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Executive Summary

The assessment of potential adverse effects on surface water quantity and quality from industrial water intakes
and outfalls is a provincial and federal requirement and is often a concern expressed by Indigenous Peoples
and the public. To address these concerns and requirements, two dispersion modelling studies (Golder 2019,
2020) were conducted for the proposed Rook | Project to evaluate whether the releases from submerged
outfalls would meet the requirements of the provincial Surface Water Quality Objectives (WSA 2015).
Subsequent to the initiation of this study, the location of the treated sewage outfall was moved from Patterson
Lake South Arm to Patterson Lake North Arm — West Basin. The revised location of the treated sewage outfall
is approximately 400 m to the southwest of the treated effluent diffuser. A wide range of lake current speeds
and directions based on available wind speed and direction data measured at the Rook | Meteorological
Station were assumed in the dispersion modelling studies.

The two dispersion studies identified uncertainty owing to a lack of measured lake current data to verify the
assumed lake current speeds and directions in the specific areas of the proposed intakes and outfalls in
Patterson Lake. To help address this uncertainty, this baseline study was conducted in 2020 and through the
winter of 2020-2021 to spring 2021 to provide measured site-specific lake currents data. This baseline study
was also completed to improve the general understanding of Patterson Lake currents near the anticipated
locations of the submerged infrastructure and to supplement the hydrology baseline study.

In this study, lake current speeds and directions were measured through the installation of acoustic Doppler
current profilers (ADCPs) on the lake bed at proposed intake and outfall locations during the open-water
season from July 2020 to September 2020. The ADCPs provided detailed high-frequency measurements of
Patterson Lake currents from near the lake bed to the near the water surface. The ADCPs were installed and
near-surface drogues (note: drogues are floating “sails” or similar designs that are designed to drift below the
water surface, and are fit with Global Positioning System [GPS] devices to track their positions) were deployed
for short periods from three lake currents station locations, one in each of the three basins:

1) Patterson Lake North Arm — East Basin (east of the narrows) near the proposed north fresh water intake
location;

2) Patterson Lake North Arm — West Basin (west of the narrows) near the proposed treated effluent diffuser
location; and

3) Patterson Lake South Arm — approximately 800 m west of the proposed treated sewage outfall, and at
the proposed domestic fresh water intake provided in the 2019 site layout (Wood 2019)".

Short-term lake current speeds and directions were measured by releasing drogues fitted with GPS devices
into the water from the proposed intake and outfall locations and monitoring their travel paths over a period of
one to six hours. Two types of drogues designed for inland waters were used and provided data on near-
surface lake current movements in the three Patterson Lake basins and on dispersion characteristics.

1 Subsequent to the initiation of this study, the proposed location of the treated sewage outfall was moved from Patterson Lake South Arm
to in Patterson Lake - North Arm — West Basin. The revised location of the treated sewage outfall is approximately 400 m to the southwest
of the treated effluent diffuser.
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The lake currents assessment met the baseline study objectives as it provided a better understanding of site-
specific conditions at proposed locations of submerged infrastructure during both open-water conditions and
ice-covered conditions. Measured current speeds were influenced by wind and local factors such as the
orientation of the waterbody, steepness and height of surrounding shorelines, and bathymetry.

Since the collection of this data, the location of the proposed treated sewage outfall has moved to Patterson
Lake North Arm — West Basin and the proposed domestic fresh water intake has been combined with the
north fresh water intake (i.e., Patterson Lake North Arm — East Basin).

If referencing this report, please use for the following citation:

WSP (WSP Canada Inc.). 2023. Patterson Lake Currents Assessment Report for the Rook | Project. Prepared
for NexGen Energy Ltd.
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Abbreviations and Units of Measures

Acronym Abbreviations Definition

ADCP acoustic Doppler current profiler
GPS Global Positioning System

MS mainstem

NexGen NexGen Energy Ltd.

PL-North-Intake

proposed north fresh water intake in Patterson Lake North Arm — East Basin

PL-North-Outfall

proposed treated effluent diffuser in Patterson Lake North Arm — West Basin

proposed south fresh water intake and treated sewage outfall location in Patterson Lake

PL-South South Arm?2

Project Rook | Project

PVC polyvinyl chloride

TLU traditional land use

UT™Mm Universal Transverse Mercator

Units Definition

% percent

°C degrees Celsius

° degree

h hour

km kilometre

km? square kilometre
km/h kilometres per hour
m metre

m/s metres per second
m?/s square metres per second
MHz megahertz

min minute

mm millimetre

2 Subsequent to the initiation of this study, the location of the treated sewage outfall was moved from Patterson Lake South Arm to
Patterson Lake North Arm — West Basin. The revised location of the treated sewage outfall is approximately 400 m to the southwest of the

treated effluent diffuser. Additionally, the fresh water intake in Patterson Lake South Arm was eliminated from the Project.
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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 characterization of Patterson Lake currents represents a component of a comprehensive baseline
program that documents the natural and socio-economic environments in the anticipated area of the Project.
The hydrology baseline program, of which the Patterson Lake currents assessment 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 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 Knowledge throughout the Environmental
Assessment 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 hydrology baseline program is
presented in Appendix A of the Hydrology Baseline Road Map (Annex IV).

3 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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Potential adverse effects on surface water quantity and quality from industrial water intakes and outfalls
require assessment prior to construction installation and are often a concern expressed by the public including
Indigenous Peoples. Two dispersion modelling studies were conducted (Golder 2019, 2020) for the proposed
Project to evaluate whether the releases from submerged outfalls would meet the requirements of the
provincial Surface Water Quality Objectives (WSA 2015). A wide range of lake current speeds and directions
were assumed in the dispersion modelling studies and were based on available wind speed and direction data
measured at the Rook | Meteorological Station. The dispersion studies identified uncertainty in lake currents
because measured current data were not available to verify the assumed lake current speeds and directions in
the specific areas of the proposed intakes and outfalls in Patterson Lake. This baseline study was conducted
from July 2020 to September 2020 and late October 2020 to June 2021 to provide measured-site specific lake
currents data. This baseline study was also completed to improve overall understanding of Patterson Lake
currents near the anticipated locations of the submerged infrastructure.
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2.0 STUDY OBJECTIVES

The Patterson Lake currents assessment was completed to supplement the hydrology baseline study and
provide supporting information for both the conceptual design of a treated effluent diffuser and the modelling
completed for the surface water quality effects assessment. This study was focused on Patterson Lake due to
its proximity to the Project and importance as both a potential source of fresh water and as the proposed
immediate receiving environment for treated effluent discharge.

The objective of the Patterson Lake currents assessment was to improve understanding of physical conditions,
particularly lake currents, in Patterson Lake. Prior to this study, lake currents were estimated from wind
speeds. This study was designed using different instruments to collect complementary measurements of lake
currents. Stationary acoustic Doppler current profilers (ADCPs) are electronic instruments that were used in
Patterson Lake to regularly measure lake currents at different depths over a long period of time (i.e., July
2020 to September 2020 and late October 2020 to June 2021). Underwater sails called drogues were used to
measure lake currents at the surface over a shorter period (i.e., days), starting at a specific location and
travelling in different directions depending on lake circulation currents. The combination of the measured lake
current data from the different instruments provided detailed information on site-specific lake circulation
patterns at the proposed locations of the north fresh water intake and treated effluent diffuser (using stationary
ADCPs) and beyond the mixing zone (using drogues). The use of different instruments was intended to
provide independent measurements to build confidence in the observations.
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3.0 STUDY AREAS

The Patterson Lake currents assessment targeted Patterson Lake, which is located within the local study area
defined for the hydrology program, and is the waterbody expected to be most influenced by proposed Project
activities. Patterson Lake is divided into a North Arm and South Arm and is oriented approximately southwest
to northeast (Figure 3). The North Arm is further separated into the West Basin and East Basin by a narrow
and shallow sand bar. The Patterson Lake inflow is at the east end of the North Arm — East Basin and the
outflow is at the east end of the South Arm.

The anticipated locations of proposed intakes and outfalls for the proposed Project in Patterson Lake at the
time the study was designed and executed are shown in Figure 3. Since the collection of this data, the location
of the proposed treated sewage outfall has moved to Patterson Lake North Arm — West Basin and the
proposed domestic fresh water intake has been combined with the north fresh water intake (i.e., Patterson
Lake North Arm — East Basin).
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40 METHODS

This section outlines existing information, approach, equipment, and methods used to conduct the Patterson
Lake currents assessment.

4.1 Review of Existing Information

No previous lake currents studies have been conducted for Patterson Lake. Existing information used in this
report includes the following data and reports:

m baseline Patterson Lake basin temperature profiles measured by CanNorth (2020);
m meteorological data from the Rook | Meteorological Station (Golder 2018);

m predicted lake current speeds and directions for Patterson Lake — North Arm contained within the
conceptual diffuser design report (Golder 2019);

m predicted lake current speeds and directions included in the downstream user impact study for the
treated sewage outfall for the Project (Golder 2020); and

m bathymetric mapping of Patterson Lake collected by NexGen using a Real-Time Kinematic (RTK) GPS
and depth sounder.

4.2 Approach

Characterization of Patterson Lake currents was based on field data collected during the summer and fall
open-water periods between July 2020 and October 2020 and May 2021 to June and July 2021, with
supplementary data from other baseline studies. To obtain data representing ice-covered conditions, the
ADCPs were redeployed over the winter from November 2020 to May 2021.

The following tasks were undertaken to meet the study objectives, and detailed methods are provided in
Sections 4.2.1t04.2.3.2:

m Existing information as described in Section 4.1 was reviewed. Relevant supplementary data for this
study that have been collected as part of other baseline monitoring activities include:

=  meteorological data, including wind speed and wind direction at the Rook | Meteorological Station for
the open-water period in 2020 and spring 2021, was reviewed and compared with lake current
patterns (see Section 4.2.1); and

= Patterson Lake water temperature data were reviewed as these data provide information
characterizing lake limnology and temperature is one of the main factors determining the density of
either fresh water or treated effluent discharge and the mixing characteristics of treated effluent
discharge into a lake (Section 4.2.2).
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m Lake current profiles were monitored during the open-water period in 2020, ice-covered period in the
winter of 2020 to 2021, and open-water period in spring 2021 using ADCPs at the following three
monitoring locations (near the anticipated locations of the submerged infrastructure) (Section 4.2.3 and
Figure 3):

= proposed north fresh water intake in Patterson Lake North Arm — East Basin (PL-North-Intake);
= proposed treated effluent diffuser in Patterson Lake North Arm — West Basin (PL-North-Outfall); and

= proposed south fresh water intake and treated sewage outfall location in Patterson Lake South Arm
(PL-South). It is noted that a fresh water intake and treated sewage outfall are no longer proposed for
the South Arm of Patterson Lake.

m Drogues were released for periods of four to eight hours at the ADCP deployment locations to monitor
near-surface lake circulation patterns near these locations. Drogues are floating “sails” or similar designs
that are designed to drift below the water surface and are fitted with GPS devices to record their
movements in detail (Section 4.2.4).

421 Meteorological Observations

The Rook | Meteorological Station was originally installed in 2015 and was moved to its current location in fall
2018 (Golder 2018). The station is currently located on a hill in a relatively open area near the exploration
camp (Figure 3; UTM NAD83 Zone 12602795 E, 6392291 N). The meteorological parameters used in this
study were wind speed and wind direction, which were measured with an RM Young anemometer installed at
a height of 10 m above ground, with a 5 second sampling frequency and hourly averaging interval.
Meteorological data were quality checked following the data collection period. Wind speed and direction
patterns and statistics from the open water observation period are provided in Section 5.1.

4.2.2 Patterson Lake Water Temperature

Lake water temperature was measured by the ADCPs representing conditions near the lake bed, as well as at
two hydrometric stations representing near-surface water temperatures, respectively. Water temperatures
were recorded by level loggers from the two hydrometric stations: The Clearwater River below Patterson Lake
CR-WC-MS-03 located near the lake outlet; and Patterson Lake CR-WB-MS-02 located near the camp in the
Patterson Lake South Arm (Figure 3).

Water temperature profiles were recorded in Patterson Lake’s North Arm (i.e., West and East basins) and
South Arm as part of aquatic and surface water quality baseline studies completed for the Project
(CanNorth 2020).

Lake water temperature profiles and near-surface temperature data provide context for the lake thermal
stratification at the time of the lake currents measurements. Water temperature profile data indicate the depth
of the thermocline and the strength of the stratification that can affect lake circulation, as well as the mixing
characteristics of the treated effluent discharge in the lake.

4.2.3 Patterson Lake Currents Observations

The configuration of the ADCPs, along with deployment details for each of the three Patterson Lake monitoring
locations, is described in the following subsections. The ADCPs were deployed over a period of months from
July to September 2020 to collect data that represented open water conditions.

wsp .
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4.2.31 Acoustic Doppler Current Profiler Deployment Details

The ADCPs were mounted on the lake bed using purpose-built frames. The ADCPs measure current speed
and direction in multiple layers throughout the water column; the layers are referred to as cells, with the lowest
cell numbers being closest to the lake bed. Water velocity is measured using a physical principle called the
“Doppler Effect’, which measures the change in sound signal frequency reflected off particles in the water
passing by the ADCP. Each of the ADCPs has three beams that transmit a short sound signal up into the
water column. When the signals reflect off the particles in the water such as sediment, zooplankton, or air
bubbles, the returning echo is recorded and the ADCP measures the difference in frequency between
transmitted and received sound signals (Nortek 2018). When the water is not moving, there is no change in
frequency between transmitted and received sound signals and the velocity calculated from each of the three
beams is zero.

Each ADCP used in the study had slightly different configuration and sampling parameters designed to
capture the most accurate velocity measurements for a certain range of water depths. The three beams of the
ADCPs all faced upward and outward at fixed angles of about 35° to 45° from vertical. There is a fixed
distance immediately above the ADCP that cannot collect data (this fixed distance is called a blanking
distance). Details of the ADCP instrumentation and deployment parameters are provided in Table 1.

The ADCPs were deployed in open-water conditions for the first deployment and were redeployed in under-ice
conditions for the second deployment. The second ADCP deployment was also separated into two periods for
analysis: under ice before ice break-up and the spring 2021 open-water period after ice break-up. The timing
of freeze-up and thaw of the Patterson Lake ice cover varied in different Patterson Lake basins in the winter of
2020-2021. To provide a consistent dataset, the winter ice-covered monitoring period and spring

2021 open-water periods were clearly defined to avoid time periods with partial ice cover. The timing was
confirmed based on field observations from staff on site, from satellite imagery available for specific dates
(Sentinelhub 2022), and through review of the ADCP multicell data and diagnostics data.

Freeze-up on Patterson Lake North Arm — East Basin occurred between 15 October 2020 when the lake was
fully open (i.e., no ice cover), to 25 October 2020 when a complete ice cover had formed. Due to the early
freeze-up, the installation of the ADCP at this location was postponed to 6 January 2021. On 29 October 2020,
both Patterson Lake North Arm — West Basin and Patterson Lake South Arm still had open-water, and ADCPs
were reinstalled on this date. Based on satellite imagery, a partial ice cover was forming in some areas by

30 October 2020, and complete ice cover was in place by 7 November 2020.

Ice break-up on Patterson Lake occurred between 21 May 2021 (based on satellite imagery, open-water was
observed in various locations around the edge of the ice cover) and 26 May 2021 (only minimal ice cover
remained in the southwest corner of the lake and far from the ADCP locations). Certain ADCP parameters
were altered prior to the under-ice deployment, mainly to account for the lower velocity conditions that would
occur once the ice cover was in place. To obtain more accurate results at low velocities, the cell size was
increased (e.g., from 1.0 m to 2.0 m at PL-North-Outfall) and the sampling time was increased when possible
(e.g., from 10 minutes to 15 minutes).

The main constraints on data collection during the longer winter deployments included reduced battery life in
cooler water and total available instrument memory. Therefore, the interval between samples was increased,
and the number of cells where data were collected were reduced to conserve the memory and battery power.

The typical deployment configuration is depicted on the sketch provided in Figure 4. Photos are included in
Section 4.2.3.1.1 through Section 4.2.3.1.3.
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Figure 4: Typical Acoustic Doppler Current Profiler Deployment Sketch

Patterson Lake
Water Surface

ADCP = acoustic Doppler current profiler.
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Table 1: Acoustic Doppler Current Profiler Instrumentation and Deployment Details
Number of .
Proposed  Station  Easting® Northing® Cell Size Cells Sampling E’_.Iankm%,) Fanaard
: e g Distance' deviation Dates Installed
Location ID (m) (m) (m) Recording Interval (de)
(m) (m/s)
Data
10 minutes
. 9 July 2020 to
2020 open- | 55 7 sampling 0.4 0.023 23 September
Nortek water 20 ev.eryt 2020
_ - - minutes
North Arm —~ | PL-North- | g553 6394821 30 | Aquadopp nu
East Basin Intake 1.000 MHz | lce-covered 15 minutes
’ and spring 0.4 4 sampling 0.4 0.017 6 January 2021 to
2021 open- ’ every : ) 9 June 2021 ®
water 60 minutes
10 minutes
- 9 July 2020 to
2020 open- | 4 10 sampling 0.5 0.020 23 September
Nortek water 20 ev_eryt 2020
North Arm- | PL-North-| 55554 6394347 110 | Aquadopp inutes
West Basin | Outfall 600 MHz | lce-covered 15 minutes
and spring 20 5 sampling 05 0.010 29 October 2020 to
2021 open- ’ every ' ’ 9 June 2021
water 60 minutes
10 minutes
2020 open- sampling 8 July 2020 to
Sontek water 04 ° every 02 0.013 23 August 2020 @
30 minutes
South Arm © | PL-South | 603245 | 6391230 35 | Argonaut T
XR Ice-covered 10 minutes
3,000 MHz | and spring sampling 29 October 2020 to
2021 open- 0.5 7 every 02 0.012 13 June 2021
water 60 minutes

a) All coordinates referenced are in UTM Zone 12 and North American Datum 1983 (NAD83).
b) Blanking distance is the region closest to the transducers that minimizes interference during attenuation of the sound waves; the minimum blanking distance is the distance sound travels
during attenuation (Nortek 2018).
c) The Patterson Lake South outfall was proposed to be located about 800 m east of the originally proposed camp drinking water intake location at a water depth of 3.0 m and it is 50 m from
the north shoreline. This outfall is no longer part of the proposed Project.
d) The precision of horizontal measurements is set in the deployment process and it increases by using larger cell sizes and collecting a larger sample.
e)The Sontek measures accuracy directly using the standard deviation, which is based on a formula o = 20 / (VN * (¥CS)) where N = number of samples in seconds and CS = cell size in
metres (Sontek 2007).

f) Data recorded for the ice-covered period and spring 2021 open-water conditions was not useable due to an installation error. The angle of placement was 28° from level, which exceeded
quality control standards (QARTOD 2019).

g)The PL-South ADCP was reinstalled on 23 August 2020; however, battery issues resulted in a data gap from 23 August to 23 September 2020.

ADCP = acoustic Doppler current profiler.
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4.2.31.1 Patterson Lake North Fresh Water Intake Location

The ADCP at PL-North-Intake was deployed to collect information on ambient lake currents near the
anticipated location of the proposed north fresh water intake. The originally proposed deployment location was
near shore in the Patterson Lake North Arm — East Basin (Wood 2019). However, that location was
determined to be too shallow (i.e., less than 1.5 m) for reliable deployment of the ADCP. A more suitable
location for the deployment was identified approximately 800 m northeast of the originally proposed location as
shown in the Figure 3 which includes bathymetry data.

A Nortek Aquadopp 1,000 MHz ADCP was deployed from 9 July 2020 to 23 September 2020 and redeployed
from 6 January 2021 to 9 June 2021 at PL-North-Intake (Figure 5, Table 1). The ADCP was deployed
approximately 600 m from shore at a water depth of 3.0 m, with the top of the ADCP at approximately 1.0 m
from the lake bed. At the deployment location, the lake bed is flat. To the west and south, the lake bed slope is
gradual with depth decreasing towards shore. To the east and north, the lake bed slope increases where there
is a drop-off.

Figure 5: Nortek Aquadopp Acoustic Doppler Current Profiler and Mounting Frame Deployed at Patterson
Lake North Intake
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4.2.3.1.2 Patterson Lake Treated Effluent Diffuser Location

Lake currents monitoring at station PL-North-Outfall was initiated on 8 July 2020. PL-North-Outfall provided
information on ambient lake currents near the anticipated location of the treated effluent diffuser. The
proposed point for deployment was located offshore in the Patterson Lake North Arm — West Basin, based on
the preferred location of the treated effluent diffuser (Golder 2019). The proposed deployment location was
west of the narrows that separates the East and West basins of the North Arm and had a water depth of

10.0 m (Figure 3).

The ADCP was located approximately 50 m east of the proposed diffuser location on a small shelf that had a
total water depth of 11.0 m, with the top of the ADCP at approximately 1.0 m from the lake bed. To the west,
the depth increases rapidly, and to the east and south, the depth rapidly decreases by several metres then
gradually decreases thereafter.

The ADCP at station PL-North-Outfall was deployed on 8 July 2020, checked, and redeployed at the same
location on 9 July 2020. For the ice-covered period, the ADCP was redeployed on 29 October 2020 and
retrieved 9 June 2021. Figure 6 shows the ADCP mounted on the frame; deployment details are provided in
Table 1.

Figure 6: Nortek Aquadopp Acoustic Doppler Current Profiler and Mounting Frame Deployed at Patterson
Lake North Outfall
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4.2.31.3 Patterson Lake South Location

Lake currents monitoring at station PL-South was initiated to provide information on ambient lake currents
near the anticipated locations of the south fresh water intake and the treated sewage outfall. The proposed
point for deployment was located near shore in the Patterson Lake South Arm based on the downstream use
and impact study for the sewage discharge (Golder 2020).

The proposed location was confirmed in the field to be suitable based on water depth similar to the proposed
outfall location and low gradient slope of the lake bed. The ADCP at station PL-South was deployed on 8 July
2020. For the ice-covered and spring periods, the ADCP was redeployed on 29 October 2020 and retrieved 13
June 2021. The ADCP was installed on the lake bed at a depth of 3.5 m, with the top of the ADCP at
approximately 0.5 m from the lake bed. The ADCP prepared for deployment is shown in Figure 7.

Figure 7: Sontek Argonaut-XR Acoustic Doppler Current Profiler and Mounting Frame Deployed at Patterson
Lake South
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4.2.3.2 Acoustic Doppler Current Profiler Data Analysis

Acoustic Doppler current profiler data were reviewed for quality, representative cells were chosen for each
location, and current speeds were classified into current speed and direction categories to show the current
patterns in a visible way. Data were reviewed for completeness and quality according to standard methods as
outlined by the manufacturers and industry (NOAA 2000; QARTOD 2019). The review is summarized as
follows:

The ADCP data showed PL-North-Outfall and PL-South had sufficiently low tilt and roll values when
installed, though data for PL-North-Outfall was corrected for a vertical angle of 5.5° (i.e., instrument was
tilted 5.5°).

PL-North-Intake ADCP had tilt values that were at the maximum value suggested by the manufacturer
(i.e., greater than 30°) from November 2020 to January 2021 (i.e., ice-covered period); as such, the data
collected during that period was not useable.

For the open-water period, data for all three ADCPs had stable water depth, and there were only small
shifts in compass direction between two short deployments for the two Nortek sensors.

The ADCP data for all three ADCPs had sufficiently high signal-to-noise ratios to provide strong acoustic
signal for the required signal range of water depth at each instrument.

For the ice-covered period, the PL-North-Outfall and PL-South ADCP transducers were clear of
obstructions. However, due to interference from ice, about 38% of the ADCP data at PL-North-Outfall and
33% at PL-South were screened out.

Specific cells chosen to represent the near-lake-bed, mid-profile, and near-surface depths for the 2020
open-water period were as follows:

= PL-North-Intake (cell 1 for near-lake-bed, cell 3 for mid-profile, and cell 5 for near-surface).
= PL-North-Outfall (cell 1 for near-lake-bed, cell 4 for mid-profile, and cell 7 for near-surface).
= PL-South (cell 2 for near-lake-bed, cell 4 for mid-profile, and cell 7 for near-surface).

Specific cells chosen to represent the near-lake-bed, mid-profile, and near-surface depths for the ice-
covered and spring 2021 open-water periods were as follows:

= PL-North-Outfall (cell 2 for mid-profile and cell 3 for near-surface).
= PL-South (cell 2 for near-lake-bed, cell 3 for mid-profile, and cell 4 for near-surface).
Current data were classified according to speed categories and direction as follows:

= Magnitude of current speeds for each ADCP dataset were ranked and plotted against percent
frequency of exceedance calculated as the rank (with the highest current speed having the highest
rank) divided by sample size plus 1.

= |n general, current speed that exceeds 0.1 m/s is considered high speed for a lake environment while
speed < 0.005 m/s is classified as near-zero or calm.
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4.2.4 Drogue Releases

Drogues are passive devices designed to float below the water surface and move with the ambient lake
currents. Drogues provide a method of tracking near-surface lake circulation patterns over a short period of
time. GPS devices were attached to each drogue to track their movement over a period of one to six hours.
A photo showing how the drogues moved at Patterson Lake South Location is provided in Figure 8.

Figure 8: View Facing North of Acoustic Doppler Current Profiler Location at Patterson Lake South Arm on
13 June 2021

Photo taken facing north. Note the arrow is pointing to retrieval buoy. The three flags mark the positions of the drogues that were deployed
at the same location, which are discussed in Section 4.2.4.

For this study, a set of drogues were released at each ADCP location during the field visits in July 2020,
August 2020, September 2020, and June 2021. One set was released on 29 October 2020 to provide
additional results using the sail drogue type at PL-South. Details of the drogue releases are provided in
Table 2.
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Two types of drogues were used in the study: polyvinyl chloride (PVC) and sail. The PVC-type drogues are
designed for shallow water and extend to a depth of about 0.3 m. These drogues are made of PVC pipe
connected in a cross-configuration that floats on the water surface, with a larger diameter central pipe with a
screw-in cap that holds the GPS (Figure 9). The “sail-type” drogues are a longer design of about 2 m in length
with nylon “sails” attached in a cross-configuration with aluminum cross-bars about 1 m in length at the top and
bottom, with a float at the surface, and a weight attached at the base (Figure 10). The sail drogues are better
designed for deeper water deployment as they will run aground sooner than the PVC type. Three drogues of
each type were released during all field visits except the August 2020 field visit, where one PVC drogue was
damaged and, consequently, only two PVC drogues were released at PL-North-Intake and PL-South.
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Table 2: Drogue Release Details

Station ID

)

)

Number of

Type of

Released Picked up

Drogues

Drogue

Light winds. All three GPS

9 July 2020 12:15 17:54 3 PVC type lost reception at times
19 August 2020 12:30 16:42 2 PVC type |High westerly winds
09:04 and Moderate wind. One drogue
PL-North- 24 August 2020 i0:23 14:56 2 PVC type |deployed later after a lost
Intake one was found
Moderate southeast winds
23 September 2020 11:00 16:05 3 PVC type |shifting to southwest and
wind speeds increasing
9 June 2021 10:52 15:18 3 Sail type | Moderate east-southeast
winds
] ) 3 . Light winds. One GPS lost
9 July 2020 09:30 18:09 (2 complete)® Sail type reception
High westerly winds. One
) ) 3 . drogue GPS lost signal.
19 August 2020 11:48 18:35 (2 complete)® Sail type Drogues ran ashore at
about 17:00 ®
PL-North- 24 August 2020 08:35 14:40 3 Sail type | Moderate wind
Outfall Moderate southeast winds
23 September 2020 | 10:05 16:40 3 Sail type | Shifting to southwest and
' ' (2 complete)@ wind speeds increasing.
One GPS lost reception
Moderate east-southeast
9 June 2021 09:08 16:40 3 Sail type |winds. Drogues ran
aground at about 15:00
) ) 3 . Light northerly winds. One
8 July 2020 11:30 17:53 (2 complete)@ Sail type GPS lost reception at times
23 August 2020 10:11 16:52 2 PVC type |Light southerly winds
Light west or southwest
PL-South | 26 September 2020 08:03 13:35 3 PVC type |wind increasing to
moderate in the afternoon
29 October 2020 10:45 15:12 3 Sail type |Moderate northwest wind
13 June 2021 08:44 10:27 3 Sail type | Light northwest wind

a) Although three drogues were released, there were issues with one of the drogues tipping over or being submerged such that the
drogue’s GPS track did not provide useful data.

b) Drogues were often retrieved after they had drifted ashore; data that showed the drogues slowing down near shore were removed from

the analysis.

PVC = polyvinyl chloride.
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Figure 9: View of a Polyvinyl Chloride Drogue Retrieved after Deployment
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Figure 10:  View of a Sail Drogue after Release

The GPS tracks, travel time, distance, and speeds were calculated for each drogue deployment. Dispersion
coefficient(s) for the model were estimated from the movements of the individual drogues by determining the
variance of the drogues about their centroid path (List et al. 1990). The method outlined below was used to
estimate dispersion rates near the ADCP locations in the 2020 field program. Dispersion rates were only
estimated when there was coincident data for three drogues.

The variance of the drogue positions in the X and Y directions are calculated by:

= \2
52 = ZiXy=Xi)

i N1 Equation 1
- \2
oy; = Z](A;j_l ! Equation 2

Where: Xj X position of Drogue j at time i (m),
Yij Y position of Drogue j at time i (m),
Oxi  variance in X direction at time i (m?),
oyi  variance in Y direction at time i (m?),
X; mean X position of drogues at time i (m),
Y; mean Y position of drogues at time i (m), and
N number of drogues.
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The direction independent variation in location can be estimated as:
oZ+02;
O.iz = % Equation 3
The dispersion coefficient (K) can then be estimated by:

_160i2~1A0'l-2
L7 20t — 2 4t

5.0 RESULTS

The results of the 2020 and 2021 Patterson Lake currents assessment for wind speed and direction, water
temperature, and currents are presented in Sections 5.1 to 5.3.

Equation 4

5.1 Meteorological Observations

Local weather conditions between July and September 2020 were windier, wetter, and slightly cooler (Table 3)
than long-term regional averages for the months of July to September; there was cumulatively 297 mm of
rainfall during the study months which is much higher than the long-term average of 223 mm for July to
September based on European Re-Analysis Interim (ERAI) model data to 2019 (Annex 1V.2). Cooler air
temperatures influence water temperature (Section 5.2) and higher precipitation increases surface water
inflows and outflows at Patterson Lake. Wind conditions have the most direct influence on lake currents and
details are provided in this section.

In contrast, during the ice-covered period (i.e., December 2020 to May 2021) and the 2021 open-water period
(i.e., June and July), the air temperature was slightly warmer than the long-term average. In terms of total
precipitation, the ice-covered period received almost double the amount of precipitation as the long-term
average (160 mm actual versus 89 mm for the long-term average), while the 2021 open-water period was
significantly drier than the long-term average.

Table 3: Summary of Air Temperature and Total Precipitation During Study

Median Air Temperature (°C) Total Precipitation (mm)
ERAI ERAI
2021 (1979 to 2019) 2021 (1979 to 2019)

January -17.9 -13.6 -19.5 7.8 25.6 231
February -15.4 -22.2 -16.5 15.2 25.3 16.9
March -13.5 -7.6 -9.0 18.8 72.9 24.4
April -3.9 -1.8 0.4 13.1 18.8 31.3
May 6.5 6.4 8.5 74.8 18.2 42.4
June 13.7 17.2 14.2 124.5 55.0 74.9
July 16.6 17.9 16.7 133.6 32.2 93.3
August 14.8 15.5 14.8 126.3 41.5 75.0
September 7.9 10.9 8.6 37.0 56.6 56.5
October -2.1 3.5 1.0 57.9 11.2 41.3
November -11.0 -6.8 -9.3 36.4 39.8 28.4
December -12.6 n/d@) -17.2 36.4 n/d@ 24.5
Annual -1.4 1.4 -0.5 681.9 397.2 531.9

Note: Shaded cells indicate period where current data was collected.
a) data not available for December 2021 at time of report preparation.
ERAI = European Re-Analysis Interim; n/d = no data.
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Wind speed and direction data were analyzed for the open-water period from May to October for a six-year
period from 2016 to 2021. Prevailing winds were from the northwest and west-northwest directions, followed
by south-southeast and south directions (Figure 11). Higher-speed winds exceeding 5 m/s occurred 25% of
the time and were most frequently from the west-northwest to north-northwest directions (Golder 2019).
Detailed summaries of measured wind speed and direction frequencies are provided in Appendix A (Table 1-3,
Table 1-2, and Table 1-3).

Figure 11: Rook | Meteorological Station Wind Rose for the Open-Water Period, May 2016 to October 2021
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The wind conditions during the Patterson Lake currents monitoring studies completed between July 2020 and
September 2020 were compared with the six-year open-water period wind record, collected between

May 2016 and October 2021, to verify if the measured field values were representative. The prevailing wind
directions were similar to the six-year open-water period dataset, with west-northwest and northwest winds
being the most frequent, followed by south-southeast winds, though south winds were relatively infrequent in
summer and fall 2020 (Figure 12). The average hourly wind speed of 3.9 m/s in the July to September

2020 observation period was slightly higher than the 3.7 m/s wind speed over the six-year period.
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Figure 12:  Frequency of Wind Direction and Speed, 1 July 2020 to 30 September 2020
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Moderately high wind speeds between 5 m/s and 8 m/s (18 km/h and 29 km/h) were 5% more frequent than
usual during the monitoring period (i.e., 22.5% compared to 17.5%). Lower wind speeds below 3.0 m/s were
1.0% less frequent in 2020 compared to the six-year average. High wind speeds exceeding 5 m/s occurred
25% of the time (i.e., 5% more frequently than the six-year record). The highest wind speeds (i.e., exceeding
10 m/s) in the observation period were three times more frequent than the six-year open-water period;
however, these high wind speeds made up only 0.6% of the record.

Wind conditions for a short period from ice break-up around 25 May 2021 to 13 June 2021 are shown in
Figure 13. In spring 2021, the most frequent wind directions were north-northwest, southeast, and north, and
west-northwest and northwest winds were much less frequent than the six-year open-water period record. The
wind speed classes recorded in spring 2021 were similar to the six-year record except that wind speeds
between 3 m/s and 5 m/s were 2.5% more frequent, 5 m/s to 8 m/s was 1% less frequent, and there were no
winds exceeding 8 m/s.
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Figure 13:  Frequency of Wind Direction and Speed, 25 May 2021 to 13 June 2021
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5.2 Patterson Lake Water Temperatures

Water temperature is one of the main factors determining water density, and results from water temperatures
measured at the ADCP locations as well as at profiles in the water column during different seasons are
provided in this section. Nearly a full year of ambient Patterson Lake water temperatures monitored during this
study are provided in Figure 14. Data at PL-North-Outfall and PL-North-Intake were measured at the ADCPs
which were mounted about 1 m above the lake bed in these locations. Data at CR-WB-MS-02 was measured
in PL-South at the hydrometric station in shallow water near shore.

The ADCP installed at PL-North-Outfall had lower temperatures than the other locations until early August
2020 and had similar temperatures thereafter. PL-North-Outfall ADCP was below or within the thermocline in
the North Arm — West Basin until 9 August 2020.
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Figure 14:  Patterson Lake Water Temperatures during Lake Currents Measurement Period
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In the baseline dataset, water temperature profiles ranged from near 0°C in winter to above 20°C in mid-
summer. Results of the baseline surveys for 2020 are shown in Figure 15, Figure 16, and Figure 17. Thermal
lake stratification, indicated by decreases in water temperature with depth, was evident during the spring,
summer, and fall field visits. During the spring 2020 field visit, the thermocline started at a water depth of about
9 m to 10 m in the North Arm in both East and West basins, and was at a depth of about 5 m in the South Arm.
During the summer 2020 field visit, the top of the thermocline was at an approximate depth of between 5 m
and 7 m for all three locations. During the fall 2020 field visit, the top of the thermocline was at depths of about
15 m and 17 m in the North Arm — West Basin and South Arm, respectively. However, the North Arm — East
Basin was nearly isothermal (i.e., not clearly stratified).

Winter water temperatures were all close to 0°C near the ice-covered surface, increasing to approximately 3°C
at depth.
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Figure 15: Patterson Lake North Arm — East Basin Water Quarterly Temperature Profiles
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Figure 16: Patterson Lake North Arm — West Basin Quarterly Water Temperature Profiles
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Figure 17:  Patterson Lake South Arm Quarterly Water Temperature Profiles
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5.3 Patterson Lake Currents Observations

The ADCP and drogue results for the PL-North-Intake, PL-North-Outfall, and PL-South locations are presented
in Sections 5.3.1 t0 5.3.4.

5.31 Patterson Lake North Fresh Water Intake Location

The speed and direction frequencies of Patterson Lake currents at PL-North-Intake location for the period of
9 July 2020 to 23 September 2020 are shown in Figure 18 for open-water conditions. Tabular results from this
analysis are provided in Appendix A (Table 2-1, Table 2-2 and Table 2-3).

For 2020 open-water conditions, near-surface current speeds and directions shown are from Cell 5 (Figure 4),
which had an average measurement height of 2.75 m above the lake bed and approximately 0.25 m below the
water surface. The mid-profile is represented by data collected from Cell 3, which had an average
measurement height of 2.25 m above the lake bed and approximately 0.75 m below the water surface. The
near-lake bed is represented by data collected from Cell 1, which had an average measurement height of
1.75 m above the lake bed and 1.25 m below the water surface.

As noted in Section 4.2.3.1, the data recorded for ice-covered and spring 2021 open-water conditions was
rejected due to problems with installation through the ice in January 2021.
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Figure 18: Frequency of Current Speed and Direction at the Patterson Lake North Fresh Water Intake Location —
2020 Open Water Conditions
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Current Direction

Near-surface, mid-profile, and near-lake bed currents were all dominated by lake currents moving to the
southeast and east-southeast. The next highest frequencies of current direction were west-northwest and
west. In general, the dominant lake currents directions appear to be related to the dominant wind directions for
the same period, which are from west-northwest and northwest. Lake currents were alongshore (i.e., flowing in
a direction perpendicular to shore, in this case the Patterson Lake North Arm — East Basin is oriented in a west
or west-southwest and east or east-northeast direction) between 26% to 28% of the monitoring period. The
Patterson Lake North Arm — East Basin does not have steep or high topography on most sides, which may be
the reason the dominant wind direction aligns with the dominant lake current direction in this basin.

Current Speed

The cumulative frequency curve for current speeds is shown in Figure 19. Results are similar throughout the
profile with slightly higher current speeds occurring mid-profile. Median current speeds were 0.079 m/s near-
lake bed, 0.083 m/s at mid-profile, and 0.081 m/s at the near-surface. A comparison of current speeds
statistics for the three ADCP locations is provided in Table 4.

Figure 19: Cumulative Frequency Curve for Lake Current Speeds at Patterson Lake North Fresh Water Intake
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Table 4: Acoustic Doppler Current Profiler Lake Currents Speed Statistics

Measured Lake Current Speeds (m/s)

Statistic PL-North-Intake PL-North-Outfall PL-South
Near-Lake Mid- Near- Near- Mid- Near- Near- Mid- Near-
Bed Profile @ Surface Lake Bed Profile Surface Lake Bed Profile Surface

Open-Water Conditions (8-9 July 2020 to 23 September 2020)

Maximum 0.250 0.302 0.252 0.186 0.192 0.208 0.164 0.168 0.183

oth 0.102 0.106 | 0102 | 0.068 0053 | 0052 | 0032 | 0034 | 0063

Percentile

Mean 0.077 0.081 0.078 0.052 0.042 0.041 0.025 0.026 0.045

Median 0.079 0.083 0.081 0.049 0.039 0.039 0.021 0.021 0.040

25th . 0.047 0.050 0.049 0.033 0.028 0.028 0.013 0.013 0.022

Percentile

Minimum(®) 0.001 0.001 0.001 0 0.001 0 0 0 0

Ice-covered Conditions®) (6 November 2020 to 21 May 2021)

Maximum 0.040 0.040 0.025 0.025 0.025

oth 0023 | 0019 | 0016 | 0016 | 0016

Percentile

Mean 0.017 0.014 0.012 0.011 0.012

(c) (c) (c) (d)

Median n/d n/d n/d n/d 0016 | 0013 | 0011 0011 | 0011

25th 0010 | 0009 | 0007 | 0007 | 0007

Percentile

Minimum(®) 0 0 0 0 0

Spring Open-Water Conditions® (25 May 2021 to 9-13 June 2021)

Maximum 0.062 0.063 0.060 0.060 0.060

oth 0.034 | 0.031 0.030 | 0030 | 0.031

Percentile

Mean 0.025 0.022 0.022 0.021 0.023

(c) (c) (c) (d)

Median n/d n/d n/d n/d 0022 | 0019 | 0019 0.018 | 0019

25th 0.013 | 0009 | 0.011 0011 | 0012

Percentile

Minimum(®) 0.001 0 0.001 0 0.001

Note: Statistics are based on all available data at 20-minute intervals for PL-North-Intake and PL-North-Outfall, and at 30-minute intervals for PL-South.

a) The acoustic Doppler current profiler had a horizontal velocity accuracy of 0.022 m/s or less however they record data to the nearest 0.001 m/s.

b) Data greater than the 95th percentile of the raw dataset were removed in quality control for the ice-covered and spring 2021 open-water conditions.

c) The data recorded for ice-covered and spring 2021 open-water conditions were rejected due to a placement error. The angle of placement was 28° from
level which exceeded quality control standards (QARTOD 2019).

d) Near-lake-bed data were rejected due to interference.

n/d = no data
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5.3.2 Patterson Lake Treated Effluent Diffuser Location

Patterson Lake currents at the PL-North-Outfall ADCP location for open-water conditions for the period from

9 July 2020 to 23 September 2020, ice-covered conditions for the period from 6 November 2020 to 21 May
2021, and for spring 2021 open-water conditions for the period from 25 May 2021 to 9 June 2021 are shown in
Figure 20. Tabular results from this analysis are provided in Appendix A (Tables 3-1 through 3-7).

For the 2020 open-water monitoring period, near-surface current speeds and directions shown in Figure 21
are from Cell 7, which had an average measurement height of 9.6 m above the lake bed (i.e., 1.4 m below the
water surface). The mid-profile is represented by data collected from Cell 4, which had an average
measurement height of 6.6 m above the lake bed (i.e., 4.4 m below the water surface). The near-lake-bed is
represented by data collected from Cell 1, which had an average measurement height of 6.6 m above the lake
bed.

For ice-covered and spring 2021 open-water conditions, near-surface current speeds and directions shown are
from Cell 3, which had an average measurement height of 6.5 m above the lake bed (i.e., 4.5 m below the
water surface). The mid-profile is represented by data collected from Cell 2, which had an average
measurement height of 4.5 m above the lake bed (i.e., 6.5 m below the water surface).

Current Direction

The Patterson Lake North Arm — West Basin is oriented southwest—northeast and it has relatively steep and
high topography that may influence local wind directions. The PL-North-Outfall ADCP location was exposed to
a maximum wind fetch of about 5 km in the North Arm — West Basin from the southwest.

At PL-North-Outfall during the 2020 open-water period, lake currents throughout the profile were
predominantly onshore between east-southeast and south-southwest 41% to 43% of the time, and less
frequently alongshore (i.e., moving southwest through west and northeast through east) 27% to 29% of the
time and offshore 28% to 30%.

The high frequency of onshore current directions may be related to the 4% to 5% more frequent west-
northwest and northwest winds during the 2020 lake currents observation period compared to the five-year
open-water period (Section 5.1).

For ice-covered conditions, lake currents near the surface were predominantly onshore between east
southeast and south-southwest 29% of the time, alongshore (i.e., moving southwest through west and
northeast through east) 22% of the time, offshore 11% of the time, and near-zero or screened out 38% of the
time (possibly due to interference from ice). Mid-profile lake currents were onshore 40% of the time,
alongshore 32% of the time, offshore 21% of the time, and near-zero or screened out in the quality control
process 7.4% of the time.

For spring 2021 open-water conditions, lake currents near the surface were predominantly onshore between
east southeast and south-southwest 49% of the time, offshore 24% of the time, alongshore 23% of the time,
and screened out 4.8% of the time. Mid-profile lake currents were predominantly onshore 42% of the time,
alongshore 35% of the time, offshore 20% of the time and screened out 3.5% of the time. There were no zero
or near-zero flows in this open-water record. During the spring 2021 lake currents observation period, winds
were nearly 8% more frequent from northwest and north directions than the six-year open-water period
(Appendix A, Table 1-1 and Table 1-3).
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Current Speed

A comparison of current speeds statistics for PL-North-Outfall during the 2020 open-water period, 2020 to
2021 ice-covered period, and spring 2021 open-water period at the various monitoring depths is provided in
Table 4.

The cumulative frequency curve for current speeds is shown in Figure 21. Results show current speeds were
similar throughout the profile at this location and the higher speeds occurred more frequently in south or
northeast directions. The slightly higher speeds near the lake bed may be related to the ADCP location being
near the edge of a drop-off (Figure 3). Median current speeds were between 0.041 m/s at the near-surface to
0.043 m/s near the lake bed. A comparison of current speeds statistics for the three ADCP locations is
provided in Table 4.

For ice-covered conditions (6 November 2020 to 21 May 2021), the median lake current speeds were
0.016 m/s for mid-profile (mean of 0.017 m/s) and 0.013 m/s for the near-surface (mean of 0.014 m/s)
(Table 4). Current speeds never exceeded 0.05 m/s.

For spring 2021 open-water conditions (25 May 2021 to 9 June 2021), the median lake current speeds were
0.024 m/s for mid-profile and 0.026 m/s for the near-surface (Figure 20). No current speed exceeded
0.075 m/s for the 2021 spring monitoring period.
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Figure 20: Frequency of Current Speed and Direction at Patterson Lake North Outfall — a) 2020 Open-Water Conditions, b) Ice-Covered Conditions, and c) Spring 2021 Open-Water Conditions
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Figure 21: Cumulative Frequency Curve for Patterson Lake North Outfall Current Speeds
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5.3.3 Patterson Lake South Fresh Water Intake Location

Patterson Lake currents at PL-South for the period from 8 July 2020 to 23 August 2020 for open-water
conditions, for the period from 7 November 2020 to 21 May 2021 for the ice-covered conditions, and for the
period from 25 May 2021 to 13 June 2021 during spring 2021 open-water conditions are shown in Figure 22.
Tabular results from this analysis are provided in Appendix A (Tables 4-1 through 4-9).

For 2020 open-water conditions, current speeds and directions shown in Figure 22 are from Cell 6, which had
an average measurement height of 2.9 m above the lake bed (i.e., 0.6 m below the water surface); this cell
represented the near-surface lake currents at this location. The mid-profile is represented by data collected
from Cell 4, which had an average measurement height of 2.1 m above the lake bed (i.e., 1.4 m below the
water surface). The near-lake bed currents are represented by data collected from Cell 2, which had an
average measurement height of 1.3 m above the lake bed (i.e., 2.2 m below the water surface).

For ice-covered and spring 2021 open-water conditions, current speeds and directions shown are from Cell 4,
which had an average measurement height of 2.2 m above the lake bed (i.e., 1.3 m below the water surface);
this cell represents the near-surface lake currents at this location. The mid-profile is represented by data
collected from Cell 3, which had an average measurement height of 1.7 m above the lake bed (i.e., 1.8 m
below the water surface). The near-lake-bed currents are represented by data collected from Cell 2, which had
an average measurement height of 1.2 m above the lake bed (i.e., 2.3 m below the water surface).
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Current Direction

Patterson Lake South Arm is oriented in a southwest to west-southwest and east-northeast to east direction.
The PL-South ADCP location is about 100 m from the north shore and is exposed to a maximum wind fetch of
about 5 km from the west-southwest, which corresponds with the dominant current directions.

For 2020 open-water conditions at PL-South, dominant current directions were bimodal, predominantly
alongshore in the same orientation as the waterbody (i.e., SW to WSW or ENE to E) 40% to 41% of the time at
all depths in the profile. The frequency of onshore currents (i.e., between W and NE in a clockwise direction)
was 31% to 36%. The frequency of offshore currents (i.e., ESE to SSW) was 23% to 27%.

For ice-covered conditions, dominant current directions were predominantly onshore 40% (for the
near-surface) to 51% (for the mid-profile) of the time. The frequency of offshore currents was between 12%
(for the near-surface) and 24% (for the near-lake-bed). The frequency of alongshore currents was 15% (for the
near surface) to between 24% and 25% (for the mid-profile and near-lake-bed, respectively). Ice-covered
condition lake currents were near-zero or screened out between 4.6% to 4.9% (for the near-lake-bed and
mid-profile, respectively) and 33.3% (for the near-surface).

For spring 2021 open-water conditions, dominant current directions were again predominantly onshore 42% to
44% of the time at all depths in the profile. The frequency of alongshore currents was 39% to 41%. The
frequency of offshore currents was 12% to 15%. Lake currents were near-zero or screened out between 3.0%
and 4.5% of the spring 2021 monitoring period.

Current Speed

The cumulative frequency curve for current speeds is shown in Figure 23. Results show current speeds were
relatively homogeneous throughout the water profile. Median current speeds ranged from 0.018 m/s to

0.024 m/s for all three depths during both open-water periods. Current speeds at this location (Figure 23) were
much lower than at the shallower PL-North Intake location (Figure 19), and somewhat lower at PL-North
Outfall (Figure 21). A comparison of current speed statistics for the three ADCP locations is provided in

Table 4.

For ice-covered conditions (i.e., November 2020 to May 2021), the median lake current speed was 0.016 m/s
for mid-profile and 0.013 m/s for the near-surface (Figure 23). There were no current speeds above 0.05 m/s.

For spring 2021 open-water conditions (25 May 2021 to 13 June 2021), the median lake current speed was
0.018 m/s for mid-profile and 0.019 m/s for near-surface and near-lake-bed (Figure 23). There was no current
speed higher than 0.075 m/s for this spring monitoring period.
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Figure 22: Frequency of Current Speeds and Directions at the Patterson Lake South Acoustic Doppler Current Profiler — a) 2020 Open-Water Conditions, b) Ice-Covered Conditions, and c) Spring 2021 Open-Water Conditions
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Figure 23: Cumulative Frequency Curve for Patterson Lake South
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534 Drogue Paths and Results

The GPS tracks, travel time, distance, and speeds were calculated for each of the drogues deployed in
Patterson Lake for the 2020 and 2021 field programs. The average and individual drogue paths are provided
in Figure 24, Figure 25, and Figure 26, and a summary of the drogue results is provided in Table 5. The
drogues were released from the three ADCP locations during a wide range of wind conditions. In general, the
drogues travelled downwind and tended to have lower current speeds corresponding with lower wind
conditions and higher current speeds corresponding with higher wind conditions.

The average speed of the drogues during the 2020 open-water period ranged between 0.069 m/s on 9 July
2020 and 0.192 m/s on 19 August 2020 at PL-North-Intake, from 0.024 m/s on 19 August 2022 to 0.050 m/s
on 23 September 2020 at PL-North-Outfall, and from 0.029 m/s on 23 August 2020 to 0.084 m/s on 26

September 2020 at PL-South.

The average speed of the drogues during the spring 2021 open-water period ranged between 0.020 m/s at PL
North-Intake and 0.046 m/s at PL-North-Outfall on 9 May 2021, and the average drogue speed was 0.038 m/s

at PL-South on 13 May 2021.
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Table 5: Summary of Drogue Deployment Results

Station ID

Release

Duration®

Mean
Distance

Mean

Drogue

Drogue
Travelled

Mean Wind
Direction and

Estimated
Dispersion

Drogues Deployed

Near-Surface ADCP
Directions and

travelled (m) Speed (m/s)

Rate (m?/s)

Speed (m/s) @

9 Jul 2020 12:15 49 min 202 0.069 NW NNW, 1.3 m/s | Not available®© 2 PVC drogues W, 0.057
19 Aug 2020 [12:30 — 16:42| 4 h 12 min 2,735 0.192 E, SE WNW, 4.4 m/s | Not available® | 2 PVC drogues SE, 0.084
24 Aug 2020 [09:04 —10:00| 4 h 36 min 1,107 0.098 WNW SE,3.8m/s | Notavailable® | 2 PVC Drogues N to NE, 0.086
PL-North- released an hour apart
Intake it
23Sep2020 | 11:04 4 h 4 min 1,634 0.111 N, then N\W | SSE, 4.8 m/s 10.2 3PVCdrogues | \NW Sg'f(')”zg@t)o SSE,
_ . ESE, 2.8- .
9 June 2021 10:52 4 h 15 min 325 0.020 NW 6.9 m/s 16.5 3 sail drogues No data
9 Jul 2020 09:30 2h 1 min 253 0.035 SSW NNW, 1.2 m/s 13.7 3 sail drogues SE, 0.050
11:48 5h 12 min 546 0.029 NE, then N W, 4.0 m/s 2 sail drogues. Variable, 0.042
. Separated into two
19 Aug 2020 Not available®
19 17:00 1h 36 min 136 0.024 SE W, 43mis | O ovanane paths based on Variable, 0.032
PL-North- change in direction
Outfall 24 Aug 2020 10:20 4 h 19 min 768 0.035 WNW SE, 4.0 m/s 6.48 3 sail drogues Variable, 0.036
23Sep2020 | 10:15 6 h 23 min 1,161 0050 | N IenNW. 1 oor 47 mis | Not available© | 2 Sail drogues (GPS N, 0.056 ©
then W issue)
9June 2021 |  9:08 5 h 53 min 978 0.046 | NofhenNW, | ESE, 2.8 11.0 3 sail drogues N to ENE, 0.026
then W 6.9 m/s
8Jul 2020 | 11-11:30 1h 10 min 60 0.014 S N, 5.0 m/s 16.6 3 PVC drogues SSE Sg'g;”(sg N,
23 Aug 2020 10:11 5h 4 min 533 0.029 Sw NNE, 1.5 m/s | Not available®© 2 PVC drogues no concurrent data ©
PL-South |26 Sep 2020 08:02 4 h 43 min 1,435 0.084 E WNW, 3.8 m/s 169 3 PVC drogues no concurrent data ©
29 Oct 2020 10:45 4 h 27 min 676 0.042 SE NW, 5.3 m/s 87.5 3 sail drogues no concurrent data @
13 June 2021 |  08:44 1h 43 min 225 0.038 ENE  |SW,3.3-5.0 mis 0.29 3sail drogues | VNW Sh(;fgq% to NNE,

a) Duration included in this table indicates time from release to the end of the edited drogue GPS track datasets. The datasets were edited to remove periods when GPS signals were lost or
when the drogues started to drag on the lake bed or reached shore.
b) Wind data are from the Rook | Meteorological Stations during the drogue deployment hours; wind directions indicate direction that the wind is coming from per World Meteorological
Organization standards (WMO 2018).

c) Data from three or more drogues are required to estimate dispersion rate.

d) Average ADCP current speed and direction are provided for the same time periods that the drogues were deployed. Current directions are the direction towards which the currents are
moving per industry standard convention (NOAA 2000; QARTOD 2019).
e) On these dates, ADCP data collection only partially overlapped the drogue deployment time periods and thus results represent only one or two ADCP samples.
f) On these dates, ADCP data collection did not overlap with the drogue deployment time periods and no direct comparison could be made.

PVC = polyvinyl chloride; NW = northwest, NNW = north-northwest, N = north, NNE = north-northeast, NE = northeast, E = east, SE = southeast, SSE = south- southeast, S = south,

SSW = south-southwest, SW = southwest, W = west, WNW = west-northwest; n/d = no data.
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5.3.5 Comparison of Concurrent Drogue and Acoustic Doppler Current Profiler
Results

A comparison of current speed and direction data collected during 2020 drogue deployments with concurrent
near-surface stationary ADCP measurements is presented in Table 6. The results were only compared when
the drogues were within 100 m of the ADCP (i.e., not the entire deployment period per Table 6), as the ADCP
measurements were stationary, whereas the drogues travelled across the lake surface over a period of hours.
The focus was on comparing the near-surface ADCP results with the drogue results to provide additional
confidence when these results agreed (Table 6).

Mean drogue speed (i.e., the average path speed of two or three drogues moving at the same time) was
usually lower than what was measured at the ADCPs, as the different drogues did not take identical paths. In
general, when the drogues had higher (i.e., faster) average speeds, the ADCP lake current speeds were also
higher, as observed at PL-North-Intake on 24 August 2020. The lowest drogue speeds were observed when
the current direction was actively shifting (e.g., at PL-North-Outfall on 24 August 2020), or if winds were light or
from offshore (e.g., at PL-South on 8 July 2020).

Current directions of the mean drogue direction and near-surface ADCP current direction were generally
aligned.

Table 6: Concurrent Drogue and Acoustic Doppler Current Profiler Results

Mean Drogue | Near-Surface

Concurrent Speed first ADCP Speed

Deployment Time

Mean Drogue Near-Surface ADCP Current

St DRl Direction Direction

100 m (m/s) @ (mi/s)
9 Jul 2020 12:15-12:41 0.069 0.087 NW W
PL-North-Intake | 24 Aug 2020 09:04-09:20 0.100 0.076 w NW to NE
23 Sep 2020 11:04-11:32 0.058 0.102 NW Variable NNW shifting to SSE
9 Jul 2020 10:20 0.046 0.055 SW ENE shifting to SE
19 Aug 2020 11:48-12:46 0.029 0.035 NE N to NE, SW
PL-North-Outfall 1= g 2020 | 08:39-10:05 0.019 0.037 w Variable
9 Jun 2021 09:08-15:00 0.076 0.026 N then NW N to ENE
PL-South 8 Jul 2020 11:00-13:34 0.013 0.014 S and SE SSE shifting to N
13 Jun 2021 08:44-10:27 0.029 0.019 NE then ENE WNW shifting to NNE

Note: Bold text indicates the Near-Surface ADCP observation for which comparison to drogue data is more appropriate.

a) observations were compared for the period when the drogues were within 100 m of the ADCP.

ADCP = acoustic Doppler current profiler; NW = northwest, NNW = north-northwest, N = north, NNE = north-northeast, NE = northeast,
E = east, SE = southeast, SSE = south- southeast, S = south, SSW = south-southwest, SW = southwest, W = west, WNW = west-
northwest.
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6.0 SUMMARY

Lake current patterns were monitored at three locations in Patterson Lake between July 2020 and June

2021 to improve understanding of lake currents near the anticipated locations of the Rook | Project submerged
north fresh water intake, treated sewage outfall, and treated effluent diffuser. Both open-water and under-ice
conditions were monitored.

The dominant lake current directions varied at each acoustic Doppler current profiler (ADCP) location and
were influenced by wind and local factors such as the orientation of the waterbody, steepness and height of
surrounding shorelines, and bathymetry. The observation period from July 2020 to September 2020 had
slightly windier conditions than those during the six-year open-water period wind record though average hourly
wind speeds were similar. Prevailing wind directions were similar for the 2020 observation period (Figure 12)
and 5-year open water period (Figure 11), with west-northwest and northwest being the most frequent,
followed by south-southeast.

In spring 2021, the most frequent wind directions were north-northwest, southeast, and north, and west-
northwest and northwest winds were much less frequent than the six-year open-water period record. The wind
speed classes recorded in spring 2021 were similar to the six-year record except that moderate wind speeds
between 3 m/s and 5 m/s were 2.5% more frequent, higher wind speeds from 5 m/s to 8 m/s were 1% less
frequent, and there were no winds exceeding 8 m/s.

Key findings for the Patterson Lake North Intake location (i.e., PL-North-Intake) for 2020 open-water conditions
only were as follows:

m Therange of observed current speeds was 0.001 m/s to 0.252 m/s.
m  Median current speed ranged from 0.079 m/s near-lake-bed to 0.083 m/s at mid-profile.
m  Average current speed was 0.081 m/s in the mid-profile.

m Dominant current directions at this location (i.e., southeast and east-southeast, followed by west-
northwest and west) were aligned with wind directions monitored at the Rook | Meteorological Station.

m The higher current speeds and agreement with wind direction results may be due to the East Basin being
more exposed to regional wind as the topography is relatively flat compared to other basins of Patterson
Lake.

Key findings for the Patterson Lake North Outfall (i.e., PL-North-Outfall) location were as follows:

m The range of observed current speeds observed during the 2020 open-water period in the mid-profile was
0.001 m/s to 0.192 m/s.

m Median current speed ranged from 0.041 m/s at near-surface and mid-profile to 0.043 m/s near the lake
bed.

m Average current speed was 0.042 m/s in the mid-profile, which is less than the assumed average current
speed of 0.055 m/s used in the conceptual diffuser design (based on wind speed) (Golder 2019) .
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Lake currents throughout the profile were predominantly onshore between east-southeast and south-
southwest 41% to 43% of the time, and less frequently alongshore (i.e., moving southwest through west
and northeast through east) 27% to 29% of the time and offshore 28% to 30%. Local wind speed and
direction may be affected by the topography around the Patterson Lake North Arm — West Basin, which
may have an influence on current speeds.

The high frequency of onshore current directions at PL-North-Outfall may be related to the 4% to 5%
more frequent west-northwest and northwest winds during the 2020 lake current observation period
compared to the six-year open-water period. However, it is not certain if onshore lake currents are
normally more frequent than alongshore currents during the open-water period.

Lake bathymetry near the ADCP location may also be an important factor affecting current directions and
speeds in the water column, particularly near the lake bed. The slope of the lake bed is relatively steep,
with a drop-off just north and northwest of the ADCP location (Figure 24), and the drogue paths appeared
to follow the edge of the drop-off.

Lake currents during the under-ice period were significantly lower than during the open-water periods due
to the lack of wind stress on the surface. The median lake current speed was 0.016 m/s for mid-profile
and 0.013 m/s for the near-surface, and no current speeds exceeded 0.05 m/s. The lake current speeds
were less than 0.005 m/s about 5.5% of the time for mid-profile and 5.0% of the time for near-surface,
and calm for 0.2% of the time near-surface to 0.4% (mid-profile). Due to interference with ice, about 38%
of the near-surface ADCP data needed to be screened out.

The median lake current speed was 0.024 m/s for mid-profile and 0.026 m/s for near-surface during the
early spring of 2021. These current speeds are less than for the 2020 open-water period; this may be due
to the lower wind speeds during the 2021 spring open-water period.

For the Patterson Lake South Location (PL-South), key findings were as follows:

The range of measured current speeds in the mid-profile was from zero to 0.168 m/s.

For the 2020 open-water monitoring period, median current speeds were 0.400 m/s at the near-surface,
0.021 m/s in mid-profile and near-lake bed.

Lake currents during the under-ice period were much less than during the open-water periods due to the
lack of wind stress on the surface. The median lake current speed was 0.016 m/s for mid-profile and
0.013 m/s for the near-surface, and there were no current speeds above 0.05 m/s. The lake current
speeds were less than 0.005 m/s 13.0% of the time for near-lake bed, 13.5% of the time for the mid-
profile, and 7.9% of the time for near-surface. Lake currents were calm for 0.3% of the time near-surface,
and 0.5% for the mid-profile and near-lake bed.

For the 2020 open water period, the near-surface, mid-profile, and near-lake bed current directions were
bimodal, predominantly alongshore in the same orientation as the Patterson Lake — South Arm occurring
40% to 41% of the time. Currents were onshore between 31% and 36% of the time and offshore the
remaining time.

For ice-covered conditions, dominant current directions were predominantly onshore (40% of the time for
the near-surface and 51% of the time for the mid-profile).
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m For spring 2021 open-water conditions, dominant current directions were again predominantly onshore
42% to 44% of the time at all depths in the profile. The frequency of alongshore currents was 39% to
41%. The frequency of offshore currents was 12% to 15%.

Although the general direction of flow through Patterson Lake is from the North Arm — East Basin, through the
narrows to North Arm — West Basin, and out through the South Arm, this overall flow may not have influenced
lake currents during the open-water period in 2020 or early spring 2021, nor did it appear to influence lake
current directions during the ice-covered period.

7.0 CLOSING

WSP is pleased to submit this report to NexGen in support of the environmental assessment for the Rook |
Project. For details on the limitations and use of information presented in this report, please refer to the Study
Limitations section following this page. If you have any questions or require additional details related to this
study, please contact the undersigned.

WSP Canada Inc.

Prepared by:

Ross Phillips, M.Sc., P.Eng.
Principal Water Resource Engineer

Reviewed by:
Association of Professional Engineers & Geoscientists
of Saskatchewan
CERTIFICATE OF AUTHORIZATION
WSP Canada Inc.

Gerard Van Arkel, M.Eng. Number CO868
Associate, Senior Water Resources Specialist Permission to Consuft held by:

Discipline Sk. Reg. No. Signature
JH/RP/GVArd P74 ﬁ 1272 %A f
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STUDY LIMITATIONS

This report has been prepared by WSP Canada Inc. (WSP) for NexGen Energy Ltd. (Client) and for the
express purpose of supporting the Environmental Assessment (EA) of the proposed Rook | Project. This report
is provided for the exclusive use by the Client. WSP authorizes use of this report by other parties involved in,
and for the specific and identified purpose of, the EA review process. Any other use of this report by others is
prohibited and is without responsibility to WSP.

The report, all plans, data, drawings and other documents as well as all electronic media prepared by WSP
are considered its professional work product and are not to be modified, amended, excerpted or revised. The
report, all plans, data, drawings and other documents as well as all electronic media prepared by WSP shall
remain the copyright property of WSP, who authorizes the Client to make copies of the report or any portion
thereof, but only in such quantities as are reasonably necessary for the specific purpose set out herein. The
Client may not give, lend, sell, or otherwise make available the report or any portion thereof to any other party
without the express prior written permission of WSP.

WSP has prepared this report in a manner consistent with that level of care and skill ordinarily exercised by
members of the engineering and science professions currently practicing under similar conditions in the
jurisdiction in which the services are provided, subject to the time limits and physical constraints applicable to
this report. No other warranty expressed or implied is made. The findings and conclusions documented in this
report have been prepared for the specific site, design objective, development and purpose described to WSP
by the Client. The factual data, interpretations and recommendations pertain to a specific project as described
in this report and are not applicable to any other project or site location. Any change of or variation in the site
conditions, purpose or development plans, or if the project is not initiated within a reasonable time frame after
the date of this report, may alter the validity of the report.

The scope and the period of WSP’s services are as described in WSP’s proposal, and are subject to
restrictions and limitations. WSP did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site referenced in the report. If a service is not expressly indicated, do not
assume it has been provided. If a matter is not addressed, do not assume that any determination has been
made by WSP in regard to it. Any assessments, designs and advice made in this report are based on the
conditions indicated from published sources and the investigation described. No warranty is included, either
express or implied, that the actual conditions will conform exactly to the assessments contained in this report.
Where data supplied by the Client or other external sources (including without limitation, other consultants,
laboratories, public databases), including previous site investigation data, have been used, it has been
assumed that the information is correct unless otherwise stated. No responsibility is accepted by WSP for
incomplete or inaccurate data supplied by others.

The passage of time affects the information and assessment provided in this report. WSP’s opinions are based
upon information that existed at the time of the production of the report. The Services provided allowed WSP
to form no more than an opinion of the actual conditions of the site at the time the site was visited and cannot
be used to assess the effect of any subsequent changes in the quality of the site, or its surroundings, or any
laws or regulations.

wsp -



Patterson Lake Currents Assessment Report
Rook | Project May 2023

The report is of a summary nature and is not intended to stand alone without reference to the instructions
given to WSP by the Client, communications between WSP and the Client, and to any other reports prepared
by WSP for the Client relative to the specific site described in the report. In order to properly understand the
suggestions, recommendations and opinions expressed in this report, reference must be to the foregoing and
to the entirety of the report. WSP cannot be responsible for use of portions of the report without reference to
the entire report.

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client
and were prepared for the specific purpose set out herein. Any use which a third party makes of this report, or
any reliance on or decisions to be made based on it, is the responsibility of such third parties. WSP accepts no
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions based on
this report.
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Table 1-1: Wind Speed and Direction Frequency at Rook | Meteorolo

APPENDIX A
Wind Rose and Lake Currents Rose Statistics

gical Station for the Open Water Period from May 2016 to October 2021

Average Direction

Wind Speed, WS (m/s)

Direction Direction Interval (*) ©) 0.55WS<1.5 1.55WS<3 3<Ws<5 5<WS<8 8<WS<10 WS210 TOTAL
N [348.75 . 11.25] 0 0.5% 1.4% 1.9% 0.8% 0.0% 0.0% 4.7%
NNE [11.25 , 33.75] 225 0.6% 1.7% 1.3% 0.5% 0.0% 0.0% 41%
NE [33.75 , 56.25] 45 0.4% 1.9% 1.8% 0.4% 0.0% 0.0% 4.5%
ENE [56.25 , 78.75] 675 0.3% 1.7% 1.4% 0.2% 0.0% 0.0% 37%
E [78.75 . 101.25] 90 0.2% 1.4% 1.7% 0.6% 0.0% 0.0% 41%
ESE [101.25 , 123.75] 1125 0.3% 1.9% 2.0% 0.6% 0.0% 0.0% 4.8%
SE [123.75 , 146.25] 135 0.4% 2.2% 2.6% 1.2% 0.1% 0.0% 6.4%
SSE [146.25 , 168.75] 1575 0.4% 2.5% 45% 1.7% 0.0% 0.0% 91%
S [168.75 , 191.25] 180 0.2% 2.2% 43% 1.4% 0.0% 0.0% 8.2%
SSW [191.25 , 213.75] 2025 0.3% 1.9% 2.8% 0.6% 0.0% 0.0% 56%
SW [213.75 , 236.25] 225 0.3% 1.8% 3.0% 0.9% 0.1% 0.0% 6.0%
WSW [236.25 , 258.75] 2475 0.4% 2.2% 2.4% 0.6% 0.0% 0.0% 56%
W [258.75 , 281.25] 270 0.5% 2.3% 2.0% 0.9% 0.0% 0.0% 57%
WNW [281.25 , 303.75] 2925 0.4% 2.4% 3.9% 2.3% 0.4% 01% 9.5%
NW [303.75 , 326.25] 315 0.3% 2.0% 37% 3.4% 0.5% 01% 10.0%
NNW [326.25 , 348.75] 3375 0.4% 1.8% 2.7% 1.9% 0.3% 0.0% 7.2%
Total [0, 360] TOTAL 6.0% 31.3% 421% 18.0% 1.6% 0.2% 99.2%
Other No Direction Wind Speed =0 0.3%
Missing Data - - 0.5%

N = north; S = south; E = east; W = west.
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Table 1-2: Wind Speed and Direction Frequency at Rook | Meteorological Station for July to September 2020
. . . . o | Average Direction Wind Speed, Wg (m/s
Direction Direction Interval (*) ° ©) 0.55Ws<1.5 1.55Ws<3 3<Wg<5 p5sws<as o) 8<Wg<10 Ws=10 TOTAL
N [348.75, 11.25] 0 0.5% 1.4% 1.9% 0.3% 0.0% 0.0% 4.2%
NNE [11.25, 33.75] 22.5 0.3% 1.7% 0.6% 0.0% 0.0% 0.0% 2.7%
NE [33.75, 56.25] 45 0.3% 1.0% 1.0% 0.5% 0.0% 0.0% 2.7%
ENE [56.25 , 78.75] 67.5 0.3% 0.8% 0.8% 0.3% 0.0% 0.0% 2.2%
E [78.75, 101.25] 90 0.1% 0.7% 1.2% 1.4% 0.0% 0.0% 3.4%
ESE [101.25, 123.75] 112.5 0.5% 1.3% 3.0% 1.3% 0.0% 0.0% 6.2%
SE [123.75, 146.25] 135 0.7% 2.5% 2.4% 1.4% 0.0% 0.0% 7.0%
SSE [146.25 , 168.75] 157.5 0.4% 2.7% 3.9% 1.9% 0.0% 0.0% 9.0%
S [168.75, 191.25] 180 0.2% 1.8% 2.1% 1.0% 0.0% 0.0% 5.2%
SSW [191.25, 213.75] 202.5 0.1% 1.6% 1.3% 0.5% 0.0% 0.0% 3.4%
SW [213.75, 236.25] 225 0.2% 1.5% 2.0% 1.1% 0.1% 0.0% 5.0%
WSwW [236.25 , 258.75] 247.5 0.1% 2.3% 3.0% 1.0% 0.0% 0.0% 6.4%
W [258.75 , 281.25] 270 0.3% 2.6% 2.4% 0.7% 0.0% 0.0% 6.1%
WNW [281.25, 303.75] 292.5 0.5% 3.6% 5.2% 4.6% 0.5% 0.3% 14.6%
NW [303.75, 326.25] 315 0.4% 2.3% 5.1% 5.0% 0.9% 0.3% 14.0%
NNW [326.25 , 348.75] 337.5 0.5% 2.5% 3.3% 1.5% 0.1% 0.0% 7.9%
Total [0, 360] TOTAL 5.4% 30.3% 39.3% 22.5% 1.7% 0.6% 99.8%
Other No Direction Wind Speed < 0.5 0.2%
Missing Data - - 0.0%

N = north; S = south; E = east; W = west.
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Table 1-3: Wind Speed and Direction Frequency at Rook | Meteorological Station for 25 May to 13 June 2021
. . . . o | Average Direction Wind Speed, Wg (m/s)
Direction Direction Interval (*) ©) 0.55Ws<1.5 1.55Ws<3 3<Wg<5 5<W<8 8<Wg<10 Ws=10 TOTAL
N [348.75, 11.25] 0 1.0% 2.1% 6.9% 0.2% 0.0% 0.0% 10.2%
NNE [11.25, 33.75] 22.5 0.2% 1.9% 0.8% 0.8% 0.0% 0.0% 3.8%
NE [33.75, 56.25] 45 0.0% 1.3% 0.8% 0.0% 0.0% 0.0% 2.1%
ENE [56.25 , 78.75] 67.5 0.0% 0.8% 0.0% 0.0% 0.0% 0.0% 0.8%
E [78.75, 101.25] 90 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.2%
ESE [101.25, 123.75] 112.5 0.2% 0.8% 1.7% 4.4% 0.0% 0.0% 7.1%
SE [123.75, 146.25] 135 0.2% 1.9% 4.4% 4.2% 0.0% 0.0% 10.6%
SSE [146.25 , 168.75] 157.5 0.6% 2.3% 2.3% 3.1% 0.0% 0.0% 8.4%
S [168.75, 191.25] 180 0.6% 0.6% 1.3% 0.6% 0.0% 0.0% 3.1%
SSW [191.25, 213.75] 202.5 0.0% 2.1% 1.0% 0.0% 0.0% 0.0% 3.1%
SW [213.75, 236.25] 225 0.0% 1.3% 3.3% 1.7% 0.0% 0.0% 6.3%
WSwW [236.25 , 258.75] 247.5 0.2% 2.7% 5.6% 0.8% 0.0% 0.0% 9.4%
W [258.75 , 281.25] 270 0.0% 4.0% 3.5% 0.8% 0.0% 0.0% 8.4%
WNW [281.25, 303.75] 292.5 0.4% 3.3% 2.3% 0.2% 0.0% 0.0% 6.3%
NW [303.75, 326.25] 315 1.0% 2.3% 2.7% 0.2% 0.0% 0.0% 6.3%
NNW [326.25 , 348.75] 337.5 0.4% 3.3% 5.0% 4.4% 0.0% 0.0% 13.2%
Total [0, 360] TOTAL 5.0% 30.9% 41.8% 21.5% 0.0% 0.0% 99.2%
Other No Direction Wind Speed =0 0.8%
Missing Data - - 0.0%

N = north; S = south; E = east; W = west.
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Table 2-1: 2020 Open Water Period Lake Current Speed and Direction Frequency at PL-North-Intake (Near-Surface)

R R - | Average Direction Current Speed, Cs (m/s)
Current Direction | Direction Interval () ©) 0<C,<0.005 0.0055C;<0.025 0.0255C,<0.05 0.055C,<0.075 0.0755C,<0.1 C20.1 TOTAL
N [348.75, 11.25] 0 0.0% 0.6% 1.4% 1.0% 1.6% 0.5% 5.1%
NNE [11.25, 33.75] 22.5 0.1% 0.8% 1.4% 1.2% 1.6% 1.0% 6.2%
NE [33.75, 56.25] 45 0.0% 0.5% 1.0% 1.3% 2.1% 1.4% 6.3%
ENE [56.25 , 78.75] 67.5 0.0% 0.4% 1.0% 1.1% 2.1% 1.5% 6.1%
E [78.75, 101.25] 90 0.0% 0.3% 0.9% 1.0% 3.2% 2.0% 7.4%
ESE [101.25, 123.75] 112.5 0.1% 0.4% 0.4% 0.5% 3.6% 4.6% 9.5%
SE [123.75 , 146.25] 135 0.0% 0.2% 0.3% 0.4% 2.7% 7.7% 11.3%
SSE [146.25 , 168.75] 157.5 0.0% 0.3% 0.3% 0.4% 2.1% 3.8% 7.0%
S [168.75 , 191.25] 180 0.0% 0.4% 0.2% 0.3% 0.9% 0.5% 2.4%
SSwW [191.25, 213.75] 202.5 0.0% 0.5% 0.6% 0.4% 0.5% 0.1% 2.1%
SW [213.75 , 236.25] 225 0.0% 0.3% 0.9% 0.7% 0.5% 0.2% 2.5%
WSW [236.25 , 258.75] 247.5 0.1% 0.5% 1.2% 1.2% 1.2% 0.5% 4.6%
w [258.75 , 281.25] 270 0.0% 0.5% 1.8% 2.6% 1.9% 1.2% 8.0%
WNW [281.25 , 303.75] 292.5 0.0% 1.0% 2.0% 2.6% 2.0% 1.3% 8.9%
NW [303.75 , 326.25] 315 0.0% 0.6% 1.8% 2.6% 1.5% 0.5% 7.2%
NNW [326.25 , 348.75] 337.5 0.0% 0.7% 1.5% 1.6% 1.2% 0.4% 5.4%
Total [0, 360] TOTAL 0.3% 8.1% 16.7% 18.9% 28.8% 27 1% 100.0%
Other No Direction Current Speed =0 0.0%
Missing Data - - 0.0%

N = north; S = south; E = east; W = west.
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APPENDIX A
Wind Rose and Lake Currents Rose Statistics

Table 2-2: 2020 Open Water Period Lake Current Speed and Direction Frequency at PL-North-Intake (Mid-Profile)

R R - | Average Direction Current Speed, Cs (m/s)
Current Direction | Direction Interval () ©) 0<C,<0.005 0.0055C;<0.025 0.0255C,<0.05 0.055C,<0.075 0.0755C,<0.1 C20.1 TOTAL
N [348.75, 11.25] 0 0.0% 0.6% 1.2% 1.0% 1.5% 0.7% 5.0%
NNE [11.25, 33.75] 22.5 0.1% 0.5% 1.1% 1.1% 1.7% 1.0% 5.6%
NE [33.75, 56.25] 45 0.0% 0.4% 1.0% 1.0% 1.8% 1.6% 5.9%
ENE [56.25 , 78.75] 67.5 0.0% 0.4% 0.8% 0.9% 2.3% 2.2% 6.6%
E [78.75, 101.25] 90 0.0% 0.2% 0.6% 0.9% 2.2% 3.1% 7.0%
ESE [101.25, 123.75] 112.5 0.1% 0.4% 0.7% 0.4% 2.9% 5.7% 10.2%
SE [123.75 , 146.25] 135 0.0% 0.2% 0.4% 0.3% 2.3% 7.7% 11.0%
SSE [146.25 , 168.75] 157.5 0.0% 0.3% 0.5% 0.2% 1.4% 3.8% 6.2%
S [168.75 , 191.25] 180 0.0% 0.3% 0.3% 0.2% 0.8% 0.8% 2.4%
SSwW [191.25, 213.75] 202.5 0.1% 0.5% 0.8% 0.5% 0.6% 0.1% 2.5%
SW [213.75 , 236.25] 225 0.0% 0.4% 0.7% 0.7% 0.6% 0.1% 2.6%
WSW [236.25 , 258.75] 247.5 0.0% 0.6% 1.5% 1.4% 1.3% 0.5% 5.3%
w [258.75 , 281.25] 270 0.0% 0.5% 1.9% 2.7% 2.0% 1.8% 9.0%
WNW [281.25 , 303.75] 292.5 0.0% 0.7% 21% 2.9% 2.2% 1.1% 9.0%
NW [303.75 , 326.25] 315 0.0% 0.5% 2.0% 2.1% 1.6% 0.7% 6.9%
NNW [326.25 , 348.75] 337.5 0.0% 0.5% 1.6% 1.5% 0.9% 0.4% 4.9%
Total [0, 360] TOTAL 0.4% 71% 17.1% 17.8% 26.2% 31.4% 100.0%
Other No Direction Current Speed =0 0.0%
Missing Data - - 0.0%

N = north; S = south; E = east; W = west.
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APPENDIX A

Table 2-3: 2020 Open Water Period Lake Current Speed and Direction Frequency at PL-North-Intake (Near Lake Bed)

Wind Rose and Lake Currents Rose Statistics

Average Direction

Current Speed, Cs (m/s)

Current Direction | Direction Interval () ©) 0<C,<0.005 0.0055C;<0.025 0.0255C,<0.05 0.055C,<0.075 0.0755C,<0.1 C20.1 TOTAL
N [348.75 , 11.25] 0 0.0% 0.7% T4% 1.0% 13% 0.4% 4.8%
NNE [11.25 , 33.75] 225 0.1% 0.7% 12% 1% 1.5% 0.8% 5.3%
NE [33.75 , 56.25] 45 0.0% 0.5% 1.0% 11% 2.0% 1.4% 5.9%
ENE [56.25 , 78.75] 675 0.0% 0.3% 0.9% 1% 3.1% 1.7% 71%
E [78.75 , 101.25] 90 0.0% 0.3% 0.6% 0.7% 2.7% 3.1% 7.5%

ESE [101.25 , 123.75] 1125 0.0% 0.5% 0.6% 0.5% 3.4% 5.2% 10.2%

SE [123.75 , 146.25] 135 0.0% 0.3% 0.3% 0.3% 3.1% 7.7% 7%
SSE [146.25 , 168.75] 1575 0.0% 0.3% 0.3% 0.3% 1.8% 2.9% 5.6%
s [168.75 , 191.25] 180 0.0% 0.2% 0.4% 0.2% 0.9% 0.2% 2.0%
SSW [191.25 , 213.75] 2025 0.1% 0.5% 0.9% 0.4% 0.6% 0.1% 2.5%
SW [213.75 , 236.25] 225 0.0% 0.3% 1.0% 0.9% 0.5% 0.1% 2.8%
WSW [236.25 , 258.75] 2475 0.0% 0.5% 1.8% 1.7% 0.8% 0.5% 5.4%
W [258.75 , 281.25] 270 0.0% 0.8% 2.2% 2.5% 1.8% 0.9% 8.1%
WNW [281.25 , 303.75] 2925 0.0% 0.6% 2.3% 3.0% 2.4% 0.8% 9.2%
NW [303.75 , 326.25] 315 0.0% 0.9% 2.1% 2.2% 11% 0.5% 6.8%
NNW [326.25 , 348.75] 3375 0.1% 0.6% 7% 1.5% 1% 0.3% 5.2%

Total [0, 360] TOTAL 0.4% 8.1% 18.6% 18.4% 28.1% 26.5% 100.0%
Other No Direction Current Speed =0 0.0%
Missing Data - - 0.0%

N = north; S = south; E = east; W = west.
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Table 3-1: 2020 Open Water Period Lake Current Speed and Direction Frequency at PL-North-Outfall (Near-Surface)

APPENDIX A

Wind Rose and Lake Currents Rose Statistics

Current Direction

Average Direction

Current Speed, Cs (m/s)

Direction Interval () ©) 0<C.<0.005 0.0055C,<0.025 | 0.0255C,<0.05 | 0.055C.<0.075 0.075C,<0.1 Cs20.1 TOTAL

N [348.75 , 11.25] 0 0.0% 1.0% 31% 1.5% 0.5% 0.1% 6.3%
NNE [11.25 , 33.75] 225 0.1% 1.3% 3.7% 1.0% 0.3% 0.1% 6.4%
NE [33.75 , 56.25] 45 0.0% 1.3% 3.3% 1.0% 0.1% 0.0% 57%
ENE [56.25 , 78.75] 67.5 0.1% 1.3% 2.8% 1.0% 0.1% 0.0% 5.3%
E [78.75 , 101.25] 90 0.0% 11% 3.6% 1.7% 0.1% 0.0% 6.6%
ESE [101.25 , 123.75] 112.5 0.1% 1.9% 4.6% 2.5% 0.4% 0.1% 9.6%
SE [123.75 , 146.25] 135 0.0% 1.6% 4.5% 31% 0.7% 0.1% 9.9%
SSE [146.25 , 168.75] 157.5 0.1% 1.4% 5.0% 2.6% 0.6% 0.1% 9.8%
s [168.75 , 191.25] 180 0.1% 1% 4.0% 1.8% 0.4% 0.2% 7.6%
SSW [191.25 , 213.75] 202.5 0.1% 1.3% 3.3% 1.3% 0.1% 0.0% 6.1%
SW [213.75 , 236.25] 225 0.0% 1.0% 1.8% 0.7% 0.1% 0.0% 3.6%
WSW [236.25 , 258.75] 2475 0.0% 0.7% 1.8% 0.2% 0.1% 0.0% 2.9%
w [258.75 , 281.25] 270 0.0% 0.8% 16% 0.7% 0.1% 0.0% 31%
WNW [281.25 , 303.75] 292.5 0.1% 0.9% 2.1% 12% 0.1% 0.0% 4.4%
NW [303.75 , 326.25] 315 0.0% 0.9% 2.9% 1.4% 0.3% 0.0% 5.5%
NNW [326.25 , 348.75] 337.5 0.0% 1% 3.5% 17% 0.5% 0.1% 7.0%
Total [0, 360] TOTAL 0.8% 18.6% 51.6% 23.6% 4.4% 0.8% 99.9%
Other No Direction Current Speed = 0 0.1%
Missing Data - - 0.0%

N = north; S = south; E = east; W = west.
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Table 3-2: 2020 Open Water Period Lake Current Speed and Direction Frequency at PL-North-Outfall (Mid-Profile)

APPENDIX A

Wind Rose and Lake Currents Rose Statistics

Current Direction

Average Direction

Current Speed, Cs (m/s)

Direction Interval () ©) 0<C.<0.005 0.0055C,<0.025 | 0.0255C,<0.05 | 0.055C.<0.075 0.075C,<0.1 Cs20.1 TOTAL
N [348.75 , 11.25] 0 0.0% 0.7% 2.9% 1.4% 0.2% 0.1% 5.4%
NNE [11.25 , 33.75] 225 0.1% 1.5% 3.0% 1.3% 0.1% 0.0% 5.9%
NE [33.75 , 56.25] 45 0.0% 11% 2.5% 0.6% 0.0% 0.0% 4.2%
ENE [56.25 , 78.75] 67.5 0.0% 1.2% 2.9% 0.5% 0.0% 0.0% 4.6%
E [78.75 , 101.25] 90 0.0% 11% 2.7% 1.1% 0.1% 0.0% 51%
ESE [101.25 , 123.75] 112.5 0.1% 17% 3.6% 1.8% 0.1% 0.0% 7.4%
SE [123.75 , 146.25] 135 0.0% 1.4% 3.9% 2.1% 0.7% 0.1% 8.2%
SSE [146.25 , 168.75] 157.5 0.0% 12% 4.3% 2.7% 11% 0.4% 9.6%
s [168.75 , 191.25] 180 0.0% 12% 4.1% 2.5% 0.7% 0.2% 8.8%
SSW [191.25 , 213.75] 202.5 0.1% 1.6% 3.3% 17% 0.5% 0.1% 7.4%
SW [213.75 , 236.25] 225 0.0% 12% 2.7% 12% 0.1% 0.1% 5.5%
WSW [236.25 , 258.75] 2475 0.0% 1% 2.5% 0.7% 0.1% 0.0% 4.4%
w [258.75 , 281.25] 270 0.0% 1.0% 2.4% 0.9% 0.2% 0.0% 4.5%
WNW [281.25 , 303.75] 292.5 0.1% 1.4% 2.9% 1.3% 0.2% 0.1% 6.0%
NW [303.75 , 326.25] 315 0.0% 1% 3.4% 16% 0.2% 0.1% 6.3%
NNW [326.25 , 348.75] 337.5 0.1% 0.9% 3.2% 1.9% 0.3% 0.3% 6.6%

Total [0, 360] TOTAL 0.7% 19.3% 50.3% 23.5% 4.7% 1.6% 100.0%
Other No Direction Current Speed = 0 0.0%
Missing Data - - 0.0%

N = north; S = south; E = east; W = west.
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APPENDIX A

Wind Rose and Lake Currents Rose Statistics

Table 3-3: 2020 Open Water Period Lake Current Speed and Direction Frequency at PL-North-Outfall (Near Lake Bed)

Current Direction Direction Interval (°) Average Direction Current Speed, Cs (m/s)
©) 0<C;<0.005 0.005<C¢<0.025 0.025<Cs<0.05 0.05<C¢<0.075 0.075<Cs<0.1 Cs20.1 TOTAL
N [348.75 , 11.25] 0 0.1% 1.1% 2.8% 1.0% 0.1% 0.0% 5.2%
NNE [11.25, 33.75] 22.5 0.0% 1.2% 2.6% 0.7% 0.1% 0.0% 4.5%
NE [33.75 , 56.25] 45 0.0% 0.8% 2.4% 0.5% 0.0% 0.0% 3.7%
ENE [56.25 , 78.75] 67.5 0.1% 1.2% 2.5% 0.4% 0.0% 0.0% 4.3%
E [78.75, 101.25] 90 0.2% 1.3% 2.5% 0.8% 0.0% 0.0% 4.8%
ESE [101.25, 123.75] 112.5 0.1% 1.3% 3.8% 1.4% 0.2% 0.0% 6.7%
SE [123.75, 146.25] 135 0.0% 1.4% 4.1% 2.2% 0.8% 0.2% 8.7%
SSE [146.25, 168.75] 157.5 0.1% 1.5% 4.2% 3.2% 1.5% 0.6% 11.1%
S [168.75, 191.25] 180 0.1% 1.2% 3.6% 2.7% 1.1% 0.3% 9.1%
SSW [191.25, 213.75] 202.5 0.0% 1.2% 3.5% 1.9% 0.5% 0.1% 7.3%
SW [213.75, 236.25] 225 0.0% 1.0% 2.8% 1.3% 0.2% 0.1% 5.5%
WSW [236.25, 258.75] 247.5 0.1% 1.0% 2.5% 1.0% 0.1% 0.1% 4.8%
W [258.75 , 281.25] 270 0.1% 1.2% 2.8% 1.2% 0.2% 0.0% 5.5%
WNW [281.25, 303.75] 292.5 0.1% 1.1% 2.9% 1.7% 0.4% 0.1% 6.2%
NW [303.75, 326.25] 315 0.1% 1.0% 2.5% 1.9% 0.6% 0.2% 6.2%
NNW [326.25, 348.75] 337.5 0.0% 1.3% 3.0% 1.5% 0.4% 0.1% 6.3%
Total [0, 360] TOTAL 1.1% 18.7% 48.5% 23.5% 6.2% 2.0% 100.0%
Other No Direction Current Speed = 0 0.0%
Missing Data - - 0.0%

N = north; S = south; E = east; W = west.
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APPENDIX A

Wind Rose and Lake Currents Rose Statistics

Table 3-4: Ice-Covered Period Lake Current Speed and Direction Frequency at PL-North-Outfall (Near-Surface)

Current Direction Direction Interval (°) Average Direction Current Speed, Cs (m/s)

(°) 0<C;<0.005 0.005<C¢<0.025 0.025<Cs<0.05 0.05<C¢<0.075 0.075<Cs<0.1 Cs20.1 TOTAL

N [348.75, 11.25] 0 0.4% 1.9% 0.1% 0.0% 0.0% 0.0% 2.5%

NNE [11.25, 33.75] 22.5 0.4% 1.4% 0.1% 0.0% 0.0% 0.0% 1.8%

NE [33.75 , 56.25] 45 0.2% 2.2% 0.2% 0.0% 0.0% 0.0% 2.6%

ENE [56.25 , 78.75] 67.5 0.2% 2.8% 0.3% 0.0% 0.0% 0.0% 3.3%

E [78.75, 101.25] 90 0.5% 4.0% 0.5% 0.0% 0.0% 0.0% 4.9%

ESE [101.25, 123.75] 112.5 0.3% 4.4% 0.6% 0.0% 0.0% 0.0% 5.3%

SE [123.75, 146.25] 135 0.3% 4.8% 0.9% 0.0% 0.0% 0.0% 6.0%

SSE [146.25, 168.75] 157.5 0.3% 5.4% 1.3% 0.0% 0.0% 0.0% 6.9%

S [168.75, 191.25] 180 0.4% 4.7% 0.8% 0.0% 0.0% 0.0% 5.9%

SSW [191.25, 213.75] 202.5 0.2% 4.3% 0.6% 0.0% 0.0% 0.0% 5.2%

SW [213.75, 236.25] 225 0.3% 3.4% 0.5% 0.0% 0.0% 0.0% 4.2%

WSW [236.25 , 258.75] 247.5 0.4% 3.1% 0.4% 0.0% 0.0% 0.0% 3.9%

W [258.75 , 281.25] 270 0.3% 2.6% 0.2% 0.0% 0.0% 0.0% 3.2%

WNW [281.25, 303.75] 292.5 0.3% 1.7% 0.3% 0.0% 0.0% 0.0% 2.3%

NW [303.75, 326.25] 315 0.1% 1.7% 0.1% 0.0% 0.0% 0.0% 2.0%

NNW [326.25, 348.75] 337.5 0.2% 1.6% 0.2% 0.0% 0.0% 0.0% 2.0%

Total [0, 360] TOTAL 4.8% 50.0% 7.1% 0.0% 0.0% 0.0% 61.9%

Other No Direction Current Speed = 0 0.2%
Missing Data - - 37.9%

N = north; S = south; E = east; W = west.
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APPENDIX A

Wind Rose and Lake Currents Rose Statistics

Table 3-5: Ice-Covered Period Lake Current Speed and Direction Frequency at PL-North-Outfall (Mid-Profile)

Current Direction Direction Interval (°) Average Direction Current Speed, Cs (m/s)
(°) 0<C;<0.005 0.005<C¢<0.025 0.025<Cs<0.05 0.05<C¢<0.075 0.075<Cs<0.1 Cs20.1 TOTAL
N [348.75, 11.25] 0 0.5% 3.8% 0.9% 0.0% 0.0% 0.0% 5.2%
NNE [11.25, 33.75] 22.5 0.3% 3.3% 0.9% 0.0% 0.0% 0.0% 4.6%
NE [33.75 , 56.25] 45 0.2% 4.0% 1.1% 0.0% 0.0% 0.0% 5.3%
ENE [56.25 , 78.75] 67.5 0.3% 4.1% 1.3% 0.0% 0.0% 0.0% 5.7%
E [78.75, 101.25] 90 0.5% 5.4% 1.3% 0.0% 0.0% 0.0% 7.1%
ESE [101.25, 123.75] 112.5 0.4% 5.4% 1.6% 0.0% 0.0% 0.0% 7.4%
SE [123.75, 146.25] 135 0.2% 5.0% 2.3% 0.0% 0.0% 0.0% 7.5%
SSE [146.25, 168.75] 157.5 0.3% 6.7% 2.5% 0.0% 0.0% 0.0% 9.5%
S [168.75, 191.25] 180 0.7% 6.0% 2.1% 0.0% 0.0% 0.0% 8.8%
SSW [191.25, 213.75] 202.5 0.2% 4.9% 1.6% 0.0% 0.0% 0.0% 6.7%
SW [213.75, 236.25] 225 0.2% 4.2% 1.0% 0.0% 0.0% 0.0% 5.5%
WSW [236.25 , 258.75] 247.5 0.2% 3.4% 0.8% 0.0% 0.0% 0.0% 4.4%
W [258.75 , 281.25] 270 0.2% 3.0% 0.6% 0.0% 0.0% 0.0% 3.8%
WNW [281.25, 303.75] 292.5 0.4% 2.8% 0.5% 0.0% 0.0% 0.0% 3.7%
NW [303.75, 326.25] 315 0.1% 2.8% 0.7% 0.0% 0.0% 0.0% 3.6%
NNW [326.25, 348.75] 337.5 0.3% 2.5% 0.8% 0.0% 0.0% 0.0% 3.6%
Total [0, 360] TOTAL 5.1% 67.4% 20.1% 0.0% 0.0% 0.0% 92.6%
Other No Direction Current Speed =0 0.4%
Missing Data - - 7.0%
N = north; S = south; E = east; W = west.
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APPENDIX A

Wind Rose and Lake Currents Rose Statistics

Table 3-6: Spring 2021 Open Water Period Lake Current Speed and Direction Frequency at PL-North-Outfall (Near-Surface)

Current Direction Direction Interval (°) Average Direction Current Speed, Cs (m/s)
(°) 0<C;<0.005 0.005<C¢<0.025 0.025<Cs<0.05 0.05<C¢<0.075 0.075<Cs<0.1 Cs20.1 TOTAL
N [348.75 , 11.25] 0 0.0% 2.4% 3.4% 0.3% 0.0% 0.0% 6.1%
NNE [11.25, 33.75] 22.5 0.5% 3.7% 3.2% 1.3% 0.0% 0.0% 8.8%
NE [33.75 , 56.25] 45 0.3% 2.1% 1.3% 0.3% 0.0% 0.0% 4.0%
ENE [56.25 , 78.75] 67.5 0.0% 2.7% 1.3% 0.0% 0.0% 0.0% 4.0%
E [78.75, 101.25] 90 0.8% 1.3% 0.0% 0.0% 0.0% 0.0% 2.1%
ESE [101.25, 123.75] 112.5 0.3% 2.7% 0.5% 0.0% 0.0% 0.0% 3.4%
SE [123.75, 146.25] 135 0.3% 1.6% 1.3% 0.0% 0.0% 0.0% 3.2%
SSE [146.25, 168.75] 157.5 0.3% 7.4% 4.8% 0.3% 0.0% 0.0% 12.7%
S [168.75, 191.25] 180 0.0% 4.5% 8.2% 2.1% 0.0% 0.0% 14.9%
SSW [191.25, 213.75] 202.5 0.0% 5.0% 6.6% 2.7% 0.0% 0.0% 14.3%
SW [213.75, 236.25] 225 0.0% 3.2% 1.1% 0.3% 0.0% 0.0% 4.5%
WSW [236.25 , 258.75] 247.5 0.0% 2.7% 1.3% 0.0% 0.0% 0.0% 4.0%
W [258.75 , 281.25] 270 0.8% 2.1% 1.1% 0.0% 0.0% 0.0% 4.0%
WNW [281.25, 303.75] 292.5 0.0% 1.3% 0.5% 0.0% 0.0% 0.0% 1.9%
NW [303.75, 326.25] 315 0.0% 2.1% 1.1% 0.0% 0.0% 0.0% 3.2%
NNW [326.25, 348.75] 337.5 0.0% 2.4% 1.9% 0.0% 0.0% 0.0% 4.2%
Total [0, 360] TOTAL 3.2% 47.2% 37.7% 7.2% 0.0% 0.0% 95.2%
Other No Direction Current Speed = 0 0.0%
Missing Data - - 4.8%
N = north; S = south; E = east; W = west.
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APPENDIX A

Wind Rose and Lake Currents Rose Statistics

Table 3-7: Spring 2021 Open Water Period Lake Current Speed and Direction Frequency at PL-North-Outfall (Mid-Profile)

Current Direction Direction Interval (°) Average Direction Current Speed, Cs (m/s)

(°) 0<C;<0.005 0.005<C¢<0.025 0.025<Cs<0.05 0.05<C¢<0.075 0.075<Cs<0.1 Cs20.1 TOTAL

N [348.75 , 11.25] 0 0.5% 1.9% 1.6% 1.1% 0.0% 0.0% 5.0%

NNE [11.25, 33.75] 22.5 0.5% 2.9% 0.5% 0.8% 0.0% 0.0% 4.8%

NE [33.75 , 56.25] 45 0.0% 2.4% 1.3% 0.0% 0.0% 0.0% 3.7%

ENE [56.25 , 78.75] 67.5 0.3% 2.4% 2.4% 0.0% 0.0% 0.0% 5.0%

E [78.75, 101.25] 90 0.3% 3.2% 1.6% 0.0% 0.0% 0.0% 5.0%

ESE [101.25, 123.75] 112.5 0.3% 2.7% 1.6% 0.0% 0.0% 0.0% 4.5%

SE [123.75, 146.25] 135 0.3% 4.2% 1.3% 0.0% 0.0% 0.0% 5.8%

SSE [146.25, 168.75] 157.5 0.0% 4.2% 4.5% 0.5% 0.0% 0.0% 9.3%

S [168.75, 191.25] 180 0.3% 4.5% 6.1% 1.3% 0.0% 0.0% 12.2%

SSW [191.25, 213.75] 202.5 0.0% 4.0% 3.7% 2.1% 0.0% 0.0% 9.8%

SW [213.75, 236.25] 225 0.0% 4.2% 3.7% 1.3% 0.0% 0.0% 9.3%

WSW [236.25 , 258.75] 247.5 0.0% 3.4% 2.4% 0.3% 0.0% 0.0% 6.1%

W [258.75 , 281.25] 270 1.1% 4.0% 0.5% 0.0% 0.0% 0.0% 5.6%

WNW [281.25, 303.75] 292.5 0.0% 3.7% 1.1% 0.0% 0.0% 0.0% 4.8%

NW [303.75, 326.25] 315 0.3% 1.6% 0.5% 0.0% 0.0% 0.0% 2.4%

NNW [326.25, 348.75] 337.5 0.0% 2.9% 0.3% 0.0% 0.0% 0.0% 3.2%

Total [0, 360] TOTAL 3.7% 52.3% 33.2% 7.4% 0.0% 0.0% 96.6%

Other No Direction Current Speed = 0 0.0%
Missing Data - - 3.5%

N = north; S = south; E = east; W = west.
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Wind Rose and Lake Currents Rose Statistics

APPENDIX A

Table 4-1: 2020 Open Water Period Lake Current Speed and Direction Frequency at PL-South (Near-Surface)

Current Direction

Direction Interval (°)

Average Direction

Current Speed, Cs (m/s)

(°) 0<Cs<0.005 0.005<Cs<0.025 0.025<C;<0.05 0.05<Cs<0.075 0.0755Cs<0.1 Cs20.1 TOTAL
N [348.75 , 11.25] 0 0.2% 1.1% 0.7% 0.0% 0.0% 0.0% 2.0%
NNE [11.25, 33.75] 22.5 0.2% 2.8% 1.2% 0.0% 0.0% 0.0% 4.4%
NE [33.75, 56.25] 45 0.1% 1.8% 2.0% 0.5% 0.2% 0.0% 4.5%
ENE [56.25 , 78.75] 67.5 0.3% 2.3% 2.6% 1.6% 1.3% 0.8% 8.9%
E [78.75, 101.25] 90 0.3% 2.6% 2.1% 1.0% 0.7% 0.4% 7.2%
ESE [101.25, 123.75] 112.5 0.2% 2.5% 1.7% 0.1% 0.0% 0.0% 4.6%
SE [123.75 , 146.25] 135 0.3% 2.0% 1.1% 0.2% 0.0% 0.0% 3.6%
SSE [146.25 , 168.75] 157.5 0.2% 3.0% 1.8% 0.1% 0.0% 0.0% 5.1%
S [168.75 , 191.25] 180 0.3% 3.0% 1.0% 0.1% 0.0% 0.0% 4.5%
SSW [191.25, 213.75] 202.5 0.3% 5.5% 3.4% 0.5% 0.0% 0.0% 9.7%
SW [213.75 , 236.25] 225 0.4% 4.5% 4.2% 1.4% 0.1% 0.1% 10.8%
WSW [236.25 , 258.75] 247.5 0.5% 5.2% 6.1% 1.5% 0.5% 0.4% 14.2%
W [258.75 , 281.25] 270 0.3% 3.6% 3.7% 0.5% 0.1% 0.0% 8.3%
WNW [281.25, 303.75] 292.5 0.5% 4.1% 2.5% 0.1% 0.0% 0.0% 7.2%
NW [303.75 , 326.25] 315 0.4% 1.6% 0.5% 0.0% 0.0% 0.0% 2.5%
NNW [326.25 , 348.75] 337.5 0.1% 1.2% 1.0% 0.1% 0.0% 0.0% 2.4%
Total [0, 360] TOTAL 4.5% 46.9% 35.7% 7.9% 3.0% 1.9% 99.9%
Other No Direction Current Speed = 0 0.1%
Missing Data B - 0.0%

N = north; S = south; E = east; W = west.
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Wind Rose and Lake Currents Rose Statistics

APPENDIX A

Table 4-2: 2020 Open Water Period Lake Current Speed and Direction Frequency at PL-South (Mid-Profile)

Current Direction

Direction Interval (°)

Average Direction

Current Speed, Cs (m/s)

(°) 0<Cs<0.005 0.005<Cs<0.025 0.025<C;<0.05 0.05<Cs<0.075 0.0755Cs<0.1 Cs20.1 TOTAL
N [348.75 , 11.25] 0 0.0% 2.1% 0.4% 0.0% 0.0% 0.0% 2.5%
NNE [11.25, 33.75] 22.5 0.6% 3.5% 0.6% 0.0% 0.0% 0.0% 4.8%
NE [33.75, 56.25] 45 0.0% 2.7% 2.2% 0.4% 0.0% 0.1% 5.5%
ENE [56.25 , 78.75] 67.5 0.2% 3.0% 3.0% 2.2% 1.0% 0.9% 10.3%
E [78.75, 101.25] 90 0.0% 2.3% 1.4% 0.9% 0.4% 0.1% 5.0%
ESE [101.25, 123.75] 112.5 0.2% 2.7% 1.0% 0.1% 0.0% 0.0% 4.1%
SE [123.75 , 146.25] 135 0.3% 2.4% 0.8% 0.0% 0.0% 0.0% 3.4%
SSE [146.25 , 168.75] 157.5 0.5% 3.3% 0.8% 0.0% 0.0% 0.0% 4.6%
S [168.75 , 191.25] 180 0.1% 2.5% 1.2% 0.0% 0.0% 0.0% 3.9%
SSW [191.25, 213.75] 202.5 0.8% 4.7% 1.9% 0.0% 0.0% 0.0% 7.4%
SW [213.75 , 236.25] 225 0.1% 4.7% 4.1% 0.8% 0.1% 0.0% 9.9%
WSW [236.25 , 258.75] 247.5 0.6% 6.2% 6.1% 1.5% 0.7% 0.1% 15.3%
W [258.75 , 281.25] 270 0.1% 4.7% 5.0% 0.6% 0.0% 0.0% 10.5%
WNW [281.25, 303.75] 292.5 0.5% 4.6% 2.1% 0.1% 0.0% 0.0% 7.3%
NW [303.75 , 326.25] 315 0.2% 2.2% 0.5% 0.0% 0.0% 0.0% 2.9%
NNW [326.25 , 348.75] 337.5 0.4% 1.9% 0.2% 0.0% 0.0% 0.0% 2.5%
Total [0, 360] TOTAL 4.8% 53.5% 31.3% 6.7% 2.3% 1.2% 99.8%
Other No Direction Current Speed = 0 0.2%
Missing Data B - 0.0%

N = north; S = south; E = east; W = west.
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Wind Rose and Lake Currents Rose Statistics

APPENDIX A

Table 4-3: 2020 Open Water Period Lake Current Speed and Direction Frequency at PL-South (Near-Lake Bed)

Current Direction

Direction Interval (°)

Average Direction

Current Speed, Cs (m/s)

(°) 0<Cs<0.005 0.005<Cs<0.025 0.025<C;<0.05 0.05<Cs<0.075 0.0755Cs<0.1 Cs20.1 TOTAL
N [348.75 , 11.25] 0 0.0% 1.9% 0.2% 0.0% 0.0% 0.0% 2.0%
NNE [11.25, 33.75] 22.5 0.9% 2.5% 0.5% 0.1% 0.0% 0.0% 4.1%
NE [33.75, 56.25] 45 0.0% 2.5% 1.6% 0.3% 0.0% 0.0% 4.5%
ENE [56.25 , 78.75] 67.5 0.5% 2.5% 2.8% 1.6% 0.8% 0.8% 8.9%
E [78.75, 101.25] 90 0.0% 3.5% 2.1% 0.7% 0.7% 0.1% 7.2%
ESE [101.25, 123.75] 112.5 0.5% 2.9% 1.2% 0.1% 0.0% 0.0% 4.6%
SE [123.75 , 146.25] 135 0.2% 2.4% 1.0% 0.0% 0.0% 0.0% 3.6%
SSE [146.25 , 168.75] 157.5 0.3% 3.7% 1.2% 0.0% 0.0% 0.0% 5.1%
S [168.75 , 191.25] 180 0.2% 3.3% 1.0% 0.0% 0.0% 0.0% 4.5%
SSW [191.25, 213.75] 202.5 0.8% 5.8% 3.0% 0.1% 0.0% 0.0% 9.7%
SW [213.75 , 236.25] 225 0.1% 4.7% 5.0% 0.7% 0.3% 0.0% 10.8%
WSW [236.25 , 258.75] 247.5 0.4% 5.3% 6.9% 1.0% 0.7% 0.0% 14.3%
W [258.75 , 281.25] 270 0.2% 3.8% 4.0% 0.2% 0.0% 0.0% 8.3%
WNW [281.25, 303.75] 292.5 0.6% 5.0% 1.6% 0.0% 0.0% 0.0% 7.2%
NW [303.75 , 326.25] 315 0.1% 1.9% 0.5% 0.0% 0.0% 0.0% 2.5%
NNW [326.25 , 348.75] 337.5 0.4% 1.7% 0.3% 0.0% 0.0% 0.0% 2.4%
Total [0, 360] TOTAL 5.2% 53.2% 33.1% 4.8% 2.5% 1.0% 99.7%
Other No Direction Current Speed = 0 0.3%
Missing Data B - 0.0%

N = north; S = south; E = east; W = west.
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Wind Rose and Lake Currents Rose Statistics

APPENDIX A

Table 4-6: Ice-Covered Period Lake Current Speed and Direction Frequency at PL-South (Near-Surface)

Average Direction

Current Speed, Cs (m/s)

Direction Direction Interval (°) o
()] 0<Cs<0.005 0.005<Cs< 0.025 0.0255Cs<0.05 0.05<Cs<0.075 0.075<Cs<0.1 Cs20.1 TOTAL
N [348.75 , 11.25] 0 0.9% 7.5% 0.1% 0.0% 0.0% 0.0% 8.5%
NNE [11.25, 33.75] 22.5 0.5% 6.7% 0.1% 0.0% 0.0% 0.0% 7.4%
NE [33.75, 56.25] 45 0.6% 5.9% 0.2% 0.0% 0.0% 0.0% 6.7%
ENE [56.25 , 78.75] 67.5 0.3% 5.4% 0.1% 0.0% 0.0% 0.0% 5.8%
E [78.75, 101.25] 90 0.8% 4.5% 0.0% 0.0% 0.0% 0.0% 5.3%
ESE [101.25, 123.75] 112.5 0.4% 2.7% 0.0% 0.0% 0.0% 0.0% 3.2%
SE [123.75 , 146.25] 135 0.3% 2.0% 0.0% 0.0% 0.0% 0.0% 2.3%
SSE [146.25 , 168.75] 157.5 0.2% 1.9% 0.0% 0.0% 0.0% 0.0% 2.1%
S [168.75 , 191.25] 180 0.5% 1.6% 0.0% 0.0% 0.0% 0.0% 2.2%
SSW [191.25, 213.75] 202.5 0.2% 1.5% 0.0% 0.0% 0.0% 0.0% 1.8%
SW [213.75 , 236.25] 225 0.9% 1.1% 0.0% 0.0% 0.0% 0.0% 2.0%
WSW [236.25 , 258.75] 247.5 0.2% 1.9% 0.0% 0.0% 0.0% 0.0% 2.1%
i [258.75 , 281.25] 270 0.8% 2.6% 0.0% 0.0% 0.0% 0.0% 3.3%
WNW [281.25 , 303.75] 292.5 0.5% 3.6% 0.1% 0.0% 0.0% 0.0% 4.2%
NW [303.75 , 326.25] 315 0.3% 3.9% 0.0% 0.0% 0.0% 0.0% 4.2%
NNW [326.25 , 348.75] 337.5 0.3% 5.3% 0.1% 0.0% 0.0% 0.0% 5.8%
Total [0, 360] TOTAL 7.6% 58.3% 0.9% 0.0% 0.0% 0.0% 66.8%
Other No Direction Current Speed = 0 0.3%
Missing Data B - 32.9%

N = north; S = south; E = east; W = west.
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Wind Rose and Lake Currents Rose Statistics

APPENDIX A

Table 4-5: Ice-Covered Period Lake Current Speed and Direction Frequency at PL-South (Mid-Profile)

Average Direction

Current Speed, Cs (m/s)

Direction Direction Interval (°) o
() 0<Cs<0.005 0.005<Cs< 0.025 0.0255Cs<0.05 0.05<Cs<0.075 0.075<Cs<0.1 Cs20.1 TOTAL
N [348.75 , 11.25] 0 1.4% 9.1% 0.1% 0.0% 0.0% 0.0% 10.5%
NNE [11.25, 33.75] 22.5 0.7% 10.4% 0.2% 0.0% 0.0% 0.0% 11.3%
NE [33.75, 56.25] 45 1.6% 9.2% 0.2% 0.0% 0.0% 0.0% 11.0%
ENE [56.25 , 78.75] 67.5 0.4% 9.8% 0.3% 0.0% 0.0% 0.0% 10.5%
E [78.75, 101.25] 90 1.3% 7.4% 0.1% 0.0% 0.0% 0.0% 8.9%
ESE [101.25, 123.75] 112.5 0.9% 4.9% 0.1% 0.0% 0.0% 0.0% 5.8%
SE [123.75 , 146.25] 135 0.5% 3.5% 0.0% 0.0% 0.0% 0.0% 4.0%
SSE [146.25 , 168.75] 157.5 0.5% 3.3% 0.0% 0.0% 0.0% 0.0% 3.8%
S [168.75 , 191.25] 180 1.2% 2.7% 0.0% 0.0% 0.0% 0.0% 3.9%
SSW [191.25, 213.75] 202.5 0.4% 2.1% 0.0% 0.0% 0.0% 0.0% 2.5%
SW [213.75 , 236.25] 225 0.8% 1.8% 0.0% 0.0% 0.0% 0.0% 2.6%
WSW [236.25 , 258.75] 247.5 0.3% 2.0% 0.0% 0.0% 0.0% 0.0% 2.3%
W [258.75 , 281.25] 270 1.2% 2.7% 0.0% 0.0% 0.0% 0.0% 3.9%
WNW [281.25 , 303.75] 292.5 0.8% 3.1% 0.1% 0.0% 0.0% 0.0% 4.0%
NW [303.75 , 326.25] 315 0.3% 3.5% 0.0% 0.0% 0.0% 0.0% 3.8%
NNW [326.25 , 348.75] 337.5 0.7% 5.5% 0.1% 0.0% 0.0% 0.0% 6.3%
Total [0, 360] TOTAL 13.0% 80.9% 1.3% 0.0% 0.0% 0.0% 95.1%
Other No Direction Current Speed = 0 0.5%
Missing Data B - 4.3%

N = north; S = south; E = east; W = west.
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Wind Rose and Lake Currents Rose Statistics

APPENDIX A

Table 4-4: Ice-Covered Period Lake Current Speed and Direction Frequency at PL-South (Near-Lake Bed)

Average Direction

Current Speed, Cs (m/s)

Direction Direction Interval (°) o

()] 0<Cs<0.005 0.005<Cs< 0.025 0.0255Cs<0.05 0.05<Cs<0.075 0.075<Cs<0.1 Cs20.1 TOTAL

N [348.75 , 11.25] 0 1.6% 8.5% 0.1% 0.0% 0.0% 0.0% 10.2%
NNE [11.25, 33.75] 22.5 0.7% 7.9% 0.2% 0.0% 0.0% 0.0% 8.8%
NE [33.75, 56.25] 45 1.0% 6.8% 0.0% 0.0% 0.0% 0.0% 7.9%
ENE [56.25 , 78.75] 67.5 0.4% 7.5% 0.1% 0.0% 0.0% 0.0% 8.0%
E [78.75, 101.25] 90 1.5% 7.7% 0.2% 0.0% 0.0% 0.0% 9.3%
ESE [101.25, 123.75] 112.5 1.1% 5.6% 0.1% 0.0% 0.0% 0.0% 6.8%
SE [123.75 , 146.25] 135 0.4% 3.9% 0.1% 0.0% 0.0% 0.0% 4.4%
SSE [146.25 , 168.75] 157.5 0.8% 3.3% 0.1% 0.0% 0.0% 0.0% 4.2%
S [168.75 , 191.25] 180 0.9% 3.8% 0.0% 0.0% 0.0% 0.0% 4.7%
SSW [191.25, 213.75] 202.5 0.8% 2.8% 0.0% 0.0% 0.0% 0.0% 3.7%
SW [213.75 , 236.25] 225 0.7% 3.2% 0.0% 0.0% 0.0% 0.0% 3.9%
WSW [236.25 , 258.75] 247.5 0.5% 3.2% 0.0% 0.0% 0.0% 0.0% 3.7%
i [258.75 , 281.25] 270 0.9% 3.5% 0.0% 0.0% 0.0% 0.0% 4.4%
WNW [281.25 , 303.75] 292.5 0.7% 4.3% 0.0% 0.0% 0.0% 0.0% 4.9%
NW [303.75 , 326.25] 315 0.3% 4.2% 0.0% 0.0% 0.0% 0.0% 4.5%
NNW [326.25 , 348.75] 337.5 0.4% 5.6% 0.1% 0.0% 0.0% 0.0% 6.1%
Total [0, 360] TOTAL 12.5% 81.7% 1.2% 0.0% 0.0% 0.0% 95.4%
Other No Direction Current Speed = 0 0.5%
Missing Data B - 4.2%

N = north; S = south; E = east; W = west.
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Table 4-7: Spring 2021 Open Water Period Lake Current Speed and Direction Frequency at PL-South (Near-Surface)

Wind Rose and Lake Currents Rose Statistics

APPENDIX A

Average Direction

Current Speed, Cs (m/s)

Direction Direction Interval (°) o
()] 0<Cs<0.005 0.005<Cs< 0.025 0.025<Cs<0.05 0.05<Cs<0.075 0.075<Cs<0.1 Cs20.1 TOTAL
N [348.75, 11.25] 0 1.1% 4.0% 1.1% 0.0% 0.0% 0.0% 6.2%
NNE [11.25, 33.75] 22.5 0.2% 3.6% 1.9% 0.2% 0.0% 0.0% 6.0%
NE [33.75, 56.25] 45 0.4% 2.1% 3.6% 0.2% 0.0% 0.0% 6.4%
ENE [56.25 , 78.75] 67.5 0.0% 2.8% 2.1% 0.4% 0.0% 0.0% 5.3%
E [78.75, 101.25] 90 0.4% 3.6% 0.9% 0.0% 0.0% 0.0% 4.9%
ESE [101.25, 123.75] 112.5 0.4% 2.1% 0.2% 0.0% 0.0% 0.0% 2.8%
SE [123.75 , 146.25] 135 0.0% 1.9% 0.0% 0.0% 0.0% 0.0% 1.9%
SSE [146.25 , 168.75] 157.5 0.2% 1.5% 0.2% 0.0% 0.0% 0.0% 1.9%
S [168.75 , 191.25] 180 0.0% 2.1% 0.0% 0.0% 0.0% 0.0% 2.1%
SSW [191.25, 213.75] 202.5 0.4% 1.3% 1.3% 0.0% 0.0% 0.0% 3.0%
SW [213.75 , 236.25] 225 0.6% 6.4% 4.3% 2.1% 0.0% 0.0% 13.4%
WSW [236.25 , 258.75] 247.5 0.2% 5.1% 10.0% 2.6% 0.0% 0.0% 17.9%
W [258.75 , 281.25] 270 0.6% 5.5% 4.0% 0.0% 0.0% 0.0% 10.2%
WNW [281.25 , 303.75] 292.5 0.6% 3.6% 1.5% 0.0% 0.0% 0.0% 5.7%
NW [303.75 , 326.25] 315 0.0% 3.4% 0.4% 0.0% 0.0% 0.0% 3.8%
NNW [326.25 , 348.75] 337.5 0.2% 3.0% 0.9% 0.0% 0.0% 0.0% 4.0%
Total [0, 360] TOTAL 5.5% 52.1% 32.3% 5.5% 0.0% 0.0% 95.5%
Other No Direction Current Speed = 0 0.0%
Missing Data B - 4.5%

N = north; S = south; E = east; W = west.
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Table 4-8: Spring 2021 Open Water Period Lake Current Speed and Direction Frequency at PL-South (Mid-Profile)

Wind Rose and Lake Currents Rose Statistics

APPENDIX A

Average Direction

Current Speed, Cs (m/s)

Direction Direction Interval (°) o
()] 0<Cs<0.005 0.005<Cs< 0.025 0.025<Cs<0.05 0.05<Cs<0.075 0.075<Cs<0.1 Cs20.1 TOTAL
N [348.75, 11.25] 0 1.3% 3.4% 0.2% 0.2% 0.0% 0.0% 5.1%
NNE [11.25, 33.75] 22.5 0.2% 3.6% 2.8% 0.0% 0.0% 0.0% 6.6%
NE [33.75, 56.25] 45 0.6% 3.2% 2.8% 0.4% 0.0% 0.0% 7.0%
ENE [56.25 , 78.75] 67.5 0.4% 2.6% 3.4% 0.0% 0.0% 0.0% 6.4%
E [78.75, 101.25] 90 0.6% 2.8% 1.3% 0.0% 0.0% 0.0% 4.7%
ESE [101.25, 123.75] 112.5 0.4% 1.7% 0.0% 0.0% 0.0% 0.0% 2.1%
SE [123.75 , 146.25] 135 0.4% 2.3% 0.0% 0.0% 0.0% 0.0% 2.8%
SSE [146.25 , 168.75] 157.5 0.0% 0.9% 0.0% 0.0% 0.0% 0.0% 0.9%
S [168.75 , 191.25] 180 0.2% 2.3% 0.2% 0.0% 0.0% 0.0% 2.8%
SSW [191.25, 213.75] 202.5 0.0% 2.6% 0.9% 0.0% 0.0% 0.0% 3.4%
SW [213.75 , 236.25] 225 0.0% 4.9% 6.4% 1.7% 0.0% 0.0% 13.0%
WSW [236.25 , 258.75] 247.5 0.2% 7.0% 6.6% 1.7% 0.0% 0.0% 15.5%
W [258.75 , 281.25] 270 0.6% 5.5% 3.0% 0.0% 0.0% 0.0% 9.1%
WNW [281.25 , 303.75] 292.5 0.2% 4.9% 1.3% 0.0% 0.0% 0.0% 6.4%
NW [303.75 , 326.25] 315 0.2% 5.7% 0.2% 0.0% 0.0% 0.0% 6.2%
NNW [326.25 , 348.75] 337.5 0.2% 3.6% 0.0% 0.0% 0.0% 0.0% 3.8%
Total [0, 360] TOTAL 5.7% 57.0% 28.9% 4.0% 0.0% 0.0% 95.7%
Other No Direction Current Speed = 0 0.9%
Missing Data - - 3.4%

N = north; S = south; E = east; W = west.
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Wind Rose and Lake Currents Rose Statistics

APPENDIX A

Table 4-9: Spring 2021 Open Water Period Lake Current Speed and Direction Frequency at PL-South (Near-Lake Bed)

Average Direction

Current Speed, Cs (m/s)

Direction Direction Interval (°) o
()] 0<Cs<0.005 0.005<Cs< 0.025 0.025<Cs<0.05 0.05<Cs<0.075 0.075<Cs<0.1 Cs20.1 TOTAL
N [348.75, 11.25] 0 0.6% 4.0% 1.5% 0.0% 0.0% 0.0% 6.2%
NNE [11.25, 33.75] 22.5 0.9% 4.0% 1.7% 0.0% 0.0% 0.0% 6.6%
NE [33.75, 56.25] 45 0.2% 3.4% 2.6% 0.2% 0.0% 0.0% 6.4%
ENE [56.25 , 78.75] 67.5 0.2% 4.3% 2.3% 0.4% 0.0% 0.0% 7.2%
E [78.75, 101.25] 90 0.2% 3.6% 1.5% 0.2% 0.0% 0.0% 5.5%
ESE [101.25, 123.75] 112.5 0.4% 1.3% 0.4% 0.0% 0.0% 0.0% 2.1%
SE [123.75 , 146.25] 135 0.0% 1.7% 0.0% 0.0% 0.0% 0.0% 1.7%
SSE [146.25 , 168.75] 157.5 0.4% 0.4% 0.2% 0.0% 0.0% 0.0% 1.1%
S [168.75 , 191.25] 180 0.2% 3.4% 0.2% 0.0% 0.0% 0.0% 3.8%
SSW [191.25, 213.75] 202.5 1.1% 3.6% 1.3% 0.4% 0.0% 0.0% 6.4%
SW [213.75 , 236.25] 225 0.0% 3.0% 7.2% 2.3% 0.0% 0.0% 12.6%
WSW [236.25 , 258.75] 247.5 0.0% 6.6% 5.7% 1.5% 0.0% 0.0% 13.8%
W [258.75 , 281.25] 270 0.4% 3.6% 2.1% 0.2% 0.0% 0.0% 6.4%
WNW [281.25 , 303.75] 292.5 0.9% 6.0% 1.9% 0.0% 0.0% 0.0% 8.7%
NW [303.75 , 326.25] 315 0.2% 3.6% 0.4% 0.0% 0.0% 0.0% 4.3%
NNW [326.25 , 348.75] 337.5 0.2% 3.8% 0.2% 0.0% 0.0% 0.0% 4.3%
Total [0, 360] TOTAL 6.0% 56.4% 29.4% 5.3% 0.0% 0.0% 97.0%
Other No Direction Current Speed = 0 0.0%
Missing Data B - 3.0%

N = north; S = south; E = east; W = west.
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