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11. Hydrological Regime

11.1 Scope of Assessment
11.1.1 Regulatory Framework

The surface hydrological regime of the Troilus mining project is part of a federal and provincial regulatory
context. The Troilus mining project is located in the Eeyou Istchee James Bay territory, in the Northern
Quebec administrative region, under the authority of the Eeyou Istchee James Bay Regional
Government. It is therefore governed by the James Bay and Northern Quebec Agreement (JBNQA),
signed in 1975 between the governments of Canada and Quebec, the Grand Council of the Crees (GCC)
and the Northern Quebec Inuit Association.

Among other things, the JBNQA divides the territory into Category I, Il and Il lands. Category | lands are
reserved for the exclusive use of the Crees, while Category Il lands, contiguous to Category | lands, are
part of the Québec public domain, where the Crees have exclusive hunting, fishing and trapping rights.
The Troilus mining project is located on Category lll lands, which represent all lands in the territory
covered by the Agreement that are not included in Category | or Il lands. Mineral rights on these Category
[l lands belong to the provincial government. However, given the interactions of the site's groundwater
with surface water under federal jurisdiction, the design and construction of the project must comply with
applicable federal regulations.

11.1.1.1 Federal Regulatory Context

The Canadian Environmental Protection Act (CEPA) ensures that potential impacts on the hydrological
regime of industrial projects are rigorously assessed and managed before, during and after mine
development. The following regulations apply:

Environmental Emergency Regulation

The purpose of the Fisheries Act is to protect fish habitats and regulate any activity likely to harm the
population of aquatic species. It ensures that the potential impacts of industrial projects on fish habitats
and aquatic ecosystems are strictly assessed and managed.

Metal and Diamond Mining Effluent Regulations (MDMER)

In order to explicitly cover hydrological aspects, the Canadian Navigable Waters Act (CNWA) must also
be taken into account. This Act governs the construction or modification of works (bridges, culverts, dams,
dredging, etc.) that could change the flow regime or depth of a navigable watercourse and affect the
continuity and safety of navigation. A permit under the CNWA is required for any intervention that could
disrupt the natural flow, thus ensuring the protection of both the hydrological regime and navigation uses.

@!\/\efr’c 11.1
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11.1.1.2  Provincial Regulatory Context

The Environmental Quality Act (LQE) requires mining projects to obtain authorizations in compliance with
regulations. The main regulations and policies applicable to the surface water protection aspect of the
Troilus mining project are as follows:

Regulation respecting water withdrawal and protection

Directive 019 on the mining industry (MDDEP, 2012) provides a frame of reference for monitoring and
evaluating annual and summer low flows (Q2-7, Q10-7, Q5-30) at the point of discharge into the receiving
environment, as well as the hydrodynamic conditions of the environment.

11.1.2 Influence of Consultation and Engagement

From the outset of the project, Troilus Gold Corp (Troilus) engaged in an extensive consultation and
communication process with various project stakeholders, as presented in Chapter 4 of the
Environmental and Social Impact Assessment (ESIA) report.

Consultation with the stakeholders concerned enables Troilus to incorporate their expectations and
concerns into the project, as well as to deepen our knowledge of the environment by integrating the
traditional knowledge of the Cree communities.

As part of the Troilus mining project, consultations were held with land users, Cree communities,
surrounding communities, the City of Chibougamau, the Eeyou Istchee James Bay Regional
Government, and non-profit organizations (NPOs). These consultations helped identify stakeholder
concerns, guide the identification and assessment of potential project impacts, and establish
communication between the proponent and stakeholders during project design and implementation.

Table 11.1 presents the concerns raised during consultations with stakeholders. These elements, detailed
in the consultation section of the ESIA, illustrate how this feedback influenced and modified the project
design to better address the environmental and social issues identified during the impact assessment.

Table 11.1  Summary of key information, Indigenous knowledge and concerns for the
project related to the hydrological regime
. Key Information, Indigenous Influence on the Where mform.atlon 1S
Topic addressed in the
Knowledge and Concerns Assessment ESIA
Addressed in pre-feasibility
. study (Troilus Mining Project  Chapter 3
Bibou Creek Concern§ apout ﬂOOd.r'Sk anq natura] Site-Wide Operational Water  Chapter 4
di . flow replication associated with the Bibou
iversion. Creek diversion Management Plan). Chapter 11
’ Included in potential impact WSP, 2024
mitigation measures.
Concerns about impacts on fish, Addressed in pre-feasibility Chapter 3
Pit dewaterin particularly walleye, at Lake A outlet and study (Troilus Mining Project ~ Chapter 4
9 downstream. There is a lack of Site-wide Operational Water ~ Chapter 11
monitoring at the Lake A outlet. Management Plan.) WSP, 2024
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11.1.3 Potential Impacts, Pathways and Measurable Parameters

The construction, operation and closure phases of the Troilus mining project involve a number of activities
that result in changes to the watershed area and land cover, leading to a modification of the spatio-
temporal flow distribution over the three phases of the project. This interaction may result in the
generation of potential impacts on the hydrological regime during all three phases of the project life cycle.
Activities likely to interact with the hydrological regime are listed intable 11.2 . The potential impacts of
these activities on the hydrological regime are described in Section 11.4.1.1. The spatial and temporal
extent of potential impacts is described in Section 11.1.4.

The identification of potential impacts on the hydrological regime considered concerns raised by
stakeholders, which are detailed in Section 11.1.2 . More specifically, the interaction of Troilus mining
project activities with the hydrological regime includes watercourse diversion, displacement of water
sources, changes in water levels and flows affecting flood and drought indices.

Measurable parameters of the hydrological regime represent changes in water levels and flows in local
water bodies and streams, relative to established reference conditions (Section 11.2.2). These changes
are directly or indirectly attributable to Troilus mining project activities within the spatio-temporal
boundaries presented in Section 11.1.4. The development of an environmental monitoring program for
the hydrological regime, throughout the life cycle of the Troilus mining project, will make it possible to
assess the measurable parameters of this potential impact on the Valued Component (VC).

TheTable 11.2 presents the pathways and measurable parameters used in the assessment of impacts on
the hydrological regime.

Table 11.2  Potential impacts, impact pathways and measurable parameters for the
hydrological regime

Potential impact Impact Pathways Measurable Parameters and
Units of Measurement

The construction of watercourse diversion

(e.g., Bibou Creek [CEZ2]), a tailings storage

facility area (TSF) and waste rock piles,

overburden and ore, sedimentation ponds, Average monthly, seasonal and annual
contact water collection ditches, sumps, etc., flow (m%/s)
Madification of the strongly influences natural flow, causing Percentage change in peak flow
hydrological regime, annual and seasonal variations in flow and amplitude (%)
including changes in water levels. Change in peak flow timing (days)
flood and drought The diversion of Bibou Creek (CE2) and the 9 P g (day
indices. discharge of mine effluent during the Change in flow volume (%)

operation and closure phases will resultina | Flow quantiles for past and future
change in the hydrological regime, towards periods (md/s)

a more regulated regime, which will need to

be put into perspective with climate change

conditions.
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11.1.4 Boundaries
11.1.4.1 Spatial Boundaries

The study area is the spatial framework within which the CV of the hydrological regime of the receiving
environment is described and analyzed, and the impacts of the project on it assessed. It comprises the
Project Development Area (PDA), the Local Study Area (LSA) and the Regional Study Area (RSA).

The LSA encompasses the PDA and corresponds to the area in which the residual environmental impacts
of the project can be predicted or measured with a higher degree of confidence. The LSA corresponds to
the sub-basins obtained by accumulating flows on a digital terrain model (DTM). Specifically, the
accumulation point on stream CE52, upstream of Lake Boisfort, was chosen to delineate the watershed
contributing to this point. In this way, the project watershed is used to identify the hydrological
environment representative of the Troilus mining project's interactions with the VC, and the impacts
generated on the VC. The LSA therefore represents the spatial extent where it is reasonable to expect
potential impacts on water quality and the surface hydrological regime requiring more detailed
assessment. Map 11.1 shows the Local Study Area.

The RSA, including the LSA, provides a framework for assessing the cumulative impacts of the project in
combination with past, present or future activities. The RSA is used to characterize the VC of the regional
hydrological receiving environment located downstream of the LSA. The RSA includes Lake Boisfort, as
well as the sub-watersheds downstream of the LSA that drain into Lake Boisfort. Creek CE52-SH1 also
drains into Lake Boisfort. In addition, a 2 km buffer zone around the LSA was considered and merged
with a watershed delineation to define the RSA, thereby better contextualizing the project's specific
impacts and their contribution to regional impacts. Map 11.2 illustrates the extent of the RSA applicable to
the VC.
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11.1.4.2 Temporal Boundaries

The temporal scope of the assessment includes all phases of the project, from the start of construction to
the end of closure. According to the current project schedule, the project phases include:

e Construction (Year -3 to Year -1)

e Operations
Operations phase 1 (Year 1 to Year 21): milling with ore extraction
Operations phase 2 (Year 22): milling with no ore extraction

e Decommissioning and closure
Active closure (Year 22 to Year 24)

Passive closure (Year 24+)

Chapter 3 of the ESIA (Project Description) provides a detailed description of the activities planned for
each phase.

11.1.5 Residual Impacts Characterization

Table 11.3  Characterization of residual impacts on hydrological regime

Quantitative Measure or Definition of Qualitative

Characterization Description .
Categories
Positive - a residual impact that causes measurable
parameters to evolve in a favorable direction for the VC
relative to the baseline.
Direction The long-term trend of Adverse - a residual impact that causes measurable
the residual impact parameters to evolve in an unfavorable direction for the VC

in relation to the baseline.

Neutral - no net change in measurable parameters for the
VC compared with the baseline.

No measurable change - No measurable change is
observed in the hydrological regime relative to baseline
conditions.

Low - Slight variations in both peak flow and total volume
are observed. However, these variations remain within the
range of natural variability. These variations do not affect

The magnitude of the the accessibility of water resources for existing uses.

. change in hydrological Moderate - Variations in peak flow and total volume become
Magnitude regime relative to noticeable, compared with reference conditions. The
baseline conditions. hydrological regime is modified in such a way as to affect

the reliability of water resources for existing users.

High - A significant impact on the hydrological regime is
observed, with substantial changes in both peak flow and
total volume, exceeding natural variability. Peak flow events
may become extreme, significantly above or below natural
levels. The total volume of water discharged may be
considerably altered, rendering the water resource

@!\/\efr’c 11.10
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Characterization

Geographic scope

Timing

Duration

Frequency

Reversibility

Description

The geographic area in
which a residual impact
occurs

Considers the timing in
the hydrological cycle
when the residual impact
on the regime occurs

Time required for the
hydrological regime to
return to its initial state, or
for the residual impact no
longer to be measured or
perceived.

Identifies the frequency of
the residual impact and
its occurrence over the
course of the project or a
specific phase.

This refers to whether the
hydrological regime can
return to its initial state
after project activity
ceases.

Quantitative Measure or Definition of Qualitative
Categories
unsuitable or insufficient for its intended uses well beyond
the duration of the project.

PDA - residual impacts are limited to the PDA
LSA - residual impacts extend to the LSA
RSA - residual impacts extend to the RSA

Zero sensitivity - The impact occurs outside critical periods
of the hydrological cycle (e.g. during periods of stability or
average flow), so that the timing does not significantly affect
water resource management or availability.

Moderate sensitivity - The impact occurs during a transition
phase or a period of moderate sensitivity in the hydrological
cycle (e.g., around flood or low-flow periods), without
seriously compromising the resilience of the system.

High sensitivity - The impact occurs during a critical phase
of the hydrological cycle (e.g., during the critical low-flow
period, when water supply is vital, or during a major flood),
amplifying the adverse impacts on the reliability and
accessibility of water resources.

Short term - The residual impact is limited to a discrete
hydrological event (e.g. a storm, a flood or a short-lived
anomaly) with a rapid return to reference conditions (e.g.
within a few days or weeks).

Medium-term - The residual impact extends over several
hydrological events or an entire season, with a gradual
recovery to reference conditions taking place over several
weeks to months.

Long term - The residual impact persists well beyond the
usual hydrological cycle, modifying the hydrological regime
(both peak flow and total volume) over several seasons or
years, making recovery to reference conditions unlikely
within the usual management timeframe.

Single event

Multiple irregular event - occurs at irregular intervals
Multiple regular event - occurs at regular intervals
Continuous - occurs continuously

Reversible - the residual impact is likely to be reversed after

completion of the activity and reclamation.
Irreversible - the residual impact is unlikely to be reversed.

11.11
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11.1.6 Significance Definition

Adverse impacts are characterized using the Canadian Impact Assessment Agency (CIAA) ranking
system: negligible or low, moderate or high.

¢ Negligible or low: Impacts on the hydrological regime are considered negligible or low when they
result in slight variations in peak flow and total volume, which remain within the limits of expected
natural variability. These variations occur sporadically and over a limited period, without significantly
compromising water management or availability for existing uses. What's more, these impacts are
generally concentrated over a limited spatial area and are easily reversible or compensable. Under
these conditions, mitigation measures help preserve hydrological equilibrium and maintain reference
conditions.

o Moderate: Moderate impacts on the hydrological regime are characterized by significant deviations of
peak flow and/or total volume from natural conditions. These variations, which may occur
occasionally or during specific periods of the hydrological cycle, temporarily compromise water supply
reliability for existing users. Although mitigation measures can reduce the magnitude of these
impacts, they do not always completely eliminate the induced imbalances, resulting in a measurable
modification of the water resource and may temporarily alter its accessibility and quality.

¢ High: High impacts on the hydrological regime are manifested by substantial and persistent changes
in peak flow and total volume, far exceeding natural variability. These impacts, often associated with
extreme or recurrent hydrological events, have a lasting effect on the reliability and accessibility of the
water resource, particularly in sensitive or vulnerable areas (e.g., areas of exclusive indigenous use
or ecologically important regions). In such cases, even significant mitigation measures struggle to
restore reference conditions, and uncertainty about the effectiveness of such measures remains high,
potentially leading to significant environmental, health, social and economic repercussions.

11.2 Existing Conditions

The Valued Component (VC) of the hydrological regime analyzes the potential impacts of the project on
the alteration of natural surface water flow. This section provides a description of the VC and existing
conditions, as well as a description of the hydrological trends in the environment.

These represent a baseline against which the project's potential, residual and cumulative impacts on the
VC can be assessed.

11.2.1 Methods
11.2.1.1 Literature Review

A review of available data and information on hydrometric monitoring and the hydrological context of the
environment was carried out. These data were analyzed to provide a description of the existing
hydrological environment, establishing a baseline for the VC. The following documents and environmental
studies were used as references and primary data sources for the VC description:
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e Inmet Mining Corporation. 1996. Environmental monitoring and inspection program submitted to the
Ministry of the Environment and Wildlife. Regional directorate of Abitibi-Témiscamingue et Northern
Quebec. Troilus Project;

e Ministry of the Environment, the Fight against Climate Change, Wildlife and Parks (MELCCFP). nd.
History of hydrometric stations [online],
https://www.cehq.gouv.qc.ca/hydrometrie/historique_donnees/

e Troilus Gold Corp - Environment Department. 2021. Post-closure environmental monitoring and
inspection program 2020. Submitted to the Ministry of the Environment and Fight against Climate
Change. Regional directorate of Abitibi-Témiscamingue et Northern Quebec.. Direction régionale de
I'Abitibi-Témiscamingue et du Nord-du-Québec. Québec;

e WSP. 2024. Troilus Project Operational Site-Wide Water Management Plan. Feasibility Study. 61
pages + tables, figures and appendices. N/Ref: 059-2252552002-RevA (Appendix C.14 of the ESIA
report);

e Wachiih Resources (Wachiih). 2024a. Hydrology - Baseline Study - Troilus Mine Project. Project
Report (Appendix G.1.1 of the ESIA Report);

e Wachiih and Hydro Ressources inc. 2019. Troilus Mine Project-receiving environment baseline -
Hydrology. Report prepared for Troilus Gold. 13 p + appendices (Appendix G.1.2 of the ESIA report).

Long-term hydrological data for trend analysis are not available for the RSA. The nearest hydrological
gauging station is located in the Broadback River watershed. This station was considered representative
of the hydrological characteristics of the study area. The climatic conditions regulating the hydrological
system at this location are similar to those at the study site (WSP, 2024). The Broadback station's
provincial number is 080809 and its federal number is 03BD002. The station is located at the outlet of
Lake Quénonisca, at coordinates 50°44' 44.916"N/76°23' 13.884"W. Hydrometric data are available from
1972 to 2005 and from 2008 to 2024 (MELCCFP, date undetermined).

Five different distributions (normal, log-normal, Gumble, Pearson lll and Log-Pearson IIlI) were used to
calculate flood indices for return periods of 2, 5, 10, 20, 50 and 100 years. The use of multiple distributions
makes it possible to characterize the uncertainties corresponding to the statistical assumptions concerning
the distribution governing the hydrological system. Annual maxima were extracted from the time series data
to calculate flood indices. A non-parametric Mann-Kendall test was performed to assess trends.

In addition, a parametric least-squares trend test was performed to calculate trend values. The p-value
measures the probability of obtaining results as extreme as those observed under the null hypothesis; a p-
value below a significance level (0.05) indicates that the results are statistically significant (i.e., the observed
results are unlikely to have occurred by chance, and there is a high probability that the observed impact is
real). Thus, these results are considered sufficiently convincing to challenge the null hypothesis and support
the existence of an impact or difference in the data.

11.2.1.2 Gauging and Water Level Measurement Campaigns and Methods
Several hydrometric survey campaigns have been carried out between 2019 and 2024, with the aim of

characterizing the hydrological regime of the existing environment. Appendices G.1.1 and G.1.2 of the
ESIA detail all the hydrometric campaigns carried out to characterize the baseline state of the
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hydrological environment In 2019, ten hydrometric stations were established in the study area, including
eight in streams (HY1, HY2 HY3, HY5, HY6, HY7, HY8 and HY9), station HY4 in Lake A (PE43) and
station HY10 in Lake B (PE29). HOBO-type water level probes were used to take measurements at each
of the ten stations in the study area. A barometric probe was installed to allow local atmospheric pressure
variations to be abstracted from water level measurements (Wachiih and Hydro Resources, 2019).

In 2022, five hydrometric stations were installed by Wachiih Resouces:

e Probe 1: Bibou Creek (CE2)

e Probe 2a: Bibou Creek (SH32)

e Lake Amont probe: Lake Amont (PE2)
e Lake A probe 3: Lake A (PE43)

e Probe 4: Stream SH2

Hydrological data was collected at these stations between 2023 and 2024. Existing velocity
measurements, taken with a current meter, were used to calculate flows per cross-section of the
watercourses. The aim of these measurements is to refine the level/discharge relationship, by enabling
discharge forecasts based on continuously recorded water levels. Water level variation was monitored on
Lake A (PE43) and Lake C2 (PE50). Lake A (PE43) was equipped with a Solinst M10 probe, which has
been continuously recording water level variations since October 2022. The probe on Lake C2 (PE9) is a
maxima gauge measuring the maximum annual level during floods. A survey campaign using a GNSS
GPS was used to record the exact positions of the probes (Wachiih, 2024a).

11.2.1.3 Hydrological Modeling

HEC-HMS (Hydrologic Engineering Center - Hydrologic Modeling System) software version 4.5 was used
for this hydrological study. The following configurations were applied:

e Soil Conservation Services (SCS) method Curve Number (CN) was applied to model infiltration (loss)
of water systems;

e The SCS Unit Hydrograph method was used to determine the amount of runoff generated by a rainfall
event, by transforming excess precipitation into surface flows;

¢ The Kinematic Wave Routing (KWR) method was used to estimate stormwater runoff;
e The recession method was used to approximate base flow;

e The temperature index method was used to estimate snow accumulation and snowmelt;
Several data sources were used to perform hydrological modeling of the environment, including :

e High-resolution 1-meter DTMs from the Ministry of Natural Resources and Forestry (MNRF, 2016)
were used to perform sub-basin delineation of the Local Study Area (LSA);

e The hydrological model was calibrated using the flow, temperature and precipitation data given in the
Wachiih report (2024a). The measurement period runs from October 2023 to spring 2024;
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e The hydrometeorological data used for the simulation were extracted from the Chibougamau-Chapais
A station (7 091 405), located at geographic coordinates 49° 46'19 000 N, 74° 31'41 000 W;

e Data used to estimate groundwater recharge and storage were imported from the numerical
groundwater flow model detailed in Chapter 13 (Hydrogeology);

e Lake evapotranspiration and evaporation data are taken from Appendix C of the Surface Water
Management Plan (WSP, 2024);

e Curve numbers (CN values) were determined in accordance with the site-wide water management
plan (see Appendix D, WSP 2024);

e The rating curves estimated by Wachiih (2024a) were used as input to estimate flows as a function of
water levels. It should be noted that the rating curves present a high degree of uncertainty, linked to
the limited number of observations made per station used to establish the relationship between water
level and flow (four to five observations) and the presence of outliers.

The following elements were considered when calibrating the numerical model:

e The model was calibrated using hydrometric data observed at Sonde 2a station, located upstream of
pit 87, and at Sonde 3 station, located downstream of the PDA, at the outlet of Lake A (PE43). More
specifically, data discretized to daily time over the period from October 2023 to April 2024 were used;

e The calibration procedure consisted in determining the less sensitive parameters from the literature,
performing a manual calibration for certain parameters, and using an automatic calibration for
sensitive parameters. The entire procedure is detailed in the hydrological modeling report;

o Nash-Sutcliffe efficiency functions (NSE) and root mean square error (RMSE) were used as objective
functions for automatic calibration;

e A historical simulation was carried out for the period 2017-2024, and the mean annual cycle of this
data was used as a reference for baseline conditions, enabling comparison with the results of the
impact assessment.

11.2.2 Existing Conditions
11.2.2.1 Description of Hydrological Regime

The LSA is mainly located in the Natastan watershed of the Rupert River, with four of these sub-
watersheds slightly overtaking the Broadback River watershed (Map 11.3). Similarly, the majority of the
RSA lies within the Rupert River watershed, with a slight overflow into the Broadback River watershed to
the southwest (Map 11.4). The region's topography is characterized by gentle slopes. The landscape
consists of rocky massifs overlying glacial and fluvioglacial terrain, as well as extensive peatlands and
wetlands offering a flattened landscape. The surface of the land consists of a sandy fill three to five
metres (m) deep. Beneath this layer, to a depth of around 24 m, is a natural soil deposit composed of clay
over volcanic bedrock (Inmet Mining Corporation 1996; Tremblay et al., 1995).

The LSA's hydrographic network consists of a chain of lakes beginning with Lake Amont (PE-2) to the
southwest, passing through several lakes and bodies of water PE0-63, as well as lakes of particular
interest: Lake D1 (PE9), Lake D2 (PE17), Lake C (PES8), Lake B (PE29), Lake B2 (PE33), Lake B3
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(PE36), Lake B4 (PE17), Lake A (PE43), Lake A1 (PE48), Lake A2 (PE50) and Lake Hamegon (PE58),
before emptying into Lake Boisfort, located some 10 km north of the PDA. Lake Boisfort is located within
the RSA. It drains a 387 km?sub-watershed, of which the mine site valley represents 8%. Map 11.4 shows
the location of the main water bodies in the RSA.

A watercourse approximately 8.8 km long links Lake A2 (PE50) to Lake Boisfort. The watercourse leading
to the outlet of Lake A (PE43) is meandering, of low flow and varies in width from 3 to 5 m depending on
water level. The existing Bibou Creek links Lake Amont (PE2) to Lake A (PE43). Part of the existing creek
is a historic diversion channel that carries flow around the Tailing Storage Facility (TSF), pit 87 and pit J.
The existing Bibou Creek (CE2) has a drainage area of 31.2 km?at its confluence with Lake A (PE43).
Bibou Creek (CE2) has a water depth of between 0.3 m and 1.2 m (WSP, 2024). The portion of the
stream currently diverted shows signs of erosion, and is between 5 and 7 m wide. From homogeneous
segment SH2-12 to SH2-35, Bibou Creek flows through a man-made ditch. The reconstructed stream is
rather straight (Wachiih 2024b). The flow facies in the diverted section of stream is predominantly lotic
channel type, with a few sill or rapid flow sections (Table 11.4). A new diversion of Bibou Creek (CE2) is
planned, to divert runoff from upstream natural watersheds around the Project Development Area (PDA)
(WSP, 2024). Chapter 3 and the Water Management Plan (WSP, 2024) detail the proposed diversion of
Bibou Creek (CE2).

Map 11.5 shows the sub-basins of the LSA, and the location of water bodies of hydrological interest.
Tables 11.13 and 11.14 in Appendix 11.1 list all watercourses and water bodies likely to be affected
directly or indirectly by the project, along with their characteristics and the associated LSA subwatershed.
The bathymetry of Lakes A and B is shown on Maps 11.6 and 11.7. The bathymetry of Lakes B1 (PE30),
B2 (PE33), B3 (PE36), C (PE5), C1 (PE8), C2 (PE9), C3 (PE6), C4 (PE7) and D2 (PE54) is detailed in
Appendix 6 of the Wachiih 2024b report, Water Environment and Fish Habitat - Baseline Status - Troilus
Mine Project (Appendix G.1.3 of the ESIA).
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11.2.2.2 Hydrological Regime : Observations

Hydrological and meteorological data collected from 1982 to 2023 constitute the basic reference for the
local and regional hydrological regime of the environment. These are supplemented by hydrometric
observations made in the LSA. Map 11.8 shows the location of all hydrometric monitoring stations in the
LSA from 2019 to 2023. Figure 11.1 shows average monthly precipitation and temperature data from
1982 to 2023 at the Chibougamau-Chapais weather station, located approximately 135 km from the study
site. An environmental monitoring and inspection program was conducted between 1996 and 2010,
collecting water level and flow data at various locations on the site. These data were not used, as their
duration is insufficient for statistical analysis, and flows are influenced by the activities of the former mine.

A campaign to collect hydrometric data at HY1, HY2, HY3, HY4, HY5, HY6, HY7, HY8, HY9 and H10 was
carried out in 2019 (Wachiih and Hydro Ressources inc., 2019). The results of this campaign are detailed
in Table 11.4. No further data were collected at these stations.
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Figure 11.1 Average monthly precipitation and temperature 1982-2023 Source: WSP,

2024.

The mean annual cycle of water levels was recorded during the years 2023 and 2024 using five probes:
Sonde Lake Amont, Sonde 1, Sonde 2a, Sonde 3 Lake A Exutoire and Sonde 4 (Map 11.8). The mean
annual water level cycle refers to the typical seasonal variation in water levels observed in a body of
water. It is influenced by various factors such as precipitation, snowmelt, evaporation and anthropogenic
regulation (i.e., water abstraction).

Figure 11.2 summarizes the seasonal flows measured at the 5 gauging stations in 2023, while Figure
11.3 details the variation in mean daily water levels recorded at the five stations.
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Table 11.4  Flows measured at stations HY1 to HY10 in 2019
Station Location Flow rate (m?/s)
HY1 Watercourse [CE52-SH1] 0.16
HY2 Stream [CE58-SH4] 0.22
HY3 Stream upstream of Lake A2 [PE50] 0.84
HY4 Lake A [PE43] N/A*
HY5 Watercourse [CE57-SH1] 0.05
HY6 Stream [CE2-4-SH1] 0.57
HY7 Stream [CE114-SH4] 0.06
HY8 Stream [CE35-1-SH1] 0.32
HY9 Bibou brook [CE2-SH11] 1.03
HY10 Lake B [PE29] N/A*
*Stations located in lakes, flow measurements not applicable.
Source: Wachiih and Hydro Ressources inc. 2019.
o Printemps MEté AAutomne
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Figure 11.2 Seasonal mean flow (m®/s) 2023 measured at the five hydrometric stations

Source: Wachiih, 2024.

@Memc

11.29



Environmental and Social Impact Assessment for the Troilus Mine Project

HYDROLOGICAL REGIME
Cycle annuel moyen des niveaux d'eau
Lac Amont Sonde #1
— Lac Amont — Sonde #1

Es E|

f= f=

ES S

[=] Q

£ 10} £l

o ©

. a2

o o°

205 21 N\/\/\,J\—»/\,—“—M‘\L
2 g

- W =

0.0 i H i i i

Jour de I'année

Jour de I'année

Sonde #2a Sonde #3 LacA
—— Sonde #2a —— Sonde #3 LacA
E E
~ 151 =L
= f=
o f
> > M
g g
5 1.0 =N
© T
i} o
o o
T 0.5 3L
1} o
= =
= =
0.0 L I L L
Jour de I'année Jour de I'année
Sonde #4
—— Sonde #4
E
=15
=
v
ES
£
5 10r
i)
@
]
705
(7]
=
=
00 L i I L I L L i
0 50 100 150 200 250 300 350

Jour de I'année

Figure 11.3

@Metric @
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Figure 11.4 shows the mean annual cycle of the hydrograph at the Broadback gauging station. Peak flow
occurs around mid-May, corresponding to spring freshet. The abrupt change between the low flow of the
winter period and the high, rapid flow of spring demonstrates the region's sensitivity to flooding and spring

freshet. The possibility of flooding due to the rain-snow event is another risk factor, particularly in the
context of climate change. Flow gradually decreases during the rest of spring and summer, while a
noticeable rise in the curve is observed during the autumn months, corresponding to the rainy season

from September to November.
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Figure 11.4 Broadback station mean annual cycle hydrograph (1972 to 2024)

Figure 11.5 shows the results for five distributions and the 95% confidence interval. The normal and
Pearson Il distributions show better fits, particularly for larger return periods and extreme floods. The
results for the various flood indices are presented in Table 11.5, and the uncertainty associated with the
distribution fit is shown in Figure 11.6. It can be seen that as the flood magnitude increases, so does the

uncertainty.
Broadback River flood indices (m®/s) estimated for different return periods

Table 11.5
Return period Normal
(m?/s)
2 years 493.95
5 years 607.43
10 years 666.75
20 years 715.74
50 years 770.87
100 years 807.63

@Mem

Log-normal

(m3/s)
473.31
614.01
703.65
787.36
893.55
972.19

Distribution

Gumble
(m?/s)
474.67
626.50

727.02
823.44
948.24
1041.77

Pearson il
(m3/s)
487.84
605.24
670.16

725.66
790.21
834.48

LP 1l
(m3/s)
451.60
599.14
715.32
841.79
1030.21
1192.35
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Figure 11.6 Uncertainty of distribution curves for different flood indices

Figures 11.7 to 11.11 show seasonal trend analyses for the Broadback station. Since this station is
located in the same hydroclimatic region as the project area, it is reasonable to expect similar behavior in
terms of flow trends for the hydrological environment of the RSA. A non-parametric Mann-Kendall test
was performed to assess the statistical significance of a monotonic trend.

Figure 11.7 shows the flow hydrograph measured from 1973 to 2023. A statistically significant upward
trend of 0.0032 m3/s/day is observed for the entire period. This indicates an increase in flow over the
study period, which could be partly attributed to climatic variations in the region, resulting in a higher
snowmelt rate. A similar behavior is observed for winter discharge (Figure 11.8), where a statistically
significant increase of 0.0026 m?/s/d was observed. Furthermore, Figure 11.9 shows an even greater
increase in the spring discharge trend (0.0064 m®/s/d), which is twice as high as the annual trend. No
significant trend was observed for the summer months (Figure 11.10), and a weak positive trend was
observed for the autumn months (Figure 11.11). It can be seen that the main contribution to the annual
trend comes from the spring months, followed by the winter months, and that rising temperatures or a
change in precipitation patterns are the main drivers of this evolution. Although the study of probable
causes is beyond the scope of this environmental description, it should be noted that, given the non-
stationary nature of climatic factors, the trends presented cannot be extrapolated to future climatic
conditions without rigorous statistical assumptions.
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Figure 11.7 Annual trend and p-value observed at Broadback station
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Summer trend and p-value observed at Broadback station
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Figure 11.11 Autumn trend and p-value observed at Broadback station
11.2.2.3 Hydrological Regime: Modeling

Hydrological modelling using HEC-HMS software was used to simulate basic hydrological conditions in
the environment over the historical period from 2017 to 2024. The LSA was also delineated by sub-
watershed. Table 11.6 details the hydrological characteristics (peak flow and observed mean annual
volume) associated with selected hydrological elements of the numerical model. Figure 11.12 shows the
simulated hydrograph of the annual cycle of these hydrological elements.

The results of the hydrological regime simulation reveal considerable variability between the hydrological
elements of the environment. More specifically, drainage areas vary from 0.1 km? in sub-basin SB_11 to
10.4 km? in sub-basin SB_01 (Map 11.5). The peak flows of the hydrological elements range from 3 m3/s
at Junction 1 and the outlet of Lake Amont, to 20.1 m?/s at the outlet of the LSA (‘watershed outlet'). This
is the main outflow from the environment, and the simulated mean annual volume is the highest in the
environment, at 59,037 x 102 m3. All results are detailed in the hydrological modelling technical report
(Appendix H.4).

The hydrological component of the Lake A outlet is particularly important for assessing the project's
impacts on the hydrological regime, since it represents the receiving environment downstream of the
PDA. More specifically, the peak flow (12.8 m?®/s) and mean annual volume (42,783.25 x 10® m?3) for this
element are significant (Table 11.6 and Figure 11.12). We also observe a concordance in the peak
discharge of the various elements towards the end of May, corresponding to the spring flood period
(Figure 11.12). The simulated peak flow is observed at the outlet of Lake Amont, as being slightly earlier.
Lake Amont (PE2) is located upstream of Bibou Creek (CE2).
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For more information on modeling assumptions, limitations and results, please refer to the hydrological
modeling technical report (Appendix H.4).

Table 11.6

Hydrological
Element

Lac Amont outlet

Junction 1

Junction 2
Probe 2A
Junction 13

Junction 11
Lake A outlet

Watershed outlet

Description

On Bibou Creek

On Bibou Creek
Between SB_03 and
SB_05

On Bibou Creek
Between SB_05 and
SB_07

On Bibou Creek

On Bibou Creek

In SB_10, west of pit
87

On Bibou Creek,
Outflow to lake A

Lake A outlet

LSA watershed
outlet

Coordinates (UTM
E/N m)

532851/ 5 647 523

534748/
5649 230

535493/
5649 627

536629/
5650 378

536757/
5651275

539 284/
5 653 581

540066/ 5653914

542035/ 5 658 976

Pea

k

Flow
(m3/s)

3.0

3.0

3.6

4.6

6.1

71

12.8

201

Summary of daily simulation for the historical period (2017-2024)

Average Annual Volume
(1000 m3)

15916.5

18 967.5

20 851.2

23 095.3

26 412.9

28 700.6

42 783.3

59 037

Débit Sortant

20.0 1

17.5

15.0

12.5 1

10.0 ~

Débit (m?/s)

7.5 7

5.0

2.57

0.0
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Figure 11.12 Average annual cycle hydrograph for hydrological elements in Table 11.6
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11.3 Project Interactions with Hydrological Regime

TheTable 11.7 identifies, for each potential impact, the activities likely to interact with the VC and result in
the identified impact. These interactions are indicated by a check mark (potential impact) or a dash (not
applicable) and are discussed in detail in Section 11.4, in the context of pathways, standard and project-
specific mitigation or enhancement measures, and residual impacts.

Table 11.7  Project interaction with the hydrological regime

Potential Impact

Activities
Vit Modification of hydrological regime

Construction

Labour, equipment and materials transport to the site. -

Vehicles and equipment operation and maintenance within the PA. -

Tree cutting, vegetation clearing, soil stripping and earthworks. Vv
Handling and use of explosives, including blasting v
Construction of temporary and permanent buildings, including

wastewater treatment system and drinking water collection and v

distribution system.

Construction of mining infrastructures such as stockpiles, pits and
the raising of tailings management facility.

Construction of roads and preparation of construction surfaces
including the crushing of material used for construction. Relocation v
of a section of the access road and the power line.
Construction of water management systems including ditches,
diversion channel, sedimentation ponds and the water treatment Vv
plant.

Dewatering of natural water bodies and pits, lowering water level in
tailings management facility and management of contact water.

Diversion of Bibou Creek (CE2). Vv
Management of waste materials, including hazardous waste. -
Purchases of goods and services -

Employment -

Relocation of power line v

Operations
Labour, equipment and materials transport to the site. -

Vehicles and equipment operation and maintenance within the PA. -

Handling and use of explosives, including blasting

Ore extraction from pits including drilling and hauling of waste rock.

Ore, waste rock and tailings storage.

Ore processing including conveyor, crushing, loading and hauling
on site.
Transportation of concentrate to a smelter or a wharf. -

<L L <L

Management and treatment of water on the mine site and to the
environment, including drainage and contact water.
Progressive reclamation of disturbed areas.

< <

Management of waste materials, including hazardous waste. -

Purchases of goods and services -
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