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1.0 INTRODUCTION

This road map provides an overview of the hydrology baseline program undertaken by NexGen Energy Ltd.
(NexGen) for the Rook | Project (Project). Section 2.0, Hydrographic Setting, describes the location of the proposed
Project in relation to its watershed and drainage network. Section 3.0, Indigenous Group Feedback, provides
context on NexGen'’s approach to engagement and where feedback related to the hydrology baseline from the Joint
Working Group (JWG) meetings can be found. Section 4.0, Hydrology Baseline Document Map, provides
information on the scope of each baseline report and identifies where key topics associated with the hydrology
baseline program can be found in the reports appended to this road map or in baseline reports for other disciplines
(e.g., aquatic environment).

The characterization of baseline hydrology for the Project was based on field studies, feedback from First Nations
and Métis Groups (collectively referred to as Indigenous Groups), and desktop analyses. The various baseline
reports, presented as Annex IV.1 through Annex IV.5, are part of the comprehensive baseline program that
documents different aspects of the hydrological environment in the anticipated area of the Project. These reports
include data collected within the hydrology study area, in addition to data from a wider region in northern
Saskatchewan and Alberta (Annex IV.1) to compare local data with long-term data from regional climate and
hydrometric stations as well as with modelled meteorological data for the hydrology baseline program. Annexes are
presented in order of descending spatial scale from regional-scale studies to local-scale results for smaller areas:

m  Annex IV.1: Regional Meteorological and Hydrological Characterization Report
m  Annex IV.2: Hydrometric Monitoring Characterization Report

m  Annex IV.3: Geomorphology Characterization Report

m  Annex IV.4: Patterson Lake Currents Assessment Report

m  Annex IV.5: Forrest Lake Mixing Study Report

All hydrological baseline reports were completed by Golder Associates Ltd. (Golder) and are complementary studies
to inform the Project design and the environmental assessment. Regional historical data was supplemented by field
data collected in the areas surrounding the Project from 2018 to 2021 to develop an accurate understanding of the
local meteorological and hydrological regime.
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2.0 HYDROGRAPHIC SETTING

Hydrography is the arrangement and connectivity of waterbodies and watercourses which provides important
context for Project location and how the Project would interact with the receiving environment. The proposed Project
would be located adjacent to Patterson Lake, within the Patterson Lake watershed near the headwaters of the
Clearwater River watershed. The Clearwater River flows from the area near Broach Lake through a series of lakes
including Patterson, Forrest, Beet, and Naomi lakes in order from upstream to downstream. The upper Clearwater
River, which flows an approximate distance of 40 km from Broach to Naomi lakes, is dominated by glaciolacustrine
terrain with a channel that is shallow, flat, and meandering (Annex IV.3). From Naomi Lake, the Clearwater River
flows an additional 20 km southeast before reaching the Mirror River confluence. Below the Mirror River confluence,
the Clearwater River deepens and receives higher flow volumes from the Mirror River, and the channel form
changes to meandering within a well-defined river valley.

Farther downstream, the Clearwater River flows through Lloyd Lake, which is just upstream of the Clearwater River
Provincial Park; the downstream end of the park is at the Saskatchewan-Alberta border. The Clearwater River flows
into the Athabasca River at the city of Fort McMurray, Alberta, which flows north into the west end of Lake Athabasca
through the Peace-Athabasca delta. Water from the Clearwater River ultimately flows to the Arctic Ocean through
the Slave River, Great Slave Lake, and the Mackenzie River.

Regional hydrography in the vicinity of the proposed Project is shown in Figure 1.
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3.0 INDIGENOUS GROUP FEEDBACK

Since exploration at the Project site commenced in 2013, NexGen has engaged regularly and established
relationships with local Indigenous Groups and northern communities, specifically those closest and with greatest
access to the proposed Project.

An important component of engagement to date has been the establishment of JWGs to support the gathering and
incorporation of Indigenous Knowledge throughout the Environmental Assessment (EA) process. A summary of
feedback from JWGs related to the hydrology baseline program is presented in Appendix A of this memorandum,
and includes feedback from the Birch Narrows Dene Nation, Buffalo River Dene Nation, Clearwater River Dene
Nation, and Métis Nation — Saskatchewan. Participant questions and comments demonstrated an interest in the
regional and local drainage systems and the hydrology of lakes and streams near the area of the Project. In addition,
participants inquired about details of the baseline studies completed and associated results. Indigenous and Local
Knowledge was also included, where appropriate, from Project-specific studies completed by Indigenous Groups,
which included Traditional Land Use and Occupancy studies, Traditional Knowledge and Use studies, Indigenous
Rights and Knowledge studies (henceforth referred collectively as Indigenous Knowledge and Traditional Land Use
[IKTLU] Studies™) (TSD Il: BNDN; TSD Ill: BRDN; TSD IV: MN-S; TSD V: CRDN; TSD VI: YNLR).

4.0 HYDROLOGY BASELINE DOCUMENT MAP

Table 1 provides a summary of key topics related to the hydrology baseline program and cross references to where
analysis and discussion of key topics are located within the individual hydrology baseline reports. The topics in
Table 1 are listed in roughly descending order of spatial scale from regional spatial scale to smaller areas, consistent
with the order of the hydrology baseline reports. Section 4.1 through Section 4.5 provide context and direction to
where information related to key hydrology topics can be found.

Key topics from these baseline studies may also overlap with baseline studies for other disciplines (e.g., aquatics);
this information is also provided in Table 1 to assist in comprehensive review.

" Referred to as TLU Studies in the baseline reports.
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Table 1: Hydrology Baseline Key Topic Location Summary
Key Topic Baseline Report Title Baseline Report Section Reference Approach to Topic'
Annex |: Atmospheric Baseline Report g:z::g: g; \(/:V“erg?r:Zr Primary data source
Annex IV.1: Regional Meteorological and Hydrological Characterization Section 5.1 Climate Conditions Primary and applied data
Report ' source
Climate Section 4.3 Local Meteorological Data (Methods)

Annex IV.2: Hydrometric Monitoring Characterization Report

Section 4.4 Snow Surveys (Methods)
Section 5.1 Meteorological Data (Results)
Section 5.2 Snow Surveys (Results)

Primary data source

Annex IV 4: Patterson Lake Currents Assessment Report

Section 5.1 Meteorological Observations

Primary and applied data
source

Lake morphometry

Annex IV.4: Patterson Lake Currents Assessment Report

Section 4.0 Methods
Section 5.3 Patterson Lake Currents Observations

Primary and applied data
source

Section 5.3 Hydrometric Monitoring (Results)

(i.e., shape and (Results)

dimensions) Annex V.3: Naomi Lake Bathymetry Report All Primary data source
Annex V.1: Aquatic Environment Baseline Report Section 2.0 Lake Morphometry Primary data source

Lake level Annex IV.2: Hydrometric Monitoring Characterization Report Section 4.5 Hydrometric Monitoring (Methods) Primary data source

Lake currents

Annex IV .4: Patterson Lake Currents Assessment Report

All

Primary and applied data
source

Annex IV.5: Forrest Lake Mixing Study Report

All

Primary and applied data
source

Annex IV.1: Regional Meteorological and Hydrological Characterization
Report

Section 5.2 Historical Hydrometric Data

Applied data source

Annex IV.2: Hydrometric Monitoring Characterization Report

Section 4.5 Hydrometric Monitoring (Methods)

Primary data source

Streamflow Section 5.3 Hydrometric Monitoring (Results)
Annex IV.3: Geomorphology Characterization Report Section 5.3 Clearwater River Below Patterson Lake Applied data source
Annex IV.5: Forrest Lake Mixing Study Report Section 5.2 Forrest Lake Inflow and Outflow zggjs;y and applied data
Hydrogeology Annex Ill: Hydrogeology Baseline Report All Primary data source

Sediment and erosion
potential

Annex IV.2: Hydrometric Monitoring Characterization Report

Section 4.6 Sediment (Methods)
Section 5.4 Sediment (Results)

Primary data source

Annex IV.3: Geomorphology Characterization Report

All

Primary data source

Annex V.1: Aquatic Environment Baseline Report

Section 4.0 Sediment Quality

Primary data source

"Approach to Topic is noted as either primary data source or applied data source. Primary data source refers to field data collected for the Project. Applied data source refers to modelling, analysis

or characterization of conditions informed by primary and second-hand data sources (e.g., government).
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4.1 Climate

Climate is the meteorology (i.e., weather) of a place over a long period of time and provides information on normal
conditions, normal variation seasonally and inter-annually, and the normal range of weather extremes. Climate is
an important control on hydrology and geomorphology. The Regional Meteorological and Hydrological
Characterization Report (Annex IV.1) used published historical data from regional climate stations in combination
with spatially distributed data, remote sensing data, and site-specific meteorological event data to characterize
expected climate for the Project. Short-term meteorological observations were also applied in other baseline reports
to support interpretation of lake levels and streamflows (Annex IV.2) and lake current patterns (Annex IV.4 and
Annex IV.5).

4.2 Lake Morphometry

Lake morphometry provides basic physical information on waterbodies, including bathymetry and water level—
surface area—volume relationships. Lake morphometry influences physical, chemical, and biological characteristics
of waterbodies in the study areas and provides valuable supporting information for calculating lake water balances
and hydrological modelling. The primary sources for lake morphometry information are the Aquatic Environment
Baseline Report (Annex V.1) and the Naomi Lake Bathymetry Report (Annex V.3). Most lake bathymetry surveys
were conducted during the open-water period in 2018 as part of the Aquatic Environment Baseline Report
(Annex V.1). Naomi Lake bathymetry was collected the following winter from 21 March 2019 to 25 March
2019 using ground penetrating radar surveys, and results are provided in Annex V.3. Lake morphometry information
was also used to support interpretation of the focused studies in Patterson Lake (Annex IV.3 and Annex IV.4) and
Forrest Lake (Annex IV.5). Lake bathymetry was observed to influence Patterson Lake currents differently in
different locations (Annex IV.3).

4.3 Lake Level

Lake levels vary over time in response to changes in in-lake storage, weather, streamflows, and other physical
changes in the environment. Natural variation in levels of waterbodies was a key consideration of the hydrology
baseline in characterizing existing hydrological conditions and provided the basis for evaluating potential effects as
part of the EA. The primary source of measured lake levels is the hydrometric monitoring report (Annex IV.2), which
provides detailed data collection methods and results for the eight waterbodies measured between 2018 and 2020.

4.4 Lake Currents

Lake current assessments were completed for Patterson Lake (Annex IV.4) and Forrest Lake (Annex IV.5). These
assessments were used to determine the mixing zones and potential effects from Project discharges.

4.5 Streamflow

Streamflow varies over time in response to changes in weather and other physical changes in the environment.
Natural variation of streamflow in water courses was a key consideration of the hydrology baseline program in
characterizing existing hydrological conditions and provided the basis for evaluating potential effects as part of the
EA. The hydrometric monitoring report (Annex IV.2) is the primary source for measured streamflow data and
provides detailed data collection methods and results for 12 watercourses sampled from 2018 to 2020. Hydrology
baseline information related to streamflows are referenced in four baseline studies per Table 1 (Annex IV.1,
Annex IV.2, Annex IV.3, and Annex IV.5).
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4.6 Hydrogeology

Groundwater and surface waters are connected and must be integrated into the overall water management of a
Project to protect water resources. Hydrogeology baseline studies were completed to understand the groundwater
regime around the Project (Annex Ill). Groundwater modelling results informed the water balance and were
incorporated into the water quality modelling for the assessment of effects.

4.7 Sediment and Erosion Potential

Sediment physical properties and sediment transport are important factors in understanding the morphometry and
geomorphological processes in waterbodies and watercourses. Fluvial (i.e., in a river) sediment transport is an
important function of a watercourse and is influenced by streamflows, wind on lakeshores, and the physical
environment. Sediment transport and particle size distribution of the streambeds were characterized at three
monitoring locations along the Clearwater River downstream of the Project in the hydrometric monitoring report
(Annex IV.2). These measurements support the understanding of the natural fluvial sediment transport regime over
a range of hydrological conditions and provide a basis for evaluating changes to the sediment transport regime as
a result of changes to hydrology. Particle size results for sediment sampled from the lakebed of numerous
waterbodies, and the Clearwater River in the hydrology regional study area, are included in the Aquatic Environment
Baseline Report (Annex V.1).
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APPENDIX A

Joint Working Group Feedback Applicable to
Hydrology Baseline
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Table A-1 presents the comments and feedback NexGen has received from members of local Indigenous
communities through established JWG meetings. Where appropriate, feedback from local Indigenous communities
was considered within the baseline and/or EA processes or tracked as issues or concerns for resolution. NexGen
continues to engage with communities, and the feedback presented in Table A-1 reflects comments and feedback
received through March 2020 that were related to baseline hydrology or the comprehensive baseline program
generally.

Table A-1: Joint Working Group Feedback Related to Baseline Hydrology

Community Comment

Where is Bolton Lake in relation to the project?

Are you aware of any huge adverse environmental impacts in any of the current mine sites?

Important topics for the JWG moving forward are Indigenous knowledge, traditional land use, the species
discussion, water quality, environmental monitoring, employment, and business opportunities

The water changes every year.

Could we ask that you take samples here? That way we can see changes into the future. Even if it isn’t affected by

Birch Narrows Dene the mine. Respectfully, | request that samples are taken here.

Nation (BNDN)

Are the little lakes in between tested?

Who's responsible for the modelling of the water?

What is the average depth of the lake?

Respect the land, the water, the trees. Don't clear-cut the small trees — they take 50 years to grow back. (inaudible)
water in one big lake, trout, everything, — just grass there now. They didn’t put the water back. Didn’t fix it. It used
to be a big lake, but now there’s nothing there.

Have you gone to communities to show what you are doing? If so, what was the feedback?

It's important to explain the Project to Elders in a way that they can then explain it to other Elders in the
communities.

Water is the main thing that people worry about.

It'll be important to explain to the community that waterways and rivers are natural filters, and peat moss.

The old guys know there are underground river flows through different areas, in muskeg and sandstone. They
stepped through a muskeg and found flowing water.

Please explain the natural filter systems — the river filters out lots of stuff- rocks, gravel. The Elders think whatever
goes into the water will carry all the way down here.

Buffalo River Dene

Nation (BRDN) Our water in these big lakes is all coming from the muskeg, not the river, that's why it's clear. You can see the

bottom, and the fish

In 2001 in Dillon, the water was shallow. Since then it never went down; still going up. This lake is still full here. In
Dillon the water is just about full now. But a lot of things are going to change; there are signs of acid rain from
Alberta — changes to trees. Half of the trees are different colours. Every time it rains, the trees look a little but
different.

They [beaver dams] break open; lots of logs and everything coming out, running all the stale water that has been
sitting.

One of the Elders was telling us that there’s a little lake on our traditional territory where in spring when it’s starting
to melt, the water that sits on top of the ice, there’s nothing that tastes so good. He goes there just to have that
water every year. Fresh melt water. | would think in Dillon | could drink the water on top of the ice, but he said in
that little lake it's totally different.
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Table A-1:

Joint Working Group Feedback Related to Baseline Hydrology

Community

Comment

Clearwater River
Dene Nation
(CRDN)

Water is always the key issue back home.

Remember we’re trying to implement a plain speak document because of visual concepts of understanding. That is
what the chief is talking about.

In terms of baseline studies, are there any opportunities for community involvement with any of your residual
baseline work, from fish, terrestrial, etc.?

And we will eventually throw in our environmental monitors. | don’t know if you knew that. We want to train our own
people because of lack of trust of government and industry.

The interim CRDN Rights and Knowledge study will come out of the CRDN-definitive initial list of [valued
components] VCs that we want to talk to you about. As we go through there may be additional ones. We know
there's a certain window, but we'll try to be as comprehensive as possible. It may not be as linear as moose; it
might be having undisturbed places on waterbodies. They might be more complex.

And our people? We use that water quite a bit. It goes into the Clearwater and all the way down. [CRDN member]
picks up water from the Clearwater.

Not on the old or existing mines that are sitting there?

Golder does the same thing — hires three or four band members to do the interviews, then takes the notes and puts
the document together. When you find the stuff it's not always based on the relationship to the stuff. It's based on
what the government’s qualifications are on the environmental assessment’s impacts, and not the actual concerns
of it. I'm trying to reach what [CRDN member] is saying between traditional and modern ways.

When we started looking at the strategy process, there’s that interpretation of cumulative effects. Then we define
and introduce an interpretation for that. It's not just one side, western science, we’re doing the traditional side as
well. That's what the Chief is referring to.

Both traditional and western science are very important.

Which lakes are those?

Will we see the results of those studies?

You said there was a couple of watersheds — can you talk about that selection process?

When you're talking about testing the water, are other studies being done on the Alberta side with the Clearwater
system? Do they do their own studies?

How many other projects are in that square box (referring to map)?

Do other companies have mineral holdings in that box on the map — like for oil and gas?

Did you take any sediment samples?

Did you take any samples around the deposit that's underneath the lake? Thinking you should take sediment
samples before and after mining activity starts.

| think it's really important to compare Cluff Lake to what's happening in the baseline studies. It's a good question.

Regarding Cluff Lake: were there tests being done then and now, and can you see if the water is changed? Would
Cluff's watershed flow into this one?

With global warming, each year we won't have the same amount of snowfall, so you will see the water drop.

How do you monitor evaporating water? That has a big effect as summer progresses.

How far north of the Project is the water flowing back into the Patterson area?
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Table A-1:

Joint Working Group Feedback Related to Baseline Hydrology

Community

Comment

Clearwater River
Dene Nation
(CRDN)

But there’s another river system further north — the Douglas River — that's also flowing west like the Clearwater. We
went all the way to Lake Athabasca on the Douglas River system.

You're sampling at Hodge, you said? How is the water?

Do any rivers flow east from this area?

On La Loche Lake we have one island. On the north side of that island, just near the reserve, we set nets. The next
morning, we went back and the nets were gone. They were dragged way out into the middle of the lake. There
were other times when there were huge holes in the nets in that same area.

They have pictures at a museum in Drumheller, Alberta. When | saw the picture, | said isn't this what people have
been describing in the lake back home? | asked if the water connected to Fort Mac [McMurray], to see if it might
have come from there. Who knows?

This is mostly surface water you're talking about? | see a note about diffusion through groundwater — where does
that come from?

This is something we heard about Cluff Lake, and we don't have a great understanding about it — we don't have our
own hydrologist. | heard there’s still materials leaching out of that facility through the groundwater, at a glacial rate
but there is a slow release of materials; is that what you're talking about? That's what I'm trying to understand in
terms of your baseline monitoring — how are you measuring what the baseline groundwater movement is? It's quite
difficult in the short timespan you’re looking at.

Community members mentioned every year the water level’s going down. If there’s lack of oxygen the fish could
die off too. Have you come across anything?

Each year, when anyone goes up north, we get snowfall and rain. On some lakes you see water levels low, and
they never recover. On others, it's up again the next year. Some lakes will never recover. One lake up by Douglas
River — a few years ago there was a drilling company there and we saw a pump in the water. The water levels
dropped so much that it will never recover. They were set up at an old gravel pit.

When we built the community hall back home, there was an underground stream that was flowing like a river. |
figured there could be fish going through there

What's the purpose of trying to gather all this information?

Métis Nation of
Saskatchewan
(MN-S)

We have to understand all living and non-living things.

We are seeing lots of effects from the oil sands — water is changing, plants and animals are dying.

Are any community members involved in the establishment of the baseline for environmental monitoring, so can
they verify their accuracy?

Would the results be released and reviewed by the community?

From a trust point of view, our people will want to know that those numbers are accurate now, not later. Just a
comment to think about.

How would this group know — is there a way for the people involved in the studies to inform the group of what they
saw and if they are confident they are accurate? Once the stuff hits the EIS, how do we know that it's good? If
community folks that were involved in that process and they can validate the results, that brings comfort to
community members.

How often are you monitoring?

How many locals do you have working with you? You guys talk, but we won’t hear anything about water sampling
in La Loche.
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Table A-1:

Joint Working Group Feedback Related to Baseline Hydrology

Community

Comment

Métis Nation of
Saskatchewan
(MN-S)

It's that validation we’re looking for. When | had to involve community members in monitoring, | would get them to
write a report if they couldn’t speak to the broader community in general. If they didn’t feel like writing it, they could
talk so someone who would transcribe it. That report could give a summary of how things went, what they saw,
were the readings accurate; that could come back to this group, if they couldn’t present themselves. The point [MN-
S member’s] trying to make is, we need some connection to that community resource that’s out there doing the
monitoring and seeing this stuff. We know who they are, and we’re confident in the results. That builds trust.

Do you have instruments or people taking samples? What does an instrument look like?

What he’s getting at is simply - you can put a box in there, but if you open the box, is there anything in it? It
measures, turbidity, flow, pH balance, all the different man chemicals, natural chemicals in there. Then you have a
true baseline. If we look at it and say yes, they have a measuring apparatus there, it's nothing. We want to know
what it does and how.

When did you start studying snow?

Last year it was a foot deep, this year 2”.

How do you know it comes from here and not there?

What about the little lakes on the side?

Just south of the Clearwater is the Great Divide [Methy Portage] - the other side of the divide drains from La Loche
Lake to the Churchill. So we have a number of different drainage systems. All we are showing here drains into the
Clearwater.

You're on the far end of that drainage system. A lot of water will be draining through.

Are you testing underground water also? Are you aware if there’s any aquifers — most lakes have aquifers that
come and go, especially lakes these sizes.

It was brought up that some of the leftovers [tailings] will be put down underground. In order to really understand
everything, you have to have to understand how water moves underground.

| normally used groundwater all my life. | used to drink La Loche lake water, but today, you can't do it. Been fishing
on Patterson, and on a far lake where | have a cabin. We drink the water right from the lake without boiling it; I'm
afraid we will lose that.

The studies we did a few years back, these guys don't want to use them. That's what | heard.

| had feedback on community engagement, and I'm trying to figure out how we can move forward in a responsible
way where people have their input without being offended. We're working towards a bigger goal than what is
currently perceived. We need a discussion on how we can approach it. | can offer some high-level thinking to help
bring my community around.

We should have more of these meetings with other companies like this. I'd like to get a Métis community member
to work side by side with you guys and report the environmental side to the community instead of you guys doing it,
so we know where we are and how much damage is being done to the land.

This is general — the same information will come back to all the JWGs?

We are the world’s water purifying system — the swamps and muskegs break down all kinds of pollutants and turns
it back to normal. That’s one of the benefits of our north; we are the filter for most of the world’s water. Each forest
plays a role in everything, like rainforest in B.C.

It gets you one way or another. The height of land changes at Wasagamio; everything flows from the Clearwater to
Fort Chipewyan. We’re lucky on the Churchill River that we don't get that flow coming our way. Yet we get the
westerly winds coming over us

It's not just natural evaporation; they’re adding to it, which increases rainfall and erosion, and destruction of habitat.

It's mainly the food, for everything. We put seeds out, all kinds of birds come. Food is the main item of why things
move around; water’s the second one. Because of the Let it Burn policy, fire destroyed their food habitat. It's gone,
and | don't know what | could tell you to change that. Go and find caribou moss is the simplest solution | could tell
you. In the NWT, pipelines affect them — they are a big barrier.
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Executive Summary

The regional meteorological and hydrological characterization study was completed as part of the hydrology
program to establish baseline conditions to support an Environmental Assessment (EA) of the Rook | Project
(Project). The objective of the study was to provide long-term regional meteorology and hydrology records to
characterize conditions at the Project as local monitoring data available to characterize meteorological and
hydrological conditions were limited in duration. To achieve this objective, monitoring data were compiled from
regional desktop data sources to compare with and extend the available local records and represent a wider
range of conditions.

Meteorological monitoring at the Project began in 2015, and the Rook | Meteorological Station was expanded
in 2018 to include additional parameters. A long-term meteorological record for the Project was developed for
the years 1979 to 2017 using a combination of data from meteorological stations near the Project as well as
global re-analysis products including European Re-analysis Interim (ERAI) data sourced from a numerical
weather prediction system. Historical meteorological data were compiled from Environment and Climate
Change Canada (ECCC) stations within 225 km of the Project including Fort McMurray, Cree Lake, Key Lake,
and Cluff Lake. These observations were used to test the accuracy of ERAI data in the region by comparing
total precipitation and air temperature for concurrent time periods at the location of each ECCC station. Given
that the ERAI data agreed well with historical observations at regional meteorological stations on a monthly
time step, ERAI data were used to compile long-term monthly records of total precipitation, air temperature,
solar radiation, and dew point temperature. Using these data, monthly records of evaporation,
evapotranspiration, and sublimation were developed.

Over the 40-year record, ERAI annual total precipitation ranged from 399 mm to 695 mm with a mean of

531 mm. In an average year, the total precipitation consists of 144 mm falling as snow and 387 mm falling as
rain. The annual snowfall was range from 83 mm to 209 mm in the historical record. For the same 40-year
period, annual lake evaporation loss was estimated to be 514 mm using the Penman Combined method
(Dingman 2002), and terrestrial evapotranspiration was estimated to be 262 mm using the Granger and Gray
(1989) model; input data for atmospheric loss calculations were based on ERAI data.

Historical hydrometric records were compiled for the regional watersheds that were found to best represent
conditions along the Clearwater River near the Project. The hydrometric station on the Douglas River near
Cluff Lake was identified as the best analogue for flows in the upper Clearwater River (to the confluence with
the Mirror River) and has been in operation from 1975 to present. The hydrometric station on the Clearwater
River at the outlet of LIoyd Lake outlet was identified as the best analogue for flows farther downstream along
the Clearwater River within Saskatchewan and was in operation from 1973 to 1995. Annual water yield in the
Clearwater River at the outlet of Lloyd Lake ranged from 120 mm to 199 mm, and averaged 171 mm. Annual
water yield in the Douglas River ranged from 103 mm to 292 mm, and averaged 175 mm.

This report summarizes climatic variability and the streamflow regime for the Project. The baseline
meteorological and hydrological characterization study achieved study objectives, including describing
historical meteorological and hydrological conditions in the baseline study area to support the EA and related
studies such as hydrological modelling.
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Abbreviations and Units of Measures

Abbreviation Definition
EA Environmental Assessment
ECCC Environment and Climate Change Canada
ECMWF European Centre for Medium-Range Weather Forecasts
ERAI European Re-analysis Interim
GlobSnow Global Snow Monitoring for Climate Research
Golder Golder Associates Ltd.
ID identification
IDF intensity-duration-frequency
LSA local study area
MLE maximum likelihood estimation
MLM method of L-moments
MOM method of moments
NexGen NexGen Energy Ltd.
NHC Northwest Hydraulic Consultants Ltd.
PMP probable maximum precipitation
Project Rook | Project
RSA regional study area
SWE snow water equivalent
TLU Traditional Land Use
WSC Water Survey of Canada

Unit Definition

% percent
° degree
°C degrees Celsius
km kilometre
km? square kilometre
L/s/km? litres per second per square kilometre
m metre
md/s cubic metres per second
mm millimetre
mm/h millimetres per hour
W/m? watts per square metre
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1.0 INTRODUCTION

The Rook | Project (Project) is a proposed new uranium mining and milling operation that is 100% owned by
NexGen Energy Ltd. (NexGen). The Project would be located in northwestern Saskatchewan, approximately
40 km east of the Saskatchewan-Alberta border, 130 km north of the town of La Loche, and 640 km northwest
of the city of Saskatoon (Figure 1). The Project would reside within Treaty 8 territory and within the Métis
Homeland. At a regional scale, the Project would be situated within the southern Athabasca Basin adjacent to
Patterson Lake, and along the upper Clearwater River system (Figure 2). Access to the Project would be from
an existing road off Highway 955. The Project would include underground and surface facilities to support the
extraction and processing of uranium ore from the Arrow deposit, a land-based, basement-hosted, high-grade
uranium deposit.

The regional meteorological and hydrological baseline report represents a component of a comprehensive
baseline program that documents the natural and socio-economic environments in the anticipated area of the
Project. The hydrological baseline program, of which the regional meteorological and hydrological baseline
study is a part, was undertaken to provide context from which Project environmental hydrological effects could
be assessed in the Environmental Impact Statement.

Since exploration at the Project commenced in 2013, NexGen has engaged regularly and established
relationships with local First Nation and Métis Groups (collectively referred to as Indigenous Groups) and
northern communities, specifically those closest and with greatest access to the proposed Project. NexGen
respects the rights of Indigenous Peoples and the unique relationship Indigenous Peoples have with the
environment, and recognizes the importance of full and open discussion with interested or potentially affected
Indigenous communities regarding the development, operation, and decommissioning of the proposed Project.
Engagement activities to date, as well as future planned engagement activities, reflect the value NexGen
places on meaningful engagement with Indigenous Groups and northern communities who could be potentially
affected by the proposed Project. Engagement mechanisms have included, but are not limited to: meetings
with leadership, workshops and community information sessions, Project site tours, establishing Joint Working
Groups to support the gathering and incorporation of Indigenous and Local Knowledge throughout the
Environmental Assessment (EA) process, and providing funding for Traditional Land Use (TLU) Studies’ to
understand how the proposed Project may interact with the Indigenous communities’ traditional use of the
anticipated area of the Project.

Feedback received during engagement activities was documented for contribution to the EA for the Project;
examples of feedback received include discussion of concerns, interests, potential adverse effects, mitigation,
and design alternatives. Many baseline studies were initiated in advance of formal engagement on the EA for
the Project; however, engagement during the execution of baseline studies has helped inform the
understanding of baseline conditions and confirmed components of the natural and socio-economic
environments that required study. A summary of feedback related to the hydrometric monitoring baseline
program is presented in Appendix A of the Hydrology Road Map (Annex V).

' Traditional Land Use (TLU) Studies include all land use studies developed by the Project’s affected Indigenous Groups, including
Traditional Land Use and Occupancy studies, Traditional Knowledge and Use studies, and Indigenous Rights and Knowledge studies,
henceforth referred collectively as TLU Studies.
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2.0 STUDY OBJECTIVES

The overall objective of this baseline study was to describe the existing regional meteorological and
hydrological conditions in the baseline study area to support the EA of the Project. Long-term meteorological
and hydrological records were necessary to complete the hydrological modelling. Long-term records account
for a wide range of climatic variability and, in turn, hydrological variability, and allow for the assessment of
routine conditions as well as extreme runoff events.

The specific objectives of the study were to:
m characterize the natural variability of climate in the region and the anticipated area of the Project;

m characterize the natural variability of flows in regional watersheds with published long-term data records
to provide an estimate of the expected variability of flows in the Clearwater River;

m develop a long-term baseline record of hydro-meteorological variables to support the quantitative
assessment of changes in surface water quantity; and

m acquire accurate baseline information that supports the Project EA.
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3.0 STUDY AREAS

The baseline study areas considered in the hydrological baseline program include the following and are shown
on Figure 3:

m local study area (LSA): the Clearwater River watershed to the outlet of Naomi Lake; and
m regional study area (RSA): the Clearwater River watershed above the confluence with the Mirror River.

The proposed Project would be located adjacent to Patterson Lake, which is in the upper portion of the
Clearwater River system at Broach Lake. The Clearwater River upper reach flows from Broach Lake through a
series of lakes including Patterson Lake, Forrest Lake, Beet Lake, and Naomi Lake (listed in order from
upstream to downstream). From Naomi Lake, the Clearwater River flows 20 km southeast before reaching the
Mirror River confluence. Below the Mirror River confluence, the river deepens with higher flow volumes from
the Mirror River, and the channel form changes to meandering within a well-defined river valley. Farther
downstream, the Clearwater River flows through Lloyd Lake, which is immediately upstream of Clearwater
River Provincial Park; the downstream end of the park is at the Saskatchewan-Alberta border.

Hydrological baseline studies focused on the Clearwater River watershed upstream of the Patterson Lake
outlet and along the main lake chain downstream, including Forrest Lake, Beet Lake, Naomi Lake, and the
reaches of the Clearwater River separating these lakes.

Based on the potential effects of the Project and hydrologic characteristics of the region, the LSA is defined as
the Clearwater River watershed to the Naomi Lake outlet (Figure 3). The Clearwater River watershed above
the Naomi Lake outlet drains an area of 685 km?. Seven waterbody monitoring locations are included in the
LSA. Five of the monitored waterbodies are along the main lake chain: Broach Lake, Patterson Lake, Forrest
Lake, Beet Lake, and Naomi Lake. The remaining waterbodies, Lake G and Lake H, may be influenced by
Project activities. There are eight watercourse monitoring locations in the LSA: Broach Lake outflow, Patterson
Lake inflow, Patterson Lake outflow, Beet Lake outflow, Naomi Lake, and three tributaries that flow into the
Clearwater River mainstem (Figure 3).

The RSA for hydrology includes waterbodies and watercourses within the Clearwater River watershed above
the Mirror River confluence, which includes the LSA. The Clearwater River watershed above the Mirror River
confluence drains an area of 1,070 km?. The spatial extent of the Clearwater River watershed above the Mirror
River confluence is expected to provide an ecologically relevant RSA for the EA. The RSA spans an area that
provides habitat requirements for a discernible population unit for large-bodied fish species where cumulative
effects may occur. The hydrometric stations in the RSA are shown in Figure 3.

There are three hydrometric stations at locations of interest downstream of the RSA boundary; these are
referred to as far-field stations. These locations contribute valuable information about hydrological variation in
the upper Clearwater River and include the Clearwater River below Mirror River confluence, at the outlet of
Lloyd Lake, and above Warner Rapids. Locations and watershed boundaries for the three far-field hydrometric
stations relevant to the hydrology baseline program are shown in Figure 4.
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4.0 METHODS
4.1 Review of Existing Information

Northwest Hydraulic Consultants Ltd. (NHC) completed a desktop hydrology and geomorphology analysis to
assess the likely changes to receiving waters from the proposed Project (NHC 2016). The NHC assessment
assumed that annual treated effluent discharge from the proposed Project would be about 0.13 m3/s, with
maximum discharge rates that could be an order of magnitude higher. Five potential effluent discharge sites
were assessed in terms of their estimated assimilation capacity and potential geomorphological changes from
increased discharge. The sites were in various watersheds surrounding the anticipated area of the Project,
including Rozell Lake, Vermeersche Lake, the Davidson River tributary, Patterson Lake, and the William River.
The NHC (2016) report recommended Patterson Lake as a preferred treated effluent discharge site due to
proximity to the proposed Project, high percentage of lake coverage in the watershed, and the highest year-
round flows compared to other potential locations (NHC 2016).

Northwest Hydraulic Consultants (NHC 2016) recommended three active Water Survey of Canada (WSC)
hydrometric stations to represent the hydrology of the anticipated area of the Project: Station 07QC008 Charlot
River at the Webb Lake outlet, Station 07DA018 Beaver River north of the Syncrude project, and Station
07MAO003 Douglas River near Cluff Lake. The lattermost station (WSC Station 07MAQQ3) is carried forward as
an analogue for the hydrology RSA due to its advantages of having a long period of record (i.e., 1975 to
present), similar terrain as the Patterson Lake watershed (i.e., being typical of the Athabasca Sedimentary
Basin geology), and closer proximity.

Previous hydrology baseline studies have been completed at other locations in the Athabasca Sedimentary
Basin and data collection may be ongoing, but recent data from the hydrology monitoring locations are not
publicly available. Selected regional Environment and Climate Change Canada (ECCC) meteorological
stations that have publicly available data were used in this study.

4.2 Establishing a Long-Term Meteorological Dataset

Long-term historical meteorological data are not available near the proposed Project location. Long-term
historical meteorological data are available from six meteorological stations, at four locations in the region,
operated by ECCC within a 225 km radius of the anticipated area of the Project. These are summarized in
Table 1 and shown in Figure 5.

A continuous historical daily climate data record (1979 to 2019) was developed based on data collected in the
anticipated area of the Project, relationships to regional data, and European Re-analysis Interim (ERAI) data.
European Re-analysis Interim is a global climate re-analysis dataset that is available from January 1979 to
August 2019, produced by the European Centre for Medium-Range Weather Forecasts (ECMWF). The details
about data assimilation method, forecast model, and input dataset have been documented by the ECMWF
(2007) and Dee et al. (2011). The grid-based dataset is publicly available to download with an approximate

80 km spatial resolution on 60 vertical levels from the surface up to 0.1 hectopascal. The temporal resolution
of the surface level parameters such as precipitation is twice daily data or forecasts (i.e., from 00 and

12 Coordinated Universal Time). However, some parameters such as wind speed are output at six-hour
frequency (i.e., four times per day).
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Table 1: Regional Environment and Climate Change Canada Meteorological Stations
Station Number Station Name(@ Elevation IS OIS Period of Record
(masl) (km)

4061590 Cluff Lake 330.1 76 1980 to 1999

4061592 Cluff Lake Auto 330.0 76 1996 to 2005

4061861 Cree Lake 494.6 145 1969 to 1996

4063753 Key Lake Airport 513.9 222 2010 to present

4063755 Key Lake 509.0 225 1953 to present

3062693 Fort McMurray Airport 369.1 170 1976 to present

masl = metres above sea level. a) All stations are or were operated by Environment and Climate Change Canada.
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Data Comparison

To test the validity of ERAI data for the anticipated area of the Project, ERAI total precipitation and air
temperature data were compiled for the regional ECCC meteorological stations and compared to historical
observations for the overlapping time period. Accumulated precipitation data over 12-hour intervals from

1 January 1979 to 31 August 2019 were downloaded from the ECMWF data server using the Python program.
Data extraction and processing were completed using MATLAB (The Mathworks 2021). The desired area to
download meteorological data was bounded by four points (i.e., longitude [long] -112°, latitude [lat] 59°; long -
105°, lat 59°; long -105°, lat 56°; long -112°, lat 56°) and targeted the location of the regional ECCC
meteorological stations at Cluff Lake, Cree Lake, Fort McMurray, Key Lake, and the anticipated area of the
Project.

A statistical summary of ERAI total precipitation data for the regional ECCC meteorological stations is
presented in Table 2, along with ECCC'’s published Climate Normals for the years 1981 to 2010

(ECCC 2019a). The ERAI data were also compiled for the same period (i.e., 1981 to 2010) for comparing
Climate Normals between the two datasets.

Table 2: Annual Total Precipitation Compiled for the Locations of Regional Meteorological Stations (1981 to
2010) Compared to Climate Normals (1981 to 2010)

Annual Total Precipitation (mm)
Summary Statistic Fort .
Cree Lake McMurray Cluff Lake Key Lake Project
Minimum 394.5 341.2 358.1 360.4 399
25th percentile 454.8 451.8 437.4 457.6 464.6
Median 502.4 503.8 469.4 505.5 520.8
ERAlI |75th Percentile 578 545.8 546.9 574.1 596.7
Statistics |y1aximum 713.3 663.5 669.6 766.2 695.4
Mean 521.5 503.4 486.6 517.6 531
Mean during Climate Normals
Period (19891-2010) 527 498.7 490.9 523.4 535.4
ECCC 1981 to 2010 Climate Normals n/a 418.6 451.0 482.5 n/a
ERAI / Climate Normal n/a 119% 109% 108% n/a

ECCC = Environment and Climate Change Canada; ERAI = European Re-analysis Interim; n/a = not applicable.

Total precipitation derived from ERAI data was plotted against concurrent daily, monthly, and annual
observations made at the regional ECCC meteorological stations. The correlation between ERAI total
precipitation and ECCC observed precipitation was generally highest on a monthly time step, with correlation
of daily values being relatively poor (Figure 6). The monthly correlation is more important in the context of
hydrology in the RSA and the influence of poor daily correlation on RSA hydrology appears to be low as runoff
response is attenuated by slower runoff pathways and lake storage. The ERAI air temperature was plotted
against daily, monthly, and annual observations at the regional ECCC meteorological stations. The correlation
between ERAI data and ECCC observations was good at all the assessed time intervals (Figure 7).

1"
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Data Analysis

Frequency analyses were conducted for total annual precipitation using a Golder Associates Ltd. (Golder)
frequency analysis software tool, which is similar to the ECCC Consolidated Frequency Analysis but with
enhanced methods. The Golder frequency analysis software tool was used for flood frequency analyses, as
well as statistical tests for independence (i.e., not serially correlated), trend, randomness, and homogeneity
that were used in turn to determine the quality of the annual flood or low flow series. The Golder software tool
includes modern boot strapping and estimation of confidence intervals.

The following probability distributions were analyzed with selected parameter estimation methods (i.e., method
of moments [MOM], maximum likelihood estimation [MLE], and method of L-moments [MLM]) using the
methods outlined in Pilon and Harvey (1993):

m Three-Parameter Log Normal (MLE, or MOM if MLE fails);

m  Generalized Extreme Value Distribution that includes extreme value 1, 2, and 3 distributions (MLM);
m Log Pearson Type lll (MLE, or MOM if MLE fails); and

m Weibull (MOM).

Numerical goodness-of-fit tests were performed including the non-parametric Anderson-Darling test (Stephens
1974) and a least-squares test. A probability distribution was chosen that best fit the data based on the
goodness-of-fit tests and/or the best graphical fit at the flood or low flow values that were of interest.

12
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Figure 7:
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4.3 Regional Data Sources
4.3.1 Long-Term Snowfall Data

Undercatch-corrected snowfall data are available for the ECCC station at Cree Lake (Climate ID 4061861)
between 1962 and 1993 (Mekis and Vincent 2011). Adjusted snowfall data provide more reliable records for
water balance studies than data not corrected for gauge undercatch; the amount of undercatch also varies
with wind speed during snowfall events. The station is located 145 km east of the proposed Project and
adequately represents the general climate conditions for the area, based on the similarities in ERAI annual
precipitation statistics for the two locations (Table 2), elevation, and latitude. Over the period of 1962 to 1993,
annual snowfall ranged from a low of 104 mm to a high of 272 mm. The mean annual snowfall was 183 mm
and the median was 187 mm (Table 3). Daily snowfall amounts and snow depth on the ground are available at
most ECCC climate stations.

Table 3: Summary of Undercatch-Corrected Snowfall Recorded for Cree Lake, 1962 to 1993

. Undercatch-Corrected Snowfall (mm)
Jan Feb Mar Apr May | Jun | Jul Aug Sep Oct Nov Dec Annual
Mean 25.8 21.9 22.5 20.0 5.8 0.4 0.0 0.1 4.8 19.9 33.1 29.8 183
Minimum 10.9 4.3 5.9 0.7 0.0 0.0 0.0 0.0 0.0 1.8 12.8 12.5 104
25th Percentile 19.6 14.5 131 12.0 0.4 0.0 0.0 0.0 0.1 9.7 20.3 21.5 156
Median 25.4 19.5 23.0 18.7 2.6 0.0 0.0 0.0 1.2 17.3 24.7 26.5 187
75th Percentile 30.2 28.4 27.2 25.2 7.4 0.2 0.0 0.0 22 28.6 48.5 35.3 209
Maximum 46.5 50.7 55.5 53.7 31.2 4.4 0.0 0.6 67.5 55.3 81.4 51.9 272

Source: Mekis and Vincent 2011.
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4.3.2 Snow on the Ground

Snow on the ground measured as snow water equivalent (SWE) is one of the most important hydrological
processes in the region as snowmelt usually dominates the annual hydrograph. Long-term direct observations
are not available to characterize annual variability for the anticipated area of the Project. However, daily
estimates of SWE are available for the northern hemisphere at a coarse spatial resolution (25 km by 25 km
grid cells) from the Global Snow Monitoring for Climate Research (GlobSnow) project operated by the
European Space Agency and the Finnish Meteorological Institute. The SWE data (ESA 2019) are derived
using a combination of ground-based data and satellite microwave radiometer measurements. The suitability
of the GlobSnow SWE dataset for the Project was evaluated by comparing the estimates to a nearby regional
snow pillow station (Station 07CE801) at Gordon Lake Lookout from 2008 to 2019 (Government of Alberta
2019). The comparison is shown in Figure 8. There were only a few years when GlobSnow underestimated
(i.e., 2012 and 2018) or overestimated (i.e., 2009 and 2019) peak SWE relative to snow pillow observations at
Gordon Lake Lookout. Overall, GlobSnow datasets captured seasonal and inter-annual variability reasonably
well, with the exception of peak values for the four years already mentioned (i.e., 2009, 2012, 2018, and
2019). The GlobSnow data are expected to provide an acceptable representation of SWE characteristics for
the anticipated area of the Project.

Figure 8: Comparison of Snow Water Equivalent between Snow Pillow and GlobSnow Datasets at Gordon

Lake, Alberta
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4.3.3 Short-Duration and Probable Maximum Precipitation

For short-duration rainfall storm events, data were reviewed from intensity-duration-frequency (IDF) curves
published by ECCC (2019b) for Buffalo Narrows, Cluff Lake, and Cree Lake in Saskatchewan and for Fort
McMurray Airport in Alberta. Cree Lake was carried forward as the most representative of the anticipated area
of the Project, based on similar latitude, elevation, ERAI annual total precipitation data, and similar isolines for
a probable maximum precipitation (PMP) event (Hopkinson 1999). Cree Lake has an IDF data record of

24 years compared to 16 years for Cluff Lake and 41 years for Buffalo Narrows.

The PMP is the greatest depth of precipitation for a given duration that is meteorologically possible for a storm
area at a given location and time of year. The PMP is dependent on the maximum persisting dew point in the
atmosphere; both are highest during the warmest periods of the year. The PMP is commonly used as a design
criterion of extremely high-risk water impoundment structures such as tailings dams. Hopkinson (1994)
developed point PMP estimates for northern Saskatchewan with a focus on the Collins Bay region and the
Cameco Rabbit Lake operation. The assessment was expanded to provide estimates of point PMP, with an area
in the order of 1.0 km? and rainfall duration of 1, 6, and 24 hours for the prairie provinces (Hopkinson 1999).

4.3.4 Long-Term Atmospheric Losses

Water in its liquid form is lost to the atmosphere from the terrestrial environment mainly through
evapotranspiration and from the aquatic environment or surface water mainly through evaporation. These
losses are important components of the hydrology water balance for waterbodies and watersheds and were
calculated on a daily time step in the hydrology model for the Project (Appendix 9A, Hydrological Modelling
Summary Report). Data inputs for both methods included air temperature, dew point temperature, and wind
speed. Daily net radiation was required to calculate actual evapotranspiration, while short and longwave
radiation data were required for lake evaporation. These data were compiled for January 1979 to August
2019 based on ERAI data.

Actual evapotranspiration from terrestrial surfaces was estimated using the Granger and Gray (1989) model.
Lake evaporation was estimated on a daily time step using the Penman Combined method (Dingman 2002)
modified for lake evaporation estimation by considering change in heat storage in the waterbody (McJannet et
al. 2013). The heat storage term was calculated as a function of Julian day, net shortwave radiation, and net
longwave radiation following the method outlined in Jensen (2010).

Snow evaporation or sublimation is an important component of winter water budget. Data inputs for the
sublimation model included air temperature, wind speed, and outgoing longwave radiation, which were based
on ERAI data for January 1979 to August 2019. Sublimation loss from the snowpack was estimated on a daily
time step using the Kuchment and Gelfan (1996) model. This model is based on vapour pressure deficit, which
is estimated by air and snow temperatures. The required snow surface temperature was back calculated from
outgoing longwave radiation using the Stefan-Boltzman relationship assuming an emissivity of 1

(Vionnet et al. 2012).

4.3.5 Long-Term Hydrometric Data

Interpretation of long-term hydrometric data from publicly available sources can provide valuable estimates of
past hydrological conditions in the RSA when hydrometric records from the RSA are not available. The WSC
operates a network of hydrometric stations in northern Saskatchewan. The hydrometric stations in the network
are few, geographically sparse, and most have watershed areas much larger than the RSA. Comparisons
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between WSC stations and the RSA are more relevant if the WSC station watershed is similar in terms of
watershed topography and size, landcover characteristics, and attenuation characteristics.

Two distinct geographic areas were defined for the purposes of this baseline study to account for differences
in watershed that would influence selection of a similar WSC station watersheds: the RSA, which is the
Clearwater River watershed upstream of the Mirror River confluence; and watersheds located downstream of
the RSA including the far-field stations referenced in Section 3.0 located on the Clearwater River below the
confluence with the Mirror River (Figure 4). Below the confluence, the river deepens with higher flow volumes
from the Mirror River, and the channel form changes to meandering within a well-defined river valley. Long-
term characteristics of the Clearwater River flow regime closer to the anticipated area of the Project

(i.e., upstream of the confluence with the Mirror River) will be analyzed differently than farther downstream,
mainly due to the large increase in watershed area below the confluence of the Clearwater and Mirror rivers.

Hydrometric Station Selection

Three regional streamflow stations near the anticipated area of the Project were evaluated for use as possible
reference stations (Table 4). Two of the stations were discontinued in 1995 but have sufficiently long records
to be considered in the analysis. The third station is an active station.

The discontinued WSC station on the Clearwater River below Lloyd Lake (WSC Station 07CD006) is on the
same river system as many of the Project baseline hydrometric stations. The watershed area at the
hydrometric outlet of Lloyd Lake is quite large compared to most of the baseline hydrometric stations upstream
of the Mirror River confluence, but this station is assumed to adequately represent flows along the Clearwater
River farther downstream from the anticipated area of the Project. This station was used to represent historical
flows downstream of the confluence of the Clearwater and Mirror rivers.

The Douglas River station near Cluff Lake (WSC Station 07MAQ03) is located north of the anticipated area of
the Project and just south of the decommissioned Cluff Lake uranium mine. The Douglas River flows generally
north near its headwaters and then westward within the Athabasca Sedimentary Basin. It is a tributary of the
Old Fort River that empties into the south end of Lake Athabasca in Alberta. The headwaters of the Douglas
River start at McEachern Lake, which is about 32 km north of Patterson Lake. The Douglas River hydrometric
data provides the longest record (i.e., 1975 to present) within a similar geographical region to the anticipated
area of the Project and has a smaller watershed at the gauge compared with the Clearwater River at the outlet
of Lloyd Lake. This station was used to represent historical flows upstream of the confluence of the Clearwater
and Mirror rivers.

The discontinued station on the Descharme River (WSC Station 07CDO007) is located southwest of the
anticipated area of the Project; the headwaters begin near Agar Lake about 33 km south of Patterson Lake.
Although this station has a similar drainage area to the Douglas River station, it has a shorter period of record
than the other two stations (i.e., 1977 to 1995) and was only used for comparison purposes as described
below.

The average annual basin yield (total runoff distributed over the contributing watershed) is 175 mm for the
Douglas River and 171 mm for the Clearwater River. This corresponds to an approximate unit-area discharge
of 5.6 L/s/km? for the Douglas River, and 5.4 L/s/km? for the Clearwater River (Appendix B).
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Table 4: Regional Hydrometric Station Information
S‘gzgn Station Name Distance to |Watershed Area| Period of Average Annual
N Project (km) (km?) Record @ | Basin Yield (mm)
umber
o7CDops | Cleanwater River at Outiet of Lioyd 45 4,250 1973 to 1995 171
07CDO007 Descharme River below Dupre Lake 60 1,690 1977 to 1995 169
07MA003 Douglas River near Cluff Lake 80 1,690 1975 to 2019 175

a) The periods of record indicated include years with partial data.
WSC = Water Survey of Canada.

Figure 9 compares the unit-area discharge hydrographs for the Clearwater, Descharme, and Douglas rivers,
respectively, based on available long-term records. The physical attributes that would influence hydrograph
shape include topography, soils, land cover, and the influence of relatively large lakes in attenuating outflows.
All three rivers have a similar baseflow in the winter, and the median discharge hydrographs show a similar
general shape with peak flows occurring during the spring freshet in late April and May and recession during
the summer and fall. The Clearwater River station hydrograph shows lower spring runoff peaks than the other
two stations and is likely attenuated by water storage in Lloyd Lake and other large lakes in the watershed; this
lower spring runoff may also be a function of its larger size watershed. Median and 75th percentile Douglas
River station peak flows are higher than the other two stations on a unit-area basis. Thus, use of peak flows at
this station to estimate flood magnitude and frequency for locations within the RSA generates higher peaks for
the smaller watersheds within the RSA and results are more likely to be realistic.
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Figure 9: Estimated Daily Statistical Unit-Area Discharge Hydrographs based on Reference Information from
Active and Discontinued Water Survey of Canada Hydrometric Gauges
a) 07CD006 Clearwater River at Outlet of Lloyd Lake
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Regional Hydrology Data Analysis

Daily mean discharge records for two regional hydrometric stations were used to characterize the flow regime
for the RSA and far-field watersheds: the Douglas River station (WSC Station 07MA003), and the discontinued
station on the Clearwater River at the outlet of Lloyd Lake (WSC Station 07CD006) (Figure 5). Discharge
records were converted to unit-area discharge values based on the watershed areas at selected locations. The
long-term discharge records based on all available data were used to calculate monthly and annual statistics,
show historical average and extreme hydrographs for the calendar year, provide flood and low flow frequency,
and compare long-term time series on a unit-area basis.

The maximum annual, minimum annual, and minimum seven-day average discharges were calculated for
each year of the record, not including partial years’ data if gaps occurred during typical spring freshet or low
flow months in the late winter. Instantaneous flood peaks were not calculated, but the published instantaneous
flood peaks for the Douglas River station were only 1.0% higher than daily mean peaks.

Golder frequency analysis software was used for flood frequency analyses, as well as for statistical tests for
independence (i.e., not serially correlated), trend, randomness, and homogeneity that were used to determine
the quality of the annual flood or low flow series. The software tool includes modern boot strapping and
estimation of confidence intervals.

Probability distributions (i.e., Three-Parameter Log Normal, Generalized Extreme Value Distribution, Log
Pearson Type Ill, and Weibull) were analyzed with selected parameter estimation methods as presented in
Section 4.2. Numerical goodness-of-fit tests were performed, and probability distribution was chosen that best
fit the data based on these tests and/or the best graphical fit at the flood or low flow values that were of
interest.

Comparison with Baseline Hydrometric Data

Provisional WSC discharge data for the Douglas River near Cluff Lake (WSC Station 07MAO003) in 2018 and
2019 were compared to statistics for the long-term record. Daily mean discharge records from August 2018 to
September 2019 for a key baseline hydrometric station at the Patterson Lake outflow (Station CR-WC-MS-03)
were compared with regional unit-area discharge daily flow hydrographs (converted to unit-area discharge).
Discharge measured at the Clearwater River below Lloyd Lake (CR-WC-MS-08) in 2018 and spring 2019 was
also compared with the long-term records of the Clearwater River (WSC Station 07CD006).
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5.0 RESULTS
5.1 Climate Conditions

The proposed Project is in northwestern Saskatchewan near the headwaters of the Clearwater River system.
The climate is characterized by cold winters and cool summers. The region is typical of a sub-arctic continental
climate with year-round precipitation according to the Képpen classification, which is based on average
monthly air temperatures and seasonal precipitation patterns (Kottek et al. 2006). The following sections
describe meteorological conditions in detail. The climate conditions and specific meteorological parameters in
the anticipated area of the Project were characterized using historical data from ECCC (2019a) weather
stations in the region (Figure 5), as well as ERAI data (ECMWF 2019) generated for this region.

511 Precipitation
Annual and Monthly Total Precipitation

A record of total precipitation in each month was developed for the anticipated area of the Project based on
ERAI data between 1979 and 2019 (Table 5). Over this period, annual precipitation ranged from 399 mm to
695 mm and averaged 531 mm. Box and whisker plots were generated to summarize the historical variability
of total monthly precipitation (Figure 10). The length of the box in the plots represents the interquartile range
(i.e., 25th and 75th percentiles), with the median denoted by the horizontal line within the box. The whiskers
represent the minimum and maximum values of the dataset (i.e., the maximum precipitation that occurred in all
the months on record). Any outliers in the data are represented by a “+” sign. Annual total precipitation in the
area of the Project is ex