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1 INTRODUCTION

1.1 Project Background

IAMGOLD Corporation (IAMGOLD) proposes to construct, operate, and eventually rehabilitate a
new open pit gold mine in the Chester and Yeo Townships in the District of Sudbury, in
northeastern Ontario. The development of the Cété Gold Project (the Project) is approximately
20 kilometers (km) southwest of Gogama, 130 km southwest of Timmins, and 200 km northwest
of Sudbury (Figure 1.1).

IAMGOLD received the Federal Environmental Assessment (EA) decision statement of approval
issued by the Federal Minister of Environment and Climate Change Canada on April 13, 2016
and received a statement of approval from the Ontario Ministry of the Environment and Climate
Change on December 22, 2016. Following the receipt of the EA approvals for the Project,
IAMGOLD identified various opportunities to optimize the Project. To ensure these changes to
the Project were well communicated to government regulators, the public and Indigenous
communities, and in accordance with Federal and Provincial EA Conditions of Approval,
IAMGOLD undertook an Environmental Effects Review (EER; IAMGOLD 2018) to evaluate the
potential effects of changes resulting from the optimization of the Project compared to the
approved EA. Two key refinements were made to the Project during the optimization process
that pertain to fish and fish habitat losses:

¢ A reduction in the Project footprint, specifically the Open Pit, Mine Rock Area (MRA), and
the Tailings Management Facility (TMF).

¢ Relocation of the TMF closer to the Open Pit, no longer overprinting Bagsverd Creek.

The aquatic biology EER summary demonstrated that the effects of the optimized Project are
similar or reduced compared to the EA (IAMGOLD 2015, 2018). Fewer potential effects to the
aquatic environment are predicted as a result of the smaller footprint, the reduced disruption, and
loss of aquatic habitat, and maintenance of watershed boundaries (IAMGOLD 2018). The overall
results of the EER confirmed that the predicted environmental effects of the Project are similar or
reduced compared to the EA and concluded that the optimized Project is an overall improvement
compared to the EA (IAMGOLD 2018).

The optimized Project site layout places the required mine-related facilities in close proximity to
the Open Pit, to the extent practicable (Figure 1.2). Ore processing will occur up to a rate of
approximately 36,000 tonnes per day. Overburden, mine rock, and ore extracted from the Open
Pit will be stockpiled in the overburden stockpile, MRA and ore stockpile, respectively (Figure 1.2).
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As part of the optimized development of the Project, several water features will be fully or
partially overprinted. To accommodate the Open Pit and MRA, Coté Lake, the Mollie River, two
small portions of Clam Lake, and several small tributaries and ponds will be lost (Figure 1.2).
The Mollie River will be realigned, flowing around the south east site of the Open Pit to Upper
Three Duck (Figure 1.2). To accommodate the TMF, several small unnamed waterbodies, West
Beaver Pond, and their associated tributaries will be lost. Following site closure and the filling of
the Open Pit, the Open Pit Lake will be connected to the existing water systems and the remaining
subwatersheds will be returned to their pre-mining conditions, as much as practicable.

The removal of Coté Lake, a portion of Upper Three Duck Lake, a section of the Mollie River and
other smaller waterbodies will result in a loss of fish habitat and potential harm to fish within
these areas.

1.2 Section 35 vs Section 36 of the Fisheries Act

Section 35 (1) of the Fisheries Act states “The Minister may designate, as a work, undertaking or
activity that is associated with a designated project, any work, undertaking or activity that the
Minister considers likely to result in the death of fish or harmful alteration, disruption, or destruction
of fish habitat”; (2) “The Minister shall designate any work, undertaking or activity that is part of a
designated project and that the Minister considers likely to result in the death of fish or the harmful
alteration, disruption or destruction of fish habitat.” When proponents are unable to avoid or
mitigate the death of fish or harmful alteration, disruption, or destruction of fish habitat, the project
requires an authorization (e.g., a Fisheries Act Authorization [FAA]) under Subsection 35(3) of
the Fisheries Act in order for the project to proceed.

Section 36 (3) of the Fisheries Act states “no person shall deposit or permit the deposit of a
deleterious substance of any type in water frequented by fish or in any place under any conditions
where the deleterious substance or any other deleterious substance that results from the deposit
of the deleterious substance may enter any such water.” A deleterious substance can be any
substance that, if added to water, would degrade or alter its quality such that it could be harmful
to fish, fish habitat or the use of fish by people. Proponents may require an amendment of
Schedule 2 of the Metal and Diamond Mining Effluent Regulations (MDMER) under Section 36 in
order deposit deleterious substances of any type (i.e., mine waste) in water frequented by fish.

Affected habitats (lost or altered) for the Project were identified as requiring a Section 35(2)
authorization under the Fisheries Act if:

e The habitat is affected by mine site infrastructure and not mine waste (e.g., the Open Pit,
mine roads, ditching, dams).

e The habitat was modified to allow for the offsetting plan and realignments to be realized.

/—\_
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Habitat was identified as requiring a Schedule 2 authorization (Section 36) under the MDMER if
the habitat is going to be overprinted by mine waste and cannot be realigned. For the purposes
of this report the loss of fish habitat includes any death of fish or harmful alteration, disruption, or
destruction of fish habitat.

1.3 Offsetting Approach

In 2019, the Fisheries Act was amended to offer protection for all fish and fish habitat.
As described in the policy entitled, Policy for Applying Measures to Offset Adverse Effects on Fish
and Fish Habitat Under the Fisheries Act (the Policy), dated December 2019, if there is likely to
be adverse effects on fish and fish habitat, and if those adverse effects on fish and fish habitat
are unavoidable, Fisheries and Oceans Canada must consider if there are measures to mitigate
that would reduce or minimize those adverse effects and the proponent must develop a plan to
offset the residual effects. The avoidance and mitigation of effects to fish habitat has and will be
an integral part of the design and engineering of the Project, but as noted above, the Project is
anticipated to permanently alter or destroy some existing fish habitat. Based on the Project design
an FAA and Schedule 2 amendment under MDMER will be required. To obtain a FAA and a
Schedule 2 Amendment, IAMGOLD has developed a habitat “offsetting plan,” pursuant to Part 2
and 3 of the Policy and the Applicants Guide to Supporting the Authorizations Concerning Fish
and Fish Habitat Protection Regulations that will counterbalance unavoidable adverse residual
effects to fish and fish habitat and, where possible, improve the productivity of the existing fish
habitat. This offsetting plan addresses habitat losses under both Section 35 and Section 36 in a
single comprehensive plan.

The proposed offsetting plan has been developed to comply with the Policy and Applicants Guide;
to support the conservation and protection of fish and fish habitat by counterbalancing the residual
death of fish and/or harmful alteration, disruption or destruction of fish habitat associated with
the Project. This will be accomplished in several ways:

1. implementation of a fish salvage and relocation program to reduce the number of
fish harmed;

2. schedule offset plan to limit the duration and spatial extent of fish habitat being affected;

3. developing an “in-kind” approach to offsetting that will be incorporated into a New Lake
and channel realignment plans (habitat that is destroyed or permanently altered is
replaced by similar or improved quality of the same type of habitat, with consideration of
uncertainty and time lags);
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4. measures to offset will incorporate the restoration of degraded fish habitat through the
reconnection of lakes by the removal of culverts/roads and improve connectivity through
the watershed; and

5. additional complementary offsetting to contribute to the improvement of Environmental
Effect Monitoring programs which monitor for the protection of fish and fish habitat
(the aquatic environment) and support the environmental management of mine effluents.

As noted within the Policy and Applicants Guide, by developing in-kind habitat and balancing the
losses to fish and fish habitat caused by the Project, the benefits that result from offsetting
measures can be a straight-forward calculation.

In order to assess the predicted loss of fish habitat associated with the Project relative to the
planned habitat to be created through the offsetting plan, IAMGOLD has developed an
assessment approach, to allow for the current and post development fish productivity to be
quantified. A habitat units (HU) approach was employed as a surrogate for fish productivity which
incorporated the habitat quality and quantity of pre- and post-development conditions such that
the net change in productive fish capacity could be considered. This method is consistent with
the approach applied during the federal EA process and was developed in consultation with
Department of Fisheries and Oceans’ (DFO) habitat management program. The balance of
habitat losses versus gains were considered together with other factors that can influence fish
productivity (i.e., connectivity or access to better overwintering habitat) to provide for an overall
assessment of change in fish productivity associated with the proposed undertaking.
Furthermore, the proposed offsetting plan integrates abiotic and biotic features which have been
incorporated to minimize lag times and promote fish productivity.

Extensive First Nations, public and government consultation has been conducted in support of
the Coté Gold Project and specifically this offsetting plan. A description of the consultation
conducted, the comments and responses provided and the materials presented is provided in
Appendix D.

1.4 Objective

The objective of this report is to document and assess the residual death of fish and/or harmful
alteration, disruption or destruction of fish habitat as a surrogate to assessing changes in fish
productivity that may occur as a result of the Project. The document will support an Application
for Authorization under Paragraph 35(2) (b) of the Fisheries Act and outlines a single offsetting
plan that will apply to Section 35 and the Schedule 2 Amendment of the MDMER (Section 36).
This report clearly documents the quality and quantity of habitat to be lost versus gained under
both approvals and considers the implications to fish productivity for key large-bodied fish species

/—\_
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as well as small-bodied fish species within the affected watersheds. In addition, this report will
identify mitigation measures to be conducted during the project, outline monitoring
post-construction, and review total costs of carrying out the offsetting plan.

May 2020 | 7
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2 METHODS

21 Fish Species Considered in Assessment

The fish communities within stream and lake habitats of the study area were generally dominated
by northern pike (Esox lucius) and yellow perch (Perca flavenscens; Table 2.1).
Walleye (Sander vitreus), white sucker (Catostomus commersonii), and lake whitefish
(Coregonus clupeaformis) were also common and varied in abundance depending on habitat.
Smallmouth bass (Micropterus dolomieu) and burbot (Lota lota) were only present in low
abundance in a few lakes (Table 2.1). In addition to these species, fifteen small-bodied species
were also identified. No endangered, threatened, or special concern fish species
(COSEWIC 2019) were captured during baseline studies (AMEC 2011, Minnow 2014, 2017a).

Based on the existing fish community composition, the habitat assessment was conducted for five
key large-bodied fish: northern pike, yellow perch, lake whitefish, walleye, and smallmouth bass.
The habitat requirements of these five species represent the range of conditions required to
support all fish species found within the affected areas (Appendix A; Table 2.2). For example,
lake whitefish and burbot have similar life history requirements; both species typically prefer to
spawn in shallow (i.e., less than 10 m), littoral areas of lakes over gravel or cobble substrate.
After hatching, young-of-the-year burbot and lake whitefish continue to inhabit shallow lake waters
using debris and emergent vegetation as cover but eventually move to deeper water during the
summer to take advantage of cooler temperatures. Adults of both species occupy hypolimnetic
habitat during summer and likely prefer dissolved oxygen levels of 6 mg/L or greater for
overwintering. Thus, due to overlap in habitat preferences, the assessed fish serve as surrogates
for the expected changes in productivity of all fish species found in the affected waterbodies. It is
assumed that all fish species and life stages being evaluated have equal weighting and therefore
were not ranked (i.e., no fish species or life history stage was considered more important
than others). In addition to considering the five main large-bodied fish species found within the
project site, several waterbodies only contain small-bodied forage fish species, therefore an
additional category was developed for these areas. The loss of habitat and the offsetting habitat
being proposed are to be similar, therefore, the goal is to maintain or enhance the productivity of
the fish community as a whole, and not any particular species found within the project area.

2.2 Habitat Evaluation Procedure (HEP)

Ultimately, the Project will result in the harmful alteration of fish habitat, which has the potential to
affect fish under Section 35 of the Fisheries Act and under Section 36 of the Fisheries Act, and
therefore an accounting of habitat losses relative to the proposed increases in habitat is required.




Table 2.1: Summary of Fish Species Presence/Absence in C6té Gold Project Area®

Watershed

Mollie River Watershed

Neville Lake Watershed

Species

Moore Lake
Chain Lake
Attach Lake
Chester Pond

Unnamed Lake #4

Sawpeter Lake®

Chester Lake

East Beaver Pond

Unnamed Pond
Little Clam
Clam Creek

North Beaver Pond

Weeduck Lake

Three

Duck
Lakes

Upper

Middle

Lower

Unnamed Lake #3

Mollie River

Dividing Lake

Schist Lake

West

Beaver
Pond

Watershed

Unnamed

Waterbody #1°

Unnamed

Waterbody #2

Unnamed

\Waterbody #3
Unnamed
Waterbody #4
Unnamed
\Waterbody #5
West Beaver Pond
Bagsverd Pond

Bagsverd Lake

Unnamed Lake #5

Unnamed Lake #6

Burbot
Lota lota

< |Clam Lake
< |[Cote Lake

< |Bagsverd Creek

Lake whitefish
Coregonus clupeaformis

<

<

<

<

<

Northern pike
Esox lucius

Smallmouth bass
Micropterus dolomieu

Walleye
Sander vitreus

White sucker
Catostomus commersonii

Large-bodied Fish Species

Yellow perch
Perca flavescens

Blacknose shiner
Notropis heterolepis

Central mudminnow
Umbra limi

Common shiner
Luxilus cornutus

Fathead minnow
Pimephales promelas

Finescale dace
Chrosomus neogaeus

Longnose dace
Rhinichthys cataractae

Golden shiner
Notemigonus crysoleucas

lowa Darter
Etheostoma exile

Johnny darter
Etheostoma nigrum

Northern redbelly dace
Chrosomus eos

Small-bodied Fish Species

Pearl dace
Margariscus nachtriebi

Sculpin sp.
Cottus bairdii

Spottail shiner
Notropis hudsonius

Trout-perch
Percopsis omiscomaycus

Note: ¥ = Species Present

@ This table reflects fish species absence/presence in the current configurations of the Mollie River and Neville Lake watersheds.

® Includes North Complex, Sawpeter Lake, and South Outlet.
¢ AMEC 2011.
9 Fish were observed in Waterbody #1 but not captured for identification.
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Table 2.2: Summary of Waterbodies Affected by the Coté Gold Project Relative to the Requirement for a FAA Under Section 35 versus a Section 36 Schedule 2 MDMER Amendment

Mine Section 35 .
Infrastructure or Schedule 2 Change Affected Areas Rationale for Approval
Coté Lake Lost due to development of the Open Pit.
Mollie River (portion of river from Chester to Cote) Lost due to development of the Open Pit. Dam on Mollie River required to create New Lake and flow realigned to
Upper Three Duck Lake.
Clam Creek Lost due to development of the Open Pit.
gir:/r;armed tributary downstream of Unnamed Pond to Mollie Lost due to development of the Open Pit.
Habitat Lost Clam Lake (East Clam Lake - eastern section lost) Lost to isolate East Clam Lake from Open Pit. Required to provide safe operating conditions for the Open Pit.
Open Pit Section 35 Clam Lake (eastern section lost) Lost to isolate Clam Lake from Open Pit. Required to provide safe operating conditions for the Open Pit.
Lost due to the development of the Open Pit and watercourse realignments around the Open Pit. The mine access
North Beaver Pond . .
road will remove upstream drainage to North Beaver Pond.
Lost to isolate Upper Three Duck Lake from the Open Pit. Note the dam location is based on engineering
Upper Three Duck Lake (west arm lost) requirements and a safe setback distance and condemnation drilling that suggest a closer dam alignment may limit
PP future pit expansion. The location of the Low Grade Ore Stockpile was identified after the requirement for the dam
made this land available.
Mollie River (downstream of Chester Lake) Habitat altered due to the creation of New Lake.
Habitat Alteration
Portion of East Beaver Pond Habitat altered due to the creation of New Lake.
Section 35 Habitat Lost Portion of Unnamed Tributary to Unnamed Lake 3 Dam for seepage collection pond and for the MRA will be constructed over a two portions of the Unnamed Tributary
to Unnamed Lake 3.
Mine Rock Area Inlet Unnamed Lake #3 (upstream portion) Lost due to MRA (overprinted) and seepage collection pond. Headwater stream that cannot be realigned.
Schedule 2 Habitat Lost
Portion of East Beaver Pond (southeast section lost) Lost due to MRA (overprinted) and seepage collection pond.
Portions of Unnamed Tributary to south arm of Bagsverd Lake Construction of TMF dam will be .reqwr'ed as mﬂ;astructure prior to the deposit of tailings. The portion of the creek
lost to the overprinting of dams will be included in the FAA.
. . . Construction of the TMF starter dam will be required as infrastructure prior to the deposit of tailings. A portion of
H L
Section 35 abitat Lost Portion of West Beaver Pond the waterbody lost to the overprinting of the dam will be included in the FAA.
. . Construction of Polishing Pond dam will be required as infrastructure prior to the operation of the pond. The portion
Tail Portion of Unnamed Tributary to South Arm of Bagsverd Lake of the creek lost to the over printing of the dam will be included in the FAA.
ailings
Management Unnamed Waterbody #1 to 6 Lost due to TMF (overprinted).
Facility
Unnamed Tributaries connecting Unnamed Waterbodies Lost due to TMF (overprinted).
Schedule 2 Habitat Lost

Portion of West Beaver Pond

Lost due to TMF (overprinted).

Portion of Unnamed Tributary from West Beaver Pond to South
Arm of Bagsverd Lake

Lost due to the TMF and TMF Reclaim Pond (overprinted). Small tributary that cannot be realigned due the TMF

overprinting the watershed upstream.

May 2020

10



minnow environmental inc. IAMGOLD
Project 187202.0015 Cété Gold Project Offsetting Plan

A Habitat Evaluation Procedure (HEP) was used to assess habitat losses and gains for the Project
(Terrell et al. 1982). This approach calculates a habitat unit by multiplying the habitat quality for
each species by the spatial area of the habitat type affected (e.g., m?). This was calculated for all
the habitat that will be lost as well as the habitat gained (created or enhanced) through offsetting.
These habitat units were used to calculate the expected net change in habitat attributed to the
Project. The following outlines the general approach used to calculate habitat units.

1. Habitat Quantity — The quantity of stream and lake habitat was predicted before and after
development as areal coverage (i.e., per m?).

2. Habitat Quality — Habitat quality was assessed for five key large-bodied fish species and
four life history stages. A habitat suitability score was assigned for each species and life
history stage. Small-bodied fish species were grouped together and habitat quality was
assessed for the complete life history.

3. Habitat Units — Habitat units were calculated using the numeric quality of habitat
multiplied by the quantity of habitat before and after development to assess the net change
in habitat.

Both the quantity and quality of fish habitat for each species at each life history stage was
incorporated into the habitat unit’'s assessment such that the resulting metric accounts for both
quantity and quality of all habitat types lost and gained, and therefore is a reasonable substitute
for the net change in productive capacity.

The HEP developed by the US Fish and Wildlife Service (1981) follows:
Habitat Units = (HSI) x (Area of available habitat)

Where HSI (Habitat Suitability Index) is defined as a numerical index that represents the capacity
of a given habitat to support a selected fish species, and the area of available habitat is defined
as the total area of all habitat types used by the evaluation species (US Fish and Wildlife
Service 1981).

HSI = Study area habitat conditions/Optimum habitat conditions

Where HSI can have a minimum value of 0.0 and a maximum value of 1.0, representing unsuitable
and optimal habitat, respectively. This can also be applied to word rankings where habitat can
be rated by word descriptors such as “excellent”, “good”, “moderate,” or “poor”. If these
descriptors are clearly defined, they can be converted to a numerical ranking with the
following equation:

HSI = Output Rank for the area of interest / 4
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The numerical ranking used for the following habitat quality descriptors are outlined in Table 2.3.

Table 2.3: HSI Word, Numerical and Value According to Habitat Conditions

Word Ranking N;::ﬁ:’:' HSI Value
Excellent 4 1.00
Good 3 0.75
Moderate 2 0.50
Poor 1 0.25
None 0 0.00

Note: HSI = Habitat Suitability Index.

2.2.1 Habitat Quantity

The quantity of stream and lake habitat were measured separately. Lake habitat was measured
(quantified) for three habitat areas within each lake based surface areas (m?). These areas
corresponded to depths of 0 to 2 m, 2 m to the end of the littoral zone, and the end of the littoral
zone to maximum depth of the lake (limnetic zone), if present. The littoral zone was divided into
two different areas to account for overwintering habitat (i.e., areas less than 2 m in depth would
not provide good overwintering habitat) and/or the potential for spawning habitat (i.e., northern
pike spawning generally occurs in less than 2 m). Streams were classified into low (1.5%),
medium (1.5 to 2%), and high (3 to 5%) gradient areas, as well as, permanently flowing versus
intermittent. The area of the stream was calculated by multiplying stream width and length (m?)
for each gradient type.

To calculate habitat quantity, the spatial area of each habitat type affected by the Project was
calculated using both Geographic Information System (GIS) and reconnaissance data collected
in baseline surveys. Reference water level data was used for all streams and lakes in order to
standardize comparisons among locations. Average stream channel widths were determined
using aerial photographs and reconnaissance data (for smaller streams). Intermittent streams
were given a stream width of 0.5 m, which is very conservative since some of these streams had
sections of undefined channel for various lengths. Stream channel lengths were rounded up to
the nearest 10 m. Similarly, the spatial area of each habitat type to be created was also calculated
either in GIS or Computer-Aided Design (CAD) after design drawings. Proposed waterbody or
watercourse habitat sizes were based on Issued for Construction (IFC) drawings.
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2.2.2 Habitat Quality

Fish habitat quality (HSI value) for each species was based on habitat requirements found in key
literature sources and existing habitat suitability models to document optimal habitat for all life
stages of each species. Published information on habitat suitability for the assessed fish species
was taken from sources including Inskip (1982), Scott and Crossman (1998), Coker et al. (2001),
Craig (1996), Holmes et al. (2010), and United States Fish and Wildlife Service Habitat Suitability
Indices (e.g., Krieger et al. 1983, Twomey et al. 1984, McMahon et al. 1984, Edwards et al. 1983).
The habitat characteristics required for each life history stage is provided for each
species (Appendix A) and formed the basis for numerical ranking of habitat quality. Existing fish
habitat quality was based on habitat observed during baseline studies (AMEC 2011, Minnow
2014, 2017a), and characterized using standard protocols (e.g., Dodge et al. 1989). Fish
abundance was taken into consideration; however presence/absence was given priority in
assigning HSI values for existing habitat. This approach was conservative as it assigned value if
the habitat was present for a given target species, even though they were not captured or were
presentin very low abundance. Only in areas where species were not observed and it was known
that there was no access for these species to the given area, were values not assigned if habitat
was present (e.g., isolated waterbodies within the TMF). This approach acknowledged that the
species may have access to all the habitat but were not necessarily caught in all areas. The
quality of habitat associated with the proposed offsetting plan was based on the characteristics of
the habitat to be created (i.e., gradient, substrate, vegetation, depth) and the habitat requirements
established for each species (Appendix A). Based on expert knowledge and the local conditions
of the study area, a HSI value was applied to each habitat type (lakes and streams) that will be
lost, altered, or created by the Project for each fish species and life stage assumed to utilize
the habitat.

For each habitat area, habitat suitability (quality) was assessed for four life stages of the key
large-bodied fish species:

e spawning and incubation,

e juvenile rearing,

e adult foraging, and

e overwintering (all life stages).

The exception being small-bodied fish species habitat, where only one value was assigned for
each waterbody/watercourse. Habitat characteristics for each habitat area were then evaluated
relative to habitat preferences to estimate a suitability score between 0 (unsuitable/none) and
1 (excellent) for each life stage of each species. Both aquatic and riparian habitat was noted
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during reconnaissance surveys and was considered when evaluating specific life stages for each
species (e.g., anticipating habitat conditions in the spring when water levels are higher and
northern pike spawn). Habitat types were ranked equally so that no single habitat type was
considered more important than another.

2.2.3 Calculation of Habitat Units Lost and Gained

Habitat units lost and gained were calculated by multiplying life stage-specific habitat quality
ratings for each habitat type (e.g., low gradient stream) by the area (m?) of the habitat before and
after mine development. Total habitat units were then calculated as the sum of all life-stage
specific habitat units existing (before) and the sum of all life-stage specific habitat units enhanced
or created (after).

Habitat within each area affected by the Project is described briefly (detailed descriptions are
presented in Minnow 2014 and 2017a), focusing on the habitat requirements for each life stage
of the five key large-bodied fish species. While portions of existing habitat may present excellent
or poor habitat for the species assessed, the value assigned to the habitat unit is based on the
proportion of habitat quality within the habitat unit as a whole (i.e., if a small portion of the littoral
zone is excellent spawning habitat but the rest of the habitat is average, the assigned quality may
be good). Although a species may not be found within a waterbody, habitat was evaluated based
on the potential for that species to live within the waterbody. Discussion focusses on habitat
losses and gains separately.

2.3 Lag Times

Lag times, the period between the construction of habitat and its ability to functionally support the
fishery, have been considered in the habitat offsetting plan (Minns 2006, Fisheries and Oceans
Canada 2013). Measures to reduce lags times have been described, as well as the expected
outcome of each measure incorporated.

2.4  Quantifying Net Change

The change in habitat units for each species and life stage was summarized for both stream and
waterbody habitat. The quantified change in habitat units was considered to be a measure of
expected changed to fish productivity. The net change in habitat units was also considered in
light of other factors which may influence fish productivity, including habitat connectivity and
type (i.e., stream versus waterbody habitat).
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3 EXPECTED LOSS IN FISH HABITAT AND PROPOSED
OFFSETTING

3.1 Overview

As part of the proposed Project, several water features will be fully or partially
overprinted (Figure 3.1 and Table 2.2). These include Cété Lake, portion of Upper Three Duck
Lake, two portions of Clam Lake, and the Mollie River within the Mollie River watershed, and
ponds and connecting streams flowing into the south arm of Bagsverd Lake in the Neville
Lake watershed. Realignments will be constructed to maintain flow out of Clam Lake and in the
Mollie River system. Flow from Clam Lake will be directed south to Chester Lake (Clam Creek
realignment; WRC1 [Water Realignment Channel]). Downstream of Chester Lake, a New Lake
will be created over portions of the Mollie River and East Beaver Pond. The outlet of the New
Lake will flow north to the southwest corner of Upper Three Duck Lake around the Open Pit
(Mollie River realignment; WRC2). Following operations and pit filling (expected to take
approximately 30 year) most of the watercourse realignments will be left as wetland habitat and
the watersheds will be returned to their original configuration. The Open Pit will be remediated
into a lake and the polishing pond will be restored (the low grade ore stockpile and the polishing
pond dam will be removed) to the arm of Upper Three Duck. The New Lake will remain, as
requested by First Nations during consultation on the approved mine closure plan (Appendix D).

A description of the loss of existing fish habitat and expected habitat gains associated with the
offsetting plan are provided in Sections 3.2 and 3.3, respectively. The description of existing
habitat is based on information compiled during aquatic baseline surveys (AMEC 2011,
Minnow 2014, 2017a). The quality of this habitat has been based on the habitat suitability indices
and literature sources for each life stage assessed (Appendix A). The quantity of habitat is based
on GIS mapping, bathymetric maps, and field verification. The habitat quality, quantity, and
resulting habitat units of the existing habitat to be lost is provided in Appendix B
(Appendix Tables B.1 to B.13). Similarly, the habitat to be developed for the offsetting plan has
been accounted for in the same tables in Appendix B based engineering drawings (IFC drawings)
and anticipated habitat conditions relative to the habitat requirements for the various life history
stages of the key large-bodied fish and small-bodied fish species (Appendix A).

Fish habitat will be lost as part of the Project, specifically associated with the Open Pit, the MRA,
and the TMF (Figure 3.1, Table 2.2 and 3.1). Habitat losses discussed below are generally
grouped by the construction activity and are expected to result in the death of fish and/or harmful
alteration, disruption or destruction of fish habitat (the habitat units attributed to these losses are
provided in Appendix B; Appendix Tables B.1 to B.13).
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Table 3.1: Summary of Lost Habitat Area, C6té Gold Project

Location of Impact Fisheries Act Authorization Area Max Depth Depth Area
P (FAA) or Schedule 2 (m) (m) (m?
FAA North Beaver Pond <0.5 0-max 4,076
FAA East Clam Lake (south end) 24 0-max 5,961
FAA Clam Lake (east arm) 3.0 0-2 7,365
2-max 2,727
FAA Coté Lake 4.3 0-2 69,798
2-max 118,748
EAA Upper Three Duck Lake 4.1 0-2 60,346
(western arm) 2-max 154,132
New Lake FAA - Alteration of Habitat |East Beaver Pond <1 0-max 2,981
Waterbody ™ Mine Rock Schedule 2 EastB Pond (small <2 0 7,758
Area (MRA) chedule ast Beaver Pond (small arm) -max ,
Unnamed Waterbody #1 1.0 0-max 4,478
B Unnamed Waterbody #2 0.6 0-max 2,903
" Tailings t Unnamed Waterbody #3 1.1 0-max 3,036
agggﬁi't“e” Schedule 2 Unnamed Waterbody #4 <1 0-max 11,574
(TMF) "y Unnamed Waterbody #5 <2 0-max 642
Reclaim Pond Unnamed Waterbody #6 unknown 0-max 846
West Beaver Pond <2 0-max 3,178
FAA (TMF Dam) West Beaver Pond 3.0 0-max 49,265
FAA Losses 475,399
Schedule 2 Losses 34,415
Lake Habitat Total 509,814
. Area
Location of Impact FAA or Schedule 2 Area Habitat Type Le(:ng)th (mz)
High-gradient 472 7,083
Moliie Ri ; New Lak Pool 66 1,990
FAA D;’m'eNo'r‘:ﬁrtc() rgg:e f;’r(e)a € | Low-gradient 373 3,952
High-gradient 55 1,044
Open Pit Low-gradient 2,518 35,749
Clam Creek (from East Clam Low-gradient 491 1,105
FAA - .
Lake to the Mollie River) Intermittent 243 121
: . Tributary from Unnamed Pond Intermittent 276 138
FAA - Alteration of Habitat to Mollie River Low-gradient 468 842
;rlblétary from East Beaver Intermittent 139 70
New Lake FAA - Alteration of Habitat |-
Tributary between East .
Intermittent 113 57
Beaver Ponds
FAA (Dam) Low-gradient 76 38
Mine Rock Low-gradient 217 109
ine Roc . .
Int ttent 104 52
Stream Area (MRA) Schedule 2 Tributary of Unnamed Lake #3 ntermi gn
Low-gradient 22 1
Low-gradient 162 81
Schedule 2 41 104
FAA (TMF Dam) 381 2,286
Schedule 2 (between dams) Unnamed Stream from West 107 642
Tailings FAA (Dam_) Beaver Pond to Bagsverd Low-gradient 65 390
Management | Schedule 2 (Reclaim Pond) South Arm 404 3,474
Facility (TMF) FAA (Dam) 73 896
and Reclaim Schedule 2 (between dams) 23 248
Pond FAA (Dam) 25 302
Low-gradient 267 400
Schedule 2 Ur?namgd Waterbody #2 Low-gradient 244 110
Tributaries .
Low-gradient 161 290
Chester Lake Low-gradient 35 152
Road Crossin FAA - Alteration of Habitat |Mollie River Culverts (3) 20 108
9 High-gradient 10 108
FAA Losses 56,430
Schedule 2 Losses 5,520
Stream Habitat Total 61,950
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Extensive First Nations, public and government consultation has been conducted in support of
the Co6té Gold Project and specifically this offsetting plan. A description of the consultation
conducted, the comments and responses provided and the materials presented is provided
in Appendix D. This offsetting plan has been developed in light of the comments and received by
various stakeholders and First Nations partners.

3.2 Habitat Lost

3.21 Open Pit

All of the fish habitat lost to the construction of the Open Pit will fall under Section 35 of the
Fisheries Act. Several habitats will be lost due to the development of the Open Pit including
(Figure 3.2):

e a portion of the Mollie River;

Unnamed Pond tributary to the Mollie River;
e Clam Creek;
e portions of Clam Lake;
e (Coté Lake; and
o the east arm of Upper Three Duck Lake.
A brief description of the quality and quantity of these habitats is provided below.

The Mollie River currently connects Chester Lake to Coté Lake, with three small tributaries flowing
into the river within this reach, including drainage from East Beaver Pond, Unnamed Pond, and
Clam Creek. The majority of the reach of the Mollie River downstream of Chester Lake will be
either lost or altered due to construction of the Open Pit and the New Lake, respectively
(Figure 3.2 and Table 3.1). The Mollie River will be realigned from Chester Lake to flow through
a New Lake created over a portion of the Mollie River, and connecting with Upper Three Duck
Lake to rejoin the original watershed (see Section 3.3.2 and 3.3.3). As a result of these changes,
approximately 3.5 km of the Mollie River, 745 m of intermittent and low-gradient stream habitat
between Unnamed Pond and the Mollie River, and approximately 730 m of Clam Creek will be
lost (Figure 3.2). The outlet tributary flowing north of Unnamed Pond will be relocated as part of
the Open Pit construction to drain into the New Lake (see Section 3.3.6). It is acknowledged that
Unnamed Pond will have seepage to the Open Pit at some point during operations (Wood 2020).
However, following consultation with Métis Nation of Ontario (MNO), IAMGOLD has committed to
monitoring and maintaining Unnamed Pond and the outlet channel to ensure its proper biological
functioning and therefore is not included as a lost in the offsetting plan (Appendix Table D-5).

/—\_
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If monitoring indicates that seepage loss has affected habitat functioning, then additional offsetting
measures will be pursued. Dams will be constructed along the eastern boundary of Clam Lake
to allow for the safe operation of the Open Pit. Therefore, small areas of Clam Lake and East
Clam Lake (total of 16,000 m?) will also be lost.

The majority of the Mollie River within the affected reach is low gradient with abundant instream
vegetation bordered by wetland habitat. High gradient areas (as defined as 3 to 5% slope) occur
downstream of Chester Lake and a small area downstream of the confluence of the drainage of
East Beaver Pond, which has large cobble and boulder substrate. Clam Creek originates at the
outlet of East Clam Lake and flows intermittently to the Mollie River. The upper portion had no
identifiable channel and no flow during the baseline survey (Minnow 2014). The lower portion of
the creek is low gradient with dense vegetation and adjacent wetland habitat, with water levels
reflecting those of the Mollie River. Similarly, the lower 150 m of the tributary entering the Mollie
River from Unnamed Pond is low gradient with habitat similar to that found in the Mollie River.
The upper portions of the Unnamed Pond outlet flows intermittently with extremely poor habitat
for target fish species. However, suitable habitat does exist for small-bodied fish species although
overwintering habitat is limited (Appendix Table B.12). Within the low gradient areas of the Mollie
River and lower portions of Unnamed Pond tributary and Clam Creek, wetland vegetation and
instream macrophytes provide good spawning and rearing habitat for northern pike
(Appendix Table B.8). Those features also provide excellent habitat for yellow perch spawning,
rearing, and foraging (Appendix Table B.9). High gradient areas on the Mollie River provide
moderate habitat for walleye spawning (Appendix Table B.10). The general lack of rocky structure
and shallow nature of the river throughout this reach provides poor habitat for juvenile and adult
walleye (Appendix Table B.10).

Coté Lake, which covers approximately 188,500 m? will be completely lost with the construction
of the Open Pit (Figure 3.2 and Table 3.1). Moderately dense vegetation is present throughout
the areas of the lake with depths less than 1 m. Wetland habitat bordered much of the lake,
including floating mats of vegetation. The wetland vegetation likely provides moderate to good
spawning habitat for northern pike, while the submerged aquatic vegetation provides excellent
juvenile rearing and good adult foraging habitat (Appendix Table B.1). A general lack of cobble,
gravel, and sand substrate suggests very limited habitat for walleye and whitefish spawning,
although the submergent vegetation and open water provide moderate rearing/foraging for
walleye (Appendix Table B.3). Habitat within Coté Lake is poor for lake whitefish, although the
presence of this species indicates some suitable foraging habitat exists (Appendix Table B.4).

The inlet arm to Upper Three Duck Lake (214,478 m?), which receives flow from Coté Lake via
the Mollie River, will be lost due to construction of a dam required to keep water out of the Open
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Pit and provide safe work conditions (Figure 3.2 and Table 3.1). Extensive vegetation beds were
present within the inlet arm and the shoreline consists of a combination of sand, cobble,
and organics. Moderate spawning habitat was present for northern pike due to limited wetland
areas, although the aquatic vegetation would provide excellent rearing and foraging habitat
(Appendix Table B.1). The vegetation would also provide excellent spawning, rearing, and
foraging habitat for yellow perch (Appendix Table B.2). The combination of vegetation and open
water provide good rearing and foraging habitat for walleye and lake whitefish (Appendix Tables
B.3and B.4). The sandy-silt and gravel substrate along the shoreline provides excellent spawning
habitat for smallmouth bass, while rocky shorelines and shoals provide good juvenile rearing and
adult foraging habitat for bass (Appendix Table B.5).

Clam Lake, located to the west of the proposed Open Pit, will have dams installed at two locations
to secure the pit for safe operations, including East Clam Lake and the east arm of Clam
Lake (Figure 3.2). As a result, 5,961 m? will be lost from East Clam Lake and 10,092 m? will be
lost from the east arm of Clam Lake (Table 3.1). East Clam Lake provides wetland vegetation,
representing good spawning, rearing, and adult foraging habitat for northern pike and yellow perch
(Appendix Tables B.1 and B.2). No spawning habitat is available for walleye or lake whitefish,
while available habitat is considered poor for smallmouth bass (Appendix Tables B.3 to B.5).
Juvenile rearing and adult foraging habitat is generally poor, and no overwintering habitat is
available for walleye, lake whitefish, or smallmouth bass (Appendix Tables B.3 to B.5) in this area.
The east arm of Clam Lake has patches of vegetation along the shoreline and predominantly
organic substrate. A small area of the lost bay (2,727 m?) has depths greater than 2 m.
Moderate spawning, rearing, foraging, and overwintering habitat is available for northern pike and
yellow perch within the bay (Appendix Tables B.1 and B.2). No spawning habitat is present for
walleye, lake whitefish, or smallmouth bass within the bay, and the habitat is poor for rearing,
foraging, and overwintering for these species (Appendix Tables B.3 to B.5).

3.2.2 Mine Rock Area

Fish habitat lost to the MRA will fall under Section 35 and 36 of the Fisheries Act and Schedule 2
of the MDMER; East Beaver Pond and a portion of a tributary to Unnamed Lake #3 (Figure 3.3).

East Beaver Pond, which covers approximately 10,740 m?, will be lost or altered to allow for the
development of the MRA and the construction of the New Lake (Figure 3.3 and Table 3.1).
A portion of East Beaver Pond will be overprinted by the MRA and a seepage collection pond
(7,758 m?) which will fall under Schedule 2 (Table 3.1). The remainder of the area (2,981 m?) will
be altered with the construction of the New Lake and fall under Section 35 (Figure 3.3 and
Table 3.1). The area consists of number of shallow ponds created by the road and beaver activity
that drains intermittently to the Mollie River downstream of Chester Lake (Figure 3.3).
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Sparse vegetation occurs within the pond. Only small-bodied forage fish species are observed
within East Beaver Pond. The area has very limited connectivity to the Mollie River with poor to
no habitat (e.g., overwintering habitat) for large-bodied fish species (Appendix Tables B.1 to B.6).

Approximately 580 m of an inlet to Unnamed Lake #3 will be lost under Schedule 2 as part of the
MRA and seepage pond collection construction (Figure 3.3 and Table 3.1). Only 76 m of this will
fall under a FAA for the construction of the associated dam (Table 3.1). The upper reaches are
narrow and shallow (<0.3 m) before reaching a wetland area with slightly greater widths and
depths, with sedges and grasses along the banks. Large-bodied fish habitat is limited to proximity
of the lake (the first 250 m) with very poor overwintering habitat for any species since water depths
rarely exceed one meter (Appendix Tables B.7 to B.11).

3.2.3 Tailings Management Facility and Reclaim Pond

Fish habitat may be altered or potentially lost if development of the TMF and Reclaim Pond is
ultimately approved and the waterbodies listed as Tailings Impoundment Areas within the
Schedule 2 of the MDMER (Figure 3.4). Six small unnamed waterbodies (Unnamed Waterbody
#1, 2, 3, 4, 5, and 6; 23,479 m?), West Beaver Pond (52,442 m?), and connecting streams
(0.672 km) will be lost due to the creation of the TMF (Figure 3.4 and Table 3.1). In addition,
1.12 km of the outlet of West Beaver Pond will be lost to the TMF and construction of the Reclaim
Pond (Figure 3.4). Any fish habitat overlaying mine infrastructure (e.g., dams) has been
accounted for under Section 35, and any lost due to the actual deposition of deleterious
substances has been accounted for under the Schedule 2 Amendment (Figure 3.4 and Table 3.1).

Each of the unnamed waterbodies (#1 through #6) have abundant vegetation and littoral and
shoreline zones composed of organic material. Only small-bodied forage fish species were
identified within these waterbodies. These waterbodies are not connected, however, a few small
inlets exist surrounding waterbody #2 (Figure 3.4). Waterbody #3 is only connected to West
Beaver Pond during high water events when water flows over Chester Lake Road. All habitat
was less than one meter in water depth providing poor overwintering conditions except for
Unnamed Waterbody #5 which had a maximum depth of 1.5 to 2 m; however, very few fish were
caught in Unnamed Waterbody #5 despite extensive multi-season sampling using a range of gear.
Generally, water drains easterly towards West Beaver Pond. While the habitat does support
small-bodied fish species, there is no access for large-bodied fish species (Appendix Tables B.6
and B.12).

West Beaver Pond has been formed as a result of a beaver dam at its northeast end, and Chester
Lake Road at its western end, forming a body of water approximately 52,442 m?. Littoral and
shoreline substrate between the road and the gravel berm is generally dominated by gravel
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overlain by a variable thickness layer of organic material, whereas organic silt, muck/or root wad
vegetation are the dominate substrate in the main pond. Dense aquatic vegetation occurs
throughout the pond. Although excellent spawning and rearing habitat for northern pike and
excellent rearing and foraging habitat for yellow perch was found in the pond based on the
presence of abundant shallow wetland areas adjacent to the shoreline and/or shallow vegetated
areas within the pond, no key large-bodied fish species were observed (Minnow 2014).

A large portion of the outlet of West Beaver Pond (1.1 km), which flows to the south arm of
Bagsverd Lake, will be lost due to construction of the TMF, associated dams and the Reclaim
Pond (Figure 3.4 and Table 3.1). The habitat loss will fall under both Section 35 and the
Schedule 2 Amendment (Figure 3.4 and Table 3.1). Average wetted width for this stream are 3 to
12 m, with depths ranging from 0.5 to 1.2 m. The reach is characterized by low-gradient, slow
flow, deep glide habitat. Small beaver dams are located close to the outlet of West Beaver Pond.
Moderate coverage of instream vegetation was present, and a narrow band of wetland bordered
each bank for most of the reach, with the exception of the most upstream 50 m providing average
to poor habitat for northern pike and yellow perch. Northern pike foraging habitat is limited within
this stream because water depths tend to be shallow and high summer water temperatures may
seasonally reduce the quality of habitat for larger adults. No walleye spawning habitat is present.
Shallow water depths and general clarity of water within this reach limit any juvenile and adult
walleye habitat. Poor habitat for smallmouth bass is present.

3.2.4 Chester Lake Outlet Road Crossing

The current road crossing at the outlet of Chester Lake will be updated to accommodate both the
public access road and the Haul Road (Figure 3.3). This habitat alteration will fall under
Section 35 of the Fisheries Act.

A total of 35 m upstream of the current culverts will be lost and approximately 10 m of downstream
habitat (Table 3.1). The Mollie River in this area is high-gradient habitat with a channel width of
approximately 2m and a mean depth of about 0.2m during the summer months.
Substrate consists of large cobble and boulder that is embedded in sand. Aquatic vegetation
includes aquatic mosses and sparse periphytic algae. More vascular plants exist upstream of the
current culverts (set of 3 to 1830 mm diameter corrugated steel pipe culverts [CSP] 20 m
in length). Large woody debris and overhanging vegetation provide considerable amount of
instream cover. The area near the Chester lake outlet provide good habitat for white sucker and
walleye spawning (Appendix Table B.10).
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3.2.5 Summary of Lost Fish Habitat

The development of the Project will result in the loss of stream and lake fish habitat in order to
accommodate the development of the Open Pit, Polishing Pond, MRA, the TMF, and
Reclaim Pond. The total area of lake habitat to be lost is estimated to be 509,814 m? (~51 ha) of
which 475,399 m? will be lost under Section 35 and 34,415 m? will be lost under a Schedule 2
(Table 3.1). The total length of stream habitat lost is 7,651 m, which based on measured stream
widths is equal to 61,950 m?, of which 56,430 m? falls under Section 35 and 5,520 m? falls under
Schedule 2 (Table 3.1).

Based on habitat characteristics measured during baseline studies relative to the habitat
requirements for the various life history stages of the fish species assessed habitat quality values
were assigned (none to excellent as described above; Appendix Tables B.1 to B.13). The habitat
quality and quantity was used to calculate the habitat units lost. The total habitat units for the
project to be lost is equal to 2,828,674 lake HU and 303,764 stream HU (Table 3.2,
Appendix Tables B.7 and B.13). Of these units, 2,816,611 lake and 294,148 stream HU will be
lost under Section 35 and 12,064 lake and 9,615 stream HU will be lost under the Schedule 2
Amendment (Table 3.2).

3.3 Proposed Fish Habitat
3.3.1 Summary of Key Design Considerations

To accommodate the Open Pit, MRA and the TMF, fish habitat within the Mollie River and Neville
Lake watershed will be lost (Section 3.2). In order to offset the loss of fish habitat, water course
realignments and habitat development are planned (GeoProcess 2019a,b,c; Appendix C).
The proposed realignments were developed such that key design considerations included:

e maintenance of hydrologic connectivity;

¢ maintenance of aquatic habitat of the hydrologic features (lakes connected through short
sections of river);

o use of natural channel design principles to create functional channels that persist in the
existing natural processes of the larger hydrologic system;

e designed to maximize available habitat potential, matching or enhancing the existing
habitat conditions of both Clam Creek and the Mollie River;

e promote connectivity within watershed and between habitats; and

¢ the maintenance of existing watersheds.
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Table 3.2: Summary of Section 35 Habitat Loss, Schedule 2 Habitat Lost, and Habitat Created for the C6té Gold

Project
Waterbody
Section 35 Schedule 2
Species i i . i i .
Spawnlrlg/ Juverule Adu.lt .Ovel.' TOTAL Spawnlrlg/ Juverule Adu!t .Ovel.' TOTAL
Incubation | Rearing | Foraging wintering Incubation | Rearing Foraging wintering
Northern pike 104,271 174,663 | 279,117 = 274,778 | 832,829 0 0 0 0 0
Yellow perch 105,761 174,663 | 310,295 @ 274,778 | 865,497 0 0 0 0 0
Habitat Walleye 0 205,525 169,658 136,440 511,623 0 0 0 0 0
Lost | ake whitefish 0 103,279 | 101,438 68,220 | 272,937 0 0 0 0 0
Smallmouth bass 32,536 50,954 | 143,302 68,220 | 295,012 0 0 0 0 0
Small-bodied Fish - - - - 38,713 - - - - 12,064
Total Habitat Units Lost 242,568 709,084 1,003,810 822,436 2,816,611 0 0 0 0 12,064
Northern pike 181,248 211,182 214,841 329,893 937,163 1,800 1,800 1,275 0 4,875
Yellow perch 181,248 216,544 297,096 297,913 992,802 1,800 2,325 2,325 0 6,450
Habitat Walleye 0 139,741 | 109,764 114,319 @ 363,824 0 950 525 0 1,475
Created | gke whitefish 66,296 71,658 | 104,402 114,319 356,674 1,050 1,475 950 0 3,475
Smallmouth bass 61,898 100,685 @ 180,214 = 127,337 | 470,134 2,425 2,425 1,900 0 6,750
Small-bodied Fish - - - - 124,950 - - - - 0
Total Habitat Units Gained 490,690 739,810 = 906,317 | 983,781 | 3,245,547 7,075 8,975 6,975 0 23,025
Northern pike 76,977 36,519 -64,277 55,115 104,334 1,800 1,800 1,275 0 4,875
Yellow perch 75,487 41,881 -13,198 23,135 127,305 1,800 2,325 2,325 0 6,450
Bal Walleye 0 -65,785 | -59,894 = -22,121 | -147,799 0 950 525 0 1,475
alance
Lake whitefish 66,296 -31,621 2,964 46,099 83,737 1,050 1,475 950 0 3,475
Smallmouth bass 29,362 49,731 36,912 59,117 175,121 2,425 2,425 1,900 0 6,750
Small-bodied Fish - - - - 86,237 - - - - -12,064
NetWaterbodyHabitat | 248122 30725 97493 161345 42893 | 7075 8975 6975 0 10962
Stream
Section 35 Schedule 2
Species i i - i i .
SpawnIPgI Juvefule Adu.lt -Ovel.' TOTAL SpawnIPgI Juvef\lle Adu_lt _0ve|.' TOTAL
Incubation = Rearing | Foraging wintering Incubation Rearing Foraging wintering
Northern pike 32,328 32,887 31,844 20,924 117,984 1,091 2,047 930 62 4,131
) Yellow perch 33,137 33,137 21,496 21,145 108,914 2,047 2,047 930 62 5,087
HE:'Sttat Walleye 4,117 10,450 10,423 9,925 34,915 0 0 0
Smallmouth bass 38 10,825 10,563 10,423 31,849 0 62 62
Non-CRA - - - - 487 - - - - 335
Total Habitat Units Lost 69,620 87,298 74,326 62,417 | 294,148 3,138 4,157 1,861 124 9,615
Northern pike 11,492 10,926 9,010 6,523 37,951 2,255 3,423 1,038 0 6,715
Yellow perch 14,075 11,973 9,837 6,523 42,408 2,385 3,423 1,088 0 6,895
Walleye 2,625 8,061 2,136 3,261 16,084 0 1,088 0 0 1,088
Habitat | Smallmouth bass 3,261 7,682 6,207 3,261 20,412 0 1,088 0 0 1,088
Created Non-CRA - - - - 704 - - - - 0
Connectivity
Weeduck Lake ® i ) ) i 47,665 i ) i i 0
Connectivity Little
- - - - 41,789 - - - - 0
and East Clam ®
Total Habitat Units Gained 31,454 38,642 27,191 19,568 = 207,013 4,640 9,020 2,125 0 15,785
Northern pike -20,836 -21,961  -22,834 = -14,401 -80,032 1,164 1,375 107 -62 2,584
Yellow perch -19,062 -21,163  -11,659  -14,623 @ -66,506 338 1,375 157 -62 1,808
Balance Walleye -1,492 -2,389 -8,287 -6,664 -18,831 1,088 0 0 1,088
Smallmouth bass 3,223 -3,143 -4,356 -7,162 -11,437 1,026 0 1,026
Small-bodied Fish - - - - 217 - - - - -335
Net Stream Habitat Units -38,166 -48,656 = -47,135  -42,850 @ -87,136 1,502 4,863 264 -124 6,170

@ Connectivity was determined by calculating 10% of the total area gained for access to habitat (e.g., 10% of total surface area for Upper Three Duck Lake and Clam
Lake) by the suitability of the habitat gained (i.e.., Upper Three Duck was assigned an HSI of 0.75, Clam Lake 0.5 as fish from Little Clam and East Clam had partial
access to this area).
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Through this approach, the habitat offsetting measures will provide sustainable and functional
habitat to support key resident fish species.

The development of the realignments will result in the creation of fish habitat. This habitat has
been incorporated into the assessment as habitat gains to offset the habitat losses
described above. The habitat realignment plan will result in the creation of additional lotic
(stream) and lentic (lake/pond) habitat (Table 3.3 and Figure 3.5). The created and alteration of
habitats will include:

e the relocation of Clam Creek,

Chester Lake outlet road crossing,

e the creation of a New Lake,

¢ the relocation of the Mollie River from the New Lake to Upper Three Duck Lake,

e the relocation of the outlet stream of Unnamed Pond to the New Lake,

¢ the connection of Weeduck Lake to Upper Three Duck Lake,

e the connection of Little Clam to Clam Lake,

o the remediation of the Aggregate Pit #3 and connection to Middle Three Duck Lake, and

e the remediation of the Aggregate Pit North (Bagsverd Lake) and connection to the
drainage to Bagsverd Creek.

These habitats will create a total of 516,781 m? of lake habitat and 23,827 m? of stream
habitat (Table 3.3). All areas will incorporate habitat features to enhance the created habitat,
such as large boulders, rock shoals, large woody debris (including fallen trees, tree stumps,
standing snags), riparian vegetation plantings, pools, and cobble riffles. Additional measures to
prevent erosion and establish food web components (e.g., planting of macrophytes, relocation of
benthic invertebrates, and fish) are discussed in the reduction of lag times (Section 4.7).
A description of the fish habitat quality and quantity associated with each of these created water
courses/waterbodies is provided below.

3.3.2 Realignment Channel from Clam to Chester (WRC1)

To accommodate the construction of the Open Pit, the outlet of Clam Lake will be relocated to the
south end of Clam Lake, where Clam Creek will flow south into Chester Lake while maintaining
its connection to the Mollie River watershed (Figure 3.6 and Appendix C). The realignment will
incorporate an extension of Clam Lake (lentic area; 21,450 m?; Table 3.3), 113 m of riffle pool
habitat, and a 300 m low gradient channel with alternating pool habitat (Table 3.3 and Figure 3.6).

(’_\_
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Table 3.3: Summary of Offsetting Habitat, C6té Gold Project

Fisheries Act
Area
Location of Impact Authorization (FAA) or Area Max(rlz;apth D(er:;h 2
Schedule 2 (m°)
L 0-2 112,757
New Lake FAA for C6té Lake New Lake 6.3
2-max 152,425
Aggregate Pit EAA Aggregate Pit #3 55 0-2 35,242
Rehabilitation (Middle Three Duck) ' 2-max 17 358
Aggregate Pit Bagsverd Aggregate .
Rehabilitation FAA Pit 3.0 0-max 166,600
Mollie River Weeduck and Upper
Waterbody Schedule 2 Three Duck Lake 1.5-2.0 0-max 2,100
Watershed .
Connection
Mollie River East Clam Lake and
Schedule 2 Clam Lake 05-15 0-max 1,700
watershed .
Connection
Open Pit FAA for Clam Creek | WRC1 - Extension of 1.0 0-max 21,450
Clam Lake
Open Pit FAA for Mollie River WRC?2 - Pool/Wetland 1.8 0-max 7,149
FAA Gains 512,981
Schedule 2 Gains 3,800
Lake Habitat Total 516,781
Area
Location of Impact FAA or Schedule 2 Area Habitat Type Le(rrrng;th (mz)
_ Higher-gradient 113 416
Open Pit Schedule 2 WRC1: Clam to Alternating Pools 250 4,150
Chester Lake -
Low-gradient 50 200
Haul Rd Culverts 39 140
Chester La!<e FAA Habitat Alteration Culvert P.Iacelment on Low-gradient 7 68
Road Crossing Mollie River
Access Rd Culverts 19 68
Mollie River Little Clam Lake to .
Watershed Schedule 2 East Clam Lake Low-gradient 235 520
Aggregate Pit Aggregate Pit #3 to : .
Remediation FAA Middle Three Duck Low-gradient 237 450
Low-gradient 500 4,500
Stream Higher-gradient
. 52 300
(riffle pool)
EAA for Mollie River WRC2: New Lake to ngher-gradlent 188 1,560
Open Pit Upper Three Duck (riffle pool)
P Low-gradient 507 5,831
ngher-grad|ent 248 2,260
(riffle pool)
Low-gradient 236 2,714
FAA Unnamed Pond to Intermittent 409 500
New Lake
. Bagsverd Aggregate
Aggreggte_ Pit FAA Pit to Wetland to the Low-gradient 100 150
Remediation
North
FAA Gains 18,541
Schedule 2 Gains 5,286
Stream Habitat Total 23,827
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Physical habitat features will be incorporated to increase habitat complexity in the extension of
the lake as well as the channel design (Figure 3.6). The majority of habitat is designed to provide
excellent spawning, rearing and adult foraging habitat for northern pike and yellow perch, as well
as some rearing and adult foraging habitat for walleye and lake whitefish within the lake extension
(Appendix Tables B.1 to B.5). In the extension of Clam Lake, features such as fallen trees, large
boulders, exposed tree stumps, and rock piles to target spawning for yellow perch, northern pike
and smallmouth bass as well as cover for juvenile rearing (Appendix Tables B.1 to B.5).
In addition, aquatic vegetation will be planted to expedite the establishment of aquatic vegetative
communities for spawning and rearing habitat (Figure 3.6). The max depth in the lake extension
will be 1 m with an average depth of 0.8 m.

The outlet channel of Clam Lake will follow a natural design of a riffle pool habitat with a 1.37%
gradient (Figure 3.6). The riffle sections will have an average water depth of 0.2 and 0.5 m and
an average channel width of 2.8 and 3.75 m, between riffle and pool habitat, respectively.
Substrate in riffles will be gravel cobble mixture. The last reach has been designed as a low
gradient (0.02%) channel with alternating pools (average water depth of 1 m; Figure 3.6
and Appendix C). Channel sections will have an average wetted width of 4 m and depth of 0.5 m.
This reach incorporates fallen trees, stumps and some boulders to increase cover provide habitat
complexity and enhance habitat suitability for key juvenile target species and small-bodied fish
(Appendix Tables B.1 to B.5). Fallen trees and vegetation within the channel and riparian zone
will also add potential spawning habitat for yellow perch and northern pike. The floodplain will be
planted with alder live stakes/seedlings; and rush and sedge grasses, which will provide spawning
substrate for northern pike in the spring under flooded conditions.

Two road crossings will be constructed within the WRC1 realignment; one for the public access
road and the other for the haul road to the topsoil and overburden stockpile (Figure 3.6).
Culverts have been designed to accommodate the 1:100 year flood. Each crossing will have two
culverts (2,130 x 1,400 mm elliptical CSP; Appendix C) at different invert elevations with
0% gradient. The different invert elevation will allow access/passage for small animals and to
accommodate a variety of water levels. The public access road culverts will be 10 m in length
whereas, the haul road crossing culverts will be 27 m in length (Appendix C). All culverts will be
filled with a 0.2 m depth of streambed material. Natural bed sediments and or gravels in culverts
provide areas of low velocity that may be conducive to fish passage, mimics natural hydraulics,
and is self-sustaining when designed properly (Hotchkiss and Frei 2007).

3.3.3 Mollie River Road Crossing

The road located at the Chester Lake outlet will be modified to accommodate not only the public
access road but the Haul Road from the Mine Rock Area (Figure 3.7). A single arch culvert has
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been designed to accommodate the 1:100 year flood with a low flow channel. Each road will have
a single multi-plate arch culvert (8,030 span x 4,012 mm rise; see Appendix C) with 0.3% gradient
separated by 6.5 m of stream habitat. The public access road culvert will be 10 m in length
whereas, the haul road culverts will be 38.5 m in length. Long culverts can block sunlight creating
a potential behavioural barrier to fish passage (Kozarek et al. 2017). Therefore, the culverts have
been separated instead of creating one continuous culvert to allow for more light to penetrate the
culverts and potentially decrease any behavioural barrier to fish passage. Longer culverts with
natural substrate can potentially decrease the behavioural barrier of a long dark culvert if fish can
rest in reduced velocity zones (Hotchkiss and Frei 2007). The culverts have been designed to
provide a depth of flow between 0.7 to 0.8 m in the culvert under average lake (New Lake)
elevation conditions therefore velocities are expected to be minimal (GeoProcess 2019c).
To improve fish passage under low water conditions, natural baffles will be incorporated into the
channel within the culvert. These baffles consist of 0.6 to 0.75 m boulders embedded along the
channel bottom with 0.3 m of the boulder’s diameter to be exposed. To create a sinuous thalweg,
one boulder per baffle will be fully embedded. Under most conditions (low flow, high flow [24 hour
two year storm event]), the channel within the culvert will remain in backwater such that both flow
depths and velocities will be conducive to passage (GeoProcess 2019c). Under extreme
conditions, where low and high flows are combined with low lake levels, the natural baffles will
support fish passage for the target species using fish swimming performance design curves
(GeoProcess 2019c; Appendix C).

3.3.4 New Lake

A new 265,182 m? lake will be created south of the Open Pit on the Mollie River within a natural
depression (Figure 3.7 and Table 3.3). This will require flooding a section of the Mollie River in
order to create the New Lake. As flooding of vegetated areas can be associated with the
formation of methyl mercury (Porvari and Verta 1995), IAMGOLD has committed to the removal
of terrestrial vegetation and organic soils within the footprint of the New Lake to prevent the decay
and release of associated mercury thereby limiting the possibility of methyl mercury production.
Soil sampling determined the New Lake footprint can be divided into two areas separating the
drier area with mercury in shallower surface sediments from the wetter areas with higher mercury
concentrations in deeper sediment/soils (Figure 3.8; Minnow 2018). Soil will be removed to a
depth of 0.5 m north of the boundary and to a depth of 1.5 m south of the boundary (Figure 3.8).
In areas where an obvious soil-to-clay boundary is encountered prior to reaching the specified
removal depth, terrestrial/organic soil removal will not extend into the clay layer. Bathymetry for
the lake was created based on the current contours without the terrestrial/organic removal.
Therefore, water depths will be approximately 0.5 to 1.5 m greater depending on what is
encountered in the field during construction. Previously wetted areas (e.g., the Mollie River and
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East Beaver Pond) will not have any organic soil removal (Appendix C). With this knowledge, the
maximum water depth of the lake will be approximately 6.3 m. Water will flow through the lake to
the new Mollie River realignment channel (WRC2) to Upper Three Duck Lake (Figure 3.7).
Three islands will be created to increase habitat diversity and shoreline complexity (Figure 3.7).

Terrestrial vegetation will be retained as close to the shoreline as feasible. This will aid in future
allochthonous contributions (e.g., food for primary and secondary producers) as well as
decreasing wind fetch within the lake (which will aid in decreasing sediment erosion and turbidity
along the shoreline and within the water column), especially in the first five years
(Minnow 2013, 2017b). The floodplain will be planted with willow and alder live stakes/seedlings,
and rush and sedge grasses, which will provide spawning substrate for northern pike in the spring
under the flooded conditions. These plantings will aid in decreasing shoreline erosion and water
turbidity.

Habitat within the first two meters of water depth is designed to provide excellent spawning,
rearing and adult foraging habitat for northern pike, yellow perch, and smallmouth bass, as well
as some rearing and adult foraging habitat for walleye and lake whitefish (Appendix Tables B.1
to B.5 and Figure 3.7). Specifically, fallen trees, large boulders, exposed tree stumps, and rock
piles (cobble/boulder shoals) will be installed at various locations around the lake
(Figure 3.7; Appendix C). Point bar and deep-water shoals will also be installed for the potential
spawning habitat for lake whitefish (deeper areas that receive greater wind fetch) and smallmouth
bass (in shallower areas; Appendix Tables B.4 and B.5). Aquatic macrophytes, both emergent
and submergent, will be transplanted (Figure 3.7) to expedite the aquatic vegetation community
within the lake as they provide habitat and food for many different types of organisms such as
zooplankton, benthic invertebrates, and fish. Previous experience with other sites has shown that
in areas where aquatic vegetation was transplanted, the coverage and expansion of colonization
was much larger and quicker than in areas that were not transplanted, providing cover for juvenile
fish and decreasing erosion from construction and wind (Minnow 2006, Munnoch et al. 2011).
All of these features will be incorporated to provide habitat complexity and enhance habitat
suitability for the target species.

As identified in the EER, there is some potential for noise and vibration effects in the north basin
of the New Lake during the first years of operation in the Open Pit (i.e., until the pit working surface
is greater than 350 m from the adjacent waterbodies). The noise and vibration levels predicted
have the potential to impact spawning and as such the value to spawning habitat in this area has
been devalued, despite mitigation measures that will be in place. During operations a blasting
charge of less than 536 kg/delay will be used and this will ensure the vibration effects do not
extended into the adjacent lakes (Figure 3.9). During construction, IAMGOLD is proposing to
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establish restrictions on blasting (i.e., smaller blast sizes) during a spawning window from April 1
to July 15. This window is consistent with the “Ontario Restricted Activity Timing Window for the
Protection of Fish and Fish Habitat” and encompasses the spawning period for both northern pike
and smallmouth bass as well as other spring spawning species. The proposed restricted blasting
areas have been outlined in Figure 3.9; the Area marked as 1 would be limited to a charge size
of 536 kg per delay during operations and the area labelled 2 would be limited to a charge size of
250 kg per delay during construction. Blasting restrictions are expected to mitigate the effects to
fish habitat and fish spawning. Physiological effects to fish from blasting are not expected.
In addition, key spawning habitat features within the New Lake have been prioritized outside
this area. Once operational, acoustic monitoring will be conducted as described in the EER to
confirm predicted conditions.

3.3.5 Realignment Channel from New Lake to Upper Three Duck Lake (WRC2)

The Mollie River will be realigned, flowing from the New Lake north towards Upper Three Duck
Lake (Figure 3.10). Natural channel design principles have been incorporated into the design to
replicate the form and function of the Mollie River system. The existing channel includes
predominantly low and moderate gradient habitat bordered by wetlands. The new 1.7 km
realignment channel will incorporate low gradient meandering habitat, an inline wetland area, and
high gradient riffles and deep pool habitat (Figure 3.10 and Table 3.3; Appendix C).

The low gradient (bankfull gradient ranges from 0.07 to 0.18%) meandering habitat will have a
channel morphology of mostly run habitat with occasional pools (Figure 3.10; Appendix C).
Average wetted width will be 9 m with an average depth of 0.5 m in run habitat and 1.0 m in
pool areas. The low gradient sections will incorporate fallen trees, stumps, floodplain spawning
shelfs, and some boulders to increase cover and provide habitat complexity and enhance habitat
suitability for key juvenile target species (Appendix Tables B.8 to B.11) and small-bodied
fish species. Fallen trees and vegetation within the channel and riparian zone will also add
potential spawning habitat for yellow perch and northern pike. The floodplain will be planted with
alder live stakes/seedlings; and rush and sedge grasses, which will provide spawning substrate
for northern pike in the spring under flooded conditions. It is expected that this portion of the
channel will provide good to excellent spawning, rearing and adult foraging habitat for northern
pike and yellow perch along with some overwintering habitat provided through deeper pools
(i.e., 2 to 2.5 m) within the channel (Appendix Tables B.8 and B.9). The channel is also expected
to provide some habitat for juvenile and adult walleye and smallmouth bass
(Appendix Tables B.10 and B.11).
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The inline wetland area in the realignment channel will feature fallen trees, boulders, stumps, as
well as snags to increase habitat complexity (Figure 3.10; Appendix C). Similar to the other low
gradient habitat, the floodplain will be planted as well as aquatic macrophytes to provide spawning
substrate for northern pike and yellow perch and cover for juvenile rearing (Appendix Tables B.1
and B.2). The area will provide some juvenile rearing for smallmouth bass and walleye, and adult
foraging for smallmouth bass (Appendix Tables B.3 and B.5).

The high gradient riffles and pool channel habitat sections vary in gradient from 1.5 to
3.8% (Appendix C). Pools will range in depth from 0.42 to 1.0 m (Appendix C). Substrate for rifle
sections will be a mixture of clay, sand, and gravels (Roundstone Gradation 2 or 3; Appendix C).
The higher gradient habitat within the realignment channel is expected to provide spawning
habitat potential for walleye resident to Upper Three Duck Lake where spawning habitat is limited.
Pools within these alternating riffle habitats are expected to provide some juvenile rearing for
northern pike, yellow perch, smallmouth bass, and walleye (Appendix Tables B.8 to B.11).

Overall, the lower gradient habitat is expected to provide good spawning, juvenile rearing, and
adult foraging habitat for northern pike and yellow perch (Appendix Tables B.8 to B.11).
The channel will provide some juvenile and rearing habitat for smallmouth bass and walleye
as well. Higher gradient riffle sections, which were found to be limited in the Mollie River, are
expected to provide spawning habitat potential for walleye resident to Upper Three Duck.
Pools within the realignment channel will provide some overwintering habitat for all fish species,
however, all fish will have access to good overwintering habitat within Upper Three Duck Lake,
New Lake, and Chester Lake.

3.3.6 Unnamed Pond Outlet to New Lake

The outlet to Unnamed Pond will be realigned to flow around the Open Pit to the New
Lake (Figure 3.11). It is expected that this realignment channel will flow intermittently similar to
the current outlet of Unnamed Pond. The watershed of Unnamed Pond will be maintained as
much as possible to keep water levels consistent pre-Open Pit development. As mentioned
previously, Unnamed Pond will have seepage to the Open Pit at some point during
operations (Wood 2020). IAMGOLD has committed to monitoring and maintaining Unnamed
Pond and the outlet channel to ensure its proper biological functioning. The new 409 m
realignment channel will direct water to the east into New Lake (Figure 3.11, Table 3.3;
Appendix C). The new channel will replicate the form and function of the existing Unnamed
Pond tributary.  The channel will follow a low gradient (<1%) with alternating pools
(maximum water depth of <0.5 m). Channel sections will have an average wetted width of 1.5 m
and average depth of 0.3 m. This reach incorporates fallen trees to increase cover provide habitat
complexity and enhance habitat suitability for small-bodied fish species (Appendix Table B.12).
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The floodplain will be planted with alder live stakes/seedlings; and rush and sedge grasses, which
will provide shade for the habitat and help prevent erosion in the spring under flooded conditions.

3.3.7 Connection of Weeduck to Upper Three Duck

Weeduck Lake will be connected to Upper Three Duck Lake (currently an isolated
headwater lake) through removing three sections of topsoil/road (total of 2,100 m?; Table 3.3) that
separates the two lakes to restore its original configuration (R. Primrose pers. comm. 2019;
Figure 3.12). As these areas are in close proximity of three known archeological sites,
construction will be overseen by a licensed archeologist. The Ministry of Tourism, Culture, and
Sport provided confirmation that monitoring will be required when construction commences but
will not involve any additional excavation work based on the current plan (R. Primrose pers.
comm. 2019). Maximum water depth within these connections will be 1.5 to 2 m (Appendix C).
Physical habitat features such as rocky shoals, boulder clusters and fallen trees will be
incorporated to provide habitat complexity and enhance habitat suitability for spawning and
rearing smallmouth bass and lake whitefish, and rearing habitat for yellow perch (Appendix Tables
B.2 to B.5). In addition, the connection will provide access to good spawning, juvenile rearing,
and adult foraging habitat within both lakes for key target species. Most importantly, the fish
populations in Weeduck Lake will gain access to better overwintering habitat in Upper Three Duck
Lake since the lake is larger (635,534 m?) and receives flow from the Mollie River.
Headwater lakes can experience winter Kills due to low dissolved oxygen conditions in late winter
(Jackson et al. 2001) and has been observed in Weeduck Lake. This connectivity between the
lakes is expected to enhance fish productivity (through increased overwintering success).

3.3.8 Connections of Little Clam, East Clam and Clam Lakes

Little Clam Lake (currently an isolated head water lake) has no connection to East Clam and East
Clam Lake and Clam Lake are only connected via a 1.8 m culvert (Figure 3.13). Improving the
connection between East Clam, Little Clam, and Clam Lake will provide the fish community with
a variety of habitats to address all their life history requirements. Specifically, fish communities
from Little Clam and East Clam lakes would benefit from better overwintering habitat provided in
Clam Lake (greater water depth and area; Minnow 2014). This connectivity between the lakes is
expected to enhance fish productivity (through increased overwintering success and access to a
wider variety of habitats).

Little Clam Lake will be connected to East Clam Lake through a 235 m channel (Table 3.3 and
Figure 3.13). This channel will have a wetted width of approximately 1.5 m and average depth of
less than 0.5 m and incorporate fallen trees to increase cover provide habitat complexity and
enhance habitat suitability for juvenile fish and small-bodied fish species. In addition, the
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floodplain will be planted with alder live stakes/seedlings; and rush and sedge grasses, which will
provide shade for the habitat and help prevent erosion in the spring under flooded conditions as
well as potential spawning habitat for northern pike and yellow perch (Appendix Tables B.8 and
B.9). Instream aquatic vegetation will be planted to promote the colonization of aquatic
vegetation in this area for spawning and rearing habitat for these species (Figure 3.13).

The road separating East Clam Lake and Clam Lake will be removed allowing free access for all
fish species to both lakes. This area will vary in water depth from 0.5 to 1.5 m (total surface
area = 1,700 m?; Table 3.3 and Figure 3.13; Appendix C). Physical habitat features such as rocky
shoals, boulder clusters and fallen trees will be incorporated to provide habitat complexity and
enhance habitat suitability for spawning and rearing smallmouth bass, northern pike, and yellow
perch (Appendix Tables B.1 to B.5). Shoreline and in-water vegetation will be planted to improve
spawning habitat and rearing conditions for these species (Figure 3.13). In addition, the
connection will provide Clam Lake fish access to excellent spawning, juvenile rearing, and adult
foraging habitat within East Clam Lake for both yellow perch and northern pike (Minnow 2014).
East Clam Lake fish communities will have better access to overwintering habitat in Clam Lake.

3.3.9 Remediation of Aggregate Pit #3 (near Middle Three Duck Lake)

Remediation of the aggregate pit will involve excavating the current pit to below the water table
and connecting the waterbody to Middle Three Duck Lake (Figure 3.14 and Appendix C).
A 52,600 m? waterbody will be created with a low-gradient channel connecting it to Middle Three
Duck Lake (Table 3.3 and Figure 3.14). The waterbody will have a maximum depth of 5.5 m and
connect to the lake via a 237 m long stream with a 1.5 m wide channel with a water depth of
0.25 m (Table 3.3 and Figure 3.14). Terrestrial vegetation will be retained to the closest shoreline
extent as feasible. This will aid in future allochthonous contributions (e.g., food for primary and
secondary producers) as well as decreasing wind fetch within the bay. The shoreline will be
planted with rush and sedge grasses, which will provide spawning substrate for northern pike and
yellow perch in the spring under the flooded conditions. In addition, these plantings will aid in
decreasing shoreline erosion and water turbidity within the waterbody.

Habitat within the waterbody will provide additional spawning, rearing and adult foraging habitat
for northern pike, yellow perch, and smallmouth bass (Appendix Tables B.1 to B.5 and
Figure 3.14). Specifically, fallen trees, vegetated mounds, large boulders, standing shags, and
rock piles will be installed at various locations. Aquatic macrophytes, both emergent and
submergent, will be transplanted to expedite the aquatic vegetation community (Figure 3.14). All
of these features will be incorporated to provide habitat complexity and enhance habitat suitability
for the target species.
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3.3.10 Remediation of Bagsverd Aggregate Pit

Remediation of the aggregate pit north of the mine will involve constructing a 166,600 m? pond
that will support small-bodied fish and possibly northern pike and yellow perch (Table 3.3,
Figure 3.15; Appendix C). Maximum water depth with be 3 m to provide good overwintering
conditions for small-bodied fish, northern pike and yellow perch (Appendix Tables B.1, B.2
and B.6). Similar to the New Lake and the Aggregate Pit #3, terrestrial vegetation will be retained
to the closest shoreline extent as feasible and the riparian shoreline will be planted with native
species to prevent erosion and reduce turbidity. Aquatic macrophytes, both emergent and
submergent, will be transplanted to expedite the aquatic vegetation community within the pond
(Figure 3.15). Physical habitat features such as fallen trees, rocky shoals, and stumps in addition
to the aquatic vegetation will provide habitat complexity and enhance habitat suitability for
small-bodied fish species as well as spawning, rearing foraging habitat for northern pike and
yellow perch (Appendix Tables B.1, B.2, and B.6).

The outlet of the new waterbody will be constructed to flow north to a wetland area which
eventually drains to Bagsverd Creek (Figure 3.15). The 100 m outlet will be low-gradient (<1.2%)
with alternating pools (maximum water depth of 0.5 m; Table 3.3). Channel sections will have an
average wetted width of 1.5 m. This small channel will incorporate fallen trees to increase cover
provide habitat complexity and enhance habitat suitability for small-bodied fish species
(Appendix Tables B.12). The floodplain will be planted with alder live stakes/seedlings; and rush
and sedge grasses, which will provide shade for the habitat and help prevent erosion in the spring
under flooded conditions.

3.3.11 Complementary Measures

In addition to in-kind approach offsets, IAMGOLD is proposing one complementary measure for
the offsetting project. IAMGOLD has committed funding for research on environmental
deoxyribonucleic acid (eDNA) barcoding methods for Environmental Effects Monitoring (EEM).
This work is being completed in collaboration of the University of Guelph and several other
industry stakeholders.

The objective of this research is to advance the procedure for using eDNA barcoding or DNA
meta barcoding for EEM and baseline studies to provide enhanced species specific information,
specifically for benthic invertebrates, which will allow for better determination of effects.
Benthic invertebrates are an important element of fish habitat and are sensitive indicators of
environmental change; the ability to more accurately describe benthic communities will enable a
more granular assessment of environmental conditions in monitoring programs with the potential
to facilitate diagnosis of issues at an early stage, before they have a biologically meaningful impact
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on fish populations. While initial research has been conducted in a pilot study by the Biodiversity
Institute of Ontario (BIO; located at the University of Guelph), additional research is required to
continue to advance this science. The full proposal description is provided in Appendix E together
with IAMGOLD'’s letter of support and application form.

Recent proofs-of-concept studies (Borja et al. 2000, Elbrecht et al. 2017, Lobo et al. 2017) have
shown that DNA meta barcoding identified more than twice the number of taxa than the
morphology-based protocol and yielded greater taxonomic resolution (i.e. more identifications to
low taxonomic ranks such as species). The results also indicate that the species richness would
be considerably underestimated if only morphological methods were used.

IAMGOLD has committed to partner in this Natural Sciences and Engineering Research Council
of Canada (NSERC) study and has contributed $21,000 to fund the next stage as well as;

e In-kind support through the provision of side-by side benthic samples
(morphological vs DNA) valued at $18,000.

o Participation in regular meetings with consortium members and contribute to consortium
governance valued at $3,000.

e Share data from sites to support research (not valued).

o Work with academic collaborators to comply with reporting requirements to external
funders and NSERC (not valued).

This research application was submitted to NSERC March 29, 2019 for approval. Although the
grant application has not received funding yet, the application was very well received and the
selection panel indicated the research is fundable (S. Adamowicz, pers. comm. 2020).
NSERC has indicated that the project can still potentially be funded this fiscal year (end of
March 2020). IAMGOLD is committed partner and plans to continue its support for the
implementation of this project either through NSERC or alternative private funding. The research
project is planned to be implemented over three years and includes commitments to prepare
manuscripts for submission to peer-reviewed journals as well as a conference presentation and
report targeted to industry comparing methods (Appendix E). It is expected to advance the
understanding of benthic invertebrate communities in Ontario which are recognized as a key
aspect of fish habitat under the Fisheries Act.

3.3.12 Summary of Proposed Habitat in the Offsetting Plan

Habitat will be created through the construction of the realignment cannels (WRC1, WRC2, and
Unnamed Pond outlet), creation of the New Lake, remediation of two aggregate pits, and by
improving the connection between existing habitat (Figure 3.5 and Table 3.3). The total area of
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lake habitat to be created is to be 516,781 m? (Table 3.3). Of which 512,981 m? are being
proposed to offset the Section 35 habitat losses and 3,800 m? are to be allocated to the
Schedule 2 Amendment (Table 3.3). The total length of stream habitat to be created is 3,190 m
which is based on design stream width and is equal to 23,827 m?, 18,541 m? of stream habitat is
to offset the Section 35 habitat losses, and 5,286 m? is to offset the Schedule 2
Amendment (Table 3.3). Based on habitat characteristics incorporated into the designs
(presented herein and in Appendix C) relative to the habitat requirements for the various life
history stages of the fish species assessed, habitat quality values were assigned (none to
excellent as previously described in Section 2.2). The habitat quality and quantity was used to
calculate the habitat units to be created (gained). The total habitat units to be created is equal to
3,268,572 lake HU and 222,798 stream HU (Table 3.2, Appendix Tables B.7 and B.13).
In addition, to the habitat units created, the proposed offsetting plan will provide greater
connectivity between habitats, allowing fish improved access to habitats created for various
life stages. It is expected that the increase connectivity will result in increased fish productivity in
most areas beyond that accounted for in the habitat unit's assessment. This is particularly true
for walleye which will now have improved access to spawning habitat for resident walleye from
Weeduck Lake and Upper Three Duck Lake that was previously limited in the system.

34 Predicted Net Change in Habitat/Fish Productivity

The predicted loss of fish habitat associated with the Cété Gold Project (Section 3.1) was
assessed relative to the planned habitat to be created (and altered) through the offsetting plan
(Section 3.2) such that the net change in productive fish capacity could be considered.
Habitat units were used as a surrogate for fish productivity. As described in the Methods
(Section 2), habitat units were considered for waterbodies and streams separately for five
representative resident species considering four key life history stages (e.g., spawning and
incubation, juvenile rearing, adult foraging, and overwintering for all life stages). In addition,
small-bodied fish habitat was evaluated for those areas lost under Schedule 2 where only
small-bodied forage fish were present. The results of this assessment were tabulated for each
species for both habitat types before and after mine development (Appendix Tables B.1 to B.13).
The overall results of the assessment (i.e., net balance in habitat units) are summarized
in Table 3.4.

While this approach provides a quantitative method for the assessment of habitat change, it
provides equal weight to all habitat types and life history stages and considers each habitat in
isolation, and therefore does not totally account for the benefits of habitat connectivity.
Furthermore, it does not allow for the accounting of benefits (increased productivity) in areas
where no new habitat is created. For example, in Upper Three Duck Lake where no new habitat
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Table 3.4: Net Balance of Habitat Units, C6té Gold Project

Section 35 Schedule 2
Area Species
Spawnlpgl Juver.ule Adu!t .Ovel:- TOTAL Spawnlpgl Juvefule Adu!t .Over_'- TOTAL
Incubation | Rearing @ Foraging  wintering Incubation | Rearing | Foraging | wintering
Northern pike 76,977 36,519 -64,277 55,115 104,334 1,800 1,800 1,275 0 4,875
Yellow perch 75,487 41,881 -13,198 23,135 127,305 1,800 2,325 2,325 0 6,450
Walleye 0 -65,785 | -59,894 @ -22121 | -147,799 0 950 525 0 1,475
Waterbod Lake whitefish 66,296 -31,621 2,964 46,099 83,737 1,050 1,475 950 0 3,475
aterbody 1 smalimouth bass | 29,362 49731 | 36912 59117 175121 | 2,425 2,425 1,900 0 6,750
Small-bodied Fish - - - - 86,237 - - - - -12,064
TOTAL 248,122 30,725 -97,493 | 161,345 | 428,936 7,075 8,975 6,975 0 10,962
Northern pike -20,836 -21,961 -22,834 | -14,401 -80,032 1,164 1,375 107 -62 2,584
Yellow perch -19,062 -21,163 | -11,659 | -14,623 -66,506 338 1,375 157 -62 1,808
Walleye -1,492 -2,389 -8,287 -6,664 -18,831 0 1,088 0 0 1,088
St Smallmouth bass 3,223 -3,143 -4,356 -7,162 -11,437 0 1,026 0 0 1,026
réaM | Small-bodied Fish - - - - 217 - - - - -335
Connectivity® - - - - 89,454 - - - - -
TOTAL -38,166 -48,656 | -47,135 -42,850 -87,136 1,502 4,863 264 -124 6,170
Net Balance” 209,955 -17,931 | 144,628 118,495 | 341,799 8,577 13,838 7,239 -124 17,131

& Connectivity of both Weeduck Lake and Little and East Clam Lakes.
P Spatial areas used for the habitat unit calculations are based on current designs (Appendix C).
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is planned, the connection to high gradient spawning habitat is expected to improve the walleye
productivity within Upper Three Duck Lake but this was not accounted for in the habitat unit
assessment because it does not represent a change in a specific habitat unit.

Despite these limitations, the assessment suggests that the proposed habitat offsetting plan will
result in a net gain in HU (358,931 HU; Table 3.4) with Section 35 having a gain of 341,799 HU
and Schedule 2 having a gain of 17,131 HU (Table 3.4). Based on the evaluation procedure,
more offsets are being provided through lake (waterbody/lentic) habitat compared to
stream (lotic). The overall net gain in lake (lentic) habitat for both Section 35 and Schedule 2 is
428,936 and 10,962 HU, respectively (Table 3.4). Stream (lotic) habitat has a small net gain for
Schedule 2 (6,170 HU), but a loss for Section 35 (-87,136 HU; Table 3.4). While the stream
offsets are less, these are driven by stream length and not quality. The offsetting stream habitat
is expected to be of high quality incorporating a diversity of habitat (riffles, deep pools, runs) and
with a variety of structures (for both cover and spawning). It is expected that this habitat will be
suitable for a variety of species and promote connectivity within the watershed and access to a
variety of habitats (both stream and lake). For example, as mentioned previously, it is expected
that the connection to high gradient spawning habitat (designed in WRC2; Figure 3.10) for walleye
will improve walleye productivity in Upper Three Duck Lake. The lentic habitat that will be
constructed will be shallow lake habitat, which are known to be generally more productive than
deeper lakes and can be as or in some cases more productive than stream habitats
(Wetzel 2001). For example, in low-order, canopied streams which describes many of the
tributaries where habitat is being lost (some are intermittent and not suitable for large-bodied
fish species), riparian vegetation can shade the channel and reduce periphyton and
macrophyte productivity. Shallow lakes have a larger surface area, and also allow light
penetration to the bottom sediments promoting macrophyte production such that the littoral zone
can extend over a large proportion of the lake basin. Littoral areas are associated with diverse
and productive periphyton, zoobenthos, and macrophyte communities (Wetzel 2001). It is
expected that shallow lake habitat will adequately compensate for the most productive stream
habitat (e.g., the Mollie River and Clam Creek) being lost. In addition, restoring East Clam Lake
and Weeduck Lake to their original configuration by removing access roads that are no longer
required, the fish populations within these lakes will have access not only to a variety of habitat
but to better overwintering conditions in larger lakes (e.g., Clam Lake and Upper Three
Duck Lake).

The proposed lake offsets indicate a net reduction in juvenile rearing habitat for walleye and lake
whitefish and a reduction in adult foraging habitat for three of five representative species
(Table 3.4). However, as described above, the offsetting plan will promote productivity by
improving connectivity within the watershed and increasing access to existing habitats for all fish;
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this enhancement is not accounted for within the HU assessment and is expected to extend
beyond the life of the mine. The proposed lake offsets also indicate an overall net loss in walleye
habitat (-147,799 HU; Table 3.2), however, adult and rearing walleye habitat is not considered to
be limited in the local watersheds and it is not expected to reduce walleye productivity as there
are sufficient habitat within the watersheds to support these life history functions. Further, the HU
evaluation for walleye was conservative; walleye habitat gains were only counted where they
would clearly achieve the HSI requirements for the various life history stages assessed, but it is
anticipated that walleye will use much of the offsetting habitat created. Inclusion of walleye
spawning habitat in the offsetting plan is limited as the natural topography of the watershed does
not lend itself to developing walleye spawning habitat in most areas. Suitable spawning habitat
for walleye will be developed in WRC2 where the gradient and water depth will be sufficient and
will provide a connection to the necessary downstream juvenile rearing habitat. Gravel shoals
are also being constructed within the New Lake and will be available as potential spawning habitat
for walleye; however, walleye are not known to spawn in lakes within the area (i.e., local
populations primarily spawn in rivers), therefore the constructed shoals were not included as
habitat gains within the HU assessment for walleye. It is noteworthy that the habitat losses under
the Schedule 2 Amendment are largely isolated waterbodies that support small-bodied
fish species. The offsets provided for these habitats were designed for both large-bodied and
small-bodied fish species.

Other consideration not taken into account for the offsetting plan is that the Open Pit will be
allowed to fill and will form a 450,000 m? lake, with the flow from the Mollie River being redirected
into the pit, re-establishing the original configuration of the watershed. While the additional lake
habitat to be created has not been included in the habitat offsetting evaluation, it does represent
a substantial future gain in lentic habitat following mine closure.

The offsetting plan has met the goals of providing new habitat that maintains the hydrologic
connectivity of the watersheds, incorporates natural channel design to maximize the habitat
potential, and promotes connectivity within the watershed and between habitats. Based on this
assessment, the proposed offsetting plan, as described herein, will result in an increase in fish
productivity over the existing conditions.
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4 MITIGATION MEASURES

4.1 Overview of Undertaking

The development of the Project will see the construction of an Open Pit, TMF, MRA, stockpiles
(ore and overburden), as well as, several other mine infrastructures (e.g., processing plant,
mine camp). To complete this task the Project requires construction in or near water
courses/waterbodies. Construction has been scheduled to commence once the FAA approval
has been granted. It is understood that a Schedule 2 Amendment will be required to deposit
deleterious substances within the TMF, MRA, and stockpiles areas.

Construction has been divided into three phases (Table 4.1). The first phase focusing on the
construction of the dams on the west side of the Open Pit (on East Clam and Clam lakes) and the
starter dam for the TMF (Figure 4.1). Two offsetting habitat areas (Weeduck Lake to Upper Three
Duck Lake and East Clam Lake to Clam Lake) will be constructed early in Phase 1 to decrease
lag times of the entire Project. Unnamed Pond outlet to the New Lake will also be completed in
Phase 1 to convey water from Unnamed Pond to the New Lake. In addition, the bypass channels
(WRC1 and WRC2 Bypass channels; Figure 4.1 and Table 4.1) will be constructed to divert water
around the Open Pit while the realignment channels are under construction and continue diverting
water until they are seasoned and ready for commissioning. Other dams required around the
Open Pit that will be constructed during Phase 1 include the New Lake Dam North and South and
the major realignment channels (WRC1 and WRC2; Figure 4.1). Construction of the New Lake
will commence during winter months by removing the terrestrial and organic soils' and installation
of the habitat features will follow prior to lake filling. Planting (riparian and aquatic vegetation)
and biological transplants (benthic invertebrates and fish) will be conducted during Phase 2 and
3 for all habitat constructed in Phase 1. It is anticipated that the lake will be completely filled
during the spring freshet in Phase 2, prior to decommissioning of the bypass channels.
Decommissioning of bypass channels is anticipated to occur late in Phase 2 after the realignment
channels are seasoned (i.e., from the spring freshet to late fall or one growing season; Table 4.1).
The TMF starter dam construction will continue throughout Phase 2 and into Phase 3.
Construction of the Polishing Pond Dam and the C6té Lake Dam will be started and completed
during Phase 2. In addition, the remaining offsetting habitat will be constructed late in Phase 2
and into Phase 3 and includes the connection of Little Clam to East Clam and the remediation of
the two aggregate pits and their connection to their associated watersheds. The TMF will continue
to be built into the start of operations (projected late fall of 2022/winter 2023; Table 4.1).

"IAMGOLD has committed to the removal of terrestrial vegetation and organic soils to prevent the decay and release
of associated mercury (Minnow 2018).
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Table 4.1: Timeline for Construction, Fish Salvage, Dewatering, Vegetation Planting, Commissioning, and Monitoring of Fish Habitat, C6té Gold Project

L Approximate Phase 1 Phase 2 Phase 3
Activity |Task Phase .
Duration (day) | Jun | Jul | Aug Sep Oct Nov | Dec| Jan Feb Mar| Apr | May| Jun | Jul | Aug Sep Oct | Nov|Dec| Jan Feb Mar| Apr May| Jun | Jul Aug Sep Oct| Nov | Dec
Weeduck to Upper Three Duck Lake Connection 1 21
Clam Lake East Dam #2 Cofferdam 1 7
Clam Lake East Dam #3 Cofferdam 1 14
TMF Seepage East Dam Cofferdam 1 15
Mollie River Road Crossing (Chester Lake Outlet) 1 60
New Lake South Dam 1 60
New Lake Cofferdams 1 7
East Clam to Clam Lake Connection 1 31
WRC1 Bypass Channel 1 92
WRC2 Bypass Channel 1 92
Unnamed Pond to New Lake Connection 1 30
New Lake North Dam 1 30
Clam Lake East Dam #2 1 30
Construction

TMF East Starter Dam 1/2/3 578
Clam Lake East Dam #3 2 30
WRC 1 2/3 133
WRC 2 2/3 183
New Lake Excavation 2 73
Cote Lake Cofferdams 2 13
Polishing Pond Dam Silt Boom 4
Polishing Pond East Dam 2 209
Cote Lake Dam 2 89
TMF Seepage East Dam 2 45
Aggregate Pit and Connection Channel to Middle

3 30
Three Duck
Bagsverd Aggregate Pit and Connection Channel 3 30
Little Clam Lake to East Clam Lake Connection 3 16

Channel
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Table 4.1:

Timeline for Construction, Fish Salvage, Dewatering, Vegetation Planting, Commissioning, and Monitoring of Fish Habitat, C6té Gold Project

Activity |Task Phase Approximate Phase 1 Phase 2 Phase 3
Duration (day) | Jun | Jul Aug| Sep Oct | Nov| Dec| Jan | Feb | Mar| Apr May Jun | Jul  Aug Sep | Oct Nov | Dec| Jan Feb| Mar| Apr | May Jun | Jul | Aug Sep Oct  Nov Dec
Upper Weeduck and Three Duck Lake Reconnection 1 2
Mollie River Road Crossing (Chester Lake Outlet) 1 2
Mollie River (New Lake Footprint) 1 35
East Clam Lake (#2 Dam) 1 23
Upper Clam Creek 1 5
West Beaver Pond (Staged) 1 31
East Beaver Pond Outlet 1 14
Tributary from Unnamed Pond 1 10
West Beaver Pond Outlet (First Pass) 1 14
Clam Lake (#3 Dam) 1 30
. East Clam and Clam Lake Reconnection 1 2?
S OO - e (1 o e e ) 1 4
alvages
West Beaver Pond Outlet (Upper Stage) 1 4
Mollie River (Mining Pit Footprint) 1 43
Lower Clam Creek 1 20
Upper Three Duck Lake (Silt Boom and Rock Wall) 2 7
Cote Lake (Dam Footprint) 2 9
TMF Unnamed Waterbodies (1-6) 2 21
North Beaver Pond 2 13
East Beaver Pond 2 20
WRC 1 and 2 Bypass Channels 2 28
Cote Lake (Post Dam Construction) 2/3 65
Upper Three Duck Lake 2/3 73
Install Features In New Lake 1 30
Divert Water to New Lake 1/2 30
Vegetate New Lake Shoreline 2/3 61
Vegetate WRC 1 and 2 Floodplains 2/3 154
WRC1 and WRC2 Seasoning 2 61
New Lake Aquatic Vegetation Transplant 2 61
New Lake Benthic Invertebrate Transplant 2 61
New Lake Seasoning 2 92
Vegetation, |[WRC1 and WRC2 Aquatic Vegetation Transplant 2 61
Fauna WRC1 and WRC2 Benthic Invertebrate Transplant 2 92
Transfers |Djvert Water to Permanent WRCs 2 31
Reclaim WRC1 and WRC2 Bypass Channels 3 30
Stock WRC1 and WRC2 with Small-bodied Fish 2/3 -
Stock New Lake with Small-bodied Fish 2/3 -
Stock WRC1 and WRC2 with Large-bodied Fish 2/3 -
Stock New Lake with Large-bodied Fish 2/3 -
Little Clam Lake to East Clam Lake 2/3 -
Aggregate Pits and Connections 2/3 -
Stock Aggregate Pits 3 -
TSS and Bank Erosion Monitoring 1/2/3 761
L Channel Monitoring (Geoprocess) 2/3 457
Monitoring . . .
Geomorphology, Habitat and Fish Community 3&
Monitoring® Operations )

Note: Reclaim Pond East Dams and MRA Seepage Dam to be constructed during the operations of the mine. WRC= Water Realignment Channel, TMF= Tailings Management Facility, SCP= Seepage Collection Pond, TSS= Total Suspended Solids

@ All fish salvages will be conducted in coordination with dewatering efforts.
® Monitoring of fish and fish habitat will extend beyond Phase Three as described in Section 5.
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4.2 Construction Sequencing

Construction will only start once the FAA approval and associated permits (e.g., Environmental
Compliance Approvals, Permit-to-take-Water Approvals, and Work Permits) have been
received (Table 4.1) and IAMGOLD has made a positive construction decision on the project.
To develop the Open Pit, MRA, stockpiles, and TMF, a number of steps/phases will need to be
implemented. As the Project requires construction in or near water, specific construction
sequencing has been established as well as season-specific activities. Season-specific activities
include excavation of realignment channels during winter months through wetland/lowland areas.
Additional constructions constraints include:

e attention to instream construction work for fish spawning windows? (Table 4.2);

o fish salvages must occur during ice-free conditions when water temperatures are warmer
than 4 °C and prior to construction in assigned areas; and

¢ no vegetation clearing to occur within migratory bird nesting windows of mid-April to late
August, unless a bird nest survey is undertaken that demonstrates that the proposed
clearing areas are free of birds and nests?.

Understanding these constraints, a construction sequence has been developed, largely focused
on the scheduling of dam construction, to prepare the mine site over several seasons (Table 4.1).
The fish salvage work will be completed each ice-free season based on construction activities
within all Phases with some salvages occurring opportunistically ahead of schedule when
conditions permit.

Land clearing has occurred in 2019 (starting in the Open Pit and TMF) and is currently underway
in areas that required clearing to access early development of the mine (e.g., aggregate pits,
stockpiles, New Lake, portion of MRA, camp, access roads). Once the land is cleared and permits
acquired, the primary construction activities include the dams for the Open Pit, dams for the New
Lake, as well as the starter dam for the TMF (Table 4.1). Fish salvages will be timed around the
requirement of construction areas starting with West Beaver Pond within the TMF footprint, East
Clam Lake, and the Mollie River inside the New Lake footprint (Table 4.1 and Figure 4.2).
Construction of the Clam Lake dam will also be conducted in Phase 1 and as such the fish salvage
in this area as well as downstream Clam Creek will need to be completed (Table 4.1 and
Figure 4.2). All fish within these areas will be relocated to either East Clam Lake, Clam Lake,

2 Where construction is scheduled to overlap with fish spawning windows, permit approval will be sought through
appropriate regulators (i.e., Ministry of Natural Resources and Forestry).

3 JAMGOLD has established and will continue to implement mitigation measures around vegetation clearing during bird
nesting windows in line with best practices and relevant regulations (IAMGOLD 2020).

/—\_
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Table 4.2: Construction Windows by Waterbody/Watercourse for the Northeast Ontario

Region, C6té Gold Project
Waterbod Fish Salvage Fish Present Applicable Spawning Periods
y Timeline PP P g
East Clam Lake and | June 20 to July 29 Northern P|_ke, Yellow Perc_h, Northern Pike: April 1 to June 15
Blacknose Shiner, Golden Shiner, .
Clam Creek 2019 Other spp.: April 1 to June 15
lowa Darter
Burbot, Northern Pike, Smallmouth Smallmouth Bass: May 15 to July 15
June 28 to July 17 Bass, Yellow Perch, Blacknose o .
Clam Lake . . Northern Pike: April 1 to June 15
Shiner, Golden Shiner, lowa Darter,

2019

Johnny Darter, Spottail Shiner

Other spp.: April 1 to June 15

Unnamed Waterbodies
in TMF & associated
Tributaries

August 2 to August
212019

Central Mudminnow, Fathead
Minnow, Finescale Dace, Northern
Redbelly Dace, Pearl Dace

Other spp.: April 1 to June 15

West Beaver Pond and
Tributary

August 12 to
September 12
2019

White Sucker, Central Mudminnow,
Fathead Minnow, Finescale Dace,
Golden Shiner, lowa Darter,

Northern Redbelly Dace, Pearl Dace

Other spp.: April 1 to June 15

Tributary from
Unnamed Pond

June 21 to July 1
2019

Northern Pike, White Sucker, Yellow
Perch, lowa Darter #

Northern Pike: April 1 to June 15°
Other spp.: April 1 to June 15

Unnamed Pond

TBD

Northern Pike, White Sucker, Yellow
Perch, lowa Darter

Northern Pike: April 1 to June 15
Other spp.: April 1 to June 15

East Beaver Pond and

Tributary to Mollie River

July 9 to July 12
2019

Fathead Minnow, Finescale Dace,
Northern Redbelly Dace

Other spp.: April 1 to June 15

North Beaver Pond

July 14 to July 21
2019

Northern Redbelly Dace,
Finescale Dace

Other spp.: April 1 to June 15

Tributary to Unnamed
Lake 3

August 21 to
August 31 2019

Northern Pike, Yellow Perch, Golden
Shiner, lowa Darter®

Northern Pike: April 1 to June 15
Other spp.: April 1 to June 15

Mollie River

2020

April 26 to June 13

Northern Pike, White Sucker, Yellow
Perch, Blacknose Shiner, Golden
Shiner, lowa Darter

Walleye: April 1 to June 20°
Northern Pike: April 1 to June 15
Other spp.: April 1 to June 15

Coté Lake

June 16 to

September 1 2020

Burbot, Lake Whitefish, Northern
Pike, Walleye, White Sucker, Yellow
Perch, Blacknose Shiner, Golden
Shiner

Walleye: April 1 to June 20
Northern Pike: April 1 to June 15

Lake Whitefish: September 15 to May 15

Other spp.: April 1 to June 15

Upper Three Duck Lake

2021

May 15 to July 23

Lake Whitefish, Northern Pike,
White Sucker, Yellow Perch,
Blacknose Shiner, lowa Darter,

Spottail Shiner

Northern Pike: April 1 to June 15

Lake Whitefish: September 15 to May 15

Other spp.: April 1 to June 15

Notes: TMF = Tailings Management Facility, Spp.= Species, TBD = To Be Determined
? No suitable spawning habitat for northern pike is present in the upper portions of the tributary.

® Fish present in waterbody found in association with stream habitat.
¢ Assumption that walleye can utilize this habitat for spawning, as they are present in both Chester and Coté lakes.
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Upper Three Duck Lake, Chester Lake, Unnamed Pond, or downstream of West Beaver Pond
(Bagsverd Lake or Bagsverd Creek; Table 4.3). In addition, to prepare the Open Pit and the New
Lake construction, all fish within the Open Pit footprint in the Mollie River and Unnamed Pond
tributary will be salvaged and relocated to appropriate locations (Table 4.3 and Figure 4.2).
Unnamed Pond outlet connection to New Lake will be constructed during the summer of Phase 1.
The removal of terrestrial vegetation and organic soils of the constructed habitats (WRC1, WRC2,
and New Lake; Figure 4.1) will start in the winter of Phase 1 (Table 4.1). Installation of the habitat
features will occur concurrent with excavation in the realignment channels whereas in the New
Lake, these features will be installed following excavation (Table 4.1). Additional offsetting habitat
construction will be completed for the lake connections (Weeduck Lake and East Clam Lake) to
reduce lag times.

In Phase 2 the construction of the TMF starter dam and the Polishing Pond East Dam will continue
and the realignment channel constructions will be completed (Figure 4.1). Seasoning of WRCA1,
WRC2 and the New Lake will occur over the ice-free season in Phase 2, when the areas will be
allowed to fill with water, and revegetation of both terrestrial and aquatic plants will occur.
Measures to reduce lag times such as transfers of benthic invertebrates will occur in Phase 2
(as outlined in Section 4.7). Fish salvages will continue to occur within the TMF and will be
salvaged and relocated downstream (Figure 4.1 and Table 4.3). In addition, the area of the silt
boom and rock wall required for the installation of the Upper Three Duck Lake dam and the Cbté
Lake dam footprints will be salvaged prior to initiating construction of these dams.
Fish (especially large-bodied fish) will be salvaged opportunistically from C6té and the west arm
of Upper Three Duck Lake once silt booms are in place to reduce the number of fish within these
waterbodies over the winter conditions of Phase 2 and limit spawning within these areas in
Phase 3. It is anticipated that with the lower flow in this area conditions may become anoxic in
some layers of the lake and additional monitoring and mitigation measures will be put in place to
maintain suitable overwintering conditions (e.g., aeration to occur if dissolved oxygen fall below
3 mg/L within the top 3 m of water column®*). Later in the ice-free season of Phase 2, fish from
North Beaver Pond and East Beaver Pond will be salvaged and relocated to the New Lake
(Table 4.1 and 4.3). All other proposed habitat offsets will be constructed in Phase 2 (Little Clam
connection to East Clam, and the remediation of aggregate pits; Table 4.1).

Construction of the Polishing Pond Dam will be completed during the winter of Phase 2 and the
fish salvage from the west arm of Upper Three Duck Lake as well as C6té Lake will be undertaken

4 Dissolve oxygen concentrations based on minimum dissolved oxygen requirements for overwintering in key species
found in C6té Lake and the arm of Upper Three Duck Lake(northern pike, yellow perch, and walleye; Appendix Table
A.2).
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Table 4.3: Fish Transfer Locations for Fish Relocations for the C6té Gold Project

Transfer Location

Phase | Map ID? Area
Primary Secondary
1 Mollie River (New Lake Footprint) Chester Lake Upper Three Duck Lake
2 East Beaver Pond Outlet Chester Lake Upper Three Duck Lake
3 East Clam Lake (#2 Dam) East Clam Lake Little Clam Lake
4 Upper Clam Creek East Clam Lake Coté Lake
5 West Beaver Pond Bagsverd Lake Bagsverd Creek
1 6 West Beaver Pond Outlet (Upper) Bagsverd Lake Bagsverd Creek
7 Clam Lake (#3 Dam) Clam Lake Chester Lake
8 Mollie River (North Dam Footprint) Upper Three Duck Coté Lake
9 Tributary from Unnamed Pond Unnamed Pond Chester Lake
10 North Beaver Pond New Lake Upper Three Duck Lake
11 Mollie River (Mining Pit Footprint) Upper Three Duck Lake Coté Lake
12 Lower Clam Creek Clam Lake Coté Lake
13 Upper Three Duck Lake (Silt Boom and Rock Wall) Upper Three Duck Lake -
14 Coté Lake (Dam Footprint) Upper Three Duck Lake -
15 East Beaver Pond New Lake Chester Lake
2 16 TMF Unnamed Ponds Bagsverd Lake Bagsverd Creek
17 Cété Lake (Post Dam Construction) New Lake Upper Three Duck Lake
18 WRC 1 Bypass Channels WRC1 Chester Lake
19 WRC 2 Bypass Channel New Lake & WRC2 Middle Three Duck Lake
3 20 Coté Lake New Lake Upper Three Duck Lake
21 Upper Three Duck Lake New Lake Upper Three Duck Lake

@ Map ID can be found on Figure 4.2.
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during Phase 3 (Table 4.1 and Figure 4.2). Itis anticipated that the fish from the west arm will be
relocated into the New Lake as well as the realignment channels and the remediated aggregate
pits (Table 4.3). As water is diverted into the realignment channels, fish salvages will occur in the
bypass channels (WRC1 and WRC2 Bypass; Figure 4.2). Upon completion of the fish salvage in
the west arm of Upper Three Duck, the Polishing Pond West Pad will be constructed (Figure 4.1).

It is anticipated that the Reclaim Pond East Dams will be constructed in year three of operations
and the dams for the southern side of the MRA later in the mine life (Figure 4.1). The fish habitat
within these areas will remain as productive functioning habitat until it is required that they be lost
(even though the loss is accounted for immediately).

4.3 Fish Salvages/Relocation
4.3.1 Background

Fish salvaging and relocation activities will be sequenced to allow for the best opportunity for the
successful transfer of fish from lost areas. The sequence of relocating fish will take into account,
as much as possible, the spawning and incubation periods of the dominant species found within
the systems to ensure successful transfer of young-of-the-year fish (and therefore no loss in
year class). In addition, large-bodied fish will not be transferred to newly constructed habitats
until the aquatic plants and benthic invertebrate communities have had a chance to become
colonized (i.e., one growing season). Once the new habitat is sufficiently established to support
fish, small-bodied fish relocation will commence, prior to the transfer of higher trophic level fish
(e.g., northern pike, walleye, smallmouth bass) to ensure an adequate food base for these
top predators.

4.3.2 Considerations

Sequencing for fish salvages have been developed in consideration of the amount of time to
dewater affected habitats and the construction timetable of the mine (Table 4.1) as well as any
spawning windows (Table 4.2) of the resident fish species for the specific waterbody
being salvaged. Fish salvages are best conducted in late summer when stream flows are
naturally lower and water temperatures are not too hot. However, since the number of areas
requiring fish salvages are great, it is not reasonable to conduct them all in late summer early fall.
In habitats where large fish species are present, or where there are more sensitive species
present (e.g., lake whitefish) efforts will be made to conduct the fish salvages at a time where
conditions are optimal. For example, in cooler parts of the day or in the spring or fall. In lentic
areas, substantial fishing effort will be conducted prior to any dewatering to limit loss of
younger/smaller fish that may get stranded. In addition, timing and rate of drawdowns will be
taken into consideration to limit fish stranding. It is likely that salvage operations cannot be
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effectively undertaken later than mid- to end of October due to weather and water
temperature considerations. Most fish collection permits will not allow electrofishing to be
conducted at water temperatures below 4 °C.

4.3.3 Approach and Timing

For the protection of fish within the development of the mine site during construction, fish salvages
will be required to relocate fish from areas that will be affected by construction
activities (Figure 4.2). Prior to any construction, it will be important to isolate the affected section,
and safely relocate as many of the fish as possible to a location either upstream or downstream
of the affected areas.

Coordination with the construction schedule will be required during all stages to optimize fish
salvages through adjusted flow and the isolation of sections of the lentic or lotic habitat. Fish will
be captured through a series of intensive fishing efforts using non-destruction collection
techniques such as electrofishing, hoop netting, minnow trapping, and/or seining. It is anticipated
that a backpack and a boat and/or punt electrofishing unit will provide the most effective catch
methods for lotic habitat. For lentic habitat a boat electrofishing unit or series of nets (hoop, trap,
or seining) will provide the most effective catch methods.

Salvage operations for lotic habitat will involve blocking off sections of the stream (using mesh
stop nets) and sequentially capturing and relocating fish to another undisturbed location.
Sequential closed sections of the stream where the fish salvage is taking place will be established.
The location of these stations will be established in the field and depend on stream width, depth,
and water velocity. In addition, coordination with pumping/drawdown of water will be taken into
consideration to maximize efficiency of capture methods as possible. Care will be taken to ensure
that fish cannot escape the closed station. Similar to closed station electrofishing used for density
estimates, a multiple pass removal method within each section of stream will occur (Ricker 1975).
An upstream pass (or “sweep”) of the enclosed reach will be repeated multiple times to remove
fish from within the closed section of stream. This system should yield a fish removal pattern of
diminishing catches. Once it is concluded that no more fish can be effectively captured within a
section, the upstream stop net will be moved downstream. Fishing efforts will move sequentially
downstream, until as many fish as possible have been removed from the fish salvage area.

Based on in-stream flow conditions, by-pass pumping or diverting of water may be required to
improve conditions for closed electrofishing sections. Longer-term barriers, such as water
bladders or till plug, will be required at upstream and downstream locations (for certain
construction segments; Figure 4.2) to prevent fish from moving back into the fished out channel.
Once a reach has been fished out and the water has been drawn down/diverted, one final
inspection of the channel will be completed to ensure no fish have been stranded in any remaining

-
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pooled areas. If any additional fish are observed, they will be captured and relocated, if safe to
do so.

For lentic habitat, it is anticipated that a series of water drawdowns will occur to aid in
concentrating fish for capture. Periods of fishing will occur around these successive drawdowns.
The first of a series of fish captures will include intensive fishing effort using non-destructive
collection techniques at the original water level. This will allow as many fish as possible to be
removed prior to enduring additional stress associated with the higher total suspended solids that
will occur during pump downs. Non-destructive collection techniques will include hoop and trap
nets, seining, short set gill nets, and electrofishing with either a boat or punt boat equipped with
a Smith-Root electroshocking equipment. Following each draw down, fish will continue to be
captured and transferred to either upstream or downstream of the construction areas (or to the
newly constructed habitat). As water levels decline, fishing effort will take safety as a priority and
effectiveness into consideration as the substrate may be too soft to access the water. Catch totals
and catch-per-unit-effort will be monitored to evaluate an appropriate time when fishing will cease.
The salvage schedule has been developed based on previous experience will similar habitat in
northern Ontario (Table 4.1). All fish captured will be identified, enumerated, and transferred as
quickly as possible to either upstream or downstream of the construction depending on the
salvage area. The captured fish will be transported in a time effective manner in aerated
containers. Special attention will be necessary to ensure that larger fish are not overcrowded
during the transfer, causing additional stress. Minimizing fish stress will be managed through
minimal handling, effective time management, adequate aeration, and fish densities within the
transportation containers. Weather may become an issue if prolonged periods of high (>24 °C)
or low (<5 °C) temperatures occur (Table 4.4). In such an event, fishing should be conducted
during cooler/warmer parts of the day (i.e., early morning, or late morning) or will cease dependent
on water and air temperatures, dissolved oxygen concentrations, and fish health® (Table 4.4).
Fishing should recommence once water and air temperatures are within an appropriate range
(Table 4.3).

In both lentic and lotic habitats frogs, turtles, salamanders and mussels will also be collected and
transferred to downstream or new habitats to the extent possible.

The goal of the fish salvage is to relocate as many fish as possible to prevent death to fish due to
loss of habitat. From the current construction schedule, the entire area affected by construction
will require fish salvage operations. Salvage operations will occur during all Phases of mine

5 Should fish become distressed or fish mortalities occur, collections will be halted until either conditions change or
mitigation to alleviate the stress is provided.
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Table 4.4: Fish Salvage Temperature and Dissolved Oxygen Guide, C6té Gold Project

Parameter Trigger Values/ Level of Required Action
Range Concern
>7 mg/L Optimal Continue with salvage
. Reduce holding time, change water in holding bins, increase
Dissolved 5-7 mg/L Warning monitoring of fish health, etc.
Oxygen Work area: Stop fishing IMMEDIATELY
<5 mg/L High Risk
Bins: replenish water or release fish
5-20°C Optimal  Continue with salvage
21-23°C Warning Redgce. holdlng time, change water in holding bins, increase
monitoring of fish health, etc.
Water __
Temperature Work area: Stop fishing IMMEDIATELY
>24°C High Risk
Bins: replenish water or release fish
<5°C Warning Some gear restrictions, such as electrofishing cannot be
conducted
5-24°C Optimal Continue with salvage
0-<5°Cor . Reduce holding time, change water in holding bins, increase
. Warning o ;
Air R monitoring of fish health, etc.
24-28°C
Temperature
Work area: Stop fishing IMMEDIATELY
<0 or >28°C High Risk

Bins: replenish water or release fish
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construction (as long as water temperatures are <4 °C and appropriate permits are obtained;
Table 4.1).

44 Construction Best Management Practices (BMPs) and Monitoring

The contractor will be expected to consider all best management practices (BMPs; Fisheries and
Oceans 2016) that should be incorporated into construction plans such as; the location of
activities, erosion and sediment control, bank stabilization, fish entrainment or impingement
(associated with water pumping or fish barriers), maintenance of machinery, containment and spill
management, and develop a response plan(s).

In addition to following BMPs, the construction contractor will be expected to coordinate all
monitoring with a contracted biologist. The monitoring objective is to ensure the protection of the
fish communities from the negative impacts derived from the development of the mine site
construction activities through monitoring of water quality, ensuring sediment, and erosion control
measures, and fish impingement and entrainment control measures are operational.

Briefly, water quality monitoring will occur throughout the construction period in active areas that
may impact nearby fish bearing water courses. Daily turbidity monitoring will be required along
with triggers for investigation of cause, work stoppage, and requirements for further mitigation.
All sediment and erosion control and mitigation measures will be monitored regularly as well as
any bypass pumping and fish barriers installed for the construction work. Should any exceedance
of established thresholds, or any documentation of mitigation measures not functioning properly
(i.e., silt plume) be identified, the contracted biologist will be called upon to review the monitoring
records and suggest next steps to the core management group for construction.

IAMGOLD is currently developing Environmental Monitoring Plans (EMP; e.g., Aquatic
Management and Monitoring, Water Management and Monitoring, Fish and Fish Habitat,
Mercury EMP) and Procedures for implementation prior to construction activities.
These monitoring plans can be provided to DFO for review if requested (see Appendix Table F.2
for EMP anticipated review schedule).

4.5 Open Pit Blasting

Vibrations resulting from blasting activities in the Open Pit during construction and initial years of
mine operation (i.e., until the pit working surface is greater than 350 m from the adjacent
water bodies) has the potential to affect spawning success and limit habitat utilization by some
fish in water bodies adjacent to the Open Pit. To mitigate these potential effects during
construction of the Open Pit and subsequent mine operations, restrictions on blast charge sizes
will be implemented during the spawning window from April 1 to July 15. This window is consistent
with the “Ontario Restricted Activity Timing Window for the Protection of Fish and Fish Habitat”
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(Table 4.2) and encompasses the spawning period for both northern pike and smallmouth bass
as well as other spring spawning species (Table 4.2). During mine operations a restriction on
blast charge size of 536 kg/delay will be implemented to ensure that vibration effects do not
extend to adjacent lakes. Two restricted blasting areas will be established (Figure 3.9); an area
extending approximately 350 m outwards from the Open Pit would be limited to a charge size of
536 kg per delay during operations (Area 1) and a second area (Area 2) extending approximately
240 m outwards from Area 1 would be limited to a charge size of 250 kg per delay during
construction. As a result of these restrictions, physiological effects to fish from blasting are
not expected.

4.6 Monitoring to Verify HSI Variables

Following discussions with DFO, IAMGOLD has committed to verifying HSI variables assigned to
all areas lost to confirm habitat lost within the Offsetting Plan. This monitoring will occur in
conjunction with the dewatering and fish salvage program during all Phases of construction.
Monitoring will include confirming key habitat variables such as substrate type, water depth, water
velocity, and vegetation presence in both waterbodies and stream habitat. Data collected will
then be used to confirm HSI quality allocated for the key species in the Offsetting Plan to ensure
all habitat lost was adequately accounted for. Methods for the monitoring and reporting will be
included within the Fish and Fish Habitat EMP and can be made available to DFO for review upon
request (see Appendix Table F.2 for EMP anticipated review schedule).

4.7 Reduction of Lag Times
4.7.1 Overview

Lag times, represent the time between the commissioning of new habitats and the ability of the
habitat to be fully productive, as designed (Minns 2006). Lag times have the potential to affect
the productivity of the system through limiting the ability of fish to fully utilize constructed habitats
for their various life stages. Measures have been incorporated into the offsetting plan to minimize
lag times to the extent possible within construction constraints. Principally, lag times will be
minimized through pre-commissioning measures that will enhance the habitat stability,
succession, and recolonization of biological communities (food web). These measures will
include, physical structures (e.g., boulder clusters, large woody debris), vegetation planting
(aquatic and riparian), and invertebrate transplanting. In addition, reconnection of lake habitats,
specifically Weeduck and East Clam lakes, were prioritized to occur early in the construction
phase (Phase 1; Table 4.1) to remediate these areas, improve connection, and available habitat
(i.e., overwintering habitat) to the resident fish populations as soon as possible thereby minimizing
lag times.
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To minimize lag times it is proposed that the newly created habitats for the project not only include
the construction of physical habitat features (described in Section 3.3) but also the effective
transplanting of various ecosystem components in an effort to stimulate the establishment of the
aquatic ecosystem in the newly constructed fish habitat (lotic or lentic habitat). The transplanting
of vegetation (aquatic and riparian), placement of soils containing rooting material, and
transplanting of benthic invertebrates will be carried out to expedite the establishment of
created habitat. In addition, benthic organisms will be transplanted to promote the establishment
of a benthic community. Through the promotion of vegetation and biological communities
(e.g. benthic invertebrates), lag times for the newly constructed habitat are anticipated to be less.

The objective of this effort is to increase the productivity of the created habitat, ensuring the lotic
and lentic habitat can be functional as soon as possible thereby reducing lag times. The sections
below describe the planned measures to minimize lag times for the offsetting plan.

4.7.2 Physical Structures

Construction activities that will reduce the lag time for establishment of fish communities within
the affected waterbodies will include installation and/or creation of specific habitat features
required by certain fish species (see Section 3.3 for details). For northern pike, these include
hummocks and seasonally flooded shoreline vegetation for spawning, vegetated shallow areas
for juvenile rearing and adult foraging, and deeper water for overwintering. These features will
also provide necessary habitat for yellow perch. Habitat features created for walleye will include
higher gradient riffle areas within stream reaches for spawning (where possible), combined with
moderate to low gradient areas downstream for juvenile rearing, root wads and shoals for adult
walleye foraging, and sufficient depths for overwintering. Lake whitefish habitat features will
include small cobble substrate along shorelines (point shoal bars) for spawning and juvenile
rearing, and sufficient depths for adult foraging and overwintering. Smallmouth bass habitat will
include sandy-gravel areas with large cobble/boulder or large woody debris cover for spawning,
vegetated shallow areas, and rocky shoals for juvenile rearing and adult foraging, and sufficient
depths for overwintering.

Many of the species specific habitat requirements are common with others, so incorporation of
these features will benefit multiple species. Some of these features will be incorporated into the
design and construction phases (i.e., riffle habitat, pools, rocky shoals, tree stump structures; see
Section 3.3 for details), while others will be incorporated after construction has been completed
(i.e., vegetation within shallow water and shorelines, see Section 3.3) but prior to commissioning.

69



minnow environmental inc. IAMGOLD
Project 187202.0015 Cété Gold Project Offsetting Plan

4.7.3 Vegetation

Aquatic macrophytes (plants) provide habitat and food for many different types of organisms such
as zooplankton, benthic invertebrates, and fish. Vegetation provides cover from predators, shade
from sun and spawning substrate for certain species of fish (i.e., northern pike and yellow perch).
Plants will also improve water quality by stabilizing substrates or preventing erosion (caused by
wind or run off). Therefore, it is important to relocate and start the plant community within the
constructed habitat as soon as possible to establish a productive, successful plant community,
which will provide habitat and a food base for relocated fish. The goal of the aquatic plant
transplant is to start/boost the aquatic plant community within the realignments through scattered
clusters of plants, and not by completely planting the entire area (see Section 3.3.2 to 3.3.10).

Aquatic macrophytes will be relocated during the spring after construction is complete. Planting
in the mid to late spring is ideal because it will give the plants a longer growing season to establish
good rooting and shoot growth in the new environment. If plants are not well rooted during the
spring freshet (high water levels), they are more prone to being washed away (EC 2006).
Therefore, the early planting will help to prevent this from occurring.

The transplant will require extensive manual labour associated with physically digging up and
removing various types of aquatic plants from donor sites in the watershed and transporting them
to the newly constructed areas. The source areas for these transplantations will be the areas to
be lost within the same watershed. Therefore, the transplant activities will not impact the source
areas as they are to be lost with the construction of the mine site. During transport, care will be
taken to ensure that plants remain damp and that they are replanted in similar water depths to
where they were found. Planting at a standard distance apart of 0.5 to 1.0 m is suitable for most
plants (EC 2006). Care will be taken to ensure that plants (excluding submergent plants) will
have a portion of their stems above the water line to grow. It is anticipated that bur reed
(Sparganium sp.), mermaid’s hair (Scirpus subterminalis), pond weed (Potamogeton sp.) and
sedges (Carex sp.) will be the dominant species transplanted to the newly constructed habitat
areas. Macrophytes with a tuber or rhizome (i.e., yellow water lilies [Nuphar variegatum]) will be
planted differently to accommodate the greater water depths required for these species.
Plants will be placed with a portion of the donor site soil and some small rocks/gravel into a burlap
bag and relocated in deeper areas of newly constructed habitat. This effort will be further
complimented by the placement of soils from donor areas containing rooting material from native
aquatic plants that will serve to promote the establishment of vegetation.

In addition, soils harvested from areas lost, containing rooting material and a seed bank of native
plants, will be placed in the littoral zone to further promote the establishment of vegetation.
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The establishment of vegetation in the littoral zone has been shown to increase fish
productivity (Randall et al. 1996).

It is also proposed that shoreline areas will be seeded with native sedges and grasses in
early spring. A variety of species, such as Canada bluejoint (Calamagrostis Canadensis),
porcupine sedge (Carex hystericina), tussock sedge (Carex stricta), softstem bulrush
(Scirpus validus), and green bulrush (Scirpus atrovirens) will be seeded. Shorelines will be
planted with live stakes of native tree species such as poplar, alder, and willow to further stabilize
the banks and provide shade.

Previous experience with other sites has shown that in areas where aquatic vegetation was
transplanted, the coverage and expansion of colonization was much larger and quicker than in
areas that were not transplanted, providing cover for juvenile fish and decreasing erosion from
construction and wind (Minnow 2006, Connors et al. 2011).

4.7.4 Benthic Invertebrate Transplants/Relocation

Benthic invertebrates will be collected from various habitats within the areas to be lost and
transferred to the newly created habitats. The intent of this process is not to relocate all the
benthic organisms from the lost areas, but rather to use the native benthic organisms to seed the
newly created habitats, thereby expediting the establishment of the base of the food web in
these habitats.

Benthos, or benthic invertebrates, living on the bottom of the lotic or lentic habitat to be lost will
be transplanted after the aquatic plants in the spring. Benthos are ecologically important to the
newly constructed habitat and will aid in the cycling of nutrients and provide a food base for fish
(i.e., forage fish). Natural colonization of the benthic community, especially for sedentary taxa,
would take much more time if they were not transplanted. Therefore, it is proposed that two
different methods will be employed to collect benthic invertebrates. A Ponar grab will be used to
collect benthos from depositional areas, whereas benthos along the shoreline or in water less
than one meter in depth will be collected using a D-net following a kick and sweep method. Using
both of these methods helps provide a broader benthic community food base for fish in the newly
constructed areas (Minnow 2006).

A Petite Ponar grab will be used to collect benthos from depositional areas. The sediment from
the grab will be emptied into a 500 um mesh sieve bag and the tub will be rinsed to ensure removal
of all residual matter. After sieving, the retained material from the grab will be carefully transferred
into buckets with fresh water. These buckets will be transferred to the newly constructed areas
and emptied.
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Kick and sweep sampling will capture benthic organisms living closer to shore in and around
macrophytes/large organic debris. Samples will be collected near the shoreline using a
500 ym D-net. The sampler will hold the net just above the sediment and disturb the substrate
with their feet. Each sample will then be sieved in the 500 um D-net and carefully transferred into
buckets with fresh water for transport to the newly constructed areas.

4.7.5 Summary

Construction is scheduled to start once approval is in place and IAMGOLD has made a decision
to construct the mine. The sequencing of construction for the Project has incorporated a number
of constraints (e.g., migrating birds, fish timing windows, in water construction, and fish salvages)
to ensure protection of the resident fish population while implementing the project in a
realistic timeline. Fish salvages will take place prior to any in water construction and will be
removed from the construction area for the duration of the project to protect fish from construction
activities and potential effects from deteriorated water quality. The project will follow all BMPs
and have a strict monitoring program in place to protect aquatic organisms downstream
of construction.

Best efforts will be made to reduce lag times through the construction schedule, as well as,
incorporation of habitat structures (e.g., shoals, large woody debris), transplanting of aquatic and
terrestrial vegetation, where possible, and the transplanting of benthic invertebrates. This will
expedite the establishment of the biological community (i.e., food web) within the newly created
habitat and provide a food source for the fish community.

4.8 Contingency Measures

In the event that the designed offsetting habitat does not function as designed (as shown through
monitoring, Section 5) to successfully offset the project losses, mitigations measures will be taken,
and the habitat will be repaired/ adjusted/ augmented to function properly. Detailed methods for
the monitoring, triggers for mitigation, and reporting will be included within the Fish and Fish
Habitat EMP and can be made available to DFO for review upon request (see Appendix Table F.2
for EMP anticipated review schedule). As the plan provides for an excess of habitat units which
accounts for the potential for under performance of habitat, no additional habitat offsetting areas
are being proposed.
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5 MONITORING

5.1 Overview

A biological monitoring program is being proposed to assess the success of the proposed
offsetting plan. The program will assess habitat structure, vegetation growth, benthic invertebrate
community composition, and fish species composition and abundance in the newly
constructed habitats. The objective of the monitoring program will be to document the post-
commissioning habitat relative to the design and the requirements of the target species
(e.g., northern pike, yellow perch, lake whitefish, walleye, smallmouth bass, small-bodied
fish species). Success of offsetting habitats over time will be evaluated by comparing
measurements of key habitat characteristics (e.g., water velocity, depth, percent cover, substrate
composition, etc.) from each monitoring period to HSI criteria for the five representative and
small-bodied fish species. Collection of habitat data will enable comparison of built HUs to the
original HU predicted for the proposed offsetting habitat and will ensure that the habitat meets
requirements for the intended species use. Other success criteria will include benthic invertebrate
endpoints (e.g., composition, density, diversity, biomass), fish abundance, and fish condition in
the newly constructed areas relative to data collected from baseline surveys and/or the salvage
works for the site. Triggers will be developed to initiate mitigation measures and will focus on the
baseline distribution or + 2 standard deviations from baseline/reference. In the event that the
monitoring demonstrates that the habitat is not functioning as intended, mitigation measures will
be taken, and the habitat will be repaired/ adjusted/ augmented to function properly. Itis expected
that the monitoring will document the establishment and succession of habitats over the first few
years following commissioning. Detailed methods for the monitoring, triggers for mitigation, and
reporting will be included within the Fish and Fish Habitat EMP and can be made available to
DFO for review® (see Appendix Table F.2 for EMP anticipated review schedule). The subsequent
sections briefly describe the various components of the monitoring program, scope, and planned
frequency of monitoring that will be included.

5.2 Monitoring
5.2.1 Habitat Conditions and Stability

Habitat condition and stability will be incorporated into the monitoring program to ensure that
habitat is constructed as planned, vegetation is becoming established, and other physical
structures are functioning as designed. The objective of this aspect of the monitoring program

6 The Fish and Fish Habitat EMP (which will include all the methods for the fish salvage) will be provided to DFO before
the end of June 2020 (pre-construction). It is anticipated that the provision of the EMP will be a condition of the
Authorization.
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will be to document the post commissioning habitat relative to the design and the requirements of
the target species. Habitat conditions and stability can be broken down into three key
components: 1) geomorphic stability, 2) habitat structures and vegetation growth (riparian and
aquatic plants), and 3) benthic invertebrate community composition and biomass.

5.2.1.1 Geomorphic Stability

The geomorphic monitoring is intended to augment and expand upon the habitat structure and
vegetation survey (see below), assessing the performance of the constructed natural channels
and habitat enhancement from a geomorphologic perspective. Channel morphology will be
monitored using a combination of channel form and substrate measurements and evaluations.
The objective will be to combine these elements at local and reach scales to determine how the
channel shape and substrate are evolving over time. Rates of change will be compared against
the design objectives. The geomorphic monitoring program will consist of:

e Areconnaissance investigation and photographic record of the constructed channels and
associated habitat features (Table 5.1 and Figure 5.1);

e Detailed geomorphic surveys of the longitudinal profiles, monumented cross-sections,
bank erosion and channel substrate measurements. Cross-sections will be established
at different morphologic units (e.g. on both riffles and pools).

o Substrate measurements to be conducted at locations where coarse substrates were
added as part of the design (i.e. riffles) and will be characterized in lower gradient reaches
where coarse substrate was not incorporated into the design.

A preliminary set of quantifiable performance criteria has been developed for each component of
the geomorphic monitoring program. The ‘minimum performance target’ is the minimum change
in the monitoring parameter that will be reported. Otherwise, there’s considered to be
nominal change. These targets are intended to track changes over time and space and should
be used together to assess the performance of the constructed channels. Each metric will be
reported on individually and then summarized into reach-averaged evaluations. Metrics that
exceeds a minimum performance target should be identified and the potential implications for
channel stability and habitat function discussed. Additionally, recommendations will be put
forward as to whether remedial measures are required. Remediation might include increased
monitoring scrutiny, or active maintenance/repairs to the channel itself.

It is important to note that rivers are not intended to be static systems, in that some change is
natural and desired. Different river systems will also have different performance targets.
For example, a 10% change in cross-sectional area for a small headwater tributary vs. a large
river is very different. For each WRC, initial performance targets are proposed (Table 5.2) but

/—\_
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Table 5.1: Summary of Coté Gold Project Offsetting Monitoring Program

Area Component Endpoints Objective Location Scope Timing Within Year/Frequency
Visual inspection (photo documentation) of aquatic and riparian vegetation Visual inspection twice yearly (e.g., June and August) during
Aquatic/Riparian To document the progress of plant (aquatic and riparian | Key locations (i.e., critical growth and survival conducted in June. Survey of species diversity, first three years, then years 5 and 10.
qu etatrijon vegetation) succession. To determine stability of habitat fish habitat) within the assessment of functionality (e.g., percent cover) and photo documentation Annual survey of species diversity, function, and invasive
Habitat 9 and identify any erosion issues. channel. Three 2 x 2 conducted in August; sweep for invasive species at each area on the first day [ species in August during the first three years, then years 5 and
quadrats established at of each field program. 10.
Tod t whether key habit 1 a each of three locations per Visual inspection for stability and function to occur annuall
Structure 0 document w ?t er key ha |.at structures” are area. Visual inspection of constructed habitat, size, form and function. 'SP ) y . y
functioning as designed. during the first three years, then in years 5 and 10.
Recon / Photo To visually assess and document (via temporal Visual inspection (and photo documentation in set locations) of realigned ) .
Invento photographs) realignment performance. Augments channels Once per year for the first three years, then in years 5 and 10.
ry quantitative evaluation discussed below. . ’
The entirety of WRC1 and
Geomorphology WRC2
Quantitative To quantitatively document channel adjustment using ' . . o ) . .
) o Detailed geomorphic survey (longitudinal profile, cross-sections, bank erosion )
Performance established performance targets and temporal monitoring . . . Once per year for the first three years, then years 5 and 10.
. and substrate measurements). Evaluation via performance metrics.
Metrics surveys.
. . Water samples will be taken concurrent with supporting in situ field
. To track temporal change in water quality and compare to| Up and downstream of . . —_ -
Quality . o . g measurements such as water depth, pH, temperature, dissolved oxygen, [ Water samples will be taken monthly during ice-free conditions.
water quality guidelines for the protection of aquatic life. WRC1 and WRC2. o J L
specific conductivity, and turbidity.
Water —
To track water flow through the realignment channels, to Within WRC1.and WRC2. Continuous water level monitoring with water level surveys (minimum twice | Continuous for WRC2, spot measurements for WRC1 (3x per
Flow L . . Exact locations to be . o
aid in the evaluation of habitat use and passage. determined per year). year) in every monitoring year (Year 1, 2, 3, 5, and 10).
WRC1 and
WRC2
Riffle Habitat Hess benthic samples at 3 stations within each area. Yearly for the first three years in August, then years 5 and 10.
. To track temporal change in benthic invertebrate
Community .
communities. o ] o ]
Benthic Pools/Lentic Area Kick and Sweep (CABIN) or Petite Ponar”® benthic samples at 3 stations in | Commencing in year 2 in August of annual monitoring, then in
Invertebrate each area. years 5 and 10.
Riffle Habitat Hess benthic samples at 3 stations within each area. Yearly for the first three years in August, then in years 5 and 10.
Biomass To assess secondary productivity (food source for fish). . Petite Ponar or area based kick and sweep benthic samples at 3 stations in Commencing in year 2 in August of annual monitoring, then
Pools/Lentic Area
each area. years 5 and 10.
Document number and where young-of-the-year fish are captured through all
Spawning To assess spawning success. com.ponent.s Of. the mqnltprlng program. Sample habitat gharacterlstlcs to Yearly for the first three years in August, then years 5 and 10.
verify habitat is functioning as intended (i.e., water velocity, presence of
spawning substrate).
To track temporal chanae in fish occubancy. abundance T?r:gethkey alreas within Abundance will be estimated by 3 closed station electrofishing stations in
Fish Abundance P ge pancy, € channels ensure each area. Density and total biomass will also be determined. Supplemental | Yearly for the first three years in August, then years 5 and 10.
and population structure. coverage of all habitat i . ;
. spot electrofishing and minnow trapping may be employed.
(riffles, pools, etc.).
Usage Evaluate available fish habitat and use, and to track Document where fish are captured and whgt h.abltat they are using through all Yearly for the first three years in August, then years 5 and 10.
temporal change. components of the monitoring program.
Health Provide fish population health, specifically growth and Subsample target species for length, weight and age. Determination of Yearly for the first three years in August, then years 5 and 10.

condition.

growth, condition, age, and size class composition (if possible).
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Table 5.1:

Summary of Coté Gold Project Offsetting Monitoring Program

Area

Component

Location

Scope

Timing Within Year/Frequency

Habitat

Key locations (i.e., critical
fish habitat) within the
channel. Three 2 x 2
quadrats established at
each of three locations per
area.

Visual inspection (photo documentation) of aquatic and riparian vegetation
growth and survival conducted in June. Survey of species diversity,
assessment of functionality (e.g., percent cover) and photo documentation
conducted in August; sweep for invasive species at each area on the first day
of each field program.

Visual inspection twice yearly (e.g., June and August) during
first three years, then years 5 and 10.
Annual survey of species diversity, function, and invasive
species in August during the first three years, then years 5 and
10.

Visual inspection of constructed habitat, size, form and function.

Visual inspection for stability and function to occur annually
during the first three years, then in years 5 and 10.

Water

Outlet of New Lake.

Water samples will be taken concurrent with supporting in situ field
measurements such as water depth, pH, temperature, dissolved oxygen,
specific conductivity, and turbidity.

Water samples will be taken monthly during ice-free conditions.

Water quality profiles to be taken monthly during ice-free
conditions during the first three years.

Deepest area of the lake.

Water samples will be taken concurrent with supporting in situ field
measurements such as water depth, pH, temperature, dissolved oxygen,
specific conductivity, and turbidity.

Yearly (late winter conditions) for the first three years.

New Lake

Benthic
Invertebrate

Nearshore (< 2m water
depth)

Kick and Sweep (CABIN) benthic samples at 3 stations in each area.

Commencing in year 2 in August of annual monitoring, then
years 5 and 10.

Depositional area above
thermocline®.

Petite Ponar benthic samples at 3 stations in each area.

Commencing in year 2 in August of annual monitoring, then
years 5 and 10.

Nearshore (< 2m water
depth)

Area based Kick and Sweep benthic samples at 3 stations in each area.

Commencing in year 2 in August of annual monitoring, then
years 5 and 10.

Depositional area above
thermocline®.

Petite Ponar benthic samples at 3 stations in each area.

Commencing in year 2 in August of annual monitoring, then
years 5 and 10.

Fish

Endpoints Objective
Aquatic/Riparian To docyment the progress of plant .(aquatlc. gnd riparian
- vegetation) succession. To determine stability of habitat
Vegetation . . S
and identify any erosion issues.
To document whether key habitat structures (boulder
Structure L .
clusters, fallen trees, etc.) are functioning as designed.
To track temporal change in water quality and compare to
water quality guidelines for the protection of aquatic life.
Quality
To track in situ water quality for overwintering conditions.
. To track temporal change in benthic invertebrate
Community .
communities.
Biomass To assess secondary productivity (food source for fish).
Spawning To assess spawning success.
Abundance To track temporal change in fish occupancy, abundance
and population structure.
Evaluate available fish habitat and use, and to track
Usage
temporal change.
Health Provide fish population health, specifically growth and

condition.

Target key areas within
the channels ensure
coverage of all habitat

Document number and where young-of-the-year fish are captured through all
components of the monitoring program. Sample habitat characteristics to
verify habitat is functioning as intended (i.e., water depth, presence of
spawning substrate).

Yearly for the first three years in August, then years 5 and 10.

Abundance will be estimated by a varied of standardized fishing techniques
(e.g., hoop netting, minnow trapping, seining). Catch-per-unit-effort will be
determined. A mark-recapture population estimate will be conducted once in
year 5.

Yearly for the first three years in August, then years 5 and 10.
A fish population estimate will be conducted in year 5.

(riffles, pools, etc.).

Document where fish are captured and what habitat they are using through all
components of the monitoring program.

Yearly for the first three years in August, then years 5 and 10.

Subsample target species for length, weight and age. Determination of
growth, condition, age, and size class composition (if possible).

Yearly for the first three years, then years 5 and 10.
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Table 5.1: Summary of Coté Gold Project Offsetting Monitoring Program

Area

Component

Location

Scope

Timing Within Year/Frequency

Aggregate Pit
Remediation

Habitat

Endpoints Objective
Aquatic/Riparian To docyment the progress of plant .(aquatlc. gnd riparian
: vegetation) succession. To determine stability of habitat
Vegetation - . L
and identify any erosion issues.
To document whether key habitat structures (boulder
Structure

clusters, fallen trees, etc.) are functioning as designed.

Key locations (i.e., critical
fish habitat) within the

channel. Three 2 x 2

quadrats established at
each of three locations per

area.

Visual inspection (photo documentation) of aquatic and riparian vegetation

growth and survival conducted in June. Survey of species diversity,
assessment of functionality (e.g., percent cover) and photo documentation
conducted in August; sweep for invasive species at each area on the first day
of each field program.

Visual inspection twice yearly (e.g., June and August) during
first three years, then years 5 and 10.
Annual survey of species diversity, function, and invasive
species in August during the first three years, then years 5 and
10.

Visual inspection of constructed habitat, size, form and function.

Visual inspection for stability and function to occur annually
during the first three years, then in years 5 and 10.

Geomorphology

Recon / Photo

To visually assess and document (via temporal
photographs) channel performance. Augments

Outlet of Aggregate Pit.

Visual inspection (and photo documentation in set locations) of realigned
channels.

Once per year for the first three years, then years 5 and 10.

Detailed geomorphic survey (longitudinal profile, cross-sections, bank erosion
and substrate measurements). Evaluation via performance metrics.

Once per year for the first three years, then years 5 and 10.

Water

Outlet of Aggregate Pit.

Water samples will be taken concurrent with supporting in situ field
measurements such as water depth, pH, temperature, dissolved oxygen,
specific conductivity, and turbidity.

Water samples will be taken monthly during ice-free conditions.
Water quality profiles to be taken monthly during ice-free
conditions during the first three years.

Deepest area of the
waterbody.

Water samples will be taken concurrent with supporting in situ field
measurements such as water depth, pH, temperature, dissolved oxygen,
specific conductivity, and turbidity.

Yearly (late winter conditions) for the first three years

Benthic
Invertebrate

Nearshore (< 2m water

depth)

Kick and Sweep (CABIN) benthic samples at 3 stations in each area.

Commencing in year 2 in August of annual monitoring, then
years 5 and 10.

Depositional area above

thermocline®.

Petite Ponar benthic samples at 3 stations in each area.

Commencing in year 2 in August of annual monitoring, then
years 5 and 10.

Nearshore (< 2m water

depth)

Area based Kick and Sweep benthic samples at 3 stations in each area.

Commencing in year 2 in August of annual monitoring, then
years 5 and 10.

Depositional area above

thermocline®.

Petite Ponar benthic samples at 3 stations in each area.

Commencing in year 2 in August of annual monitoring, then
years 5 and 10.

Fish

Inventory quantitative evaluation discussed below.
Quantitative To quantitatively document channel adjustment using
Performance established performance targets and temporal monitoring

Metrics surveys.
To track temporal change in water quality and compare to
water quality guidelines for the protection of aquatic life.
Quality
To track in situ water quality for overwintering conditions.
. To track temporal change in benthic invertebrate
Community .
communities.
Biomass To assess secondary productivity (food source for fish).
Spawning To assess spawning success.
Abundance To track temporal change in fish occupancy, abundance
and population structure.
Evaluate available fish habitat and use, and to track
Usage
temporal change.
Health Provide fish population health, specifically growth and

condition.

Key locations within the
habitat (around habitat

structures).

Document number and where young-of-the-year fish are captured through all
components of the monitoring program. Sample habitat characteristics to
verify habitat is functioning as intended (i.e., water depth, presence of
spawning substrate).

Yearly for the first three years in August, then years 5 and 10.

Abundance will be estimated by a varied of standardized fishing techniques
(e.g., hoop netting, minnow trapping, seining). Catch-per-unit-effort will be
determined.

Yearly for the first three years in August, then years 5 and 10.

Document where fish are captured and what habitat they are using through all
components of the monitoring program.

Yearly for the first three years in August, then years 5 and 10.

Subsample target species for length, weight and age. Determination of
growth, condition, age and size class composition (if possible).

Yearly for the first three years in August, then years 5 and 10.
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Table 5.1: Summary of Coté Gold Project Offsetting Monitoring Program

Area Component Endpoints Objective Location Scope Timing Within Year/Frequency
Aquatic/Riparian To docyment the progress of plant .(aquatlc. gnd riparian Visual inspection (photo documentation) of aquatic and riparian vegetation Twice yearly (e.g., June and August) during every monitoring
- vegetation) succession. To determine stability of habitat . S . .
Vegetation . . S Key location within the growth and survival conducted in June and August. year (Year 1, 2, 3, 5, and 10).
. and identify any erosion issues. . -
Habitat connections. A minimum
. of 1 area will be identified. . . . . . .
To document whether key habitat structures (boulder . . . . . . Visual inspection for stability and function to occur during every
Structure . . Visual inspection of constructed habitat, size, form and function. o
clusters, fallen trees, etc.) are functioning as designed. monitoring year (Year 1, 2, 3, 5, and 10).
East Clam Recon / Photo To visually assess and document (via temporal Visual inspection (and photo documentation in set locations) of realigned i
Lake and Inventory photographs) channel performance. Augments channels Once per year for the first three years, then years 5 and 10.
Clam Lake quantitative evaluation discussed below. Connection between ’
- Geomorphology
Connection o o . . lakes.
Quantitative To quantitatively document channel adjustment using . . o ) . .
) o Detailed geomorphic survey (longitudinal profile, cross-sections, bank erosion )
Performance established performance targets and temporal monitoring . . . Once per year for the first three years, then years 5 and 10.
Weeduck . and substrate measurements). Evaluation via performance metrics.
Metrics surveys.
Lake and
Upper Three Document number and where young-of-the-year fish are captured through
Duck La'ke Spawning To assess spawning success. fishing. Sample habitat characteristics to verify habitat is functioning as Yearly for the first three years in August, then years 5 and 10.
Connection intended (i.e., water depth, presence of spawning substrate).
To track temporal change in fish occupancy, abundance | Key locations within the [ Abundance will be estimated by variety of fishing techniques in each area. ) .
Fish Abundance and population structure. habitat (around habitat Cath-per-unit-effort will be determined. Yearly for the first three years in August, then years 5 and 10.
- - - structures). . : -
Usage Evaluate available fish habitat and use, and to track Document where fish are captured and whgt h.abltat they are using through all Yearly for the first three years in August, then years 5 and 10.
temporal change. components of the monitoring program.
Health Provide fish population healltlh, specifically growth and Subsample target. species for Iength, weight and age. Qeterm!natlon of Yearly for the first three years in August, then years 5 and 10.
condition. growth, condition, age and size class composition (if possible).
Aquatic/Riparian J—eo Z?ac;romn)er;tjz:rz:zsgi)ogr:es'rsoo(;gtfrr;i(:gitagﬁlﬁniglﬁsgiﬂt Visual inspection (photo documentation) of aquatic and riparian vegetation Twice yearly (e.g., June and August) during every monitoring
Vegetation 9 d identify I y Key location within the growth and survival conducted in June and August. year (Year 1, 2, 3, 5, and 10).
Habitat and identily any erosion ISSues. connections. A minimum
To document whether key habitat structures (boulder | of 1 area will be identified. ) . . . . . Visual inspection for stability and function to occur during every
Structure L . Visual inspection of constructed habitat, size, form and function. o
clusters, fallen trees, etc.) are functioning as designed. monitoring year (Year 1, 2, 3, 5, and 10).
To visually assess and document (via temporal . . . S . .
Small Recon / Photo photographs) channel performance. Augments Visual inspection (and photo documentation in set locations) of realigned Once per year for the first three years, then years 5 and 10.
Tributary Inventory Lo . . channels.
. quantitative evaluation discussed below. .
Connections Geomorphology The entirety of each
Quantitative To quantitatively document channel adjustment using connection channel. . . - ) . .
: o Detailed geomorphic survey (longitudinal profile, cross-sections, bank erosion ]
(Unnamed Performance established performance targets and temporal monitoring . . . Once per year for the first three years, then years 5 and 10.
. and substrate measurements). Evaluation via performance metrics.
Pond Outlet, Metrics surveys.
Aggregate Pit
Outlets, Little Document number and where young-of-the-year fish are captured through
Clam Lake to Spawning To assess spawning success. fishing. Sample habitat characteristics to verify habitat is functioning as Yearly for the first three years in August, then years 5 and 10.
East Clam intended (i.e., water depth, presence of spawning substrate).
Lake) in fi i ; Shi i i
Abundance To track temporal ghangelz I? flshtocctupancy, abundance Locations to include a Abundance will b(ca:etshtlmated .tt)y ?fp?tt ellﬁx;)trocfjlsthlng‘ang minnow trapping. Yearly for the first three years in August, then years 5 and 10.
Fish and population structure. variety of habitat (riffle, ath-per-unit-effort will be determined.
Usage Evaluate available fish habitat and use, and to track pool) Document where fish are captured and whgt hlabltat they are using through all Yearly for the first three years in August, then years 5 and 10.
temporal change. components of the monitoring program.
Health Provide fish population healltlh, specifically growth and Subsample target.s.pemes for Iepgth, weight and age. Petermlnatlon of Yearly for the first three years in August, then years 5 and 10.
condition. growth, condition, age an size class composition (if possible).

Note: WRC = Water Realignment Channel, Recon - Reconnaissance, CABIN= Canadian Aquatic Biomonitoring Network
@ Key habitat structures can include fallen trees, riffle, pools, rocky shoals, etc..

b Sampling protocol will depend on habitat available.
¢ Depositional area to be sampled, above thermocline - reference baseline.
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Table 5.2: Proposed Initial Geomorphic Stability Performance Targets

gn:,:gz::gt Description Minimum Tier 1 Performance Target (Local Scale) (;;Lﬁ :i:‘;r;n:;;z:‘aﬁi)
The rate of bedform development, erosion and deposition in the
longitudinal direction. Includes monitoring the location and WRC Channels
arrangement of riffles, runs and pool zones (if present), as well as 1+25% change (beyond survey variability) in reach averaged pool
other features of geomorphological significance. depth or riffle/run crest based on objective (residual pool) method.

WRC Channels

Objective bedform analysis will also be undertaken to better +15% change (beyond survey variability) in discrete pool depth or |Habitat Enhancement Locations

Longitudi quantify the nature of the bedform changes over time. While this |riffle/run crest based on objective (residual pool) method. 1+25% change (beyond survey variability) in reach averaged pool

ongitudinal . o . ) . e .
Profile type analysis is less telling in a single year’s data set, over the depth or riffle/run crest based on objective (residual pool) method.

course of the program the observed changes provide an
unbiased, quantitative measure of the degree in changes to bed
morphology. The primary advantage to the objective methods is
that they remove operator bias in the identification of the
beginning and end of bedforms. For example, even the most
experienced practitioners can have different definitions for these
features.

Habitat Enhancement Locations
125% change (beyond survey variability) in discrete pool depth or
riffle/run crest based on objective (residual pool) method.

All

Longitudinal plot of net erosion and deposition based on surveyed
longitudinal profiles. This metric helps to identify inherent survey
variability associated with temporal measurements of river
systems.

Cross-sections

The rate of cross-sectional change of the bankfull channel.

WRC Channels
1+15% change in bankfull cross-sectional area (beyond survey
variability).

Habitat Enhancement Locations
1+25% change in bankfull cross-sectional area (beyond survey
variability).

WRC Channels
Longitudinal plot of cross-sectional area change.

+15% change in reach averaged bankfull cross-sectional area
(beyond survey variability).

Habitat Enhancement Locations
Longitudinal plot of cross-sectional area change.

1+25% change in reach averaged bankfull cross-sectional area
(beyond survey variability).

Lateral Bank

Excess erosion is determined visually based on the degree of

All
+10 cm annual lateral bank migration (averaged over identified

All
Longitudinal plot identifying bank erosion rates. Reach averaged

Erosion bank exposure, bank angle and absence of stabilizing vegetation. eroding bends) (beyond survey variability). trends to be identified based on analysis of longitudinal plot.
All
All Plotting of longitudinal trend of substrate coarsening or fining. No
Substrates The rate of change of the size of channel bottom materials. Local changes exceeding an order of magnitude will be flagged 9 9 9 9.

and investigated.

metric is proposed. Rather, the results will be compared back to
the longitudinal bedform findings.

Reconnaissance/
Photo
Documentation

Overall review of each reach, looking for instances of significant
instability that might not otherwise have been captured by the four
metric categories (above). For example, construction of a beaver
dam at a critical location or erosion at a pedestrian bridge.

This component also includes the overall collection and
compilation of the photographic record.

N/A

N/A

Note: WRC = Water Realignment Channel
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may be updated as additional data are collected and analyzed. Calculated metrics will be
compared to visual field assessments (and photographs) and plotted survey data to corroborate
performance targets and to flag instances where channel adjustments may be beyond that of
natural or expected conditions. Monitoring will be conducted on an annual basis for the first three
years and in year five and ten post-commissioning (Table 5.1).

5.2.1.2 Habitat Structures and Vegetation

Generally, habitat structures created will be monitored for size, form and function (i.e., proposed
riffle areas are present where proposed, pools are of designed depths) and compared to the
habitat design specifications (Table 5.1 and Figure 5.1). The habitat quality and quantity will be
documented and augmented with photographs for key structures and/or habitats similar to a
reconnaissance-level baseline survey. More specifically, site characteristics such as wetted
width, bankfull width, gradient, residual pool depth (or lake depth), substrate size, obstructions,
riparian area properties, Secchi depth, etc. will be documented. Key structures (e.g., boulder
clusters, large woody debris, and rocky shoals) within the designed habitat will also be
documented (i.e., UTMs recorded and photographs taken). If structures are not functioning as
planned, these will be documented, and remediation proposed to address the specific issue.

Aquatic and riparian vegetation at each offsetting area will be assessed annually for the presence
of invasive species via a sweep which will be conducted concurrently with a general habitat
assessment that includes vegetation (Table 5.1 and Figure 5.1). Additionally, more detailed
aquatic vegetation monitoring will be conducted within the offsetting areas at locations that are
intended to provide critical fish habitat in order to ensure the stability and functionality of
these areas. Specifically, three areas will be chosen within each of the main offsetting areas
(WRC1, WRC2, New Lake, Aggregate Pit #3, and Bagsverd Aggregate Pit); the three areas will
correspond with aquatic vegetation planting areas within the offsetting areas (Figures 3.6, 3.7,
3.10, 3.14, and 3.15). The areas chosen for monitoring will be representative of the range of
habitats within each offsetting area that will be utilized by fish; a transect will be established in
each area and three 2 m x 2 m quadrats will be assessed along each transect. In June of each
monitoring year, progress and succession of aquatic vegetation will be assessed through
photo documentation. In August, at the end of the growing season, a more in depth assessment
will be conducted at each established quadrat which will include surveys of species diversity,
assessment of functionality (i.e., as fish habitat, for example calculation of percent cover) as well
as photo documentation to determine survival and growth. This monitoring will be conducted
annually for the first three years following commissioning of the habitat. Prior to the end of the
warrantee period (for the riparian vegetation), each area will be assessed for percent survival and
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vegetation success will be documented in the monitoring report. Any drone imagery available will
also be included in the monitoring reports.

5.2.1.3 Benthic Invertebrate Community and Biomass

Benthos are ecologically important to the newly constructed habitat and will aid in the cycling of
nutrients and provide a food base for fish. Monitoring will evaluate the natural colonization of the
benthic communities within the constructed habitat and determine if an adequate food source is
available for fish.

Benthic invertebrates will be monitored for community composition, structure, biomass, and
density in both in the lotic (e.g., realignment channels) and lentic habitat (e.g., New Lake;
Table 5.1 and Figure 5.1). Previous assessments of the benthic community within the Mollie
River and Neville Lake watersheds have revealed the presence of only generalist species
therefore, an index focused on sensitive species would likely not be appropriate for this site.
Taxonomic richness (total number of taxa) will be calculated and has been found to be more
sensitive in detecting differences between exposed and reference areas than other tolerance
based indices (i.e., Hilsenhoff's biotic index; Kilgour et al. 2004). Benthic invertebrate density
monitoring will provide an adequate metric of the abundance of invertebrate forage available
for fish. Benthic collection methods will depend on habitat (e.g., erosional habitat will use a Hess
sampler, lentic habitat will use a Petite Ponar and/or D-net) and follow Environmental Effects
Monitoring protocols (EC 2012). For the lentic habitat, it is anticipated that the substrate may be
too hard for a Petite Ponar to penetrate (if all organic soils are removed, substrate will be sand
or clay), therefore it is proposed that a kick and sweep sampling protocol be conducted up to
1 m depth. Depending on the amount of vegetation transplanted, it is recommended that benthic
sampling commence in year two of sampling so not to hinder plant growth and establishment in
these areas. Samples will be sent to a qualified benthic taxonomist for analysis, where they will
be identified to the lowest practical level of taxonomy (typically genus or species) using methods
described by EC (2012, 2014). Organisms will be grouped at the family-level of taxonomy for
weighing (i.e., preserved wet weight biomass) to estimate total biomass. In general, samples will
be collected from depositional and erosional areas within the newly constructed habitat and
results compared to reference lakes and streams (non-constructed habitat), and/or to baseline
information collected from original waterbodies (Table 5.1 and Figure 5.1). Success criteria
triggers will be developed and will focus on the baseline distribution or + 2 standard deviations
from baseline/reference.

82



minnow environmental inc. IAMGOLD
Project 187202.0015 Cété Gold Project Offsetting Plan

5.2.2 Water Quality and Flow

Water quality monitoring is ongoing at the Cbété Gold site. Furthermore, environmental
management plans (EMPs), including quality assurance and quality control procedures, are being
developed to support water quality and flow monitoring during construction and operational
phases. These plans will be available for DFO review if requested (see Appendix Table F.2 for
anticipated review schedule). The water quality up and downstream, as well as within the
constructed habitats will be monitored to evaluate post-construction conditions (Table 5.1 and
Figure 5.1). Hydrometric data will also be collected at key locations around the site (i.e., Mollie
River). In addition, an adaptive management plan is also being developed that will ensure that
appropriate actions are taken if water quality degradation were to be identified. Water levels in
Upper Three Duck Lake, New Lake, Unnamed Pond, and Clam Lake as well as flow in all
constructed channels will be monitored.

Results for samples collected during the year of evaluation will be tabulated and compared to
water quality guidelines, background, and baseline. In addition, water quality, level, and flow will
be summarized and compared to optimal habitat conditions for the target fish species, fish
passage through culverts, and confirm habitat suitability.

5.2.3 Fish Utilization, Abundance, Community Structure and Health

Fish community structure and abundance within created habitat will also be included in the
monitoring program. The objective of this aspect of the program will be to demonstrate fish usage
of the created habitat for the intended life history stage (e.g., spawning, juvenile rearing, and
adult foraging). In addition, the monitoring will demonstrate whether the fish populations are
successful (reproducing) and are healthy (condition), where both small- and large-bodied fish
sampling will be incorporated.

Small- and large-bodied fish will be assessed for composition and abundance. It is essential that
the small-bodied fish populations are thriving within the newly created habitats in order to provide
a solid food base for the predatory fish populations. Standardized electrofishing (lotic habitat)
and hoop netting (lentic habitat), will be employed to determine abundance (catch-per-unit-effort),
along with supplemental seining and minnow trapping within in a variety of different fish habitats
(i.e., riffle, pool, nearshore; Table 5.1 and Figure 5.1). During year-five post-construction, a
population study will be conducted in New Lake. All fish captured will be identified, enumerated,
and sampled (measured for weight and length) prior to release at their capture location. Habitat
conditions will also be measured (e.g., water depth, water velocity, substrate characteristic,
temperature and dissolved oxygen). Reproduction or spawning success will be determined
indirectly through evaluation of catch results and presence of young-of-the-year fish. Direct

/_\__
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spawning observation for key target species (northern pike, yellow perch, walleye, whitefish) can
be very challenging for this area (and is largely dependent on water clarity), especially when the
surface area to be covered is substantial. Confirming spawning through direct observation of
YOY also gives an indication of the spawning success/survival of young. Supplemental
monitoring may be included where spawning success could be determined visually during the
spring spawning period. Growth and condition will be evaluated by collecting lengths and weights
(supplemental age data), which can then be compared to data collected during baseline studies
(Minnow 2014, 2017a). Similar to other monitoring components, success criteria will be
determined and outlined in the Fish and Fish Habitat EMP. Triggers for endpoints such as
abundance and condition will focus on the baseline distribution (data collected in baseline and
the salvage work) or + 2 standard deviations from baseline/reference.

5.3 Reporting and Scheduling

Monitoring the functionality of the created habitat, succession of vegetation, colonization of
benthic communities, and fish use will be completed each year for the first three years following
commissioning, and at year five and ten thereafter. Progress reports will be prepared following
each field monitoring program for submission to DFO by May 30™ of the following year, with an
integrated report prepared following the first three years of monitoring and then subsequent
reports prepared at year five and ten (Table 5.1).
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6 COSTS

Costs have been developed for each component/phase of the project which include construction,
dewatering and fish salvages, implementing mitigation measures (planting and
biological transplants) and monitoring (including during and post-construction) broken down by
phase and Section 35 versus Schedule 2 activities. It is anticipated that the construction phase
of the project will commence in the summer months and continue for approximately three years
(see Section 4.1 for more details). Specifically, construction costs’ include construction (i.e., all
new habitat and installation of culverts), fish salvage and dewatering, planting and biological
transplants, and monitoring during and post-construction (Tables 6.1 and 6.2). Costs associated
with implementing mitigations measures include fish salvages preconstruction (see Section 4.3),
monitoring during construction (see Section 4.4), and vegetation and benthic invertebrate
transplants, as well as fish relocations, post-construction (see Section 4.7) in the constructed
habitat to reduce lag times. Lastly, post-construction monitoring will evaluate the habitat
constructed and is proposed to occur annually for the first three years and at year 5 and 10
(see Section 5). Total estimated costs (+ 30%; excluding taxes) associated with the project have
been summarized in Table 6.1 for Section 35 activities and Table 6.2 for Schedule 2 activities.

7 Based on IFC design drawings.

/—\_
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Table 6.1: Summary of Construction, Fish Salvage, Dewatering, Biological Transplants, and Monitoring Costs Under Section 35 for the Co6té Gold Project

Estimate Cost (* 30%)

.. . s Phase 1 Phase 2 Phase 3 Operations Total Cost
Activity Location Description + 30%
First Year of Second Year of Third Year of Years 1-3 Post- Year 5 Post- Year 10 Post- @ )
Construction Construction Construction Construction Construction Construction
Excavate & install features, riparian vegetation in the
WRCH1 extension of Clam Lake $382,413 ) ) ) ) ) $382,413
Installation of Culverts $990,000 - - - - - $990,000
WRC2 Excavate & install features, riparian vegetation planting $3,387,262 - - - - - $3,387,262
North Dam Diversion Ditch $255,000 - - - - - $255,000
North Dam $2,633,000 - - - - - $2,633,000
New Lake South Dam $1,318,000 - - - - - $1,318,000
Construction Excavation & install features $3,699,000 - - - - - $3,699,000
WRC2 Bypass (Water Diversion) $450,000 - - - - - $450,000
Mollie River Road Crossing Install culverts for access & haul roads $2,778,000 - - - - - $2,778,000
Unnamed Pond Outlet Excavate & install features, riparian vegetation planting $842,992 - - - - - $842,992
Aggregate Pit #3 Remediation & Connection to . N . .
Middle Three Duck Lake Excavate & install features, riparian vegetation planting - $6,330,675 - - - - $6,330,675
Aggregate Pit (Bagsverd) Remediation & . N . . ) ) ) ) )
Connection to Bagsverd Creek Excavate & install features, riparian vegetation planting $9,332,429 $9,332,429
East Clam Lake & Clam Creek $150,000 - - - - - $150,000
Clam Lake $70,000 - - - - - $70,000
\E/)V:;t Beaver Pond & Outlet to TMF Seepage East $100,000 ) ) ) ) ) $100,000
Unnamed Pond Outlet Fish capt ) & rel ) te relocatt $10,000 - - - - - $10,000
Fish Salvage |East Beaver Pond Outlet ISh capture, transport, & release to appropriate relocation $8,000 - - ) - - $8,000
areas as described in Table 4.3
Mollie River (within New Lake & Open Pit footprint) $650,000 - - - - - $650,000
North Beaver Pond - $10,000 $10,000
Coté Lake - $40,000 $210,000 - - - $250,000
West Arm of Upper Three Duck Lake - $45,000 $600,000 - - - $645,000
Clam Lake, East Clam Lake, West Beaver Pond,
Mollie River & Tributaries $3,005,000 i i ) ) ) $3,005,000
Dewatering® |North Beaver Pond & East Beaver Pond Staged dewatering in coordination with fish salvage - $10,000 - - - - $10,000
Coté Lake & West Arm of Upper Three Duck Lake - - $373,000 - - - $373,000
WRC1 (lake extension) & WRC2
New Lake
Planting and |ynnamed Pond Outlet ; ; ; loq i
. . Aquatic vegetation planting & biological transfers (benthic
Biological | g regate Pit #3 Remediation & connection to invertebrates and fish) - $150,000 $75,000 - - - $225,000
Transplants |\jigdle Three Duck Lake
Bagsverd Aggregate Pit Remediation & connection
to watershed
WRCH (lake extension) & WRC2 Construction Monitoring (e.g., TSS, erosion, entrainment, $100,000 $50,000 $50,000 - - - $200,000
entrapment, impingement)
New Lake Geomorphology & Stability - $100,000 $80,000 $255,000 $85,000 $85,000 $605,000
Monitoring Xnname? ';T:ﬁ:ﬂet diation & tion t Fish & Fish Habitat Monitoring (Habitat Structure, Aquatic
ggregate ri emediation & connection to Vegetation Growth, Benthic Invertebrate Community
Middle Three Duck Lake o ~ |Composition, Fish Utilization, Abundance, Community ) ) $100,000 $300,000 $100,000 $100,000 $600,000
Bagsverd Aggregate Pit Remediation & connection |strycture & Health)
to watershed
TOTAL $20,828,667 $16,068,104 $1,488,000 $555,000 $185,000 $185,000 $39,309,771

Notes: WRC = Water Realignment Channel, TMF= Tailings Management Facility, TSS = Total Suspended Solids
?Includes cost of water barriers and fuel.
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Table 6.2: Summary of Construction, Fish Salvage, Dewatering, Biological Transplants, and Monitoring Costs Under Schedule 2 for the C6té Gold Project

Estimate Cost (£ 30%)
Phase 1 Phase 2 Phase 3 Operations Total Cost
Activity Location Description (£ 30%)
- (J
First Year of = Second Year of Third Year of Years 1-3 Post- Year 5 Post- Year 10 Post-
Construction Construction Construction Construction | Construction @ Construction
WRCH (stream habitat) Excavate & install features, riparian vegetation planting $382,413 - - - - - $382,413
WRC1 Bypass (Water Diversion) $700,000 - - - - - $700,000
Construction gﬁgir:_r;ekcetlon of Weeduck Lake & Upper Three Excavate & install features, riparian vegetation planting $112,481 - - - - - $112,481
E::l;nel between Little Clam Lake & East Clam Excavate & install features, riparian vegetation planting - $133,199 - - - - $133,199
Reconnection of East Clam Lake & Clam Lake |Excavate & install features, riparian vegetation planting $57,956 - - - - - $57,956
. U.nnam.ed Waterbodies #1-6 & associated Fish capture, transport, & release to appropriate - $100,000 - - - - $100,000
Fish Salvage |tributaries relocation areas as described in Table 4.3
East Beaver Pond ’ - $20,000 $20,000
Unnamed Waterbodies #1-6 & associated
Dewatering® |tributaries Staged dewatering in coordination with fish salvage i $566,000 i i i i $566,000
East Beaver Pond - $10,000 - - - - $10,000
WRCH1
Reconnection of Weeduck Lake & Upper Three
Planting and |Dyck Lake . . . . .
. . . Aquatic vegetation planting & biological transfers ) i i i
Biological |Channel between Little Clam Lake & East Clam (benthic invertebrates and fish) $20,000 $10,000 $30,000
Transplants |Lake
Reconnection of East Clam Lake & Clam Lake
WRC1 Cons'tructlon Monitoring (ef.g.,'TSS, erosion, $50,000 $15,000 ) i i i $65,000
entrainment, entrapment, impingement)
gﬁgE”Lr;i"et'O” of Weeduck Lake & Upper Three | ohology & Stability - $25,000 $20,000 $45,000 $15,000 $15,000 $120,000
Monitoring Connecting Channel between Little Clam Lake & |Fish & Fish Habitat Monitoring (Habitat Structure,
East Clam Lake Aquatic Vegetation Growth, Benthic Invertebrate . . $30,000 $100,000 $20,000 $20,000 $170,000
c ting East Clam Lake & Clam Lak Community Composition, Fish Utilization, Abundance,
onnecting East Liam Lake am Lake Community Structure & Health)
TOTAL| $1,302,850 $889,199 $60,000 $145,000 $35,000 $35,000 $2,467,049

Notes: WRC = Water Realignment Channel, TMF= Tailings Management Facility, TSS = Total Suspended Solids; West Beaver Pond outlet and Unnamed Lake #3 tributaryare not included in the table as they will be fished out during operations.

?Includes cost of water barriers and fuel.
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A1 HABITAT SUITIBILITY INDICES

A1 Introduction

The fish communities within stream and lake habitats of the study area were generally
dominated by northern pike (Esox lucius) and yellow perch (Perca flavenscens). Walleye
(Sander vitreus), white sucker (Catostomus commersonii), and lake whitefish (Coregonus
clupeaformis) were also common and varied in abundance depending on habitat. Smallmouth
bass (Micropterus dolomieu) and burbot (Lota lota) were only present in low abundance in a
few lakes. In addition to these species, fifteen small-bodied species were also identified (Table
A.1). Based on the existing fish community composition, the habitat assessment was
conducted for five key large-bodied fish (northern pike, yellow perch, lake whitefish, walleye,
and smallmouth bass) and small-bodied fish species (in areas where only small-bodied fish
were observed).

Fish habitat was evaluated based on the quality of spawning and incubation, rearing (juvenile),
foraging (juvenile/adult), and overwintering habitat available. It is assumed that these species
requirements should cover the gamut of habitat required for the remaining fish community
within the affected area. Habitat requirements for each life stage of each large-bodied species
are described in detail in the following sections. Burbot and white sucker were included in the
summaries to demonstrate the overlap in habitat requirements of other large-bodied fish
species. The availability of these habitat requirements within a waterbody has been ranked
for each combination based on a scale from 1 (excellent) to 0 (no available habitat), for which
the available habitat within the study area lakes and streams could be evaluated. These
classifications/rankings are presented in Table A.2 for each large-bodied species evaluated.

A1.2 Burbot

Burbot are a widely distributed fish species in Canada; their range extends west from New
Brunswick to central and eastern British Columbia and north to the continental portion of the
Northwest Territories, Yukon, and Nunavut (Scott and Crossman 1998).

Burbot spawn in lakes (Boag 1989), rivers (Johnson 1981, Paragamian 2000), and streams
(Arndt and Hutchinson 2000) between January and March, depending on latitude. In lakes,
spawning usually occurs under ice cover in near-shore shallows (1.5-10 m deep; Johnson
1981, Boag 1989) or over shallow off-shore reefs and shoals (McCrimmon 1959). Preferred
spawning substrate is usually gravel, cobbles, and sometimes sand, and that is relatively free
of silt (Boag 1989). In rivers, burbot spawn in low velocity areas in main channels (Breeser et
al. 1988) and in side channels behind deposition bars (Sorokin 1971). The preferred substrate
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in rivers is fine gravel or sand. Male burbot arrive on the spawning grounds first, followed in
three or four days by the females; there is no nest preparation and most spawning activity
takes place at night (Scott and Crossman 1998). Surface water temperature during the
spawning period is usually 0.6°C to 1.7°C. Burbot eggs are small (1.3 to 1.8 mm) and are
broadcast randomly in the water column well above the substrate (Fabricius 1954). Eggs are
semi-buoyant when first spawned, then become demersal.

Embryos typically hatch in 30 days at 6°C, however depending on latitude the larvae appear
from late February to June. In the Great Lakes, young-of-the-year (YOY) undergo a diel
vertical migration (Oyadomari and Auer 2004), presumably to avoid predation, to pursue
migrating prey, and/or for energetic optimization (Donner and Eckmann 2011). Young-of-the-
year are initially pelagic; they settle to the bottom at about 68 days, then migrate along the
profundal zone toward shore, where they presumably stay (Fischer 1999, Hofman and Fischer
2001), sheltering under stones and debris in shallow bays and along rocky shores during the
day and then foraging at night (Boag 1989). In rivers and streams, YOY burbot also shelter in
weed beds, under rocks, debris, and undercut banks during the day (Hanson and Qadri 1980).
Sub-adult burbot occupy essentially the same habitat as YOY: shallow littoral environments
with rocks, weeds, or debris as cover (McPhail and Paragamian 2000). Young burbot continue
to inhabit shallow lake waters but eventually move to deeper water during the summer to take
advantage of cooler temperatures.

In central and southern Canada, adult burbot are typically found in deep waters of lakes where
they are restricted to the hypolimnion in summer and co-occur with lake trout, whitefishes, and
sculpins; in northern Canada they are also present in large, cool rivers. The optimal
temperature range for adult rearing is 15.6°C to 18.3°C with an upper limit of approximately
23.0°C (Scott and Crossman 1998). Burbot may move from deep to shallower water at night
during the summer months. In the north, summer habitat is often in the river channels of lakes
(Scott and Crossman 1998). In lakes, small burbot feed primarily on benthic invertebrates but
at lengths greater than 500 mm burbot feed almost exclusively on other species of fish
including ciscoes, walleye, yellow perch, alewife, smelts, sculpins, trout-perch, and
sticklebacks (Scott and Crossman 1998).

Although information on optimal criteria for dissolved oxygen in burbot habitat is scarce, levels
in excess of 6 mg/L are likely preferred for overwintering.

A1.3 Lake Whitefish

Lake whitefish are a cool water species (Scott and Crossman 1998). Spawning usually takes
place in lakes in late fall, September to December depending on latitude, at water temperatures
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of less than 8 °C (Bradbury et al. 1999, Bégout Aras et al. 1999, Scott and Crossman 1998).
Lake whitefish are littoral spawners; spawning usually occurs in shallow water at depths of less
than 7.6 m, but can occur at depths up to 30 m in larger lakes (Bradbury et al. 1999, Scott and
Crossman 1998). Typically, eggs are broadcast at depths ranging from 2 to 4.5 m (Bégout
Anras et al. 1999). Preferred spawning substrate is a hard or stoney bottom usually composed
of gravel, cobble, flat stones, or boulder but spawning may occasionally occur over sand
(Bradbury et al. 1999, Bégout Anras et al. 1999, Scott and Crossman 1998). Lake whitefish
have been observed spawning in rivers over gravel or rubble substrates at depths less than
one meter (Bradbury et al. 1999, McPhail 2007). Site fidelity has been observed for lake
whitefish towards specific substratum and slope characteristics, and low fidelity toward
geographical location (Bégout Anras et al. 1999). Mud bottoms are generally avoided by both
lake and river spawners (Bradbury et al. 1999).

Eggs will remain on the spawning substrate for four to six months and typically hatch from April
to May. Once hatched, fish will remain within the general vicinity of the spawning area (Scott
and Crossman 1998, Bégout Anras et al. 1999). Young-of-the-year are generally found over
gravel, cobble, or boulder substrate and typically remain in these shallow inshore areas until
water temperatures increase (Bégout Anras et al. 1999, Scott and Crossman 1998). They can
be associated with emergent vegetation, often within 1 m of shore (McPhail 2007). Juvenile
lake whitefish occupy similar habitat to those used by adults, however they are tolerant of
higher temperatures (15.5 to 19.5 °C), and therefore can be found in the summer in shallower
waters compared to adults (McPhail 2007). By late fall, juveniles begin to move into deeper
water as the adults migrate to shallower water to spawn (McPhail 2007).

Adult lake whitefish are bottom feeders consuming a wide variety of bottom-living invertebrates
and small fishes (Scott and Crossman 1998). They descend into cooler waters of the
hypolimnion during summer months if thermal stratification exists. Preferred temperature
range is from about 8 to 14 °C, although they can tolerate ranges from near 0 to 22 °C
(McPhail 2007). Outside of the spawning period, adults show no preference for substrate type
(Bégout Anras et al. 1999). During spring both juveniles and adults leave deeper water and
move into shallower water, returning to deeper, cooler depths as summer water temperatures
increase (Scott and Crossman 1998, Bégout Anras et al. 1999).

Al4 Northern Pike

Northern pike are large piscivores that are important in “top—down” predatory regulation of the
fish community and can tolerate a wide range of environmental conditions (Casselman and
Lewis 1996). Their occurrence over a broad latitudinal belt (e.g., from Great Bear Lake in the
Northwest Territories to Lake Mendota in southern Wisconsin) demonstrates their adaptability
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to a variety of thermal regimes (Inskip 1982). Optimal conditions include cool-water, shallow
(less than 12 m), productive, mesotrophic to eutrophic environments (Casselman and Lewis
1996).

Northern pike are spring spawners with spawning taking place shortly after the ice melts when
water temperatures reach 8 to 12 °C (Casselman and Lewis 1996, Inskip 1982). Pre-spawning
movements are typically triggered by warming water and movement of ice from the shoreline.
Both lake and river populations of northern pike can migrate up tributaries to flooded marshes,
wetlands, or shallow pools (Inskip 1982). Spawning occurs over vegetation in areas of calm,
shallow water (Inskip 1982). Optimal substrate for spawning includes flooded vegetation, with
preference for grasses and sedges, but other vegetation is also used (Casselman and
Lewis 1996). The substrate should be adequate to trap eggs and suspend them above the
bottom sediment where anoxic conditions can develop (Casselman and Lewis 1996). Eggs
are broadcast and adhere to vegetation and typically hatch in 12 to 14 days at adequate water
temperatures (Scott and Crossman 1998). Once hatched, alevins remain within the
vegetation, feeding on the stored yolk (Scott and Crossman 1998). Northern pike embryos are
sensitive to heavy siltation caused by excessive wave action and/or currents (Casselman and
Lewis 1996).

Young-of-the-year northern pike grow rapidly and increase in size and activity, therefore their
physical habitat needs change, and as they grow their preferred depth range increases
(Casselman and Lewis 1996). They are usually found in moderately dense vegetation, and
prefer submerged vegetation with some emergent and floating vegetation (Casselman and
Lewis 1996). In late summer and early fall, YOY use a wider range of depths (approximately
10 cm in depth for every 10 mm of body length until 150 mm in length; Casselman and
Lewis 1996).

Typically, adult northern pike inhabit water shallower than 4 m, are within 300 m of shore, and
frequently associate with vegetation (Inskip 1982). They are rarely found at depths greater
than 10 m and rarely venture below the thermocline (Inskip 1982). Northern pike populations
typically require a minimum of 30% vegetative cover, and are generally most abundant when
vegetation is moderately dense (31 to 70%; Casselman and Lewis 1996). In winter, northern
pike will tend to occupy deeper habitats as ice cover and decaying vegetation deplete dissolved
oxygen in the nearshore habitat (Casselman and Lewis 1996).

Dissolved oxygen concentrations are usually the most important variable affecting
overwintering survival (Inskip 1982). Northern pike are more tolerant of low dissolved oxygen
conditions during the winter than are many other species (Inskip 1982). They are able to
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tolerate concentrations as low as 0.1 to 0.4 mg/L for at least several days, and over longer
term periods, concentrations greater than 1.5 mg/L are required for survival (Inskip 1982).

Northern pike are not adapted for strong currents, and therefore, throughout their range occur
more frequently in lakes than in rivers (Inskip 1982). In rivers, they will inhabit backwater and
pools, and avoid channelized reaches and currents greater than 1.5 m/s (Inskip 1982).
Currents stronger than this can block spawning migrations (Inskip 1982).

A1.5 Smallmouth Bass

Originally, smallmouth bass were limited to the Great Lakes-St. Lawrence system in Canada,
however, since this species has been widely introduced outside its original range, it now occurs
from Nova Scotia to central Saskatchewan (Scott and Crossman 1998, Edwards et al. 1983).
It is also found in eastern British Columbia and Vancouver Island as a result of invasion from
introductions in Washington State (Scott and Crossman 1998).

Bass are primarily a lake fish, but they can also inhabit rivers. They prefer large, mesotrophic,
clean and clear lakes (greater than 40.5 ha) with an average depth of over 9 m with rocky
shoals and wide rivers or streams (greater than 10.5 m wide; Edwards et al. 1983). Optimal
river habitat includes cool and clear water, with moderate current and composed of greater
than 50% pool habitat (Brown et al. 2009b, Edwards et al. 1983). Shade and cover should be
abundant with substrate composition comprised of gravel and larger material (Brown et al.
2009Db).

In northern areas, smallmouth bass spawn as late as June or July, and the eggs hatch after 4
to 10 days at appropriate temperatures (13 to 25 °C; Edwards et al. 1983, Scott and
Crossman 1998). They typically spawn over a period of 6 to 10 days (Scott and
Crossman 1998). Nest construction is conducted by the males and nests can be found at 0.61
to 6.1 m, although rarely at depths greater than 3 m. Smallmouth bass spawn on sand, gravel,
or rocky bottoms of lakes or rivers, usually near the protection of rocks or large woody debris
(Scott and Crossman 1998, Edwards et al. 1983, Brown et al. 2009b). Optimal substrate size
is considered to be 30 mm (Clark et al. 1998). Nests can typically be found in protected areas
of lakes, such as coves, bays, and shorelines where water warms the earliest in the spring
(Brown et al. 2009b). Optimal spawning temperature ranges from 12.8 to 21°C
(Brown et al. 2009b, Scott and Crossman 1998). The male will guard the nest and the young
for approximately two weeks after they hatch and before they disperse (Scott and
Crossman 1998, Brown et al. 2009b).

In river habitat, fingerling bass are abundant in isolated pools, sloughs, and shallow still-water
areas along banks, whereas juveniles can be found under larger substrate or shallow water
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(Brown et al. 2009b). In lakes, juveniles spend most of their time in quiet water near cover,
such as brush or rocks (Edwards et al. 1983). Young bass have a schooling tendency
(Brown et al. 2009b).

Bass seek protection from light at all stages (Edwards et al. 1983) and will seek cover under
angular bedrock crevices, or under banks or pools in rivers and deep water in lakes
(Brown et al. 2009b). Adult bass will use all forms of submerged cover (e.g., rocks, stumps,
root-masses, trees, boulders, and crevices) without any apparent preference
(Edwards et al. 1983). In the summer, they will occupy the warm epilimnetic waters of shallow
lakes (Brown et al. 2009b). Inrivers, bass movements may be more restricted and they appear
to respect stream riffles as boundaries (Brown et al. 2009b). When water temperatures dip to
15 to 20 °C in the fall, adults seek deeper water, and when temperatures reach 10 °C they
become inactive and cease eating (Scott and Crossman 1998, Edwards et al. 1983). Lakes
should be at least 3 to 15 m deep to support over-wintering bass (Brown et al. 2009b).

Optimal dissolved oxygen levels for smallmouth bass vary by life stage. Dissolved oxygen
requirements for eggs require levels to be at or greater than 7 mg/L, embryo/larvae
development requires greater than 6.5 mg/L and normal activities require greater than 6 mg/L
(Brown et al. 2009b, Edwards et al. 1983). Smallmouth bass can tolerate periodic turbidity,
however, excessive turbidity and siltation will reduce populations (Edwards et al. 1983).

Water temperature is one of the most important environmental variables to affect smallmouth
bass (Edwards et al. 1983). It influences range and distribution, migration, spawning, nest
guarding behaviour, success of incubation, growth rate, and winter survival
(Brown el al. 2009b, Edwards et al. 1983). Optimal range for adult rearing is 21 to 27 °C, with
an upper limit of 32 °C (Brown et al. 2009b). Water temperatures must be sufficient for
adequate growth of YOY for winter survival (Brown et al. 2009b). Therefore, the northern
distribution of smallmouth bass is limited by temperature, as the size of fish in autumn is
correlated with their over-winter survival and length of starvation period (Brown et al. 2009b).

A1.6 Walleye

Walleye are a highly successful species inhabiting a wide range of latitudes and habitat
conditions including rivers, lakes, lake-river networks, and reservoirs. Walleye have evolved
physiology and behaviour to efficiently utilize low light, turbidity, and nocturnal conditions,
allowing them to effectively partition habitat with most other co-occurring species (Kelso 1978).
They are most abundant in moderate-to-large mesotrophic lacustrine (greater than 100 ha) or
riverine systems, or smaller oligotrophic lacustrine or riverine systems characterized by cool
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water temperatures, shallow to moderate depths, extensive littoral areas and moderate
turbidities (1 to 2 m secchi disc; Scott and Crossman 1998, McMahon et al. 1984).

Spawning occurs in the spring, shortly after ice break-up in a lake, at water temperatures of
6.7 to 8.9°C (Scott and Crossman 1998), with most spawning occurring in the range of 6 to
11°C (McMahon et al. 1984). Spawning grounds are rocky areas in white water, riffles below
impassable falls and dams in rivers, or boulder to coarse-gravel shoreline areas or shoals of
lakes with good water circulation from currents or wave action (McMahon et al. 1984, Scott
and Crossman 1998). Spawning water depth can range from 0.2 to 2 m (Bozek et al. 2011) or
greater (up to 6 m; McPhail 2007). In rivers, preferred water velocities typically range from
0.40 to 1.5 m/s (Bozek et al. 2011, McPhail 2007). Walleye can also successfully spawn in
lakes, reservoirs, and even wetland-marsh environments to take advantage of local
environments (Bozek et al. 2011). In lake systems, walleye can spawn along gravel and cobble
shorelines, on point bars or reefs or over dense mats of vegetation with adequate water
circulation (Bozek et al. 2011, McMahon et al. 1984). Spawning takes place at night with eggs
broadcast over substrate (Scott and Crossman 1998). Eggs hatch in 12 to 18 days, the yolk
sac is absorbed quickly and young disperse into the upper levels of open water within 10 to 15
days of hatching (Scott and Crossman 1998). In river systems, larvae are passively
transported downstream to river mouths and nearshore areas where they begin feeding on
zooplankton (Jones et al. 2003).

Young-of-the-year walleye ultimately become demersal and piscivorous and the timing of when
this occurs varies by water body (Pratt and Fox 2001). Pratt and Fox (2001) observed YOY
walleye were located primarily at heavily vegetated areas 2 to 5 m in depth and were rarely
found in habitats that provided little or no cover. As YOY grew, they moved to shallow, low
cover habitat where high densities of prey existed, and remained there well into October (Pratt
and Fox 2001). Other studies have found YOY at depths of up to 10 m by the fall (Raney and
Lachner 1942).

Juvenile and adult walleye often form schools and will remain in deeper or darker water or
cover during daytime hours (Bozek et al. 2011). It has been assumed that habitat selection of
other environmental features for juvenile walleye probably matches that of adults (Ryder 1977).

Adult movements and habitat use are driven by the fact they are sensitive to light intensities.
Lakes with optimum transparencies (1 to 2 m secchi depth) will allow walleye to feed
intermittently throughout the day, whereas, in clear lakes, feeding is restricted to twilight or
dark periods (McMahon et al. 1984, Scott and Crossman 1998). Walleye will often be
associated with sunken trees, boulder shoals, weed beds, or thicker layers of ice to avoid bright
light (Scott and Crossman 1998). Optimal vegetation cover was found to be around 25-45%
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(McMahon et al. 1984). However, other populations do well without any vegetation
(Bozek et al. 2011). Larger fish have been associated with greater depths (McMahon et al.
1984).

Optimal dissolved oxygen concentrations for walleye are 5 to 6 mg/L, however they prefer
levels above 5 mg/L (Bozek et al. 2011, McMahon et al. 1984). They can survive extended
periods at 3 mg/L and can tolerate lower oxygen concentrations for short periods of time
(Barton and Taylor 1996, McMahon et al. 1984). Optimal thermal tolerance for walleye range
between 20 to 24 °C and the upper lethal limit is 29.7 ° (Barton and Taylor 1996, McMahon et
al. 1984).

A1.7 White Sucker

White sucker is a highly adaptable and widely distributed freshwater fish species in Canada;
they are found west from Nova Scotia to north-central British Columbia and north into
southeastern Yukon and across the Northwest Territories (Scott and Crossman 1998).

White suckers spawn in the spring, usually from early May to early June. Adults usually migrate
from lakes into streams when the daily maximum water temperature reaches 10°C (Geen et
al. 1966) and continue until temperatures reach approximately 18°C (Olson 1963); white
suckers are also known to spawn on lake margins, or quiet areas in the mouths of blocked
streams. Spawning occurs in relatively swift, shallow water (15 to 30 cm in depth; Nelson 1968,
Fuiman 1978, Curry 1979) with a gravel substrate (Dence 1948). Water velocities reported
during spawning range from 0.14 m/s to 0.9 m/s but velocities between 0.3 and 0.6 m/s appear
to be preferred (Nelson 1968, Symons 1976, Curry 1979). No nest is built; the fertilized eggs
adhere to the gravel in riffles or drift downstream where they adhere to the substrate in slow
water areas (Geen et al. 1966).

White sucker embryos hatch in about two weeks. Embryo development is temperature
dependent; eggs have been collected in streams with water temperatures ranging from 11 to
16°C. In one study, maximum hatching success occurred at 15°C with lower and upper lethal
limits of 6°C and 24°C, respectively (McCormick et al. 1977). Young-of-the-year remain in the
gravel for one to two weeks and start to migrate to the lake about a month after spawning
begins (Scott and Crossman 1998). High densities of YOY have been reported in streams and
in shoreline areas of lakes with sand and sand/gravel substrate combinations. White sucker
larvae appear to prefer water temperatures of 23 to 25°C but occur in water temperatures from
13 to 25°C (Marcy 1976). White sucker YOY prefer moderate currents and do not generally
occur in rapids or still pools (Stewart 1926).
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Adult white suckers prefer warm, shallow lakes or bays, and tributary rivers of larger lakes. In
lakes, they are usually taken from the top six to nine meters. In streams, adults primarily inhabit
pools which provide cover (Propst 1982) and are common in areas of slow to moderate velocity
(approximately 0.4 m/s). White suckers have broad temperature tolerances, but experimental
evidence has suggested an optimum summer water temperature of 24°C (Reynolds and
Casterlin 1978) with a critical thermal maximum in the range of 31°C (Reutters and Herdendorf
1976). White suckers are moderately active during the daytime, but active feeding is usually
restricted to near sunrise and sunset when they move into shallower water. Juvenile and adult
white sucker are bottom feeders, however fry feed near the surface on suspended
phytoplankton or zooplankton (e.g., copepods, cladocerans; Siefert 1972). After yolk
absorption, the mouth moves from a terminal to a ventral position, and there is a shift to bottom
feeding (Siefert 1972). The type of invertebrate food consumed shifts with increasing size and
season.

White suckers have been found to avoid areas where the dissolved oxygen was 2.4 mg/L or
less (Dence 1948); embryo mortality occurred at dissolved oxygen levels of 1.2 mg/L and less
and YOY growth was reduced at less than 2.5 mg/L. Dissolved oxygen levels greater than 6.0
mg/L are generally considered optimum (Twomey et al. 1984).

A1.8 Yellow Perch

Yellow perch are very adaptable and able to utilize a wide variety of cool to warm habitats in
lakes or quiet rivers (Scott and Crossman 1998). They are most common in clear freshwater
but can be found in brackish water at river mouths (Kreiger et al. 1983). Population sizes in
freshwater tend to decrease with increasing turbidity or decreasing vegetation (Scott and
Crossman 1998). They are typically associated with shallow waters (less than 10 m depth),
especially small weedy water bodies with muck, sand, or gravel bottoms (Brown et al. 2009a).

Yellow perch begin spawning migrations from deep water into tributaries, lake shallows, or low
velocity areas of rivers from April to June when water temperatures warm to 7 °C
(Krieger et al. 1983, Scott and Crossman 1998). Females release a string of eggs near aquatic
or inundated terrestrial vegetation (e.g., plants and woody debris). Cobbles, sand, or gravel
may be used if submerged vegetation is not available (Robillard and Marsden 2001; Parker et
al. 2009). Yellow perch require low current velocities (i.e., less than 0.05 m/s) for spawning
(Krieger et al. 1983). Eggs are broadcast in water depths of 1 to 3.7 m and hatch in
approximately 8 to 10 days (Krieger et al. 1983, Scott and Crossman 1998). Soon after
hatching, the larvae move into the limnetic zone where they begin feeding (Whiteside et al.
1985). When they reach 25 mm (total length) they return to the littoral zone (Whiteside et al.
1985).
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Young-of-the-year and 1+ aged individuals tend to stay in vegetated areas before dispersing
to open water habitats (Parker et al. 2009). Juvenile habitat requirements are similar to those
of adults with the exception that juveniles tend to inhabit slightly shallower water than adults
(Kreiger et al. 1983). Young will often be found in loose aggregations of 50 to 200 individuals
segregated by size and often mixed with species of minnow (e.g., spottail shiner; Scott and
Crossman 1998).

Adults can be found in moderate currents but prefer sluggish currents or slack water habitat
(Krieger et al. 1983). The schools of adult yellow perch are often dense in the summer and
more separated in the winter (Scott and Crossman 1998). They are typically inactive at night
and rest along the bottom; however they are active throughout the winter under the ice in both
shallow and deeper water (Scott and Crossman 1998). Optimal lacustrine habitat is
characterized by a littoral area of 20 to 30% of the total lake; 25 to 50% of the littoral area
vegetated; warm (20 to 28 °C) surface water temperature in summer; and low to moderate
turbidities (Brown et al. 2009a). Temperature preferences during the growing season are
between 17.6 to 25 °C (Krieger et al. 1983). Winter dissolved oxygen levels of 0.2 to 1.5 mg/L
are considered lethal, and 5 mg/L is considered the lower optimum limit (Kreiger et al 1983,
Brown et al. 2009a). Optimal riverine habitat is characterized by deep pools (deeper than
average river depth) and slack water areas (25 to 75% of river area) with moderate amounts
of vegetation (25 to 50% of pool and backwater area) and low velocities (less than 0.10 m/s;
Brown et al. 2009a).
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Table A.1: Summary of Habitat Requirements for Various Life Stages of Fish Found in the Vicinity of the Cé6té Gold Project

Size Species Spawning/Incubation Juvenile/Rearing Adult/Foraging Overwintering
Spawns midwinter (January - March) Adults reside in deep, hypolimnetic habitat during
under ice cover in <10 m of water depth Young of the year and yearling the summer, but sometimes move into shallower . .
. . . No info. Likely prefer
Burbot over cobble, gravel, and sometimes sand. |burbot are frequently found along waters when active at night. In southern and )
o ) . - - S dissolved oxygen
Lota lota This is usually done in lakes, but the rocky shores, and sometimes in central regions, burbot habitat is primarily in lakes -
o . , . o : : concentrations > 6 mg/L.
species is known to also move into rivers |weedy areas of tributary streams. while in the north it also includes large, cool
to spawn. rivers.
Spawning occurs in the fall (usuall Whitefish are a cool water species that descend
Lake whitefish P 9 y Young whitefish generally leave the [into cooler waters of the hypolimnion (below the [No info. Likely prefer
November-December) at shallow depths of . ) . .
Coregonus shallow inshore waters by early thermocline) during the summer months. They dissolved oxygen
. less than 25 feet (7.6 m) over hard or . . . .
clupeaformis summer and move into deeper water. |[move from deep to shallow waters in early spring [concentrations > 6 mg/L.

Large-bodied Fish Species

stony bottom but sometimes over sand.

and back to deeper water as warming occurs.

Northern pike
Esox lucius

Spring spawner during daylight hours on
heavily vegetated floodplains of rivers,
marshes and bays of larger lakes.

Young remain in shallow spawning
areas for several weeks. Generally
establish a vague territory where
cover and food are adequate.

Inhabit clear, slow, heavily vegetated rivers or
warm, weedy bays of lakes. Generally occur in
shallower water in spring and fall but move to
deeper cooler water at the height of summer
temperatures.

Very tolerant of low dissolved
oxygen (0.1-0.4 mg/L for
several days).

Smallmouth bass

Typically spawn in late spring and early
summer. Nests are built on sandy,

Juveniles can be found in shallow

After spawning adult fish move to moderately
shallow areas that are rocky and sandy. They will

Prefer dissolved oxygen
concentrations above 6 mg/L.

Micropterus gravelly or rocky bottom of lakes and rivers . move to greater depths as the weather gets Can survive extreme winter
. . areas with cover. ) " .
dolomieu usually near the protection of rock, logs or warmer. |n winter they congregate near the condition but do not actively
more rarely near dense vegetation. bottom and are very inactive. feed at <10°C.
Generally require dissolved
Spawning occurs in spring shortly after ice-|Occupy the shallow edge of rivers Generally found in large, shallow, turbid lakes or |oxygen levels > 5 mg/L, but
Walleye out, either in white water below close to vegetation or other forms of |streams. Also thrive in clear lakes and rivers, but [can tolerate low as 2 mg/L for
Sander vitreus impassable barriers or coarse, rocky cover, and inshore areas of lakes in such a habitat walleye will only feed at night a short time. Adults tend to

shoals of lakes.

less than two meters deep.

due to sensitivity to light.

avoid turbulent areas in the
winter.

White sucker
Catostomus
commersonii

Typically spawn in the spring from early
May to early June. Adults migrate from
lakes into streams to spawn in shallow
water over gravel. They have also been
known to use lake margins.

Young start to migrate to the lake
about a month after spawning.
Juveniles can be found in
association with a variety of other
species and are typically found in the
same habitat as adults.

Adults usually inhabit warmer shallow lakes or
warm, shallow bays, and tributary rivers of larger
lakes. They are usually found in the top 20 to 30
feet (6 to 9 m).

Tolerant of low dissolved
oxygen and a broad range of
environmental conditions. Will
avoid dissolved oxygen
concentrations lower than 2.4
mg/L.

Yellow perch
Perca flavescens

Yellow perch spawn in the spring usually
from April to early May in shallow water of
lakes or rivers over rooted vegetation,
submerged brush or fallen trees, but at
times over sand and gravel.

Juvenile habitat requirements are
similar to adults. They school in
shallower water and nearer to shore
than adults and the schools often
contain many individuals of different
species of minnow.

Perch are adaptable and able to utilize a wide
variety of habitat. Most abundant in the open
water of clear lakes with moderate vegetation and
bottoms of muck to sand and gravel. In response
to seasonal temperature, movements occur out of
and in to deeper water.

Tolerant of low dissolved
oxygen, 5 mg/L is the lower
optimum limit.
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Table A.1: Summary of Habitat Requirements for Various Life Stages of Fish Found in the Vicinity of the Cé6té Gold Project

Size

Species

Spawning/Incubation

Juvenile/Rearing

Adult/Foraging

Overwintering

Small-bodied Fish Species

Blacknose shiner
Notropis heterolepis

Blacknose shiners spawn in spring and
summer spawn over sandy bottoms.

Life cycle information is limited for
this species.

Prefers clear, vegetated waters in the sandy
shallows of lakes.

Brook stickleback
Culaea inconstans

They spawn in shallow water from late
April to July. Nests are constructed out of
stems of reeds or grass and green algae.

Similar habitat to adults.

Inhabit clear, cold, densely vegetated water of
small streams, swampy margins of ponds or
larger lakes.

Central mudminnow
Umbra limi

Spawns in early spring, either in upstream
shallow waters, flooded benches of main
channels, or hillside brooks in weedy
areas.

The young move away from
spawning sites at 30 mm in length.

Preferred habitat is vegetated, cool, quiet waters
of lakes and streams.

Common shiner Typically a stream spawning species over Juveniles remain in stream habitat Inhabit stream pool and run habitat and
] gravel beds or other nests but may spawn . .

Luxilus cornutus . and shorelines of clear-water lakes. [shorelines of clear-water lakes.
on gravelly shoals in lakes (May-June).

Fathead minnow Prolgnged Spawning begins in spring and In North-Central Ontario, habitat is frequently in

: continues until as late as August. . . . . .

Pimephales . . No info, likely similar to adults. clear but stained, acid waters of beaver ponds
Spawning occurs in shallow water on the

promelas and small lakes.

surface of rocks or vegetation.

Finescale dace
Chrosomus
neogaeus

Spawns in spring in depressions under
some form of cover.

In lakes juveniles school with adults
and in streams they remain close to
vegetated areas.

Preferred habitat is cool water, heavily vegetated,
slow-moving water, shallow water of lakes and
streams with bottoms of silt and detritus.

Golden shiner

Spawning can occur from May to August.

Clear, weedy, quiet waters with extensive shallow

Notemigonus Eggs are deposited over filamentous algae |No info, likely similar to adults. areas of lakes. Moves in schools off the bottom
crysoleucas where aquatic vegetation is present. over wide areas.

Spawning occurs from spring to as late as Clear, standing or slowly moving waters of lakes
lowa Darter May or June in shallow waters of lakes, or or rivers which have rooted aquatic vegetation as

Etheostoma exile

pond-like expansions in rivers, on bottom
organic debris or on fibrous root beds.

No info, likely similar to adults.

well as a bottom of organic debris, sand, peat, or
some combination of the three.

Adequate water depth.

Oxygen thresholds of many
freshwater fish as reported
from field studies lie between
1.0 and 2.0 ppm with some
less tolerant species requiring
up to 3.0 ppm or more.

Some fish species will use gas
bubbles at the ice-water
interface (i.e., central
mudminnow, fathead minnow,
brook stickleback) which will
allow for tolerance of low
dissolved oxygen (<0.30
mg/L).
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McMahon, Thomas E., James W. Terrell, and Patrick C. Nelson. 1984. Habitat suitability information: walleye. US Department of the Interior, Fish and Wildlife Service.
FWS/OBS-82/10.56 April 1984.
McPhail, J.D. 2007. The Freshwater Fishes of British Columbia. The University of Alberta Press, Edmonton, Alberta.
Scott, W.B. and Crossman, E.J. 1998. Freshwater Fishes of Canada. Galt House Publications, Oakville, Ontario.
Twomey, K.A., K.L. Williamson and P.C. Nelson. 1984. Habitat Suitability Index Models and Instream Flow Suitability Curves: White Sucker. United States Department
of the Interior — Fish and Wildlife Service. FWS/OBS-82/10.64. September 1984.

Page 2 of 3




Table A.1: Summary of Habitat Requirements for Various Life Stages of Fish Found in the Vicinity of the Cé6té Gold Project

Size Species Spawning/Incubation Juvenile/Rearing Adult/Foraging Overwintering
’?rzzvgzngnodﬁriurzrllnlctzzlSch:::jgit’igr:z Eﬁfd Most common in waters of moderate or no
Johnny darter P 9 ’ current, over a bottom of sand, sand and gravel,

Small-bodied Fish Species

Etheostoma nigrum

generally in May but can be as late as
June, eggs are deposited on the underside
of rocks.

No info, likely similar to adults.

or sand and silt, but do inhabit weedy areas or
gravel riffles of streams.

Longnose dace
Rhinichthys
cataractae

Spawning begins in May, June or early
July. Probably occurs in riffles over a
gravel bottom, but on occasion occurs
over or near the nest of the river chub
resulting in hybrids.

Similar to that of adults, but with less

overhead turbulence.

Clean, swiftly flowing, streams bedded by gravel
or boulders. Can inhabit very turbulent waters.
Also occur in inshore waters of lakes over
boulder or gravel bottoms. In warm lakes they
may move offshore into deep water during
increased summer temperatures.

Northern redbelly
dace
Chrosomus eos

Commences spawning in spring or early
summer. Eggs are deposited in masses of
filamentous algae.

Similar to that of adults.

Prefers the quiet waters of beaver ponds, bog
ponds, small lakes or quiet pool-like expansions
of streams, often over a bottom of finely divided
brown detritus or silt.

Typically reside in cool, clear headwater streams

Pearl dace Spawns in the spring in clear water 45 — . . .
; . . . . . in the south and in bog drainage streams, ponds,
Margariscus 61 centimetres deep on sand or gravel, in [No info, likely similar to adults. . -
L and small lakes in the north. Also found in
nachtriebi a weak to moderate current. .
stained, peaty waters of beaver ponds.
Sculpin sp. Spawns in spring under rocks or ledges
Cottus bairdii P pring 9 No info, likely similar to adults. Cool streams and lakes over a sand bottom.

Cottus cognatus

when water temperatures reach 4 - 5°C.

Spottail shiner
Notropis hudsonius

Spawns in June or July, over sandy
shoals.

Summer habitat is shallow water

above sandy bottom or weed beds.

Known to often inhabit relatively large lakes, and
large rivers.

Trout-perch

Spawns in spring to summer when water

Prefers cool waters of lakes, but may
occasionally be found in streams. Move inshore

Adequate water depth.

Oxygen thresholds of many
freshwater fish as reported
from field studies lie between
1.0 and 2.0 ppm with some
less tolerant species requiring
up to 3.0 ppm or more.

Some fish species will use gas
bubbles at the ice-water
interface (i.e., central
mudminnow, fathead minnow,
brook stickleback) which will
allow for tolerance of low
dissolved oxygen (<0.30mg/L).

Percopsis temperatures reach 10°C in shallow, rocky [No info, likely similar to adults . ; .
. in the evenings to feed and offshore in the
omiscomaycus streams or the nearshore waters of lakes. :
morning to seek shelter.
References:

Brown, T.G., Runciman, B., Pollard, S., Grant, A.D.A and Bradford, M.J. 2009. Biological synopsis of smallmouth bass ( Micropterus dolomieu ). Can. Manuscr. Rep. Fish. Aquat. Sci. 2887
Holmes E., Mandrak, N.E., and Burridge, M.E. 2010. The ROM Field Guide to Freshwater Fishes of Ontario. Royal Ontario Museum, Toronto, Ontario.
Inskip, P. D. 1982. Habitat suitability index models: northern pike. US Department of the Interior, Fish and Wildlife Service. FWS/OBS-82/10.17. July 1982.
Klinger, S.A., Magnuson, J.J., and Gallepp, G.W. 1982. Survival mechanisms of the central mudminnow ( Umbra limi), fathead minnow (Pimephales promelas ) and brook stickleback
(Culaea inconstans ) for low oxygen in winter. Env. Biol. Fish. Vol 7, No. 2, pp. 113-120.
Krieger, D.A., Terrell, JW. and Nelson, P.C. 1983. Habitat Suitability Information: Yellow Perch. United States Department of the Interior — Fish and Wildlife Service.
FWS/OBS-82/10.55. December 1983.
McMahon, Thomas E., James W. Terrell, and Patrick C. Nelson. 1984. Habitat suitability information: walleye. US Department of the Interior, Fish and Wildlife Service.
FWS/OBS-82/10.56 April 1984.
McPhail, J.D. 2007. The Freshwater Fishes of British Columbia. The University of Alberta Press, Edmonton, Alberta.
Scott, W.B. and Crossman, E.J. 1998. Freshwater Fishes of Canada. Galt House Publications, Oakville, Ontario.
Twomey, K.A., K.L. Williamson and P.C. Nelson. 1984. Habitat Suitability Index Models and Instream Flow Suitability Curves: White Sucker. United States Department
of the Interior — Fish and Wildlife Service. FWS/OBS-82/10.64. September 1984.
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Table A.2: Rationale for Assigning Numerical Ranking for Habitat Evaluation

. Numerical Spawning/ . . . . .
Species Ranking Incubation Juvenile Rearing Adult Foraging Over-wintering
Moderately dense vegetation and prefer submerged vegetation | Moderately dense (70%) vegetative cover within 300 m of .
. . . . . ; . s . Greater than 2 m water depth, large area where oxic
Dense optimal vegetation (e.g., sedges or grasses) for spawning, calm with some emergent and floating vegetation, water depth shore, in lakes usually within 10 m depth (optimal 4 m) and o . . .
1.00 . L R conditions could persist for the entire winter, can tolerate
shallow water (<2 m), access to seasonally flooded areas generally <4 m in lakes and < 1m deep in rivers, depth rarely venture below the thermocline, in rivers areas of slow .
. s . . very low dissolved oxygen
increases with size moving water (<0.05 cm/s) and low gradient (<0.5%)
. 0.75 Moderate to dense inundated vegetation Moderate vegetation and cover Habitat less than 10 m and within §00 m of shore, moderate | Greater than 2 m water‘(.iepth, ma?<|mum depth and anoxic
Northern pike to dense vegetative cover conditions considered
. . . Habitat less than 10 m depth and within 300 m of shore, A mmnpum of2 m water d.epth,‘abundance .Of aquatic
0.50 Moderate inundated vegetation Sparse to moderate vegetation and cover . vegetation taken into consideration to potentially cause
sparse to moderate vegetative cover . L
anoxic conditions
0.25 Sparse inundated vegetation Sparse vegetation and cover, and/or depths >4 m Shallow water depth (< 1.5 m), with sparse vegetation cover Shallow W"’Tter depth (<1.5 m), abund_ance o_f_aquat|c
vegetation that could cause anoxic conditions
0.00 No suitable habitat No suitable habitat No suitable habitat No suitable habitat, less than 1 m water depth
Use moderate to dense aquatic or inundated terrestrial vegetation, rocks, | Use moderate vegetated littoral areas before dispersing to open Use the littoral areain schools or near vggetatlon, prefer Greater than 2 m water depth, large area where oxic
. L . . h moderate vegetation cover (25-50%), in rivers deep pools, s . . .
1.00 sand or gravel may be used if vegetation is not available, typically <4 m water, shallower water compared to adults, often school with . . conditions could persist for the entire winter, can tolerate
. " . . . slow water currents (< 0.10 m/s) with moderate vegetation :
water depth and require low current velocities (<0.05 m/s) mixed species of minnow (25-50%) low dissolved oxygen (>1.5 mg/L)
= ()
0.75 Moderate vegetation Moderate to sparse vegetation and cover Moderate to sparse vegetation and cover Greater_ than_2 m water d_epth, maximum d(_epth and
consideration for anoxic conditions considered
Yellow perch e :
A minimum of 2 m water depth, abundance of aquatic
0.50 Sparse to moderate vegetation, or rock, sand or gravel Sparse vegetation and cover Sparse vegetation and cover vegetation taken into consideration to potentially cause
anoxic conditions
0.25 Sparse vegetation or rock, sand, gravel substrate Little to sparse vegetation or cover, depths greater than littoral Little to sparse vegetation or suitable cover Shallow wqter depth (<1.5 m), abundgnce o.f‘aquatlc
vegetation that could cause anoxic conditions
0.00 No suitable habitat No suitable habitat No suitable habitat No suitable habitat (<1.5 m)
Migrate to tributaries to spawn over rocky areas in white water with In rivers moderate current (03.-0.6m/s) to transport new hatched . . e . .
. . ) . Habitat use driven by sensitivity to light, often associated - .
boulder to coarse-gravel substrate with 0.3 -1.5 m water depth, boulder to |fry downstream to heavily vegetated areas in lakes with 2 to 5 m . o Minimum dissolved oxygen of 3 mg/L, water depth >2 m,
1.00 : . ) . . . with moderate cover, shoals, weed beds (25-45%), .
course-gravel shoreline areas, between or shoals of lakes with good water depth, juveniles will school and use deeper habitat - . most abundant in large >100 ha lakes
. . o . ) moderate turbidity (1 to 2 m Secchi depth),
circulation, water velocities can range from 0.4 to 1.5 m/s depending on water clarity
0.75 Abundance of suitable spawning substrate with appropriate water velocity Moderate to dense available habitat Moderate to dense available habitat with optimal turbidity Maximum depth of nge >8 m, substantial overwintering area
Walleye available (>2 m water depth)
0.50 Moderate amount of suitable spawning substrate with appropriate water Moderate amount of available habitat Moderate amount of available habitat with adequate turbidity Water dept_h >4 m, total area taken into co_n&deratlon and
velocity potential of dissolved oxygen to remain > 3 mg/L
0.25 Sparse amount of suitable substrate, sub-optimal water velocity Sparse amount of suitable habitat Sparse amount of suitable habitat with suboptimal turbidity Shallow water depth (<3 or 4 m), high potential for dissolved
oxygen to fall below 3 mg/L
0.00 No suitable habitat No suitable habitat No suitable habitat No suitable habitat (<2 m)
Littoral spawners over gravel, cobble, flat stones or boulder, sometimes |Will remain in spawning areas, can be associated with emergent Use‘t!ﬁe hypollmr‘non during summer months and the oxic
L . ) oy conditions that exist (>5mg/L), no preference for substrate,
1.00 over sand, shallow water depths <8 m, in rivers spawning occurs over | vegetation within 1 m of shore, shallower water than adults, can . ) . Greater than 2 m water depth, well oxygenated (> 5 mg/L)
) o during spring and fall will use shallower water, temperature
gravel to cobble or rubble in <1 m tolerate warmer temperatures (15.5 to 19.5°C) o
preference between 8 to 14°C
Moderate to dense suitable substrate within adequate depth, and fetch Moderate to dense suitable habitat, appropriate temperature Moqerate t_o abun_d_ant ava||ab_le habltat_ below the . Maximum depth of lake >8 m, substantial overwintering area
0.75 o thermocline, oxic conditions taken into consideration during .
within the lake range th available (>2 m water depth)
Lake whitefish summer months
0.50 Moderate suitable substrate within adequate depth, and fetch within the Moderate suitable habitat, suboptimal to appropriate Moderate to sparse available habitat below thermocline, oxic| Water depth >4 m, total area taken into consideration and
' lake temperatures available conditions taken into consideration during summer months potential of dissolved oxygen to fall below 5 mg/L
Sparse available habitat below thermocline, anoxic . . .
0.25 Sparse suitable substrate within adequate depth Sparse suitable habitat, suboptimal temperatures conditions likely exist, shallow water depth (<2 m) making Shallow water depth (<3 or 4 m), high potential for dissolved
) . oxygen to fall below 5 mg/L
available habitat not used for much of the year
0.00 No suitable habitat No suitable habitat No suitable habitat No suitable habitat (<2 m)
Nest construction <3 m water depth, over sandy, gravel, or rocky bottom | Use quiet water near cover in littoral, tend to school, in rivers Use all forms of submerged cover, summer occupy warm | Water depth at least 3 to 15 m, dissolved oxygen >6 mg/L,
1.00 near protection of rocks or large woody debris, in protected areas of lakes| use isolated pools or still-water along banks associated with epilimnetic water, in rivers movements are typically within use deep areas during winter and cease eating once
and backwaters of rivers larger substrate and cover riffle boundaries, prefer slower currents temperatures reach 10°C
Smallmouth bass 0.75 Moderate abundance of appropriate substrate with nearby protection Moderate vegetation and cover Moderate vegetation and cover Water depth >8 m
0.50 Sparse to moderate suitable substrate, sparse cover Sparse to moderate vegetation and cover Sparse to moderate vegetation and cover Water depth>3 mand <6 m
0.25 Sparse appropriate substrate within <3 m water depth Sparse vegetation and cover Sparse vegetation and cover Water depth >3 m and < 4
0.00 No suitable habitat No suitable habitat No suitable habitat No suitable habitat (< 3 m)
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Table B.1: Summary of Lost Habitat and Offsetting Habitat for Northern Pike in Waterbodies, C6té Gold Project

FAA / Schedule 2/

Lost Habitat

Habitat Suitability Index

Habitat Units

Note: na = Not Available

@ Target depths have been provided for created habitat, depths for pools in the realignment channels are based on bankfull channel.

o o
Created S c = 5 < =
i : = o = <] o =
Lol(::t'::t °f | Compensation or Lake Area Max | Max Secchi ~ Depth Area £ % % g == 8 £ % % g = £ 2
P Alteration of Depth Depth Range 2 -] 0 =R £ -] 0 3 ® £ TOTAL
Habitat? (m)® (m) (m) (m?) s 3 58 <5 g 8 3 52 <5 2
abitat: heE O w g & £ > w g
(o] (o]
Habitat Lost
East Clam Lake
FAA . 24 34 0-max 5,961 0.50 0.75 0.25 0.00 2,981 4,471 1,490 0 8,942
(southern section lost)
0-2 7,365 0.50 0.50 0.50 0.50 3,683 3,683 3,683 3,683
FAA Clam Lake (east arm) 3.0 3.9 18,139
2-max 2,727 0.00 0.25 0.50 0.50 0 682 1,364 1,364
Open Pit 0-2 69,798 0.75 0.75 0.75 0.50 52,349 52,349 52,349 34,899
FAA Coté Lake 4.3 2.2 370,067
2-max 118,748 0.00 0.25 0.50 0.75 0 29,687 59,374 89,061
Unper Three Duck Lake 0-2 60,346 0.75 0.75 0.75 0.50 45,260 45,260 45,260 30,173
FAA (V\‘I’é’stem v lost) 4.1 2.9 435,683
2-max 154,132 0.00 0.25 0.75 0.75 0 38,533 115,599 115,599
Total FAA Losses| 104,271 174,663 279,117 | 274,778 | 832,829
Total Schedule 2 Losses 0 0 0 0 0
TOTAL LOSS| 104,271 174,663 279,117 @ 274,778 @ 832,829
Habitat Created
0-2 112,757 0.75 0.75 0.50 0.50 84,568 84,568 56,379 56,379
New Lake FAA for Coté Lake [New Lake 6.3 na 548,636
2-max 152,425 0.00 0.25 0.50 1.00 0 38,106 76,213 152,425
Aggregate Pit Aggregate Pit #3 (Middle 0-2 35,242 0.75 0.75 0.50 0.50 26,432 26,432 17,621 17,621
Rehabilitation FAA Three Duck) 55 na 114,142
2-max 17,358 0.00 0.25 0.50 0.75 0 4,340 8,679 13,019
Aggregate Pit
Rehabilitation .
(within Neville FAA Bagsverd Aggregate Pit 3 na 0-max 166,600 0.25 0.25 0.25 0.50 41,650 41,650 41,650 83,300 208,250
Lake watershed)
Site (within Mollie Weeduck and Upper
Schedule 2 Three Duck Lake 1.5-2.0 na 0-max 2,100 0.25 0.25 0.00 0.00 525 525 0 0 1,050
watershed) .
Connection
Site (within Mollie | - g o que 2 |EaStClamLakeand Clam) g 5 4 5 na 0-max 1,700 075 075 075 000 | 1275 1275 | 1275 0 3,825
watershed) Lake Connection
Open Pit FAA for Clam Creek g;ﬂfuz‘te”sm” of 1 na 0-max 21,450 1.00 0.50 0.50 025 | 21,450 10,725 = 10,725 5363 48,263
Open Pit FAA for Mollie River [WRC2 - Pool/Wetland 1.84 na 0-max 7,149 1.00 0.75 0.50 0.25 7,149 5,362 3,575 1,787 17,873
Total FAA Gains| 181,248 @ 211,182 @ 214,841 329,893 | 937,163
Total Schedule 2 Gains 1,800 1,800 1,275 0 4,875
TOTAL GAINS| 183,048 212,982 216,116 = 329,893 @ 942,038
DIFFERENCE| 78,777 38,319 -63,002 | 55,115 109,209




Table B.2: Summary of Lost Habitat and Offsetting Habitat for Yellow Perch in Waterbodies, C6té Gold Project

Lost Habitat Habitat Suitability Index Habitat Units
FAA / Schedule 2
I/ Created 5 £ 2 = € 2
i . [} [e;] = (=] (o)} =
Lolc"z: t'::tOf Compensation or Lake Area Max Max Secchi | Depth Area g % % g’ = £ ] g % % .g, = £ )
P Alteration of Depth Depth Range (m?) 2 2 S s 2 g g z 2 s 2 g g TOTAL
. (5] (5]
Habitat? (m)® (m) (m) a8 S i g a8 S o g
é é
Habitat Lost
FAA East Clam Lake 24 3.4 0-max 5,961 0.75 0.75 0.50 0.00 4,471 4,471 2,981 0 11,922
(southern section lost)
0-2 7,365 0.50 0.50 0.50 0.50 3,683 3,683 3,683 3,683
FAA Clam Lake (east arm) 3.0 3.9 18,139
2-max 2,727 0.00 0.25 0.50 0.50 0 682 1,364 1,364
Open Pit 0-2 69,798 0.75 0.75 0.75 050 | 52,349 = 52,349 | 52349 34,899
FAA Coté Lake 43 2.2 399,754
2-max | 118,748 | 0.00 0.25 0.75 0.75 0 20,687 = 89,061 @ 89,061
Uboer Three Duck Lake 0-2 60,346 0.75 0.75 0.75 050 | 45260 45260 @ 45260 @ 30,173
FAA (erpstem oo 081 4.1 2.9 435,683
2-max | 154,132 | 0.00 0.25 0.75 0.75 0 38,533 115,599 115,599
Total FAA Losses| 105,761 | 174,663 310,295 274,778 @ 865,497
Total Schedule 2 Losses 0 0 0 0 0
TOTAL LOSS| 105,761 174,663 310,295 274,778 865,497
Habitat Created
0-2 112,757 | 0.75 0.75 0.75 050 | 84568 @ 84,568 @ 84,568 & 56,379
New Lake FAA for C6té Lake|New Lake 6.3 na 576,826
2-max | 152,425 | 0.00 0.25 0.75 0.75 0 38,106 = 114,319 114,319
Aggregate Pit Aggregate Pit #3 (Middle 0-2 35,242 0.75 0.75 0.75 050 | 26432 26432 26432 @ 17,621
Rehabilitation FAA Three Duck) 5.5 na 127,292
2-max 17,358 0.00 0.25 0.50 1.00 0 4,340 8,679 | 17,358
Aggregate Pit
Rehabilitation .
(within Neville FAA Bagsverd Aggregate Pit 3 na 0-max 166,600 0.25 0.25 0.25 0.50 41,650 41,650 41,650 83,300 | 208,250
Lake watershed)
Site (within Mollie Weeduck and Upper
Schedule 2 [Three Duck Lake 1.5-2.0 na 0-max 2,100 0.25 0.50 0.50 0.00 525 1,050 1,050 0 2,625
watershed) .
Connection
Site (within Mollie | o 0y 1o o~ |[EaSt Clam Lake and 0.5-1.5 na 0-max 1,700 0.75 0.75 0.75 0.00 1,275 1,275 1,275 0 3,825
watershed) Clam Lake Connection
Open Pit FAA for Clam |WRC1 - Extension of 1 na O-max =~ 21450 | 1.00 075 & 075 = 025 | 21450 16,088 16,088 5363 58988
Creek Clam Lake
Open Pit FAAFf{?\:e'\:"’”'e WRC2 - Pool/Wetland 1.84 na 0-max 7,149 1.00 0.75 0.75 0.50 7,149 5,362 5,362 3,575 | 21,447
Total FAA Gains| 181,248 | 216,544 @ 297,096 | 297,913 992,802
Total Schedule 2 Gains| 1,800 2,325 2,325 0 6,450
TOTAL GAINS| 183,048 218,869 299,421 297,913 999,252
DIFFERENCE| 77,287 44,206 -10,873 23,135 133,755

Note: na = Not Available
@ Target depths have been provided for created habitat, depths for pools in the realignment channels are based on bankfull channel.




Table B.3: Summary of Lost Habitat and Offsetting Habitat for Walleye in Waterbodies, C6té Gold Project

Lost Habitat Habitat Suitability Index Habitat Units
FAA | Schedule 2
| Created 5 c 2 5 < 2
T . [} (o)} = (=] (o)} =
LoIcI:: t'::tOf Compensation or Lake Area Max Max Secchi | Depth Area g % % .E’ = £ ] g % % .g = £ o
P Alteration of Depth Depth Range (m?) 2 2 S s 2 g g z 2 g5 2 g g TOTAL
. (5] (5]
Habitat? (m)? (m) (m) a8 S i g a8 S o g
o o
Habitat Lost
FAA East Clam Lake 2.4 3.4 0-max 5,961 0.00 0.25 0.00 0.00 0 1,490 0 0 1,490
(southern section lost)
0-2 7,365 0.00 0.25 0.00 0.00 0 1,841 0 0
FAA Clam Lake (east arm) 3.0 3.9 3,205
2-max 2,727 0.00 0.25 0.25 0.00 0 682 682 0
Open Pit 0-2 69,798 0.00 0.50 0.25 0.00 0 34,899 17,450 0
FAA Coté Lake 4.3 2.2 230,471
2-max 118,748 0.00 0.50 0.50 0.50 0 59,374 59,374 59,374
0-2 60,346 0.00 0.50 0.25 0.00 0 30,173 15,087 0
FAA g/\‘/)eps?;;h;?ri '?(;’S‘;')‘ Lake | 44 29 276,458
2-max 154,132 0.00 0.50 0.50 0.50 0 77,066 77,066 77,066
Total FAA Losses 0 205,525 169,658 136,440 | 511,623
Total Schedule 2 Losses 0 0 0 0 0
TOTAL LOSS 0 205,525 @ 169,658 @ 136,440 511,623
Habitat Created
0-2 112,757 0.00 0.50 0.25 0.00 0 56,379 28,189 0
New Lake FAA for Coté Lake[New Lake ~6.3 na 351,312
2-max 152,425 0.00 0.50 0.50 0.75 0 76,213 76,213 114,319
Aggregate Pit Aggregate Pit #3 (Middle 0-2 35,242 0.00 0.00 0.00 0.00 0 0 0 0
Rehabilitation FAA Three Duck) 55 na 0
2-max 17,358 0.00 0.00 0.00 0.00 0 0 0 0
Site (within Weeduck and Upper
Mollie Schedule 2 Three Duck Lake 1.5-2 na 0-max 2,100 0.00 0.25 0.25 0.00 0 525 525 0 1,050
watershed) Connection
Site (within
Mollie Schedule 2 |E2St Clam Lake and 0.5-1.5 na O-max 1,700 000 025 000  0.00 0 425 0 0 425
Clam Lake Connection
watershed)
Clam Creek | T AAfor Clam |WRCT - Extension of 1 na O-max 21450 | 000 = 025 = 025 | 0.00 0 5363 5363 0 10,725
Creek Clam Lake
Mollie River FAAFf{?\:e'\:"’”'e WRC2 - Inline wetland 1.84 na 0-max 7,149 0.00 0.25 0.00 0.00 0 1,787 0 0 1,787
Total FAA Gains 0 139,741 109,764 @ 114,319 | 363,824
Total Schedule 2 Gains 0 950 525 0 1,475
TOTAL GAINS 0 140,691 110,289 | 114,319 @ 365,299
DIFFERENCE 0 -64,835 | -59,369 -22,121 -146,324

Note: na = Not Available
@ Target depths have been provided for created habitat, depths for pools in the realignment channels are based on bankfull channel.




Table B.4: Summary of Lost Habitat and Offsetting Habitat for Lake Whitefish in Waterbodies, C6té Gold Project

Lost Habitat Habitat Suitability Index Habitat Units
FAA / Schedule 2 > >
. | Created = c £ = e £
Lolc"z: s::tOf Compensation or Lake Area Max Max Secchi | Depth Area -g% % .E’ = .g 8 -g% % .g, = .g‘ 8
Alteration of Depth Depth Range 2 = o s T @ 3 z 3 g5 =B 3 TOTAL
Habitat? (m)? (m) (m) (m’) 8§33 32 <9 g 338 R <5 g
0 = C>) 0w = 6

Habitat Lost

FAA East Clam Lake 24 3.4 0-max 5,961 0.00 0.00 0.00 0.00 0 0 0 0 0
(southern section lost)

0-2 7,365 0.00 0.25 0.00 0.00 0 1,841 0 0
FAA Clam Lake (east arm) 3.0 3.9 3,205
2-max 2,727 0.00 0.25 0.25 0.00 0 682 682 0
Open Pit 0-2 69,798 0.00 0.25 0.25 0.00 0 17,450 17,450 0
FAA Coté Lake 4.3 2.2 123,960
2-max 118,748 0.00 0.25 0.25 0.25 0 29,687 29,687 29,687
0-2 60,346 0.00 0.25 0.25 0.00 0 15,087 15,087 0
FAA fvg’jset;;h;f; ?gjsct')‘ Lake | 44 29 145,772
2-max 154,132 0.00 0.25 0.25 0.25 0 38,533 38,533 38,533
Total FAA Losses 0 103,279 | 101,438 68,220 272,937
Total Schedule 2 Losses 0 0 0 0 0
TOTAL LOSS 0 103,279 101,438 @ 68,220 | 272,937
Habitat Created
0-2 112,757 0.25 0.25 0.25 0.00 28,189 28,189 28,189 0
New Lake |FAA for Coté Lake|New Lake ~6.3 na 351,312
2-max 152,425 0.25 0.25 0.50 0.75 38,106 38,106 76,213 114,319
Aggregate Pit Aggregate Pit #3 (Middle 0-2 35,242 0.00 0.00 0.00 0.00 0 0 0 0
Rehabilitation FAA Three Duck) 55 na 0
2-max 17,358 0.00 0.00 0.00 0.00 0 0 0 0
Site (within Weeduck and Upper
Mollie Schedule 2 Three Duck Lake 1.5-2 na 0-max 2,100 0.50 0.50 0.25 0.00 1,050 1,050 525 0 2,625
watershed) Connection
Site (within East Clam Lake and
Mollie Schedule 2 . 0.5-1.5 na 0-max 1,700 0.00 0.25 0.25 0.00 0 425 425 0 850
Clam Lake Connection
watershed)
Clam Creek | FAAforClam JWRCT - Extension of 1 na 0-max 21,450 0.00 0.25 0.00 0.00 0 5,363 0 0 5,363
Creek Clam Lake
Moliie River FAAFf{?\;e“:b”'e WRC2 - Inline Wetland | 1.84 na O-max 7,149 000 = 000 000 | 000 0 0 0 0 0
Total FAA Gains| 66,296 71,658 104,402 @ 114,319 | 356,674
Total Schedule 2 Gains| 1,050 1,475 950 0 3,475

TOTAL GAINS| 67,346 73,133 | 105,352 | 114,319 & 360,149

DIFFERENCE| 67,346 | -30,146 @ 3,914 46,099 | 87,212

Note: na = Not Available
? Target depths have been provided for created habitat, depths for pools in the realignment channels are based on bankfull channel.



Table B.5: Summary of Lost Habitat and Offsetting Habitat for Smallmouth Bass in Waterbodies, C6té Gold Project

Lost Habitat Habitat Suitability Index Habitat Units
FAA | Schedule 2
| Created 5 c 2 5 < 2
T . (=] (o)} = (=] o =
LoIcI:: t'::t of Compensation or Lake Area Max Max Secchi | Depth Area g % % .E’ = £ ] g % % .g‘ = £ o
P Alteration of Depth Depth Range (m?) 2 2 S s 2 g g z 2 s 2 g g TOTAL
Habitat? (m)* (m) (m) § g 3« S § § 2 S S 8
o o
Habitat Lost
FAA East Clam Lake 24 3.4 0-max 5,961 0.00 0.25 0.25 0.00 0 1,490 1,490 0 2,981
(southern section lost)
0-2 7,365 0.00 0.25 0.25 0.00 0 1,841 1,841 0
FAA Clam Lake (east arm) 3.0 3.9 4,364
2-max 2,727 0.00 0.00 0.25 0.00 0 0 682 0
Open Pit 0-2 69,798 0.25 0.25 0.25 0.00 17,450 17,450 17,450 0
FAA Coté Lake 4.3 2.2 111,723
2-max 118,748 0.00 0.00 0.25 0.25 0 0 29,687 29,687
0-2 60,346 0.25 0.50 0.25 0.00 15,087 30,173 15,087 0
FAA (L\Jl'fé’:t;;h;er; 'ch:‘s‘i')‘ Lake 4.1 2.9 175,945
2-max 154,132 0.00 0.00 0.50 0.25 0 0 77,066 38,533
Total FAA Losses| 32,536 50,954 143,302 68,220 295,012
Total Schedule 2 Losses 0 0 0 0 0
TOTAL LOSS| 32,536 50,954 143,302 68,220 295,012
Habitat Created
0-2 112,757 0.25 0.50 0.50 0.00 28,189 56,379 56,379 0
New Lake FAA for Coté Lake|New Lake ~6.3 na 331,478
2-max 152,425 0.00 0.00 0.50 0.75 0 0 76,213 114,319
Aggregate Pit Aggregate Pit #3 (Middle 0-2 35,242 0.50 0.75 0.75 0.00 17,621 26,432 26,432 0
Rehabilitation FAA Three Duck) 5.5 na 92,182
2-max 17,358 0.00 0.00 0.50 0.75 0 0 8,679 13,019
Site (within Weeduck and Upper
Mollie Schedule 2 Three Duck Lake 1.5-2 na 0-max 2,100 0.75 0.75 0.50 0.00 1,575 1,575 1,050 0 4,200
watershed) Connection
Site (within East Clam Lake and
Mollie Schedule 2 ) 0.5-1.5 na 0-max 1,700 0.50 0.50 0.50 0.00 850 850 850 0 2,550
Clam Lake Connection
watershed)
Clam Creek | FAAfor Clam JWRCT - Extension of 1 na O-max 21450 | 075 = 075 050 000 | 16,088 16,088 10,725 0 42,900
Creek Clam Lake
Mollie River FAAFf{?\:e'\:"’”'e WRC2 - Inline Wetland 1.8 na 0-max 7,149 0.00 0.25 0.25 0.00 0 1,787 1,787 0 3,575
Total FAA Gains| 61,898 100,685 | 180,214 | 127,337 | 470,134
Total Schedule 2 Gains| 2,425 2,425 1,900 0 6,750
TOTAL GAINS| 64,323 103,110 @ 182,114 | 127,337 @ 476,884
DIFFERENCE| 31,787 52,156 @ 38,812 | 59,117 | 181,871

Note: na = Not Available

@ Target depths have been provided for created habitat, depths for pools in the realignment channels are based on bankfull channel.




Table B.6: Summary of Lost Habitat and Offsetting Habitat for Small-bodied Fish Species in Waterbodies, Coté

Gold Project

FAA / Schedule 2 Habitat
Location of / Created M i Habitat Habitat
Imoact Compensation or Lake Area b axh Max Secchi  Depth Area Suitability Units TOTAL
P Alteration of epta Depth Range (m?) Index
Habitat? (m) (m) (m)
Habitat Lost
Open Pit FAA North Beaver Pond ~0.5 na 0-max 4,076 0.25 1,019 1,019
Constructed New [FAA - Alteration of |East Beaver Pond/
Lake habitat Overprinted - Altered <1 na 0-max 2,981 025 745 745
Mine Rock Area Schedule 2 East Beaver Pond (small <2 na 0-max 7758 0.50 3.879 3,879
(MRA) arm to east)
Schedule 2 Unnamed Waterbody #1 1 na 0-max 4,478 0.25 1,120
Schedule 2 Unnamed Waterbody #2 0.6 na 0-max 2,903 0.50 1,452
Unnamed Waterbody #3 1.1 na 0-max 3,036 0.25 759
Tailings Unnamed Waterbody #4 <1 na 0-max 11,574 0.25 2,894 8,185
Management
Facility (TMF) Schedule 2 Unnamed Waterbody #5 <2 na 0-max 642 0.25 161
Unnamed Waterbody #6 <0.5 na 0-max 846 0.25 212
West Beaver Pond <2 na 0-max 3,178 0.50 1,589
FAA West Beaver Pond 3 na O-max | 49,265 0.75 36949 | 36,949
(Under Dam)
Total FAA Losses 38,713
Total Schedule 2 Losses 12,064
TOTAL LOSS 50,776
Habitat Created
Aggregate Pit
Rehabilitation FAA Bagsverd Aggregate Pit 3 na O-max | 166,600 0.75 124,950 | 124,950
(within Neville
Lake watershed)
DIFFERENCE 74,174

Note: na = Not Available

@ Target depths have been provided for created habitat, depths for pools in the realignment channels are based on bankfull channel




Table B.7: Summary of Lost Habitat, Created Habitat, and Habitat Balance for
Waterbodies, C6té Gold Project

Spawning/

Juvenile

Adult

Over-

Species Incubation = Rearing | Foraging | wintering TOTAL

Northern pike 104,271 174,663 | 279,117 274,778 832,829

Yellow perch 105,761 174,663 | 310,295 274,778 865,497

Habitat |Walleye 0 205,525 = 169,658 136,440 511,623
Lost Lake whitefish 0 103,279 | 101,438 68,220 272,937
Smallmouth bass 32,536 50,954 143,302 68,220 295,012
Small-bodied Fish - - - - 50,776

Total Habitat Units Lost 242,568 709,084 | 1,003,810 822,436 2,828,674
Species ﬁ\ii";:::lﬂ: ‘:?ue‘;?rillge FoAr:;iI:\g wi(r?:eerz;\g TOTAL

Northern pike 183,048 212,982 216,116 | 329,893 942,038

Yellow perch 183,048 218,869 | 299,421 297,913 999,252

Habitat |Walleye 0 140,691 110,289 114,319 365,299
Created | 5ke whitefish 67,346 73,133 105,352 114,319 360,149
Smallmouth bass 64,323 103,110 182,114 127,337 476,884
Small-bodied Fish - - - - 124,950

Total Habitat Units Gained 497,765 748,785 913,292 983,781 3,268,572
Species ineubation Rearing Foraging wintering | TOTAL
Northern pike 78,777 38,319 -63,002 55,115 109,209

Yellow perch 77,287 44,206 -10,873 23,135 133,755

Balance Walleye 0 -64,835 -59,369 -22,121 -146,324
Lake whitefish 67,346 -30,146 3,914 46,099 87,212
Smallmouth bass 31,787 52,156 38,812 59,117 181,871
Small-bodied Fish - - - - 74,174

TOTAL| 255,197 39,700 -90,518 161,345 439,897

Note: All values represent habitat units.




Table B.8: Summary of Lost Habitat and Offsetting Habitat for Northern Pike in Streams, Coté Gold Project

FAA / Schedule 2 / Habitat Summary Habitat Suitability Index Habitat Units
. Created Avg. 35 ° o o o 35 ° o o o
Location of Compensation or Identification Habitat Channel |Avg. Depth| Length Area E = TE 3 £ L £ E = TE 3 £ L £
Impact Alteration of a . b 2 - (] 3R s 22 (] 3R s TOTAL
¢ Type Width (m) (m) (m”) 33 3] <5 6 & 33 39 <5 6 E
Habitat? (m) & e S K w s & e S K w s
Habitat Lost
High-gradient 15 <05 472 7,083 0.00 0.00 0.00 0.00 0 0 0 0
Mollie River (area lost to pit, Low-gradient pool - na 66 1,990 0.50 0.75 0.75 0.25 995 1,493 1,493 498
FAA alteration of habitat with the Low-gradient 10.6 0.7-3 373 3,952 0.75 0.75 0.75 0.50 2,964 2,964 2,964 1,976 113,656
Open Pit construction of New Lake) High-gradient 19.0 <0.5 55 1,044 0.00 0.00 0.00 0.00 0 0 0 0
Low-gradient 14.2 0.7-3 2,518 35,749 0.75 0.75 0.75 0.50 26,812 26,812 26,812 17,874
FAA Clam Creek (from East Clam Low-gradient 2.25 0.1-35 491 1,105 0.50 0.25 0.25 0.25 553 276 276 276 1382
Lake to the Mollie River) Intermittent 0.5 <0.4 243 121 0.00 0.00 0.00 0.00 0 0 0 0 ‘
Schedule 2 3 0.5 41 104 0.00 0.25 0.00 0.00 0 26 0 0 26
FAA (TMF Dam) 6 0.5-1.2 381 2,286 0.25 0.25 0.00 0.00 572 572 0 0 1,143
. Schedule 2 (between 6 0512 107 642 0.25 0.25 0.00 0.00 161 161 0 0 321
Tailings 2 Dams)
lﬁliﬂ?tgi;nl\j;t) ;ﬁ:egznz) West Boaver Pond fo Bagsverd | | 6 0.5-1.2 65 390 0.25 0.25 0.00 0.00 08 08 0 0 195
. South Arm -
and Reclaim (Reclaim Pond) u 9 0.5-1.2 404 3,474 0.25 0.50 0.25 0.00 869 1,737 869 0 3,474
Pond FAA (Dam) 12 0.5-1.2 73 896 0.25 0.50 0.25 0.25 224 448 224 224 1,121
Schedule 2 11 0.5-1.2 23 248 0.25 0.50 0.25 0.25 62 124 62 62 309
(between 2 Dams)
FAA (Dam) 12 0.5-1.2 25 302 0.25 0.50 0.25 0.25 75 151 75 75 377
A’\fg;e(;?;:) FAA (Dam) Tributary of Unnamed Lake #3 Low-gradient 0.5 <0.5 76 38 0.25 0.25 0.00 0.00 10 10 0 0 19
Low-gradient 4.4 <05 35 152 0.00 0.25 0.00 0.00 0 38 0 0
Chester Lake | FAA (alteration of Mollie Ri (upstream) 92
Outlet Culvert habitat) ollie River Culverts (3) 1.8 <0.5 20 108 0.00 0.00 0.00 0.00 0 0 0 0
Higher-gradient 10.4 <05 10 108 0.25 0.25 0.00 0.00 27 27 0 0
Total FAA Losses| 32,328 32,887 31,844 20,924 117,984
Total Schedule 2 Losses| 1,091 2,047 930 62 4,131
TOTAL LOSS| 33,419 34,935 32,775 20,986 122,115
Created Habitat
Higher-gradient | 2.8/3.75  0.2/0.5 113 416 0.00 0.00 0.00 0.00 0 0 0 0
Open Pit Schedule 2 WRC1: Clam to Chester Lake | Alternating Pools 17 1 250 4,150 0.50 0.75 0.25 0.00 2,075 3,113 1,038 0 6,325
Low-gradient 4 0.5 50 200 0.25 0.25 0.00 0.00 50 50 0 0
Haul Road Culverts 3.6 <05 39 140 0.00 0.00 0.00 0.00 0 0
Chester Lake FAA Hapﬁat Culvert place.ment on Mollie Low-gradient 104 05 65 68 0.00 0.00 0.00 0.00 0 0 0
Road Crossing Alteration River Access Road
3.6 <05 19 68 0.00 0.00 0.00 0.00 0 0 0 0
Culverts
Site Schedule 2 Little Clam "f;ﬁeto BastClam | Jw-gradient 1530 <05 235 520 0.25 0.50 0.00 0.00 130 260 0 0 390
Aggregate Pit FAA Aggregate Pit #3 to Middle Low-gradient  1.5/2.8 0.25 237 450 0.00 0.25 0.00 0.00 0 113 0 0 113
Rehabilitation Three Duck
Low-gradient 9 0.5/1.0 500 4,500 0.75 0.75 0.50 0.50 3,375 3,375 2,250 2,250
Higher-gradient 53,73 042110 52 300 0.25 0.25 0.25 0.00 75 75 75 0
(riffle pool)
. Higher-gradient
Open Pit | FAA for Molie River | "WRCZ *:g:a&i io Upper {rffe pool) 6.8/10.8  0.55/1.6 188 1,560 0.25 0.25 0.25 0.00 390 390 390 0 37.830
Low-gradient 1.5 1.0/2.5 507 5,831 0.75 0.75 0.75 0.50 4,373 4,373 4,373 2,916
H'%?gf;‘i‘g”t 64/95 | 05515 248 2,260 0.25 0.25 0.25 0.00 565 565 565 0
Low-gradient 11.5 1.0/2.0 236 2,714 1.00 0.75 0.50 0.50 2,714 2,036 1,357 1,357
Total FAA Gains| 11,492 10,926 9,010 6,523 37,951
Total Schedule 2 Gains 2,255 3,423 1,038 0 6,715
TOTAL GAINS| 13,747 14,349 10,048 6,523 44,666
| DIFFERENCE| 19,672 | -20,586 | -22,727 | 14,463 | -77,448

? Intermittent channel was assigned a channel width of 0.5 m.
e Depth in created habitat based on bankfull channel.




Table B.9: Summary of Lost Habitat and Offsetting Habitat for Yellow Perch in Streams, C6té Gold Project

FAA / Schedule 2 / Habitat Summary Habitat Suitability Index Habitat Units
. Created Avg. B § ° o o @ 25 o o oy 2
Location of Compensation or Identification Habitat Channel |Avg.Depth| Length Area =% T £ £ £ = €% T £ =5 =
Impact ; . . b 2 $3 g5 38 $s $3 g5 38 s TOTAL
Alteration of Type Width (m) (m) (m°) T3 30 <5 6 ¢ T3 30 <5 6 ¢
Habitat? (m) &2 S e s &2 S e s
Habitat Lost
High-gradient 15 <05 472 7,083 0.00 0.00 0.00 0.00 0 0 0 0
Mollie River (area lost to pit, Low-gradient pool - na 66 1,990 0.75 0.75 0.50 0.50 1,493 1,493 995 995
FAA alteration of habitat with the Low-gradient 106 073 373 3,952 0.75 0.75 0.50 0.50 2,964 2,964 1,976 1,976 104,228
Open Pit construction of New Lake) High-gradient 19.0 <0.5 55 1,044 0.00 0.00 0.00 0.00 0 0 0 0
Low-gradient 142 0.7-3 2,518 35,749 0.75 0.75 0.50 0.50 26,812 26,812 17,874 17,874
FAA Clam Creek (from East Clam Low-gradient 2.25 0.1-3.5 491 1,105 0.50 0.50 0.25 0.00 553 553 276 0 1382
Lake to the Mollie River) Intermittent 05 <0.4 243 121 0.00 0.00 0.00 0.00 0 0 0 0 :
Schedule 2 3 05 41 104 0.25 0.25 0.00 0.00 26 26 0 0 52
FAA (Dam) 6 0.5-1.2 381 2,286 0.25 0.25 0.00 0.00 572 572 0 0 1,143
. Schedule 2 (between 6 0.5-1.3 107 642 0.25 0.25 0.00 0.00 161 161 0 0 321
Tailings 2 Dams)
Management FAA (Dam) 6 0514 65 390 0.25 0.25 0.00 0.00 98 98 0 0 195
Facility (TMF) Schedule 2 West Beaver Pond to Low-gradient
and Reclaim |  (Rediaim Pond) Bagsverd South Arm 9 0.5-1.2 404 3,474 0.50 0.50 0.25 0.00 1,737 1,737 869 0 4,343
Pond FAA ( Dam) 12 0.5-1.2 73 896 0.50 0.50 0.25 0.25 448 448 224 224 1,345
Schedule 2 11 0.5-1.2 23 248 0.50 0.50 0.25 0.25 124 124 62 62 371
(between 2 Dams)
FAA (Dam) 12 0.5-1.2 25 302 0.50 0.50 0.25 0.25 151 151 75 75 452
Mine Rock Tributary of Unnamed Lake .
Aron (MRA) FAA (Dam) ol Low-gradient 0.5 <0.5 76 38 0.25 0.25 0.25 0.00 10 10 10 0 29
FAA (Alteration of Low-gradient 4.4 <0.5 35 152 0.25 0.25 0.25 0.00 38 38 38 0 114
Chester Lake |~ pitat culvert Mollie River (upstream)
Outlet Culvert iacoment) Culverts (3) 1.8 <0.5 20 108 0.00 0.00 0.00 0.00 0 0 0 0 0
P Higher-gradient 104 <05 10 108 0.00 0.00 0.25 0.00 0 0 27 0 27
Total FAA Losses| 33,137 33,137 21,496 21145 | 108,914
Total Schedule 2 Losses 2,047 2,047 930 62 5,087
TOTAL LOSS| 35,184 35,184 22,426 21,207 | 114,001
Habitat Created
Higher-gradient | 2.8/3.75 | 0.2/0.5 113 416 0.00 0.00 0.00 0.00 0 0 0 0
Open Pit Schedule 2 WRCH1: Clam to Chester Lake | Alternating Pools 17 1 250 4,150 0.50 0.75 0.25 0.00 2,075 3,113 1,038 0 6,375
Low-gradient 4 05 50 200 0.25 0.25 0.25 0.00 50 50 50 0
Haul Road Culverts 3.6 <0.5 39 140 0.00 0.00 0.00 0.00 0 0 0 0
Chester Lake FAA Habitat Culvert placement on Mollie -
Road Crossing Altoration River kow-graguené 10.4 <0.5 6.5 68 0.00 0.25 0.25 0.00 0 17 17 0 34
ceess hoa 3.6 <0.5 19 68 0.00 0.00 0.00 0.00 0 0 0 0
i Culverts
Site Schedule 2 Little Clam Lﬁ';ieto BastClam |- gradient 1.5-3.0 <0.5 235 520 0.50 0.50 0.00 0.00 260 260 0 0 520
Aggregate Pit FAA Aggregate Pit #3 to Middle Low-gradient  1.5/2.8 0.25 237 450 0.00 0.25 0.25 0.00 0 113 113 0 225
Rehabilitation Three Duck
Low-gradient 9 0.5/1.0 500 4,500 1.00 0.75 0.75 0.50 4,500 3,375 3,375 2,250
Higher-gradient 5 3,75 ' 42110 52 300 0.25 0.50 0.50 0.00 75 150 150 0
(riffle pool)
. Higher-gradient
OpenPit | FAA for Mollie River | WRCZ: ?ﬁféﬁ%ﬁ It(o Upper Liffe pool) 6.8/10.8 | 0.55/1.6 188 1,560 0.25 0.50 0.50 0.00 390 780 780 0 42149
Low-gradient 115 1.0/2.5 507 5,831 1.00 0.75 0.50 0.50 5,831 4,373 2,916 2,916
Higher-gradient ¢ 95 (5515 248 2,260 0.25 0.50 0.50 0.00 565 1,130 1,130 0
(riffle pool)
Low-gradient 115 1.0/2.0 236 2,714 1.00 0.75 0.50 0.50 2,714 2,036 1,357 1,357
Total FAA Gains| 14,075 11,973 9,837 6,523 42,408
Total Schedule 2 Gains 2,385 3,423 1,088 0 6,895
TOTAL GAINS| 16,460 15,396 10,924 6,523 49,303
DIFFERENCE| -18,724  -19,788 | -11,502  -14,684 | -64,699

? Intermittent channel was assigned a channel width of 0.5 m.
b Depth in created habitat based on bankfull channel.




Table B.10: Summary of Lost Habitat and Offsetting Habitat for Walleye in Streams, C6té Gold Project

FAA / Schedule 2 / Habitat Summary Habitat Suitability Index Habitat Units
. Created Avag. > S ) o B S o) >
Location of Compensation or Identification Habitat Changnel Avg. Depth| Length Area E % % g’ = £ & E E % % CED = £ = E
Impact Alteration of Tvpe® i b 2 3 o g 37 g -] (- ER g TOTAL
) ype Width (m) (m) (m%) 33 3 e <5 6 E 33 30 <5 6 E
Habitat? (m) &£ S w 3 &£ S E u 5
Habitat Lost
High-gradient 15 <05 472 7,083 0.50 0.00 0.00 0.00 3,541 0 0 0
Mollie River (area lost to pit, | Low-gradient pool - na 66 1,990 0.00 0.25 0.25 0.00 0 498 498 0
FAA alteration of habitat with the Low-gradient 10.6 0.7-3 373 3,952 0.00 0.25 0.25 0.25 0 988 988 988 34,834
Open Pit construction of New Lake) High-gradient 19.0 <0.5 55 1,044 0.50 0.00 0.00 0.00 522 0 0 0
Low-gradient 142 0.7-3 2,518 35,749 0.00 0.25 0.25 0.25 0 8,937 8,937 8,937
FAA Clam Creek (from East Clam |  Low-gradient 2.25 0.1-35 491 1,105 0.00 0.00 0.00 0.00 0 0 0 0 0
Lake to the Mollie River) Intermittent 0.5 <0.4 243 121 0.00 0.00 0.00 0.00 0 0 0 0
Schedule 2 3 05 41 104 0.00 0.00 0.00 0.00 0 0 0 0 0
FAA (TMF Dam) 6 0.5-1.2 381 2,286 0.00 0.00 0.00 0.00 0 0 0 0 0
- Schedule 2 (between 6 0.5-1.3 107 642 0.00 0.00 0.00 0.00 0 0 0 0 0
Tailings 2 Dams)
Management FAA (Dam) 6 0.5-1.4 65 390 0.00 0.00 0.00 0.00 0 0 0 0 0
Facility (TMF) Schedule 2 West Beaver Pond to Low-gradient
. . Bagsverd South Arm 9 0.5-1.2 404 3,474 0.00 0.00 0.00 0.00 0 0 0 0 0
and Reclaim (Reclaim Pond)
Pond FAA (Dam) 12 0.5-1.2 73 896 0.00 0.00 0.00 0.00 0 0 0 0 0
Schedule 2 (between 11 0.5-1.2 23 248 0.00 0.00 0.00 0.00 0 0 0 0 0
2 Dams)
FAA (Dam) 12 0.5-1.2 25 302 0.00 0.00 0.00 0.00 0 0 0 0 0
X'r';‘: (R,\;I’;;) FAA (Dam) Tributary of l;g”amed Lake Low-gradient 0.52 <0.5 76 40 0.00 0.00 0.00 0.00 0 0 0 0 0
FAA (Alteration of Low-gradient 4.4 <0.5 35 152 0.00 0.00 0.00 0.00 0 0 0
Chester Lake Habitat, culvert Mollie River (upstream)
Outlet Culvert lacement) Culverts (3) 1.8 <0.5 20 108 0.00 0.00 0.00 0.00 0 0 0
Higher-gradient 10.4 <0.5 10 108 0.50 0.25 0.00 0.00 54 27 0 0 81
Total FAA Losses| 4,117 10,450 10,423 9,925 34,915
Total Schedule 2 Losses 0 0 0 0 0
TOTALLOSS| 4,117 10,450 10,423 9,925 34,915
Habitat Created
Higher-gradient | 2.8/3.75 | 0.2/0.5 113 416 0.00 0.00 0.00 0.00 0 0 0 0
Open Pit Schedule 2 WRC1: Clam to Chester Lake | Alternating Pools 17 1 250 4,150 0.00 0.25 0.00 0.00 0 1,038 0 0 1,088
Low-gradient 4 0.5 50 200 0.00 0.25 0.00 0.00 0 50 0 0
Haul Road Culverts 36 <05 39 140 0.00 0.00 0.00 0.00 0 0 0 0
Chester Lake FAA Habitat Culvert placement on Mollie Low-gradient 10.4 <0.5 6.5 68 0.00 0.00 0.00 0.00 0 0 0 0 0
Road Crossing Alteration River Access Road 36 <05 19 68 0.00 0.00 0.00 0.00 0 0 0 0
Culverts
Site Schedule 2 Little Clam Lﬁ';ieto BastClam | | gradient 1.5-3.0 <0.5 235 520 0.00 0.00 0.00 0.00 0 0 0 0 0
Aggregate Pit FAA Aggregate Pit #3 to Middle Low-gradient 15/2.8 0.25 237 450 0.00 0.00 0.00 0.00 0 0 0 0 0
Rehabilitation Three Duck
Low-gradient 9 0.5/1.0 500 4,500 0.00 0.25 0.00 0.25 0 1,125 0 1,125
Higher-gradient 553,75 | 42110 52 300 0.50 0.25 0.00 0.00 150 75 0 0
(riffle pool)
. Higher-gradient
Open Pit | FAA for Molie River | "WRCZ 'I,\'lr?:;eLaleJec It(o Upper {ifie poo) 6.8/10.8 | 0.55/1.6 188 1,560 0.50 0.50 0.00 0.00 780 780 0 0 16,084
Low-gradient 115 1.0/2.5 507 5,831 0.00 0.50 0.25 0.25 0 2,916 1,458 1,458
Higher-gradient ¢ 95 ' 5515 248 2,260 075 0.50 0.00 0.00 1,695 1,130 0 0
(riffle pool)
Low-gradient 115 1.0/2.0 236 2,714 0.00 0.75 0.25 0.25 0 2,036 679 679
Total FAA Gains| 2625 8,061 2,136 3,261 16,084
Total Schedule 2 Gains 0 1,088 0 0 1,088
TOTAL GAINS| 2,625 9,149 2,136 3,261 17,171
DIFFERENCE| -1,492 -1,301 -8,287 6,664  -17,744

? Intermittent channel was assigned a channel width of 0.5 m.
b Depth in created habitat based on bankfull channel.




Table B.11: Summary of Lost Habitat and Offsetting Habitat for Smallmouth Bass in Streams, C6té Gold Project

FAA / Schedule 2 / Habitat Summary Habitat Suitability Index Habitat Units
. Created Avg. S5 ° o o o 35 ° o o o
Location of Compensation or Identification Habitat Channel |Avg.Depth Length Area E B T E s £ L £ E B T E s £ L £
Impact Alteration of . i b 2 25 g5 :8 s 2 25 25 :8 s 2 TOTAL
t Type Width (m) (m) (m°) g3 38 <5 O E g3 38 <5 O E
Habitat? (m) &c S w B o £ > w 3
Habitat Lost
High-gradient 15 <05 472 7,083 0.00 0.00 0.00 0.00 0 0 0 0
Mollie River (area lost to pit, Pool - na 66 1,990 0.00 0.25 0.25 0.25 0 498 498 498
FAA alteration of habitat with the Low-gradient 10.6 0.7-3 373 3,952 0.00 0.25 0.25 0.25 0 088 088 988 31,268
Open Pit construction of New Lake) High-gradient 19.0 <0.5 55 1,044 0.00 0.00 0.00 0.00 0 0 0 0
Low-gradient 14.2 0.7-3 2,518 35,749 0.00 0.25 0.25 0.25 0 8,937 8,937 8,937
EAA Clam Creek (from East Clam |  Low-gradient 2.25 0.1-3.5 491 1,105 0.00 0.00 0.00 0.00 0 0 0 0 o
Lake to the Mollie River) Intermittent 0.5 <0.4 243 121 0.00 0.00 0.00 0.00 0 0 0 0
Schedule 2 3 05 41 104 0.00 0.00 0.00 0.00 0 0 0 0 0
FAA (TMF Dam) 6 0.5-1.2 381 2,286 0.00 0.00 0.00 0.00 0 0 0 0 0
. Schedule 2 (between 6 0513 107 642 0.00 0.00 0.00 0.00 0 0 0 0 0
Tailings 2 Dams)
Management FAA (Dam) 6 0.5-1.4 65 390 0.00 0.00 0.00 0.00 0 0 0 0 0
Facility (TMF) Schedule 2 West Beaver Pond to Low-gradient
and Reclaim | (Rediaim Pond) Bagsverd South Arm 9 0.5-1.2 404 3,474 0.00 0.00 0.00 0.00 0 0 0 0 0
Pond FAA (Dam) 12 0.5-1.2 73 896 0.00 0.25 0.00 0.00 0 224 0 0 224
Schedule 2 (between 11 0.5-1.2 23 248 0.00 0.25 0.00 0.00 0 62 0 0 62
2 Dams)
FAA (Dam) 12 0.5-1.2 25 302 0.00 0.25 0.25 0.00 0 75 75 0 151
Mine Rock Tributary of Unnamed Lake .
Aros (MRA) FAA (Dam) ol Low-gradient 0.52 <0.5 76 40 0.00 0.00 0.00 0.00 0 0 0 0 0
FAA (Alteration of Low-gradient 4.4 <0.5 35 152 0.25 0.50 0.25 0.00 38 76 38 0 152
Chester Lake |~ pitat culvert Mollie River (upstream)
Outlet Culvert iacoment) Culverts (3) 1.8 <0.5 20 108 0.00 0.00 0.00 0.00 0 0 0 0 0
P Higher-gradient 10.4 <05 10 108 0.00 0.25 0.25 0.00 0 27 27 0 54
Total FAA Losses| 38 10,825 10,563 10,423 31,849
Total Schedule 2 Losses 0 62 0 0 62
TOTALLOSS| 38 10,887 10,563 10,423 31,911
Habitat Created
Higher-gradient | 2.8/3.75 | 0.2/0.5 13 416 0.00 0.00 0.00 0.00 0 0 0 0
Open Pit Schedule 2 WRC1: Clam to Chester Lake | Alternating Pools 17 1 250 4,150 0.00 0.25 0.00 0.00 0 1,038 0 0 1,088
Low-gradient 4 05 50 200 0.00 0.25 0.00 0.00 0 50 0 0
Haul Road Culverts 3.6 <05 39 140 0.00 0.00 0.00 0.00 0 0 0 0
Chester Lake FAA Habitat Culvert placement on Mollie Low-gradient 10.4 <0.5 6.5 68 0.00 0.25 0.00 0.00 0 17 0 0 17
Road Crossi Alterati Ri
oad Lrossing eration ver Access Road 3.6 <05 19 68 0.00 0.00 0.00 0.00 0 0 0 0
Culverts
Site Schedule2 | tle Clam Lfgiet" BastClam ) .\ gradient 15-3.0 <05 235 520 0.00 0.00 0.00 0.00 0 0 0 0 0
Aggregate Pit FAA Aggregate Pit #3 to Middle Low-gradient  1.5/2.8 0.25 237 450 0.00 0.25 0.25 0.00 0 113 113 0 225
Rehabilitation Three Duck
Low-gradient 9 0.5/1.0 500 4,500 0.25 0.50 0.50 0.25 1,125 2,250 2,250 1,125
Higher-gradient 5 3,75 ' 40110 52 300 0.00 0.25 0.25 0.00 0 75 75 0
(riffle pool)
. Higher-gradient
OpenPit | FAA for Mollie River | WRCZ: *:;Lglzec It(o Upper Lifle pool 6.8/10.8 = 0.55/1.6 188 1,560 0.00 0.25 0.25 0.00 0 390 390 0 20470
Low-gradient 115 1.0/2.5 507 5,831 0.25 0.50 0.25 0.25 1,458 2,916 1,458 1,458
Higher-gradient ¢ o5 (55115 248 2,260 0.00 0.25 0.25 0.00 0 565 565 0
(riffle pool)
Low-gradient 115 1.0/2.0 236 2,714 0.25 0.50 0.50 0.25 679 1,357 1,357 679
Total FAA Gains| 3,261 7,682 6,207 3,261 20,412
Total Schedule 2 Gains 0 1,088 0 0 1,088
TOTAL GAINS| 3,261 8,769 6,207 3,261 21,499
[ DIFFERENCE| 3,223 2,118 -4,356 7,162 10,412

? Intermittent channel was assigned a channel width of 0.5 m.
e Depth in created habitat based on bankful channel.




Table B.12: Summary of Lost Habitat and Offsetting Habitat for Small-bodied Fish in Streams, C6té Gold Project

FAA / Schedule 2/ Habitat Summary Habitat Units
Location of Created I Avg. Avg Habitat
Impact Compens_atlon or Identification Habitat Channel Depti1 Length Area | Suitability | 4,0 TOTAL
Altera?lon of Type® Width b (m) (mz) Index Units
Habitat? (m)
(m)
Habitat Lost
Unnamed stream between
Unnamed Pond and Mollie Intermittent 0.5 <0.5 276 138 0.25 35
Open Pit FAA -haaltbeitr::mn of |River 455
Unnamed stream from .
Unnamed Pond to Mollie River Low-gradient 1.8 <0.5 468 842 0.50 421
Unnamed stream outlet from .
FAA - alteration of |East Beaver Pond Intermittent 0.5 <0.3 139 70 0.25 17 17
New Lake .
habitat U d st bet East
nhamed stream between £ast | |ntermittent 0.5 <0.3 113 57 0.25 14 14
Beaver Ponds
Tailings llrJ]Te”tamed Waterbody #2 Main | |\ sradient 15 0.4 267 400 0.25 100
Management
Facility (TMF) Schedule 2 l“?”tamed Waterbody #2 Small |\ oradient 0.45 0.35 244 110 0.25 27 272
and Reclaim nets
Pond Unnamed Waterbody #2 Outlet | Low-gradient 1.8 <0.5 161 290 0.50 145
Low-gradient 0.5 <0.3 217 109 0.25 27
. Intermittent 0.5 <0.3 104 52 0.25 13
Mine Rock Schedule2  |Tributary of U d Lake #3 63
Area (MRA) chedule ributary of Unnamed Lake Low-gradient 0.5 <0.3 22 11 0.25 3
Low-gradient 0.5 0.3-<1 162 81 0.25 20
Total FAA Losses 487
Total Schedule 2 Losses 335
TOTAL 822
Habitat Created
Open Pit FAA Unnamed Pond to New Lake Intermittent 1.5 0.3 409 768 0.50 384 384
. Bagsverd Aggregate Pit to .
Aggregate Pit |FAA wetland to the north Low-gradient 1.5 0.5 100 427 0.75 320 320
Total FAA Gains 704
Total Schedule 2 Gains 0
TOTAL GAINS 704

& Intermittent channel was assigned a channel width of 0.5 m.
b Depth in created habitat based on bankfull channel.




Table B.13: Summary of Lost Habitat, Created Habitat, and Habitat Balance for

Streams, Coté Gold Project

Species ﬁ\ii";::::ﬂ: ‘:?ue‘;?rillge FoAr:;iI:\g wi(r::eer:;\g TOTAL

Northern pike 33,419 34,935 32,775 20,986 122,115

Yellow perch 35,184 35,184 22,426 21,207 114,001

HE:istft Walleye 4,117 10,450 10,423 = 9,925 34,915

Smallmouth bass 38 10,887 10,563 10,423 31,911
Small-bodied Fish - - - - 822

Total Habitat Units Lost 72,758 91,455 76,187 62,541 303,764

Species ﬁ\ii";:::ﬂ: ‘:?ue‘;?rillge FoAr:;::\g wi(r::eerz;\g TOTAL

Northern pike 13,747 14,349 10,048 6,523 44,666

Yellow perch 16,460 15,396 10,924 6,523 49,303

Walleye 2,625 9,149 2,136 3,261 17,171

Habitat Smallmouth bass 3,261 8,769 6,207 3,261 21,499
Created |Small-bodied Fish - - - - 704

wosduo Lake® | - - - | amees

Comanitte ||

Total Habitat Units Gained 36,094 47,662 29,316 19,568 222,798

Species ineubation Rearing Foraging wintering | TOTAL

Northern pike -19,672 -20,586 -22,727 -14,463 77,448

Yellow perch -18,724 -19,788 -11,502 -14,684 -64,699

Balance Walleye -1,492 -1,301 -8,287 -6,664 -17,744

Smallmouth bass 3,223 -2,118 -4,356 -7,162 -10,412
Small-bodied Fish - - - - -118

TOTAL -36,665 -43,793 -46,871 -42,973 -80,966

Note: All values represent habitat units.

& Connectivity was determined by calculating 10% of the total area gained for access to habitat (e.g., 10% of
total surface area for Upper Three Duck Lake and Clam Lake) by the suitability of the habitat gained (i.e..,
Upper Three Duck was assigned an HSI of 0.75, Clam Lake 0.5 as fish from Little Clam and East Clam had
partial access to this area).
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Executive Summary

The proposed Coté Gold Project will overprint Clam Creek, a section of the Mollie River and C6té Lake. To
maintain hydrologic connectivity and aquatic habitat (lakes connected through short sections of river), two
Watercourse Realignment Channels (WRCs) and a New Lake have been designed.

To support the WRC designs, a geomorphologic assessment was completed for the existing sections of Clam
Creek and Mollie River to be affected by the mine infrastructure. The assessment characterized the existing
morphology and bed material of both watercourses. Results from the assessment were combined with
hydrologic and hydrogeomorphic modelling to inform key design criteria for the WRC designs. Both WRCs
were designed using principles of Natural Channel Design (NCD), with the overall objective of creating
functional channels that work with the existing natural processes of the broader hydrologic system.
Additionally, the channels were designed to maximize available habitat potential, matching or enhancing the
existing habitat conditions for both Clam Creek and Mollie River.

This document summarizes the existing conditions geomorphological assessment and outlines the rationale
and design criteria for the proposed WRC and New Lake designs. The detailed design drawings accompany
this document.
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1. Introduction

GeoProcess Research Associates Inc. (GRA) was retained by IAMGOLD Corporation (IMG) to
design two watercourse realignments using Natural Channel Design (NCD) principles to
accommodate the proposed C6té Gold Project infrastructure. As part of the project plan,
realignments of Clam Creek, the Mollie River and a new lake are proposed, with the objectives
of providing long-term geomorphic stability and providing similar or enhanced aquatic habitat conditions in
the watercourses. This technical design brief and accompanying drawings pertain to the designs of the low
flow (bankfull) channels and habitat revetments for the two watercourse realignments and lake. Flood
impacts, corridor design and associated dam designs have been completed by others in the IMG Engineering
team.

To achieve designs that function in concert with hydrological, morphological, sedimentological and
ecological objectives, a baseline fluvial geomorphological assessment was completed for the existing reaches
of Clam Creek and Mollie River. This assessment characterized the existing morphological characteristics of
both reaches. Additional hydrogeomorphic modelling was undertaken using field data and hydrologic
modelling results provided by the IMG Engineering team to estimate fluvial processes pertaining to the
dominant discharge, sediment mobility, backwater characteristics and the channel-floodplain interactions.
Ultimately, these results guided design criteria for the watercourse realignment channels (WRCs), and were
used with the fish community targets identified by Minnow Environmental (the fisheries consultant).

2. Background

The C6té Gold Project is in the district of Sudbury, between the Cities of Sudbury and Timmins, close to the
Town of Gogama, ON. The area is typical of this region of northern Ontario, with topographically high
features of exposed bedrock interspersed with glacial-deposited overburden in the lower lying areas. The
area has extensive networks of lakes connected by rivers. The rivers generally transition between local higher
gradient reaches (as they flow down bedrock outcrop areas) to wider low gradient reaches through the
topographically low areas.

The project proposes to overprint Coté Lake, Clam Creek and portions of the Mollie River. As such, it is
necessary to reroute flows from these features. To reroute the flows, watercourse realignments and the
construction of a New Lake are proposed. These new hydrologic features have been designed to mimic the
existing features while enhancing regionally constrained aquatic habitats, where feasible. A map illustrating
the existing lake and river system and the general arrangement of the proposed watercourse realignments
and New Lake is shown in Figure 1.

New Lake will connect to the Chester Lake outlet, replacing a section of the existing Mollie River valley. A
dam will be constructed along the Mollie River to stop the flow to C6té Lake and to create New Lake (all dam
designs were prepared by others and are not part of this technical brief). In addition to New Lake, two
watercourse realignment channels (WRCs) are proposed; WRC1 and WRC2. WRC1 is a new outlet for Clam
Lake, effectively replacing Clam Creek and rerouting the Clam Lake flows. WRC2 connects the New Lake (and
in turn, Chester Lake) to Upper Three Duck Lake, replacing the reach of the Mollie River. WRC2 will convey
both the discharge entering Chester Lake from the upper watershed as well as the discharge from WRC1,
flowing from Clam Lake.

KNOWLEDGE RESEARCH CONSULTING @ 1
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Figure 1: Cété Gold Project proposed watercourse and lake alterations.

3. Existing and Proposed Hydrology

An assessment of the existing and proposed hydrology was undertaken to gain an understanding of the
rerouting requirements and to obtain design parameters for the WRCs. Golder undertook this assessment
and provided continuous daily flow data. These data were derived from a GoldSim hydrologic model
developed for the project and calibrated to available Environment Canada gauges (Golder, 2014). Both
existing and proposed conditions models were developed, each having a period of record of 43 years. Details
on the model development, assumptions, validation and results can be found in Golder (2014). Below is a
summary of the modelled existing and proposed hydrologic conditions related to the watercourse
realignment.

3.1. Summary of Continuous Flow Model (Golder, 2014)

The output for the hydrologic model was provided as lake outflows, therefore it was necessary to relate this
data to the correct watercourse. C6té Lake outflow was used to estimate the existing conditions as it includes
both the Mollie River and Clam Creek. However, since Coté Lake will be overprinted by the mine, Chester
Lake outflow was used for the proposed conditions for WRC2 since it encompasses both WRC1 and the
Chester Lake watershed (Figure 1). The Clam Lake outflow was used to estimate the flow regime in WRC1 for
the proposed conditions. Since New Lake was not included in the GoldSim model|, it is assumed that the
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Chester Lake outflow will have similar discharge characteristics. Table 1 summarizes the lake outflows used
for each representative watercourse.

Table 1: Locations used for hydrologic analysis for each scenario.

Chester and Coté Chester Lake

Scenario Clam Lake Outflow

Lake Outflow Outflow
Existing Conditions Clam Creek Mollie River Mollie River
Proposed Conditions WRC1 N/A WRC2

The mean and maximum annual discharges for Coté and Chester Lakes (WRC2) are approximately an order
of magnitude greater than Clam Lake (WRC1) (Table 2 and Table 3). The proposed conditions outflow from
Chester Lake is less than the existing conditions flow discharging from Coté Lake, on average. This likely
reflects the loss of contributing watershed area due to overprinting by the mine since precipitation falling
on the mine will be directed to treatment facilities. Flows from Clam Lake do not considerably change
between existing and proposed conditions.

Table 2: Mean annual discharges for existing and proposed conditions for the simulated periods of record

(m3/s).
Existing Proposed
Lake Outflow Coté Chester Clam Chester Clam
Mollie River ilellt2 (07
Corresponding Watercourse (upstream of Clam Clam Creek WRC2 WRC1
and Clam Creek
Creek)
Mean 0.40 0.32 0.04 0.32 0.03
Min 0.10 0.08 0.01 0.07 0.02
Max 0.60 0.49 0.06 0.49 0.05

Table 3: Max annual discharges for existing and proposed conditions for the simulated periods of record

(m3/s).
Existing Proposed
Coté Chester Chester Clam
Mean 427 340 042 3.55 0.42
Min 0.86 0.78 0.04 1.87 0.20
Max 6.91 5.62 0.79 6.09 0.81

For both systems, the highest flows occur in the spring, corresponding to snowmelt and the spring freshet
(Figure 2) which generally occurs between March and June. April has the highest flows, on average. Another
period of high flows occurs in the fall between October and November (Figure 2).

Based on the flow duration curves (Figure 3) for WRC1 (Clam Lake), the proposed conditions result in a slight
reduction in higher discharges and a corresponding increase in low flows. The model predicts a reduction
for the full range of flows for WRC2 (C6té and Chester Lakes) (Figure 3).
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Figure 2: Mean monthly flows for existing and proposed conditions for the simulated periods of record.
Whiskers represent range in mean monthly flows for simulated period of record.
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Figure 3: Flow-duration curves for existing and proposed conditions for the simulated periods of record.
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Return-period flows were estimated by Weibull plotting position using both maximum annual discharge
series and partial duration series. Partial duration series, or “events over a threshold”, were set to include all
hydrologically independent peak discharges above a defined threshold. This threshold was taken to be
slightly below the lowest maximum annual discharge for the periods of record; 0.8 m3/s and 0.03 m3/s for
Coté/Chester (WRC2) and Clam (WRC1) Lakes, respectively.

The objective of the flood-frequency analysis (FFA) is to provide an initial estimate of the dominant discharge,
to size the low flow channel within the realignment corridor. As such, infrequent floods were not estimated
as part of the FFA.

For the 2-year discharge, the difference between the maximum annual and partial series results was
negligible. In general, discharges for return-periods less than the 1-year were higher for the partial-duration
series (Figure 4). This effect of a lower return-period for a given discharge reflects the possibility of multiple
events occurring in a given year, a scenario that occurs on occasion when the fall discharge is sufficiently
high. A summary of the annual and 2-year discharge values is provided in Table 4.
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Figure 4: Flood frequency analysis for existing and proposed conditions.
Table 4: Estimated return-period discharges using Weibull plotting position based on partial duration series

for both existing and proposed conditions periods of record.

Existing Proposed
Coté Chester Clam Chester Clam
2-year 4.20 344 042 345 0.40
1-year 2.71 2.12 0.20 2.21 0.24
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4. Geomorphological Assessment and Existing Conditions

Field and analytical investigations were completed for the existing Clam Creek and Mollie River reaches that
are proposed to be overprinted by mine infrastructure. The objective of the existing conditions assessment
was to collect a morphologically representative dataset that established the groundwork for the design
criteria so that the new NCDs will maintain a form and function that suit the governing channel processes.
We understand that the new river corridors will have a different set of overarching conditions, but there are
parameters and relationships that can be derived from existing channel morphology that can be scaled to
the new sites.

4.1. Planform Characteristics

A morphometric analysis was completed for both the Mollie River and Clam Creek within the low gradient
meandering reaches (Figure 5). The objective was to determine planform relationships that can be applied
to the new corridors. The hydrologic modelling indicated that the operational hydrology (proposed
conditions) will be less than the existing conditions, but not by a significant margin (i.e. is sufficiently similar
for estimating purposes), as discussed in Section 3. Therefore, the proposed watercourse realignments will
maintain similar flow conditions to the existing Clam Creek (for WRC1) and the Mollie River upstream of
Clam Creek (for WRC2).

Figure 5: Example of the morphometric analysis for the Mollie River (right) and Clam Creek (left).

In general, there is a considerable range in meander geometry (Table 5). This is expected considering the
variability in meander characteristics of the low gradient reaches, which vary from highly sinuous to nearly
straight.
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Table 5: Mollie River and Clam Creek planform characteristics for low gradient reaches.

Wetted Cell

Width (m)

Radius of Meander

Bottom Sinuosity

Width (m) Curvature (m) Wavelength (m)

Mean 15.9 1234 30.9 86.8 1.29
Max 386 348.8 85.8 157.6 1.65
Min 6.4 26.0 9.2 48.1 1.01
Median 14.2 973 222 843 1.24
St.Dev. 6.6 84.8 21.0 28.1 0.26
Mean 5.1 65.8 18.3 43.1 1.21
Max 8.8 97.7 56.6 71.7 1.50
Min 3.1 49.0 5.5 24.7 1.00
Median 4.8 63.7 11.0 40.8 1.12
St.Dev. 1.5 19.0 16.6 16.7 0.26

The mean planform parameters were compared to empirical relationships of Williams (1986) to estimate if
they relate to the estimated bankfull channel relationships. It is acknowledged that the measured parameters
vary considerably and, therefore, have the potential for a wider range of uncertainty. Using the applicable
relationships, a range for each morphologic parameter was estimated (Table 6). The spread in the parameters
reflects the variability of the measured data, the bankfull channel estimates and the inherent uncertainty
associated the Williams (1986) relationships. While the measured ranges (Table 5) generally overlap with
those estimated from empirical relationships (Table 6), the variability reasserts the overall meander
complexity of these systems and the possible backwater influence of Coté Lake on the downstream portions
of the Mollie River and Clam Creek.

Table 6: Maximum and minimum morphologic parameters estimated using the relationships from Williams
(1986).

Mollie River Clam Creek

Morphologic Parameter

Min Max Min Max

Meander Wavelength (m) 140.0 276.5 29.1 82.9
Radium of Curvature (m) 19.1 493 5.2 9.5
Bankfull Area (m?) 5.0 127 1.7 57
Bankfull Width (m) 0.9 59.3 0.5 11.1
Bankfull Depth (m) 0.5 1.7 0.2 0.6
Meander Belt Width (m) 52.9 3173 26.3 52.7

4.2. Field Investigation

A detailed geomorphological investigation was completed in June 2018. Detailed geomorphic surveys of
both the Mollie River and Clam Creek were undertaken to ascertain a physical representation of the existing
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river systems and to inform design criteria for the WRCs. The following section summarizes the existing
morphologic conditions.

4.2.1. Reach Delineation

A single river may transition between different morphologies along its course due to changes in geology,
slope, valley type, sediment sources, anthropogenic influences or discharge. As such, it is common to
separate rivers into segments, or reaches. A reach can range in length, depending on the size and
characteristics of the river. However, it should be sufficiently long that average hydraulic and morphologic
characteristics can be confidently estimated. In this assessment, reaches were delineated based on desktop
analyses of planform conditions and further refined after the field investigation, taking into consideration
the previously listed factors and the field observations. The resulting reach delineations are illustrated in
Figure 6.

: . S # Legend @
Clam Creek’ Study Limits
Reach Breaks
GeoProcess
RESEARCH ASSOCIATES

0 W W0 150 mere
[ — ]

Clam Creek Map

o

Mollie River Map

Figure 6: Reach delineations for field characterization.

4.2.2. Mollie River

The Mollie River study area is contained between Chester Lake (upstream) and C6té Lake (downstream).
There are two distinct reaches: 1) a steep reach immediately downstream of Chester Lake (MR1) that
transitions into 2) a low gradient reach eventually flowing into Coté Lake (MR2). Figure 9 plots the

KNOWLEDGE RESEARCH CONSULTING @ 10



IAMGOLD CORPORATION
COTE GOLD WATERCOURSE REALIGNMENTS FEBRUARY 2019

longitudinal profile of the entire study reach with reach breaks shown. Table 7 summarizes measured cross-
sectional bankfull geometry characteristics and modelled hydraulic parameters.

MR1 is characterized by a series of steps, riffles and runs with small to large forced pools spaced between.
Large woody debris is prominent throughout the reach. Bedrock outcrops were observed along the length,
with a portion of the bed directly flowing on exposed bedrock. Bed material was mainly large cobble to
boulder-sized material, with minimal sands (and fines) contained in the interstitial spaces of the larger stones.
A small floodplain is present in this reach, although visual evidence (vegetation types, lack of sedimentary
deposits) suggests that the floodplain is infrequently inundated. Typical photographs of MR1 are shown in
Figure 7. The gradient in this reach is moderate to steep, except at local instances of large forced pools,
ranging between 0.36% and 3.70% (illustrated in Figure 9). Six cross-sections were measured in MR1, with
top widths and depths ranging between approximately 9 m — 10.5 m and 0.4 m - 1.2 m, respectively.

Cross-sectional parameters were referenced to the field identified bankfull stage (elevation where water
begins to spill into the floodplain or terrace). Based on field observations, the bankfull channel appears to
be oversized relative to the flow regime. This observation is consistent with this type of system, due to its
limited sediment supply, as is typical in reaches immediately downstream of lakes, where the channel is not
maintained by sediment input from upstream. Instead, the channel is controlled by the large, stable bed
material, vegetation and erratic instances of bedrock outcrops.

Figure 7: Looking upstream at Chester Lake (top left), typical view of MR1 (top right), large bed material
typical of MR1 (bottom left), looking upstream from MRZ2 (bottom right).

MR2 is a low gradient, sluggish reach that varies considerably in planform and cross-sectional geometry. The
reach is dominated by a vast, densely vegetated floodplain that has an active connection to the bankfull
channel. Bed material is mainly sands and organics, with local instances of consolidated overburden or
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bedrock outcrops. There were several sporadic boulders throughout the reach, providing additional in-
stream habitat. Large woody debris was common. Planform geometry ranged between relatively straight to
highly sinuous. Well-defined run-pool sequence (shown in Figure 9) were present throughout most of the
reach, with runs and pools typically coinciding with meander cross-overs and outer bends, respectively. The
photos in Figure 8 depict typical conditions in MR2. The hydraulic gradient measured throughout the reach
was shallow, with slopes ranging between 0.006% and 0.02%. Cross-sectional geometry also varied
considerably (seven cross-sections were measured), with top widths and depths ranging between
approximately 8 m —21 m and 0.9 m — 4.7 m, respectively.

The low gradient and active floodplain connection indicate that this reach is a low-energy system. This is
supported by the lack of observed channel instability. Bank stability is primarily governed by shoreline
riparian vegetation. While sediment supply of coarse material is limited due to factors discussed for MR1,
some sands and finer particles are likely delivered from MR1, and local scour and deposition has generated
and maintained the run-pool sequence. These processes appear in balance, based on the lack of observed
instability.

Figure 8: Looking downstream from MRT1 (top left), typical view of MR2 (top right), typical view of MR2
(bottom left), example of sporadic instances of large boulders through MR2 (bottom right).
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Figure 9: Mollie River longitudinal profile.

Table 7: Mollie River cross-sectional characteristics.

MR1 MR2 River
Average Minimum Maximum Average Minimum Maximum Average

Gradient (%) 0.5 0.36 3.70 0.01 0.006 0.02 0.26

Area (m?) 435 1.60 7.99 14.85 5.31 43.02 9.60

Top Width (m) 9.90 8.95 10.48 13.56 7.65 21.48 11.73

Mean Depth (m) 0.43 0.18 0.76 1.00 0.55 2.41 0.71

Max Depth (m) 0.71 0.35 1.19 1.73 0.93 4.67 1.22
Wetted Perimeter (m)  10.24 9.12 11.22 17.37 8.56 41.44 13.81
Hydraulic Radius (m) 0.41 0.18 0.71 0.77 0.53 1.04 0.59
Width-Depth Ratio (-)  28.86 13.76 50.00 15.81 7.43 31.28 22.34
Velocity (m/s) 0.96 0.56 1.41 0.20 0.13 0.26 0.58
Discharge (m3/s) 4.88 0.89 11.26 3.24 0.74 11.03 4.06
Froude Number (-) 0.48 0.42 0.53 0.07 0.06 0.10 0.28
Shear Stress (Pa)  20.32 8.62 34.92 0.58 0.34 1.02 10.45
Shear Velocity (m/s) 0.14 0.09 0.19 0.02 0.02 0.03 0.08
Unit Stream Power (Watts/m?) ~ 23.53 4.90 53.00 0.17 0.05 0.61 11.85

4.2.3. Clam Creek

Clam Creek flows from Clam Lake and outlets to the Mollie River, shortly upstream of Coté Lake. For this
analysis the creek has been separated into three distinct reaches; a low gradient wetland reach at the Clam
Lake/Clam Creek transition (CC1), a high gradient middle reach similar to MR1 (CC2) and a low gradient
sinuous channel similar to MR2 that outlets to the Mollie River (CC3). Figure 13 illustrates the longitudinal
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profile of the entire study reach with reach breaks shown. Table 8 summarizes measured cross-sectional
bankfull geometry characteristics and modelled hydraulic parameters.

CC1 is located immediately downstream of the Clam Lake culvert. The upstream portion of this reach is
essentially a short lake extension as Clam Lake transitions to Clam Creek. Bed material is primarily organics
with a large abundance of in-channel vegetation. There is no clearly defined bankfull channel in the upstream
portion of CC1, owing to the lack of erosive forces and shallow slope. Figure 10 shows typical photographs
of CC1. Downstream, the gradient increases and a defined bankfull channel persists, with top widths and
depths of approximately 2.3 m and 0.3 m, respectively. Bed material in the downstream portion of CC1 is
dominated by gravel and cobbles.

Figure 10: Looking upstream at Clam Lake culvert (top left), typical view of CC1 (top right), typical view of
CCT (bottom left), large woody debris common through CC1 (bottom right).

CC2 has a similar morphology to MR1. Here, Clam Creek loses most of its gradient in a short, steep section.
Like MR1, bed material consisted of larger material and bedrock outcrops. The gradients range between
2.3% and 9.2%. Top widths and depths range between approximately 2.3 m — 3 m and 0.15 m — 0.40 m,
respectively. Like MR1, this reach is sediment supply limited and therefore has overall low sediment mobility.
Channel stability is maintained by large, immobile bed material and bedrock outcrops. Figure 11 illustrates
typical photographs of CC2.
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Figure 11: Large cobble material common in CC2 (top left), looking downstream at steepest section of CC2
(top right), looking upstream at steepest section of CC2 (bottom left), looking downstream at CC3 (bottom
right).

CC3 has similar morphology to MR2. A well-vegetated floodplain and low gradient meandering channel
dominate the reach. The exception is the upstream portion which is slightly steeper and less sinuous, as the
creek transitions from the higher gradient CC2 reach. Bed material was mainly soft organic material with a
large abundance of in-channel vegetation and large woody debris. Gradients range between 0.006% and
2%. Similar to MR2, cross-sectional geometry varies considerably with top widths and depths ranging
between approximately 2.7 m - 3.3 m and 0.5 m — 1 m, respectively. Stability in the reach is mainly controlled
by riparian vegetation, with few indicators of instability. Figure 12 illustrates typical photographs of CC3. It
should be noted that, due to the soft layer of organic material, only a portion of CC3 was surveyed. Hydraulic
gradient was measured throughout the entire reach.
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Figure 12: Typical view of CC3 (top left), common in-channel vegetation and soft organic bed (top right),
floodplain and meandering section of CC3 (bottom left), looking downstream near the confluence with the
Mollie River (bottom right).
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Figure 13: Clam Creek longitudinal profile.
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Table 8: Clam Creek cross-sectional characteristics.

River
Average
Gradient (%) 1.20 0.70 1.70 6.30 2.30 9.20 0.02 0.006 2
Area (m?) 0.39 0.37 0.41 0.47 0.13 0.82 1.70 1.08 2.57 0.86
Top Width (m) 2.28 2.27 2.28 2.61 2.28 2.94 2.97 2.65 3.31 2.62
Mean Depth (m) 0.17 0.16 0.18 0.17 0.06 0.28 0.56 0.37 0.78 0.30
Max Depth (m) 0.30 0.29 0.32 0.29 0.15 043 0.73 0.47 1.04 0.44
Wetted Perimeter (m) 244 2.39 2.49 2.88 2.33 343 3.65 334 4.27 2.99
Hydraulic Radius (m) 0.16 0.15 0.17 0.15 0.05 0.24 0.45 0.32 0.60 0.25
Width-Depth Ratio (-) 13.30 12.61 14.00 25.95 10.50 41.41 5.68 4.26 7.95 14.98
Velocity (m/s) 0.82 0.80 0.84 2.22 1.19 324 0.15 0.12 0.18 1.06
Discharge (m3/s) 0.32 0.30 0.35 1.41 0.15 2.67 0.27 0.13 0.46 0.67
Froude Number (-) 0.66 0.65 0.66 1.88 1.64 2.11 0.07 0.07 0.07 0.87
Shear Stress (Pa) 10.99 10.60 11.37 90.87 33.19 148.55 0.71 0.51 0.94 34.19
Shear Velocity (m/s) 0.10 0.10 0.11 0.28 0.18 0.39 0.03 0.02 0.03 0.14
Unit Stream Power (Watts/m?) 9.75 9.00 10.50 300.50 41.00 560.00 0.14 0.07 0.22 103.46

4.2.4. Bed Material

Bed material in the higher gradient reaches (MR1 and the downstream portion of CC1) is dominated by large,
immobile particles. These large particles, in addition to locations of bedrock outcrops, provide stability.
Sediment samples were collected on riffles in both MR1 and CC1. Results are illustrated in Figure 14 and
Table 9.

Table 9: Riffle bed material percentiles (mm) from steep reaches (MR1 and CC1).

Clam Creek  Mollie River

D16 4 30
D3ss 10 191
Dso 17 242
Des 30 298
Ds4 54 401
Dos 84 578
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Figure 14: Grain-size distributions of riffle bed material.

4.3. Hydraulic Analysis

Hydraulic modelling was undertaken to assess the existing channel dynamics and flood patterns, as input to
the design criteria for the WRCs. Hydraulic models were developed for the existing conditions (i.e., the Mollie
River and Clam Creek) and the proposed designs (WRC1 and WRC2). Models were developed using HEC-
RAS and related software. The model setup and discussion of the existing hydraulics are provided below. A
discussion of the hydraulic analysis for the proposed conditions is provided in Section 5.4.1.

4.3.1. Existing Conditions Model

The existing conditions model included the Mollie River and Clam Creek. The Mollie River was modelled from
the outlet of Chester Lake to the inlet of Coté Lake, and Clam Creek was model from the outlet of Clam Lake
to the confluence with the Mollie River.

The channel’'s model geometry was developed from survey data collected by GRA and the floodplain
geometry was taken from a digital elevation model (DEM) provided by IAMGOLD. Model flows were derived
from the range of simulated flows in the hydrologic modelling (discussed further in Section 4.4). The
downstream boundary condition for C6té Lake was established as the mean annual lake level (380.7 masl).
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4.4. Hydrogeomorphic and Sediment Mobility Analysis

A hydrogeomorphic analysis was completed using the HEC-RAS 1D model output and key hydraulic
parameters having relevance to sediment transport processes. These processes are represented by hydraulic
forces and parameters such as shear stress, flow velocity and stream power. Each parameter is a
manifestation of the forces acting to erode and deposit sediment within the reach. The objective of the
hydrogeomorphic analysis was to relate the combination of these processes with the observed instances of
erosion or deposition, as well as to the grain size distribution collected as part of the field program. The
ultimate goal was to relate the findings to the natural channel form and to inform design criteria for sediment
mobility within the WRCs.

The hydrogeomorphic analyses primarily involved simulating incrementally increasing flows in the hydraulic
model and evaluating metrics used to infer the sediment transport and erosion potential. It was also used to
corroborate the field-derived bankfull discharge (c.f. Annable et al., 2011). The existing conditions 1D model
was used to model 80 incrementally increasing discharges between 0.1 and 8 m3/s for the Mollie River and
0.01 and 0.08 m3/s for Clam Creek. These discharges approximate the expected geomorphically significant
flow regime, based on the hydrologic modelling estimates. It should be noted that the maximum discharge
of 8 m3/s for the Mollie River is greater than the discharges in the hydrologic model estimates, however, it
was selected to maintain a similar number of discharge intervals as Clam Creek.

Discharge velocity (m/s) was determined by the following formula,

where Q is the total discharge (m3/s) and A is the total flow area obtained from HEC-RAS. Unit stream power
(W/m?) is defined by,

= vQS¢

P="w
where y is the specific weight of water (N/m?3), St is the friction slope and W is the top width of the flow for
that specific cross-section. The total shear (N/m?) is defined as,

T = YRpS¢

where R is the hydraulic radius (flow area / wetted perimeter). The width-depth ratio is the ratio of the top
width of the flow to the hydraulic depth (flow area / top width). This metric doesn’t directly relate to sediment
transport or erosion potential (as the other three do), however, it can be used to observe how the wetted
top width of the channel changes relative to the flow depth with increasing discharge, providing an indication
of when the floodplain is accessed.

The results of the hydrogeomorphic analysis for existing conditions are presented in Appendix B. The analysis
was undertaken at a reach level, using the same reaches discussed in Section 4.2.1. The analysis and results
focused on developing an understanding of the existing condition that could be emulated in the proposed
design, therefore it was not necessary to undertake hydrogeomorphic analysis on reaches and morphologies
that are not being used to inform the channel realignments.
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Clam Creek: The downstream portion of CC1 was found to have peak velocities ranging between
approximately 0.9 and 1.2 m/s and peak shear stresses ranging between approximately 10 and 27 N/m?. CC3
is a much lower energy environment, with peak velocities ranging between approximately 0.1 and 0.15 m/s
and peak shear stresses less than N/m?2. This confirms the reason for the fine sediment seen in the field and
for in-channel vegetation growth observed throughout this reach. Reach CC2 hydrogeomorphic results are
not discussed here as this type of morphology (i.e., steep bedrock cascade) is not being included in the
realignment designs.

Mollie River: MR1 is a higher energy environment, supporting coarse substrate and bedrock outcrops that
dominate the reach. Riffles had peak velocities ranging between 1.6 and 2 m/s and shears stress ranging
between approximately 50 and 80 N/m?. Pools had peak velocities ranging between approximately 0.6 and
1 m/s and shears ranging between approximately 5 and 12 N/m?. The hydrogeomorphic analysis confirms
the field observation that MR1 does not have frequent floodplain access, with many of the cross-sections
containing the full range of simulated discharges. MR2 is hydraulically similar to CC3, with low velocities
(peaks ranging between approximately 0.16 and 0.3 m/s) and shear stresses (approximately 1 N/m?). The
floodplain was accessed by flows approximating the mean annual peak discharge (Table 3), however,
irregularities in floodplain geometry (owing to the DEM) confounded some of the hydrogeomorphic plots
(Appendix B).

Sediment mobility was estimated using the measured bed material distributions combined with results from
the hydraulic modelling. The mobility ratio was used to indicate the relative mobility of a particle percentile.
This ratio is defined as the ratio of applied shear stress to critical shear stress and can be considered the ratio
of forces exerted on a particle (from the moving water) to the resistive forces (from gravity and interactions
with other particles). A mobility ratio greater than one implies that the particle will mobilize for those flow
conditions, and less than one implies the particle will remain stable. In reality, particle mobility and sediment
transport is a complex and highly stochastic process that is dependent on local hydrodynamic turbulence,
localized bed geometry and specific particle arrangements (e.g. stacking or hiding). Thus, it is possible for
particles to become mobile even when estimated mobility ratios are less than one, and vice versa. However,
this mobility estimate is appropriate for estimating average particle mobility at larger (i.e. reach) scales.

Critical shear stress was estimated using the empirical equation from Komar (1987). This relationship
estimates the critical shear stress for a given particle percentile, i (z.;), and applies a weighted coefficient
based on the Dso particle size. This weighted coefficient accounts for the tendency (in gravel-cobble beds
with a range of particle sizes) for smaller particles to be shielded from the forces of water by larger particles.
Conversely, larger particles are more exposed to flow as they protrude from the bed. This is referred to as
particle hiding, and the weighted coefficient is a form of a hiding factor. Critical shear stress (z.;) for the it
was estimated by the following,

7oi = 0.045(p; — p,) g D& D

where p; and p,, are the densities of sediment (2650 kg/m?3) and water (1000 kg/m?), respectively, g is the
acceleration of gravity (9.81 m/s?), Dso is the median particle size and Di is the it particle percentile being
assessed. The applied shear was estimated from the HEC-RAS models, specifically the main channel shear
stress output which only considers the shear stress acting on the main channel (where most of the sediment
transport will occur).

KNOWLEDGE RESEARCH CONSULTING @ 20



IAMGOLD CORPORATION
COTE GOLD WATERCOURSE REALIGNMENTS FEBRUARY 2019

The mobility analysis was completed for the maximum modelled and 2-year flows for reaches CC1 and MR1
because sediment samples were obtained from these reaches during the field investigation. The results are
summarized in Table 10 and Table 11.

Clam Creek: CC1 was found to have mobility ratios greater than one for the median and lower particle sizes
(and exactly one for the Des) when considering the maximum discharge. The 2-year discharge mobility rates
are lower, with the median particle having a mobility ratio equal to one. This implies that, while some
sediment mobility may be occurring, it is at a slow rate and generally only under larger flow events. With
limited upstream sediment supply to replenish transported material, it is suspected that this reach is slowly
eroding and would continue to do so until contacting the underlying bedrock material.

Mollie River: MR1 has mobility ratios that are mostly less than one for both the maximum and 2-year
discharges, implying that the bed is close to immobile for a wide range of discharges. This supports field
observations of riffles and runs with highly embedded material and few indicators of an actively mobile
system.

Table 10: Mobility ratios for Clam Creek (CC1).

Mobility Ratio

Percentile (:::) Tci (N/m?) Max 2-year
Discharge Discharge

Discharge (m3/s) 0.8 0.4

Applied shear stress (N/m?) 16 12

D16 4 6.9 2.3 1.7

Dss 10 10.0 1.6 1.2

Dso 17 12.4 1.3 1.0

Des 30 15.6 1.0 0.8

Dag4 54 19.7 0.8 0.6

Dos 84 235 0.7 0.5

Table 11: Mobility ratios for Mollie River (MR1).

Mobility Ratio

Percentile (::ZI:) T¢i (N/m?) Max 2-year
Discharge Discharge

Discharge (m3/s) 8 3.45

Applied shear stress (N/m?) 90 60

D16 30 76.5 1.2 0.8

Dss 191 160.5 0.6 04
Dso 242 176.4 0.5 0.3

Des 298 191.7 0.5 0.3

Dga 401 215.9 04 03

Dos 578 249.9 04 0.2
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5. WRC Natural Channel Designs

Because of the planned Co6té Gold Project infrastructure, a realignment of Clam Creek and a portion of the
Mollie River is required. This provides an opportunity to enhance the system with new morphologic and
hydrodynamic variability to promote higher value habitat for targeted species.

5.1. Target Morphology Types

Three distinct target morphologies are proposed, based on the existing conditions assessment, with a fourth
morphology added for increased morphologic variability. The objective of the WRC designs was to
incorporate each of these morphologies into the WRCs in a way that is sustained by natural processes over
the long-term.

Lake Extension / In-line wetland: This morphology represents backwater conditions where the water level
is controlled by the downstream channel invert. It is anticipated that wetlands will persist in some form at
these locations (similar to CC1). The wetlands will provide storage and help to maintain low flows during the
summer months. These wetland communities are also important biological features as they enhance the
overall aquatic and terrestrial ecology by integrating abiotic and biotic elements. In considering key target
species, critical habitat requirement (e.g. spawning northern pike and yellow perch or turtle nesting) within
the wetlands will provide high-value wildlife habitat functions.

Low Gradient Sinuous: This morphology type emulates the existing downstream conditions of the Mollie
River and Clam Creek (MR2 and CC3). The hydraulic conditions here are influenced by the downstream lake
level, with backwater and very low velocities dominating the hydraulic regime. Here, bed and bank stability
will be primarily achieved by riparian vegetation. Additional backwater habitats have been created to
promote floodplain spawning (e.g. for Northern Pike). The meander geometry for these reaches is based on
the existing meander pattern for the Mollie River (for WRC2), which provides a range of planform variability
that mimics the existing channels. These zones typically have a wide valley to allow for natural processes and
adjustments. These low gradient channels create excellent opportunities for northern pike spawning habitat,
juvenile walleye rearing habitat or adult white sucker foraging habitat. The inclusion of boulders and large
quantities of large woody debris (LWD) creates conditions for small-bodied fish refugia and, consequently,
smallmouth bass foraging habitat.

Riffle-Pool: These reaches are the steepest and are in areas corresponding to bedrock outcrops (similar to
MR1 and CC2). Here, a series of riffles, steps and pools have been designed to promote areas of higher
velocity and more hydrodynamic variability. These features will be constructed by over-blasting pools while
maintaining key grade-control locations within the native bedrock to maintain long-term bed stability. Pools
or runs will then be created by backfilling the over-blasted zones with appropriate substrate. Due to a lack
of upstream sediment resupply, the design has adopted a threshold-based approach for sediment stability.
These zones have narrower valleys as they are constrained by the natural terrain, while still allowing for an
adequate floodplain to promote energy dissipation for flood flows exceeding the bankfull channel. The
features will also provide spawning habitat for species preferring swift water and coarse substrates, such as
walleye. Careful consideration was given to the function of these riffles as walleye spawning habitat. Large
pools were added to the downstream end of the riffle-pool sequences. This will create high-quality walleye
spawning habitat found in the present-day Mollie River. Spawning occurs at the riffles under the correct flow
conditions in the spring and can also occur within the stone and boulder-lined pool. The pool provides a
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staging area for spawning fish but, more importantly, provides refuge habitat for newly hatch fry drifting
downstream and, eventually, juvenile rearing habitat.

Low Gradient Alternating Pools: This morphology is similar to the low gradient sinuous reach but is
straighter. Instead of a sinuous channel, the top width alternates between wide, deep pools and narrow,
shallower runs. This morphology emulates naturally occurring forced pools in low gradient environments,
for example, those caused by beaver activity. Beaver dams play critical roles in wetland hydrology, fish habitat
and carbon sequestration. The inclusion of this morphology in the downstream portion of WRC1, which is
located in a bog community, is ideal for this setting as it will function with the local hydrology. This was a
key consideration, due to the sensitive nature of bogs and their dependence on stable hydraulic conditions.
This morphology provides a unique habitat enhancement opportunity as it creates a complex habitat system
in a small area. The combination of the closely clustered pools and short chutes mixed with large woody
debris and boulders creates conditions for all life stages of many fish species. This includes all life stages for
small-bodied fish, spawning habitat for large fish such as northern pike, foraging habitat for smallmouth
bass and rearing habitat juvenile fish such as walleye.

5.2. Design Components

Some of the key design components are as follows:

Floodplain Connectivity: The floodplain and low flow channel interactions are designed to mimic the
existing conditions. Floodplain inundation is modelled to occur once every two years (approximately),
delivering nutrients to the riparian vegetation.

Planform: The proposed channel alignment has been designed to replicate existing planform geometry.
Higher gradient reaches are less sinuous and lower gradient reaches have considerably more sinuosity and
meander complexity.

Sediment Transport: The natural condition of these watercourses is such that there is limited upstream
sediment supply as they are short fed by lakes. Therefore, the channels were designed to have limited
mobility, specifically in the higher gradient reaches where natural migration of the watercourse is expected
to be minimal. The lower gradient reaches are primarily controlled by backwater from downstream lakes or
grade-controls and are, therefore, low energy systems having minimal sediment entrainment. The reference-
based design in these low gradient reaches will allow for natural adjustment similar to the existing channels,
with channel stability being mostly driven by riparian vegetation and strategically placed grade-controls.

Bedform Creation and Habitat Complexity: The design includes bedforms dispersed throughout the
longitudinal profile. The high-gradient reaches have riffle-pool sequences to promote hydrodynamic
variability and to establish substrates preferred for spawning by target species. The riffles and pools within
this reach will incorporate sporadic boulders and keystones which create zones of turbulence and refugia at
higher flows. Lower gradient reaches consist of run-pool morphology and have an overall greater amount
of habitat complexity. Additionally, a variety of bio-engineering treatments have been specified throughout
the low gradient reaches to emulate the large woody debris commonly observed in the existing reaches of
Clam Creek and Mollie River.
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5.3. Design Criteria

Design criteria were established by field investigation, hydrologic, hydraulic and hydrogeomorphic analysis,
as well as biological assessments. Qualitative and quantitative data were used to establish criteria and were
augmented with modelling to estimate dominant fluvial processes acting within each watercourse.
Parameters that were evaluated include:

e Bankfull discharge: the discharge that coincides with water beginning to spill out of the channel into
the floodplain;

e Erosive potential: estimated channel velocities and shear stresses across a range of flows and the
resulting sediment transport potential (size of particles mobilized);

e Cross-sectional geometry: the range in channel sizes currently persisting within both watercourses.
As discussed, the proposed corridors will have new boundary conditions (e.g. different gradients to meet
critical tie-ins such as lake levels), however, the existing conditions characteristics need to be considered for

the realignments, to maintain long-term function within the larger watershed system. The following sub-
sections outline the key design criteria for each watercourse realignment.

5.3.1. Design Discharge

Modelled bankfull discharges for the Mollie River and Clam Creek ranged between 0.7 m3/s — 11.3 m?/s and
0.1 m3/s — 2.1 m3/s, respectively, with averages of 4.1 m3/s and 0.7 m3/s, respectively. This large range is
owing to the relatively high variability in channel geometry and morphology throughout the study area.
Analysis of the simulated hydrologic data revealed similarities in the average annual maximum and 2-year
return period flow, with discharges of approximately 3.5 m3/s and 0.4 m3/s for the Mollie River and Clam
Creek, respectively. These discharges are within the range of variability estimated from field measurements,
with both being slightly lower than the average for each reach. These modelled discharges were adopted for
the design to have more frequent floodplain inundation, estimated to occur once every two years, on
average. Design discharges are summarized in Table 12.

Table 12: Design discharges for realignment channels (m?/s).

Watercourse Pe5|gn
Discharge
WRC1 04
WRC2 3.5
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5.3.2. Channel Dimensions

Channel dimensions were designed within the range of measured cross-sectional parameters for each
watercourse system. The extents of each reach are shown on the design drawings. Key dimensions at riffles
and runs for both WRCs are provided in the following tables. All dimensions can also be found in the
accompanying drawing packages.

Table 13: Key channel dimensions at riffle/run locations for WRCT.

Reach WRC1-LE WRC1-HG WRC1-HG WRC1-LG
- . Upstream . Low grao!ient

Description  Lake extension bedrock crest Riffle-pool alternating
pools
Gradient (%) N/A 1.37 137 0.02
Riffle Gradient (%) N/A 2.25 2.25 N/A
Run Gradient (%) N/A N/A N/A 0.02
Bottom Width (m) N/A 2.00 2.00 2.00
Top Width (m) N/A 2.80 4.00 4.00
W:D Ratio (-) N/A 14.00 8.00 8.00
Depth (m) N/A 0.20 0.50 0.50

Avg. Riffle/Run Spacing (m) N/A N/A 14-20 36

Table 14: Key channel dimensions at riffle/run locations for WRC2.

Reach WRC2-LG1 WRC2-HG1 WRC2-HG1 WRC2-Wetland WRC2-HG2
Description LOVSV"?JZ:I:M beLiiI:Zirlf acrrre]st Riffle-pool In-line wetland beL(Jd’i(S)tcr: acrrT;st
Gradient (%) 0.18 2.00 2.00 N/A 0.59
Riffle Gradient (%) N/A 2.00 3.80 N/A 2.00
Run Gradient (%) 0.18 N/A N/A N/A N/A
Bottom Width (m) 7.00 8.00 3.50 N/A 4.30
Top Width (m) 9.00 9.00 5.30 N/A 5.60
W:D Ratio (-) 18.00 32.10 20.00 N/A 15.50
Depth (m) 0.50 0.28 0.45 N/A 0.36
Avg. Riffle/Run Spacing (m) Varies N/A Varies N/A N/A
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Table 15: Key channel dimensions at riffle/run locations for WRC2 continued.

Reach WRC2-HG2 WRC2-LG2 WRC2-HG3 WRC2-HG3 WRC2-LG3
Description Riffle-pool Lovsvir?urgilsent beliieztcrlf acr:;s ‘ Riffle-pool LO\;\/ir?Ll;zilsent
Gradient (%) 0.59 0.07 0.73 0.73 0.07
Riffle Gradient (%) 1.30 N/A 2.00 1.50 N/A
Run Gradient (%) N/A 0.07 N/A N/A 0.07
Bottom Width (m) 430 7.90 10.20 4.20 7.90
Top Width (m) 6.60 11.50 11.50 6.36 11.50
W:D Ratio (-) 15.50 12.80 34.50 11.80 12.80
Depth (m) 0.57 0.90 033 0.54 0.90
Avg. Riffle/Run Spacing (m) 33-46 Varies N/A Varies Varies

5.3.3. Planform Characteristics

Planform characteristics were designed within the range of measured characteristics outlined in Section 4.1.
Where possible, existing planform sequences were directly translated to the WRC designs, applying
appropriate scaling factors, if required. Planform for the higher gradient reaches were kept relatively straight
to mimic existing conditions while attempting to minimize the amount of bedrock blasting (to limit overall
disturbances due to construction). Detailed alignments are shown on the accompanying drawings.

5.3.4. Sediment Transport and Stability

Given the limited sediment input into the system and overall limited mobility of the channel beds, a
threshold-based approach was used to size substrate that is likely to remain immobile under all but the most
extreme flow conditions. This approach minimizes risk associated with erosion and mimics the system’s
existing sediment regime. By matching the existing sediment regime, the designs should not contribute
additional sediment delivered to downstream lakes, like the present-day conditions.

Stone has been specified for the construction of the grade control features (i.e, riffles, crossovers and crests)
within the low flow channels. Rounded stone, as opposed to riprap, is recommended as it is more
representative of natural watercourse sediment, favouring colonization by benthos.

The stone sizing was determined using a threshold (tractive force) approach for predicting the threshold
particle size for the maximum predicted shear stress. This approach relies on the determination of a critical
shear stress to calculate the stable stone size. The Shields parameter (z,) is used to define the ratio of shear
force to the weight of a stone under channelized flow. The critical value of Shields (z,.) defines the particle
size corresponding to the beginning of particle mobility. Solving for the diameter of the particle size d;, the
stable particle is determined as follows:

T
dy =7———
* (ps—p)grec
Where: d = threshold diameter of particle at incipient motion (m)
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7 = bed shear stress (N/m?) for the peak discharge available
ps = density of sediment (2650 kg/m?3)

p = density of water (1000 kg/m?3)

g = gravitational acceleration (9.81 m/s?)

T,c = Critical Shield’s parameter for coarse particles (Julien, 2002).

Bed shear stress is dependant on the local channel geometry and hydraulics. Therefore, threshold stone sizes
will vary throughout a system. At-a-station hydraulics analysis (taking the 1D hydraulic model output) using
the Manning's equation was undertaken for representative channel dimensions along each reach of WRC1
and WRC2. This established the range of critical bed shear stresses expected for the proposed design. In
doing this, the threshold stone sizing was set for a representative flood event for each reach. A safety factor
was also applied to increase the stone sizes for long term stability and to account for uncertainty. A summary
of the channel shear stresses and threshold stone sizes for each reach is provided in Table 16. It is noted that
no roundstone was required for reaches WRC1-LE and WRC2-WETLAND. For all the LG reaches, compacted
native material will be the preferred substrate material, similar to the existing conditions in MR2 and CC3.
However, roundstone at run/cross-over sections may be added during construction to at those locations
depending on the quality of native material, at the discretion of the supervising qualified professional who
is experienced in natural channel design and implementation (herein referred to as the QP).

Table 16: Summary of channel shear and threshold stone size for each reach.

Threshold Stone

Channel Shear Stress

Sizing
(Pa) (mm)
HG 45 68
WRC1
LG 1 38
LG1 11 38
HG1 54-118 113-248
HG2 55-70 113-143
WRC2
LG2 5 38
HG3 47-55 98-113
LG3 5 38

Using the threshold stone sizes, stone mix gradations were developed. A gradation provides volumetric
proportions of a range of stone sizes. The stone mixture allows for construction of features that are more
representative of natural channels, and that include larger boulders (or keystones) that are sized to remain
stable under all floods and smaller stones that fill voids and provide better aquatic habitat. The keystone
boulders (placed at the feature crests) were sized to be twice as large as the maximum stone in the mix. Clay
or approved material has also been specified for the stone gradation to help provide cohesion to the bed
material and to fill voids.

Due to the range in the stone sizes, a unique stone gradation was not required for every reach. A total of
three different stone gradations were deemed sufficient, which were sized to satisfy the shear thresholds in
WRC1 and WRC2. The three stone gradations are listed in Table 17. A summary of which gradations applies
to which design reach is shown in Table 18.
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Table 17: Roundstone gradations.

Roundstone

Gradation 3

Roundstone Roundstone
Gradation 1 Gradation 2
20% - clay’ 10% - clay’
40% - sand 10% - <25 mm @2
40% - <25 mm @2 10% - 25 to 100 mm @

10% - 100 to 200 mm @
30% - 200 to 300 mm @
30% - 300 to 500 mm @
Keystone - 600 to 750 mm @

NOTES:

1. Clay or approved equivalent

Granular fill material

Boulders to be used for feature crests

% indicates the percent of the mixture by volume

Hwn

15% - clay’

15% - <25 mm @?
15% - 25 to 50 mm @

30% - 50 to 100 mm @

25% - 100 to 200 mm @
Keystone - 300 to 400 mm @

Table 18: Summary of gradation mixtures for each reach of WRC1 and WRC2.

Reach Gradation Mixture

LE

WRC1 HG
LG

LG1

HG1

WETLAND

WRC2 HG2
LG2

HG3

LG3

N/A
3
1*
1*
2

N/A
2
1*
2
1*

*Native compacted substrate may be replaced with Mixture 1 during construction, depending on the quality

of native material at the discretion of the supervising QP.

5.3.5. Fish Habitat Structures and Target Fish Species

A key component of the design is to restore or augment functional fish habitat in these novel ecosystems.

The intent of the habitat features is to mimic fish habitat found in

the Clam Creek and Mollie River systems,

focusing on key (target) species identified during baseline characterization. A description of the existing
conditions and key fish species in the existing waterbodies is found in Minnow Environmental Inc. Cote Gold

Offsetting Plan (2019). Tables 19 to 21 list key species and specific
and in New Lake.

habitat features for inclusion in the WRCs
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Table 19: Target fish species and proposed habitat structures for various life stages for WRCT.

Target'Flsh Habitat Feature Design Targeted Life Stage
Species Reach
Spawning: The pools with submerged woody vegetation will provide
Low gradient pools with LG submerged structure for spawning.
woody debris
Northern Juvenile: Pools will provide juvenile rearing habitat.
Pike
Clam Lake backwater LE Spawning: Large wetlands with direct channel connection provide
wetland excellent spawning habitat.
Low gradient pools with . . . . .
. Juvenile rearing: Deep pools with woody debris provide excellent
woody debris and short LG . . L
iffles habitat for emerging fry flushed downstream from spawning riffles.
Walleye
Riffles HG Spawning: Riffles upstream of the alternating pool morphology.
Low gradient pools with LG Spawning: Submerged woody debris is excellent structure for yellow
woody debris perch spawning habitat.
Yellow
Perch
Clam Lake backwater LE Spawning: Large wetlands with direct channel connection provide
wetland excellent spawning habitat.
Smallmouth  Low gradient pools with LG Adult Foraging: Woody debris provides structural cover for refugia
Bass woody debris and foraging.
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Table 20: Target fish species and proposed habitat structures for various life stages for WRC2.

Target Fish

Species

Northern
Pike

Walleye

White
sucker

Yellow
Perch

Smallmouth
Bass

Habitat Feature

Floodplain spawning

shelf LG3

Inline wetlands WETLAND

High gradient riffles HG3

Deep pool downstream

of riffle =

HG1, HG2

Riffle & HG3

All

Large woody debris reaches

All

Woody debris reaches

Targeted Life Stage

Spawning: The spawning shelf, located at the downstream extent of
the WRC2, is designed to provide riparian flooding during the
critical spawning period (spring freshet).

Alvin/Fry: The shelf will provide shallow water for emerging fry
refuge, with easy access to the main channel as the fry develop and
water levels drop, reducing the likelihood of stranding within the
floodplain.

Spawning and juvenile: Wetlands are designed to flood for a large
portion of the year, providing excellent spawning habitat and
juvenile rearing habitat in shallow, warmer water with access to the
main channel.

Spawning: Riffles located at the downstream end of WRC2 provide
spawning substrates (gravels to cobbles). Critical to the spawning
success are the pools immediately downstream of the riffles for new
emerging fry to drift into, and most critically, a large deep pool has
been placed downstream of the run of riffles to provide both a
staging area for the spawning adults but also critical juvenile habitat.

Adult/spawning/Alvin/young of year/juvenile rearing: Staging area
for adult spawners. The pool is lined with appropriately sized
substrates which can be used as spawning habitat. Newly emerging
fry from the upstream riffles will drift downstream into the large
pool, which will provide the appropriate conditions (low velocity,
shallow margins, warmer water temperatures, macrophytes, food)
for the development of young walleye.

Spawning: Appropriately sized substrates are provided in the riffles
for spawning.

Spawning: Yellow perch use submerged wood, particularly branches,
which their eggs adhere to.

Adult foraging: Woody structure provides excellent cover for refugia
and foraging.
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Table 21: Target fish species and proposed habitat structures for various life stages for New Lake.

Target.Flsh Habitat Feature Design Targeted Life Stage
Species Reach
. Submerged Spawning: White fish spawning over submerged shoals of cobble
Whitefish cobble/boulder shoal NA and boulder.
Submerged woody . .
Yellow . Spawning: Submerged woody debris is excellent structure for yellow
debris (logs and NA . .
Perch perch spawning habitat.
stumps)
Spawning: Bass will spawn on pockets of sands and gravels found on
Smallmouth Submerged or at the margins of the shoals.
Bass cobble/boulder shoal NA
Foraging: The structure provided by a shoal will attract small-bodied
fish, which smallmouth bass will forage on.

5.3.6. Terrestrial Habitat Considerations

The designs for WRC1 and WRC2 recognizes that a watercourse is more than just the low flow channel. There
is an intricate link between the channel, it's floodplain and the surrounding hillslope. The channel is the
ultimate expression of the flow, biotic and abiotic inputs, with runoff generated from hill slopes and riparian
zones delivering nutrients and allochthonous material. The health of the riparian zone is dependant on
intermittent flooding by the channel, delivering needed moisture, sediment and nutrients to the plants on
the floodplain, all of which is critical to the wildlife. Recognizing these interconnections, the WRC designs
follow a holistic, ecosystem-based approach and include not only fish habitat structures but also terrestrial
wildlife elements.

Terrestrial wildlife elements included in the stream corridor include:

e Turtle nesting sites;
e Brush piles for small mammals;

e Standing snags which serve as habitat for a variety of wildlife including raptor perches, song bird
nesting, woodpecker nesting and bat maternal roosting;

e Rock piles for reptiles and small mammals; and,

e Offline, floodplain wetland pockets for amphibians and reptiles.

A goal of the WRC designs was to maximize ecological benefits that can be realized at the interface between
the aquatic and terrestrial environments.
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5.3.7. New Lake

New Lake will connect Chester Lake to WRC2. It was designed to follow to existing topography, with some
grading for reasons of organic soil removal (for methylmercury contaminant prevention) and erosion control
along the shoreline. The lake will range between 1-6 m deep, with the deepest points located where it will
overprint the existing Mollie River.

Several habitat features have been included in New Lake to enhance fish habitat. Because this is a newly
created lake, it is important to ‘jump start’ fish habitat as the lake would otherwise only provide homogenous
and simplistic habitat. Habitat features which have been included in New Lake include:

Submerged logs will provide a variety of functions, including structure for refuge, structure for spawning
and foraging habitat;

Point bars will be created from a mix of sand, gravel, cobble and boulders. Point bars provide a variety of
habitat functions and connect the shoreline with deeper, open water habitats. This provides productivity
enhancements throughout all life stages, from juvenile rearing to adult refuge, to foraging and spawning.
The point bars are created from larger cobbles and boulders which will create interstitial spaces that are
critical for benthic macroinvertebrate production, young-of-the-year refuge and egg protection for egg
dispersal spawning fish such as white fish.

Deep water shoals are structurally similar to point bars but do not have the shoreline connection. These
help to create habitat in the pelagic zone (open water) of New Lake, which would otherwise be lacking
structure. As with the point bars, the deep-water shoals will provide habitat for a variety of fish species and
benthic macroinvertebrates throughout their life stages. They will likely be used more by pelagic species
such as white fish and large-bodied fish such as smallmouth bass.

5.4. Evaluation of Expected Channel Performance

5.4.1. Hydraulic Analysis

Two separate models were developed for the proposed conditions; one each for WRC1 and WRC2. The
models were developed similarly to the existing conditions model, with some minor differences. A combined
1D and 2D model was developed for WRC1, with the 1D geometry extending from Clam Lake to the
downstream extent of reach WRC1-HG (see drawings for reference). The 2D geometry covered WRC1-LG
and ended at Chester Lake. For the WRC2 model, two separate geometries (a 1D and 2D) were developed.
The model extends from the outlet of New Lake to Upper Three Duck Lakes. The 1D geometry was primarily
used to assess the reach averaged hydrogeomorphic and sediment mobility conditions (Section 5.4.2), similar
to existing conditions. The 2D models were used to assess localized hydraulics as they pertain to fish habitat
features and metrics (Section 5.4.3).

As with the existing conditions model, the flows used within the models were taken from the hydrologic
analysis completed by Golder. For WRC1, flows from the Clam Lake outlet were used for the upstream
boundary conditions, and the mean annual Chester Lake level (i.e., 385.8 masl) was used for the downstream
boundary condition. For WRC2, flows from the Chester Lake outlet were used to simulate the New Lake outlet
and were used for the upstream boundary conditions, and the mean annual Upper Three Duck Lake level
(i.e., 380.7 masl) was used for the downstream boundary condition. Both models were developed with
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unsteady flow regimes (for the eco-hydraulic analysis) and steady-state simulations (for the
hydrogeomorphic and sediment mobility analyses).

For the eco-hydraulic analysis (Section 5.4.3), three different flow simulations were run within each of the
models; (1) the mean, max annual discharge event (mean MAD), (2) the maximum, max annual discharge
event (max MAD) and (3) the mean annual low flow event. Plots of the three flow hydrographs are provided
below in Figure 15 and Figure 16.
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Figure 15: Hydrographs used for the upstream boundary of WRC1 model.
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Figure 16: Hydrographs used for the upstream boundary of WRC2 model.

5.4.2. Hydrogeomorphic and Sediment Mobility Analysis

A hydrogeomorphic analysis was completed for both WRC1 and WRC2 using the steady-state 1D HEC-RAS
models. The detailed plots are presented in Appendix C. The proposed conditions 1D models were used to
model 80 incrementally increasing discharges between 0.1 and 8 m3/s for the WRC2 and 0.01 and 0.08 m3/s
for WRC1. Similar to existing conditions, these discharges approximate the expected geomorphically
significant flow regime, based on the hydrologic modelling estimates. Again, the maximum discharge of 8
m?3/s for WRC2 is greater than the discharges in the hydrologic model estimates, however, it was selected to
maintain a similar number of discharge intervals as WRC1.

WRC1: WRC1-HG was found to exceed the bankfull condition for riffles between 0.4 and 0.6 m3/s and is
within the expected range of variability associated with the modelling tolerances (there is only approximately
3 cm difference in water surface elevations between 0.4 and 0.6 m3/s at riffle sections). Riffles were found to
have peak velocities ranging between approximately 1 and 1.2 m/s and peak shear stresses ranging between
approximately 30 and 40 N/m?. Pools generally exceeded bankfull conditions at approximately 0.4 m3/s and
were found to have peak velocities of approximately 0.35 m/s and peak shear stresses of approximately 3
N/m?. The 2D model was used to estimate the range of shear stresses and velocities for WRC1-LG. Pool
sections were found to have peak velocities ranging between approximately 0.06 and 0.1 m/s and peak shear
stresses of less than 1 N/m2. Run sections were found to have peak velocities ranging between approximately
0.3 and 0.5 m/s and peak shear stresses approximately than 24 N/m?.

WRC2: Similar to WRC1, WRC2-HG reaches had higher velocities and shear stress at riffle sections, owing to
their steeper gradients. Peak velocities ranged between approximately 1.2 and 2 m/s and peak shear stresses
between approximately 40 and 80 N/m?. The higher velocities and shear stresses occurred throughout the
WRC2-HG1 reach, which has the steepest gradient. The LG reaches have considerably lower velocities
(between approximately 0.25 and 0.4 m/s) and shear stresses (between approximately 2 and 5 N/m?).
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Throughout WRC2, the floodplain is accessed between 2 and 5 m3/s, implying that some reaches will access
the floodplain more frequently than others, with the overall reach having average access approximating the
design target.

Sediment mobility was assessed similarly to existing conditions using the mobility ratio to confirm the
specified stone mixtures. Maximum estimated channel shear stress values of approximately 45 and 130 N/m?
for WRC1 and WRC2, respectively, were extracted from the HEC-RAS models. As illustrated in Table 22 and
Table 23, the mobility ratios for all particle percentiles but the finest fractions indicate immobility, supporting
the threshold based design criteria for the channels and emulating the existing river systems.

Table 22: Mobility ratios for WRCT.

Percentile (S::; T.i (N/m?) M:;'::y

Discharge (m3/s) 0.8
Applied shear stress (N/m?) 45
D16 11 25.6 1.8
Dss 65 52.0 0.9
Dso 76 554 0.8
Des 89 59.0 0.8
Dsa4 160 74.6 0.6
Dos 270 92.0 0.5

*percentile sizes estimated from specified stone mix

Table 23: Mobility ratios for WRC2.

Percentile (S:::; T (N/m?) M::tlil‘;ty
Discharge (m3/s) 8
Applied shear stress (N/m?) 130
D1e 53 102.6 13
Dss 190 171.0 0.8
Dso 270 196.8 0.7
Des 370 223.2 0.6
Ds4 450 2414 0.5
Dos 510 253.8 0.5
*percentile sizes estimated from specified stone mix

5.4.3. Eco-Hydraulic Analysis

The functions of key habitat features designed for WRC1 and WRC2 were assessed using the 2D hydraulic
models. The 2D models simulated the hydraulic conditions of many of the proposed habitat features over a
typical year, which provided insight into the hydrodynamics during critical life stages. The 2D model also
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allowed for visual representation of the hydraulic output (e.g., velocity, flow depth and flow direction through
particle tracking) and evaluated the 'duration of flooding’, which is important for features such as pike
spawning ledges and in-line wetlands. The 2D hydraulic analysis was completed for:

e WRCT1 - Low gradient alternating pools

e WRC2 - High gradient riffles and large downstream pools
e WRC2 - Northern Pike spawning shelf

e WRC2 - In-line wetland

The analysis simulated spring freshet conditions that corresponded to the design, as well as average low flow
conditions for the period of record (from the simulated hydrologic model).

54.3.1. Low Gradient Alternating Pools

The Low Gradient Alternating Pools were designed to work with the hydrology of the surrounding bog
community, through which the channel is being cut. The design mimics a series of beaver ponds which help
to reduce velocities and shear stresses. Increasing channel stability in this reach is important given the peaty
nature of the surficial soils (common to a bog environment). This will also reduce hydraulic impacts to the
adjacent bog community, by maintaining the hydrostatic pressure in the saturated rooting zone. Drawing
WRC1-R-2 shows habitat features that have been added to the channel to increase fish habitat complexity.
Features include submerged boulders, submerged stumps and large woody debris in the pools and
boulder/log clusters in the chutes. The boulder/log clusters in the chutes mimic old breached beaver dams
observed in the existing watercourses.

To better understand potential fish usage of the Low Gradient Alternating Pool morphology, the 2D hydraulic
model was used to assess flow depth and velocity. Figure 17 shows the velocities through the feature during
the mean annual peak spring freshet flows (a close approximation of the design discharge). The spring freshet
was used as it is typical of annual high flow conditions, flows that generally occur in the spring when many
key fish species are spawning or migrating to spawn. It is also the flow for which the channel will be most
susceptible to erosion. The 2D modelling shows generally low velocities throughout the features, with the
peak being 0.5 m/s in the most downstream chute and approximately 0.3 m/s in the remaining chutes. These
velocities are well within the passable range for key fish species in WRC1 (Figure 17). Velocities within the
pools are generally below 0.1 m/s with the particle tracking showing that lowest velocities are along the bank
margins. These velocities and flow patterns demonstrate that the system is expected to function as designed,
creating a low velocity environment.
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High Gradient Riffles and Lager Downstream Pool

The high gradient sections in WRC2 (reach WRC2-HG3) were also assessed from a fish habitat perspective.
Shallow, fast water, such as flow over bedrock outcroppings in the Mollie River, are common in northern
Ontario. Often these features result in barriers to upstream fish migration during high flows when velocities
are not passable. For HG3 it was necessary to design a channel that would remain stable under high flow
conditions and allow fish passage and spawning during the spring freshet. The key target species for this
reach was walleye as they are known to migrate and spawn within the Mollie River system. Newbury and
Gaboury (1993) suggest walleye use coarse gravel, rubble and boulder substrates on riffle having gradients
up to 2.5%. Spawning velocities for walleye are documented by McMahon et al. (1984) to be 0.6 to 0.9 m/s
at an optimal depth of 0.6 to 1.8 m. The proposed riffle design for HG3 includes a channel slope of 1.5% and
coarse substrate that is suitable for spawning. To transition the high gradient reach to the connection with
Upper Three Duck Lake and to create spawning habitat, two large pools separated by a submerged riffle
were designed within the downstream extent of WRC2 (reach WRC2-LG3). These pools are lined with the
coarse substrate and boulder clusters. WRC2-LG3 emulates similar morphology found within the Mollie River,
which was identified as high-quality walleye habitat.

The series of riffles connected to the large downstream pools provides several critical habitat functions. First,
this area provides staging habitat for spawning adults, allowing them to access the upstream riffles when
flow conditions are optimal and giving them a resting area. Second, by lining the pools with appropriately
sized spawning substrates and boulder clusters, it provides walleye with potential spawning habitat within
the deep pools and submerged riffle. The deep pools downstream of the riffles also provides critical habitat
for newly emerging fry that are flushed downstream and require a lower velocity environment to develop.
This demonstrates the importance of the riffle-deep pool sequence for the successful breeding of adults and
rearing of juvenile walleye.

The potential performance of the riffle-deep pool morphology for walleye spawning and passage was
assessed using the 2D hydraulic model. Figure 18 shows the results of the modelling as the spring freshet
rises, peaks and recedes, as well as low flow conditions. Figure 18a shows the flows and velocities in early
April (on average) as the spring melt is beginning, which coincides with the early onset of walleye spawning.
The analysis shows that velocities on the riffles are within the preferred spawning range and allow for
upstream passage across the entire riffle. As the spring melt reaches peak conditions (Figure 18b), velocities
across the riffles exceed optimal spawning velocities and fish passage becomes a challenge as fish are forced
to migrate along margins of the riffles. Upstream migration is likely still possible during this time, for the
following reasons:

1. The lower, passible velocities in the near-bank portion of the channel;
The relatively short length of the riffles (< 30 m);

The low velocities within the pools allow for fish to rest and recover before the next riffle ascent, and;

> N

The inclusion of large boulders placed on the riffle face which will create pockets of slack water on
the riffle.

Boulders on the riffle faces were not incorporated into the 2D hydraulic model for reasons of computational

complexity. Figure 18c corresponds to the recession of the spring melt hydrograph and the end of the typical
walleye spawning season. It shows the velocities are within the spawning range on the riffles. Finally, Figure
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18d shows the low flow season, demonstrating that velocities across the riffles are low and are not a barrier
to upstream migration of the target fish species found within the WRC2 system.

Overall, the 2D model results predict that the riffle-pool morphological will function under the spring flow,
providing spawning habitat for walleye within the critical time of the year. The model results also
demonstrate that fish passage through the riffles will likely occur for much of the year and, while passage is
sub-optimal during the peak flow of the spring freshet, it is still possible.
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Figure 18: Estimated velocity for proposed walleye spawning features at downstream
extent of WRC2 (WRC2-HG3 and WRC2-LG3) for;
(a) the start of the spring freshet and spawning season; (b) the peak of the freshet; (c) the end of
the freshet and spawning season, and; (d) the low flow condition.

(NOTE: white lines show particle tracking, representing anticipated flow paths and velocities)
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Northern Pike Spawning Shelves

A shelf, or floodplain terrace, has been incorporated into the design for WRC2-LG3 near the confluence with
Upper Three Duck Lake. The shelf will be built by cutting back the channel banks to create a wide flat area,
0.4 m below the normal floodplain. The purpose of this feature is to create Northern Pike spawning habitat.
Pike typically spawn on flooded vegetation within the riparian zone, soon after ice breakup. By creating these
shelves near the confluence of the lake, it will provide high-quality spawning habitat for pike migrating
upstream during the spring freshet and will facilitate the newly emerged fry to drift into the shallow margins
of Upper Three Duck Lake as flows recede. Submerged logs/trees have been added to the shelf to provide
cover for spawning pike and newly emerging fry, and structure for pike to spawn near and for their eggs to
adhere to. It also provides yellow perch spawning habitat.

The 2D hydraulic modelling of the pike spawning shelves predicts that the features will be wetted throughout
the spawning period of April to June (Figure 19). The model also predicts good flushing flows on the shelf
throughout the spring period, which are critical to preventing eggs from becoming covered in sediment
(thus keeping them oxygenated). The model shows that the shelves may stay flooded throughout the
summer, but it is noted that the model assumes a constant downstream lake level. Because the shelves are
at the confluence with the lake, they are highly influenced by lake backwater. As a result, as the lake level
drops in the summer it is likely the shelves will become exposed. The influence of the lake is important as it
will likely maintain some water depth on the shelves past the peak spring flows, implying less likelihood of
fry and young-of-the-year pike becoming stranded on the floodplain.

54.3.4. In-line Wetland

An in-line wetland is included in WRC2 (WRC2-Wetland), between high gradient reaches HG1 and HG2. The
wetland has been designed as a broad floodplain with an in-line deep pool to create both emergent marsh
conditions and open water components. Raised hummocks, which remain dry during peak flow event, have
also been included with turtle nesting material (i.e., coarse sand and gravel) on the south facing slopes. The
wetland will provide diversity and complexity for both aquatic and terrestrial wildlife. In addition to the turtle
nesting sites, wildlife and aquatic habitat elements include standing snags, submerged stumps, submerged
woody debris, boulder clusters, and turtle basking logs.

A 2D hydraulic analysis of the in-line wetland shows that the entire wetland is flooded during the spring
freshet with good flow circulation throughout (Figure 20). The in-line wetland remains wetted throughout
the low flow summer months, with shallow water (i.e., up to 0.25 m in depth) along the shoreline, which is
key to maintaining emergent marsh vegetation. Overall, the modelling shows that, hydraulically, the in-line
wetland is predicted to function as designed and will provide optimal conditions for the proposed ecological
habitat features.
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Figure 19: Estimated flow depth for proposed pike spawning area in WRC2-LG3.
(NOTE: white lines show particle tracking, representing anticipated flow paths and velocities)
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Figure 20: Estimated flow depth for proposed in-line wetland feature, WRC2-
Wetland.
(NOTE: white lines show particle tracking, representing anticipated flow paths and velocities)
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5.5. Constructability, Staging and Erosion & Sedimentation Control (ESC)

The detailed staging and ESC plans are provided in the accompanying drawings. An overview of staging and
ESC for each WRC is discussed below.

5.5.1. WRC1

WRCT1 construction is split into two phases. Phase 1 involves the construction of a flow by-pass channel and
the upstream lake extension portion of WRC1. All construction will be completed in the dry, with upstream
and downstream berms/check dams to isolate the work area. A temporary sediment pond will be constructed
at the downstream end of the by-pass channel during construction to allow sediment to settle, with collected
water being pumped to a sediment bag or basin (to be approved by on-site construction supervisor) before
returning to Chester Lake. Once the by-pass channel and lake extension are constructed, the upstream berm
will be removed and flow from Clam Lake will be diverted through the by-pass channel while the downstream
portion of WRC1 is constructed (Phase 2).

Phase 2 involves the construction of the downstream portion of WRC1, water management plan during the
revegetation period and commissioning of WRC1. Similar to Phase 1, all work will be completed in the dry
and will be isolated by upstream and downstream berms/earthen plugs. A temporary sediment pond will be
placed at the downstream portion of WRC1-LG, with collected water being pumped to a sediment bag or
basin (to be approved by on-site QP) before returning to Chester Lake. WRC-HG1 will be constructed using
a combination of excavation and precision blasting, with key elevations confirmed by the supervising QP.
When construction and revegetation are completed, the water management system will be modified to
establish the long-term water management system whereby groundwater, snowmelt and rainfall will be
managed throughout the growing season while vegetation is established in WRC1-LG and WRC1-HG.
Following the growing season, all temporary measures will be removed and water from Clam Lake will be
directed into the downstream portion of WRCT.

5.5.2. WRC2

WRC2 construction is also split into two phases. Phase 1 involves the construction of a flow by-pass channel
between New Lake and Middle Three Duck Lake and the construction of a berm at the upstream end of
WRC2 to isolate it for construction during Phase 2. All construction will be completed in the dry, with a
downstream check dam to isolate the work area (New Lake will not be filled at the time of Phase 1
construction). A temporary sediment pond will be constructed at the downstream end of the by-pass channel
during construction to allow construction sediment to settle, with collected water being pumped to a
sediment bag or basin (to be approved by on-site QP) before returning to Middle Three Duck Lake. When
the by-pass channel is completed, all temporary measures will be removed and water from New Lake will be
routed through the by-pass channel while WRC2 is constructed (Phase 2).

Phase 2 involves the construction of WRC2, water management plan during the revegetation period and
commissioning of WRC2. Similar to Phase 1, all work will be completed in the dry and will be isolated by
upstream and downstream berms/earthen plugs. When access roads are completed, WRC2 construction will
commence at both the upstream and downstream ends, with temporary sediment ponds being pumped to
sediment bags or basins (to be approved by on-site QP) before returning to either New Lake or Upper Three
Duck Lake (as shown on accompanying drawings). All work in each reach will be completed from downstream
to upstream. In the WRC2-HG reaches, a combination of excavation and precision blasting will be required,
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with key elevations confirmed by the supervising QP. When construction is complete, a baseflow of
approximately 8000 m3/day will be introduced via a pump to maintain inflow to Upper Three Duck Lake in
order to provide assimilative capacity to the lake. Throughout this period the stream and pump outlet will
be monitored regularly to ensure adverse erosion or deposition are not occurring and that vegetation is
establishing as expected. Given the low volume of discharge, it is not expected to generate excess erosive
conditions. Following the growing and baseflow season, all temporary measures will be removed and water
from New Lake will be directed into WRC2.

5.5.3. New Lake

New Lake will also follow a two-phase approach. Prior to the lake construction, the Mollie River dam and
associated by-pass (designed by others) will be constructed and heavy-duty silt fence will be installed along
the Mollie River. Phase 1 consists of removing organic material from the areas that will be inundated by New
Lake and the installation of shoreline erosion control blanket and habitat features. Phase 2 involves the
removal of all temporary ESC measures, the decommissioning of the Mollie River dam by-pass channel and
the filling of New Lake.

5.6. Revegetation Plan

The riparian planting plan has taken a simple approach to re-establishing the riparian zone. The number of
species has been kept to a minimum as the planting plan strives to establish anchor species around which
natural revegetation from the surrounding forest (and native seed bank) will provide the seed and rhizome
stock for regeneration of a broader riparian community. The intent of the planting plan is to quickly establish
a rooting zone, to shade the creek and to provide the tree material for long term forest growth. To achieve
these goals most efficiently, plantings were divided into two zones. These zones are explained below and
shown in the accompanying drawing package.

Zone 1 is intended to provide fast growth immediately adjacent to the channel. This will be achieved by
planting a mix of both conifer and deciduous species. The apex forest in this region is conifer-dominated by
white and black spruce, which may take decades to establish. The deciduous species selected for this zone
are pioneer species which can establish quickly and will grow at a quicker rate than the conifer species. Zone
1 is located immediately adjacent to the creek and within those reaches in which wide swaths of riparian
vegetation and floodplain will be stripped away. As the riparian forest matures, the conifer species will
become dominant and the deciduous species will be replaced through succession.

Zone 2 plantings are located between the Zone 1 plantings and the existing forest communities. This zone
consists of only conifer species, reflecting the ultimate forest community which will be established. White
and black spruce are the dominant species, reflecting the surrounding forest communities with a lesser
percentage of lodge pole pine.
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Table 24: Species mix for planting Zones1 and 2.

Common Name Scientific Name % Mix
Trembling Aspen Popuus tremuloides 30
White Birch Betula papyrifera 30
Zone 1 Green Alder Alnus viridis 10
White Spruce Picea glauca 20
Black Spruce Picea mariana 10
White Spruce Picea glauca 40
Zone 2 Black Spruce Picea mariana 40
Lodge Pole Pine Pinus contorta 20
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6. Conclusions

=

A fluvial geomorphological assessment was undertaken for Clam Creek and a section of the
Mollie River to inform designs of two watercourse realignment channels (WRC) to support the
proposed development of IAMGOLD's (IMG) C6té Gold Project. The following are key
conclusions drawn from the information in this report:

e The existing watercourses (Mollie River and Clam Creek) had morphology that was characterized in
two general categories 1) sections of high gradient channels with large, immobile bed material and
bedrock outcrops, and 2) sections of low gradient channels with sinuous planform, in-channel
vegetation and large woody debris.

e The proposed WRC designs emulate the morphologic, hydraulic and sediment mobility
characteristics of both existing watercourses.

e The proposed designs have incorporated a variety of habitat enhancements that are expected to
perform as intended (as demonstrated through the eco-hydraulic analysis).

e Additional terrestrial habitat features have been incorporated into the floodplain corridor for a
holistic, eco-system based approach to Natural Channel Design.

e Detailed design drawings have been completed and accompany this design brief.

KNOWLEDGE RESEARCH CONSULTING @ 47



IAMGOLD CORPORATION
COTE GOLD WATERCOURSE REALIGNMENTS FEBRUARY 2019

7. References

Annable, WK, Lounder, V.G., Watson, C.C. (2011). Estimating channel-forming discharge in urban watercourses. River Research
and Applications, 27. 738-753.

Golder Associates (2014). Cété Gold Project, Environmental Assessment Report, Technical Support Document: Hydrology,
Version R2. Prepared for AMGOLD Corporation. November 7, 2014.

Julien, P.Y. (2002). River Mechanics. Cambridge University Press.

Komar, P.D. (1987). Selective gravel entrainment and the empirical evaluation of flow competence. Sedimentology, 34. 1165-
1176.

McMahon, T.E., Terrell, JW., Nelson, P.C. (1984). Habitat Suitability Information Walleye. U.S. Department of Interior, Fish and
Wildlife Service. Report Number FWS/OBS-82/10.56.

Newbury, RW., Gaboury, M.N. (1993). Stream Analysis and Fish Habitat Design. Newbury Hydraulic Ltd. Gibsons, British
Columbia.

Williams, G.P. (1986). River Meanders and Channel Size. Journal of Hydrology, 88. 147-164.

KNOWLEDGE RESEARCH CONSULTING @ 48



Coté Gold Watercourse Realignments: Fluvial Geomorphology
and Natural Channel Design

Prepared for IAMGOLD Corporation

February 2019

Prepared by:

E 7 Cf M

Ben Plumb, PhD, P.Eng. Chris McKie, BASc, EIT
River Engineer Water Resources Specialist
h ]
Cailey McCutcheon, MASc, P.Eng. Ken Glasbergen, MSc
River Engineer Principal
Reviewed by:

Jeff Hirvonen, MASc
Principal

Disclaimer

We certify that the services performed by GeoProcess Research Associates were conducted in a manner consistent with the level of care,
skill and diligence to be reasonably exercised by members of the engineering and science professions.

Information obtained during the site investigations or received from third parties does not exhaustively cover all possible environmental
conditions or circumstances that may exist in the study area. If a service is not expressly indicated, it should not be assumed that it was

provided. Any discussion of the environmental conditions is based upon information provided and available at the time the conclusions
were formulated.

This report was prepared exclusively for AMGOLD Corporation by GeoProcess Research Associates. The report may not be relied upon by
any other person or entity without our written consent and that of IAMGOLD Corporation. Any uses of this report or its contents by a third
party, or any reliance on decisions made based on it, are the sole responsibility of that party. GeoProcess Research Associates accepts no
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions taken based on this report.

Project Number P2017-288
Copyright © 2019 GeoProcess Research Associates

KNOWLEDGE RESEARCH CONSULTING @ 49



7

o

Appendix A

Detailed Design Drawing Set



IAMGOLD CORPORATION
COTE GOLD WATERCOURSE REALIGNMENTS FEBRUARY 2019

Table A1: Design drawing set for WRCT.

Drawing Number Description

S-1 Staging and ESC — Phase 1

S-2 Staging and ESC — Phase 2

P-1 Plan and Profile

P-2 Plan and Profile

P-3 Plan and Profile

C-1 Sections

C-2 Sections

C-3 Sections

C-4 Sections

C-5 Sections

R-1 Revegetation and Restitution
R-2 Revegetation and Restitution
B-1 By-Pass Channel Plan and Profile
B-2 By-Pass Channel Plan and Profile
B-3 By-Pass Channel Plan and Profile
T-1 Typical Details

T-2 Typical Details

Table A2: Design drawing set for WRC2.

Drawing Number Description

S-1 Staging and ESC — Phase 1

S-2 Staging and ESC — Phase 2

P-1 Plan and Profile

p-2 Plan and Profile

P-3 Plan and Profile

P-4 Plan and Profile

P-5 Plan and Profile

C-1 Sections

C-2 Sections

C-3 Sections

C-4 Sections

C-5 Sections

C-6 Sections

Cc-7 Sections

C-8 Sections

C-9 Sections

R-1 Revegetation and Restitution
R-2 Revegetation and Restitution
R-3 Revegetation and Restitution
R-4 Revegetation and Restitution
R-5 Revegetation and Restitution
B-1 By-Pass Channel Plan and Profile
B-2 By-Pass Channel Plan and Profile
B-3 By-Pass Channel Plan and Profile
T-1 Typical Details

T-2 Typical Details
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Table A3: Design drawing set for New Lake.

G-1 Grading Plan
C-1 Sections
T-1 Typical Details
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Hydrogeomorphic Plots — Existing Conditions
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Appendix Figure 1: Hydrogeomorphic plot for CC1 representative riffle section. Red vertical line represents
bankfull channel limit.
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Appendix Figure 2: Hydrogeomorphic plot for boundary between CCT and CC2 (immediately upstream of
bedrock cascade). Red vertical line represents bankfull channel limit.
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Appendix Figure 3: Hydrogeomorphic plot for CC3 representative section. Red vertical line represents bankfull
channel limit.
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Appendix Figure 4: Hydrogeomorphic plot for CC3 representative section. Red vertical line represents bankfull
channel limit.
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Appendix Figure 5: Hydrogeomorphic plot for MR1 representative riffle section. Red vertical line represents
bankfull channel limit.
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Appendix Figure 6: Hydrogeomorphic plot for MR1 representative riffle section. Flow contained within bankfull
channel limits.
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Appendix Figure 7: Hydrogeomorphic plot for MR1 representative riffle section. Red vertical line represents
bankfull channel limit.
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Appendix Figure 8: Hydrogeomorphic plot for MR1 representative pool section. Flow contained within bankfull
channel limits.
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Appendix Figure 9: Hydrogeomorphic plot for MR1 representative pool section. Red vertical line represents
bankfull channel limit.
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Appendix Figure 10: Hydrogeomorphic plot for MR2 representative run section. Red vertical line represents
bankfull channel limit.
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Appendix Figure 11: Hydrogeomorphic plot for MR2 representative run section. Red vertical line represents
bankfull channel limit.
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Hydrogeomorphic Plots — Proposed Conditions
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Appendix Figure 12: Hydrogeomorphic plot for WRC1-HG lake outlet. Red vertical line represents bankfull
channel limit.
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Appendix Figure 13: Hydrogeomorphic plot for WRC1-HG representative riffle section. Red vertical line
represents bankfull channel limit.
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Appendix Figure 14: Hydrogeomorphic plot for WRC1-HG representative riffle section. Red vertical line
represents bankfull channel limit.
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Appendix Figure 15: Hydrogeomorphic plot for WRC1-HG representative pool section. Red vertical line
represents bankfull channel limit.
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Appendix Figure 16: Hydrogeomorphic plot for WRC2-HG1 crest section. Red vertical line represents bankfull
channel limit.

H—. Total Shear .—.—. Unit Stream Power
—————— Total Velocity €p——4@p——4p Width Depth Ratio

160 — — 2

120 — — 1.6

80 — — 1.2

Total Shear (N/m?)
Width-Depth Ratio (-)
Unit Stream Power (W/m?)

Discharge Velocity (m/s)

40 — — 0.8

0 ‘ 0.4

0 2 4 6 8
Discharge (md/s)

Appendix Figure 17: Hydrogeomorphic plot for WRC2-HGT riffle section. Red vertical line represents bankfull
channel limit.
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Appendix Figure 18: Hydrogeomorphic plot for WRC2-HGZ2 crest section. Red vertical line represents bankfull
channel limit.
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Appendix Figure 19: Hydrogeomorphic plot for WRC2-HGZ2 riffle section. Red vertical line represents bankfull
channel limit.
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Appendix Figure 20: Hydrogeomorphic plot for WRC2-HG3 crest section. Red vertical line represents bankfull
channel limit.
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Appendix Figure 21: Hydrogeomorphic plot for WRC2-HGS3 riffle section. Red vertical line represents bankfull
channel limit.
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Appendix Figure 22: Hydrogeomorphic plot for WRC2-LG pool section. Red vertical line represents bankfull
channel limit.
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Appendix Figure 23: Hydrogeomorphic plot for WRC2-LG run section. Red vertical line represents bankfull
channel limit.
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DESIGN BRIEF

August 25, 2019

Dave Brown

Manager, Environment and Community Relations
IAMGOLD Corporation

401 Bay Street, Suite 3200

Toronto, Ontario, M5H 2Y4

Re: Offsetting Habitat Features
Coté Gold Project

"A\ GeoProcess

v RESEARCH ASSOCIATES

Knowledge
Research
Consulting

Dear Mr. Brown:

GeoProcess Research Associates Inc. (GRA) is pleased to submit this design brief to IAMGOLD outlining the
design of six small watercourse/water body improvements forming part of the proposed offsetting habitat
proposal, in support of the Coté Gold Project. This document outlines the design criteria and approach for
the watercourse enhancements and is intended to complement the fish offsetting plan completed by

Minnow Environmental, to be submitted to DFO at a future date.

1. Location Overview

The offsetting habitat improvements and creation include six sites as shown below:

ProJECT No. P2017-288

PO Box 65506 Dundas
DUNDAS, ON, L9H 6Y6
905.466.6721
www.geoprocessresearch.com
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Site #1: East Clam Lake Connection:

Design Elements: Crossing removal

This site is located at the culvert/access road
separating East Clam Lake and Clam Lake. In order
to improve the fish passage and habitat
connectivity, the removal of the access road and
the corresponding culvert is proposed.

Site #2: Little Clam Lake Connection:

Design Elements: Natural channel design

This site is located at the overland flow area where
water flows from Little Clam Lake to East Clam
Lake. This area consists of an approximately 1-1.5
m drop at the edge of Little Clam Lake that acts as
a fish migration barrier. In order to improve the
fish passage and habitat connectivity, the flow
path is to be enhanced through the construction of
a step-pool profile to connect the two lakes while
facilitating fish passage.

WEEDUCK
LAKE
.J "

-1

SITE #3: WEEDUCK
" LAKE CONNECTION

UPPER
THREE DUCK
LAKE
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B 2 | AKE CONNECTION
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3 LAKE CONNECTION

Site #3: Weeduck Lake Connection:

Design Elements: Crossing removal

This site is located at the culvert/access road
separating Weeduck Lake and Upper Three Duck
Lake. In order to improve the fish passage and
habitat connectivity, the removal of the access
road and the corresponding culvert is proposed.
Since two road crossings exist between the two
lake features, two connections will be made to
improve the habitat connectivity.

®
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Site #4: Unnamed Pond Connection:

Design Elements: Natural channel design

This site is located immediately south of the open
pit and connects Unnamed Pond to the proposed
New Lake. As Unnamed Pond currently has no
observable defined flow paths, a channel
connection to New Lake is proposed to provide
fish passage and habitat connectivity. This low flow
channel will sit within a broader valley cut for
draining groundwater flows away from the open

pit.

KNOWLEDGE

RESEARCH

!
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POND CONNECTION
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Site #5: Aggregate Pit Restoration North of
Bagsverd Lake:

Design Elements: Habitat creation, natural
channel design

This site consists of the restoration of proposed
aggregate pit located north of Bagsverd Lake. The
restoration plan consists of excavating the
aggregate pit to an elevation below the water
table and providing other habitat features to
enhance fish, amphibian and reptile habitat. This
excavated pit area is to be connected to a wetland
feature north of the site to provide fish passage to
other natural habitat features.

CONSULTING
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Site #6: Aggregate Pit #2 Restoration:

This site is located just west of Middle Three Duck .
Lake at an existing aggregate pit (Aggregate Pit _

#2). The restoration of this site includes excavating b, -
the pit to a depth below the Middle Three Duck MIDDLE THREE
Lake water level to provide permanent water
within the feature, as well as habitat features within b
the pit and a low flow channel connection to \‘ :
Middle Three Duck Lake for fish passage. @){h

2. Design Objectives and Target Morphologies

The key design objectives used to guide the design process for the offsetting habitat sites are as follows:

Barrier Removal: To improve the quality of existing habitats, such as lake and channel connections, the
removal of barriers to fish passage and habitat connectivity is proposed. To achieve this, unnecessary road
crossings will be removed, and ill-defined channel connections will be improved to provide a more
concentrated flow path to improve fish passage. Barrier removal also includes connecting existing or
proposed habitat areas that are not or would not be connected naturally.

Habitat Conversion/Creation: To provide an overall habitat benefit, areas that either present low habitat
value or other areas that have been altered due to temporary mine works will be reconstructed to improve
the overall habitat value. This involves creating or enhancing areas to provide high-quality fish and
amphibian habitat and providing connection to other natural areas to provide habitat connectivity.

Habitat Complexity: The offsetting habitat designs contain many features to improve habitat complexity.
This includes features such as large woody debris, turtle spawning areas and placed boulders and shoals.
To further increase the habitat complexity and quality, native plant species are used to improve both the
terrestrial and aquatic systems.

Natural Channel Design: The proposed channel designs for the offsetting habitat features follows the
principals of natural channel design. The objective is to provide channel designs that fit within the site
constraints but also achieve the habitat improvement desired for the sites. This involves selecting
appropriate channel morphologies and features that mitigate the risk of instability or the development of
fish migration barriers. Since the proposed channel features are fed by lakes or other bodies of water
where there is a limited sediment supply, the channels were designed to have limited sediment mobility.

@ .
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The objectives listed above apply to the specific offsetting habitat designs as follows:

Site #1: Barrier Removal

Site #2: Barrier Removal, Natural Channel Design

Site #3: Barrier Removal

Site #4: Barrier Removal, Habitat Complexity, Natural Channel Design

Site #5: Barrier Removal, Habitat Conversion/Creation, Habitat Complexity, Natural Channel Design
Site #6: Barrier Removal, Habitat Conversion/Creation, Habitat Complexity, Natural Channel Design

As a part of the natural channel design process, different channel morphologies are proposed based on the
natural conditions and design constraints. These channel morphologies are outlined below:

Low Gradient Sinuous (LG): This morphology type emulates the existing conditions of nearby natural
channel systems. The hydraulic conditions here are influenced by the downstream lake level, with
backwater and very low velocities dominating the hydraulic regime. Here, bed and bank stability will be
primarily achieved by riparian vegetation. The meander geometry for these reaches is based on the existing
meander patterns of nearby natural channels, and also on the existing geometry of the proposed project
site. These zones typically have a wide valley to allow for natural processes and adjustments. These low
gradient channels create excellent opportunities for northern pike spawning habitat, juvenile walleye
rearing habitat or adult white sucker foraging habitat. The inclusion of boulders and large quantities of
large woody debris (LWD) creates conditions for small-bodied fish refugia and, consequently, smallmouth
bass foraging habitat. Sites containing this morphology: Site #2, Site #4.

Riffle-Pool (RP): These reaches are in areas with a moderate gradient (0.5-2%) used to make up grade
differences for channels connecting existing water body features. Here, a series of riffles, steps and pools
have been designed to promote areas of higher velocity and more hydrodynamic variability. Due to a lack
of upstream sediment resupply, the design has adopted a threshold-based approach for sediment stability.
These zones are sufficiently connected to the floodplains to promote energy dissipation of flood flows
exceeding the bankfull channel. The features will also provide spawning habitat for species preferring swift
water and coarse substrates, such as walleye. The pool sizes were varied to add complexity to the system,
with larger pools providing a staging area for spawning fish where they can find refuge from high flows.
Sites containing this morphology: Site #4, Site #5, Site #6.

Run-Pool (RuP): This morphology type is used for moderately steep reaches and consists of extended
runs with small intermittent pools. This section has been designed to be a straight reach due to
topography constraints, with runs that contain large material relative to the expected flow depths to break
up the flow, and shallow and short pool features aimed at adding energy dissipation through creating a
hydraulic jump. The design also incorporated fish passage considerations, with the pools providing refuge
from high velocity flows, and the large material in the runs providing pockets for turbulence and slower
moving water to ease upstream navigation. Similar to the other reaches with a lack of sediment resupply,
the design has adopted a threshold-based approach for sediment stability. Sites containing this
morphology: Site #5.
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Step-Pool (SP): These reaches are used to cover large drops in elevation over a shorter distance to limit
cut/fill and to try and provide fish passage to poorly accessible areas. The step-pool sequences have been
designed to provide manageable drop heights between steps to avoid excessively large scour pools and to
provide the ability for fish to navigate the steps. Additionally, the pools have been designed to provide
energy dissipation and refuge for fish trying to navigate these steeper reaches. Again, due to the lack of
upstream sediment resupply, the design has adopted a threshold-based approach for sediment stability.
To achieve this, large boulders were used in the design to line the steps and designed to remain stable at
high flows. Sites containing this morphology: Site #2.

3. Design Criteria

Design criteria were established through hydrologic and hydraulic analysis. Quantitative and qualitative
data were used to establish criteria. Parameters that were evaluated include:

e Bankfull discharge: the discharge that coincides with water beginning to spill out of the channel
into the floodplain;

e Channel sizing and planform: the cross-sectional channel size and plan form used to create the
channel morphology;

e Substrates: the size of the channel material; and

¢ Habitat features: the restoration and revegetation strategy for improving and enhancing the
proposed habitats.

3.1. Design Discharge

In order to properly size the channels for Site #2, Site #4, Site #5 and Site #6, the design discharge for each
of these sites needed to be established. To do this, the hydrology for each of the sites was evaluated to
determine the return period flow events. Due to the small size of the catchments, and the resulting low
discharge regime, the 2-year return period event was chosen as the design discharge for all of the offsetting
habitat sites.

Due to the small drainage area of several of the sites, it was often not possible to assess the hydrology of
the site itself. To assess these sites, the hydrology scaled from the Little Clam Lake Hydrological Assessment.
When sites were compared to both the Little Clam Lake and the Bagsverd Creek drainage areas, the more
conservative (greater flow) results were used. The results of this analysis are shown below:

Design Discharge

Dra'?:,?;]mea [m®/s] (2-year return Disclg?-?[ar:lsls]
period) 9
Site#2: Little C!am Lake 0.541 0.180 0.998
Connection
ite#4:
Site#4 Unnamed Pond 0,027 0.008 0.050
Connection
ok
Site#5: Bagsvgrd 0211 0.074 0.408
Aggregate Pit
Site#6: Aggregate Pit #2 0.136 0.045 0.250
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3.2. Channel Sizing and Planform

The approach for determining the channel sizing and planform differed between morphology types.
Low Gradient Sinuous and Riffle-Pool

For these morphology types, the design approach was iterative. The planform was based upon the channel
size as well as the planform of other local river reaches and studies morphological parameters. The channel
sizing was based on the design discharge and channel slope, which is impacted by the channel planform. By
estimating an initial channel size, a channel planform was initially designed, after which both the planform
and channel size were iterated until they reached an appropriate balance that was suitable for their respective
sites. The channel sizing was based on calculations using an at-a-station hydraulic model.

Run-Pool and Step-Pool

These morphology types had a more straightforward design approach. Since the planform for these
morphologies is typically straighter than the low gradient and riffle-pool morphologies, the planform was
able to be based primarily on the most efficient path in the existing topography. From this planform and the
resulting channel slope, the channel sizing could be determined using Manning's equation.

Results

The results of the channel sizing are shown in the following table:

Design . q
. Reach Riffle/Run  Top Width Bottom
SILLC D'(:‘ga/:?e Slope (%)  Slope (%) (m) Width Rt
Site#2: Little SP 3.9 N/A 15 03 03
g;ir:etfi';en LG 018 0% 0% 15 03 03
Site#4: LG 0% 0% 11 03 02
Unnamed
Pond RP 0.008 0.7% 1.0-2.0% 11 03 0.2
Connection
Site#5:
Bagsverd RP 0.074 0.6-0.8% 0.8-3.1% 11 03 0.2
Aggregate Pit
Site#6: RuP 2.0% 3.8% 15 05 0.25
Aggref;te Pit RP 0045 0.8% 32% 15 05 0.25

3.3. Substrates

Given the limited sediment input into each of the sites and the overall limited mobility of the channel beds,
a threshold-based approach was used to size substrate that is likely to remain immobile under all but the
most extreme flow conditions. This approach minimizes the risk associated with erosion and mimics the
system'’s existing sediment regime. By matching the existing sediment regime, the designs should not
contribute additional sediment delivered to downstream lakes, like the present-day conditions.

Stone has been specified for the construction of grade control features for each of the channel reaches (ie.
riffles, crossovers and crests) within the low flow channels. Rounded stone, as opposed to riprap, is
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recommended as it is more representative of natural watercourse sediment, favouring colonization by
benthos.

The stone sizing was determined using a threshold (tractive force) approach for predicting the threshold
particle size for the maximum predicted shear stress. This approach relies on the determination of a critical
shear stress to calculate the stable stone size. The Shields parameter (z,) is used to define the ratio of shear
force to the weight of a stone under channelized flow. The critical value of Shields (z,.) defines the particle
size corresponding to the beginning of particle mobility. Solving for the diameter of the particle size dg, the
stable particle is determined as follows:

T
dy=—
* (ps—pgrec
Where: d = threshold diameter of particle at incipient motion (m)

7 = bed shear stress (N/m?) for the peak discharge available

ps = density of sediment (2650 kg/m?)

p = density of water (1000 kg/m?)

g = gravitational acceleration (9.81 m/s?)

T,c = Critical Shield’s parameter for coarse particles (Julien, 2002).
Bed shear stress is dependant on the local channel geometry and hydraulics. Therefore, threshold stone sizes
will vary throughout a system. At-a-station hydraulics analysis using the Manning'’s equation was undertaken
for each site. Since some sites contained two sub-reaches, the sub-reach that would produce the more
conservative (larger) stone sizing was used for the analysis. In doing this, the threshold stone sizing was set
for a representative flood event (100-yr) for each reach. A safety factor was also applied to increase the stone

sizes for long term stability and to account for uncertainty. A summary of the channel shear stresses and
threshold stone sizes for each reach is provided in Table 1.

Table 1: Summary of channel shear and threshold stone size for each reach.

Channel Shear Threshold Stone

Reach Used Stress Sizing
(Pa) (mm)
Site #2: Little (;Iam Lake p 143 197
Connection
Site #4: Unnamed Pond RP 15 20
Connection
Site #5: Bagsverd
. RP 4
Aggregate Pit 35 8
Site #6: Aggregate Pit #2 RuP 49 68

Using the threshold stone sizes, stone mix gradations were developed. A gradation provides volumetric
proportions of a range of stone sizes. The stone mixture allows for construction of features that are more
representative of natural channels, and that include larger boulders (or keystones) that are sized to remain
stable under all floods and smaller stones that fill voids and provide better aquatic habitat. The keystone
boulders (placed at the feature crests) were sized to be twice as large as the maximum stone in the mix. Clay
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or approved material has also been specified for the stone gradation to help provide cohesion to the bed
material and to fill voids.

Due to the range in the stone sizes, a unique stone gradation was not required for every site or sub-reach.
Two different stone gradations were sized to satisfy the shear thresholds in each of the sites. The stone
gradations are listed in Table 2.

Table 2: Roundstone gradations.

Sites #4,5, 6

10% - clay1
20% - 25 to 100 mm @
20% - 100 to 200 mm @ 10% - clay1
30% - 200 to 300 mm @ 20% - 25 to 50 mm @
20% - 300 to 400 mm @ 20% - 50 to 75 mm @
Keystone — 500 mm @ 30% - 75to 125 mm @
20% - 125 to 200 mm @
NOTES:
1. Clay or Approved
Equivalent

3.4. Habitat Features

The key function of each of the offsetting habitat sites is to enhance the natural habitat for each of the
areas. Since the goals are not the same for each site, the table below outlines approaches used in this
design to enhance the natural habitat, and each site contains a combination of these approaches.

Target Habitat Description Sites
To enhance existing lake systems, it is proposed that existing access roads and
Lake Habitat bridges that run between lake features be removed. This enhances the existing #1 43
Connection habitat by increasing the connectivity between the existing lake systems and '

provides additional area for fish and aquatic habitat.
The creation of a stream system provides many different habitat improvements.
While the proposed streams provide aquatic habitat within the stream itself, the
Stream Habitat proposed design contains morphologies that are also aimed at providing fish #2, #4, #5, #6
passage and connectivity between other existing and proposed aquatic features
(ie. lakes, ponds and wetlands).
At the proposed aggregate pits, the creation of aquatic habitat is proposed to
convert these disturbed areas into high-value habitat features. These aquatic
Water Body features will resemble lake and wetland features, providing areas for fish and
Creation other aquatic species. Additionally, these features are designed to provide
variable habitat, including areas aimed not only at aquatic species, but also
terrestrial species such as birds, reptiles and amphibians.
To provide the greatest habitat enhancement, the inclusion of other terrestrial
habitat features is proposed. These features include large woody debris (i.e..
Terrestrial Habitat ~ fallen trees and standing snags) and boulders to add value to both aquatic and
Features terrestrial habitats. Additionally, shoreline areas are proposed to include features
such as turtle spawning areas and native aquatic plantings to provide habitat for
amphibians and reptiles.

#5, #6

#4, #5, #6
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Disturbed areas are proposed to be restored and enhanced with native species.
Restoration and These species have been specified to target the specific conditions of each area.
Revegetation Additionally, planting areas have also been proposed to improve the habitat
present within bedrock cut areas.

#2, #4, #5, #6

4. Constructability, Staging and Erosion & Sediment Control

4.1. Site #1:

The removal of the bridge and access road between East Clam Lake and Clam Lake is to be undertaken from
the existing road. The working area is to be isolated with a turbidity curtain (OPSD 219.260) placed on both
sides of the removal. The exact limits of grading are to be confirmed on site by the construction
administrator, and all accumulated sediment is to be removed from the working area with a vac truck prior
to the removal of the turbidity curtain.

For further details on construction staging and ESC of Site #1 see GRA Drawing #03 — Clam Lake Connections:
Revegetation and Erosion and Sediment Control.

4.2. Site #2

The construction of the Little Clam Lake connection is to be isolated from Little Clam Lake through the use
of a temporary berm, and from East Clam Lake through the use of a turbidity curtain (OPSD 219.260), a
temporary rock flow check dam (OPSD 219.211) and a temporary seepage and sedimentation pond (OPSD
219.220). Since the limits of Little Clam Lake and East Clam Lake have not been confirmed, and the variability
in lake levels, the upstream and downstream limits of the connection channel are to be confirmed in the field
by a qualified contract administrator. The channel is to be constructed from the downstream limits to the
upstream limits, with the removal of the upstream berm and the downstream turbidity curtain and seepage
pond to be completed once the low flow channel and banks are stabilized.

For further details on construction staging and ESC of Site #2 see GRA Drawing #03 — Clam Lake Connections:
Revegetation and Erosion and Sediment Control.

4.3. Site #3

The removal of the bridge and access road between Weeduck Lake and Upper Three Duck Lake is to be
undertaken from the existing road. The working area is to be isolated with a turbidity curtain (OPSD 219.260)
placed on both sides of the removal. The exact limits of grading are to be confirmed on site by the
construction administrator, and all accumulated sediment is to be removed from the working area with a vac
truck prior to the removal of the turbidity curtain.

For further details on construction staging and ESC of Site #3 see GRA Drawing #04 — Weeduck Lake
Connection.
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4.4. Site #4

The construction area of the Unnamed Pond connection is to be isolated using a temporary berm at the
upstream end, and a temporary seepage and sedimentation pond (OPSD 219.220), temporary rock flow
check dam (OPSD 219.211) and a turbidity curtain (OPSD 219.260) at the downstream end. The channel is to
be constructed from the downstream end to the upstream. Upon the inspection by a qualified person, all
temporary materials and works are to be removed.

For further details on construction staging and ESC of Site #8 see GRA Drawing #08 — Unnamed Pond
Connection Channel: Erosion and Sediment Control and Revegetation Plan.

4.5. Site #5

The construction of the Bagsverd Aggregate Pit habitat feature is proposed to take place in two steps, first
constructing the channel feature, and then constructing the designed pit feature.

For the channel construction, the access is through the aggregate pit and down the channel centerline. The
works are to be isolated from the downstream wetland using a silt fence flow check dam (OPSD 219.190)
and a temporary seepage pond. The channel is to be constructed from the downstream end to the aggregate
pit. Once the channel and banks are stabilized, construction of the pit feature may begin.

For the construction of the aggregate pit feature, all dewatering is to be pumped to a sediment trap (OPSD
219.240) beyond the excavation limits. The grading is to be completed in a general north to south direction,
and upon completion of planting and restoration, and the inspection by a qualified person, all temporary
materials may be removed from the site.

For further details on construction staging of Site #5, see GRA Drawing #11 - Bagsverd Aggregate Pit: Erosion
and Sediment Control and Revegetation Plan.

4.6. Site #6

The construction of Aggregate Pit #3 is proposed to take place in two steps, first constructing the channel
feature, and then constructing the designed pit feature.

For the channel construction, the access is through the aggregate pit and down the channel centerline. The
works are to be isolated from the downstream wetland using a silt fence flow check dam (OPSD 219.190)
and a temporary seepage pond. The channel is to be constructed from the downstream end to the aggregate
pit. Once the channel and banks are stabilized, construction of the pit feature may begin.

For the construction of the aggregate pit feature, all dewatering is to be pumped to a sediment trap (OPSD
219.240) beyond the excavation limits. The grading is to be completed in a general south to north direction,
and upon completion of planting and restoration, and the inspection by a qualified person, all temporary
materials may be removed from the site.

For further details on construction staging of Site #5, see GRA Drawing #14 — Aggregate Pit #3: Erosion and
Sediment Control and Revegetation Plan.

KNOWLEDGE RESEARCH CONSULTING

®



IAMGOLD CORPORATION

COTE GOLD OFFSETTING HABITAT FEATURES: NATURAL CHANNEL DESIGN AuGuUsT 2019

5. Revegetation Plan

The revegetation plan has taken a simple approach to re-establishing lost vegetated areas. The number of
species has been kept to a minimum, as the planting plan strived to establish anchor species around which
natural revegetation from the surrounding areas will provide the seed and rhizome stock for a broader
vegetation community. The intent of the planting plan is to quickly establish a rooting zone, to shade the
creek and to provide the tree material for long term forest growth. To achieve these goals most efficiently,
plantings were divided into three zones. These zones are explained below and shown in the accompanying
drawing package.

Zone 1 is located in areas of expected shallow water within the aggregate pit features. The plantings here
are aimed to provide a start for these developing into well-vegetated wetland areas. While the density of
plantings proposed for these areas is below what would be found within these types of areas naturally, the
plantings are aimed to reduce the time it takes for these vegetation communities to establish.

Zone 2 is intended to provide fast growth immediately adjacent to the shorelines and channel features.
This will be achieved by planting a mix deciduous shrub species. The apex forest in this region is conifer
dominated by white and black spruce, which may take decades to establish. The deciduous species
selected for this zone are pioneer species which can establish quickly and will grow at a quicker rate than
the conifer species. Zone 1 is located immediately adjacent to creek features and in shoreline and low-lying
areas. As the riparian forest matures, the conifer species will become dominant as the deciduous shrub
species will be replaced through succession. Zone 2 plantings are the only plantings for the riparian
corridors and shorelines for Sites #1-4.

Zone 3 plantings are located in the aggregate pit designs in areas that are expected to be dry, away from
riparian and shoreline areas. This zone consists of only conifer species, reflecting the ultimate forest
community which will be established. White and black spruce and jack pine are the dominant species, with
a lesser percentage of tamarack and balsam fir.

Scientific Name

Common Name

Broad-Leaved Arrowhead Sagittaria latifolia 25
Zone 1 Pickeral Weed Pont.ederia cgrdata 25
Softstem Bulrush Scirpus Validus 25
Common Cattail Typha latifolia 25
Green Alder Alnus crispa 20
Zone 2 Speckled Alder Alnus rugosa 50
Red-Osier Dogwood Cornus stolonifera 30
Black Spruce Picea mariana 30
Balsam Fir Abies balsamea 10
Zone 3 White Spruce Picea glauca 20
Tamarack Larix laricina 10
Jack Pine Pinus banksiana 30
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6. Post-Construction Monitoring

The offsetting habitat areas will be monitored using the same methods and timelines as the Watercourse
Realignment Channels. See Table 5.1 of the Offsetting Monitoring Program for the details related to this
monitoring program.

Regards,

GEOPROCESS RESEARCH ASSOCIATES INC

7 A T

Jeff Hirvonen, MASc Chris McKie, BASc, EIT
Principal Water Resources Specialist
KNOWLEDGE RESEARCH CONSULTING e 13



Coté Gold Offsetting Habitat Features: Natural Channel Design

Prepared for AMGOLD Corporation

August 2019
Prepared by:

Cf— P~

Chris McKie, BASc, EIT
Water Resources Specialist

Reviewed by:
Jeff Hirvonen, MASc Ben Plumb, PhD, P.Eng.
Principal River Engineer
Disclaimer

We certify that the services performed by GeoProcess Research Associates were conducted in a manner consistent with the level of care,
skill and diligence to be reasonably exercised by members of the engineering and science professions.

Information obtained during the site investigations or received from third parties does not exhaustively cover all possible environmental
conditions or circumstances that may exist in the study area. If a service is not expressly indicated, it should not be assumed that it was

provided. Any discussion of the environmental conditions is based upon information provided and available at the time the conclusions
were formulated.

This report was prepared exclusively for AMGOLD Corporation by GeoProcess Research Associates. The report may not be relied upon by
any other person or entity without our written consent and that of IAMGOLD Corporation. Any uses of this report or its contents by a third
party, or any reliance on decisions made based on it, are the sole responsibility of that party. GeoProcess Research Associates accepts no
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions taken based on this report.

Project Number P2017-288
Copyright © 2019 GeoProcess Research Associates

KNOWLEDGE RESEARCH CONSULTING

®



RESEARCH ASSOCIATES

@\ GeoProcess
e RESE

Knowledge
TECHNICAL MEMO
Consulting
July 11, 2019
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Manager, Environment and Community Relations
IAMGOLD Corporation

401 Bay Street, Suite 3200

Toronto, Ontario, M5H 2Y4

Re: Chester Lake Culvert Crossing — Channel Design
Coteé Gold Project

Dear Mr. Brown:

GeoProcess Research Associates Inc. (GRA) has completed a design of the low flow channel within the
proposed arch culverts at Chester Road and the proposed haul road. The objective of the design is to
facilitate fish passage through the culverts while providing a stable channel to mitigate erosion risk to the
proposed road infrastructure.

To facilitate fish passage, the channel in the culvert was designed such that the bankfull channel will be
backwatered by the downstream New Lake. Additionally, natural baffles have been incorporated in the
design to further accommodate fish passage during periods of low lake levels.

Please don't hesitate to contact us if you have any questions regarding the contents contained within this
submission.

Regards,

GEOPROCESS RESEARCH ASSOCIATES INC

E 2"

Ben Plumb, PhD, P.Eng. Jeff Hirvonen, MASc
River Engineer Principal
ProJECT No. P2017-288 PO Box 65506 Dundas

DUNDAS, ON, L9H 6Y6
905.466.6721
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1. Introduction and Background

Two culverts are proposed at the Chester Lake outlet to accommodate the Coté Gold mine infrastructure.
Currently, there is a single road with three 1830 mm CSP culverts. These culverts will be replaced by a single
span 8.03 m open bottom multi-plate arch culvert. A second culvert immediately downstream of the road
(same dimensions) will accommodate the proposed haul road. The culvert designs were completed by Wood
(drawing No. 100264-320-DD10-GRD-2005). This memo outlines the details and technical rational
supporting the design of a low flow channel design within the culvert structures.

2. Design Objectives

The objectives of the low flow channel within the culvert are a) to provide a channel that accommodates fish
passage and b) create a stable channel that mitigates erosion risk to the adjacent mine infrastructure. The
target fish species have been identified through consultation with Minnow Environmental and Fisheries and
Oceans Canada. The species are northern pike and burbot.

3. Design Criteria

3.1. New Lake Backwater

The channel has been designed as a trapezoidal shape with a floodplain bench, to be situated in the new
culvert. The channel invert has been designed so that it will be backwatered by the downstream New Lake
(average lake elevation of 385 MASL). The design will provide a depth of flow between 0.7-0.8 m in the
culvert under average lake elevation conditions. Since the channel in the culvert will be in a backwater
condition, velocities are expected to be minimal (near zero). The design profile and cross-section are
illustrated with the New Lake elevation in Figure 1 and Figure 2.
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Figure 1: Design profile illustrating New Lake average elevation.
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Figure 2: Typical cross-section illustrating New Lake average elevation.

3.2. Natural Baffles

As an added measure to improve fish passage under low water conditions where New Lake elevation drops
below the channel invert, natural baffles were incorporated into the channel within the culvert. These baffles
consist of 0.6-0.75 m boulders embedded along the channel bottom, with 0.3 m of the boulders’ diameter
to be exposed. One boulder per baffle will be fully embedded into the channel to create a low flow
depression. The embedded boulders will be offset in each baffle to promote a sinuous thalweg (Figure 3).
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Figure 3: Plan view illustrating offset baffles to promote a sinuous thalweg.
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4. Performance Evaluation (Fish Passage Analysis)

It is anticipated that during periods of average and high flow, the downstream lake level will be
correspondingly high so that backwater floods the culvert low flow channel and velocities will be low. During
periods of low flow, the channel will remain backwatered by New Lake. However, to ensure the design
accommodates fish passage under rare, extreme conditions, the scenarios where the New Lake elevation is
lower than the channel outlet (under both low and high flows) were investigated. Table 1 summarizes the
average adult lengths used in the fish passage analysis. These lengths were obtained from the Swim
Performance Online Tools length database (fishprotectiontools.ca).

Table 1: Target Species Criteria

Average Mature

Species Length (cm)
Northern Pike 340
Burbot 370

4.1. Average Lake Level Conditions (Normal Case)

4.1.1. Low Flow

Golder (2014) provided estimates for low flow indices using a watershed area proration of existing regional
gauge stations. Their results are summarized in Table 2. The low flow statistics presented in the form XQy
represent the X-day low flow with a return period of y-years. The 7Qqo is considered an extreme low flow
value (sometimes associated with extinction flows or minimum flows required to maintain an ecosystem) and
the 30Q: is considered an estimate of annual average baseflow in a given year (Pyrce, 2004). An average of
these flows was used (0.065 m?3/s), which is considered to be representative of a low baseflow year.

Table 2: Low flows for Chester Lake (from Golder, 2014)

7Qz0 (M3/s) 30Q; (m3/s)
0.04 0.09

This flow was compared to the average cross-sectional area in backwater (approx. 1.53 m?) in the channel
based on the average New Lake elevation of 385 MASL. The velocity was estimated by dividing the discharge
by this cross-sectional area. The resulting average low-flow velocity was estimated to be 0.04 m/s, with a
depth ranging between 0.7-0.8 m.

4.1.2. High Flow

The 2-year-24 hour storm event of 6.36 m3/s (provided by Wood) was used to demonstrate fish passage
under high flows. The cross-sectional flow area was estimated using an at-a-station model with cross-
sectional geometry representative of the baffle geometry (discussed in more detail below). This area (5.55
m?) was added to the cross-sectional area already occupied by the backwatered portion from New Lake (1.53
m?). The velocity was estimated by dividing the discharge by this cross-sectional area. The resulting average
high-flow velocity was estimated to be 0.9 m/s. In the main channel, fish would need to swim approximately
5 m to arrive at the refuge of next upstream baffle as they move upstream. The fish swimming performance
curves (Katopodis and Gervais, 2016) were used to estimate the length that the target species could swim at
a velocity of 0.9 m/s. The swimming distance of 5 m in the main channel and floodplain bench were exceeded
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for the 87.5% and 50tht" percentile for the pike and burbot, respectively (see output in Appendix A). It should
be noted that the interaction between the backwatered portion and the higher velocity portion were not
considered in this approach. In periods of higher flows, the New Lake elevation would also rise, which would
further reduce the velocity in the culvert. Moreover, the velocity estimated (average cross-sectional velocity)
here does not consider the inherent velocity distribution in the channel which would be lower towards the
channel bottom where backwater conditions dominate. Nonetheless, even with the conservative
assumptions built into this exercise, the fish swimming performance criteria indicate, at minimum, that the
median population of the species can pass.

4.2. Low Lake Level Conditions (Extreme Case)

4.2.1. Low Flow

The low flow discussed above was modelled in an at-a-station hydraulic model with a cross-section
representing a baffle crest (including the 0.3 m depressed boulder) and a model without the baffles for
comparison. The models both assumed a slope equal to the culvert design slope (0.3%) and a Manning
coefficient of 0.035. The resulting flow depths and velocities are summarized in Table 3.

Table 3: Low flow modelling results

Scenario
Without Baffles 8 0.28
With Baffles 21 0.41

The results indicate an increase in flow depth of 13 c¢cm with the natural baffle design. The model
conservatively assumed an energy slope equal to the bed slope, which (in reality) would be less with the
baffles due to the backwater zone upstream. As such, the flow depth will likely be higher. The higher velocity
estimated for the baffle configuration corresponds to the “pinch point” where the water is flowing through
the depressed boulder area (Figure 2). This will only be approximately 0.75 m in length. The fish swimming
performance curves (Katopodis and Gervais, 2016) were used to estimate the length that the target species
could swim at a velocity of 0.41 m/s. For both target species, the swimming distance greatly exceeds 0.75 m
for the 97.5t percentile (see output in Appendix A).

4.2.2. High Flow

Using the same at-a-station model as above (with the baffle geometry), the velocity in the main channel and
floodplain bench were estimated to be 1.15 m/s and 0.79 m/s, respectively. In the main channel, fish would
need to swim approximately 5 m to arrive at the refuge of next upstream baffle as they move upstream. The
fish swimming performance curves (Katopodis and Gervais, 2016) were used to estimate the length that the
target species could swim at a velocity of 1.15 m/s. For both target species, the swimming distance of 5 m in
the main channel and floodplain bench were exceeded for the 50" and 87.5% (4.4 m for Burbot) percentile,
respectively (see output in Appendix A). It should be noted that the velocity distribution in the vicinity of the
baffles will be less than the average channel velocity estimated in a 1-dimensional hydraulic model and the
5 m distance is considered a conservative estimate. Fish will be able to transition between the floodplain
bench and the main channel as they migrate upstream.

(&)}

)
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5. Summary

A low flow channel has been designed through two culverts to accommodate fish passage. For most
scenarios, the channel will remain in backwater such that both flow depths and velocities will be conducive
to passage. Under extreme conditions (low and high flows combined with low lake levels), natural baffles
have been incorporated and have been demonstrated to support fish passage for the target species using
fish swimming performance design curves.

6. References

Golder Associates (2014). Cété Gold Project, Environmental Assessment Report, Technical Support Document: Hydrology,
Version R2. Prepared for AMGOLD Corporation. November 7, 2014.

Katopodis, C. and Gervais, R. (2016). Fish swimming performance database and analyses, Fisheries and Oceans Canada, Central
and Arctic Region, Winnipeg, MB.

Pyrce, R.S. (2004). Hydrological Low Flow Indices and their Uses. WSC Report No0.04-2004. Watershed Science Centre,
Peterborough, Ontario, 33 p.

KNOWLEDGE RESEARCH CONSULTING g 6



7

o

Appendix A

Fish Swimming Performance Output

KNowLeDGE ) ResearcH 0 CONSULTING



IAMGOLD CORPORATION
COTE GOLD — CHESTER LAKE CULVERT CHANNEL DESIGN JuLy 11, 2019

Low Flow Scenario (Low Lake Level)

Pike (derived) Group
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Estimates

2.5% of 340 mm Pike (derived) in 0.41 m/s current can swim 240 m
12.5% of 340 mm Pike (derived) in 0.41 m/s current can swim 130 m
50% of 340 mm Pike (derived) in 0.41 m/s current can swim 61 m
87.5% of 340 mm Pike {derived) in 0.41 m/s current can swim 28 m
57.5% of 340 mm Pike (derived) in 0.41 m/s current can swim 16 m
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Water velocity (m/s)
Estimates

2.5% of 370 mm Eelin 0.41 m/s current can swim 130 m
12.5% of 370 mm Eel in 0.41 m/s current can swim 72 m
50% of 370 mm Eel in 0.41 m/s current can swim 31 m
87.5% of 370 mm Eel in 0.41 m/s current can swim 13 m
97.5% of 370 mm Eel in 0.41 m/s current can swim 7.5 m
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IAMGOLD CORPORATION
COTE GOLD — CHESTER LAKE CULVERT CHANNEL DESIGN

JuLy 11, 2019

High Flow Scenario (Average Lake Level)

Pike (derived) Group

— Mean — 75% prediction interval — 95% prediction int
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Water velocity (m/s)
Estimates

2.5% of 340 mm Pike (derived) in 0.9 m/s current can swim 48 m
12.5% of 340 mm Pike (derived) in 0.9 m/s current can swim 27 m
50% of 340 mm Pike (derived) in 0.9 m/s current can swim 12 m
87.5% of 340 mm Pike (derived) in 0.9 m/s current can swim 5.5 m

97.5% of 340 mm Pike (derived) in 0.9 m/s current can swim 3.1 m

Fel Group
— Mean — 75% prediction interval — 5% prediction int
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£ |
g 1000 !
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Water velocity (m/s)
Estimates

2.5% of 370 mm Eelin 0.9 m/s current can swim 34 m
12.5% of 370 mm Eel in 0.9 m/s current can swim 19 m
50% of 370 mm Eelin 0.9 m/s current can swim 8.1 m
87.5% of 370 mm Eel in 0.9 m/s current can swim 3.5 m
97.5% of 370 mm Eel in 0.9 m/s current can swim 1.9 m
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IAMGOLD CORPORATION
COTE GOLD — CHESTER LAKE CULVERT CHANNEL DESIGN

JuLy 11, 2019

High Flow Scenario (Low Lake Level)

Pike (derived) Group

— Mean — 75% prediction interval — 95% prediction int
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Estimates

2.5% of 340 mm Pike (derived) in 1.15 m/s current can swim 25 m
12.5% of 340 mm Pike (derived) in 1.15 m/s current can swim 16 m
50% of 340 mm Pike (derived) in 1.15 m/s current can swim 7.4 m
87.5% of 340 mm Pike (derived) in 1.15 m/s current can swim 3.4 m
97.5% of 340 mm Pike (derived) in 1.15 m/s current can swim 1.9 m

Eel Group
— Mean — 75% predictioninterval — 95% prediction int
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Water velocity (m/s)

Estimates

2.5% of 370 mm Eelin 1.15 m/s current can swim 22 m
12.5% of 370 mm Eel in 1.15 m/s current can swim 12 m
50% of 370 mm Eel in 1.15 m/s current can swim 5.3 m
B7.5% of 370 mm Eel in 1.15 m/s current can swim 2.3 m
97.5% of 370 mm Eel cannot swim against 1.15 m/s current
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IAMGOLD CORPORATION
COTE GOLD — CHESTER LAKE CULVERT CHANNEL DESIGN JuLy 11, 2019

Pike (derived) Group

— Mean — 75% prediction interval — 95% prediction int
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Water velocity (m/s)
Estimates

2.5% of 340 mm Pike (derived) in 0.79 m/s current can swim 62 m
12.5% of 340 mm Pike (derived) in 0.79 m/s current can swim 35 m
50% of 340 mm Pike (derived) in 0.79 m/s current can swim 16 m
87.5% of 340 mm Pike (derived) in 0.79 m/s current can swim 7.2 m
97.5% of 340 mm Pike (derived) in 0.79 m/s current can swim 4.1 m

Fel Group

— Mean — 75% predictioninterval — 95% prediction int
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Water velocity (m/s)
Estimates

2.5% of 370 mm Eelin 0.79 m/s current can swim 42 m
12.5% of 370 mm Eel in 0.79 m/s current can swim 23 m
50% of 370 mm Eel in 0.79 m/s current can swim 10 m
87.5% of 370 mm Eel in 0.79 m/s current can swim 4.4 m
97.5% of 370 mm Eel in 0.79 m/s current can swim 2.4 m
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DESCRIPTION

STAGING AND ESC - PHASE 1

STAGING AND ESC - PHASE 2
PLAN AND PROFILE [0+000 - 0+380]

PLAN AND PROFILE [0+380 - 0+760
PLAN AND PROFILE [0+760 - 0+886
SECTIONS [5+025 - 5+175
SECTIONS [5+225 - 5+400
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AN DEPLOY SILT CURTAIN
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TEMPORARY ROCK
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(OPSD 219.211)

PROPOSED ACCESS ROUTE
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—
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STAGING/STOCKPILE AREA
TO BE SURROUNDED WITH
SILT FENCE BARRIER

(OPSD 219.130)

STAGING/
STOCKPILE

BERM TO ISOLATE LAKE EXTENSION
FROM STREAM CORRIDOR

PHASE 1:

CONSTRUCTION OF LAKE EXTENSION AND BY—PASS CHANNEL

P1—1.

P1-2.

P1-3.

P1—4,

P1-5.

P1-6.

P1-7.

P1-8.

P1-9.

P1-10.

P1—11.

P1-12.

P1—-13.

CLEAR & GRUB BY—-PASS CHANNEL CORRIDOR, FROM THE CLAM LAKE EXTENSION TO CHESTER LAKE.

CONSTRUCT TEMPORARY ROCK FLOW CHECK DAMS (OPSD 219.211) AT DOWNSTREAM LIMITS OF BY—PASS CHANNEL.
DIMENSIONS WILL VARY PER PLAN AND SITE CONDITIONS, SUBJECT TO CONFIRMATION BY THE CONSTRUCTION SUPERVISOR.

CONSTRUCT TEMPORARY SEDIMENTATION POND (OPSD 219.220). DIMENSIONS WILL VARY BASED ON SITE CONDITIONS,
SUBJECT TO CONFIRMATION BY THE CONSTRUCTION SUPERVISOR.

INSTALL DEWATERING PUMP AT TEMP SEDIMENTATION POND. PUMP DISCHARGE TO BE DIRECTED TO THE FLOODPLAIN AND
LET FLOW OVERLAND TO CHESTER LAKE.

CONSTRUCT THE BYPASS CHANNEL FROM DOWNSTREAM TO UPSTREAM.
CONSTRUCT CLAM LAKE EXTENSION. ENSURE LAKE EXTENSION SHORELINE IS STABILIZED.
ENSURE ROAD CROSSINGS HAVE BEEN BUILT AND STABILIZED.

FINAL CONDITION OF LAKE EXTENSION AND BYPASS CHANNEL TO BE INSPECTED AND CERTIFIED BY CONSTRUCTION
SUPERVISOR, ENVIRONMENTAL MONITOR AND PROJECT ENGINEER.

INSTALL SEDIMENT CURTAIN (OPSD 219.260) AT DOWNSTREAM END OF CORRIDOR.

DECOMMISSION TEMPORARY SEDIMENTATION POND AND ROCK CHECK DAMS. REMOVE EARTHEN PLUG. ALLOW SEDIMENT TO
SETTLE AND REMOVE SEDIMENT CURTAIN.

REMOVE THE CLAM LAKE EARTHEN PLUG IN CENTRE OF LOW FLOW CHANNEL, IN INCREMENTAL LIFTS. ALLOW THE
UPSTREAM LAKE LEVEL TO STABILIZE PRIOR TO INITIATING EXCAVATING THE NEXT LIFT.

INSTALL SEDIMENT CURTAIN (OPSD 219.260) AROUND REMAINDER OF EARTHEN PLUG. REMOVE PLUG.

FOLLOWING THE DECONSTRUCTION OF THE TEMPORARY ROCK FLOW CHECK DAM REMOVE ALL OTHER TEMPORARY
MATERIALS.

GENERAL STAGING NOTES:

G—=1. NO WORK TO BE COMPLETED UNTIL THE UPSTREAM AND DOWNSTREAM CONTROLS HAVE BEEN INSTALLED.

G—2. CONSTRUCTION TO BE COMPLETED IN_THE DRY. WORK PHASES WILL BE COMPLETED IN ISOLATION. A LONG TERM FLOW
BY—PASS IS NOT PROPOSED. DEWATERING OF GROUNDWATER INFILTRATION AND RAINFALL IS REQUIRED, PER EROSION AND
SEDIMENTATION CONTROL BEST MANAGEMENT PRACTICES.

G—3. ALL STAGING AND STOCKPILE AREAS ARE TO BE OUTSIDE OF THE PROPOSED CORRIDOR. EROSION AND SEDIMENT
PERIMETER CONTROLS TO BE INSTALLED AROUND ALL STOCKPILES. LOCATIONS AND LIMITS OF THE STAGING AND
STOCKPILING AREAS TO BE CONFIRMED BY THE ENVIRONMENTAL MONITOR.

G—4. THE CONSTRUCTION OF ALL RIVER AND HABITAT FEATURES IS TO BE OVERSEEN BY THE CONSTRUCTION SUPERVISOR.

G—5. ALL DISTURBED AREAS ARE TO BE RESTORED TO EXISTING OR BETTER CONDITIONS AFTER THE COMPLETION OF
CONSTRUCTION. DISTURBANCE TO THE SURROUNDING NATURAL AREAS IS TO BE MINIMIZED DURING CONSTRUCTION.

G—6. THE CHANNEL WORKS ARE TO BE UNDERTAKEN IN TWO (2) PHASES. STAGING AND SEQUENCING FOR EACH PHASE ARE
PROVIDED.

G—7/. FOLLOWING THE REVEGETATION, THE STREAM VALLEY CORRIDOR IS TO REMAIN DRY TO ALLOW FOR VEGETATION TO
ESTABLISH. DEWATERING OF THE CHANNEL (OF SURFACE RUNOFF AND GRONDWATER SEEPAGE) WILL BE REQUIRED DURING
THIS PERIOD.

G—8. WRC1-LG CONSTRUCTION IS TO OCCUR DURING WINTER MONTHS WITH ADEQUATE DEPTH OF FROST LINE, SUBJECT TO
OVERALL CONSTRUCTION SCHEDULE PROGRESS.
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\\ CLAM LAKE
\ FLEV = 386.8 m
\\

\
\
\
\
\
\
\
\
\
\
\
\

EROSION AND SEDIMENT CONTROL

GENERAL:
ESC—1. ALL IN—WATER AQUATIC HABITAT RESTORATION TO BE SUPERVISED BY THE CONSTRUCTION
SUPERVISOR HAVING EXPERIENCE IN NATURAL CHANNEL CONSTRUCTION TECHNIQUES.
ESC—2. QUANTITIES OF MATERIALS FOR SALVAGE AND DISPOSAL ARE ESTIMATES ONLY AND THE
CONTRACTOR IS RESPONSIBLE TO REVIEW SITE AND VERIFY QUANTITIES IN SITU.
ESC—3. EROSION AND SEDIMENT CONTROL (ESC) MEASURES WILL BE IMPLEMENTED PRIOR TO, AND
MAINTAINED DURING THE CONSTRUCTION PHASES, TO PREVENT ENTRY OF SEDIMENT INTO THE
WATER. ALL DAMAGED EROSION AND SEDIMENT CONTROL MEASURES SHOULD BE REPAIRED
AND/OR REPLACED WITHIN 48 HOURS OF THE INSPECTION.

ESC—4. ALL ACTIVITIES ON SITE SHALL BE CONDUCTED IN A LOGICAL SEQUENCE TO MINIMIZE THE AREA
OF BARE SOIL EXPOSED AT ANY ONE TIME; AND DISTURBED AREAS WILL BE MINIMIZED TO THE
EXTENT POSSIBLE, AND TEMPORARILY OR PERMANENTLY STABILIZED OR RESTORED AS THE
WORK PROGRESSES.

ESC—-5. ALL IN—WATER AND NEAR WATER WORKS WILL BE CONDUCTED IN THE DRY WITH APPROPRIATE
ESC MEASURES.

ESC—-6. EXISTING GROUND COVER SHALL BE RETAINED WHEREVER FEASIBLE, FOR AS LONG AS
POSSIBLE.

ESC—7. AT THE END OF EACH DAY, STABILIZE EXPOSED BANK SOILS. SUBJECT TO APPROVAL BY THE
ENVIRONMENTAL MONITOR.

ESC—-8. THE CONTRACTOR RECOGNIZES THE IMPORTANCE OF WATER AND SEDIMENT HANDLING. IN
ADDITION TO THE DETAILS LISTED BELOW, THE CONTRACTOR AGREES TO FOLLOW BEST
MANAGEMENT PRACTICES AND ADHERE TO APPLICABLE ENVIRONMENTAL LEGISLATION GOVERNING
WORK—AROUND—WATER AND PREVENTION OF EROSION AND SEDIMENT DISCHARGE.

ESC—-9. AN ENVIRONMENTAL MONITOR WILL INSPECT ALL ESC MEASURES AT REGULAR INTERVALS,
INCLUDING FOLLOWING RAIN/SNOWMELT EVENT, DURING DEWATERING, RESTORATION AND IN OR
NEAR— WATER WORKS.

ESC—10. STOCKPILED MATERIAL SHALL BE ISOLATED FROM THE WATERCOURSE AND VALLEY CORRIDOR

WITHIN THE RECOMMENDED STAGING/STOCKPILE LOCATIONS AND CONTAINED WITHIN THE
APPROPRIATE PERIMETER ESC.

ESC—11. ESC TO REMAIN IN PLACE UNTIL THE WORKING AREA HAS BEEN STABILIZED TO THE
SATISFACTION OF THE ENVIRONMENTAL MONITOR.

ESC—12. THE EROSION AND SEDIMENT CONTROL STRATEGIES OUTLINED ON THE PLANS ARE NOT STATIC
AND MAY NEED TO BE AMENDED AS SITE CONDITIONS WARRANT TO MINIMIZE SEDIMENT
ENTERING THE WATERCOURSE OR LAKE. IF THE PRESCRIBED MEASURES ARE NOT EFFECTIVE IN
PREVENTING SEDIMENTATION IN THE NATURAL SYSTEM THEN MITIGATION MEASURES MUST BE
IMPLEMENTED IMMEDIATELY TO MINIMIZE POTENTIAL ECOLOGICAL IMPACTS.

DEWATERING:

ESC—13. THE SEDIMENT LADEN WATER WILL NOT BE ALLOWED TO DISCHARGE DIRECTLY TO ANY
WATERBODY. DEWATERING SHOULD BE UNDERTAKEN UTILIZING A FILTER BAG (OR APPROVED
EQUIVALENT) IN THE FLOODPLAIN.

ESC—14.IN THE EVENT OF RAINFALL OR SEEPAGE INTO THE WORK SITE, ADDITIONAL DEWATERING MAY
BE REQUIRED.

ESC—15. RECOMMENDED DEWATERING ARRANGEMENT: THE INLET PUMP HEAD IS TO BE COVERED WITH
FILTER FABRIC OR CLEAR STONE. THE OUTLET PUMP HEAD IS TO DISCHARGE TO A SEDIMENT
BAG OR BASIN. DISCHARGE FROM THE BAG IS TO BE RELEASED TO A VEGETATED LOCATION OR
IF A VEGETATED LOCATION IS NOT AVAILABLE, A FLOW DISSIPATING STRUCTURE SHOULD BE
PROVIDED THE SEDIMENT BAG SHOULD BE LOCATED AT LEAST 15M AWAY FROM THE
WATERBODY. THE FINAL DEWATERING PLAN IS TO BE CONFIRMED BY THE ONSITE PROJECT
ENGINEER.

SPILLS CONTROL NOTES:

ESC—16. ALL ACTIVITIES, INCLUDING MAINTENANCE PROCEDURES, WILL BE CONTROLLED TO PREVENT THE
ENTRY OF PETROLEUM PRODUCTS, DEBRIS, RUBBLE, CONCRETE OR OTHER DELETERIOUS
SUBSTANCES INTO THE WATER. VEHICULAR REFUELING AND MAINTENANCE WILL BE CONDUCTED
A MINIMUM OF 30M FROM THE WATER.

ESC—17.IN THE EVENT OF A LEAK, DISCHARGE OR SPILL OF A POLLUTANT, DELETERIOUS MATERIAL OR
OTHER SUCH MATERIAL OR SUBSTANCE WHICH WOULD OR COULD CAUSE AN ADVERSE IMPACT
TO THE NATURAL ENVIRONMENT, THE CONTRACTOR SHALL:

a. IMMEDIATELY NOTIFY THE APPROPRIATE FEDERAL, PROVINCIAL AND LOCAL GOVERNMENT
MINISTRIES, DEPARTMENTS, AGENCIES AND AUTHORITIES OF THE INCIDENT IN ACCORDANCE
WITH ALL CURRENT LAWS, LEGISLATION, ACTS, BY—LAWS, PERMITS, APPROVALS, ETC.

b. TAKE IMMEDIATE MEASURES TO CONTAIN THE MATERIAL OR SUBSTANCE, AND TAKE SUCH
MEASURES AS THEY DEEM APPROPRIATE TO MITIGATE AGAINST ANY ADVERSE IMPACTS TO THE
NATURAL ENVIRONMENT.

c. THE CONTRACTOR SHALL RESTORE THE AFFECTED AREA TO ORIGINAL CONDITION OR BETTER,
ALL TO THE SATISFACTION OF THE AUTHORITIES HAVING JURISDICTION.

CONTINGENCY FOR STORM EVENT:

ESC—18. THE PROPONENT/CONTRACTOR SHALL MONITOR THE WEATHER SEVERAL DAYS IN ADVANCE OF
THE ONSET OF THE PROJECT TO ENSURE THAT THE WORKS WILL BE CONDUCTED DURING
FAVOURABLE WEATHER CONDITIONS. SHOULD AN UNEXPECTED STORM ARISE, THE CONTRACTOR
WILL REMOVE ALL UNFIXED ITEMS FROM THE REALIGNMENT CORRIDOR THAT WOULD HAVE THE
POTENTIAL TO CAUSE A SPILL OR AN OBSTRUCTION TO FLOW, E.G., FUEL TANKS, PORTAPOTTIES,
MACHINERY, EQUIPMENT, CONSTRUCTION MATERIALS, ETC.

ESC—-19. IN THE EVENT OF A FORECASTED MAJOR STORM EVENT, THE CONTRACTOR SHALL STABILIZE
ALL EXPOSED SOILS AND REMOVE ALL MACHINERY AND HAZARDOUS MATERIAL FROM THE

STREAM CORRIDOR WORKING AREA.

ENVIRONMENTAL COMPLIANCE:

ESC—-20. AN ENVIRONMENTAL MONITOR WILL AVAILABLE ON SITE TO ENSURE THAT ACTIVITIES THAT COULD
HAVE A NEGATIVE IMPACT TO THE NATURAL ENVIRONMENT ARE EFFECTIVELY MITIGATED. THE
ENVIRONMENTAL MONITOR SHALL LIAISE WITH BOTH THE OWNER AND THE CONSTRUCTOR AND, IF
NECESSARY, ENFORCEMENT OFFICERS.

WRC1 COMPLIANCE AND OVERSIGHT

THE FOLLOWING PERSONS WILL OVERSEE VARIOUS COMPONENTS OF CONSTRUCTION:
e ENVIRONMENTAL MONITOR: QUALIFIED PERSON EXPERIENCED IN ENVIRONMENTAL COMPLIANCE
AND ESC MEASURES.
e CONSTRUCTION SUPERVISOR: QUALIFIED PERSON EXPERIENCED IN NATURAL CHANNEL DESIGN
IMPLEMENTATION.
e PROJECT ENGINEER: QUALIFIED PERSON FROM THE EPCM TEAM
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STRUCTURE (AS REQUIRED) LOCATED .
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"N STOCKPILE (OPSD 219.130)
- \\ \\/ s AREA TEMPORARY
PHASE 2: CONSTRUCTION OF WRCT AN STAGING/ ROCK FLOW
PHASE 2C: REVEGETATION AND LONG-TERM DEWATERING AN | Elln gk CHECK DAM
EANNY (OPSD 219.211)
. _ 2 \N P .
PHASE 2A: CONSTRUCTION OF REACH WRCI-LGI P2—11.  UNDERTAKE MODIFICATIONS TO THE DEWATERING SYSTEM TO g \\\\\ g A’
P2—1. CLEAR ACCESS ROUTES AND ESTABLISH STAGING AND STOCKPILE ESTABLISH THE LONG—TERM DEWATERING SYSTEM. < \\\\’/ o
AREAS, AS SHOWN IN THE DRAWINGS. P2—12.  THE DEWATERING SYSTEM IS TO BE MONITORED DAILY TO ENSURE SN2 CHESTER LAKE
THE CHANNEL REMAINS DRY FOR THE DURATION OF THE YEAR. ‘NN~ FLEV = 3858 m
P2—2. CONSTRUCT THE TEMPORARY ROCK FLOW CHECK DAM (OPSD -
219.211) AND TEMPORARY SEDIMENTATION POND (OPSD 219.220) AT PHASE 2D: COMMISSIONING OF WRCH
CHESTER LAKE. THE DIMENSIONS MAY VARY AS PER PLAN AND SITE
CONDITIONS. P2—13. REMOVE ALL TEMPORARY MEASURES
P2-3. INSTALL DEWATERING PUMPS AT TEMP POND. DEWATER TO THE P2—14. REMOVE DAM AT DOWNSTREAM LOW FLOW LOCATION (AT CHESTER BY—PASS CHANNEL &
FLOODPLAIN AND FLOW TO CHESTER LAKE. LAKE IN CENTRE OF CHANNEL. ALLOW LAKE LEVEL TO STABILIZE
pP2—4. CLEAR WRC1-LG1 STREAM CORRIDOR, ROUGH GRADING THE LOW P2_15. INSTALL SEDIMENT CURTAIN.
FLOW CHANNEL TO PROVIDE POSITIVE DRAINAGE DURING
CONSTRUCTION. P2—16. REMOVE REMAINDER OF EARTHEN PLUG
p2-5. CONSTRUCT THE LOW FLOW CHANNEL FROM THE DOWNSTREAM TO P2_17. REMOVE PARTITION BERM AT UPSTREAM END.
UPSTREAM.
P2—6. COMPLETE GRADING AND STABILIZATION OF THE CORRIDOR.
PHASE 2B: CONSTRUCTION OF REACH WRC1—HG1 A ;ii:*:_;:/:;;
P2—7. CLEAR ACCESS ROUTE THROUGH THE CORRIDOR. __.C ;,/~?;: 1’; — == )
=T — =
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P2—10.  WHERE REQUIRED, PRECISION ROCK BLASTING IS TO BE OVERSEEN S SEE T - e
BY THE PROJECT ENGINEER AND ELEVATIONS ARE TO BE CONFIRMED -
WITH THE CONSTRUCTION SUPERVISOR.
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