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1.0

INTRODUCTION AND ENVIRONMENTAL MANAGEMENT
PLAN OVERVIEW

Greenstone Gold Mines (GGM) is committed to minimizing environmental effects through the
implementation of mitigation measures, monitoring and adaptive management for the
Hardrock Project (the Project) within Environment Management and Monitoring Plans (EMMPs)
for construction and operation. Through the EMMPs, the Project’s environmental risks and
opportunities are addressed in a comprehensive, systematic, planned and documented
manner to meet the following objectives:


The Project is carried out in compliance with existing legislation, consistent with Federal and
Provincial guidelines, best practices and GGM corporate policies.



Measures to mitigate environmental effects are documented.



Benefits from the Project are enhanced.



Reporting is structured to inform adaptive management and continual improvement.

The EMMPs guide environmental management for the Project and are progressively developed
as the Project moves through the Environmental Impact Statement/Environmental Assessment
(EIS/EA), permitting, and construction, and updated based on continual improvement during
operations through adaptive management.
The first stage of EMMP development begins with preparation of Conceptual Environmental
Management Plans as part of the Final EIS/EA (Stantec 2017a) and considering consultation
during the Draft EIS/EA (Stantec 2016). These EMMPs are commitment-based and broad in their
level of detail focused on the construction and operation phases of the Project and allow for
flexibility to make adjustments as the Project advances. The closure phase is outlined in the
Conceptual Closure Plan (Stantec 2017b). As the Project progresses to construction, the level of
detail of the EMMPs are expanded upon as more Project details and permit requirements are
known.
Figure 1-1 presents the overall approach to developing and advancing the EMMPs from the
Final EIS/EA to the construction phase of the Project. The first stage of EMMP development
begins with preparation of Conceptual Environmental Management Plans as part of the Final
EIS/EA. These Conceptual EMMPs are commitment-based and broad in their level of detail. The
EMMPs guide environmental management for the Project and are progressively developed as
the Project moves through the EIS/EA, permitting, and construction, and updated based on
continual improvement during operation through adaptive management.
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Figure 1-1:

Overall Environmental Management and Monitoring Plan Development EA
to Construction

Conceptual EA
Provides performance
objectives
Mitigation measures
incorporated in the Final
EIS/EA, 'best management
standards' and known
regulatory requirements
Supports Final EIS/EA
monitoring

Draft Permitting
Provides performance
objectives
Mitigation measures from
EIS/EA approval
Draft monitoring program
and reporting
Supports permit
applications

Construction
Provides performance
objectives
Mitigation measures from
EIS/EA approval and
authorizations
Detailed monitoring
program and reporting

Development informed by public/Aboriginal input, regulatory requirements,
technical studies, ongoing monitoring, and demonstration projects.

1.1

ENVIRONMENTAL MANAGEMENT AND MONITORING PLANS

The Project’s Environmental Management System, includes a comprehensive set of
management and monitoring plans collectively referred to as Environmental Management and
Monitoring Plans (EMMPs). The EMMPs outline environmental protection measures to mitigate
potential environmental effects. The EMMPs are:


Water Management and Monitoring Plan



Conceptual Waste Rock Management Plan



Conceptual Emergency Response Plan



Conceptual Waste Management Plan



Conceptual Erosion and Sediment Control Plan



Conceptual Greenhouse Gas Management and Monitoring Plan



Conceptual Air Quality Management and Monitoring Plan
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Conceptual Spill Prevention and Response Plan



Conceptual Soil Management Plan



Conceptual Noise and Vibration Management and Monitoring Plan



Conceptual Explosives and Blasting Management Plan



Conceptual Aquatic Management and Monitoring Plan (AMMP)



Conceptual Biodiversity Management and Monitoring Plan



Conceptual Archaeology and Heritage Resource Management Plan

These Plans are considered “living” documents and will be updated as needed in support of
environmental management activities during future permitting, development, and operation
phases.
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2.0

PROJECT SUMMARY

Mining of the Hardrock deposit has been designed as an open pit. The process plant will
operate 365 days per year with a Life of Mine of approximately 15 years. The mill throughput
ranges from 24,000 tonnes per day (tpd) for approximately the first two years of operation
(i.e., Mill Phase 1), increasing to 30,000 tpd for the balance of operation (i.e., Mill Phase 2). The
overall Project development schedule will consist of the following main phases, during which
various Project activities will be completed:


Construction: Years -3 to -1 with early ore stockpiling commencing after the first year of
construction.



Operation: Years 1 to 15, with the first year representing a partial year as the Project
transitions from construction to operation.



Closure:


Active Closure: Years 16 to 20, corresponding to the period when primary
decommissioning and rehabilitation activities are carried out.



Post-Closure: Years 21 to 36, corresponding to a semi-passive period when the Project is
monitored and the open pit is allowed to fill with water creating a pit lake.

The key components of the Project are as follows:


open pit



waste rock storage areas (WRSAs; designated as WRSA A, WRSA B, WRSA C and WRSA D)



topsoil and overburden storage areas



ore stockpile



crushing plants and mill feed ore storage area



process plant



tailings management facility (TMF)



water management facilities for contact water including collection ditches and ponds



power plant and associated infrastructure



sewage treatment plant



effluent treatment plant



lighting and security



site roads and parking areas



watercourse crossings and habitat compensation/offsets
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Goldfield Creek diversion



onsite pipelines



fuel and hazardous materials



aggregate sources



temporary camp

Project activities include the relocation of existing infrastructure currently located within the
Project development area, including a portion of Highway 11, a Ministry of Transportation (MTO)
Patrol Yard, and Hydro One Networks Inc. facilities.
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3.0

MANAGEMENT AND MONITORING PLAN PURPOSE

3.1

PURPOSE

The Purpose of the Conceptual AMMP is to:


describe proposed mitigation to protect fish and fish habitat



describe proposed methods for monitoring potential effects on the aquatic environment to
verify the predictions made within the Final EIS/EA



convey the intended management and monitoring plans to stakeholders for consideration in
the development of individual, regulatory monitoring requirements (e.g., Fisheries Act
Authorization, environmental effects monitoring [EEM], Environmental Compliance Approval
[ECA], Follow-up Program Agreement).

The Conceptual AMMP applies only to the Hardrock Project activities and addresses only
potential aquatic habitat management issues. Other water quality related issues are addressed
in the “Hardrock Project Water Management and Monitoring Plan” (Stantec 2017c).

3.2

PERFORMANCE OBJECTIVES

Objectives and targets are established to drive continuous improvement in environmental
performance and are consistent with the overall strategic goals of the Project. Objectives are
measurable (where possible), monitored, communicated, and updated as appropriate.
In support of GGM’s overarching environmental objective and to provide a basis for continual
improvement of environmental performance, GGM has established the following performance
objectives for the Conceptual AMMP that considers key Project interactions and compliance
obligations:


To maintain or improve the overall productivity of commercial, recreational, or Aboriginal
(CRA) fisheries.



To avoid lethal or sub-lethal effects on fish.



No increase in parameters of potential concern in fish tissue.



To maintain the abundance and diversity of benthic invertebrates.
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4.0

SCOPE

The scope of the Conceptual AMMP applies to the area of the Project where potential effects
have been identified in the Final EIS/EA and where offsetting measures are implemented. The
Conceptual AMMP applies to the construction and operation phases of the Project, with the
closure phase included in the Conceptual Closure Plan (Stantec 2017b).
This Conceptual AMMP applies to individuals working for or on behalf of GGM, including
employees and contractors, which have a role and/or accountability for the development,
implementation, and maintenance of this EMMP.
GGM will make reasonable efforts that suitably qualified (licensed where applicable) contractors
are used for the transport of materials, supplies and waste materials, and that contractors have
appropriate controls and management plans in place to reduce the likelihood of incidents
during transport. Similarly, Project components under the management and maintenance by
third parties are outside the scope of this EMMP. The scope of the Conceptual AMMP applies to
Project infrastructure and management under the care and maintenance of GGM.
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5.0

PLANNING

5.1

ORGANIZATIONAL ROLES, RESPONSIBILITIES, AND AUTHORITIES

All persons working for or on behalf of GGM, including employees and contractors, have a role
in the successful implementation and maintenance of the AMMP. Table 5-1 outlines roles and
responsibilities for AMMP activities.

Table 5-1:

Conceptual Roles and Responsibilities

Role

Responsibility

Construction Manager
(for construction phase)

Collaborate with the Environment Manager to plan and implement AMMP
during construction activities.

General Manager
(for operation phase)

Collaborate with the Environmental Manager to provide and implement
aquatic management and monitoring awareness and safety training to
Project personnel and contractors during mine operation and active closure.

Environment Manager

Collaborate with the Construction Manager and General Manager to plan
and implement AMMP during construction, operation, and active closure
activities
Collaborate with the Construction Manager and General Manager to
communicate compliance obligations and provide training to employees and
contractors related to EMMP.
Identify, document, track, and maintain up-to-date compliance obligations
related to EMMP goals.
Identify where external expertise is required and coordinate and retain
qualified consultants and contractors where necessary

Environmental Technician

Comply with EMMP requirements as directed by Environmental Manager or
designate

Equipment Operator

Comply with EMMP requirements as directed by Construction or Operation
Manager in consultation with Environmental Manager

Employees / Contractors

Follow outlined compliance obligations related to EMMP, including aquatic
management and monitoring reporting requirements.

5.2

COMPLIANCE OBLIGATIONS

The Conceptual AMMP is developed and implemented to comply with applicable legislative,
regulatory, permit and other relevant obligations, outlined in the following sections.
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5.2.1

Environmental Assessment Process Requirements

5.2.1.1 Provincial Terms of Reference
As described in the Approved Terms of Reference, the Final EIS/EA (Stantec 2017a) includes a
variety of environmental protection and management measures to guide the planning, design,
construction, operation and closure of the Project and identification of a monitoring framework
related to compliance and effects monitoring (Section 8.0).

5.2.1.2 Federal Environmental Impact Statement Guidelines
The EIS Guidelines for the Hardrock Project include development and implementation of followup and monitoring programs (Section 8.0). The follow-up program verifies the accuracy of the
effects assessment and the effectiveness of the measures implemented to mitigate the adverse
effects of the Project. The goal of a monitoring program is to confirm that proper measures and
controls are in place to decrease the potential for environmental degradation during all phases
of the Project and to provide clearly defined action plans and emergency response procedures
to account for human and environmental health and safety.

5.2.1.3 Draft EIS/EA Report
Section 24.0 of the Draft EIS/EA included a listing of proposed Follow-up Monitoring and
Environmental Management Plans, which included commitments to outline aquatic species
monitoring.
Subsequent to the Draft EIS/EA submission, comments were raised by several parties requesting
additional clarification on the monitoring of fish and fish habitat, including toxicity testing and
fish tissue sampling. Available information has been incorporated to develop this Conceptual
AMMP to support the Final EIS/EA.

5.2.2

Regulatory Requirements

5.2.2.1 Federal Regulatory Requirements
Fish and fish habitat potentially affected by the project are afforded protection under the
Fisheries Act and regulations made thereunder. The Fisheries Act prohibits serious harm to fish,
which is defined as:


The death of fish.



A permanent alteration to fish habitat of a spatial scale, duration or intensity that limits or
diminishes the ability of fish to use such habitats as spawning grounds, or as nursery, rearing,
or food supply areas, or as a migration corridor, or any other area in order to carry out one or
more of their life processes.
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The destruction of fish habitat of a spatial scale, duration, or intensity that fish can no longer
rely upon such habitats for use as spawning grounds, or as nursery, rearing, or food supply
areas, or as a migration corridor, or any other area in order to carry out one or more of their
life processes.

A Fisheries Act Authorization will be required for the loss or permanent alteration of fish habitat
that occurs as a result of the Project. Affected habitat must be offset through the creation of
new habitat that meets Project-specific evaluation criteria. The Fisheries Act Authorization will
prescribe the approved monitoring frequency and methods for determining the success of
offsetting measures.
The Metal Mining Effluent Regulations (MMER), developed under Section 36 of the Fisheries Act
and administered by Environment and Climate Change Canada (ECCC), regulate the deposit
of mine waste into natural waters frequented by fish (ECCC 2016). The listing of a natural
waterbody frequented by fish under Schedule 2 would require compensation (MMER equivalent
term for offsetting) for the loss of fish habitat. The regulations form the basis of the federal mine
effluent standards by, among other requirements, defining authorized limits for releasing
selected deleterious substances outlined in Schedule 4 of the Regulations (pH, total suspended
solids, arsenic, copper, lead, nickel, zinc, radium-226, cyanide), from mining operations. In
addition, EEM requirements for mining operations are specified in Schedule 5 of the Regulations.

5.2.2.2 Provincial Regulatory Requirements
The Lakes and Rivers Improvement Act (LRIA) provides the Ontario Ministry of Natural Resources
and Forestry (MNRF) with the legislative authority to govern the design, construction, operation,
maintenance, and safety of dams in Ontario. Approval from the MNRF to construct, alter,
improve, or repair water control infrastructure in Ontario is required under the LRIA, which has
provisions for the protection of fish and fish habitat. One purpose of the LRIA is to provide for the
management, perpetuation, and use of the fish, wildlife, and other natural resources dependent
on the lakes and rivers.
Under the LRIA, approval must be obtained from the MNRF for:
1. dams
2. water crossings – bridges, culverts, and causeways
3. river channels – channelization of rivers, including dredging, diverting, or enclosing a channel
except for the installation or maintenance of a drain subject to the Drainage Act, 1990
4. enclosures (e.g., pipe enclosures)
5. buried pipelines and cables – installing cables and pipelines where they will hold back,
forward or divert water
6. municipal and other drains.
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Work permits obtained under the LRIA may stipulate specific-monitoring conditions if the
monitoring program(s) completed in fulfilment of other regulatory requirements (e.g., Fisheries
Act Authorization) do not address the monitoring requirements of the LRIA.
During the life of the Project, GGM will be required to collect fish for the purpose of monitoring
potential adverse effects and to remove fish from in-water work areas. To conduct these works,
authorization will be required from the MNRF under the provisions of the Fish and Wildlife
Conservation Act (FWCA). Section 39 of the FWCA states that the Minister may authorize a
person to capture, kill, or possess wildlife for educational or scientific purposes.

5.2.3

Municipal Regulatory Requirements

There are no municipal requirements for monitoring potential effects on fish and fish habitat.

5.2.4

Other Commitments, Requirements

This section will be updated as commitments are identified as consultation continues during the
permitting process. It is expected that monitoring requirements that are not required by specific
regulations will be identified in a Follow-up Agreement.

5.4

HARDROCK PROJECT - CONCEPTUAL AQUATIC MANAGEMENT AND MONITORING PLAN
Support
April 2017

6.0

SUPPORT

6.1

COMPETENCE, TRAINING, AND AWARENESS

GGM requires that persons working under its management, including employees and
contractors, have the knowledge, understanding, skills and abilities to complete work in a
manner that protects the environment. The following actions will be established to provide
worker competency, training, and awareness:


Personnel assigned to aquatic mitigation activities are expected to have met the
educational, work experience, responsibility, personal attributes, and training requirements
for their positions.



Appropriate training will be provided to employees supporting the Hardrock Project
Conceptual AMMP, commensurate with their duties. Such training may consist of classroom
lectures, workshops, teleconferences, or on-the-job training.



An annual review of the AMMP and appendices will be conducted with the appropriate
GGM personnel.
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7.0

IMPLEMENTATION OF MITIGATION MEASURES FOR
CONSTRUCTION AND OPERATION

7.1

GENERAL APPROACH AND DESIGN CRITERIA

Mitigation measures described in the AMMP are those that will be implemented during
construction and operation. Mitigation and monitoring activities associated with
decommissioning and rehabilitation during the closure and post closure phases are presented in
the Conceptual Closure Plan (Stantec 2017b). Design mitigation for major Project components
was implemented during the Final EIS/EA (i.e., through the evaluation of alternatives). Mitigation
to be implemented for the protection of the aquatic environment follows the principles of DFO’s
Pathways of Effects (PoE). PoE diagrams are used to describe development proposals in terms of
the activities that are involved, the type of cause-effect relationships that are known to exist,
and the mechanisms by which stressors ultimately lead to effects in the aquatic environment.
Each cause-and-effect relationship is represented as a line, known as a pathway, connecting
the activity to a potential stressor, and a stressor to some ultimate effect on fish and fish habitat.
Each pathway represents an area where mitigation measures can be applied to reduce or
eliminate a potential effect (DFO 2013).
The measures presented in Sections 7.1.1 through 0 are abbreviated from the Fisheries and
Oceans Canada (DFO) website (DFO 2013) and are applicable when conducting work in or
near water to avoid causing serious harm to fish in compliance with the Fisheries Act.
Construction and operation activities with the potential to affect fish habitat are summarized in
Table 7-1, which identifies the potential effect of each activity.

Table 7-1:

Potential Project Effects on Fish and Fish Habitat, Prior to Mitigation
Potential Environmental Effects
(prior to mitigation)

Project Components and Physical Activities

Lethal and
sub-lethal
effects on fish

Permanent
alteration of
fish habitat

Site Preparation (removal of existing buildings and
associated infrastructure, timber harvesting, vegetation
clearing, earthworks, overburden and topsoil stockpiling,
construction effluent treatment and discharge)







Watercourse Crossings and Goldfield Creek Diversion







Pre-Production Mining and Development of Mine
Components (open pit, waste rock storage areas, ore
stockpile, water management facilities, Phase 1 of TMF)







Loss of fish
habitat

CONSTRUCTION
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Table 7-1:

Potential Project Effects on Fish and Fish Habitat, Prior to Mitigation
Potential Environmental Effects
(prior to mitigation)

Project Components and Physical Activities

Lethal and
sub-lethal
effects on fish

Permanent
alteration of
fish habitat

















-

Open Pit Mining (drilling, blasting, loading, and hauling
of ore and waste rock)





-

Waste Rock Disposal







Water Management (contact water collection system,
process water supply, effluent management and
treatment, open pit dewatering)





-

Tailings Management (including excavation and
removal of historical tailings)







Active Closure (primary decommissioning and
rehabilitation)





-

Post-Closure (pit filling and monitoring)





-

Linear and Ancillary Facilities (site roads and parking
areas, onsite pipelines, power lines/transformer station,
fuel supply, storage, and distribution)
Highway 11 Realignment and MTO Patrol Yard
Relocation
Aggregate Sources (excavation and dewatering
related to aggregate source development and
extraction)

Loss of fish
habitat

OPERATION

CLOSURE

NOTES:
 Potential interactions that might cause an effect without mitigation.
– Interactions are not expected.

The ordinary high water mark is the usual or average level to which a body of water rises at its
highest point and remains for sufficient time to change the characteristics of the land. In flowing
waters (rivers, streams) this refers to the “active channel/bank-full level” which is often the 2-year
flood flow return level. In inland lakes, it refers to those parts of the water body bed and banks
that are frequently flooded by water to leave a mark on the land and where the natural
vegetation changes from predominately aquatic vegetation to terrestrial vegetation (excepting
water tolerant species). Where adequate water level information exists, this may also be the 85th
percentile high water level. For water bodies regulated by dams and water management plans,
such as Kenogamisis Lake, this refers to normal high operating levels (Full Supply Level). For
Kenogamisis Lake, the high-water mark is 229.85 metres above mean sea level (m masl), but for
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the purpose of the effects assessment a conservative level of 330.00 m masl was used because
the vertical accuracy of the LiDAR for the Project was +/- 0.15 m. This definition for high water
mark is used throughout this document.

7.1.1

Timing

Timing windows are one of many measures used to protect fish and fish habitat when carrying
out a project in or near water and involve scheduling work to protect fish, including their eggs,
juveniles, spawning adults, and/or the organisms upon which they feed, during critical life
periods. The following measures are recommended to avoid serious harm to fish and reduce
effects to fish habitat:


Follow timing windows identified on MNRF work permits, which may differ and take
precedence over Project timing windows.



Limit the duration of in-water work.



Conduct in-water work during periods of low flow, to further reduce the risk to fish and their
habitat or to allow work in water to be isolated from flows.



Schedule work to avoid wet, windy, and rainy periods that may increase erosion and
sedimentation.

7.1.2

Site Selection

Site selection is an important aspect in working near and in water. Use the following guidelines:


Design and plan activities and works in-water such that loss or disturbance to aquatic
habitat is reduced and sensitive spawning habitats are avoided.



Design and construct crossing approaches to the waterbody such that they are
perpendicular to the watercourse to limit loss or disturbance to riparian vegetation.



Avoid building structures on meander bends, braided streams, alluvial fans, active
floodplains, or any other area that is inherently unstable and may result in erosion and
scouring of the stream bed or the built structures.

7.1.3

Water Management & Effluent Discharge

Water management is necessary to promote safe working conditions around the Project site
and protect the natural environment from uncontrolled discharges. The following should be
considered:


Implement a comprehensive Water Management and Monitoring Plan (Stantec 2017c) to
manage water coming in contact with the site.



Design and implement a water treatment system, as needed, that meets applicable federal
and provincial effluent quality criteria.
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7.1.4

Contaminant and Spill Management

Controlling and containing spills is a critical aspect of environmental management and will be
implemented as follows:


Plan activities in or near water such that materials such as paint, primers, blasting abrasives,
rust solvents, degreasers, grout, or other chemicals do not enter a waterbody.



Keep an emergency spill kit on site, and develop a response plan that is to be implemented
immediately in the event of a sediment release or spill of a deleterious substance
(GGM 2017a).



Use building materials for in-water work that have been handled and treated in a manner to
prevent the release or leaching of substances into the water that may be deleterious to fish.

7.1.5

Erosion and Sediment Control

Erosion and sediment control measures are outlined in the “Conceptual Erosion and Sediment
Control Plan” (GGM 2017b). The purpose of the plan is to reduce risk of sedimentation in
waterbodies and natural areas during all Project phases. Erosion and sediment control measures
will be maintained until all disturbed ground has been permanently stabilized, suspended
sediment has resettled to the bed of the waterbody or settling basin and runoff water is clear.

7.1.6

Shoreline Re-Vegetation and Stabilization

Disturbance of the shoreline can lead to erosion and sedimentation. To protect and stabilize
shoreline disturbances, it is recommended to undertake the following:


Avoid or reduce clearing of riparian vegetation, and use existing trails, roads or cut lines
wherever possible to avoid disturbance to the riparian vegetation and prevent soil
compaction. Where practical, prune or top off the vegetation instead of
grubbing/uprooting.



Limit the removal of natural woody debris, rocks, sand or other materials from the banks, the
shoreline, or the bed of the waterbody below the ordinary high water mark. If material is
removed from the waterbody (e.g., woody debris), set it aside and return it to the original
location if possible, once construction activities are completed.



Immediately stabilize shoreline or banks disturbed by any activity associated with the Project
to prevent erosion and/or sedimentation, preferably through re-vegetation with local
species suitable for the site.



Restore bed and banks of the waterbody to their original contour and gradient where
possible. If the original gradient cannot be restored due to instability, a stable gradient that
does not obstruct fish passage will be restored.
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If replacement rock reinforcement/armouring is required to stabilize eroding or exposed
areas, then confirm that appropriately-sized, clean rock is used, and that rock is installed at a
similar slope to maintain a uniform bank/shoreline and natural stream/shoreline alignment.



Remove all construction materials from site upon completion of local works.

7.1.7

Fish Protection

Fish are protected under the Federal Fisheries Act and other legislation. Follow all legal
requirements and use the following guidance:


Conduct in-water activities and, where required, place in-water structures such that they do
not interfere with fish passage, constrict the channel width, or reduce flows.



Retain a qualified environmental professional to capture fish trapped within an
isolated/enclosed area at the work site and safely relocate them to an appropriate location.



Apply for appropriate permits and approvals for fish capture, handling, and relocation.



Screen water intakes or outlet pipes to prevent entrainment or impingement of fish.

7.1.8

Use of Explosives

Avoid using explosives in or near water if possible. Where explosives are required, the potential
for effects to fish and fish habitat will be assessed and mitigation will be applied. When blasting
adjacent to fish habitat, the requirement for additional mitigation will be evaluated. Such
measures may include:


Time in-water and near-water work requiring the use of explosives to prevent disruption of
vulnerable fish life stages, including eggs and larvae, by adhering to appropriate fisheries
timing windows (April 1 to June 20).



Limit blast charge weights used and subdivide each charge into a series of smaller charges
in blast holes (i.e., decking).



Back-fill, or stem, blast holes with sand or gravel to grade to confine the blast.



Place blasting mats over top of holes to reduce scattering of blast debris around the area.



Do not use ammonium nitrate based explosives in water due to the production of toxic byproducts that may cause serious harm to fish.



Remove all blasting debris and other associated equipment/products from the blast area.
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7.1.9

Operation of Machinery

The operation of machinery in or near a water body must be undertaken with care using the
following guidelines:


Maintain equipment to be used in water in a clean condition, free of fluid leaks and aquatic
invasive species.



Where possible, operate machinery on land above the high-water mark, on ice, or from a
floating barge in a manner that limits disturbance to the banks and bed of the waterbody.



Limit machinery fording of the watercourse to a one-time event (i.e., over and back), and
only if no alternative crossing method is available. If repeated crossings of the watercourse
are required, construct a temporary crossing structure.



Use temporary crossing structures or other practices to cross streams or waterbodies with
steep and highly erodible (e.g., dominated by organic materials and silts) banks and beds.
For fording equipment without a temporary crossing structure, use stream bank and bed
protection methods (e.g., swamp mats, pads) if minor rutting is likely to occur during fording.



Wash, refuel and service machinery and store fuel and other materials for the machinery in
such a way as to prevent any deleterious substances from entering the water.
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8.0

MONITORING, EVALUATION, AND REPORTING

8.1

MONITORING, MEASUREMENT, ANALYSIS, AND EVALUATION

The purpose of aquatic environment monitoring is to evaluate and document the performance
objectives of:


maintaining or improving the overall productivity of CRA fisheries



avoiding lethal or sub-lethal effects on fish



avoiding an increase in parameters of potential concern in fish tissue



maintaining the abundance and diversity of benthic invertebrates.

Table 8-1 outlines the conceptual monitoring program.

Table 8-1:

Summary of Monitoring Activities

Monitoring Activity
Kenogamisis Lake
fish community
monitoring

Project Phase
PreConstruction,
Operation

Frequency
Pre-construction study allows for
adaptive management during
operation if results of EEM show an
effect. No set frequency for lake-wide
study.
Routine EEM monitoring on a threeyear cycle through operation.

Fish tissue sampling

PreConstruction,
Operation

Comprehensive baseline data allow
for adaptive management during
operation if results of EEM show an
effect or if there is a change in water
quality in small lakes. No set frequency
for follow-up monitoring but may be
harmonized with EEM program on a
three-year cycle.
Routine EEM monitoring through
Operation (three-year cycle).

Season
Late summer, to be
confirmed based on
ECCC approved
sentinel species and
through EEM Study
Design approval
process.
EEM monitoring likely
to occur late summer
or early fall
depending on
approved sentinel
species.
Follow-up monitoring
to coincide with fish
community
monitoring in late
summer, if required.
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Table 8-1:

Summary of Monitoring Activities

Monitoring Activity
Benthic community
monitoring

Project Phase
PreConstruction,
Operation

Frequency
Benthic sampling if required as a
condition of a Fisheries Act
Authorization, will occur in
accordance with the approved
frequency identified in the Fisheries
Act Authorization.

Season
Late summer or fall, in
keeping with timing of
baseline data
collection.

Benthic sampling that occurs as part
of EEM would occur in three year
cycles, in keeping with an ECCC
approved Study Design and EEM
Technical Guidance.
Benthic sampling that occurs as part
of a Follow-up Program, if required,
would be harmonized with the EEM
monitoring program (three-year
cycles).
Sediment

PreConstruction,
Operation

Sediment monitoring will occur in a
three-year cycle, in keeping with EEM
requirements. Monitoring will
commence within 24 months of the
Project becoming subject to the
MMER. The number of stations to be
sampled will be identified in the Initial
EEM Study Design.

Sediment sampling
will be conducted in
the late summer/early
fall and will be
completed at the
same time as the
benthic community
monitoring.

Aquatic vegetation
monitoring

PreConstruction,
Operation

Aquatic vegetation surveys were
completed during baseline and will
be repeated on a three-year cycle,
preferably in conjunction with the EEM
program.

Late summer or early
fall, prior to
senescence

Plankton and
periphyton
monitoring

PreConstruction,
Operation

Ongoing through pre-construction.
Frequency during operation to be
determined through adaptive
management (i.e., only if water
quality indicates impairment)

Spring, summer, and
fall

Toxicity monitoring

PreConstruction,
Operation

As required by MMER, sub-lethal
toxicity tests will be conducted two
times each calendar year for three
years, and once each year after the
third year.

The first testing is to
occur no later than six
months after the mine
becomes subject to
MMER regulations.
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Anticipated methods for aquatic monitoring listed in Table 8-1 are described in Appendices A
through G as follows:
Appendix A:

Kenogamisis Lake fish community monitoring

Appendix B:

Fish tissue sampling

Appendix C:

Benthic community monitoring

Appendix D:

Sediment monitoring

Appendix E:

2016 Aquatic vegetation monitoring

Appendix F:

2016 Plankton and periphyton monitoring

Appendix G:

2016 Toxicity monitoring

8.2

REPORTING

The form and frequency of follow-up reporting will be determined as the Project progresses
through the EA process and permitting, however, it is anticipated that those elements relevant
to the Conceptual AMMP will be assembled into a formal summary report and provided to
interested parties on an annual basis during construction and operation and during closure in
years when monitoring is carried out. The reporting will be used to inform adaptive management
reviews. Receiving, documenting, and responding to communication from external interested
parties, including complaints, will also form part of reporting under the AMMP.

8.3

CONTINUAL IMPROVEMENT

Adaptive management is a planned and systematic process for continuously improving
environmental management practices by learning from their outcomes. Adaptive management
provides the flexibility to address/accommodate new circumstances, to adjust monitoring,
implement new mitigation measures or modify existing measures.
GGM will identify and correct incidents with appropriate and lasting measures aimed to prevent
reoccurrence and/or similar occurrences. The Adaptive Management Framework (Figure 8-1),
provides a formalized approach to:


formally track and monitor activities



report and as needed, investigate incidents, including non-conformance and noncompliance events



develop and implement corrective and preventive actions



continue monitoring and update relevant EMMPs.
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Corrective actions will be assigned as appropriate, including actions to prevent their
reoccurrence. Corrective actions will vary according to the results of incident investigation and
in consideration of other incidents related to aquatic resource management.
GGM is committed to the continual improvement of its environmental management and
performance. As part of the GGM Adaptive Management Framework, the Conceptual AMMP
will be assessed annually to verify implementation and the continued suitability, adequacy, and
effectiveness of the AMMP. The review will identify elements of this EMMP in need of revision, and
evaluate performance against established performance objectives.
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Appendix A KENOGAMISIS LAKE FISH COMMUNITY
MONITORING
Extensive baseline data were collected for the EIS/EA. Although these baseline data are
adequate to assess potential effects on Kenogamisis Lake, GGM is committed to the collection
of additional pre-construction data to establish a comprehensive dataset that can be used to
monitor potential changes to the fish community in Kenogamisis Lake. The study can be
designed in consideration of knowledge gained through collection of baseline data and
through consultation with stakeholders. Such a study would address comments from the Ontario
Ministry of Natural Resources and Forestry (MNRF) suggesting that a study be conducted similar
to the MNRF broad-scale netting program. The approach for the lake-wide monitoring will
provide valuable information to feed into future Environmental Effects Monitoring (EEM)
requirements that will be established once Project operation is underway, and incorporate the
collection of fish for other sampling and monitoring efforts detailed in this monitoring plan
(e.g., fish tissue collection). The monitoring plan gives an indication of the existing variation in fish
community condition between basins in Kenogamisis Lake and can be used to evaluate the
predictions of the Final EIS/EA.

A.1

Study Design

Additional sampling in Kenogamisis Lake will occur pre-construction and follow the guidelines
laid out in the Manual of Instructions for Broad-scale Fish Community Monitoring using North
American (NA1) and Ontario small mesh (ON2) gillnets (BSFCM; MNR 20131). The Broad-scale
method uses a combination of two types of gillnets, large mesh, and small mesh, set at various
depth strata within the lake to target both small and large bodied fish utilizing representative
habitats. The resulting catch data provide a picture of the fish community composition, year
class of species present, relative abundance, and a general indication of variability between
lake basins.

1

Ontario Ministry of Natural Resources (MNR). 2013. Manual of Instructions for Broad-scale Fish Community
Monitoring using North American (NA1) and Ontario small mesh (ON2) gillnets. Available at:
https://dr6j45jk9xcmk.cloudfront.net/documents/2578/stdprod-103359.pdf. Accessed February
2017
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A.2

Proposed Methods

Kenogamisis Lake is a large lake of 4,250 hectares exhibiting an irregular configuration with a
series of sub-basins of varying sizes and depths. In order to target as many areas of the lake as
possible to obtain a picture of the fish community composition, the BSFCM approach will be
utilized. The BSFCM program uses a combination of two types of gillnets, including:


a large mesh gill net that targets fish larger than 20 cm in length (typically those targeted as
sportfish species)



a small mesh gill net that targets smaller fish, which tend to be the forage base for the larger
fish.

The large mesh gill net, referred to as “NA1”, consists of a gang of eight net panels. Each panel is
3.1 m wide by 1.8 m high. Mesh sizes in each gang are: 38 mm, 51 mm, 64 mm, 76 mm, 89 mm,
102 mm, 114 mm, and 127 mm (1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5 inches, respectively). The mesh
panels are arranged in random fashion throughout each gang. MNRF recommends that a strap
of nets, consisting of two gangs connected by a spanner, be employed at the determined
stations for all lake sizes.
The small mesh gill net, referred to as “ON2”, consists of a gang of five net panels. Each panel is
2.5 m wide and 1.8 m high. Mesh sizes in each gang are: 13 mm, 19 mm, 25 mm, 32 mm, and
38 mm (0.5, 0.75, 1.0, 1.25 and 1.5 inches, respectively). Like the large mesh approach, double
gang straps are generally recommended.
For Kenogamisis Lake, each collection effort will consist of a strap of two gangs for both large
and small mesh sizes. Both gear types will be set on the lake bottom and oriented such that they
are perpendicular to the lake contours, but spanning only one depth stratum. Nets will be set
overnight for a minimum of 16 hours up to a maximum of 22 hours, with the optimum set time
targeting 18 hours. Net sets must fish overnight and include the periods of one hour before sunset
and one hour after sunrise to capture both evening and early morning crepuscular periods
(twilight time when certain species are most active). Net straps are to be a minimum of
250 metres apart, and will be set in representative depth strata within each basin.
Target depth strata are identified in the BSFCM guidelines, based on target species. For
Kenogamisis Lake, Walleye was used as the target species for identifying appropriate level of
effort in each depth strata. The BSFCM guidelines also outline minimum depth strata sample size
by lake area and the deepest stratum with greater than 5% of the surface area of the entire lake.
GIS software was used to calculate the percent surface area of each depth strata in the lake . In
accordance with the BSFCM guidelines, both large and small mesh sets should be allocated to all
distinct regions of a lake, and to spatially allocate the required sampling, lakes are to be divided
into several approximately equal-sized areas or sectors. For this sampling program, Kenogamisis
Lake has been divided into five basins (KLSW, KLCB, KLBB, KLOE and KLOW).
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Following an overnight set period, net straps will be pulled and captured fish will be processed.
The requirements for fish sampling are different between small mesh and large mesh captures.
Catches from both gangs in a large mesh strap can be removed and combined into a single
holding tub prior to processing. For the small mesh strap, catch is recorded by gang and the
catch from each gang is to be kept separate in two containers labeled according to gang.
Gang 1 of the strap is that which is positioned closest to the shore.
All fish from large and small mesh nets (NA1 and ON2) will be identified to species, enumerated
and measured for fork length and total length. Notes on the external condition of fish will be
recorded. Live fish should be sampled first and as quickly as possible to reduce mortality to the
extent possible, however it is recognized that this method of community sampling is typically
considered a lethal approach.

A.2.1 ON2 Nets
Fish collected from small mesh sets (ON2) will be identified to species and measured for fork
length and total length. Observations will also be made on external condition. Round weight will
be measured on up to 25 of each species caught in each ON2 strap. Where more than 25 of
one species are caught in an ON2 strap, a random sample of 25 fish will be weighed. This will be
conducted until maximum of 100 randomly selected fish of each species have been weighed
from each basin. This will be conducted in the field, releasing all live fish except Spottail Shiners
required for the fish tissue study.

A.2.2 NA1 Nets
Fish from large mesh sets will be identified to species and measured for fork length, total length,
and round weight. Additional lethal sampling will also be completed on species identified as
Primary and Secondary Species in the BSFCM protocol. Target sample size is 50 for Primary
Species and 20 for Secondary Species. These target sample sizes are for the whole lake, and not
for individual basins. It is recommended that fish collection begin in the Southwest Arm of
Kenogamisis Lake and then in the Central Basin, to obtain fish for lethal sampling from basins
nearest to the Project.
In addition to fork length, total length and round weight will be documented/collected in the
field for fish identified as Primary and Secondary Species in the BSFCM protocol. Genetics
analysis is not proposed. Anticipated samples sizes and species for lethal sampling, including sex,
gonad condition and age structures, are as follows:


Walleye = 250 (see paragraph below)



Lake Whitefish = 50



Northern Pike = 50



White Sucker = 20



Yellow Perch 20
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Walleye will be used as a sentinel species because they are abundant in the lake and support
an important local fishery. More detailed, EEM end points will be collected for Walleye including
all non-lethal parameters measured for the BSFCM program (fork length, total length, round
weight, external condition), as well as liver weight, gonad weight and internal condition. Age
and tissue samples will also be collected for Walleye. Target sample size for Walleye as sentinel
species is 25 (minimum 20) of each gender from each of five basins. This will result in a sample
size of between 40 and 50 Walleye per basin. These fish will be processed in a field laboratory.

A.3

Secchi Depth and Temperature/Oxygen profiles

Secchi depth and temperature/oxygen profiles are required to support fish community data.
Temperature/oxygen profiles will be collected routinely (e.g. quarterly) at stations identified in
Section A.4. Secchi depths readings in the deepest part of each of the five basins will be
recorded at the time of fish collection to provide additional supporting data that is
representative of the conditions present when the fish community study is conducted.

A.4

Sampling Locations

Kenogamisis Lake is an irregular shaped lake that has been divided into five basins for the
purpose of design of the overall monitoring program. In order to assess variability between basins
and to maintain consistency with the Broad-scale Community sampling guidelines, large and
small mesh sets will be allocated to representative regions of the lake (Figure A-1). These include:
1. Southwest Arm (KLSW)
2. Barton Bay (KLBB)
3. Central Basin (KLCB)
4. Outlet Basin - West (KLOW)
5. Outlet Basin - East (KLOE).
Note that East and West Outlet Basins are part of what has been collectively referred to as the
Outlet Basin. However, due to the relative size of the Outlet Basin in comparison to the Southwest
Arm, Barton Bay and Central Basin, the Outlet Basin has been divided into two zones for the
purpose of the Kenogamisis Lake Fish community study. Dividing the lake into basins in this way
will also allow the examination of possible differences in fish based on proximity to mine activity
and is in keeping with the BSFCM guidelines, which focuses effort in basins or areas of similar size.
Consistent with the BSFCM guidelines, net locations have been determined by placing small and
large mesh sets in the appropriate depth strata for each basin. The preliminary locations for both
large and small mesh net strap locations in the various basins of Kenogamisis Lake are shown on
Figure A-1.
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A.5

Timing and Frequency

A.5.1 Timing
The broad-scale netting program is conducted when lake surface water temperature is greater
than 18o C and must be concluded when temperature drops below this temperature. Sampling
therefore takes place during the late summer period when surface water temperatures are at or
near their highest levels. The lake-wide fish community monitoring program will be conducted in
conjunction with a fish tissue sampling program to increase efficiencies in the field programs

A.5.2 Frequency
The lake-wide fish community assessment would occur once, prior to construction. Repeated
sampling would not occur unless the results of the Federally Regulated EEM program showed a
confirmed effect on a standard EEM end point (e.g. fish growth, survival, reproduction) in two
consecutive monitoring phases, or if water quality predictions were incorrect and unforeseen
potential effects on fish are identified. If that were to occur, adaptive management would be
implemented to assess the cause and geographic extent of observed impacts.

A.6

Data Analysis and Reporting

Fish catch data will be tabulated for each sampling event (i.e., gill net set) and Catch per Unit
Effort (CPUE) will be calculated for each basin and each individual sampling location. CPUE will
be expressed as the total number of fish captured per unit of fishing effort and will be reported
as a relative abundance of total numbers of fish captured in each lake basin. For each gill net
set, CPUE will be reported as catch per net per hour. Species diversity and relative abundance
will be reported by basin.
Morphometric data will be summarized by calculating the minimum, maximum, mean and
standard deviation for the morphometric parameters sampled (e.g. length, weight, age, etc.).
Age samples will be collected for all specimens submitted for tissue analysis. Summary statistics
will be calculated for each species and lake basin. Morphometric end points to be collected
are summarized in Table A-1.

A.7

HARDROCK PROJECT - CONCEPTUAL AQUATIC MANAGEMENT AND MONITORING PLAN
Appendix A Kenogamisis Lake Fish Community Monitoring
April 2017

Table A-1:

Fish Morphometric Data Collected and Summary Statistics

Measurement

Target Accuracy

Reporting of Summary Statistics

Fork Length and Total Length

+/- 5%

Mean, median, standard deviation,
standard error, minimum and maximum for
each Sampling Area

Total Body Weight (fresh)

+/- 5%

Mean, median, standard deviation,
standard error, minimum and maximum for
each Sampling Area

Abnormalities

Not applicable

Observation of presence of any lesions,
tumors, parasites, or other abnormalities.
Percent of fish with abnormalities.

Not applicable

Male, female or immature

Not applicable

Undeveloped, gravid, spent, etc.

Sex
(determined on Primary and
Secondary species sampling, fish
used for tissue analysis and where
readily apparent in live fish)
Gonad Condition (determined
on Primary and Secondary
species sampling, fish used for
tissue analysis and where readily
apparent in live fish)
Gonad weight
(measured on harvested gonads
of Primary and Secondary
species sampling and fish used
for tissue analysis)

+/- 5%

Mean, median, standard deviation,
standard error, minimum and maximum for
each Sampling Area

+/- 5%

Mean, median, standard deviation,
standard error, minimum and maximum for
each Sampling Area

+/- 1 year

Mean, median, standard deviation,
standard error, minimum and maximum for
each Sampling Area

Liver weight
(measured on harvested gonads
of Primary and Secondary
species sampling and fish used
for tissue analysis)
Age
(utilizing aging structures such as
otoliths, scales or clethra)
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A.7

Quality Assurance/Quality Control (QA/QC)

Field and laboratory quality assurance/quality control (QA/QC) measures will be employed to
confirm consistency and accuracy of data. The following measures, where applicable, will be
part of the data collection procedures:


All field personnel will undergo Project specific health and safety training to identify hazards
and appropriate controls.



Qualified personnel will collect, process, and analyze fish community data.



Fish collection methods and measurements will be conducted following Metal Mining
Technical Guidance for Environmental Effects Monitoring2 ) and the BSFCM.



Instruments used to collect fish community data will be calibrated and maintained following
manufacturer’s instructions.



Management of data includes review of field notes prior to leaving a sampling location and
nightly inspections of that day’s field sheets for completeness and coherency.



Verification of observations will be accomplished by having one field team member making
measurement observations and stating them aloud for a second field team member to
record. The second field team member will repeat the observation as it is being recorded to
confirm accuracy.



Fish species that are difficult to identify in the field will be vouchered and taken back to the
lab for verification of identity.



Descriptive locations will be recorded in addition to writing GPS locations on field notes and
saving GPS coordinates electronically.



GPS equipped cameras will be used for photography and a field photo log will be
maintained.



Field notes, photographic records, detailed bench sheets, processing observations, and
laboratory notes will be placed in a 3-ring binder at the end of each field day.



Digital and hard copies of all field notes will be made to prevent loss of data.



Fish collections will be completed under a Licence to Collect Fish for Scientific Purposes.

2

Environment Canada (EC). 2012. Metal Mining Technical Guidance for Environmental Effects Monitoring. Available at:
https://ec.gc.ca/Publications/D175537B-24E3-46E8-9BB4-C3B0D0DA806D/COM-1434---Tec-Guide-for-MetalMining-Env-Effects-Monitoring_En_02.pdf. Accessed February 2017.
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Appendix B

FISH TISSUE MONITORING PLAN

Historical fish tissue data from the Ministry of the Environmental and Climate Change (MOECC)
data base were used to characterize metal concentrations in fish tissue in Kenogamisis Lake. This
information was supplemented with data for Walleye, Spottail Shiner, and Trout Perch from
Kenogamisis Lake. Fish tissue data were also obtained for Yellow Perch, White Sucker, and
cyprinids in other (smaller) area lakes, for which no fisheries information existed prior to baseline
fish community assessments.
Fish tissue data collections will be a requirement for future EEM sampling programs. It is also an
anticipated requirement for ECA monitoring. There is opportunity to harmonize these future
sampling requirements with proposed fish community monitoring programs.
Baseline data collected to date documents naturally occurring levels of metals in fish muscle
tissue. Additional pre-construction data collection in Kenogamisis Lake is proposed to achieve
more robust samples sizes for long term monitoring and to include species and consumption
methods used by Aboriginal people. This information will allow for a thorough evaluation of Final
EIS/EA predictions. Various types of sampling gear will be used to capture fish, which will be
dictated by water depth, velocity, as well as the types of fish being targeted (i.e., game fish and
forage fish). It is anticipated that the required fish will be captured during the proposed
broad-scale monitoring program and small lake community surveys. This pre-construction data
will provide good, scientifically defensible data for comparison to post-construction conditions.
The objective of the fish tissue monitoring program is to allow for comparison to EEM and
consumption guidelines and to determine if there has been a significant change in fish tissue
metal concentrations over time.
Establishing appropriate sample sizes of pre-construction data related to naturally occurring
levels of metals in the local fish populations is critical for detecting changes in arsenic or mercury
concentrations that may occur as a result of the Project. To date, tissue samples from smaller
lakes have been collected opportunistically during fish community studies.

B.1

Study Design

Large-bodied fish have been selected for comparison to historical data and because of their
importance as a human food source. Small-bodied fish have been selected because they tend
to occupy a smaller geographic home range throughout their life cycle and therefore are more
representative of local conditions and can be more effective for monitoring localized effects.

B.2

Field Methods

Additional pre-construction fish tissue data will be collected from a reference lake and each basin
of Kenogamisis Lake (i.e., the five basins used in the lake wide community monitoring study).
Additional fish tissue data for smaller lakes was collected in 2016 (Table B-1). Fish used for tissue
analysis will be aged.
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Target sample sizes are identified as the preferred number of samples for a robust analysis.
However, recognizing that collection of a few fish may require substantial effort, minimum
sample sizes are also provided. These minimum sample sizes reflect the preferred sample sizes
identified in “Protocol for the Collection of Fish Samples for Contaminant Analyses3”. The target
sample sizes are recommended because of the importance of establishing a pre-construction
data set that documents variability in fish tissue concentration among individual fish. When in the
field, sampling for fish tissue will be discontinued once the target sample size is met. If minimal
sample sizes have not been met, additional sampling effort (over and above the sampling effort
identified in the lake-wide and small lake monitoring plans) may be required to meet minimum
sample size requirements. It is recommended that a target sample size of 25 Walleye
(minimum 20) be collected from each basin in Kenogamisis Lake and from one reference lake.
Sampling in small lakes occurred in 2016. Since Walleye are not present (or not abundant) in the
smaller lakes sampled, a sentinel species from each small lake was selected based on
abundance and likelihood of use for consumption. Where possible, Yellow Perch were selected
because they are widely distributed and generally abundant. This will allow for comparisons
between lakes if necessary. In some cases, Yellow Perch were not present in sufficient numbers,
so White Sucker or a cyprinid species was used.
For large bodied fish, a range of fish sizes is preferred to document levels of parameters of
potential concern relative to age/size of fish. To provide pre-construction data that is
comparable to future EEM requirements, effort should be made to collect eight adults of the
same gender and size for analyses within the sample total sample size of 25.
Cyprinids will be grouped according to size, and composites will be created by grouping fish of
a similar size class. Target size classes will be determined in the field, and are also dependent on
catch results. Eight (minimum five) composite samples with a minimum weight of 10 g will be
collected from each basin and reference lake for the small-bodied target species.
The intent will be to obtain the fish required for fish tissue studies during the lake community
inventories. However, if additional effort is required to achieve target numbers of a particular
species, other collection methods may be employed to collect the required additional fish
efficiently. Other methods may include seine netting, hoop netting, minnow trapping, backpack
electrofishing and boat electrofishing.

3

Ministry of the Environment and Climate Change. 2014. Protocol for the Collection of Fish Samples for Contaminant
Analyses. Environmental Monitoring and Reporting Branch, Toronto ON.
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Table B-1:

Summary of Target Fish Tissue Sampling Locations, Species, and Sample
Sizes

Species
Selected

Number of Replicate
Samples Collected for
EIS/EA

Number of
Replicate
Samples Proposed
for preconstruction

Walleye

N/A

25

Spottail Shiner

7 Composites

8 (composites)

Walleye

N/A

25

Spottail Shiner

7 Composites

8 (composites)

Walleye

24

25

Spottail Shiner

7

8 (composites)

Walleye

N/A

25

Spottail Shiner

N/A

8 (composites)

Walleye

N/A

25

Spottail Shiner

N/A

8 (composites)

Walleye

N/A

25

Spottail Shiner

N/A

8 (composites)

Waterbody Name

Proposed
Sampling
Methods

Kenogamisis Lake
Barton Bay (KLBB)

Gill Netting

Kenogamisis Lake
Central Basin (KLCB)

Gill Netting

Kenogamisis Lake SW
Arm (KLSW)

Gill Netting

Kenogamisis Lake
Outlet Basin - West
(KLOW)

Gill Netting

Kenogamisis Lake
Outlet Basin - East
(KLOE)

Gill Netting

Gamsby Lake
(reference)

Gill Netting

Southwest Pond 3

Hoop Netting

Yellow Perch

N/A

25 A

Lake A-321

Hoop Netting

White Sucker

N/A

25 A

Lake A-322

Hoop Netting

Yellow Perch

N/A

25 A

Marron Lake

Hoop Netting

Yellow Perch

N/A

25 A

Mosher Lake

Hoop Netting

Yellow Perch

10

25 A

NOTES:
Table shows target sample sizes. Minimum sample size for a target of 25 is 20. Minimum sample size for a target of eight
composite samples is five.
A Collected in 2016
N/A: not applicable
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B.3

Fish Processing Methods

In the laboratory, the following morphometric data will be collected from each fish used for tissue
analysis: total length, fork length, weight, and sex. For large bodied fish, liver and gonad weights
will also be collected. Data will be recorded on lab bench sheets, which are scanned to digital
copy. Ageing structures (otoliths/dorsal spine) will also be collected for age determination.
Qualitative observations will be made of the external/ internal condition of each fish, noting
obvious abnormalities, prevalence of lesions, tumours and parasites, etc.
Fish will be euthanized quickly and humanely. Each fish will be dissected using clean, sterile
dissecting equipment that will be cleaned between samples. All dissecting tools (scalpel, forceps,
cutting board etc.) will be rinsed with site water, disinfected with 70% alcohol, and then rinsed
with de-ionized water between samples to prevent cross-contamination between samples.
For large-bodied fish species, a minimum 10-gram sample of skinless, boneless dorsal muscle
tissue will be removed from an area above the lateral line of each fish. During tissue collection,
all attempts will be made to confirm that no mucus or debris comes into contact with tissues.
Nitrile gloves will be worn during dissections and will be changed between samples to prevent
cross-contamination. Tissue samples will be transferred immediately into Whirl-Pak ® bags.
Samples will be labeled with a unique sample number that corresponds with the morphological
data collected for that particular fish. All tissue samples will be placed immediately into a freezer
for storage prior to analysis.
Information from Aboriginal communities will help to identify additional fish species and
processing methods. Proposed species for analysis and processing methods may change
depending on the results of this consultation process. For example, some Aboriginal individuals
may cook and consume whole White Sucker, so rather than submit a boneless, skinless fillet, it
may be more appropriate to submit homogenized, whole bodied fish for analysis.
For small-bodied fish (cyprinids), eight composite samples will be collected. The heads
(containing the otolith) will be removed and preserved for aging. The remainder of the body will
be composited with other similarly sized bodies from the same location to form a sample of at
least 10 grams in weight or more. Only similarly sized fish will be composited. Ten grams of sample
is required to complete the desired analysis.

B.4

Analytical Methods

Muscle tissue will be sent to a laboratory for metals and mercury analysis. Laboratory supporting
analysis includes percent lipid and percent moisture. Minimum laboratory detection limits for
total mercury in fish tissue is 0.03 µg/g.
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During tissue preparation in the laboratory, the Ministry of the Environment and Climate Change
(MOECC) “Protocol for the Collection of Fish Samples for Contaminant Analyses4” will be
followed, as well as the “Metal Mining Technical Guidance for Environmental Effects
Monitoring5”.
Fish tissue samples will be analyzed for several parameters, including a complete Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) scan for metals and lipids. Muscle samples from
Walleye and Yellow Perch will be sent to a laboratory to be analyzed for total mercury content
using cold vapour atomic spectrophotometry, which achieves a lower detection limit. The
detection limit for mercury will be 0.001 µg/g, which is suitable for comparison with provincial
human consumption guidelines. A subset of samples may be analyzed for methyl mercury or
arsenic speciation if deemed necessary. Samples will be prepared by microwave digestion in
nitric acid followed by analysis by ICP-MS for a suite of 35 metals.

B.5

Sampling Locations

Sampling locations include Barton Bay, Southwest Arm, Central Basin, two areas within the Outlet
Basin, a suitable large reference lake (potentially Gamsby Lake), Southwest Pond 3, Lake A-321,
Lake A-322, Marron Lake and Mosher Lake. Two or three reference lakes will be sampled for fish
collected from small lakes.

B.6

Timing and Schedule

Baseline data collection for small lakes occurred in 2013 and 2016. No further baseline data
collection is proposed for small lakes. Additional baseline fish tissue data collection is proposed
for Kenogamisis Lake, to obtain a more robust data set and to gather information on species
that are important to Aboriginal communities. This information will allow for a thorough
evaluation of Final EIS/EA predictions. Post-construction fish tissue monitoring schedule will be
determined through adaptive management, whereby detailed fish tissue studies will only be
conducted if there is a confirmed effect in close proximity to the Project, or if there is a
confirmed change in water quality in a particular lake or lake basin.
Timing would be consistent with other fish collection programs, most likely in late summer.

4

Ministry of the Environment and Climate Change. 2014. Protocol for the Collection of Fish Samples for Contaminant
Analyses. Environmental Monitoring and Reporting Branch, Toronto ON.

5

Monitoring. Available at: https://ec.gc.ca/Publications/D175537B-24E3-46E8-9BB4-C3B0D0DA806D/COM-1434---TecGuide-for-Metal-Mining-Env-Effects-Monitoring_En_02.pdf. Accessed February 2017.
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B.7

Data Analysis and Reporting

Mean, minimum, maximum, and standard deviation will be calculated for each parameter by
species and location. Qualitative comparisons of differences between areas within species will
be discussed and statistical comparisons carried out where warranted (i.e., between basins).
Means will be compared to guidelines for key parameters of interest. If a Canadian guideline is
not available, then a United States Environmental Protection Agency or International
consumption guideline may be used.

B.8

QA/QC

A data quality assessment will be completed on tissue samples. The results of the analyses and
relative percent difference between the samples and the corresponding duplicates will be
presented. QA/QC samples will be collected at a frequency of 10% of the total number of fish
tissue samples collected and submitted to a laboratory. Duplicate samples will be marked blind
and submitted. In the case of composite small bodied fish tissue samples, the lab will be
instructed to subsample 5-10% of composite samples randomly once combined. The lab also
performs internal QA/QC procedures which will be reported. In terms of aging, 10% of the age
samples will be reanalyzed by another aging expert.
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Appendix C BENTHIC COMMUNITY MONITORING PLAN
Benthic macro-invertebrates are small-bodied organisms that live on the bottom of aquatic
environments like lakes and rivers. They are commonly used as biological indicators of water and
habitat quality and are a key component of federal monitoring programs for pulp mills and
metal mines. Benthic macro-invertebrates are good indicators of overall water quality and
environmental conditions for the following reasons (Griffiths 1998):


They are abundant in all types of aquatic systems.



They are readily identified by experienced taxonomists.



They usually remain in a localized area, as they have restricted mobility and specific habitat
preferences / requirements.



They are continuously subjected to all conditions of the local environment throughout their
life cycle.



They integrate the effects of all pollutants and environmental conditions over time and,
therefore, provide a holistic measure of water quality.

Benthic community monitoring is likely required during the pre-construction and operation
phases for the anticipated Follow-up Monitoring Program for the EA, ECA pre-discharge
monitoring and Fisheries Act pre-construction surveys of Goldfield Creek.

C.1

Study Design

The baseline benthic community information collected in 2013 and 2016 represents the ‘before’
conditions of a Before/After Control/Impact (BACI) study of the Project. This study will be
conducted following standard EEM protocols to allow comparisons between pre- and
post-construction conditions.

C.2

Proposed Methods

Each replicate sample will consist of a composite of three sediment grabs using a Petite Ponar ®
dredge (area = 0.0232 m2) for a total composite area sampled of 0.0696 m 2. Each sample will be
sieved in the field using a sieve pail fitted with a 500 µm mesh screen. Sieved sample material will
be placed in 1.25 L HDPE plastic jars with enough water to cover the sample. In addition to
standard external jar labels written in waterproof marker, samples will be labeled internally using
waterproof paper. Label information will include the project number, sample number, replicate
number, number of jars and the date. Samples will be preserved in 10% buffered formalin
solution within a few hours of collection.
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At each replicate benthic station, a YSI ™ water quality multi-probe will be used to measure the
following in situ water quality parameters: temperature (ºC), dissolved oxygen (mg/l), pH and
conductivity (µS/cm).
Field notes will be recorded on project-specific field data sheets and include the following
information for each sample location:
 project name and number

 depth

 date and time

 water velocity

 water body

 substrate characterization

 descriptive location

 presence and abundance of aquatic
macrophytes and algae

 GPS coordinates and navigation system

 In situ parameters measured at
water/sediment interface

 sampling method/device

 air temperature

 number of composite grabs

 Sediment Redox Potential

C.3

Benthic Laboratory Methods

Samples will be transported to a certified benthic laboratory, where they will be logged in and
checked to confirm that they are properly preserved and that sample labels matched those on
the sample submission form. Samples will be sorted and organisms will be identified to the lowest
practical level using the most recent publications. Data will be summarized at the family level to
be used in the statistical analysis of determination of effect, as per Metal Mining Technical
Guidance for Environmental Effects Monitoring (EEM Guidelines; EC 2012).
Taxonomic resolution will be dependent on available keys and published ecological information,
as well as the condition and maturity of the organisms being identified. Oligochaetes and
leeches will typically be identified to the species level and most other organisms identified to the
genus level.
A voucher collection of benthic macro-invertebrates identified in the study should be established
as recommended by the EEM Guidelines.
A variety of community descriptors will be chosen to describe the benthic macro-invertebrate
data. Because each sample may contain hundreds of individuals and numerous different taxa,
biotic indices that incorporate various community attributes are used to compare benthic
communities both spatially (between stations) and temporally (within stations over time).
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C.4

Sampling Locations

Figure C-1 shows the location of benthic samples collected during baseline surveys. These same
stations may be used for long term monitoring. Not all stations will be sampled routinely, but may
be sampled as a part of the adaptive management approach. For example, if effects are not
observed at the near field location, in closest proximity to the treated effluent discharge
location, then sampling farther away may not be required.
These stations have been selected to provide information on existing conditions within the
predicted areas of potential effects of Project effluent, seepage or channel diversion or to act
as reference or control areas for potentially affected areas. These data can be used to
compare with long-term monitoring data. An assessment of the suitability of proposed reference
locations will be conducted as part of the pre-construction report.

C.5

Timing and Schedule

Benthic community sampling will be conducted in the late summer/early fall and coordinated
with the sediment quality monitoring program. Pending agency approval, monitoring will be
harmonized with the anticipated EEM/ECA schedule after pre-construction surveys (where
required).
Benthic community monitoring will occur in a three-year cycle, in keeping with EEM
requirements. Monitoring will commence within 24 months of the Project becoming subject to
the MMER. The number of stations to be sampled will be identified in the Initial EEM Study Design,
the ECA and, if applicable, a Follow-up Agreement.

C.3
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C.6

Data Analysis and Reporting

Pre- and post-construction monitoring data will be included in post construction monitoring
reports and will follow MMER guidance for analysis and reporting. Pairwise comparisons of
various benthic community endpoints will be made between reference/control areas and
predicted test areas so that reference area suitability can be assessed from the pre-construction
data. The endpoints selected for these comparisons will generally follow EEM technical
guidance and include the four primary endpoints of effect, as well as several supplemental
endpoints or indices as required to describe the communities and any effects that may be
observed.
Similarly, these same four endpoints of effect will be used to assess Project effects during
long-term monitoring programs once exposure and control areas have been finalized.
The following analyses will be completed on the benthic invertebrate datasets at the family-level
to conduct the determination of potential effects on benthic communities.


Total density (number of organisms per square metres [m2]).



Taxa richness (number of taxa).



Simpson’s Evenness (E): a measure of the distribution of individuals among sampled taxa
(range: 0 to 1). A more equitable distribution indicates a more stable community, which is
not dominated by one particular taxonomic group. The Evenness value for such a
community would be 1.



Bray-Curtis Dissimilarity Index (D): used to calculate the difference from the reference area
and exposure area data to the median reference community (range: 0 to 1). It is unaffected
by the nature of the communities being compared, and gives equal consideration to rare
and abundant species.

The following additional descriptors will be calculated; however, they will not be used in the final
determination regarding effects of the treated effluent on the benthic invertebrate community.


Simpson’s Diversity Index (D): The probability that two organisms, selected at random, are
from a different taxonomic group (range: 0 to 1, with larger values indicative of more diverse
communities). Simpson’s D is influenced by the numerically dominant taxa.



Taxon proportion (e.g., relative abundance of taxonomic groups): The percentage of
Chironomidae, Oligochaeta, Ephemeroptera, Plecoptera and Trichoptera (EPT) taxa,
Molluscs etc. will be calculated using the total number of organisms in each group divided
by the total organisms in a sample. Chironomids and oligochaetes tend to be quite tolerant
of nutrient enrichment or polluted conditions. Often in highly contaminated sites,
chironomids and oligochaetes are the only remaining invertebrate taxa (Pinder 1986;
Hilsenhoff 1987; Hilsenhoff 1988; Faith and Norris 1989).
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Presence/absence of taxa groups: Certain families of benthic taxa are sensitive to
environmental stresses and poor water quality. Their presence or absence can be used to
infer the conditions at a site.

To supplement the family level analyses and provide a more complete picture of the nature of
the benthic communities in each area, the following analyses may be completed on the
benthic invertebrate datasets identified to the lowest practical level:


Hilsenhoff Biotic Index (HBI): The HBI is commonly used to determine the extent of enrichment
due to organic nutrient pollution (Hilsenhoff 1987) however, uses the lowest practical level of
taxonomic identification to derive its index. Sensitivity values are assigned to each taxon
based on their tolerance to organic nutrients ranging from 0 (intolerant) to 10 (very tolerant).



EPT Index: The EPT index is a count of the number of taxa belonging to the taxonomic orders
Ephemeroptera, Plecoptera and Trichoptera (mayflies, stoneflies, and caddisflies,
respectively). These three groups typically include organisms that are sensitive to reductions
in habitat quality. High EPT values are typically found in areas where water quality is good
and benthic habitat is both complex and stable. Mean and pooled EPT taxa richness will be
calculated for each area.

Calculated indices will be appended to the reports for each individual station, while calculated
mean, median, standard deviation, standard error, minimum and maximum index values will be
reported within each sampling area.
The identification of organisms to the lowest practical level will be used to support the results and
interpretation of the data. A discussion of community diversity and/or the presence/absence of
specific species will also be included.

C.7

QA/QC

C.7.1 Field QA/QC
The following QA/QC measures will be applied to the field sample collection of benthic
invertebrates:


All field personnel will have a good understanding of the program and objectives, and will
be experienced with all required field equipment and sampling procedures.



All safety measures will be identified, understood, and followed.



Sampling equipment will be checked frequently for proper operation and maintained in
good working order.



Criteria for sample acceptability will be established (e.g. sample will be rejected if sampler
jaws were completely closed).



A visual description of the collected sediment will be recorded.
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The sampling device will be rinsed between composite samples and between stations.



Field sieving and preservation will be completed as soon as is practical after samples are
collected.



All sample containers will be labeled internally and externally with all relevant information.



Detailed field notes will be maintained on appropriate field data sheets prepared prior to
the field survey to facilitate the completeness of the field data, and subsequent data entry.



Chain-of-custody forms and sample submission forms will be used and appropriately filed.

C.7.2 Laboratory QA/QC- Percent Recovery
Percent recovery, or sorting efficiency, will be determined by re-examining the sorted debris of
samples after initial sorting of organisms is complete. Any additional organisms found during the
re-sort will be identified, counted, and added to the dataset. Percent recovery will be
calculated using the original number of organisms found and the revised total (following
re-sorting). Percent recovery will be performed on 10% of the benthic samples collected.

C.7.3 Laboratory QA/QC- Sub-Sampling, Precision, and Accuracy
Due to large volumes of material or large numbers of organisms, some samples may not be
sorted in their entirety in a reasonable amount of time and, therefore, sub-sampling may be
required. In these cases, a minimum of 300 organisms per sub-sample will be targeted and an
analysis of sub-sampling precision and accuracy error will be performed on 10% of the
sub-sampled samples.
Precision error analysis will be accomplished by sorting a new fraction of the same size as that
originally sorted and determining the percent difference between the fractions. The difference
between sub-samples should be no greater that 20% to fall within acceptable limits established
in EEM Technical Guidance documents. If the percent difference were greater than 20%
between the two sorted sub-samples, the sample should be sorted in its entirety. For sub-samples
with exceptionally low organism density, it may be mathematically impossible to achieve the
desired 20% difference regardless of sub-sampling methodology used. In these cases, the
remaining samples may not be sorted.
Accuracy error will be determined by sorting the remainder of each selected sub-sampled
sample and assessing how closely the original fraction, when extrapolated to the whole,
approximated the actual sample density. Predicted sample densities based on sub-samples
should fall within 20% of the actual sample density to meet acceptable limits established by in
EEM Technical Guidance documents. If the calculated difference is greater than 20%, additional
samples may need to be sorted in their entirety to confirm accurate organism densities. Due to
small sub-sample fraction sizes, it may not be possible to perform the standard accuracy analysis
within a reasonable amount of time in all cases.
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Appendix D
D.1

SEDIMENT QUALITY MONITORING

Study Design

The proposed sediment quality monitoring plan includes the collection of sediment data at all
benthic sampling locations. Multiple reference locations are recommended because of the
variability in habitat and sediment characteristics in the locations being monitored.

D.2

Proposed Methods

Sediment quality samples will be collected at the same time as benthic samples using a Petite
Ponar® sampler (model 1728-G40, Wildco, Yulee, FL, USA). Each monitoring station will consist of
five replicate samples. All samples will be stored in jars provided by the analytical laboratory and
kept in a dark place at 4° C until shipped to the analytical laboratory. Sediment samples will be
analyzed for total organic carbon (TOC) and particle size, as required by EEM guidance, for the
interpretation of the benthic habitat characteristics.

D.3

Sampling Locations

Proposed sediment sampling locations are shown in Figure C-1. Not all sampling locations will be
sampled on a regular basis. Some will be sampled in accordance with EEM and others may be
sampled only in response to an adverse effect being confirmed in the nearfield area.

D.4

Timing and Schedule

Sediment sampling will be conducted in the late summer/early fall and will be completed at the
same time as the benthic community monitoring program to increase efficiencies in the field.
Sediment monitoring will occur in a three-year cycle, in keeping with EEM requirements.
Monitoring will commence within 24 months of the Project becoming subject to the MMER. The
number of stations to be sampled will be identified in the Initial EEM Study Design.

D.5

Laboratory Methods

Prior to conducting sampling, the required analytical parameters and detection limits will be
reviewed with the analytical laboratory. Particle size and TOC will be analyzed to EEM standards.

D.6

Data Analysis & Reporting

Summary statistics (e.g., mean, median, standard deviation, maximum and minimum
concentrations) of the five replicates from each station will be calculated for all parameters.
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D.7

QA/QC

Laboratory quality control programs will include analysis of certified reference materials,
laboratory control samples, laboratory duplicates, method blanks and matrix spikes to determine
accuracy and precision of instrumentation and methods. All data reports received from the
laboratory will be reviewed to check whether data meet the laboratory Data Quality Objectives.
Data QA/QC controls include:


collection of 10% of the sediment quality samples in duplicate



analytical QA/QC in the analytical lab



data reviewed by qualified person after lab reporting



statistical analyses to detect data outliers or avoid analytical skew from data anomalies.
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Appendix E

2016 AQUATIC VEGETATION MONITORING

Macrophyte beds are important for fish as they are used for nursery, rearing and foraging
habitat, in addition to providing cover from predatory fish. There have been discussions about
potential effects on the macrophyte beds located at the outlet of Goldfield Creek and the
Southwest Arm Tributary related to potential changes in flow regime because of the proposed
Goldfield Creek diversion. Aquatic macrophyte studies were completed at these locations to
provide the pre-construction data required to assess potential changes.

E.1

Study Design

A random, stratified aquatic plant biomass survey utilizing a Petite Ponar ® dredge was
completed in 2016 to document existing condition. There were two test sites and one reference
site. This study can be repeated, if necessary, using a BACI design to evaluate changes in
aquatic plant communities.

E.2

Aquatic Plant Survey Methods

The aquatic plant biomass survey employed a random, stratified sampling design, including 10
Petite Ponar® grab samples between depths of 0.5 m - 1.5 m and 10 Petite Ponar® grab samples
between depths of 1.5 m and 2.0 m at each survey location. The Petite Ponar® collected
material from a measurable area of 0.0232 m2. The sample was washed at the collection site in a
small bin using lake water to remove sediment and/or debris and prevent the accidental loss of
any plant material. Plant species in each sample were identified, including approximate
percentages of distinct species within the sample. Samples were placed in a cloth bag,
labelled, and taken to a field lab to begin drying. Samples were then transferred to a lab, dried
in a drying oven, and weighed.
The same methods can be used in post-construction or post-operation monitoring to assess
potential changes in plant communities.

E.3

Sampling Locations

Aquatic plant biomass monitoring was conducted at the mouth of Goldfield Creek, the mouth
of the Southwest Arm Tributary and at a reference site at the outlet of the Triplet Creek.

E.4

Timing and Schedule

An aquatic plant biomass survey was conducted in the late summer of 2016, near the end of the
growing season, but before macrophytes begin to die off. Post construction monitoring would
only occur if there is evidence of potential effects (e.g., erosion occurring in the area or
deposition of suspended solids). The need for post construction monitoring will be assessed
post-construction.
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E.5

Data Analysis and Reporting

If post-construction surveys are warranted, a statistical analysis will be completed to compare
the mean (n=10) total dry biomass from each survey location, as well to compare bathymetric
strata within survey locations and between survey locations. Data collected during future
monitoring efforts can be compared to the pre-construction data to determine if effects on
macrophyte biomass.

E.6

QA/QC

Voucher portions of additional plant material beyond what is required for each sample should
be collected to confirm species identification in the lab by a botanist.
To confirm all samples are completely dry, a weight of the sample was taken once the sample
appears visually dry. Weights will then be taken every 24 hours until there is a negligible
difference in weight, thus confirming the sample is completely dry.
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Appendix F

2016 PLANKTON MONITORING

The objective of this work is to characterize baseline plankton communities for comparison of
pre-construction data to data collected during operation. The data gathered can be used in
conjunction with other water quality, benthic and fisheries data to provide a more complete
understanding of the aquatic environment and potential changes that can occur. In addition, it
is known that algae are among the most sensitive aquatic species to arsenic, a key element of
concern associated with historical mining and currently proposed Project activities. There is no
specific regulatory driver for the plankton monitoring program, however, it may be included in
follow-up monitoring as an earlier aquatic indicator species if required.

F.1

Study Design

The collection of pre-construction data in test sites and reference sites will allow for a BACI Study
Design, if required.
Phytoplankton are free-floating, photosynthetic organisms. While phytoplankton includes
bacteria and protists, only algae and cyano-bacteria were considered in the baseline studies
because these are routinely used in lake monitoring programs. These primary producers capture
the energy of sunlight and serve as an important source of food for zooplankton (as well as an
indirect source of food for benthic invertebrates through the supply of organic matter), thereby
representing an important component at the base of the aquatic food chain. Additionally, they
are considered to be amongst the aquatic species most sensitive to arsenic toxicity. Typically,
after ice-out, there is a burst of phytoplankton in aquatic systems due to penetration of sunlight
into the aquatic environment, an event that is referred to as the spring bloom. The spring bloom
is followed by community changes throughout the summer and fall, including a second bloom
during the fall. Therefore, spring, summer and fall are important times for sampling.
Zooplankton are free-floating invertebrates that provide an important food source for juvenile
fish. They are sensitive to environmental changes and can serve as bio-monitors for water
quality. Zooplankton are termed secondary producers because they feed upon primary
producers (algae), and provide an important link in the aquatic food chain between primary
producers and fish. Density and species composition may vary both horizontally and vertically
within a lake, as the organisms typically follow a diurnal migration pattern (Alberta Environment
2006). Because of this daily variation in location, sampling depth and time should be held as
consistent as possible for each sampling event to allow for accurate statistical comparison
between samples.
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F.2

Proposed Sampling Methods

Phytoplankton sampling will be conducted using a Van Dorn sampler. Based on previous
observations, it is expected that there is limited stratification in the shallower areas to be
assessed, however this will be confirmed by recording temperature and dissolved oxygen
profiles at each sampling location prior to collecting phytoplankton samples. In the absence of
thermal stratification, samples will be collected consistently at approximately 0.5 m depth. It is
important to keep the depth similar between all sampling locations since phytoplankton
communities are strongly influenced by the penetration of light into the water column. If a
thermocline is present, a second sample will be collected within the thermocline. At each
sampling location, a composite sample will be created from three separate sample retrievals at
each sampling location for a total of three replicate grabs per area.
Upon collection, samples will be transferred to 500 mL sample containers and preserved with
Lugol’s solution. All samples will be labeled with a unique identification number, kept under cool
and dark conditions, and shipped to a laboratory. Chlorophyll a and phaeo pigment analyses,
algal taxonomic analyses will be subcontracted. Samples collected for chlorophyll a will be
filtered and preserved in the field to avoid exceeding sample storage time limits (48 hours).
Statistical analyses will involve the use of ANOVAs to compare community indices among lake
basins and a reference area. If the data allow, diversity metrics such as Shannon’s diversity,
evenness and species abundance will be calculated for each basin and compared to establish
relative baseline conditions.
Zooplankton will be collected using a Wisconsin plankton net (or similar system) with a 63-μm
mesh. Vertical hauls will be conducted because the total water depth is anticipated to be
greater than 1 m. Hauls will be conducted in the euphotic zone, or two times the Secchi depth
(which will likely be most of the water column), taking care not to reach the lake bottom
sediments. Sampling areas will be kept as consistent as possible among areas. Sampling will not
occur in deeper portions of the lake or within thermocline (i.e., not the whole water column in
the Central Basin). Standard operating procedures are identified in the guidance document
outlining water monitoring techniques recommended for mining proponents and operators
(Clark 2002). Horizontal tows may be conducted in water less than 1 m deep, instead of vertical
sampling. Three samples from each sampling area in each basin will be composited to account
for spatial heterogeneity expected in each basin.
Statistical analyses will involve the use of ANOVAs to compare biovolumes among basins within
Kenogamisis Lake and a reference area. If the data allow, diversity metrics such as Shannon’s
diversity and species abundance will be calculated for each basin and compared to establish
relative baseline conditions.
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F.4

Plankton Sampling Locations

Plankton sampling locations are summarized in Table F1.

Table F1:
Station
Number

Plankton Sampling Locations
Timing

Descriptive Location

May – phytoplankton
1A

August – phytoplankton and zooplankton

Southwest Arm of Kenogamisis Lake,
near Kenogamisis River Inlet

October - phytoplankton
May – phytoplankton
1

August – phytoplankton and zooplankton

Southwest Arm of Kenogamisis Lake,
near historical Hardrock Tailings

October - phytoplankton
May – phytoplankton
4

August – phytoplankton and zooplankton

East end of Barton Bay,
near historical MacLeod Tailings

October - phytoplankton
May – phytoplankton
6

August – phytoplankton and zooplankton

Central Basin of Kenogamisis Lake,
near historical Hardrock Tailings

October - phytoplankton
May – phytoplankton
17

August – phytoplankton and zooplankton

Outlet Basin of Kenogamisis Lake,
Near outlet to Kenogamisis River

October - phytoplankton
May – phytoplankton
50

August – phytoplankton and zooplankton

Gamsby Lake

October - phytoplankton

F.5

Timing and Schedule

Pre-construction phytoplankton and zooplankton surveys were conducted in 2016.
Phytoplankton sampling was conducted in May and October, capturing both the spring and fall
blooms. Zooplankton sampling occurred once in August. Recommended timing for additional
pre-construction monitoring is provided in Table F.1. The need for additional monitoring will be
assessed post-construction.
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F.6

Data Analysis and Reporting

Pre-construction plankton data can be compared between sampling areas, to document
natural variability between basins, including those potentially affected by historical tailings
deposition. Sampling areas in Kenogamisis Lake can also be compared to a reference lake.
Future monitoring programs can compare pre- and post-construction plankton data to monitor
potential long term effects on primary and secondary trophic levels. Data collection, quality
assurance and quality control measures should follow the Protocols Manual for Water Quality
Sampling in Ontario6.

6

CCME 2011. Canadian Council of Ministers of the Environment. Protocols Manual for Water Quality Sampling in Ontario.
PN 1461 ISBN 978-1-896997-7-0-PDF.
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Appendix G AQUATIC TOXICITY MONITORING PLAN
Monitoring the treated final effluent toxicity will be an MMER requirement. Toxicity testing was
conducted in 2016 to document pre-construction conditions within the receiving waters already
impacted by historical mining activities, in addition to the receiving waters of the proposed
treated effluent discharge area. Toxicity testing using an algal species was conducted during
data collection for the “Technical Data Report – Hardrock Project: Metal Bioavailability7”. The
bioavailability study and toxicity tests performed as part of it indicated that historical inputs are
not currently causing biological effects in the receiving environment. The results of the 2016
toxicity sampling support this conclusion and provide a good basis for future comparison.

G.1

Study Design

By collecting this pre-construction toxicity data, a before/after-control/impact (BACI) study can
be implemented post-construction.

G.2

Proposed Methods

If required, chronic toxicity testing (survival and growth) can be completed to compare to
baseline conditions, using a standard test species in a controlled laboratory setting
(i.e., Pseudokircheriella subcapitata). Toxicity tests would follow Environment Canada’s standard
test methods. For water-only tests, one 20 L pail of water would be collected from proposed
sampling areas. Due to the short holding time for water, samples would be shipped immediately
to the lab upon collection.

G.3

Sampling Locations

Receiving water collection for toxicity tests was completed in 2016 in areas assessed as part of
the bioavailability study, as well as the future discharge area (Southwest Arm) and a reference
area. If required, future sampling locations would be the same as those sampled in 2016:
1. Barton Bay Basin adjacent to the MacLeod Tailings
2. Central Basin adjacent to the historical Hardrock Tailings
3. Central Basin downstream of the modelled mixing zone
4. Southwest Arm near the treated effluent discharge location
5. Gamsby Lake

Stantec Consulting Ltd. 2015. Technical Data Report – Hardrock Project: Metal Bioavailability. Prepared for
Premier Gold Mines Limitied.
7
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G.4

Timing and Schedule

Sampling during each season occurred in 2016 (quarterly) to capture seasonal variations in
toxicity. Sampling results consistently showed not toxicity and no further baseline sampling is
proposed. The sampling schedule during construction and operation follow regulatory
requirements (e.g., ECA or MMER sampling requirements). Sampling during construction or
operation may only be repeated if a documented change in water quality is confirmed and if
final effluent is shown to be acutely toxic.

G.5

Data Analysis and Reporting

Toxicity test report results will be integrated with routine water quality monitoring of chlorophyll a
and other similar species.

G.6

QA/QC

Lab QA/QC is part of the test protocol. The following are QA/QC measures that will be followed
during aquatic toxicity testing:


All field personnel will undergo Project-specific health and safety training to identify hazards
and appropriate controls.



Qualified personnel will collect toxicity samples and submit them under the correct
conditions for analysis.



Laboratory testing will be completed at a certified lab, using standard procedures
documented in the MMER regulations.



Management of data includes review of field notes prior to leaving a sampling location and
nightly inspections of that day’s field sheets for completeness and coherency.



Sample collection will be documented on standardized field forms, documenting sampling
date, time, location, and all required supporting information.



Descriptive locations will be recorded in addition to writing GPS locations on field notes and
saving GPS coordinates electronically.



Sample collection pails will be lined with clean, sterile bucket liners provided by the
laboratory.



Digital and hard copies of all field notes will be made to prevent loss of data.



Chain of custody forms will be completed for all samples.
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