 0.000029
Strontium mg/L 14 36 6.8 69 15 28 52 53 14 26 38 39
| Thallium mg/L 0.00011 0.00011 0.00005 0.000052 0.00011 0.00011 0.000042 0.000045 0.000045 0.000052 0.000037 0.00004
mg/L 0.000067 0.0001 0.000093 0.0001 0.000063 0.000093 0.000075 0.000087 0.00006 0.000079 0.00017 0.00019
I Titanium mg/L 0.01 0.018 0.021 0.023 0.0071 0.011 0.014 0.016 0.0067 0.010 0011 0013
Uranium mg/L 0.0011 0.0019 0.0048 0.0051 0.0013 0.0019 0.0035 0.0038 0.0013 0.0019 0.0026 0.0028
|Vanadium mg/L 0.00058 0.0014 0.0026 0.0027 0.00073 0.0012 0.0019 0.0023 0.00072 0.0013 0.0019 0.0023
mg/L 00035 0015 00057 0011 0003 0010 0014 0015 00029 00053 03 0031
o

) Calculated based on predicted calcium and magnesium concentrations
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

5.3 Discharge Location

Under EMA Permit 11678, MPMC is currently discharging treated effluent to Quesnel Lake via the Hazeltine Creek
channel. As MPMC plans to return Hazeltine Creek to functioning aquatic habitat, discharge via the
Hazeltine Channel as currently authorized is considered a temporary discharge management strategy. An options
analysis was completed to evaluate the most appropriate discharge location for the operations phase that ranked
the following options according to social, economic, environmental, and technological criteria:

m  Option 1—pipeline to Quesnel Lake.

m  Option 2—relocating the Hazeltine Creek discharge point further downstream.

m  Option 3—pipeline to Quesnel River.

m  Option 4—distribution of discharge to Bootjack Lake, Polley Lake, and Hazeltine Creek.

m Option 5—use of science-based environmental benchmarks to determine assimilative capacity in
Hazeltine Creek to allow discharge in the creek concurrent with fish habitat rehabilitation.

Criteria for the above options were weighted based on their technical merits and with the input from local
communities and government, First Nations, the MoE, the MEM, and MPMC. Following the weighting of the criteria,
each option was ranked and, based on the outcomes of this quantitative approach, a pipeline to Quesnel Lake
was selected as the overall preferable discharge option for operations (Figure 5-7). Option 5 was subsequently
rejected based on discussions with MoE staff, but it is retained in this document to show the options analysis as
presented to communities. Additional details of the options analysis are presented in Appendix G.

MPMC’s existing EMA Permit 11678 authorizes discharge to Quesnel Lake via the Hazeltine Channel until
30 November 2017. Based on the outcomes of the options analysis, which considered social, economic,
environmental, and technological criteria for each discharge option, MPMC proposes to construct a pipe from the
outlet of the WTP directly to Quesnel Lake (Figure 5-7), where it will be connected to the existing diffusers
(Appendix H). During construction of the pipe, discharge will be directed to Quesnel Lake via the Hazeltine Channel
per the current design. If approved, the pipe will be constructed and operational prior to 30 November 2017.
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5.4  Proposed Effluent Limits
54.1 Quality of Discharge

The typical effluent quality of the discharge during operations is expected to reflect predicted median
concentrations shown in Table 5-3. It is, however, normal for effluent volume and quality to fluctuate based on
conditions of mining operations, weather, and other natural factors. Additionally, the model and input data carry
inherent uncertainty (Appendix D). Accordingly, a margin of safety between expected quality and enforceable limits
has been incorporated into the proposed limits. This allowance prevents the administrative burden with
non-compliance events that are above permit limits, but are not environmentally disruptive, while providing firm
and enforceable limits that are protective of the environment. To support those proposed permit limits, an impact
assessment (Section 6.0) has evaluated whether a discharge at those limits would cause pollution (as per the
EMA definition of pollution).

Effluent limits were established for surface discharges to Quesnel Lake and seepage from the Springer Pit to
Bootjack Lake using the following approach:

m Surface water quality objectives were identified at the edge of the IDZ. Objectives were set as the
BC WQGs for the Protection of Freshwater Aquatic Life, which are considered the most conservative values.

m The minimum 30-day dilution factor at the edge of the IDZ during operations was estimated using a
hydrodynamic model for Bootjack Lake (Appendix |) and both a near-field dispersion model (Appendix H) and
a far-field hydrodynamic model (Appendix J) for Quesnel Lake.

m Effluent targets were calculated at the discharge point using the minimum 30-day dilution factors to determine
discharge concentrations that would meet the BC WQGs at the edge of the IDZ.

m The proposed end-of-pipe effluent discharge targets were screened against MMER limits where available
and for the potential for acute toxicity by comparison to short-term maximum BC WQGs and acute screening
values derived in the effluent assessment presented in Section 6.0.

m Proposed effluent discharge targets were reduced to a concentration not considered to have the potential for
acute lethality at end-of-pipe.

m  Where relevant, effluent targets were further refined by lowering them to the maximum of 1) double the
Scenario 1 maximum predicted 95" percentile discharge water quality or 2) the maximum of the
95" percentile predicted discharge water quality in Scenario 2 (Section 5.2).

The proposed effluent limits for discharges to Quesnel Lake and Bootjack Lake are provided in Section 6.3.2 along
with further details regarding the justification for each limit.

The proposed limits for the potential Springer Pit seepage to Bootjack Lake were derived for the No Discharge
scenario. This scenario assumes the Springer Pit will be filled to a capacity of 1,050 masl within the four-year mine
life, and so the dilution factor in Bootjack Lake has been calculated for operations (Appendix I).
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MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

A selenium effluent limit is not proposed for the Springer Pit seepage to Bootjack Lake. If the hypothetical
No Discharge scenario is realized during operations, MPMC proposes to manage Bootjack Lake selenium
concentrations through monitoring selenium at the edge of the IDZ, as well as in the Springer Pit. If selenium
concentrations approach the chronic guideline value of 2 ug/L at the edge of the IDZ in Bootjack Lake, and it is
identified that these increases are related to increases of in-pit selenium concentrations, this transport pathway
would be further evaluated for risk to ecological receptors and as necessary mitigated, through such options as
grouting, in-pit lake selenium treatment, and/or other methods as appropriate.

54.2 Quantity of Discharge

Water balance modelling (Appendix B) indicates that the maximum 99.5" percentile annual discharge occurs
during 2017 (Table 5-2) during operations. Therefore, MPMC proposes that EMA Permit 11678 be amended with
an annual discharge rate of 10 Mm?. To balance larger flows that occur during freshet, MPMC proposes amending
EMA Permit 11678 with a maximum instantaneous discharge rate of 0.6 m3/s. Note that future permit amendment
applications for closure and post-closure are expected to have lower annual and instantaneous discharge rates,
as discussed in Section 5.2.3.1.

A near-field mixing model (Appendix H) indicates a dilution factor greater than 40 times can be achieved in the
existing Quesnel Lake diffusers at an instantaneous discharge rate of 0.6 m®s, considering over one hundred
scenarios of different effluent and ambient conditions. This dilution factor is greater than the conservative dilution
factor used to establish the proposed effluent targets for discharge to Quesnel Lake (Section 5.4.1) and, therefore,
discharging water with concentrations less than the proposed effluent targets at a rate of 0.6 m®/s will result in
concentrations below the BC WQGs at the edge of the 100 m IDZ. During the detailed design stage, the
configuration of the diffusers will be evaluated to determine if the dilution factor can be further optimized. This will
be confirmed through monitoring at the discharge point and in Quesnel Lake during operations (Section 8.0).

5.5 Treatment Options Assessment

In developing a treatment approach for operations and post-closure, Golder conducted water treatment
assessments (Appendices E, F, and K). The assessments included a review of potential treatment approaches
using active or passive components, or elements of both, defined as hybrid or semi-passive systems. Both
centralized treatment, where all the site water would be combined before treatment, and distributed
(or decentralized) treatment, where treatment systems would be located at and tailored for specific mine water
sources, were evaluated for operations and closure. The following sections discuss the operations and closure
water treatment plans.

s

17 October 2016 ?Golder
Reference No. 1411734-162-R-Rev0-16000 110 Associates



MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

551 Operations
55.1.1 Plan Overview

As part of the water treatment assessment, modelled discharge water qualities (Section 5.2.1.2) were compared
to the proposed effluent limits (Section 5.4.1) to identify parameters that may require treatment during operations
(Table 5-8). In addition to suspended solids, total copper and selenium were the only parameters identified that
may require treatment during operations.

An options analysis was completed as part of the Short-Term TAR (Golder 2015k) to identify a water treatment
approach for restricted operations. Following the option analysis, MPMC installed and commissioned the existing
Actiflo treatment plant. This plant has been successfully operated to manage suspended solids from the water
since it was commissioned.

MPMC is currently carrying out bench scale testing to evaluate the performance of trimercaptotriazine (TMT) and
higher dosages of polyaluminum chloride (PAC) in removing copper to low concentrations (e.g., to below the
Permit limit). Depending on the results of the bench scale test, MPMC proposes to optimize the existing WTP to
enhance its copper removal capabilities. It is expected that the TMT and PAC process can be carried out in
conjunction and within the existing treatment process and infrastructure, with minor equipment additions, for the
removal of fine or colloidal sediments and other metals. The process is referred to as the "optimized Actiflo"
process. Additional information regarding the proposed optimization is described in the Operations Treatment Plan
(Appendix E).

The maximum of the 95th percentile modelled selenium concentration (87 ug/L) was marginally higher than the
proposed effluent limit of 75 ug/L (see Section 6.3.2, Effluent Permit Limits). The modelled values, however, are
conservative (Appendix D); concentrations in the current discharge have remained closer to 30 pg/L, and median
long-term predictions are also in this range. It is therefore considered possible, but unlikely, that selenium treatment
will be required. If operational monitoring data indicate that selenium concentrations in the discharge trend towards
the maximum value of the modelled 95th percentile concentration, additional mitigation, such as reducing selenium
concentrations prior to discharge using pit lake treatment, would be implemented.
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Table 5-8. Operations Treatment Screening

Parameter Units Proposed Effluent Springer Pit Perimeter Embankment Till
Discharge Limit Borrow Pond

Major lons
Sulphate [ mgL | 1100 | 541 556
Nutrients
Ammonia mg/L (as N) 1.3 0.54 0.64
Nitrate mg/L (as N) 34 17 14
Total Phosphorus mg/L 0.09 0.044 0.036
Total Metals
Arsenic mg/L 0.028 0.0033 0.014
Chromium mg/L 0.004 0.0013 0.002
Copper mg/L 0.033 0.048 0.049
Iron mg/L 1 0.76 0.69
Lead mg/L 0.00082 0.00024 0.00041
Molybdenum mg/L 0.36 0.17 0.18
Nickel mg/L 0.0051 0.002 0.0024
Selenium mg/L 0.075 0.087 0.079
Zinc mg/L 0.059 0.011 0.026

Note:
Maximum 95" percentile predicted concentrations presented for Scenario 1
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55.1.2 Treatment Plant Information

The Actiflo plant is a flocculation/clarifier system, patented under the Actiflo name by Veolia Water Solutions &
Technologies, which makes use of sand-ballasted lamella settling to remove suspended solids present in water.
It consists of a high-rate coagulation, flocculation, and sedimentation process that utilizes microsand as seed
material for floc ballast, which can be optimized to remove metal constituents. The resulting floc settles fast,
allowing compact clarifier designs compared to conventional clarifiers, with high overflow rates and short detention
times.

The system installed at the mine has a maximum design treatment capacity of 0.23 m?/s, with a typical retention
time of between 7 and 12 minutes. The Actiflo plant uses the following reagents: PAC, chelating agent
(if necessary), polymer, and ballast sand. The reagents are removed along with the settled solids during the
sedimentation process and ultimately discharged as a waste sludge to a separate pond. The waste sludge
production at maximum flow is estimated to be 60 m3/h. The total installed power requirement for the Actiflo plant
is approximately 50 kW (excluding feed pumps). The plant is typically staffed with one dedicated operator per shift.
The material and reagent usage based on active treatment mode and the maximum flow rate are estimated and
provided in Table 5-9.

Table 5-9: Material and Reagent Usage

Description Average Dosage Consumption
Liquid polyaluminum chloride 150 pg/L 1,095 m3/yr
Dry polymer 1.50 mg/L 10,950 kg/yr
Microsand 2 mg/L 14,600 kg/yr

The water balance model (Appendix B) predicts that an operational treatment rate of 0.23 m%/s would be sufficient
to meet overall discharge requirements. Nonetheless, in March 2016, MPMC received authorization to operate the
plant in passive mode, as long as all the water quality targets are met. In passive mode, coagulant/polymer is not
added and mechanical mixing is not active, allowing the effective discharge rate to increase. MPMC is seeking an
amendment to increase the maximum annual discharge by 10% to 0.33 m%/s.

5.5.2 No Discharge Scenario

A comparison of the predicted Springer Pit water qualities during a No Discharge scenario is provided in
Table 5-10. No parameters were screened to be greater than the proposed effluent limits and therefore treatment
of Springer Pit water during this scenario is not expected. As discussed in Section 5.4.1, a selenium effluent limit
is not proposed for the Springer Pit seepage, and MPMC proposes to manage selenium concentrations through
monitoring selenium at the edge of the IDZ in Bootjack Lake. If selenium concentrations approach the chronic
guideline value of 2 ug/L and it is identified that these increases are related to increases of in-pit selenium
concentrations, this transport pathway will be mitigated, through such options as grouting, in-lake selenium
treatment, or other method as appropriate.
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Table 5-10: No Discharge Scenario Treatment Screening

Proposed Effluent

Springer Pit - Refilling

Parameter Units Discharge Limit (above 1030 masl)
Major lons
Sulphate | mg/L | 1545 499
Nutrients
Ammonia mg/L (as N) 1 0.29
Nitrate mg/L (as N) 84 13
Total Phosphorus mg/L 0.16 0.028
Total Metals
Arsenic mg/L 0.13 0.0032
Chromium mg/L 0.015 0.00063
Copper mg/L 0.037 0.027
Iron mg/L 1 0.14
Lead mg/L 0.12 0.0001
Molybdenum mg/L 2 0.13
Nickel mg/L 0.5 0.0013
Zinc mg/L 0.13 0.013
Note:

Maximum 95" percentile predicted concentrations presented for Scenario 1
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55.3 Closure/Post-closure
553.1 Overview

As discussed in Section 5.2.3, the objective of the RCP is to return the areas of mining disturbance to equal or
better land capability than what existed prior to the mine being developed. This includes treatment of any
discharges that are above the proposed closure/post-closure effluent limits. While at present, MPMC is applying
for effluent limits for operations for the four-year mine plan, a closure/post-closure water treatment BAT
assessment (Appendix K) and passive treatment conceptual design (Appendix F) were also prepared to provide
confidence that a practicable transition can be made between operations and closure/post-closure.

As part of the closure/post-closure BAT assessment, modelled discharge water qualities (Section 5.2.3) for the
Springer Pit were compared to the proposed effluent limits assuming a dilution ratio of 40:1 (Section 5.4) to identify
parameters that may require treatment during closure/post-closure (Table 5-11).
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Table 5-11. Closure/Post-closure Water Quality

Closure Post-closure
. Proposed Effluent Perimeter Perimeter
Parameter Units . .. . . . . . .
Discharge Limit Springer Pit Embankment Till Springer Pit Embankment Till
Borrow Pond Borrow Pond
Major lons
Sulphate [ mg/L | 1100 | 547 906 | 561 531
Nutrients
Ammonia mg/L (as N) 1.3 0.44 0.25 0.55 0.18
Nitrate mg/L (as N) 34 17 25 17 17
Total Phosphorus mg/L 0.09 0.031 0.037 0.032 0.034
Total Metals
Arsenic mg/L 0.028 0.0018 0.0011 0.0021 0.0014
Chromium mg/L 0.004 0.00092 0.0014 0.001 0.0016
Copper mg/L 0.033 0.047 0.072 0.061 0.053
Iron mg/L 1 0.71 0.78 0.71 0.77
Lead mg/L 0.00082 0.00019 0.0002 0.0002 0.00021
Molybdenum mg/L 0.36 0.16 0.22 0.16 0.12
Nickel mg/L 0.0051 0.0018 0.0027 0.0019 0.002
Selenium mg/L 0.075 0.087 0.14 0.088 0.069
Zinc mg/L 0.059 0.0092 0.017 0.011 0.011

Note:
Maximum 95™ percentile predicted concentrations presented for Scenario 1
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As indicated in Table 5-11, total copper and selenium (in addition to suspended solids) were the only parameters
identified that may require treatment during closure/post-closure.

Mine closure brings new opportunities for passive and hybrid treatment systems not afforded during operations
due to the nature of the site and the mine plan. In the closure/post-closure BAT assessment, two treatment options
were developed that would be best suited for water treatment: passive or hybrid systems applied to selected
sources where most appropriate; or a system based on hybrid and pit lake treatment elements followed by the
optimized Actiflo treatment.

It is MPMC’s preference to return flows to pre-development watersheds using passive water treatment systems,
subject to the performance limits of such systems. A passive system may have advantages, including the ability
to discharge directly to pre-development watersheds and waterways such as Hazeltine Creek, and it requires low
long-term maintenance. Therefore, a conceptual design for a conventional passive water treatment system is
included in this TAR (Appendix F). However, a conventional, fully centralized, passive system is not presently
deemed to be a proven system, so further work is required to evaluate decentralized passive and hybrid systems
and to demonstrate the performance of such systems. Additionally, uncertainties related to the feed water quality,
flows, and target qualities for the receiving environment for closure and post-closure need to be addressed through
updates to the closure planning, before this option can be further assessed.

Therefore, closure BAT deemed that the most viable option at present is the option using pit lake treatment,
involving passive and hybrid technologies, combined with the optimized Actiflo systems, through closure and
post-closure phases. The pit lake treatment, which would take place in the Springer Pit, upstream of the
Actiflo system, would allow selenium removal and partial solids settlement, and could be facilitated by the addition
of a carbon source such as molasses. Any optimization required for copper removal would have been implemented
during operations (Section 5.5.1).

5.5.3.2 Alternative Water Treatment Systems

A conventional passive treatment system based on a biochemical reactor is deemed to be impractical for treating
the total flow from the mine. Some of the issues identified with the passive system could potentially be mitigated
through the refinement of reclamation and closure planning or introduction of active components, making it a hybrid
system; however, the latter also requires further testing.

As part of future studies, MPMC may also consider other types of active systems identified in the
closure/post-closure BAT assessment if use of semi-passive or passive treatment systems are not proven to be
feasible through future research or piloting studies.
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6.0 ENVIRONMENTAL EFFECTS PREDICTIONS

This section contains an overview of groundwater and surface water quantity and quality on the mine site, followed
by an effects assessment at locations in the receiving environment where mine contact waters are predicted to
report to, whether through passive seepage or active treatment and discharge. The points of contact are seepage
from the Springer Pit to Bootjack Lake, and to Hazeltine Creek and Quesnel Lake following treatment during
operations, followed by passive treatment and distribution to local waterbodies at closure. Qualities and quantities
of operational discharges are proposed for amendments to EMA Permit 11678.

6.1  Groundwater Quantity and Quality

The following section discusses estimates of groundwater quantity and quality for the mine facilities during
operations and closure. These estimates were included in the SWWBM and WQM for the mine (Section 5.0), and
the results of these models were then used to evaluate potential effects to the environment (Section 6.3).

6.1.1 Groundwater Quantity

The estimates of groundwater quantity for mine facilities were made using a combination of numerical and
analytical hydrogeological models that were based on the conceptual understanding of the mine groundwater
conditions, as summarized in Section 3.3.1. Details of these models, model assumptions, and associated
uncertainty are provided in Appendices B and D, whereas the text in the following subsections summarizes the
predicted groundwater quantities. Table 6-1 provides a summary of how each of the seepage sources is accounted
for in the environmental effects predictions.

Table 6-1: Summary of Seepage Components and Method of Effects Assessment

Seepage Component Method of Effects Assessment Section

Cariboo-Springer Pit Incorporated into site WQM and the Bootjack Lake hydrodynamic model 6.2

Accounted for in SWWBM as a surface discharge from the mine.
Any seepage losses to Polley Lake are captured as part of CEMP within 6.2
adaptive management framework

Wight Pit and Boundary
Pit

TSF to Hazeltine Creek Incorporated into site WQM 6.2

TSF to Edney Creek and

tributaries Part of CEMP within adaptive management framework 8.0

Other facilities
(i.e., NEZ Soil Stockpile, Accounted for in SWWBM as a surface discharge from the mine.
NEZ Dump, SERDS, and | Any seepage losses from site are captured as part of CEMP within adaptive 8.0
Temporary NW PAG management framework
Stockpile)

WQM = water quality model; SWWBM = site-wide water balance model; CEMP = Comprehensive Environmental Monitoring Plan; TSF =

tailings storage facility; NEZ = Northeast Zone; SERDS = Southeast Rock Disposal Site; NW = northwest; PAG = potentially acid generating.

e
17 October 2016 ?Golder
Reference No. 1411734-162-R-Rev0-16000 118 Associates



MOUNT POLLEY MINE: TECHNICAL ASSESSMENT REPORT

6.1.1.1 Open Pits

During operations, groundwater inflows to the Springer Pit and Cariboo Pit were predicted to increase to
approximately 520 m3/day (6.0 L/s) and 600 m3/day (6.9 L/s), respectively, when these pits reach their ultimate
configuration. When fully dewatered, both pits would act as strong groundwater sinks that would reverse
groundwater flow between Bootjack Lake and the pits so that the seepage from Bootjack Lake to the underlying
bedrock would occur. During closure, when both open pits are flooded and the pit lake level reaches the spillway
elevation of 1,050 masl, groundwater inflow to both pits was predicted to decrease to approximately
270 m®/day (3.1 L/s) for the Springer Pit and 320 m®day (3.7 L/s) for the Cariboo Pit. In addition, model results
indicated that when both open pits are flooded to 1,050 masl elevation, seepage from the pit lakes towards
Bootjack Lake would occur (i.e., the pit lakes would act as “flow-through” lakes). Seepage from the
Springer Pit Lake and Cariboo Pit Lake was predicted at approximately 400 m3day (4.6 L/s) and
20 m%/day (0.2 L/s), respectively. Results of sensitivity analyses that were used to quantify the uncertainty in
predicted groundwater quantities showed that the actual groundwater inflow to the open pits could vary between
approximately 0.7 and 1.6 times the base case values provided above, whereas the actual seepage from the pit
lakes towards Bootjack Lake could range between approximately 0.5 to 2.3 times the base case predictions.

During operations, groundwater inflow of approximately 2,600 m?/day (30.1 L/s) was estimated for the Wight Pit.
When fully dewatered, this pit would also act as a strong groundwater sink that would reverse the groundwater
flow direction along the shoreline of Polley Lake so that the seepage from Polley Lake towards the
Wight Pit would occur. During closure, when the Wight Pit is flooded and the pit lake level reaches the spillway
elevation of 926 masl, groundwater inflow to the pit lake was predicted to decrease to approximately
600 m3/day (6.9 L/s). The Wight Pit Lake was also predicted to act as a flow-through lake, with seepage towards
Polley Lake estimated at approximately 500 m®day (5.8 L/s). Considering the uncertainty in hydrogeological
conditions near the Wight Pit, the actual groundwater inflow to the Wight Pit Lake could vary between
approximately 0.7 and 1.2 times the base case value provided above, whereas the actual seepage from the pit
lake towards Polley Lake could range between approximately 0.6 to 1.6 times the base case predictions.

Due to its relatively shallow depth and lack of observed seepage, significant inflow of groundwater to the
Boundary Pit during operations is not expected. This pit could, however, provide seepage to the subsurface in
response to direct precipitation and surface water runoff from the surrounding catchment, and such seepage could
occur during operations and closure. For the range of possible depth of flooding, this seepage was estimated to
range between less than 10 m3/day (0.1 L/s) and approximately 60 m3/day (0.7 L/s) and be directed towards the
Wight Pit. Considering the uncertainty in hydrogeological conditions near the Boundary Pit, this seepage could
vary for a fully flooded pit between approximately 0.6 and 3.0 times the base case value provided above.

6.1.1.2 Tailings Storage Facility

The total seepage collected from the TSF prior to the dam foundation failure in 2014 was approximately
7,344 m3/day (85 L/s). This seepage rate was considered representative of the operational flows from the TSF.
This flow rate is considered to be a conservative upper bound estimate of the operations seepage because the
lateral extent of the pond during operations will be significantly smaller compared to conditions prior to the tailings
dam foundation failure, when, at times, the pond extended over a significant portion of the surface of the TSF. An
additional seepage loss of 190 m%/day (2.2 L/s), not captured by the seepage collection system for the TSF, was
estimated for operational conditions based on previous estimates in design reports (KP 2005).
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Following closure, the seepage from the TSF was predicted to decrease from an average flow of approximately
4,080 m%/day (47.2 L/s) in the first year of closure to about 1,290 m®/day (14.9 L/s) after 70 years, which is
considered representative of long-term steady-state conditions. Of this long-term flow, approximately 160 m3/day
(1.8 L/s) was predicted to bypass the seepage collection system and migrate to Hazeltine Creek, and less than
10 m%/day (0.1 L/s) was estimated to flow towards Edney Creek and/or Edney Creek tributaries. The remainder of
the seepage, in combination with a small component of groundwater originating upgradient of the TSF, was
predicted to be intercepted by the seepage collections systems (1,130 m®/day or 13.1 L/s).

Considering the uncertainty in the groundwater hydrogeological conditions near the TSF and in engineered
components of the facility (e.g., tailings hydraulic conductivity), the predicted seepage from the TSF under
long-term conditions was predicted to range between 890 m®/day (10.3 L/s) and 2,390 m®/day (27.7 L/s), or
approximately 31% lower and 86% higher than the base case value of 1,290 m3/day (14.9 L/s). The predicted
range in seepage loss to downgradient creeks was predicted to range between 40 m3day (0.5 L/s) and
350 m®/day (4 L/s), or approximately 72% lower or 122% higher than the base case value of 160 m3/day (1.8 L/s).

6.1.1.3 Other Facilities

Potential seepage from the NEZ Soil Stockpile, NEZ Dump, SERDS, and Temporary NW PAG Stockpile to the
subsurface was estimated based on the footprint of each facility at closure and an estimate of the groundwater
recharge rate. Predicted seepage from the NEZ Soil Stockpile was estimated to be approximately
20 m3/day (0.2 L/s). Considering the uncertainty in the assumed recharge rate, this seepage could range between
10 m%/day (0.1 L/s) and 40 m3/day (0.5 L/s). Based on the site-wide interpretation of hydrogeological conditions,
groundwater in the vicinity of this facility was inferred to flow east-northeast in the direction of Polley Lake.

Predicted seepage from the NEZ Dump was estimated to be 110 m3/day (1.3 L/s). Considering the uncertainty in
the rate of infiltration to this facility, the predicted flow rate could range between 80 m3/day (0.9 L/s) and 190 m%/day
(2.2 L/s). Based on the site-wide interpretation of hydrogeological conditions, groundwater in the vicinity of this
facility was inferred to flow east in the direction of Polley Lake.

Predicted seepage from the SERDS was estimated to be 420 m3/day (4.9 L/s). Considering uncertainty in the rate
of infiltration to this facility, the predicted flow rate could range between 290 m3/day (3.3 L/s) and 710 m®day
(8.2 L/s). Based on the site-wide interpretation of hydrogeological conditions, groundwater in the vicinity of this
facility was inferred to flow southeast in the direction of Polley Lake and/or the drainage channel between the mine
site and the TSF.

Predicted seepage from the Temporary NW PAG Stockpile was estimated to be 340 m%/day (3.9 L/s). Considering
uncertainty in the rate of infiltration to this facility, the predicted flow rate could range between 220 m®/day (2.6 L/s)
and 570 m3/day (6.6 L/s). Based on the site-wide interpretation of hydrogeological conditions, groundwater in the
vicinity of this facility was inferred to flow towards the northwest and west, in the direction of Bootjack Lake with a
small component of flow towards the Springer Pit while the pit is dewatered.

The seepage estimates presented above do not account for seepage that may be collected in drainage ditches
downgradient of each facility and/or for reduced infiltration along steeper slopes of the facilities due to higher
surface water runoff. Therefore, actual seepage from the storage facilities to the subsurface may be lower than
these estimates.
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6.1.2 Groundwater Quality

Water quality data for the monitoring wells across the mine site have been collected and analyzed by MPMC since
the beginning of development. These analyses include physical parameters, anions, nutrients, and dissolved
metals (MPMC 2016b) and are reported on an annual basis. This information has been reviewed by AMEC (2013)
and Golder (2015d, 2016b), and recommendations were provided for refinements of the groundwater monitoring
network.

There are no exposure pathways between water users and groundwater. Therefore, changes along the
groundwater pathway were not evaluated as part of this TAR. Seepage losses from the Cariboo-Springer Pit and
the TSF were accounted for in the receiving environment water quality predictions (Section 6.2). A chemical load
from these facilities was calculated by assigning the predicted water qualities for facilities seeping to the receiving
environments (Appendix D) to the predicted groundwater flows (Section 6.1.1). Seepage loads from the
Cariboo-Springer Pit and the TSF were conservatively added to the Bootjack Lake and Quesnel Lake models,
respectively, during operations.

An increasing trend in sulphate concentrations was observed in monitoring well GW12-2b in mid-2015. As part of
its review of the Mines Act Permit M-200 amendment application (MPMC 2015a), MEM requested MPMC
conservatively account for all groundwater sources that are draining to Bootjack Lake in the Long-Term TAR water
quality model to ensure the observed constituent concentration increases in GW12-2b were accounted for in the
modelling. In the case of Bootjack Lake, the maximum of the predicted median and 95" concentrations in the
Cariboo-Springer Pit from the No Discharge scenario (Appendix D) were assigned to the seepage draining towards
Bootjack Lake. This approach is considered conservative for the following reasons:

m A comparison of the regulated parameters under EMA Permit 11678 (Figure 6-1) indicates, with the exception
of arsenic, the concentrations of all parameters in groundwater monitoring wells are less than the maximum
of the predicted median and 95" percentile concentrations.

m Instantaneous transport of seepage load from the Springer Pit to Bootjack Lake were assumed.

m Dilution of the seepage from the Springer Pit along the flow pathway is not considered.

This approach is particularly conservative since MPMC is currently discharging water stored in the Springer Pit via
the WTP and lake levels are decreasing (from approximately 1,038 masl to 1,025 masl from mid-July to
mid-October 2016). As such, the general groundwater flow direction in the vicinity of GW12-2b will be towards the
Springer Pit and not towards Bootjack Lake. Therefore, any influence of seepage losses from other mine facilities
(e.g., from the Temporary NW PAG Stockpile) on the increases observed in monitoring well GW12-2b will
inherently be accounted for in the model.

In the case of arsenic, there is variability among wells and no clear source or temporal pattern evident. One well
had concentrations slightly above the most stringent BC WQG of 5 ug/L, whereas the concentrations in all other
wells were below the guideline in all samples. However, based on both the measured and modelled concentrations,
the potential for adverse impacts to Bootjack Lake water quality are very low and will be confirmed through ongoing
monitoring.
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Figure 6-1

Groundwater Quality Results
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As noted in Section 6.1.1.2, a small amount of seepage from the TSF bypasses the collection system. Until the
rehabilitation of Hazeltine Creek is completed, this waterbody is not considered the receiving environment and
was not assessed as part of this TAR. However, this small amount of seepage accounts for approximately 1% of
the annual average outflow from Hazeltine Creek and the influence of the seepage on this watercourse is expected
to be negligible. Within the current assessment, it is assumed that the rehabilitation will be ongoing during the
period when water is discharged directly to Quesnel Lake from the WTP, and the TSF seepage load was directly
added to the Quesnel Lake model for the purposes of evaluating surface water impacts to this waterbody during
operations (Section 6.2).

A water and load representing 20 L/s of seepage from the tailings along Hazeltine Creek was added to the model
as a preliminary estimate of loading of tailings water, and this value will be refined through ongoing monitoring and
risk assessment work being completed under Pollution Abatement Order 107461.

Seepage losses from other site facilities described in Section 6.1.1 were not accounted for in the effects
assessment. These volumes are accounted for in the SWWBM and are considered in the surface discharges from
the mine. This approach is considered appropriate for the following reasons:

m These sources represent a small component of the total discharge from the mine.

m Mine discharges are mixed with baseline (current) water quality in Bootjack Lake and Quesnel Lake, and the
influence of site seepage on downstream receptors will be inherently accounted for in the model baseline
inputs.

m Seepage to other waterbodies will continue to be monitored in downgradient wells and in the receiving
environment as described in Section 8.0 and in the CEMP. Water quality and quantity in those systems will
be tracked and adaptively managed as appropriate.

Predicted receiving environment water qualities, accounting for the above groundwater losses, are presented in
Section 6.2.

6.2  Surface Water Quantity and Quality

As discussed in Section 5.0, a site WQM was developed to predict the discharge water quality from the mine
during operations, closure, and post-closure. In the model, each source that could influence the mine discharge
water quality was assigned an input chemical profile based on geochemical testing (Appendix C) or site water
quality monitoring data to calculate chemical loadings from each mine facility. Chemical loads were coupled with
volumes calculated in the SWWBM (Appendix B) to calculate the concentration of each discharge. Mine facilities
that will store water (e.g., Springer Pit, CCS) were treated as reservoirs in the model, and the concentration of
each facility was calculated by tracking the mass and volume in the cell at each time step. Additional details on
the site WQM are provided in Appendix D.
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During operations, site discharges will report to Quesnel Lake and Bootjack Lake as follows:

m Treated effluent that meets EMA Permit 11678 water quality limits will be discharged to Quesnel Lake via the
Hazeltine Channel until the end of November 2017 or until an alternative discharge system is established.

m These waters will be discharged directly to Quesnel Lake via a pipeline from the WTP after November 2017,
if permitted.

m Seepage from the Springer Pit may discharge to Bootjack Lake should water levels in the pit rise above
1,030 masl.

To evaluate mine-related impacts to surface water quality in Quesnel and Bootjack lakes, three-dimensional
hydrodynamic models were developed for these waterbodies. Details of the model development, inputs, and
assumptions are provided in Appendices | (Bootjack Lake) and J (Quesnel Lake). The hydrodynamic models were
used to develop daily and monthly dilution time series at the edge of the IDZ in each lake (Section 5.0). Daily
maximum and monthly average concentrations of all modelled parameters were predicted at the edge of the IDZ
as described in Appendix D.

Daily maximum and monthly average concentrations were calculated for both the maximum mean and maximum
95t percentile discharge concentrations (Section 5.0), which were screened against the BC WQGs (Section 6.3).

Closure and post-closure water quality predictions of site discharges were produced since an objective of this TAR
is to develop a Long-Term Water Management Plan that is adaptable to mine development through operations,
closure, and post-closure. However, as noted in Section 5.0, EMA Permit 11678 amendments are only being
sought for the remainder of operations because, as described in Section 5.2.3, closure water treatment systems
that are suitable for returning the water to pre-development watersheds require further research and testing
through piloting.

6.3 Impact Assessment — Operations

This section presents an impact assessment of the operations time period from July 2016 to July 2020 to support
permitting of operations. The impact assessment is composed of the following components:

m assessment of untreated mine effluent to determine the need for additional treatment through the existing
WTP (Section 6.3.1)

m derivation of effluent permit limits to update those in the current EMA Permit 11678 based on the protection
goal of meeting BC WQGs at the edge of the IDZ in Quesnel Lake (Section 6.3.2)

m derivation of effluent permit limits for Springer Pit seepage based on the protection goal of meeting
BC WQGs at the edge of the IDZ in Bootjack Lake (Section 6.3.2)

m  modelling of conditions under proposed quantity and quality limits at points of discharge to Quesnel Lake and
Bootjack Lake (Section 6.3.3)

m impact assessment of aquatic resources and other receptors at the IDZ assessment nodes in Quesnel Lake
and Bootjack Lake, considering the modelled conditions (Section 6.3.4)
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The impact assessment considered permitting of a treated water discharge to Quesnel Lake during operations,
whereby site water discharge quality was evaluated for the potential to result in acute toxicity and the need for
further water treatment prior to discharge. Effluent permit limits are proposed to update those currently specified
in EMA Permit 11678 and to inform safe discharge planning as part of the MWMP (Section 7.0) to protect
downgradient or downstream water uses and receptors.

Effluent permit limits are also proposed for a scenario where potential seepage to Bootjack Lake from the
Springer Pit may occur, such as under a No Discharge scenario. As described in Section 5.2.2, seepage from the
Springer Pit to Bootjack Lake would be considered an operational discharge in the event that MPMC is unable to
discharge water from site and is required to store site contact water in the Springer Pit. The quality of the seepage
from the Springer Pit to Bootjack Lake is dependent on when such a scenario would occur during operations.
However, for the purposes of the TAR, this scenario is considered a reasonable “worst-case” condition that is
applicable to any foreseeable circumstance that would lead to similar or lower rates of seepage from Springer Pit
during the remainder of operations and is the basis for the proposed permit limits. Additional details on the seepage
water quality predictions for the No Discharge scenario can be found in Section 5.2.2 and Appendix D.

The impact assessment presented in Section 6.3 assessed potential residual effects on downstream receiving
environment water uses identified for Quesnel Lake as a result of the proposed discharge and Bootjack Lake as
a result of the potential for seepage from the Springer Pit. These water uses relate to the protection of human
health and the protection of aquatic resources and wildlife (e.g., drinking water, protection of aquatic health,
protection of wildlife water users). Impairment of the uses of the receiving environment are prevented through an
appropriate level of controls at source and demonstrated through impact assessment, which is the focus of the
present report.

6.3.1 Effluent Assessment

The numeric limits contained in the MMER (Schedule 4 of the regulation) relate to the metals arsenic, copper,
lead, nickel, and zinc in addition to pH and TSS. Specific to the mine, SRK (2013) noted that in addition to some
metals (i.e., selenium and molybdenum), concentrations of nitrate and sulphate also showed increasing trends in
the TSF supernatant in the years following the restart of mine operations in 2005. Therefore, the main constituents
of interest of the untreated effluent discharge were identified as metals, pH, TSS, nitrate, and sulphate.

6.3.1.1 Main Constituents of Interest

This section provides a general overview of the main constituents of interest in site waters, such as the
Springer Pit and the PETBP, and their potential environmental effects on receptors in the receiving environment.

Metals

Metals occur naturally in the environment in water, sediments, soils, and rocks, and metal concentrations in the
aquatic environment can be variable, particularly in mineralized areas. Metals may enter the aquatic environment
from natural weathering processes as well as from anthropogenic sources, such as those related to building and
road construction, agriculture, forestry, mining operations, fossil fuel combustion, and industrial emissions.
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Certain metals are essential for maintaining good health because of their importance as components of
enzymes or other biologically important proteins, and a shortage of those metals can result in adverse effects.
Excess concentrations of these essential metals and concentrations of non-essential metals can result in
toxicity-related effects on aquatic life (Chapman and Wang 2000; Campbell et al. 2006). The toxicity of metals
to aquatic organisms ranges widely from slight reductions in growth rates to mortality, and may be acute
(after a short-term exposure) or chronic (over a longer term). Uptake of metals from aqueous exposure occurs
independently of uptake from dietary sources, and toxicity from one route of exposure cannot be predicted from
the other.

Metals in the aquatic environment can exist in dissolved form, adhered to particulates, as part of organic and/or
inorganic complexes, and in various oxidation states (Campbell et al. 2006). Metal accumulation and toxicity is
dependent on metal bioavailability, which is influenced by exposure and toxicity modifying factors that include
environmental exposure conditions, as well as physiological and biological characteristics of aquatic organisms
(e.g., regulation of metal uptake and internal partitioning of metals). Environmental exposure conditions that can
influence metal toxicity and accumulation include pH, water hardness, and dissolved organic carbon (DOC).

pH

pH is an environmental factor that affects physiological processes such as enzyme activity, ionic regulation, and
the speciation (chemical form) of substances present in water. pH is also an important exposure and toxicity
modifying factor affecting the bioavailability and toxicity of metals and nutrients. In freshwater systems, the pH is
typically in the range of 6.5 to 9. High pH (greater than 9) can disrupt the waste excretion processes across the
epithelium of fish gills, whereas low pH can result in behavioural effects on fish and can result in a reduced oxygen
uptake from the gills. These effects have been observed in some fish below a pH of approximately 5
(McKean and Nagpal 1991). Metals are typically more bioavailable to aquatic organisms under low pH exposure
conditions and less bioavailable under mildly alkaline conditions because of the effects that pH can have on metal
solubility and speciation. The waters of Quesnel Lake and Bootjack Lake are slightly alkaline.

Total Suspended Solids

There are several reviews on the effects of suspended sediments in freshwater ecosystems (Birtwell 1999;
Caux et al. 1997; EIFAC 1964; Newcombe and Jensen 1996; Newcombe and MacDonald 1991). Suspended
solids are not usually associated with lethal effects on fish except when the TSS concentration is very high. In
studies on the acutely lethal concentrations of TSS on juvenile salmon, it was found that 31,000 mg/L and
17,600 mg/L caused mortality to 50% of juvenile chinook and sockeye salmon, respectively, over a 96-hour test
period (Servizi and Gordon 1990; Servizi and Martens 1987). These concentrations are not commonly
encountered in waterbodies. Suspended sediment also can cause changes in behaviour such as avoidance, which
has been observed at turbidity levels on the order of 35 to 70 NTU (Bisson and Bilby 1982; Robertson et al. 2006),
and physiological trauma such as gill damage, which has been observed at TSS concentrations on the order of
hundreds to thousands of milligrams per litre (Servizi and Martens 1987; Birtwell 1999; Muck 2010).
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Nitrate

Inorganic nitrogen occurs naturally in the aquatic environment and exists predominantly in three forms: nitrate,
nitrite, and ammonia (CCME 2012a). The relative concentrations of these three forms depend on biotic processes
within the nitrogen cycle (e.g., assimilation, nitrogen fixation, nitrification, denitrification, ammonification, and
decomposition of organic matter), the rates of which are biologically mediated and dependent upon pH,
temperature, and dissolved oxygen levels (CCME 2012a). Although nitrate occurs naturally in the aquatic
environment, elevated concentrations of nitrate in surface waters can originate from the leaching of residual
blasting reagents present in waste rock piles and tailings (CCME 2012a). Recent studies have demonstrated an
ameliorative effect from increased water hardness on nitrate toxicity to sensitive species, suggesting that water
hardness influences the toxicity of nitrate (e.g., Nautilus 2011a,b, 2013). However, the mechanisms of action by
which hardness influences nitrate toxicity are not fully known, and at present water hardness is not considered in
the derivation or application of WQGs in Canada. Exposure to elevated concentrations of these nitrogen forms
can result in a variety of effects from slight reductions in growth rates to mortality, and may be acute or chronic
(CCME 2012b).

Sulphate

Sulphate occurs naturally in the environment and is an essential nutrient for all biota (Meays and Nordin 2013).
Mining activities can increase environmental levels of sulphate through the oxidation of sulphide minerals,
and these exposures tend to co-occur with increased levels of conductivity, hardness, and other major ions
(Soucek 2007; Weber-Scannell and Duffy 2007; Meays and Nordin 2013). There are three potential mechanisms
by which sulphate toxicity may occur: specific ion toxicity, perturbation of trans-membrane potential, and osmotic
stress. These mechanisms are not mutually exclusive (Davies and Hall 2007). Sulphate toxicity to aquatic biota
has been shown to be dependent on water hardness with a general decrease in toxicity with increasing hardness
up to a hardness of 250 mg/L (Meays and Nordin 2013). The nature of the relationship between sulphate toxicity
and water hardness is more uncertain in waters with hardness greater than 250 mg/L.

6.3.1.2 Comparison to Metal Mining Effluent Regulation Limits

Treated effluent pH is expected to be within the range deemed acceptable by MMER (6.0 to 9.5), TSS levels will
meet the MMER limits, and permit limits proposed in Section 6.3.2 for arsenic, copper, lead, nickel, and zinc are
predicted to be lower than their respective MMER Schedule 4 limits. MMER limits are not effects-based, and so
attainment of these limits does not imply environmental consequences or lack of such consequences. As
discussed in Section 2.4, MMER also contains a requirement to undertake an EEM program to provide assurances
that the technology-based effluent limits specified in the MMER are sufficient to protect the aquatic receiving
environment. This requirement is discussed further in Section 8.0. Given that the majority of effluent constituents
considered in this TAR do not have MMER limits, the MMER limits are viewed here as a minimal compliance
requirement; however, the assessment of impacts in Section 6.3.4 has been broader as necessitated by the
requirements of provincial legislation.
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The MMER (S.4(1)(c)) also states that the effluent must not be acutely lethal?. This non-toxicity requirement is
also required by the MoE. Specifically, in determining toxicity of wastewater, a discharger must determine toxicity
in accordance with:

m EC’s Biological Test Method: Reference Method for Determining Acute Lethality of Effluents to
Rainbow Trout (Reference Method EPS 1/RM/13) (EC 2000a).

m Ifapplicable, EC’s Procedure for pH Stabilization during the Testing of Acute Lethality of Wastewater Effluent
to Rainbow Trout (Reference Method EPS 1/RM/50) (EC 2008).

Standard 96-hour rainbow trout toxicity tests on treated effluent discharged to Hazeltine Creek under the existing
EMA Permit 11678 from December 2015 to present have shown no acute toxicity to rainbow trout.

The MMER also refers to D. magna effluent monitoring (but not compliance) tests whereby the operator of a mine
is required to conduct D. magna monitoring tests in accordance with Reference Method EPS 1/RM/14 EC (2000b)
at the same time that the acute lethality tests (i.e., rainbow trout 96-hour bioassay tests) are undertaken. D. magna
is a sensitive test organism for metals toxicity. Standard 48-hour toxicity tests on treated effluent discharged to
Hazeltine Creek under the existing EMA Permit 11678 from December 2015 to present have shown no acute
toxicity to D. magna.

6.3.1.3 Untreated Effluent Assessment

The following assessment of untreated effluent was undertaken to demonstrate through a weight of evidence
approach that the discharge to Quesnel Lake or the Springer Pit seepage to Bootjack Lake would not be acutely
toxic. The assessment also served to identify the need for treatment should the potential for acute toxicity be
identified, in order to maintain compliance with the Fisheries Act and the EMA. Mine discharges being applied for
in this TAR are a discharge to Quesnel Lake and Springer Pit seepage to Bootjack Lake, described in more detail
in Section 5.2.

Effluent discharge permit limits for the Quesnel Lake discharge and the Springer Pit seepage to Bootjack Lake
proposed in Section 5.4 were also assessed for the potential for acute toxicity in Section 6.3.2.

While the existing discharge of treated water authorized under EMA Permit 11678 has been tested and found not
to be acutely lethal, the potential for acute lethality must also consider effluent quality based on the permit
conditions being applied for. During the four-year operations period, effluent toxicity testing will be carried out to
confirm predictions and is expected to be a requirement of any EMA Permit 11678 amendment.

For the purposes of the TAR, the following risk-based assessment of the potential for acute toxicity of the
Quesnel Lake discharge and the Springer Pit seepage to Bootjack Lake was undertaken based on predicted
untreated effluent chemistry presented in Sections 5.2.1 and 5.2.2, reflective of the mine site water chemistry.

2 Acutely lethal effluent means an effluent at 100% concentration that kills more than 50% of a test population of Rainbow Trout (Reference Method EPS 1/RM/13: Environment Canada's
Biological Test Method: Reference Method for Determining Acute Lethality of Effluents to Rainbow Trout).
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Approach to Assess the Potential for Acute Toxicity

Predicted concentrations of constituents from the Springer Pit and the PETBP (Quesnel Lake discharge) and
Springer Pit seepage (to Bootjack Lake) reflect untreated water quality and are therefore a conservative
representation of the expected water quality at the points of release.

The highest of the 95" percentile predictions for these untreated effluents were compared to maximum
BC WQGs as an initial screening step to identify constituents requiring further investigation in the next step of the
assessment. Phosphorus parameters (i.e., total phosphorus and dissolved orthophosphate) were not included in
the screening assessment because phosphorus is considered “non-toxic to aquatic organisms at levels and forms
present in the environment” (EC 2004). The potential for phosphorus to have adverse effects in the receiving
environment is discussed in Section 6.3.4. Calcium, hardness, magnesium, potassium, and sodium are
components of TDS mixtures, and would be adequately evaluated in a TDS acute toxicity assessment. There was
not sufficient toxicity information available to evaluate predicted lithium and titanium concentrations. Tin was not
assessed because it is the organic form of tin that is toxicologically relevant, not the inorganic form (CCME 2008).

The following step-wise process was followed to determine the potential for acute toxicity.

m Initial screening step—Comparison of predicted 95" percentile concentrations relevant to the discharge or
seepage were compared to maximum BC WQGs for the protection of aquatic life (MoE 2015a). Maximum
BC WQGs are intended to protect aquatic organisms from harmful effects based on a short exposure and
the 30-day average guidelines are intended to be applied for ongoing exposure by aquatic organisms. The
maximum (short exposure duration) guidelines were used a conservative screening of the effluent. WQGs
are not intended to be applied to effluents, so their use in this manner is an application of those values based
on caution. If predicted site water concentrations are lower than the maximum BC WQG, there is confidence
that neither the effluent nor the waters inside the IDZ would result in acute toxicity. If the predicted effluent
concentration was above this value, then further toxicity evaluation was deemed to be necessary in the next
step of the assessment described below.

For determining variable BC WQG values, a conservative approach was taken that assumed lowest predicted
median site water concentrations of water hardness and chloride as well as maximum pH and temperature
measured values.

m Assessment of predicted untreated mine site water concentrations—Acute toxicity screening values
were developed from acute toxicity data for rainbow trout, where available. Although the MoE and EC specify
the 96-hour rainbow trout toxicity test method for compliance purposes, potential acute toxicity to other
sensitive aquatic species was also considered for the purpose of a priori evaluating the potential for acute
toxicity in the effluent. Specifically, toxicity results associated with aquatic invertebrates, including 48-hour
lethality tests on D. magna (Reference Methods EPS 1/RM/11 and EPS 1/RM/14 [EC 1996, 2000b] or
similar), where available, were considered to evaluate potential acute effects on sensitive invertebrate taxa.
Toxicity data were obtained from supporting documents for guidelines or criteria from BC and other
jurisdictions, and the scientific literature.
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Initial Screening against Maximum BC Water Quality Guidelines

The following constituents were identified for the Quesnel Lake discharge and the Springer Pit seepage as
requiring further evaluation to check for effluent non-toxicity. As shown in Table 6-2, predicted upper-bound
concentrations for the following constituents were higher than either maximum BC WQGs or 30-day BC WQGs
(where a maximum guideline was not available):

m Quesnel Lake discharge—fluoride, sulphate, nitrite, total metals (antimony, arsenic, beryllium, chromium,
copper, selenium), dissolved aluminum.

m Springer Pit seepage—fluoride, sulphate, total metals (antimony, beryllium, selenium), dissolved aluminum.
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Table 6-2: Comparison of Predicted Untreated Mine Site Water Chemistry Relevant to the Quesnel Lake Discharge and
Springer Pit Seepage to Maximum BC Water Quality Guidelines and Metal Mining Effluent Regulation Limits

i ideli (a) Lo
BC’O'Na@er Quality Guidelines® Metal Mining Predicted Site Water
aximum i
. Effluent Concentration
P t Unit -day in li - . ,
arameter nits (or 30 dayt')” “e(‘; of Notes Regulation (highest 95th percentile
maximum) based on Limits® concentration)

effluent hardness
Discharge to Quesnel Lake - Operations from July 2016 to July 2020
Physical Parameters

Hardness mg/L - - 697"
Total Dissolved Solids mg/L - - 1002
[Major lons

Chloride mg/L 600 A - 13.1
Fluoride mg/L 1.8 A c - 9.7
Sulphate mg/L 429 A, 30-d, d - 556
Nutrients

Ammonia mg/L (as N) 5.7 A e - 0.64
Nitrate mg/L (as N) 32.8 A - 17
Nitrite mg/L (as N) 0.12 A, f - 0.43
Total Metals

Aluminum mg/L - - 0.88
Antimony mg/L 0.0009 W, 30-d - 0.0022
Arsenic mg/L 0.005 A, 30-d 0.5 0.014
Barium mg/L 1 W, 30-d - 0.12
Beryllium mg/L 0.00013 W, 30-d - 0.0012
Boron mg/L 1.2 A, 30-d - 0.30
Cadmium mg/L - - 0.00026
Chromium mg/L 0.001 W, 30-d, CrVI - 0.0020
Cobalt mg/L 0.11 A - 0.0049
Copper mg/L 0.033 A g 0.3 0.049
Iron mg/L 1 A - 0.76
Lead mg/L 0.38 A h 0.2 0.00041
Lithium mg/L - - 0.018
Manganese mg/L 34 A - 2.2
Mercury mg/L 0.00001 A, 30-d, - 0.0000035
Molybdenun mg/L 2 A - 0.18
Nickel mg/L 0.15 W, 30-d, k 0.5 0.0024
Selenium mg/L 0.002 A, 30-d - 0.087
Silver mg/L 0.003 Al - 0.00012
Strontium mg/L - - 3.5
Thallium mg/L 0.0008 W, 30-d - 0.00026
Tin mg/L - - 0.00025
Titanium mg/L - - 0.035
Uranium mg/L 0.0085 W, 30-d - 0.0051
Vanadium mg/L - - 0.036
Zinc mg/L 0.22 A m 0.5 0.026
Dissolved Metals

Aluminum mg/L 0.1 A n - 0.39
Cadmium mg/L 0.0020 A o - 0.00017
Iron mg/L 0.35 A - 0.22

Seepage to Bootjack Lake - Operations from July 2016 to July 2020 and No Discharge Scenario
Physical Parameters

Hardness ma/L - - 616®
Total Dissolved Solids mg/L - - 903
[Major lons

Chloride mg/L 600 A - 6.7
Fluoride mg/L 1.8 A c - 2.9
Sulphate mg/L 429 A, 30-d, d - 499
Nutrients

Ammonia mg/L (as N) 1.0 A e - 0.29
Nitrate mg/L (as N) 32.8 A - 13
Nitrite mg/L (as N) 0.12 A, f - 0.23
Total Metals

Aluminum mg/L - - 0.12
Antimony mg/L 0.0009 W, 30-d - 0.00096
Arsenic mg/L 0.005 A, 30-d 0.5 0.0032
Barium mg/L 1 W, 30-d - 0.072
Beryllium mg/L 0.00013 W, 30-d - 0.00048
Boron mg/L 1.2 A - 0.13
Cadmium mg/L - - 0.00013
Chromium mg/L 0.001 W, 30-d, CrVI - 0.00063
Cobalt mg/L 0.11 A - 0.0020
Copper mg/L 0.033 A g 0.3 0.027
Iron mg/L 1 A - 0.14
Lead mg/L 0.37 A h 0.2 0.00010
Lithium mg/L - - 0.0083
Manganese mg/L 34 A - 0.99
Mercury mg/L 0.00001 A, 30-d, - 0.0000025
Molybdenum mg/L 2 A - 0.13
Nickel mg/L 0.15 W, 30-d, k 0.5 0.0013
Selenium mg/L 0.002 A, 30-d - 0.061
Silver mg/L 0.003 Al - 0.000040
Strontium mg/L - - 2.1
Thallium mg/L 0.0008 W, 30-d - 0.00012
Tin mg/L - - 0.000084
Titanium mg/L - - 0.0102
Uranium mg/L 0.0085 W, 30-d - 0.0019
Vanadium mg/L - - 0.0064
Zinc mg/L 0.21 A m 0.5 0.013
Dissolved Metals

Aluminum mg/L 0.1 A n - 0.12
Cadmium mg/L 0.0023 A o - 0.00013
Iron mg/L 0.35 - 0.14
Notes:

mg/L = milligram per litre; N = nitrogen; A = approved guideline; CrVI = hexavalent chromium; W = working guideline

For hardness-dependent BC WQGs the minimum of median predicted site water hardness of 334 mg/L and 328 mg/L was used for Quesnel Lake
and Bootjack Lake, respectively.

For chloride-dependent guidelines, the minimum of median predicted chloride concentration in site water of 2.6 mg/L and 3.7 mg/L was used for
Quesnel Lake and Bootjack Lake, respectively.

a) British Columbia Water Quality Guideline (BC WQG) for the protection of freshwater aquatic life.

b) Metal Mining Effluent Regulations (MMER) Schedule 4, maximum authorized monthly mean concentration.

c) Hardness dependent fluoride guideline: BC Max WQG (mg/L) = 0.4 mg/L if hardness <10, otherwise use -51.73+(92.57*log(hardness))*0.01
mg/L.

d) Hardness dependent sulphate guideline: BC 30-d WQG (mg/L) = 128 at hardness <30 mg/L, 218 at hardness 31-75 mg/L, 309 at hardness 76-
180 mg/L, 429 at hardness 181-250 mg/L, determine based on site water at hardness >250 mg/L.

e) pH and temperature dependent ammonia guideline: values selected from Table 3 in BC WQG based on maximum temperature (20 degrees
Celsius) and pH (8.7).

f) Chloride (Cl) dependent nitrite guideline: BC Max WQG (mg/L) = 0.06 at Cl <2 mg/L, 0.12 at Cl 2-4 mg/L, 0.18 at Cl 4-6 mg/L, 0.24 at Cl 6-8
mg/L, 0.30 at CI 8-10 mg/L, 0.60 at Cl >10 mg/L.

g) Hardness dependent copper guideline: BC Max WQG (mg/L) = (0.094(hardness)+2)/1000.
h) Hardness dependent lead guideline: BC Max WQG (mg/L) = 0.003 mg/L if hardness <8, otherwise use e*(1.273*In(hardness)-1.46)/1000 mg/L.

i) Hardness dependent manganese guideline: BC Max WQG (mg/L) = 0.01102*(hardness)+0.54. The hardness was capped at 259 mg/L.

j) Mercury BC 30-d WQG (mg/L) = 0.0001/(MeHg/THg), where MeHg is mass (or concentration) of methyl mercury and THg is total mass (or
concentration) of mercury in a given water volume; assumed = 0.00001 at 1% MeHg.

k) Hardness dependent nickel guideline: BC 30-d WQG (mg/L) = 0.025 at hardness <60 mg/L, (exp(0.76*In(hardness)+1.06))/1000 at hardness
<180 mgl/L, 0.15 at hardness >180 mg/L.

1) Hardness dependent silver guideline: BC Max WQG (mg/L) = 0.0001 at hardness <100 mg/L, 0.003 at hardness >100 mg/L; BC 30-d WQG
(mg/L) = 0.00005 at hardness <100 mg/L, 0.0015 at hardness >100 mg/L.

m) Hardness dependent zinc guideline: BC Max WQG (mg/L) = (33+0.75(hardness-90))/1000.

n) pH dependent dissolved aluminum guideline: BC Max WQG (mg/L) = 0.1 at pH26.5, at pH <6.5 = EXF’(1.209-2.426*(pH)+0.286*(pH2)). The
minimum effluent pH of 6.8 and 7.1 was used for Quesnel Lake and Bootjack Lake, respectively.

0) Hardness dependent dissolved cadmium guideline: max BC WQG (mg/L) = (exp(1.03*In(hardness)-5.274))/1000.

p) Predicted hardness; not used for calculation of hardness-dependent BC WQGs.

Bold and shaded cells indicate the predicted site water concentration is greater than the maximum BC WQG.
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Assessment of Predicted Untreated Mine Site Water Concentrations

The next stage of the assessment involved further assessment of constituents predicted to be above maximum
BC WQGs. For constituents without BC WQGs, predicted site water concentrations were also evaluated for the
potential to result in acute toxicity at the point of discharge (i.e., TDS, vanadium).

Fluoride

The rainbow trout 96-hour LC50 (concentration that is lethal to 50% of test population) value of 107.5 mg/L tested
in soft water (Carmargo and Tarazona 1991), cited by the Canadian Council of Ministers of the Environment
(CCME 2002) in support of derivation of the CCME fluoride WQG for the protection of aquatic life, was selected
as the acute screening value. The highest 95" percentile concentrations of 9.7 mg/L (Quesnel Lake discharge)
and 2.9 mg/L (Springer Pit seepage) were more than an order of magnitude lower than this screening value,
indicating fluoride in the discharge and the seepage would be non-acutely toxic.

Sulphate

There are no BC or CCME WQGs specific to protection against sulphate effects from acute exposures
(MoE 2016a). Rescan (2012) compiled short-term toxicity data for sulphate from the literature and related the
endpoint data to water hardness. The review indicated that short-term toxicity to sulphate decreased with
increasing hardness, although the slope flattens for hardness levels between 200 and 700 mg/L as calcium
carbonate (CaCOs). A 96-hour LC50 of 9,900 mg/L sulphate was reported for rainbow trout at 250 mg/L hardness
as CaCOs (Rescan 2012). Based on this single study, a rainbow trout acute screening value of 4,950 mg/L was
used based on applying a 2x safety factor. Given that only one toxicity value was available for rainbow trout and
D. magna toxicity values cited by Rescan (2012) were below the rainbow trout screening value, the equation
derived by Rescan (2012) for a hardness-adjusted HC5 (the concentration that is considered to be protective of at
least 95% of species) was adopted as the acute screening value for the Quesnel Lake discharge (1,476 mg/L) and
the Springer Pit seepage (1,545 mg/L). The acute dataset compiled by Rescan (2012) met the requirements of
CCME for establishing a Type A water quality guideline using a species sensitivity distribution, as well as the
requirements of US Environmental Protection Agency (US EPA) for incorporating water hardness into water quality
benchmarks for metals.

The highest 95" percentile concentrations of 556 mg/L (Quesnel Lake discharge) and 499 mg/L
(Springer Pit seepage) are several fold lower than the respective acute screening values for each lake, indicating
sulphate in the discharge and the seepage is not expected to be acutely toxic.

Nitrite

The BC WQG for nitrite increases with increasing concentrations of chloride to reflect the influence of chloride on
nitrite toxicity (MoE 2016a). In a review of fish nitrite toxicity data, Lewis and Morris (1986) summarized available
acute toxicity data for rainbow trout and other fish species. At pH conditions representative of the site waters to be

discharged, the two lowest nitrite 96-hour toxicity values for rainbow trout were 0.24 mg/L (chloride = 0.35 mg/L)
and 3 mg/L (chloride = 10 mg/L).
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The lowest predicted median chloride values in the Quesnel Lake discharge (2.6 mg/L) and the Springer Pit
seepage (3.7 mg/L) were closer to the latter value of 10 mg/L chloride than the next lowest chloride exposure
condition of 0.35 mg/L cited by Lewis and Morris (1986). The highest predicted 95" percentile concentrations of
nitrite for the Quesnel Lake discharge (0.43 mg/L) and the Springer Pit seepage (0.23 mg/L) were at least
six times lower than the rainbow trout value of 3 mg/L cited by Lewis and Morris (1986) under chloride conditions
of 10 mg/L. By comparison, the relative difference between the BC WQG nitrite values of 0.12 mg/L at 2 to 4 mg/L
chloride and 0.6 mg/L at more than 10 mg/L chloride is five times. Furthermore, a study by Eddy et al. (1983) cited
by Lewis and Morris (1986) reported a 96-hour toxicity value for rainbow trout of 3.9 mg/L at pH 7 and a chloride
exposure condition of 1 mg/L. In consideration of the rainbow trout toxicity data cited in Lewis and Morris (1986),
nitrite would not be toxic to rainbow trout under the minimum chloride conditions predicted for the discharges within
a pH range of 7 to 8.

Aluminum

The species mean acute value for rainbow trout of greater than 7.5 mg/L calculated by GEI Consultants, Inc.
(GEI 2011) was selected as the acute screening value assuming a hardness of 50 mg/L CaCOs and a pH range
of 6.5 to 9.0. The highest 95" percentile concentrations of total aluminum for the Quesnel Lake discharge
(0.88 mg/L) and the Springer Pit seepage (0.12 mg/L) are over an order of magnitude lower than this screening
value. This indicates that aluminum in the discharge and the seepage would not be acutely toxic providing the
seepage and discharge pH conditions are maintained above 6.5. This conclusion is supported by comparison to
the species mean acute value calculated for aluminum by GEI (2011) for D. magna of 4.7 mg/L that assumed a
hardness of 50 mg/L CaCOs and a pH range of 6.5 to 9.0.

Antimony

The highest 95" percentile concentrations of total antimony for the Quesnel Lake discharge (0.0022 mg/L) and
the Springer Pit seepage (0.00096 mg/L) were below acute lethality endpoints summarized by the Australia and
New Zealand Environment and Conservation Council (ANZECC 2000), which ranged from 0.76 to 920 mg/L. This
comparison indicated that antimony in the discharge and the seepage would not be acutely lethal.

Arsenic

No provincial or federal short-term guidelines are available for arsenic but the US EPA criterion maximum
concentration value of 0.34 mg/L (US EPA 2016a) is an order of magnitude higher than the highest 95" percentile
concentration predicted for the Quesnel Lake discharge (0.014 mg/L). This concentration is also an order of
magnitude lower than the lowest sub-acute toxicity value for fish cited by the CCME (2001) in the derivation of the
long-term CCME WQG for the protection of aquatic life (i.e., 28-day LC50 of 0.55 mg/L for rainbow trout;
Birge et al. [1979]). Therefore, predicted arsenic concentrations for the Quesnel Lake discharge would not be
acutely lethal as per the regulatory definition described in Section 6.3.1.2. Predicted concentrations of arsenic in
the Springer Pit seepage are below the chronic BC WQG and therefore would not result in acute lethality.
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Beryllium

The only rainbow trout toxicity value listed in a recent search of the US EPA ECOTOX database was a
28-day LC50 value of 0.38 mg/L reported by Birge et al. (1980). More daphnid data were available, with
48-hour LC50 values that ranged from 1 to 3.46 mg/L. The highest 95" percentile concentrations predicted for the
Quesnel Lake discharge and the Springer Pit seepage are several orders of magnitude below these toxicity
estimates, and as such, predicted beryllium concentrations in these effluents are not likely to be acutely toxic.

Chromium

The lowest acute toxicity value for fish was 0.22 mg/L for hexavalent chromium (72-hour median tolerance limit
with rainbow trout; Hogendoorn-Roozemond et al. 1978 as cited in Pawlisz et al. 1997) in the dataset summarized
by Pawlisz et al. (1997) to support of the derivation of the CCME chromium WQG for the protection of aquatic life.
This value was selected as the acute screening value. By setting a hexavalent chromium acute screening value,
a conservative approach was taken because hexavalent chromium is more toxic to aquatic life than trivalent
chromium (Pawlisz et al. 1997).

As stated by Pawlisz et al. (1997), the higher oxidizing potential, higher solubility, and relative ease of permeation
of biological membranes make hexavalent chromium more toxic to aquatic life than trivalent chromium. Therefore,
setting the effluent treatment target using the hexavalent chromium toxicity dataset yields a lower (and therefore
more conservative) target.

The highest 95" percentile concentration predicted for the Quesnel Lake discharge (0.002 mg/L) for total chromium
is several orders of magnitude below this toxicity value, indicating chromium in the discharge would not be acutely
lethal. This conclusion is supported by comparison to the lowest D. magna toxicity value included in the dataset
used to derive the CCME long-term WQG, that is, 48-hour LC50 for D. magna of 0.020 mg/L (Oikari et al. 1992 as
cited in Pawlisz et al. 1997). Predicted concentrations of chromium in the Springer Pit seepage are below the
chronic BC WQG and therefore would not result in acute lethality.

Copper

The highest predicted 95" percentile total concentration for the effluent to be discharged to Quesnel Lake
(0.049 mg/L) was above the maximum BC WQG of 0.033 mg/L. As described in Section 6.3.2, the effluent target
based on meeting the 30-day BC WQG at the edge of the IDZ (0.053 mg/L) was also above the maximum
BC WQG. Acute toxicity values for copper compiled in the development of the US EPA biotic ligand model
(US EPA 2007) for rainbow trout, as well as rainbow trout toxicity values available in recent studies
(e.g., Welsh et al. 2008; Vardy et al. 2013; Calfee et al. 2014) suggest that copper could be acutely lethal at the
maximum predicted site water concentrations. Predicted median DOC concentrations in the site waters to be
discharged to Quesnel Lake and the Springer Pit seepage were less than 3.5 mg/L, indicating they were not
elevated in DOC. As shown in Appendix F (Figure 1 of Attachment B), as DOC approaches 2 mg/L, toxicity values
derived using the biotic ligand model and the US EPA hardness based equation are more similar. Therefore, the
maximum BC WQG of 0.033 mg/L, calculated using a minimum median predicted site water hardness of
334 mg/L, was identified as an operations treatment target for copper to be treated using the existing WTP, with
modifications to improve copper removal as described in Appendix E.
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To confirm that acute toxicity would be not be expected within the IDZ, copper and hardness concentrations were
predicted in various combinations of effluent (0.033 mg/L total copper and hardness of 334 mg/L) and site water
(Quesnel Lake mean baseline total copper concentration of 0.00085 mg/L and hardness of 54 mg/L).
Combinations were consistent with dilution series used in rainbow trout and D. magna toxicity tests conducted per
EC (2000a,b). The combinations were 50% effluent and 50% site water, 25% effluent and 75% site water,
12.5% effluent and 87.5% site water, and 6.25% effluent and 93.75% site water. Consistent with predictions, as
hardness decreased in the mixed effluent and site water combinations, the maximum BC WQG decreased per the
hardness-dependent equation. Total copper concentrations also decreased. The ratio of total copper to maximum
BC WQG remained below 1 for all combinations, indicating that total copper concentrations within the IDZ would
remain below the maximum BC WQG and no acute toxicity would be expected inside the IDZ.

Selenium

There is no aquatic life WQG specific to protection against selenium effects from acute exposures. Based on
findings from a 2009 Pellston Workshop on Ecological Assessment of Selenium in the Aquatic Environment,
the US EPA (2016b) concluded that diet is the primary pathway of selenium exposure to aquatic vertebrates and
invertebrates and that traditional methods for predicting toxicity on the basis of exposure to dissolved
concentrations are not appropriate for selenium. However, for the purposes of this assessment, acute toxicity data
compiled in the technical report by Beatty and Russo (2014) to support the derivation of the 30-day BC WQG were
reviewed.

The lowest rainbow trout acute toxicity value documented by Beatty and Russo (2014) of 4.5 mg/L as selenite was
selected as the acute screening value (values ranged from 4.5 to 9 mg/L). The highest predicted 95" percentile
concentrations of total selenium for the Quesnel Lake discharge (0.087 mg/L) and the Springer Pit seepage
(0.061 mg/L) are below this screening value, and therefore acute toxicity due to dissolved selenium concentrations
is not expected. This conclusion is supported by comparison to the lowest acute toxicity value for D. magna
documented by Beatty and Russo (2014) of 0.21 mg/L (values ranged from 0.21 to 0.66 mg/L).

Strontium

The highest 95" percentile concentrations of total strontium for the Quesnel Lake discharge (3.5 mg/L) and the
Springer Pit seepage (2.1 mg/L) were below the strontium chronic effects benchmark of 10.7 mg/L recently
proposed by McPherson et al. (2014) for freshwater environments. This comparison indicates that strontium in the
Quesnel Lake discharge and the Springer Pit seepage would not be acutely lethal.

Total Dissolved Solids

The highest 95" percentile concentrations of TDS for the Quesnel Lake discharge (1,002 mg/L) and the
Springer Pit seepage (903 mg/L) are below the most sensitive endpoint reported in the literature (D. magna LC50
of 1,692 mg/L TDS [Tietge et al. 1996 cited in Weber-Scannell and Duffy 2007]). Reviews by Weber-Scannell and
Duffy (2007) and Mount et al. (1997) found that most acute LC50 values to fall in the range of 5,300 to
20,000 mg/L TDS. A published TDS LC50 for rainbow trout was not located for this assessment.
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Vanadium

The highest 95" percentile concentrations of total vanadium for the Quesnel Lake discharge (0.036 mg/L) and the
Springer Pit seepage (0.0064 mg/L) were below acute lethality endpoints summarized by EC and Health Canada
(2010), which ranged from 0.211 to 30.8 mg/L. This comparison indicates that vanadium in the discharge and the
seepage would not be acutely lethal.

6.3.14 Summary

The evaluation concluded that concentrations predicted for the Quesnel Lake discharge and the Springer Pit
seepage are expected to meet the end-of-pipe rainbow trout non-toxicity requirements, based on the following
lines of evidence.

m  With the exception of copper in the Quesnel Lake discharge, the highest 95 percentile concentrations of
constituents with BC WQGs are either below these guidelines, below acute screening values developed for
rainbow trout, or are below other suitable acute toxicity benchmarks. Copper will be treated so that discharge
concentrations meet an effluent permit limit set as the maximum BC WQG; therefore, acute toxicity would
not be expected in the Quesnel Lake discharge as a result of copper.

m Effluent temperatures are not expected to change substantially during treatment, so the effluent temperature
will be similar to the temperature of the Springer Pit waters, PETBP waters, and natural open-surface
waterbodies in the region. Temperature is expected to vary with ambient seasonal temperatures.

m The treated effluent currently being discharged to Quesnel Lake has not resulted in acute toxicity to rainbow
trout or the water flea D. magna. As described in Section 5.5 and Appendix E, the current treatment
technology will be optimized to improve copper removal in order to attain the operations treatment target for
copper. The treatment technology would not be expected to result in acute lethality at the point of discharge
due to treatment-related changes to effluent composition but this will be verified during the implementation of
the upgrade to the WTP.

Based on the evaluation of predicted effluent quality:

m The Quesnel Lake discharge and Springer Pit seepage to Bootjack Lake would not be regarded as
deleterious substances as defined in the federal Fisheries Act and specifically as defined in the MMER.

m Discharge of the effluent or the seepage is unlikely to cause pollution as defined in the EMA.

Toxicity bioassays are an important tool to determine the effects of a complex effluent on aquatic organisms.
Combined effects of effluent constituents that may otherwise be difficult to ascertain can be established using a
variety of toxicological tests. Confirmatory acute toxicity testing of the treated effluent (rainbow trout 96-hour LC50
and D. magna 48-hour LC50 tests) will be conducted prior to discharge to address the potential uncertainty
inherent in the prediction of toxicity from chemical predictions. Toxicity testing is also expected to be part of the
monitoring program during the proposed discharge. Confirmatory and compliance monitoring is proposed in
Section 8.0.
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6.3.2 Effluent Permit Limits

As part of the application to amend the current discharge permit (EMA Permit 11678), effluent permit limits are
proposed in Table 6-3 for the Quesnel Lake discharge (to update those in the current EMA Permit 11678) and for
the Springer Pit seepage to Bootjack Lake. Effluent permit limits are proposed for parameters listed in Schedule 4
of MMER and for parameters with existing permit limits under EMA Permit 11678 with the exception of vanadium,
which no longer has a BC WQG. Vanadium concentrations will nevertheless be assessed in the receiving
environment impact assessment in Section 6.3.4 of this TAR, along with other constituents, and will be included
in the monitoring program.

The approach used to derive the permit limits proposed in Table 6-3 is composed of the following steps.

As described in Section 5.4.1, effluent targets were calculated at the discharge points using minimum
30-day dilution factors to determine discharge concentrations to achieve the protection goals of meeting
BC WQGs for drinking water and the most sensitive receiving environment use at the edge of the IDZ in
Quesnel Lake. The same was true for Bootjack Lake with the exception of the copper target. Bootjack Lake
is currently not influenced by mining activity, and the baseline data show that mean copper concentrations
exceed the hardness-dependent BC WQG (Section 3.4.2). In accordance with provincial guidance
(MoE 2013a), it was therefore appropriate to use the background correction procedure to propose that the
copper target be back-calculated in order to meet 0.004 mg/L at the edge of the IDZ, representing the
95th percentile of the pre-mine baseline dataset (Table 3-16).

Proposed effluent discharge targets were screened against MMER limits (where available) and for the
potential for toxicity, first by a conservative comparison to short-term maximum BC WQGs and acute
screening values derived in the effluent assessment presented in Section 6.3.1.

Constituents identified to have the potential for acute toxicity at target concentrations shown in Table 6-3
were reduced in the proposed permit limits to a concentration that is predicted, based on chemistry, that
acute lethality would not occur at the discharge point (i.e., either equal to or below an acute screening value
or the BC maximum WQG for the protection of aquatic life).

Where relevant for the Quesnel Lake discharge, effluent targets were further refined by lowering them to the
maximum of either:

= Two times the highest predicted 95" percentile discharge concentration evaluated using site monitoring
data as inputs (referred to as Scenario 1 in Section 5.2).

= The highest 95" predicted discharge concentration evaluated using source terms developed by SRK
(Appendix C) (referred to as Scenario 2 in Section 5.2).
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Table 6-3: Derivation of Proposed Effluent Discharge Limits

Back-Calculated Effluent Me;«’;\:lMining BC WQGs or Acute Screening value® ' '
Parameter Units Target to Meet BC WQGs ueht Maximum Predicted Maxnmum Effluent Prqposed Effl_ue_nt
@ Regulation (based on effluent Notes Concentration Discharge Limit
at the Edge of the IDZ S )
Limits hardness)
Discharge to Quesnel Lake - Operations
Physical Parameters
TSS mg/L - 15 - - - 15
pH pH units - 6-9.5 - - - 6-9.5
Major lons
Sulphate [ mg/L | 8474 [ - [ 1476 ASV 1112i 1100
Nutrients
Ammonia mg/L (as N) 6.8 - 5.7 A, d 1.3i 1.3
Nitrate mg/L (as N) 118 - 33 A 34i 34
Total Phosphorus mg/L 0.12 - 0.005 - 0.015 A, in lakes 0.09i 0.09
Total Metals
Arsenic mg/L 0.2 0.5 0.55 ASV 0.028i 0.028
Chromium mg/L 0.021 - 0.22 ASV 0.004i 0.004
Copper mg/L 0.053 0.3 0.033 A e 0.098i 0.033
Iron mg/L 39 - 1.0 A 1.52i 1.0
Lead mg/L 0.19 0.2 0.38 A f 0.00082i 0.00082
Molybdenum mg/L 40 - 2 A 0.36j 0.36
Nickel mg/L 0.5 0.5 0.26 ASV, g 0.0051j 0.0051
Selenium mg/L 0.075 - 4.5 ASV 0.2 0.075
Zinc mg/L 0.18 0.5 0.22 A, h 0.059j 0.059
Seepage to Bootjack Lake - No Discharge Scenario
Physical Parameters
TSS mg/L - 15 - - - 15
pH pH units - 6-9.5 - - - 6-9.5
Major lons
Sulphate mg/L 5996 - 1545 ASV n/a 1545
Nutrients
Ammonia mg/L (as N) 4.8 - 1.0 A d n/a 1.0
Nitrate mg/L (as N) 84 - 33 A n/a 33
Total Phosphorus mg/L 0.16 - 0.005 - 0.015 A, in lakes n/a 0.16
Total Metals
Arsenic mg/L 0.13 0.5 0.55 ASV n/a 0.13
Chromium mg/L 0.015 - 0.22 ASV n/a 0.015
Copper mg/L 0.039 0.3 0.033 A e n/a 0.033
Iron mg/L 25 - 1.0 A n/a 1.0
Lead mg/L 0.12 0.2 0.38 A f n/a 0.12
Molybdenum mg/L 28 - 2.0 A n/a 2.0
Nickel mg/L 0.5 0.5 0.26 ASV,g n/a 0.26
Zinc mg/L 0.13 0.5 0.21 A, h n/a 0.13

Notes:

BC WQGs = British Columbia Water Quality Guidelines; IDZ = initial dilution zone; mg/L = milligram per litre; N = nitrogen; A = approved guideline; ASV = acute screening value

n/a - Predicted site water not considered in derivation of effluent permit limits for seepage to Bootjack Lake

Bold indicates the candidate value selected as proposed effluent permit limit (grey highlight).

For hardness-dependent BC WQGs the minimum of median predicted site water hardness of 334 mg/L and 328 mg/L was used for Quesnel Lake and Bootjack Lake, respectively.

a) Based on 40:1 dilution for Quesnel Lake and 28:1 dilution for Bootjack Lake. The back-calculated targets in Table 6-3 were based on WQGs calculated from mean baseline toxicity modifying concentrations
for Quesnel Lake (i.e., BC WQGs shown in Table 6-6).

b) Metal Mining Effluent Regulations (MMER) Schedule 4, maximum authorized monthly mean concentration.

¢) British Columbia Water Quality Guideline (BC WQG) for the protection of freshwater aquatic life or acute screening value where no maximum WQG (See Section 6.3.1.3).

d) pH and temperature dependent ammonia guideline: values selected from Table 3 in BC WQG based on maximum temperature (20 degrees Celsius) and pH (8.7).

e) Hardness dependent copper guideline: BC Max WQG (mg/L) = (0.094(hardness)+2)/1000.

f) Hardness dependent lead guideline: BC Max WQG (mg/L) = 0.003 mg/L if hardness <8, otherwise use exp”(1.273*In(hardness)-1.46)/1000 mg/L.

g) Short-term acute toxicity benchmark for nickel based on US EPA (2016) acute aquatic life criteria and hardness of 50 mg/L; US EPA (2016) National Recommended Water Quality Criteria - Aquatic Life
Criteria Table. Available at: https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table.

h) Hardness dependent zinc guideline: BC Max WQG (mg/L) = (33+0.75(hardness-90))/1000.
i) Based on two times Scenario 1 maximum 95th percentile water quality predictions using site monitoring data as inputs.
j) Based on Scenario 2 predicted discharge water quality using source terms developed by SRK (2016).
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The resultant effluent permit limits proposed in Table 6-3 were derived to allow a margin of safety between
expected quality and enforceable limits, to prevent the administrative burden of non-compliance events that are
above permit limits, but are not environmentally disruptive, while providing clear and enforceable limits protective
of the environment. As shown in Table 6-3, the proposed limits are equal to or below maximum BC WQGs or acute
screening values derived in Section 6.3.1 and so are not expected to result in acutely lethal effects at the point of
discharge. These limits will inform safe discharge planning as part of the MWMP (Section 7.0) to protect
downgradient or downstream water uses and receptors. The findings of the impact assessment presented in
Section 6.3.4 also indicate that the adoption of the proposed permit criteria will be protective of the receiving
environment. Toxicity testing to confirm this expectation is anticipated to be part of the permit requirements and
monitoring program during the proposed discharge. Confirmatory and compliance monitoring is proposed in
Section 8.0.

A selenium effluent limit is not proposed for the Springer Pit seepage to Bootjack Lake. MPMC proposes to manage
Bootjack Lake selenium concentrations through monitoring selenium at the edge of the IDZ, as well as in the
Springer Pit, and in wells downgradient of the Springer Pit. If selenium concentrations approach the chronic
guideline value of 2 pg/L, and it is identified that these increases are related to increases of in-pit selenium
concentrations, this transport pathway will be further evaluated for risk to ecological receptors and as necessary
mitigated through such options as grouting, in-pit lake selenium treatment, and/or other methods.

With respect to the discharge to Quesnel Lake, the maximum of the 95" percentile modelled selenium
concentration (0.087 mg/L) was marginally higher than the proposed effluent limit of 0.075 mg/L. However, at
present, selenium is not identified as a parameter that will require treatment since the model predictions are based
on several conservative assumptions (Appendix D) and historical concentrations have remained well below these
levels. If operational monitoring indicates that selenium concentrations in the discharge are trending towards the
maximum value of the modelled 95" percentile concentration, additional mitigation, such as reducing selenium
concentrations prior to discharging, will be implemented.

6.3.3 Modelled Conditions Assuming Proposed Permit Limits

To evaluate potential effects in the receiving environment, the treated effluent predictions presented in
Section 6.3.1 were carried forward in water quantity and water quality models simulating discharges to
Quesnel Lake and Bootjack Lake. In Quesnel Lake, separate models were used to determine the near-field and
far-field transport of the discharge. The models were selected to reflect the physical characteristics and hydraulic
properties within the near-field and far-field. This approach is consistent with modelling practices applied to
predicting the effects of mine effluent discharges to complex receiving environments for regulatory applications
(Vandenberg et al. 2015), and was consistent with the approach and models applied in the Short-term TAR
(Golder 2015k). In Bootjack Lake, a similar approach was adopted, except a near-field dispersion model was not
applied because the discharge would not be a point-source input. Instead, a three-dimensional hydrodynamic was
applied, and it was discretized (gridded) to represent an IDZ at the expected location where the discharge would
report to Bootjack Lake, as described below.
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6.3.3.1 Quesnel Lake Near-Field Model

In Quesnel Lake, concentrations at the edge of the 100 m IDZ were estimated using Cornell Mixing Zone Expert
System (CORMIX) (Doneker and Jirka 2007). This model was used to develop an outfall design that maximizes
dispersion at the IDZ under a variety of seasonal and wind-driven current conditions. CORMIX provides predictions
within the near-field (i.e., at the scale of metres to hundreds of metres, including the edge of the IDZ). A number
of individual scenarios were simulated within CORMIX to estimate the dilution factor under a range of expected
conditions. Conditions that were varied include discharge rate, ambient water current, temperature, and
thermocline depth (Appendix H). The lowest dilution factor achieved at the edge of the IDZ under these conditions
was applied within the GoldSim receiving environment water quality model (Appendix D).

The inputs to the near-field model were largely consistent with those applied in the Short-Term TAR
(Golder 2015k), with updates to constituent concentrations and discharge rates as presented in this TAR, as well
as slight modifications to the diffuser characteristics, to reflect “as-built” conditions rather than pre-built designs.

Basin-wide increases in constituent concentrations, and corresponding decreases in dilution factor beyond the
IDZ, as well as “re-dosing” within the IDZ, are not represented by the CORMIX model. Therefore, a far-field model
was also used to simulate these processes.

6.3.3.2 Quesnel Lake Far-Field Model

Far-field transport within Quesnel Lake was modelled using H3D, a proprietary three-dimensional hydrodynamic
model maintained by Tetra Tech. The model is derived from GF8 (Stronach et al. 1993) developed for DFO. It
simulates temporally and spatially varying conditions throughout the lake based on external drivers such as inflows
and atmospheric processes. The model has been calibrated and verified based on historical and recent conditions
in Quesnel Lake (Tetra Tech 2015). Tetra Tech used the US EPA Visual Plumes UM3 model, embedded in H3D,
to evaluate the behaviour of the outfall plume in Quesnel Lake. UM3 is a near-field numerical dilution model for
outfall discharge into marine and freshwater environments. Its near-field results were consistent with those
produced by the CORMIX near-field modelling. The salient difference between the long-term three-dimensional
approach (H3D-UM3) and the near-field approach (CORMIX) is the possibility of building up a background
concentration of effluent in the three-dimensional model of the lake, which accounts for periods of reduced diffuser
effectiveness regardless of near-field hydraulic performance.

The H3D model was used to simulate far-field transport over 10 years of varying meteorological conditions to
evaluate potential accumulation of effluent in the West Basin of Quesnel Lake and transport to the Quesnel River.
This model dynamically simulates circulation and vertical stratification over the modelled time frame. The spatial
discretization of the model setup (grid cells approximately 100 m in width near discharge location) limits the model’s
ability to simulate near-field conditions, which was instead modelled using CORMIX. However, it has been shown
to accurately reproduce Quesnel Lake hydrodynamic conditions at the far-field points of interest (Tetra Tech 2015).
The model setup, assumptions and results of the discharge modelling are detailed in Appendix J.
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The dilution ratio at any point in time in the far-field is predicted to remain above the level predicted at the
IDZ (40:1). Therefore, concentrations due to the discharge to Quesnel Lake are expected to remain below the
predicted concentrations at the IDZ and below levels assessed in Section 6.3.4 throughout Quesnel Lake and
throughout the operations phase. As shown in Appendix J, concentrations in the far-field of Quesnel Lake approach
a quasi-steady state condition after approximately two years, so an extension of the period of discharge
(i.e., if the mine life is extended beyond the approved four years), would not significantly change the results of this
assessment, provided quantity and quality limits are not increased.

As described in Section 8.0, monitoring is proposed to confirm attainment of WQGs at the IDZ. Monitoring at the
edge of the IDZ since the authorized discharge began in December 2015 has validated the models applied in 2015
and updated herein, insofar as 1) WQGs have been consistently met, and 2) dilution has consistently exceeded
the predicted dilution factor.

6.3.3.3 Bootjack Lake Model

In Bootjack Lake, concentrations at the edge of the IDZ and in the far-field were estimated using the Generalized
Environmental Modeling System for Surface waters (GEMSS) model (Edinger and Buchak 1980, 1985, 1995).
This model has similar numerical underpinnings, atmospheric and hydrologic boundary conditions, dimensionality
and capabilities as the H3D model described above. The model was set up and calibrated to existing conditions
in Bootjack Lake, then used to simulate a non-point source input of seepage from Springer Pit (Appendix I). Dilution
within the IDZ (28:1) was predicted and carried forward to the GoldSim receiving environment water quality model
(Appendix D).

6.3.4 Impact Assessment: Aquatic Resources and other Receptors

This section presents an impact assessment for the Quesnel Lake and Bootjack Lake receiving environments to
support permitting of an effluent discharge to Quesnel Lake during operations and to permit a contingency scenario
where seepage from the Springer Pit may enter Bootjack Lake. The assessment characterizes potential impacts
on water uses associated with predicted changes in water quality at identified assessment nodes in the receiving
environments of each lake. The impact assessment is based on predicted water quality reported in Section 6.2
and followed the approach outlined below.

6.3.4.1 Approach

The approach to the impact assessment comprised the following tasks:
m describe study boundaries and assessment nodes (Section 6.3.4.2)

m identify receiving environment water uses and summarize BC WQGs applicable to those water uses
(Section 6.3.4.3)

m identify baseline conditions for aquatic receptors relevant to the assessment of potential effects (Section 3.6)
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m identify constituents of potential concern (COPCs) by comparing predicted water quality concentrations at
the assessment nodes in Quesnel Lake and Bootjack Lake to the most sensitive BC WQGs applicable for
receiving environment water uses (typically but not exclusively for the protection of aquatic health) and
BC drinking water guidelines (Section 6.3.4.4)

m evaluate the potential for adverse effects on aquatic resources and other receptors including wildlife,
livestock, and human health, through an assessment of the potential for impairment of identified water uses
(Section 6.3.4.5)

Identification of data gaps and uncertainties associated with the impact assessment are provided in Section 6.5.
How these will be addressed in an adaptive management approach through environmental monitoring is provided
in Sections 7.0 and 8.0.

6.3.4.2 Study Boundaries and Assessment Nodes

Spatial boundaries for the impact assessment are the West Basin of Quesnel Lake west of Cariboo Island for the
Quesnel Lake discharge, and Bootjack Lake for potential seepage from the Springer Pit (Figures 6-2 and 6-3).

Assessment nodes for the impact assessment are the edge of the IDZ in Quesnel Lake for the site discharge and
the edge of the IDZ in Bootjack Lake for the Springer Pit seepage.
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6.3.4.3 Receiving Environment Uses and Relevant Water Quality Guidelines

Known environmental uses of Quesnel Lake water, particularly with respect to the West Basin, were identified to
determine the most sensitive water use for the receiving environment. The following environmental uses were
identified for Quesnel Lake by Golder (2015j) in the Short-Term TAR approved in 2015 for the currently permitted
effluent discharge:

m commercial, recreational, and aboriginal fisheries

m recreational uses such as scenery and wildlife viewing, swimming, boating, kayaking, canoeing, and
waterskiing/tubing/wakeboarding, and in the winter, snowmobiling, and ice fishing when ice conditions allow

m drinking and residential water use for domestic purposes®

Although agriculture, especially cattle ranching, is an economic driver in the local area (Cariboo Envirotech
Ltd. 2009), there are no water licences (current or pending) for stock watering or irrigation use for Quesnel Lake.
More detailed information regarding these uses is provided in Golder (2015j). With respect to Bootjack Lake, the
above water uses also apply, including residential water use for domestic purposes because there is one cabin
situated next to the lake that may use the lake as a drinking water source. There is also a campground located on
Bootjack Lake, and campers visiting that site could potentially use lake water for consumptive purposes.

The BC WQGs applicable to those water uses are described below.

BC Water Quality Guidelines for End Uses

WQGs have been developed by the MoE to be protective of different water uses, including aquatic life, wildlife,
drinking water sources, recreational contact, and agriculture (livestock watering and irrigation). Based on the above
uses identified for Quesnel Lake and Bootjack Lake, guidelines protective of aquatic life, wildlife, drinking water
sources, and recreational contact are applicable to these receiving environments.

For the purpose of the impact assessment, BC WQGs protective of the most sensitive receiving environment use
were selected as well as BC drinking water guidelines. With the exception of total aluminum, pH, and molybdenum,
the most sensitive receiving environment use was the protection of aquatic life (Table 6-4)—if that use is protected,
then the remaining water uses are also protected. For total aluminum, the most conservative maximum BC WQG
was adopted (i.e., water for wildlife) because aquatic life guidelines are based only on dissolved aluminum. For
pH, the drinking water guideline range of pH 6.5 to 8.5 was adopted. That range is slightly narrower than the one
specified for aquatic life. For molybdenum, the most conservative 30-day BC WQG value was for irrigation,
assuming the copper: molybdenum ratio is less than 2:1 in lieu of a 30-day value for wildlife. Because this
molybdenum guideline is not based on toxicological effects, a literature review on the toxicity of molybdenum to
livestock and wildlife was conducted to develop a screening value (Appendix L). As a result of this literature review,
the aquatic life 30-day guideline of 1 mg/L was compared to predicted concentrations at the IDZ of both lakes,
because, based on the available information, this guideline was considered protective of other receiving
environment uses, including potential effects on livestock and wildlife.

3 Domestic purposes as defined in the BC Water Act means the use of water for household requirements, sanitation and fire prevention, the
watering of domestic animals and poultry, and the irrigation of a garden not exceeding 1,012 m? adjoining and occupied with a dwelling house.
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Recreational guidelines are not shown in Table 6-4 but are similar to or less stringent than drinking water guidelines
and are thus implicitly considered in the analysis described above. The aquatic life guidelines represent
conservative environmental quality benchmarks with built-in safety factors that represent concentrations where
adverse impacts on aquatic resources and other receptors associated with drinking water, livestock, and wildlife
water uses are not expected.
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Table 6-4: BC WQGs for Receiving Environment Uses Relevant to the Water Quality Impact Assessment

) Maximum BC Drinking Maximum BC WQGs Chronic BC WQGs

Parameter Units Water Guidelines o P o P
Aquatic Life | Wildlife Water Aquatic Life Wildlife Water

Major lons
Calcium mg/L - - - see note® -
Chloride mg/L 250 600 600 150 -
Fluoride mg/L 1.5 1.1 1.5 - 1.0
Sulphate mg/L 500 - - 218 -
Nutrients
Ammonia mg/L (as N) - 1.3@ - 0.18@ -
Nitrate mg/L (as N) 10 32.8 100 3 -
Nitrite mg/L (as N) 1 0.060® 10 0.02@ -
Total Phosphorus mg/L 0.01 - - o'?r??;lgégw -
Total Metals
Aluminum mg/L - - 5 - -
Antimony mg/L 0.014W - - 0.009%W -
Arsenic mg/L 0.025M - - 0.005 0.025M
Barium mg/L - - - 1w -
Beryllium mg/L 0.004W - - 0.00013% -
Boron mg/L 5 - - 1.2 5
Chromium mg/L - - - 0.001W® 0.05W®
Cobalt mg/L - 0.11 - 0.004 -
Copper mg/L 0.5 0.00709@ 0.3 0.0022@ -
Iron mg/L - 1 - - -
Lead mg/L 0.05 0.037M 0.1 0.0048M -
Manganese mg/L - 1.10 - 0.840 -
Mercury mg/L 0.001 - - 0.00001% -
Molybdenum mg/L 0.25 2 0.05 1 -
Nickel mg/L - - - 0.025WK) -
Selenium mg/L 0.01 - - 0.002 0.002
Silver mg/L - 0.0001® - 0.00005" -
Thallium mg/L 0.002 - - 0.0008W -
Zinc mg/L 5 0.033m) - 0.0075M™ -
Dissolved Metals
Aluminum mg/L 0.2 0.1M - 0.05M -
Cadmium mg/L - 0.00031©) - 0.00013©) -
Iron mg/L - 0.35 - - -

Notes: Values are taken from the approved guidelines unless otherwise noted.

W = working guideline; M = interim guideline, Min = Minimum concentration requirement based on life stage.

Hardness dependent guidelines are based on mean baseline hardness of 54 mg/L in Quesnel Lake, considered representative of average conditions in the receiving environment.

Physical parameters with WQGs such as dissolved oxygen, TSS, turbidity, and pH were not modelled.

Bold Indicates most conservative guideline of each maximum and chronic WQG for ecological receptors.

a) up to 4 - highly sensitive to acid inputs; 4 to 8 - moderately sensitive; over 8 - low sensitivity.

b) hardness dependent fluoride guideline: BC Max WQG (mg/L) = 0.4 mg/L if hardness <10, otherwise use -51.73+(92.57*log(hardness))*0.01 mg/L.

c) hardness dependent sulphate guideline: BC 30-day WQG (mg/L) = 128 at hardness <30 mg/L, at hardness 31-75 mg/L = 218, at hardness 76-180 mg/L = 309, at hardness
181-250 mg/L = 429, at hardness >250 mg/L determine base on site water.

d) pH and temperature dependent ammonia guideline: values selected from Table 3 (Max WQG) and Table 4 (30-day WQG) in BC WQG based on a temperature of 20°C and 8.7 pH.

e) chloride dependent nitrite guideline: BC Max WQG (mg/L) = 0.06 at Cl <2 mg/L, at Cl 2-4 mg/L = 0.12, at Cl 4-6 mg/L = 0.18, at Cl 6-8 mg/L = 0.24, at Cl 8-10 = 0.30, at Cl >10 = 0.6;
BC 30-day WQG (mg/L) = 0.02 mg/L at Cl <2 mg/L, at Cl 2-4 mg/l = 0.04, at Cl 4-6 mg/L = 0.06, at Cl 6-8 mg/L = 0.08, at Cl 8-10 mg/L = 0.1, at Cl >10 = 0.2, determined based on
Cl <2 mg/L considered representative of average conditions in the receiving environment.

f) guideline is for chromium VI (Cr(VI)).

g) hardness dependent copper guideline: BC Max WQG (mg/L) = (0.094(hardness)+2)/1000; BC 30-day WQG (mg/L) = 0.002 at hardness <50 mg/L, at hardness >50 mg/L =
0.04*hardness/1000.

h) hardness dependent lead guideline: BC Max WQG (mg/L) = 0.003 mg/L if hardness < 8, otherwise use exp(1.273*In(hardness)-1.46)/1000 mg/L; BC 30-day WQG (mg/L) =
(3.31 + exp(1.273*In(hardness) - 4.704)) / 1000 at hardness > 8 mg/L.

i) hardness dependent manganese guideline: BC Max WQG (mg/L) = 0.01102*(hardness)+0.54; BC 30-day WQG (mg/L) = 0.0044*hardness+0.605.

i) mercury BC 30-day WQG (mg/L) = 0.0001/(MeHg/THg), where MeHg is mass (or concentration) of methyl mercury and THg is total mass (or concentration) of mercury in a given water
volume; assumed = 0.00001 at 1% MeHg.

k) hardness dependent nickel guideline: BC 30-day WQG (mg/L) = 0.025 at hardness < 60 mg/L, (exp(0.76*In(hardness)+1.06))/1000 at hardness <180 mg/L, 0.15 at hardness > 180 mg/L.

1) hardness dependent silver guideline: BC Max WQG (mg/L) = 0.0001 at hardness <100 mg/L, at hardness >100 mg/L = 0.003; BC 30-day WQG (mg/L) = 0.00005 at hardness <100 mg/L,
at hardness > 100 mg/L = 0.0015.

m)  hardness dependent zinc guideline: BC Max WQG (mg/L) = (33+0.75(hardness-90))/1000; BC 30-day WQG (mg/L) = (7.5+0.75(hardness-90))/1000.

n) pH dependent dissolved aluminum guideline: BC Max WQG (mg/L) = 0.1 at pH 26.5, at pH <6.5 = exp(1.209-2.426*(pH)+0.286*(pH2)); BC 30-day WQG (mg/L) = 0.05 at pH 26.5, at
pH <6.5 = exp(1.6-3.327*(median pH)+0.402*(median pH2), determined based on 7.0 pH.

0) hardness dependent dissolved cadmium guideline: BC Max WQG (mg/L) = (exp(1.03*In(hardness)-5.274))/1000; BC 30-day WQG (mg/L) = (exp(0.736*In(hardness)-4.943))/1000.
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6.3.4.4 Identification of Constituents of Potential Concern

The identification of COPCs provides a transparent means of evaluating the data to focus on substances that
either need to be evaluated and/or regulated by permit. It provides a back-check that the evaluations carried out
as part of the derivation of proposed effluent permit limits did not leave out a parameter that should be evaluated
for impact or that requires regulation in the permit.

The maximum predicted median and 95" percentile concentrations for Quesnel Lake and Bootjack Lake IDZs
were calculated based on the daily minimum dilution and the 30-day average dilution modelled for each lake during
operations. These maximum predicted median and 95" percentile concentrations were compared to BC WQGs
for the most sensitive water use identified in Table 6-4. BC WQGs are conservative environmental quality
benchmarks with built-in safety factors that represent concentrations where there is confidence that when water
chemistry is below that benchmark, adverse impacts on water quality are not expected. A parameter was identified
to be of potential concern if 951" percentile concentrations were above the lowest applicable BC WQG. For
parameters with guidelines dependent on pH (i.e., ammonia-N and aluminum), chloride (i.e., nitrite-N), or hardness
(i.e., sulphate, cadmium, copper, lead, manganese, nickel, and zinc), mean baseline water quality values were
used.

With respect to parameters that do not have applicable 30-day BC WQGs, these parameters were evaluated
further if median and 95" percentile concentrations were more than 20% higher than comparable baseline
concentrations. A difference of less than or equal to 20% between predicted concentrations and baseline
concentrations was not considered to be distinguishable from the baseline conditions and therefore not considered
to represent a potential effect on water quality in the receiving environment. This assessment criterion is consistent
with MoE (2013a), where a relative percent difference less than 20% between two duplicate water quality values
is not considered to indicate a distinguishable difference between the two values. An additional screening step
was applied to parameters that had predicted concentrations more than 20% higher than baseline by comparison
to relevant toxicity screening values.

Tables 6-5 to 6-8 summarize the results of the comparison of predicted water quality to BC WQGs and baseline
concentrations. No COPCs were identified for predicted concentrations at the edge of the IDZ in Quesnel Lake
and Bootjack Lake because median and 95™ percentile concentrations were below BC WQGs for those parameters
with guideline values, with the exception of phosphorus in Bootjack Lake. Total phosphorus was above BC WQGs
in Bootjack Lake, but was not identified as a COPC because predicted concentrations were not distinguishable
from the baseline conditions (i.e., were less than 20% higher than baseline).
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Table 6-5: Water Quality Screening at Edge of Initial Dilution Zone for Quesnel Lake Based on the Daily Minimum Dilution of Quesnel Lake Discharge

000

BC Drinking Water Quality

BC Water Quality Guidelines®

Operations

mg/L = milligram per litre, N
Measurements at or below method detection limit presented as half the detection limit

Underlined value

Shaded value

available.

= nitrogen, A = approved guideline, W = working guideline, WW = wildlife water supply guidelines

= exceeds maximum BC Drinking Water Quality Guidelines

= exceeds maximum BC Water Quality Guidelines
a) British Columbia Water Quality Guideline (BC WQG) for the protection of drinking water, available at http://www2.gov.bc.ca/gov/content/environment/air-land-
water/water/water-quality/water-quality-guidelines, accessed October 8, 2015. BC Drinking WQGs for total metals substituted where dissolved metal WQGs are not

, Guidelines® . . .
Parameter Units Maximum of Median Predicted | Maximum of 95" Percentile
Maximum Notes Maximum Notes Concentrations Predicted Concentrations
Physical Parameters
Hardness (Dissolved) mg/L - - - - 73 75
Total Dissolved Solids mg/L - - - - 98 102
Major lons
Chloride mg/L 250 A 600 A 0.86 0.89
Fluoride mg/L 1.5 A 1.1 A c 0.32 0.31
Sulphate mg/L - - - - 24 25
Nutrients
Ammonia mg/L (as N) - - 1.3 A d 0.023 0.025
Nitrate mg/L (as N) 10 A 32.8 A 0.37 0.55
Nitrite mg/L (as N) 1 A 0.060 A e 0.0027 0.011
Total Phosphorus mg/L 0.01 A, lakes - - 0.0031 0.0033
Total Metals
Aluminum mg/L - 5 A, WW 0.047 0.045
Antimony mg/L 0.014 w - - 0.00016 0.00016
Arsenic mg/L 0.025 Interim - - 0.00054 0.00051
Barium mg/L - - - - 0.0089 0.0090
Beryllium mg/L 0.004 w - - 0.00013 0.00013
Boron mg/L 5 A - - 0.015 0.018
Cadmium mg/L - - no total WQG, see dissolved 0.0000092 0.000013
Chromium mg/L - - - - 0.00054 0.00054
Cobalt mg/L - - 0.11 A 0.00013 0.00021
Copper mg/L 0.5 A 0.007 A f 0.0018 0.0026
Iron mg/L - - 1 A 0.052 0.054
Lead mg/L 0.05 A 0.037 A g 0.000065 0.000063
Lithium mg/L - - - - 0.0014 0.0016
Manganese mg/L - - 1.1 A, h 0.023 0.053
Mercury mg/L 0.001 A - - 0.0000050 0.0000050
Molybdenum mg/L 0.25 A 2 A 0.0056 0.0063
Nickel mg/L - - - - 0.00055 0.00056
Selenium mg/L 0.01 A - - 0.0020 0.0029
Silver mg/L - - 0.0001 A i 0.000013 0.000013
Strontium mg/L - - - - 0.23 0.25
Thallium mg/L 0.002 A - - 0.000017 0.000017
Tin mg/L - - - - 0.00010 0.00010
Titanium mg/L - - - - 0.011 0.011
Uranium mg/L - - - - 0.00024 0.00029
Vanadium mg/L - - - - 0.0015 0.0015
Zinc mg/L 5 A 0.033 A, j 0.0037 0.0037
Dissolved Metals
Aluminum mg/L 0.2 A 0.1 Ak 0.017 0.017
Cadmium mg/L - - 0.00031 Al 0.0000091 0.000010
Iron mg/L - - 0.35 A 0.032 0.035
Notes:

b) BC WQG Fresh Water Aquatic Life Maximum Guidelines. WQGs were based on mean baseline toxicity modifying factor concentrations for Quesnel Lake.

c) Hardness dependent fluoride guideline: BC max WQG (mg/L) = 0.4 mg/L if hardness <10, otherwise use -51.73+(92.57*log(hardness))*0.01 mg/L.

d) pH and temperature dependent ammonia guideline: values selected from Table 3 in BC WQG based on maximum temperature (20 degrees Celsius) and pH (8.7).
e) Chloride (CI) dependent nitrite guideline: BC max WQG (mg/L) = 0.06 at Cl <2 mg/L, 0.12 at Cl 2-4 mg/L, 0.18 at Cl 4-6 mg/L, 0.24 at Cl 6-8 mg/L, 0.30 at Cl 8-10 mg/L,

0.60 at Cl >10 mg/L.

f) Hardness dependent copper guideline: BC max WQG (mg/L) = (0.094(hardness)+2)/1000.

g) Hardness dependent lead guideline: BC max WQG (mg/L) = 0.003 if hardness <8 mg/L, otherwise use exp(1.273*In(hardness)-1.46)/1000.
h) Hardness dependent manganese guideline: BC max WQG (mg/L) = 0.01102*(hardness)+0.54.
i) Hardness dependent silver guideline: BC max WQG (mg/L) = 0.0001 at hardness <100 mg/L, at hardness >100 mg/L = 0.003; BC 30-d WQG (mg/L) = 0.00005 at
hardness <100 mg/L, at hardness > 100 mg/L = 0.0015.

j) Hardness dependent zinc guideline: BC max WQG (mg/L) = (33+0.75(hardness-90))/1000.

k) pH dependent dissolved aluminum guideline: BC max WQG (mg/L) = 0.1 at pH 26.5, EXP(1.209-2.426*(pH)+0.286*(pH2)) at pH <6.5.
1) Hardness dependent dissolved cadmium guideline: max BC WQG (mg/L) = (exp(1.03*In(hardness)-5.274))/1000.
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Table 6-6: Water Quality Screening at Edge of Initial Dilution Zone for Quesnel Lake Based on the 30-Day Average Dilution of Quesnel Lake Discharge

1411734-162-R-Rev0-16000

mg/L = milligram per litre, N

Underlined value

Shaded value

Bolded value

1% MeHg.

m) Hardness dependent nickel guideline: BC 30-d WQG (mg/L) = 0.025 at hardness <60 mg/L, (exp(0.76*In(hardness)+1.06))/1000 at hardness <180 mg/L, 0.15 at hardness >180 mg/L.

= nitrogen, A = approved guideline, W = working guideline, WW = wildlife water supply guidelines

= exceeds maximum BC Drinking Water Quality Guidelines
= exceeds 30-d BC Water Quality Guidelines

= exceeds baseline + 20% for parameters without BC WQGs
a) British Columbia Water Quality Guideline (BC WQG) for the protection of drinking water, available at http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-quality/water-quality-guidelines,
accessed October 8, 2015. BC Drinking WQGs for total metals substituted where dissolved metal WQGs do not exist.
b) BC Water Quality Guidelines (BC WQG). Fresh Water Aquatic Life 30-day Guidelines used, except where noted (e.g., total aluminum). Maximum (Max) guidelines substituted where 30-d guidelines do not exist.
WQGs were based on mean baseline toxicity modifying factor concentrations for Quesnel Lake.
c) The median baseline concentration is presented if mean is not available.

d) Hardness dependent fluoride guideline: BC max WQG (mg/L) =[-51.73 + 92.57 log10 (hardness*)] x 0.01 at hardness >10 mg/L, 0.4 mg/L at hardness <10 mg/L.
e) Hardness dependent sulphate guideline: BC 30-d WQG (mg/L) = 128 at hardness <30 mg/L, 218 at hardness 31-75 mg/L, 309 at hardness 76-180 mg/L, 429 at hardness 181-250 mg/L, determined based on site
water at hardness >250 mg/L.
f) pH and temperature dependent ammonia guideline: values selected from Table 4 in BC WQG based on maximum temperature (20.0 degrees Celsius) and pH (8.7).
g) Chloride (Cl) dependent nitrite guideline: BC 30-d WQG (mg/L) = 0.02 at Cl <2 mg/L, 0.04 at Cl 2-4 mg/L, 0.06 at Cl 4-6 mg/L, 0.08 at Cl 6-8 mg/L, 0.10 at Cl 8-10 mg/L, 0.20 at Cl >10 mg/L.
h) Max guideline is for hexavalent chromium.
i) Hardness dependent copper guideline: BC 30-d WQG (mg/L) = 0.002 at hardness <50 mg/L, (0.04*hardness/1000) at hardness >50 mg/L.
j) Hardness dependent lead guideline: BC 30-d WQG (mg/L) = (3.31 + exp(1.273*In(hardness) - 4.704)) / 1000 at hardness >8 mg/L.

k) Hardness dependent manganese guideline: BC 30-d WQG (mg/L) = 0.0044*hardness+0.605.
1) Mercury BC 30-d WQG (mg/L) = 0.0001/(MeHg/THg), where MeHg is mass (or concentration) of methyl mercury and THg is total mass (or concentration) of mercury in a given water volume; assumed = 0.00001 at

n) Hardness dependent silver guideline: BC 30-d WQG (mg/L) = 0.00005 at hardness <100 mg/L, 0.0015 at hardness >100 mg/L.
0) Hardness dependent zinc guideline: BC 30-d WQG (mg/L) = (7.5+0.75(hardness-90))/1000.

)
)

p) pH dependent dissolved aluminum guideline: BC 30-d WQG (mg/L) = 0.05 at pH 26.5, exp(1.6-3.327*(median pH)+0.402*(median pH?)) at pH <6.5.
)

q) Hardness dependent dissolved cadmium guideline: BC 30-d WQG (mg/L) = (exp(0.736*In(hardness)-4.943))/1000.
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BC Drinking Water Quality ) o Operations
Guidelines® BC Water Quality Guidelines '
Parameter Units Mean Base'llnec Mean Bgseline Maximum of Median Predicted | Maximum of 95" Percentile
Concentration Concentration + 20% .
Maximum Notes 30-day Average Notes Concentrations Predicted Concentrations
Physical Parameters
Hardness (Dissolved) mg/L - - - - 54 65 67 68
Total Dissolved Solids mg/L - - - - 69 83 89 91
Major lons
Chloride mg/L 250 A 150 A 0.5 0.6 0.74 0.77
Fluoride mg/L 1.5 A 1.1 A, d, Max 0.033 0.040 0.20 0.22
Sulphate mg/L - - 218 A e 6.3 7.6 19 19
Nutrients
Ammonia mg/L (as N) - - 0.18 A f 0.005 0.006 0.016 0.019
Nitrate mg/L (as N) 10 A 3 A 0.13 0.16 0.27 0.38
Nitrite mg/L (as N) 1 A 0.02 A g 0.001 0.0012 0.002 0.0073
Total Phosphorus mg/L 0.01 A, lakes 0.005-0.015 A, lakes 0.002 0.0024 0.0027 0.0029
Total Metals
Aluminum mg/L - 5 A, WW, Max 0.019 0.023 0.037 0.037
Antimony mg/L 0.014 W 0.0009 w 0.0001 0.00012 0.00014 0.00015
Arsenic mg/L 0.025 Interim 0.005 A 0.00012 0.00014 0.00036 0.00039
Barium mg/L - - 1 w 0.0053 0.0064 0.0077 0.0079
Beryllium mg/L 0.004 w 0.00013 w 0.0001 0.00012 0.00012 0.00012
Boron mg/L 5 A 1.2 A 0.01 0.012 0.013 0.015
Cadmium mg/L - - no total WQG, see dissolved 0.000005 0.000006 0.0000075 0.000011
Chromium mg/L - - 0.001 W, h 0.0005 0.0006 0.00053 0.00053
Cobalt mg/L - - 0.004 A 0.0001 0.00012 0.00012 0.00017
Copper mg/L 0.5 A 0.0022 Ai 0.00085 0.00102 0.0015 0.0021
Iron mg/L - - 1 A, Max 0.03 0.036 0.045 0.046
Lead mg/L 0.05 A 0.0048 Aj 0.000053 0.000064 0.000060 0.000060
Lithium mg/L - - - - 0.001 0.0012 0.0013 0.0014
Manganese mg/L - - 0.84 Ak 0.0013 0.0016 0.016 0.036
Mercury mg/L 0.001 A 0.00001 Al 0.000005 0.000006 0.0000050 0.0000050
Molybdenum mg/L 0.25 A 1 A 0.00035 0.00042 0.0040 0.0044
Nickel mg/L - - 0.025 W, m 0.0005 0.0006 0.00054 0.00054
Selenium mg/L 0.01 A 0.002 A 0.00014 0.00017 0.0014 0.0020
Silver mg/L - - 0.00005 A,n 0.00001 0.000012 0.000012 0.000012
Strontium mg/L - - - - 0.13 0.16 0.20 0.21
Thallium mg/L 0.002 A 0.0008 w 0.00001 0.000012 0.000014 0.000015
Tin mg/L - - - - 0.0001 0.00012 0.00010 0.00010
Titanium mg/L - - - - 0.01 0.012 0.010 0.011
Uranium mg/L - - 0.0085 w 0.00016 0.00019 0.00022 0.00025
Vanadium mg/L - - - - 0.0005 0.0006 0.0011 0.0012
Zinc mg/L 5 A 0.0075 A 0 0.003 0.0036 0.0034 0.0035
Dissolved Metals
Aluminum mg/L 0.2 A 0.05 A p 0.0063 0.0076 0.013 0.014
Cadmium mg/L - - 0.00013 A q 0.000005 0.000006 0.0000074 0.0000086
Iron mg/L - - 0.35 A, Max 0.03 0.036 0.031 0.033
Notes:
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Table 6-7: Water Quality Screening at Edge of Initial Dilution Zone for Bootjack Lake Based on the Daily Minimum Dilution of Springer Pit Seepage

BC Drinking Water Quality ) b Operations (4-Year Mine Life)
Guidelines® BC Water Quality Guidelines
Parameter Units Maximum of Median Predicted | Maximum of 95" Percentile
Maximum Notes Maximum Notes Concentrations Predicted Concentrations
Physical Parameters
Hardness (Dissolved) mg/L - - - - 53 56
Total Dissolved Solids mg/L - - - - 79 83
Major lons
Chloride mg/L 250 A 600 A 1.5 1.5
Fluoride mg/L 1.5 A 1.0 A c 0.12 0.13
Sulphate mg/L - - - - 13 16
Nutrients
Ammonia mg/L (as N) - - 0.75 A d 0.0068 0.0095
Nitrate mg/L (as N) 10 A 32.8 A 0.18 0.31
Nitrite mg/L (as N) 1 A 0.060 A e 0.0015 0.006
Total Phosphorus mg/L 0.01 A, lakes - - 0.015 0.015
Total Metals
Aluminum mg/L - 5 A, WW 0.027 0.028
Antimony mg/L 0.014 w - 0.000066 0.000072
Arsenic mg/L 0.025 Interim - - 0.00043 0.00045
Barium mg/L - - - - 0.019 0.019
Beryllium mg/L 0.004 w - - 0.000058 0.00006
Boron mg/L 5 A - - 0.048 0.049
Cadmium mg/L - - no total WQG, see dissolved 0.0000064 0.0000081
Chromium mg/L - - - - 0.00026 0.00026
Cobalt mg/L - - 0.11 A 0.00006 0.000096
Copper mg/L 0.5 A 0.006 A, f 0.0029 0.0033
Iron mg/L - - 1 A 0.097 0.098
Lead mg/L 0.05 A 0.028 A g 0.000026 0.000027
Lithium mg/L - - - - 0.00065 0.00069
Manganese mg/L - - 1.0 A h 0.093 0.11
Mercury mg/L 0.001 A - - 0.0000025 0.0000025
Molybdenum mg/L 0.25 A 2 A 0.0032 0.0041
Nickel mg/L - - - 0.00026 0.00028
Selenium mg/L 0.01 A - - 0.001 0.0016
Silver mg/L - - 0.0001 A i 0.0000057 0.0000058
Strontium mg/L - - - - 0.15 0.17
Thallium mg/L 0.002 A - - 0.0000075 0.0000079
Tin mg/L - - - - 0.00005 0.000051
Titanium mg/L - - - - 0.0051 0.0051
Uranium mg/L - - - - 0.000074 0.000086
Vanadium mg/L - - - - 0.0011 0.0011
Zinc mg/L 5 A 0.033 A, j 0.0017 0.0018
Dissolved Metals
Aluminum mg/L 0.2 A 0.1 A, k 0.0062 0.0072
Cadmium mg/L - - 0.00025 Al 0.0000098 0.000012
Iron mg/L - - 0.35 A 0.016 0.018
Notes:

mg/L = milligram per litre, N = nitrogen, A = approved guideline, W = working guideline, WW = wildlife water supply guidelines
Measurements at or below method detection limit presented as half the detection limit

Underlined value

Shaded value

available.

= exceeds maximum BC Drinking Water Quality Guidelines
= exceeds maximum BC Water Quality Guidelines

a) British Columbia Water Quality Guideline (BC WQG) for the protection of drinking water, available at http://www2.gov.bc.ca/gov/content/environment/air-land-
water/water/water-quality/water-quality-guidelines, accessed October 8, 2015. BC Drinking WQGs for total metals substituted where dissolved metal WQGs are not

b) BC WQG Fresh Water Aquatic Life Maximum Guidelines. WQGs were based on mean baseline toxicity modifying factor concentrations for Bootjack Lake.

¢) Hardness dependent fluoride guideline: BC max WQG (mg/L) = 0.4 mg/L if hardness <10, otherwise use -51.73+(92.57*log(hardness))*0.01 mg/L.

d) pH and temperature dependent ammonia guideline: values selected from Table 3 in BC WQG based on maximum temperature (20 degrees Celsius) and pH (8.7).
e) Chloride (Cl) dependent nitrite guideline: BC max WQG (mg/L) = 0.06 at Cl <2 mg/L, 0.12 at Cl 2-4 mg/L, 0.18 at Cl 4-6 mg/L, 0.24 at Cl 6-8 mg/L, 0.30 at Cl 8-10

mg/L, 0.60 at Cl >10 mg/L.

f) Hardness dependent copper guideline: BC max WQG (mg/L) = (0.094(hardness)+2)/1000.
g) Hardness dependent lead guideline: BC max WQG (mg/L) = 0.003 if hardness <8 mg/L, otherwise use exp(1.273*In(hardness)-1.46)/1000.
h) Hardness dependent manganese guideline: BC max WQG (mg/L) = 0.01102*(hardness)+0.54.
i) Hardness dependent silver guideline: BC max WQG (mg/L) = 0.0001 at hardness <100 mg/L, 0.003 at hardness >100 mg/L; BC 30-d WQG (mg/L) = 0.00005 at
hardness <100 mg/L, 0.0015 at hardness >100 mg/L.
j) Hardness dependent zinc guideline: BC max WQG (mg/L) = (33+0.75(hardness-90))/1000.

k) pH dependent dissolved aluminum guideline: BC max WQG (mg/L) = 0.1 at pH 26.5, exp(1 .209-2.426*(pH)+0.286*(pH2)) at pH <6.5.

1) Hardness dependent dissolved cadmium guideline: max BC WQG (mg/L) = (exp(1.03*In(hardness)-5.274))/1000.
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Table 6-8: Water Quality Screening at Edge of Initial Dilution Zone for Bootjack Lake Based on the 30-Day Average Dilution of Springer Pit Seepage

1411734-162-R-Rev0-16000

BC Drinking Water Quality ) o Operations (4-Year Mine Life)
Guidelines® BC Water Quality Guidelines
Parameter Units Mean Base.lintj Mean Bgseline Maximum of Median Predicted Maximum of 95" Percentile
Concentration Concentration + 20% .
Maximum Notes 30-day Average Notes Concentrations Predicted Concentrations
Physical Parameters
Hardness (Dissolved) mg/L - - - - 43 52 52 55
Total Dissolved Solids mg/L - - - - 63 76 79 83
Major lons
Chloride mg/L 250 A 150 A 1.4 1.68 1.5 1.5
Fluoride mg/L 1.5 A 1.0 A, d, Max 0.065 0.078 0.12 0.13
Sulphate mg/L - - 218 A e 4.0 4.8 13 16
Nutrients
Ammonia mg/L (as N) - - 0.102 A f 0.005 0.006 0.0068 0.0093
Nitrate mg/L (as N) 10 A 3 A 0.005 0.01 0.18 0.3
Nitrite mg/L (as N) 1 A 0.02-0.02 A g 0.001 0.0012 0.0015 0.0059
Total Phosphorus mg/L 0.01 A, lakes 0.005 - 0.015 A, lakes 0.015 0.018 0.015 0.015
Total Metals
Aluminum mg/L - 5 A, WW, Max 0.026 0.031 0.027 0.028
Antimony mg/L 0.014 w 0.0009 w 0.0001 0.00012 0.000066 0.000071
Arsenic mg/L 0.025 Interim 0.005 A 0.00038 0.00046 0.00043 0.00045
Barium mg/L - - 1 w 0.018 0.0216 0.019 0.019
Beryllium mg/L 0.004 w 0.00013 w 0.0001 0.00012 0.000058 0.00006
Boron mg/L 5 A 1.2 A 0.047 0.056 0.048 0.049
Cadmium mg/L - - no total WQG, see dissolved 0.000010 0.000012 0.0000064 0.000008
Chromium mg/L - - 0.001 W, h 0.0005 0.0006 0.00026 0.00026
Cobalt mg/L - - 0.004 A 0.0001 0.00012 0.00006 0.000095
Copper mg/L 0.5 A 0.002 A, i 0.0027 0.0032 0.0029 0.0033
Iron mg/L - - 1 A, Max 0.097 0.116 0.097 0.098
Lead mg/L 0.05 A 0.0044 A, j 0.00005 0.00006 0.000026 0.000027
Lithium mg/L - - - - 0.001 0.0012 0.00065 0.00068
Manganese mg/L - - 0.79 A k 0.086 0.1032 0.093 0.11
Mercury mg/L 0.001 A 0.00001 Al 0.000050 0.000060 0.0000025 0.0000025
Molybdenum mg/L 0.25 A 1 A 0.0011 0.00132 0.0032 0.0041
Nickel mg/L - - 0.025 W, m 0.0005 0.0006 0.00026 0.00027
Selenium mg/L 0.01 A 0.002 A 0.00018 0.00021 0.00096 0.0016
Silver mg/L - - 0.0001 A n 0.00001 0.000012 0.0000057 0.0000058
Strontium mg/L - - - - 0.12 0.14 0.15 0.17
Thallium mg/L 0.002 A 0.0008 w 0.00001 0.000012 0.0000075 0.0000078
Tin mg/L - - - - 0.0001 0.00012 0.00005 0.000051
Titanium mg/L - - - - 0.01 0.012 0.0051 0.0051
Uranium mg/L - - 0.0085 w 