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EXECUTIVE SUMMARY

LakeWindermereis unique, with araverage depth of only 3.4 and littoral zones that cover
95% of the lake aredrhis lake is a widening of the Columbia River pad of the Columbia
wetlands, one of the longest intact wetlands in North Ameridge current and projected boating
use of Lake Windermere has potentialtarmlake water quality, habitat valugdomestic water
intakes tourism and the local economy

This report assessed recreational impacts on Lake Windermere B@nipyling 2022 and 2023
aquatic sampling programsFIM/FIMP data, boat density surveya Lake Windermere
Ambassadorsesident surveyand existing reportsPreviously cllected £diment cores andbke
data were used tainderstandlongterm threats from power boating activityo sourcewater
protection and habitat values on Lake Windermelm@nically, the most popular boating type
found on Lake Windermere is the least suited to this shalbde.

The boat tally component of this study demonstrated that powerboating and particulake
surfing exceeds the safe boating capacity of L¥kedermere on summer weekendshen
tourism peaks Criteria forthe most appropriate Play Zone aseaere developed withwake
surfing in mind because it was the most common boat type on the $aicethe boat type with

the greatest potential to harm Lake WindermeRower craft have more potential for harm than
paddle/sail craft the latter preferred by most respondenis the LWAcommunity survey
Segregating the power craft from the paddle craft would ensure the safety and enjoyment of
recreators.

This study confirmed that intensive boating simultaneoustyacts Lake Windermeren the
following ways

1 sediment resuspension releasing nutrients and contaminbatk into the water column

from places where they were no longer biologically available

1 accelerated algae growth and algae bloomssulting from increased nutrient
concentrations
increasedexposure to theongoing threat of invasive mussel introduction
increasedshoreline erosiomf fine sediments by boat wakes
increased potential fompactsto fish, musselsbhirds, and aquatic life
safety risks to the community from arexceedance of safe boating capadiiyring peak
season

= =4 4

As the watershed and lake pressures mount on Lake Windermme@surablesymptoms of
overall lake health are likely to worseithat tiange is needed to address the escalating
recreationalpressure on Lake Windermevegas confirmed byll components of this study. Lake
Windermere is unlikely to withstand increasipgwer boat and especiallywakesurf pressure
without harmto its ecology, water quality and aesthetic value

102¢ 450 Neave Ct. Kelowna BE1V 2M%h: 250.491.7337 fax: 250.491.7772 ecoscape@ecoscapeltd.corgé;

-~
\_ECOSCAPE



File N022-4367 FinalAug 22, 2024. 3

Lake Windermere is not suited teeavy power boat usage, particulaake-surfing vesselsA
boating capacity numbeshould beassigned with amechanism to limit the numbeand
horsepower ofpower boats operating on Lake Windermere through the summeEurther,
formalizing a carrying capacity for the lake should also consider important periods where vessel
numbers may need be limitethrough periods critical to Indigenoded fisheries cultural
considerations, such as fishery access or the reintroducticalofion.

We provide a table of recommendatioasd rext stepsfor improved boating regulatioon Lake
Windermere designed to protect lake values includoodfural use and the work of Indigenous
stewards on the reintroduction of salmon.

In discussions with Lake Windermere Ambassadors, two protocols with potential for broad
applicationto manyBClakeswere developediuring this project

A Ecoscape developed standardizable methods for boat survey data colleatialysis,and
mapping(see Methods Append)x

A LAC developed aake Suitability Index for power boatindSee attached Excel Spreadsheet
G F1S {dzAGNOAEAGE wlylAy3TE
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EPH Extractable petroleum hydrocarbons
IHA Interior Health Authority
LAC Larratt Aquatic Consulting
LWA Lake Windermere Ambassadors

MAR Mass accumulation rate (g/chper year)
OBWB | Okanagan Basin Water Board
PAH Polycyclic aromatibydrocarbons

QEP Qualified Environmental Professional
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1.0INTRODUCTION

Ecoscape Environmental Consultants Ltd. (Ecosape)arratt Aquatic Consulting Ltd, (LAC)
wereretained byLake Windermere AmbassaddtdVA to provideanassessment olvatersport
impacts on sensitive environmental values and sediment qualibaké WindermereBQFigure

1). This report is bound by the general Terms and Conditions, fou\dpendix AGeneral Terms
andConditions

This project was designed to investigate the ldegn threats from boating activity to lake
health, source water protection and habitat values on Lake Windermere.

1.1. StudyObjectives

A Establish theheoretical boat capacity of Lake Windermere using metrics/modelling
developed for Kalamalka and Wood lakes and compare against current use patterns
(Schleppe et al. 2017).

A Determinepower boatwake impacts including sediment disturbance, shoreline erosion,
aguatic plantdamage and incorporate their significant potential to move invasive mussel
larvae in ballast tanksr engine cooling systems

A Determine the likelihood of sediment resuspension causing damage to water quality and
releasingnutrients that lead to accelerated algae growth and algae blooms

A Develop recommendations on steps moving forward including where to boat and ranges of
boat carrying capacity.

1.2. Background

Lake Windermere is a very large widening of the Columbia Riverdakbes shallow, with an
average depth of 3.4 m and maximum depth of 6.4About 95% of the lake is classified as
littoral, meaning light can penetrate to the lake bottom, allowing aquatic macrophytes to grow
(Hildebrandt 2022)lt has36 km of shoreline antas a surface area @6.1 kn¥ (1,610 ha)Lake
Windermere is part of the Columbia wetlands, one of the longest intact wetlands in North
America

Lake Windermere is a popular tourist destination for aquatic recreation. Previous studies found
that heavy boating traffic in summer can cause increased turbidity levels, fuel emissions, and
spills (Neufeldet al. 2010; Schleppe & McPherson 2021; Schleppe & McPherson 2021). The
current and projected boating use of Lake Windermere has potential to influence lake water
guality, habitat values and domestic water intakemdexceed established metrics for boating
safety.

Boating styles and behaviors vagnd sodoes the demand for supporting facilities such as
launches and marinas. Large power boats5>ft (3.4 m) in lengthare most likely to adversely
impact Lake Windermeréarge loats influence lake dynamics by displacing water and producing
wakes.Largewakeboatscreatewaketurbulence that can reach 8 meters into the water column
with boat traffic correlating with up to 50 % increases in turbidity andes&rated shoreline
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erosion(Selfand Larratt2020; Raymond and Galv&Zloutier 2015Francis et al2023 Asplund
2000;Mastran et al 1994; Schleppe et 82017 MercierBliase and Prairie 2014; Raymond and
GalvezCloutier 2015Francis et al. @23).

Wake turbulencein Lake Windermeres particularly concerningjiven the extensive shallow
littoral areas Fine organic and silty sediments accumulated on Lake Windermere shallows are
easily resuspended with wake tibbulence from prop wash, particularly for ballasted wake boats
creating large wakes.

MacFarlane found wave energy from ballasted wdlaats was %17 times higher than a
benchmark speedbogR018).Marr et al.(2022)found waves produced by wake boats weie 2
3 times higher, had¢® times more energy, and wereg®2 times more powerful than a typical
motorboat. Wakeboat waves require at least20¢310 mto dissipate to energies of a typical
motorboat at30¢60 feet from the sailing lineandto have minimal resource impacts (Francis et
al. 2023).

Boating studies conducted byAC showedsignificant potential for boat generated wakes to
physically disturb sediment (Self & Larratt, 2020). Impacts from boat wakes were identified to
depths of 8 m in LAC studies. In depths qf2m, major impactérom wakesurf wavescausing
sediment resuspension and environmental disturbances wEtected Wake surfing in <6 m
depth causedignificant sediment resuspension migrating towards deeper watesre intakes
were positioned(Self and Larratt, 2020). Studies Kalamalka and Okanagan Lake by LAC
concluded that depths between ©5 m are at extreme risk of boating impacts; this represents
most of Windermere Lake.

Based ortheir experience irLake Windermereuring Foreshore Inventory Mappir§20(FIM)

Ecoscapéorecasedthe following power boating risks:

A to water quality: spills and sediment disturbance, particularly in shallow areas

A to habitat values: longshore current disruptioshoreline wake erosion and spillsr
discharges from marina/docks

A to drinking water intakes: turbid plumes that include contaminants can travel from disturbed
areas to intakes
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2.0RESULTAND DISCUSSION

2.1. BoatSurveystudy

Lake Windermere Ambassadors undertookat surveys on 31 days across 2022 and 2023
combined(Table 1; Figure 1).

Table 1: Summary of Surveyeriod by day type

Survey day type Number of Earliestc latest ~ Numberof Maximum
survey survey times vessels count on
days observed singlesurvey

Weekday 17 9:30¢ 20:00 325 70

Weekend 9 9:30¢ 20:00 862 210

Long Weekend 5 10:00¢ 17:00 421 148

Long Weekend

R

Figurel: Representation of boat survey time spans broken up by day type.

Each Individual survey is indicated by a translucent grey ribbon; darker grey indicates overlapping survey time spans.
For a more detailed representation of individual survey timespans, see Apg&ndix

Boat survey data is presentedhigures 2 and 8s maximum vessel density by boat type and in

4 as boat type by time of day. Additional metrics such as mode of operation during the survey
period are provided in AppendB Note that descriptive summaries are representative of vessels
observed during boat survey events. Survey events occurred at varied times and over varied
lengths of time (Appendix B); this variety enabled the capture of a wide overall timespan that
detailsboat presence over most of thevailable daylight hours but does not necessarily translate

to direct oneto-one comparison of time spans. For example, multiple surveys occurred on
weekdays between 12:00 PM and 2:00 PM, but that coverage was not mirrored on weekends or
long weekendsKigurel).

o o o N o

The ley finding from theboat survey d#&a corroboratesthe residentsurvey popularportions of
Lake Windermereegularlyexceead the local Safe Boating Capacioyn summer weekends and

102¢ 450 Neave Ct. Kelowna BE1V 2MZh: 250.491.7337 fax: 250.491.7772 ecoscape@ecoscapeltd.c
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long weekends (power boat/20 acresor 8 ha; Figure Bl, Figure 2. This includé nearshore
areas throughout the North end.

Additional findings from the boat survey data inclade

A

Wakesurfboatswere the most prevalentboat type on Lake Windermere and were usually
generating wakegFigure2; Figure4, Appendix B. They were most prevalent on weekend
afternoons.Up to 28% of the lake surface locally exceeded the safe boating capacity of Lake
Windermere on summer weekends and especially on long weekefkis is a large
percentage of the lake, especially considering that much of the southern end is too shallow
for power boating

Motorized boats of all types accoiwed for 477 boats,and they were usually under power
They were most prevalent on weekend afternodrgure2; Figured).

Paddle craft were less abundant than powerbo@84 counted Figure3 and Figure4) and
operated throughout the day, with a noticeable pause during peak powerbodtgs
Long weekend surveys showed fewer paddiaft than weekdays, suggesting avoidance
when Lake Windermere exceeds the Safe Boating Cap&andle craft use wamore
consistent between days of the weékan power craft use

Fishing boats and sailboats accounted for the fewest boats in this stul$ and 4 boats,
respectively.

The very shallow South end discouraged boaters. Aquatic plaritangling props and
paddles helpd protect the important habitat values of that areki@ure2; Figure4, Figure
3). However, this concentrates power boating anaffects the Safe Boat Capacity of other
areas of the lake.

! Safety standards fdsoat density varyhowever, two common standards are 20 acres lpeat (8 ha/boat)on lakes
with highspeed watercraft and 9 acres per bd&t6 ha/boat)on small lakes with loypowered watercraft
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FIGURE XA

4 5
Kernel Density Estimation - All Vessels Maiv i Sissit Densley f\ el 20 Acres) @
. [ 0-0.5 Kilometers 1:65,000
Windermere Lake Boat Density 05-1
£24307 1-2 DISCLAIMER
§ E‘“"‘;;:;";""'"f:""’ (Coniiltnbe Lo [ The data displayed is for conceptual purposes only and should not be
NADS. one: interpreted as a legal survey or for legal purposes. If discrepancies are
June 3,2024 found between the data portrayed in this report and that of a legal
Earthstar Geographics survey, the logal survey will supersede any data presented herein.

FIGURE XB LEGEND,

0 05 1 4 5
Kernel Density Estimation - Motorized Vessels M"'"'":‘X;“do‘"’"yNwdillo‘\mﬂ @
—0-0. Kilometer: 1:65.
Windermere Lake Boat Density 05-1 > 200
St 1-2 DISCLAIMER
. Ecoscaps Eniroimantal Cansiieants ked. The data displayed Is for conceptual purposes only and should not be
NAD83-UTM Zone 11 interpreted as a legal survey or for legal purposes. If discrepancies are
June 3,2024 found between the data portrayed in this report and that of a legal
Earthstar Geographics survey, the legal survey will supersede any data presented herein.

FIGURE XC LEGEND!

0 05 1 4 5
Kernel Density Estimation - Wake Boats M"""‘"‘;":;""D““"Y {Vessels / 20'Acres) @
— o-o0. Kilometers 1:65,000
Project: Windermere Lake Boat Density 0.5-1 - I} LARRATT
Prqm‘:o :z-dsu i ™ G 1.2 DISCLAIMER V2 AQUATIC
2"”"' "’s ;. N‘:‘D‘.‘;‘mﬁz’:::ﬁ““ oneultants [—— The data displayed s for conceptual purposes only and should not be
oordinate Systenr: Interpreted as 4 legal survey or for legal purposes. If discrepancies are
Map Date: June 3,2024 i found between the data portrayed in this report and that of a legal
Basemap: Earthstar Geographics survey, the legal survey y herein.

Figure2: Areas of Windermere Lake where amimum safevessel densitywas reached forall vessels4), motorized vesselsB)
and wake boats ©) on summer weekdays, weekengand long weekends

These figures show regions where local density exceeded safe boating cappoite(&dvessel / 20 acres) on any individual survey evieat.sample exceedance densities from
individual survey events, see Appendix B.
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FIGURE X LEGEND 0 05 1
D R VG gl L Vessel Denity (Vessets 20 Acres)

Kilometers 1:65,000

LARRATT
AQUATIC

Winderr

224367

Ecoscape Environmental Consultants Ltd.
. NADE3-UTM Zone 11 P or for
May 16, 2024 found between the data portrayed in this report and that of a legal
Basemap: Earthstar Geographics survey.
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and

Figure3: Non-motorized vessel density on summer weekdays, weekends, and long weekends

Vessel type observed by time of day

Paddle Craft Sailboat Fishing Boat Personal Water Craft Pontoon Boat Power Boat Wake Boat
(n = 264) (n=4) (n=13) (n =48) (n=100) (n=477) (n =702)
21:00
8 PM -
L | b
6 PM - h | | I +18:00
4PMA —
[
E :
= | |
o r
| 1
12 PM+
h | r |
' b
10 AM 4
l |
k09:00

0 20 40 60 8 O 20 40 60 80 O 20 40 60 80 O 20 40 60 8 O 20 40 60 80 O 20 40 60 8 O 20 40 60 80
Count of vessels observed

. Paddle Craft . Sailboat . Fishing Boat . Personal Water Craft . Pontoon Boat E Power Boat . Wake Boat

Figure4: Vessel type observed by daylight hour in summer 2@Ghd summer 202dy Lake
Windermere Ambassadors
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2.2. Resdent survey results

The esidential survey comprised of 222 respondents. Of total respond&it identified as
full-time residents27% as partime residents, and 2% as visisoil he highest ranked recreation
type was swimming (188), followed by paddling/SUP (178), fishinggeé)boating(66). Over
50% of espondents(138) supported implementation of bylaws and regulations to mitigate
impacts of boating activitieg he full survey results can be fouad the LWA website.

The LWA survey summary is reprodutetbw:

Demographics:

A
A

most respondents are residents lodalthe Lake Windermere arg@8%)
the largest group identified as fiilme resident71%)

Recreation Activities:

A

A

highestranking recreation activities on the lake are amtorized, including swimming
and paddling/SUP75-83 %) makingnorn-motorized water sports the most popular
activity of parttime residents in the Columbia Valley

indicated a preference for swimming and paddling over powerboating among locals

Boat Density and Safety:

A

A

large majority of residents would like to see a maximum number of boats on the lake at
any given timg77%)

safety concerns, particularly from nemotorized users, are prevalent in the comments
mostrespondents feel there are too many boats on the lake, exceeding its capacity
(56%)

approximately half of the respondents expressed concerns about their safety on the
lake (25%o0ften feel unsafe on Like Windermere whiealy 10%of resident neverfelt
unsafe

more respondentyoicedsafety concerns than thoseho dd not

Boating Education and Habits:

A

about 60% of respondents are open to boating education and learning improved
boating habits

Voluntary Codes of Conduct:

A

A

87% of respondents would follow all or some voluntary codes of conduct to protect the
lake's sensitive areas and water quality

similar numbers support the installation of slow, m@ke zonesand buoys to protect
sensitive habitats and water quality
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Regulations and Bylaws:

A respondents expresslinterest in regulations but highlighti concerns around
enforcement

A comments emphasizkthe need forincreasedegulation due to concerns about the
negative impact of certain boat types and sizes on the shallow, soft lake bottom

A there is strong support for potential regulations, including a ban on motorized
watercraft and/orhorsepower limits.

A protecting drinking water through support for Bgws and regulationwas not
commonly mentionedbutthe issue was raised in the @stionon participant concerns
for Lake Windermere

A Main Concerns:

A Overwhelmingly, community concerns revolve around water quality, quantity, and
preservation of the ecological health of Lake Windermere and the attached wetlands.

A Specific concerns include the impact on fish, birds, aquatic life, and the introduction of
invasive species.

A Many express concerns about the size and type of boats operating within the physical
parameters of the lake, especially given its small size, shallow, and soft bftgure
5).

A Safety concerns extend to include all types of lake users, with a desire for more boat
free spaces.

A Significant concerns about noise pollution and pollution from boats (gas, oil, fuel spills)
and humans (garbage seen in the lake) in both long answer questions.

TOP 5 ACTIVITIES OF PART-TIME
RESIDENTS IN THE COLUMBIA VALLEY

83% Wit seorts.
829 reLaxne
63% Zeit Bhesses
b1% S eouss
38% e

Source: 2022 Vital Sign€olumbia Valley Community Foundatiomw.valleyfoundation.ch

Tourismin BC is boomingnd some jurisdictions are noghifting from attracting more visitors

to learning how to manage overtourisnOvertourism- where visitation either exceeds a
destination's carrying capacity and/or the type of tourism taking place causes significant negative
impact- is an increasing issue worldwidgor example{i K S [ ahdth@ Brbvince develogd



http://www.valleyfoundation.ca/
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the Joffre Lakes Park 2019 Visitor Use Management Actiod Whach put a daypass system in

place with closures to protect cultural practis@fie Sedo-Sky Destination Management Council
fldzyOKSR GKS AYLI OlGTFé#d LINBPAWDN [A3/OSH nid e RpF RIYE S N
International travel guide put Lake Tahoe on its list of places to avoid due to overtdarzga3

and that triggereddevelopment othe Lake Tahoe Destination Stewardship Pldhe 143page

plan considers measures adopted by other tourist destinations, such as requiring reservations,
timed-entry permits and capacity limitsLhe problems faced by these areas match the ones
confronting Lake Windermere. A Lake Windermere StewardBlaip could be modelled after

theseand otherplansdesigned to address overtourism

Figure5: Power boat inwake-surf mode passing too close to Lake Windermesfgoreline
Photo supplied by LWA

2 https://stewardshiptahoe.org/wpcontent/uploads/2023/06/Lakel ahoeStewardshigPlan6-19-23-FINAL. pdf
3 https://dontloveittodeath.com/
4 https://stewardshiptahoe.org/wpcontent/uploads/2023/06/Laker ahoeStewardshipPlan6-19-23-FINAL. pdf
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2.3. SedimentStudy of Lake Whdermere

Sedimentsamples sediment trapsand existing habitat data were used to determine potential
risks associated with sediment disruption or contamination resulting freaneationalpower
craft useof Lake Windermes.

SedimentHydrocarbons

Sedimensample<ollected in 2022ontaineddetectablehydrocarbors at6 of 9 sitesdistributed
through the lakgFigure7). The highest recorded hydrocarbon result was 460 mg/kg ofikER2H
5, measured at the Rockier Sediment sitéane LAC field crew nioeda hydrocarbon odor when
they took sediment cores in maringsan observationsupported by detection of EPHg32 in
marinas

Sdiment quality guidelinesre not setfor EPH9ecause it is a broad categairnycluding both
natural biogenic hydrocarbonfom decomposition of alga@nd humancaused petroleum
hydrocarbonsThe results from th022sampling trip indicatd there would be value in a more
thorough investigation of hydrocarbon contamination lirake Windermere More detailed
analyses panelsere collected in 2028r guideline comparisarThese results showetiat 91%

of the sites contained detectable ER>. In response to the original samples indicating potential
wide-spread hydrocarbon contamitian in Lake Windermere sediments, sikgal cleanup was
added as an extra QA step to the 2023 testing. Research indicates thagjsllican remove false
positives in cases where high biogenic organics may be affecting résulisnfortunately,
weathered gasolines will not be detected

Both silicagel QA samples contained no detectable ER4Js This result, in conjunction with
PAH tests that were below detection at all sites, indicates that hydrocarbon contaminadion
not a significant concern for Lake Windermees a whole but marina sediments may be
contaminated Volatile gasolingange hydrocarbons dissipate and are rarely observed at
concentrations of concern in lake sedimemdthough more testing using different panels such
as BTEX, VOC, and or resins/fatty acids could shed more light on the unusual EPHhesults
costs of such testingan beprohibitive for small groups such as LWA

5 Extractable petroleum hydrocarbonsith 19-32 carbon atomger molecule
6 Polycyclic aromatic hydrocarbofrem incomplete combustion; persistent in the environment
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Sediment Metals

Sediment samples from Lake Windermere were analysed for metals in \20# metalenter
lakes, most deposit in lake sedimentletals adsorb onto organic particulates and more readily
accumulate irfine sediments than sandy or rocky sediments.

Thedeepsediment #e containedthe highest values for mosinalyzedarameters, a result likely
attributed to fine sedimenttravelling tothe deepest point of the lakevhen resuspendedFne
sediments have greater surface asethan coarse sediment; thiacreasesaccumulaion and
retention ofcontaminantdn fine sedimentsMost sediments in Lake Windermere were fine, with
the notable exception of sandy sediments in the alluvial fan created by Windermere Creek.

Metals can resuspend into the water column when sediment is disturbed. Reintroduction of
metals from the sediment can occur during overturn and from boat wake turbulence in shallow
lakes(Shu et al. 2021Daeger et al. 2022)

Numerous heavy metals correlated strongly witle highmoisture content of fine sediments
(R=0.88 for lead) whilmetals insandy mineral soils correlated very weakly or negatively with
moisture (R=0or calciun). Diffusion occursbetweenthe uppermostsedimentlayerand water
interface continuously releasg metalsinto the water column Metals released from the
sedimentscan causewvater quality deteriorationand food chainimpacts posing a threat to
aquatic ecosystem healttzlang et al. 2023Natural diffusion is accelerated by turbulence,
particularlywake-surfturbulence thatcanreach to the sediments throughout Lake Windermere.

The mean sediment concentrations for the southern Rocky Mountain tectonic region for the
metals of interest in Lake Windermere are foundrable2 and mapped in Figure. 8Theredox
sensitive metals iroffFe)and manganeséMn) were many times the regional averages in Lake
Windermere sedimentsSediment manganese concentrations were elevated at 5 of 7 sample
sites with 4 sites exceeding the BC ISQG by betw&eand 85%Sedimentenrichedwith Fe and

Mn layers indicate carbon enrichment with oxygen present at the sedimerer interface but
reducing conditions within a few cm into the sediment coluidigher erosion, prolonged anoxia,
and humic matter inpuaiffect Fe and Mn accumulatien(Makri et al2021).

Of the heavy metals, copper and lead were below both the regional and guideline concentrations
however they exceeded the 80% of maximum allowable concentration warning thré§halule

2). Exceedances for sediment arsenic and nickel were detected, however, these sediment metal
concentrations were within the lower end of the range for this region (Reiberge2)188senic
exceeded the BC sediment quality guideline (<5.9 mg/kg) with 5 of 7 sites exceeding the guideline

" Screening samples against a warning value of 80% of the maximum allowable concentration is a common analysis
technique used to flag samples that do not currently exceed guidelines but may warrant further investigation
because of relatively high concentratis for a given parameter.
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by as much as double at the deep and control si®surces of arsenic include stormwater,
septage, treated lumber in the lake, groundwater, and crop/livestock agriculture (manure,
fertilizers, pesticidedUS EPA, Barringer et al. 201Njickelwasalsoelevated and exceeded the
BC ISQG in the contreite and deep site sediments by 26% and 21% respectively.

Recent research on heavy metal contaminatioff@hu Lake, Chinadicated that American and
Canadian environmental quality standards feeshwater sednents are insufficient to protect
against ecological risks of heavy met@bang et al. 2023Yhestudy also found invertebrates

and algaefrom shallow lakeshad higher ecerisks from heavy meta than similar sediments
protected by deep watecolumns Applied to shallow Lake Windermere, adverse impacts on lake
health from sediment metals and contaminants should be anticipatéé. metals detected at or
above concentrations of potential concern in Lake Windermere sediments included copper, lead,
arsenic and nickel. These metaise known to adversely impact aquatic food webs and their
respective guidelines reflect those impacts (Tad)le

Table2: Concentrations of metals of interest in Windermere Lake sediments

Metal of Interest Sediment Mean + SDor region Mean + SD foLake
guidelines Windermere
As arsenic <5.9 mg/kg 15.48 + 10.37 ug/g 6.81 + 2.89 mg/kg
c_(g Cu copper 35.7 mg/kg 178.9+84.46 ug/g  13.85+10.13 mg/kg
% Fe iron 21,200 mg/kg  234.0+159.7 ug/g 17,776 + 8,767 mg/kg
% Mn manganese 460 mg/kg 141.9 + 107.5 ug/g 450 + 180 mg/kg
2 | Ninickel 16 mg/kg 27.26 +25.68uglg  12.51 + 4.88 mg/kg
Pb lead 35 mg/kg 37.89 + 19.69 ug/g 14.51 + 10.0 mg/kg

NOTE: ug/g = mg/HgRange for region from Reiberger 199

Sediment Nutrients

Lake sediments are a repository for nutrients reporting from the watershed. gPloogs
concentrations in Lake Windermere sedimentgeraged 489 + 270 mg/kgvithin the range of
expectedvalues for this region (889 + 458 mg/kg; Reiberger, 198@) concentrationsare high

and can help retain phosphorasiron mineralsand Fe sorbed to organic matter (TaBléeMunch

et al. 2024) Additional ghosphorus retention withsulphates Al(OH), C4PQ), and as detrital
organic P compoundall work best in undisturbed lake sedimenfdupper and Lewandowski
2008) Because Lake Windermeigeso shallowits water column is fullpxygenated whichhelps
restrict nutrient release from thesediments if the sediments remain undisturbddowever,
sediment resuspension from boat turbulence is commonly observed, particularly near marinas
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on Lake Windermerérigures). Sediment resuspensioBleases the stored phosphorasd plays
animportant role in the nutrient dynamics of shallow lakes because nutrients are returned to the
euphotic zone where they can stimulate algae growth (Dillon et al. 188@phin and Elefsiniotis
1996).

Power Boatimpact onLakeSediments

Sediment resuspension keeps sediment contaminants in contact with the water column when
they would otherwise become gradually buried in accumulating sediment lagedment
resuspension is a very important mechanism for releasing metals intowter column
(Kalnejais et al. 200)Weakly boundand particulatephasemetalsand other contaminants are
remobilized in sediment plumes induced by the downward propwash thrust of power boats
(Pourabadehei and Mulligan 201 @speciallyvakesurfboats(Daeger et al. 2022

Outboard engines onypical powerboatgreate turbulence that can reach as deep3am (0Q 0
(Gucinski 1982; Keller 201 %yhile wakepropellers generate water velocities with the capacity
to resuspend unconsolidated sand, silt, and smaller organic materials at a deptGnof(L5Q 0
whenthe boat was in wakenakingmodes(Raymond and GalveZloutier 2015)Larratt and Self
(2018) measure lakebedwake impactat 8 m depthafter passage oA moderatesized wake
boat. Models developed by Ray (2020) calculatieat modern wake boats can cause sediment
resuspension invater down to 10m @3Qaeep or about a threestorey buildingWe can safely
conclude that wake boats can disturb fine sediments throughthg entirety of Lake
Windermere with its average depth 8f4m and maximum depth of 6.4 m.

PowerBoat Infrastructure Impact orLake Sediments

Marinas concentrate sediment resuspension, particularly when boats power up just past the
marina mouth (Figure6, 15. A mandatory signing of a marir@@ode of Conduatould mitigate
some of these impacts. The Code of Conadbctuld include statements involving nuisance noise,
safety, andespectfor property such as the following exge from the Shelter Bay MarinaVest
Kelowna dip rental agreemerit

A Members observed to engage in dangerous operation of a Vessel in the marina basin will result in immediate loss of
moorage privileges.

A All Vessels entering or leaving the marina basin must always be dead; siowvake. The area 100 feet beyond the
breakwater at the entry and exit is a no wake zone, boats departing the marina at the south exit should navigate to avoid
disturbing the forelore and residences. Stereos should be off, and engines muffled when under power near the marina

A Guests shall not throw, discharge, or deposit from any boat or float into the water any litter.

8 Shelter Bay MarinaSlip Rental agreement shelterbaykelowna.com/files/2023-Rules-and-Regulations-Schedule-B.pdf
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A There is no release of waste permitted into the basin. Vessels bilging oily water into the basin may be deemed a hazard and
may be removed from the basin without notice to the member.

A There is no fueling ofessels permitted on SBM premises other than by approved fuel dispensers at the gas dock. If you
have just refueled your boat at the fuel dock and topped off your tanks, please burn off a few gallons before you return to
your slip. In warm weather fuel wiixpand and may spill into the basin.

A Members and their guests shall receive, handle, use, store, treat ship and dispose of all environmental contaminants (as
established from time to time by applicable legislation or regulation or bylaw) In strict compliance with all applicable
environmental health or safety laws, regulations, order, or approval and will remove prior to the end of the terms of this
agreement and off marina premises, all environmental contaminants. Members and their guests agree that they shall not
release in the environmentroadeposit, discharge, place or dispose of at or near SBM premises, any hazardous or toxic
materials, substances, pollutants, contaminants, and or waste from any activities carried on by the member or their guests
on SBM Property.

A Propane tanks, tires, construction materials, batteries and other hazardous materials are prohibited from the provided
garbage bins on marina premises. These items must be removed from the premises by the member or guest. Depositing
these items in or aroutheither bin will result in immediate loss of moorage privileges.

A On Land: Discharge of contaminated bilge water, holding tanks, engine cooling system fluid(antifreeze), transmission fluid,
hydraulic fluid, engine oil, gear oil, drainage of fresh water supply, including hot and cold and hot water heater after the
boat has been hauled, blocked and or stored is prohibited.

Docks and buoys have a widespread but less intensive impact compared to mawnept in
cases where buoys are set out in a tight layout similar to a mafih@anwater storage of power
boats can lead to contamination frotmoat cleaning(chlorine, ammonia, phosphates, plastic
fragments) fueling (hydrocarbons, heavy metalsjnaintenance(heavy metals, grease) and
effluents (fecal contamination and personal care products)

The Lake Windermereodk and buoy count document from August 2@2@w very high densities
(Table3; Ecoscap022. Totals of 93Glocks and431buoyswere counted for a total moorage

of 1367 in 2022 The total moorage alone could exceed safe boating capacity and environmental
tolerances of Lake Windermerkefore marina slips and launched boase considered
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Table3: Lake Windermere Dock Buoys and Boat Count August 2022
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Sediment Sampling

The Deep Sitesurface sediment samplead among the highest values for most parameters, a
result likely attributed to sediment focusing toward the deepest point of the lake every time it
becomes resuspended.

Sediment traps were deployed throughout Lake Windermere in September te0@2asures
sediment deposition rate@rigure6). Becausd_ake Windermerés very shallowthe traps were
visible to boaters andinfortunately, often removed Eighttraps were deployed but onlywo
were retrieved afteroneyear despite frequent checks by LWA volunte®msliberate removal of
these trapsoccurreddespite clearly labelling them as part of scientific studplease do not
remove and a phone number to contact for questiénslost of the traps(6) were tampered
with, making this important part of the study inconclusivEhe loss of the sediment traps
prevented analysis of power boating impacts ordgmentation rates.

Comparing the two remainingaps showedhigher sediment accumulation at the Marina 2 site
(500 gim?/yearor 0.05 g/cm/yr) than the deep sited13 g/m2/yea). Without other influences,
sedimentation rates should be greatest at central de&lpe areas.The Marina 2 sitdnad two

major influencesthat probably increased its sedimentatiomate: power boat sediment
resuspensiorfFigure7) and Windermere Creefteposition Forcomparison, sedimentation rates
measured in the North Arm of Kalamalka Lake subjected to powerboating and agricultural/urban
affected creek inflow averaged 28@m2/year at the deepest site The Marina 2 site appears to
have unusually high sedimentation rates. The Ecoscape FIM team and the LAC field team both
witnessed sediment plumes emanating from the mardoahoursduring peak boating activity.
Aerial photography confirms the reptl scouring of the shallow sediments by boats as tracks
where the deeper anoxic sediment layer become exposed (Fidire

The organic fraction of the accumulated sediment was similar between both @itelsake
Windermere(70.6 g/m2/year)with higherinorganic sediment at the Marina 2 site.

These resultsdicateamodest estimatedsediment accumulation ratef 1 cm every 280 years
(0.05 cm/yry. For comparisonshallow Wood Lake in the Okanagan showed a sedimentation rate
of 0.2cm/yr (Okanagan Basin Study, Chpt 4 19%8g expect resuspended sediment is a major
component of trap materialcongruent with research other shallow lakegDillon et al. 1990
Chung et al 2009i et al. 201%

9 An estimate assuming density of wateonvert from g/m? to cm/m2 using an estimated sediment density of 1 glcm 3
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Figure7: Aerial image of sediment plume from wake-surf boat operated in shallow water.
Note the tracks through the sediments from other boat passage, all emanating from the
marina.

(Photo from LWA)
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Figure8: Map of sediment chemistry concentrationsfor metalsand metalloids
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2.4. Lake pofile data

Lakeprofiles were collecteavith a field meterat eachwWQsite during 2022 and 202@igure9).
The shallow water depthof Lake Windermergrecludesthermal stratification.Theseprofiles
revealed a distinct southo north increasing temperature gradientPeak surface water
temperatures exceeded 2GQ each summerLake Windermere water temperatures are very
responsive to summer weatherThe range of summerwater temperatureswill support
cyanobacteria blooms.

The sedimenivater interface is warm in Lake Windermere because it does not strafifye
bottom water temperatures reache@0.4°C during September 2022 during an extended-late
summer heatwavend the average was8.5 + 2.6°C between both years at 5For reference,
the maximum recommended water temperature for domestic intakes 1€ I5A).

These bottom water temperatures are unusually warm for a BC lake. Although we did not
measure this directly, warm surficial sediments will accelerate sediment bacterial activity
including decomposers, methanogens, and sulagucing bacteria

Increasel conductivityoccurredat the sites surrounding Windermere Creek compared to those
farther away Figure10). Conductivity reache®26 puS/cmnear the inflow plume, suggesting
some combination ofesource extractionstormwater, agriculturahndseptage influence in the
Windermere Creekwatershed. Like all lakes, most of the contaminants entering Lake
Windermere will eventually become deposited on the sediment surface. Releguisis canbe
re-suspended by wakes and waves.
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Figure9: In-situ temperature profile data from Lake Windermere during 2022 (top) and 2023
(bottom) from south (left) to north (right)
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FigurelO: In-situ conductivity profile data from Lake Windermere during 2023

2.5. Nutrient data

Phosphorus (TP) and nitrogen (TN) are the two primary nutrients that affect phytoplankton
production in lakes. If either is present in abundance relative to the other, then nutrient limitation
occurs. For example, if phosphorus were limiting productioriragl more phosphorus would
trigger phytoplankton growth while adding additional nitrogen would have no effect because
there was already excess nitrogen in the lake. The ratio of nitrogen to phosphorus describes this
limiting relationship. A TN:TP ratio &f 5:1 indicates nitrogen limitation or phosphorus
overabundance. This condition is common in eutrophic or highly productive lakes. A ratio of >15:1
indicates phosphorus limitation and is common in oligotrophic lakbs. BC Ministry of Health
cyanotoxin screening tool uses a ratio of <23: 1 to protect against cyanobacteria blooms that are
driven by phosphorus influents.

Since routine sampling by ENV began in 2015, TN averaged 0.169 + 0.030 mg/L as N while TP
averaged 0.0062 = 0.0051 mg/L as P leading to an average TN:TP dh89ratio means Lake
Windermere is susceptible to phosphorus inputs either from its watershed or from sediment
disturbance. TP met the objective (<0.010 mg/L as P) during most years, including 2023 (EMS
data). No statistically significant trendemergedin either TP or TNiata since 2015 in Lake
Windermere(Figurell). TP as measured by LWA from 2083 averaged 0.0078 + 0.0037 mg/L

as P. Nutrient concentrations are controlled by the high flushing rate of ghlydaysand are

therefor not as strong an indicator of lakéde change as phytoplankton algae or sediment
coring. A Lake Windermere core representing the past 300 years found a lake health breakpoint
Ay (GKS wmppnQa 02y OdzNNEBsytidyassh fouada SignificBnt dn8utitdE 2 LIY Sy
evidence that Windermere Lake water quality is sloddyeriorating (McDonald200Q Masse

and Miller 2005).
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Figurell: Total nitrogen and total phosphorus in Lake Windermere, 202623

Note: red dashed line marks the Windermere Lake TP objective

2.6. Phytoplankton

Phytoplankton (fredloating algae) densities were measured at four sites on the September 2022
field trip using surface grab sampl@sgurel?). Phytoplankton densities were moderate in the
southernsample sitevhile the northern sites had very high densities and were dominated by the
potentially toxic cyanobacteridnacystis spThe beach sample contained 21,410 cells/mL of
cyanobacteria, a concerning result for a popular swimming arease algae tend to accumulate
along shorelines with eshore winds creating increased riskas shown by the Main Beach
sample cyanotoxin risk meter illustration (Figsr&3,14). If nutrient concentratiors increase,
particularly phosphorus, these summer cyanobacteria blooms could become more problematic
for Lake WindermereSediment resuspension presents a rapid localized release of nutrients.
Researcherfoundtotal phosphorus levels increased by an average of 25%omithtwo passes

of a wake boat in surf mode in waters 4% m deep in lakes they studi€dyreand luebke
2022).
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samples

2.7. Invasivemussels

Lake Windermere is vegusceptibldo invasive dreissenid musselBotal calcium averaged 41.9
mg/L in 2023 which is more than adequate for shell development. All other habitat criteria were

met as well, meaning Lake Windermere is one infested boat away from the serious ecological

and economic harm these invaders cauBeats and especially those equipped with ballast tanks
or engine cooling reservoirs are the most common transportelg/efinvasive mussel$’lease
refer to the OBWB mussel guiden the OBWB website ahttps://tinyurl.com/Z-Q-Musset
vulnerability-guide
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2.8. Sensitiveenvironmental values

Fisheries

Lake Windermere fishery and salmonid restoration efforts are affected by excessive
powerboating in numerouswell documentedways (Asplund, 2000; Beacher and Hill 2003;
Whitefield and Becker 201400t all of which could be assessed in this study:

A Sediment resuspension returning contaminants to the water column (see S&8pn

A Alterations in the wave climate and water turbiditan affectfish and their habitats,
includingsubmerged and emergent plant be@see Sectio3.8 FIN).

A Shoreline erosion and impacts on sharesting birds, shore spawning fish (see Section
3.8 FIMreport).

A Sound generated by boat motoasdboat musiccan influence behaviowand distribution
of somefishspeciegnot assesseh this study comments made in LWA survey on noise)

A Pollution arising from fuel spillages, exhaust emissiagkiding carbon monoxidand
antifouling paints all have detrimental effects on fish.

A Recreational boatsare a criticalvector for aquatic invasivespecies transport (Not
assessed in this study; s€@BWB Preparing For Invasive Mussets vulnerability
assessment guide

A Boat infrastructure such as marinas and moorings displace natural habitat, causing a loss
of usable habitat by fisfsee Section 3.8 FIM).

Shoreline Fisheries

[ 2 ! ZDZL shoreline fisheries assessmeht.akeWNindermerepointed to a potential increased

ratio of Northern Pikeminnow in Lake Windermere from the previous survey conducted in 2007
(Hildebrandt, 2022)Pikeminnow are known to be voracious predators often out competing more
sensitive native species, especially in highly disturbed aquatic environments. In 2007 the most
common fish in Lake Windermere (according to the survey) were Redside shiner maghd¥p

of fish identified, while they made up only 6.5% of fish identified in our 2021 sul¥éat has
changedto encourage these differences? During the survey Lotic Environmental pointed out
Northern Pikeminnow were common in all disturbance levels, however Northern Pikeminnow
were about three times as common in highly disturbed sites than in sites with moderdbev
disturbance (Hildebrand, 2022). In contrast Redside Shiner and other more vulnerable native fish
appeared to prefer low disturbance sites.

2.9. Foreshore Inventory MappingIM/FIMP

Foreshore Inventory Mapping (FIM) identified the ecological importance of different shore zones
segments for Lake Windermerélhe Foreshore Habitat Sensitivity Index or FHSI considered
numerous criteria to determine the relative shoreline habitat valughis data was used in
conjunction with biological zones of sensitivity to understand the environmental sensitivity of the
lake spatially (Figure 16)hispreliminaryanalysis wasesigned to assedmating impacbn lake
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values. Weacknowledge that consideration afdependent values may be more appropriate

whenmore data is available to expand this spatial analj$is.following criteria were considered

and weighted in a simple ind¢gee Appendix C for weightings):

1. Depth was considered, with areas less than 4 m in depth considered thevaiaable in the
index;

2. FHSI Score was broken down into three groups, High, Moderate, and Lowosh&bered
of the FHSI groups from the FIMP report. The effect of the FHSImtedd to areas within
150m of the highwater mark, to acknowledge the focus on the foreshore areas of the lake
versus that of deep water habitat;

3. Mussel Presence, High Value Kokanee, Aquatic Vegetation, Burbot Spawnivigtendw!
Migrations habitat zones were also considered.

Gonsiderng individual Zones of Sensitivity (ZOS)important because impacts from boating
recreation will affectake values bylifferent mechanisms. Theost important’zah { Qa I NB
where a direct causal mechanism can be identifilee following summarizes the ZOSs from the
FIMP report that moslikely to beimpacted through intensive power boat recreation

A High Value Kokanee areas occur near the nmeuthsadjacent to known spawning area
for these fish. Spawning sites are considered critical habitat and occur around the boat
launch areain the north end of the lakeOnce spawned, eggs reside in the gravels until
emergence many months lateAny vibration or significant sediment disruption can directly
impact eggs in gravels, causing mortalifyeggs or juveniles.

A Mussels were identified in numerous areas of the lake. Mussels caareedby sediment
disruption andcrushing impacts from props running in shallow watewhile no specific
analysis was done, it is possible mussels could be locally extirpated in some high traffic areas
as observed on the aphotos. A detailed inventory of mussels and the most important beds
has not occurred. However, these areas are considered critical habitat and power boating in
these areas should be avoided.

A Aquatic vegetatioris abundant in the south end of the lake. Numerous waterfowl use this
vegetation for nesting.Species that use this type of vegetation to make floating nests are
very susceptible to boat walsghat can topple and submerge nestBuring the breeding
and nesting season, power boats with large wakes should not recreate in areas with
vegetation or within a large buffatetermined by wake energyThe breeding and nesting
season overlap witimost ofthe boating season.

2.10. Available tools in BC Legislatien

BC legislation has provision for designatiBgological Reservesuch as the Mahoney Lake
Ecological Reserve (Prov BC 2006).rmam purpose of a Lake Windermere Ecological Reserve
would be to protect the unique history and fragile limnological features of the lake from
recreational impactsThe potential for unnatural disturbance of lake sediments and water
chemistry is a management concetrake Windermer@alues and significance include:
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1. Ktunaxatraditionalusesincluding fishing salmonids and native mussel collection

Unique and fragile limnology aratjuatic ecology

3. Species at Risk around Lake Windermere include the American Badgedda taxuys
Painted Turtle Chrysemys picta>X [ S ¢ A & Q & Melagegp&sLaHi® $tis Rdndiveed
(Potamogeton strictifolis Saltwater CressE(trema salsugineum and Bull Trout
(Salvelinus confluentis

4. Hucation opportunities for matching power craft with lake suitability using an index
developed in this project.

N

Other alternatives include using provisions of iMater Sustainability Ad¢b guidedevelopment
of aWater Sustainability PlanA plan carconsider a broad range of important watershed farst
in addition to conserving lake values.
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Figurel5: Sediment scouring along boat travel routé®m marinas Lake Windermere 2024
(Photo from LWA)
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The data displayed is for conceptual purposes only and should not be

interpreted as a legal survey or for legal purposes. If discrepancies are
Low found between the data portrayed in this report and that of a legal

survey, the legal survey will supersede any data presented herein.

Figurel6: Foreshore Inventory Mapping (FIM)/FHSI Ecological importance Zones for Lake
Windermere BC
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3.0LAKE SUITABILITY INDEX

LAC developedt Lake Suitability Index for power boat@igngside this projean collaboration
with Lake Windermere Ambassad@nsd Ecoscape Environmental Consultants Iitid.intended

to identify lakes that can withstand power boating, particulavgke-surfboating, and those that
will be adversely impacted.he intent of the Lake Suitability Index is to direct boaters to lakes
that can support responsibl@akesurfing in sustainable number§Ve used all available peer
reviewed lake wake research to 2024 (see metrics and references el spreadsheeilhe

risk rating ussrecent and well supported limnological research.

The Lake Suitability Index returned a ratinga60 for Lake Windermere which corresponds to
ExtremeRisk §0 ¢ 60) - unsuitable for large power boats and wakerf boats (Tables below).

3.1.Changes To Transport Canad@anada Shipping Act (200@yake-surfing restriction

Recognition of the unique potential for lake damage frarake-surfing prompted theFederal
Department of Transport to make&akesurfing a separate category by amending the Canada
Shipping Act 2001 in July 2023 Part 1 Vol. 157 No 24: Regulations Amending the Vessel Operation
Restriction Regulationgransport Canada createhis separate category for waksurf boats in
recognition of the large number of Canadian jurisdictierperiencing harm to lakes as explained

in the following except:

The proposed amendments would remowakesuriing from the existing Schedufe(restrictions on all
towing activities) and introduce a new Schedule that specifically provides for restrictionakarsurfing.
This would allow a local authority to apply for a prohibitionveake-surfing without prohibiting all other
towing activities, except during permitted periods. The restriction would not prohibit the useaké
surfing boats but would restrict the activity efake-surfing as described in each restriction. These proposed
amendments would necessitate amendments to entraventions Regulations establish a fine for the
contravention of the new restriction as is currently the practice for all othetrid®ons under the
Regulations. The amendments to tBentraventions Regulationgould be introduced as part of a separate
regulatory proposal following the publication of these proposed amendments iCtr@ada GazettePart

II. Until amendments are made to tl@ontraventions Regulationspecifiovakesurfing prohibitions would
not be enforceable via tickets.

Waters in Which Allowing a Person MWake-surfls Prohibited Except During the Permitted Hours

The waters of the Columbia River and its tributaries lying within the flood plain of the Columbia River north

2F I LRAYG G pncum mMo®dn MMPCPH pMOD OF LILINREAYE (¢
FYR SIFad 27F | L2 rowid I @ yp MickiSy yRyWNIi KeWd/ovre@ i GA LI 2F |
km south of Tran€anada Highway bridge at Donald) but excluding the waters of Windermere Lake
(Columbia River mainchannel pncpp nn®o M ithtips: Hcanadagazetie.ggica/mp
pr/pl/2023/2023-06-17/html/reg4-eng.htm).
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LAC Ranking of Lake Suitability to Power Boating

Boating Impact very highly vulnerable lakes (5) high vulnerability lakes (4) moderate vulnerability lakes (3) low vulnerability lakes (2) lakes at very low risk (1) Risk Data sources
> mean depth <10m 10-25m >25m >60 m > 80m 1-5 bathymetry
O]

9 trophic condition eutrophic/ hyper eutrophic eutrophic-mesotrophic mesotrophic oligotrophic ultra oligotrophic 1-5 lake studies
% percent of littoral shallows (<8 m deep)  >15% 10-15% 5-10% 2-5% <2% 1-5 bathymetry
=
4 littoral fine sediments (clay silt sand) common throughout lake common in bays and fans only in isolated shallow areas rare do not occur 1-5 lake surveys
shoreline erosion /riparian condition >20% of shorelines eroding 20-10% of shoreline eroding >10% -small eroding patches erosion isolated and rare no measurable erosion 1-5 FIM
—
i swimmer/paddlecraft safety often unsafe in majority of lake often unsafe in high traffic areas Peak use unsafe in high traffic areas generally safe safe throughout lake 1-5 resident surveys
<
2 power boat safety (summer, key areas) boat density >1/ha boat density >0.75/ha boat density >0.375/ha boat density >0.125/ha boat density <1 boat/10 ha 1-5 lake studies
';: vulnerable riparian-littoral habitats >10% of littoral/shoreline 7-10% of littoral/shoreline 5-7% of littoral/shoreline 2-5% of littoral/shoreline <2% of littoral/shoreline 1-5 FIM+ AHI
[
E aquatic/riparian species at risk reproduction threatened seasonal use threatened occasional use threatened SARA sp. seldom encountered SARA sp. not evident 1-5 FIM SARA
T vulnerability to invasive mussels suitable & connected to infestation all suitability parameters met most suitability parameters met (Ca>32 n Ca suitability met (Ca > 15 mg/Lfa <12 mg/L or salinity >10 1-5 OBWB
m el
Lr'—J 5 degraded water quality potential exceedances throughout lake localized exceedances/impacts episodic local exceedances impacts detected, no exceedaniimpacts not detected 1-5 SWPplan
<
é 8 harmful algae bloom potential significant and frequent significant and occasional moderate and occasional low potential and rare not detected at any time 1-5 lake studies
SUM 0 /60

Description of risk rating scale for power boating impacts

Risk Level

Very Low Risk

Low Risk

Moderate Risk

High Risk

Very High Risk

Numeric rating

Description

Power boating should not have a
1 detectable effect on lake values.

Power boating could impact lake values
but both the likelihood and scale of impa
2 are expected to be low.

Power boating could impair lake values
with either a high likelihood of occurring
3 high impact potential.

Power boating is highly likely to have rag
and significant negative consequences ¢
4 lake values.

Power boating has the potential to cause
rapid and catastrophic impacts to lake
5 values.
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TOTALS/6

LAC Ranking of Lake Suitability for Power Boating Duck Wood  Kalamalka Okanagan Skaha  Osoyoos Windermere Nicola Head of Lake
> mean depth 5 4 2 2 3 4 5 3 3
]

9 trophic condition 5 4 2 2 3 4 3 4 4
% percent of littoral shallows (<8 m deep) 4 4 2 2 3 5 5 5 4
=
4 littoral fine sediments (clay silt sand) 5 4 4 4 4 5 5 5 4
shoreline erosion /riparian condition 4 3 2 3 3 3 3 3 3
|_
o swimmer/paddlecraft safety 3 4 4 3 4 4 5 3 2
<
0 power boat safety (summer, key areas) 3 4 4 4
'g: vulnerable riparian-littoral habitats 4 3
|_
5 aguatic/riparian species at risk 3
L vulnerability to invasive mussels 5 5 5 4 4 4 5 4 4
x . .
lLI_J 2 degraded water quality potential 4 4 3 3 3 4 4
g 8 harmful algae bloom potential 5 5 4 3 4 4 5
49 39 37 43 48 48 42
High Moderate Moderate High High High High
LAC Ranking of Lake Suitability for Power Boating
Lake score
Lake score /60 Suitability to power boating Suggested Actions (cumulative)
Negligible Risk (0-15) suitable preserve ecological values/services
Very Low Risk (16-23) suitable assess ecological resilience
Low Risk (24-32) suitable - education advised active >150m from shore >8 m water deg
Moderate Risk (33-39) suitable - restrictions advised code of boating behavior in place
High Risk (40-49) unsuitable - permit system advised pre-registration for daily permit to operate
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4.0 CONCLUSIONS

The boat tally component of this study demonstrated thatygrboating and particularlwake-
surfing exceeds the safe boating capacity of Lake Windermere on summer week&bdst a
third of the lake surface exceeded thecalsafe boating capacity of Lake Windermere on summer
weekends and especially on long weekendavigation of ppular boating areas were made
dangeroudo power craftand especially to paddle craft

Thecommunityquestionnaire component showetbmmunity ©ncerns revolved around water
quality, quantity, and preservation of the ecological health of Lake Windermere. Many expressed
concerns about the size and type of boats operating in such a small, shallowRé&stections on

boat numbers and more bodtee spaces were advanced by respondentp@ssible solutions

This study confirmed thaintensive boating simultaneously threatebake Windermerevalues
including:

A sediment resuspension releasing nutrients and contaminants,

increased ongoing threat afivasive mussel introduction,

accelerated algae growth and algae blooms

wake shoreline erosion

impact on fish, birds, and aquatic life

As the watershed and lake pressures mount on Lake Windermere these symptoms of overall lake
health are likely to worsehat change is needed to address the escalating power boat pressure
on Lake Windermere is evident from all components of this study. Lake Windermere is unlikely
to withstand increasing power boat and especially wake pressure without harm to its
ecolayy, water quality and aesthetic value.

> > > >

If Lake Windermere we a deep lake hetheoreticalboat carrying capacityould be200 vessels
(surface area of 4000 acres or 16104ta20 acres pewnvesse). However, Lake Windermere is
extremely shallow, reducing its suitability to motorized recreatiéigure 17 provides the
bathymetry used in the following calculatians

A Using water deeper thast m for powerboats, the approximate area availabl@®s ha or
43% of the lake arear 97 power boatsif they were evenly distributed.

A If paddlecraft/swimming is confined te4 m water depthandthe shoreline ta150 m from
shore the approximate areavailableis 926 ha or %% of the lake areésee Appendix B for
mapof proposed play areas

A Using waterat or deeper than 8 m for wakesurfingand 150 m (500 feefyom shore the
approximate area available 76 haor 4.6%of the lake area 08 wake-surfboats

A Using water deeper than 8 m for active wakerfing (recommended minimum deptho
prevent fine sediment disturband2 y2yS 2F [1S 2AYRSNXYSNBQa
this sport because the lake is not that deep
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Legend:
Depth
0-1m (11.2%)
1-2m (9.9%)
0 2-3m (18.1%)
B 3-4m (12.8%)
Bl 4-5m (12.1%)
Il 5-6m (19.6%)
Il 6-6.5m (11.7%)
Hl 6.5m (4.9%)

'

Figurel7: Bathymetricmap of Lake Windermere
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These water depthgor deeper) by boat typalign with the latest research (Francis et al. 2023;
Selfand Larratt 202pPand with legislation elsewhere (Vermont 2624 An example oPlay Zone
mapping is presented in Figure8using the4 m criteriapresented above. Keepirthe paddle

craft Play Zonen waters shallower than 4 ransures minimal wake disruption of nesting birds
and littoral habitatsIf paddle craft move into deeper waters, they should recognize that they are
in the powerboat Play Zone and return to the shalloWeeping the powerboats in waters deeper
than 4 m and further from shore helps protect littoral values and prevent shoreline damage.
When powerboats need to transit thugh shallow waters to reach their Play Zone, they should
be travelling dead slowmo wake to ensure environmental protection and recreator safétyore
stringent criteria could be adopted to further protect Lake Windermasepresented in Next
Steps (Powerboat Play Zone > 4.2md150 m from shore). Creating Play Zone maps is easy after
the criteria are finalized. An App. could be built to show folks whese lay Zone is.

We conclude that Lake Windermere is not suitedvakesurfing and power boatingequiresa
boating capacity number assignedth a mechanism to limit the number of power boats
operating on Lake Windermere through the summer

10 \/ermont's New Wakeboat Rule
https:/mww.bing.com/search?g=dec.vermon&cvid=e78d3b220dbf4c86ba55ad550c729e94&gs_Icrp=EgZjaHIvbWUyB
ggAEEUYOTIGCAEQRRQ8gAIASAIA&GFORM=ANABO1&PC=ACTS
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Planning

Reeducate

Reserve

Regulations

Restrictions

Enforcement

5.0NEXT STEPS

We applaud the monitoring efforts of Lake Windermere Ambassadors -teonplake data sets
are invaluable.

A Continue to collechutrient, including calculatiny:P ratios

A Continue to monitor cyanobacteria blooms because they can accelerate using nutrients
released during sediment disturbance.

The following recommendations wedeveloped from the findings of this project aeddorsed
by theLWAsurvey results. These folks know their lake

Create a Lake Winderme&tewardshipPlan that can house the lake management and restoration initiatives
presented below from least to most enforcememeavy and a Lake Windermere Restoration Steering Group to
include governance First Nations, stakeholders and LWA

Mount an education campaign to help local and guest boaters enjoy Lake Windermere safely and responsibly
involve voluntary codes of conduct to protect the lake, drinking water quality, ecology and cultural use

Install slow, navake zones and marker buoys to protect sensitive habitats and water quality.

Apply to Province for an Aquatic Ecological Resepvetect cultural nativeiussel beds, spawning aresasd
wetlandsand/or pursue a Water Sustainability Plan under the Water Sustainability Act

Keep shallow areas (<4m depth) forgeaipelled/paddle craft activities and swimming. iNmtorized lake usecan
bedisregarded byomepower boats, they need safe, wélee space. Paddle craft should not stray into the deepel
water powerboat play zone.

Use the project maps to delimit the powerboat play zonen#aer depth ands@ m from shore
Ensure that boating regulations protect cultural use and the work of Indigenous stewards on the reintroductior
salmon.

Implementbylaws and regulations to mitigate impacts of boating activities and boating infrastructure (buoys, m
marinas and docks) on Lake Windermere values. Remove illegal moorage and dock material.

Consider a ban on motorized watercraft on the lake for all or part of the year, such as critical salmon spawniny
shorebird nesting periodsid summer periods since most residents prefemmmorized boating

9YUt RTWI HTYRURUNHqG6IJHEt ¢ Uc Nc¢ Udtprovinde Badts o tiit thédriskvo imtrbdind
aguatic invasive mussels

Institute noise and horsepower/boat type limits.

Lobby for power boat restrictions to limit the number of power craft at any givém aligament with the Lake
Windermere safe boating capacity. Many residents experienced safety concerns during recent summers. A |
could be considered to cover management costs.

Consider requestinffansportCanadaban onvake-surfing on theColumbiaRiver to extend to both Windermere and
Columbia lakes since they are essentially widenings in that river syS&ak to collaboratsucha ban with First
Nations

Ensure that SARKted species and habitats are protected

Enforce existing laws; DUI is unlawful, noise bylaws, holding boat operators responsible for wake damage, ar

drivers should be licenseBbaters aréegally responsible Y1 t0U¢ 2 RNé¢ qRUNIORUIOL 2 #E HOE 105 ¢ ! tOq 6 ¢ q
damageBoat operators need to be aware of situations and conditions that can endanger them and others and know which stepsgatéat
the risk. Boaters are requiteglawto take a safety course and pas®aline boating exam.
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6.0LIMITATIONS

This report has been prepared by Ecoscape LAC. This repoit intended for the sole and
exclusive usef Lake Windermere Ambassadoif®r the purposes set out in this reporthe
Consulting tearmelied upon personal communications witlake Windermere Ambassadaunsd
other information sources to corroborate the documents and other records available for the
subject property.Lake Windermere Ambassadoesknowledges thaEcoscapeés relying upon

full disclosure and accuracy of this informatitm enable Ecoscape to properly provida
professional serviceAnyuse of this report by a third party, or any reliance on or decisions to be
made based on it, are thesponsibility of such third parties. Ecoscap&C and LWd#ccepts no
responsibility for damages, if any, suffered by any third péagause ofactions or decisions
made based on this report.

7.0CLOSURE

We trust that this report satisfies the present requirements. Should you have any questions or
comments, please contact the undersigned at your convenience.

Respectfully Submitted

Written By: Written By:

(]
; y
- o i‘au\\;gié;.":
Jason Schleppe, M.Sc., R.P.Bio Heather Larratt1s'H.B.Sc., R.P.Bio
Senior NaturaResource Biologist LAC Leadquatic Biologist
DirectLine (778) 9463479 Direct Line(250) 7695444

Written By: Statistical Analysis By:

e Shag
=" . AD p

. ‘\‘\.\\Fiél:";f:r % é
Jamie Selfl. B.Sc. R.Bio Luke CrevierM.Sc
LAC Senior Aquatic Biologist Ecoscape Senior Data Analyst
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Appendix A:General Terms an@onditions

General Conditions
¢CKA& NBLERNI FLLXASE YR Aada adzoe2S0i0 (2 GKSasS aDSySNIft [/ 2yRAGA
Use of Report

This report concerns a specific site and a specific scope of work and is therefore not applicable to any other sitether any o
developments not referred to in the report. Any deviation from the specific site or scope of work would require a supptgmenta
investigation and assessment.

| 2y Ot dzaA2ya YR NBO2YYSyRIGA2ya O2y il AYySR Ay (GKA& NBLER2NI | NX
no responsibility for the accuracy of information, the analysis of data or recommendations contained or referenced pothis re

6KSYy G(GKS NBLEZNI Aa dziaft ATSR o0& 2NJ NBfASR dzZll2y o6& tghy LI NIe& 7
Ecoscape. Any unauthorized application of this report is at the discretion and sole risk of its user.

This report is subject to copyright, and therefore shall not be reproduced in part or in whole without prior written ctaysent

Ecoscape. Additional copies of this report may be available upon request, if required, and will be supplied after neggipmaf

for expenses associated with report production.

Limitations of Report
¢tKAad NBLRNI 6Fa RSNAOSR &az2ftSte FNRY (KS O2yRAGAZYyaanyKIl G 6 SNE
other parties making use of this report with the express written consent of Ecoscape and the client, are aware that sondition

affecting the environmental condition of the site can vary both temporally and spatially, and that the conclusions and
recommendations included in this report are temporally sensitive.

The client, and any other parties making use of this report with the express written consent of Ecoscape and the cliksat, are
aware that conclusions and recommendations included within this report emanate from limited observations and information,
andthat both onsite and offsite conditions may vary, which in turn could affect the conclusions and recommendations that
were made.

The client is aware that Ecoscape is not qualified to, nor is it making any recommendations in terms of purchase, santinves
or development of the subject property, as such decisions are the sole responsibility of the client.

Information Provided to Ecoscape by Others

During the extent of the preparation and work carried out in this report, Ecoscape may have relied upon information provided
by parties other than the client. While Ecoscape strives to validate the accuracy of such information when instructealig do s
the client, Ecoscape accepts no responsibility for the validity of such information which may affect the report.

Limitation of Liability

The client acknowledges that property containing hazardous wastes and contaminants poses a high risk of claims brought by thi

parties stemming from the presence of those materials. Accounting for these risks, and in consideration of Ecoscape providing

thS NBjdzSadiSR aSNBAOSasx GKS OtASyd aINBSa (KFG 902adsliSQa Al
wastes or contaminants located on the subject property, shall be limited to the following:

With respect to any claims brought against Ecoscape by the client arising out of the provision or failure to provide services
hereunder shall be limited to the amount of fees paid by the client to Ecoscape under this Agreement, whether the action is
basedon breach of contract or tort;

With respect to claims brought by third parties arising out of the presence of contaminants or hazardous wastes on the subjec
property, the client agrees to indemnify, defend and hold harmless Ecoscape from and against any and all claim or iaims, act

or actions, demands, damages, penalties, fines, losses, costs and expenses of every nature and kind whatsoever, including
solicitorclient costs, arising or alleged to arise either in whole or part out of services provided by Ecoscape, whether the claim
be brought against Ecoscape for breach of contract or tort.

Disclosure of Information by Client

The client agrees to fully cooperate with Ecoscape with respect to the provision of all available information on theget, cu
or proposed conditions on the site, including historical information respecting the use of the site. The client acknothladges
in order for Ecoscape to properly provide the service, Ecoscape is relying on full disclosure and accuracy of any at@ninform
Ecoscape does not accept any responsibility for conclusions drawn from erroneous, invalid, or inaccurate date forosidby
another party and used in the preparation of this report.

Standard of Care

Services performed by Ecoscape for this report have been completed in a manner consistent with the level of skill ordinarily
exercised by members of the profession currently practicing under similar conditions in the jurisdiction in which the seevice
provided. Professional judgement has been applied in developing the conclusions and/or recommendations made in this report.
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No warranty or guarantee, express or implied, is made concerning the results, comments, recommendations, or any other portion
of this report.

Notification of Authorities

The client acknowledges that in certain instances the discovery of hazardous materials, contaminants or conditions aisl materi
may require that regulatory agencies and other parties be informed and the client agrees that notification to such parties or
persons as required may be done by Ecoscape in its reasonably exercised discretion. Further, Ecoscape reserves the right to
notify Provincial agencies when rare or endangered flora or fauna are observed, whether the species classificationfiack ident

as such at the local, Provincial, or Federal levels of government.

Ownership of Instruments of Professional Service

The client acknowledges that all reports, plans, and data generated by Ecoscape during the performance of the work and other
documents prepared by Ecoscape are considered its professional work product and shall remain the copyright property of
Ecoscape.

Alternate Report Format

Where Ecoscape submits both an electronic file and hard copy versions of reports, drawings and othergdadgettiocuments

FYR RStAGSNIofSa o002ttt SOGA@Ste GSNI¥SR 902a0FLISQa Agndd NUzYSy i 2
sealed hard copy versions shall be considered final and legally binding. The hard copy versions submitted by Ecoseape shall b

the original documents for record and working purposes, and, in the event of a dispute or discrepancies, the hard caysy versio

shall govern over the electronic versions. Furthermore, the client agrees and waives all future right to dispute thagirtiaé¢ ori

hard copy signed version archived by Ecoscape shall be deemed to be the overall original for the Project.

¢tKS OftASyid IaANBSa (KIG 620K StSOGNRYAO FTAEtS YR KIFINR O2LE ¢
under any circumstances, no matter who owns or uses them, be altered by any party other than Ecoscape. The client warrants

thatd 023 O LJISQ& Ay &aildNHzYSyida 2F LINRPFSaarzylf aSNWAOS sAatt 068 dza s
The client recognizes and agrees that electronic files submitted by Ecoscape have been prepared and submitted using specific
a2FG6I NB YR KIFENRglINBE aeaidisSvyad 90280 LIS YI 1548 y2 NBanNBaSyidl i
or future software and hardware systems.
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AppendixB: Supporting Maps and Figures

o

Survey event count

w

0 5 10 15 20 25 30
Percent of lake where boat density exceeded 1 motorized vessel per 20 acres
FigureB-1: Histogram showing percent of lake area where motorized vessel density locally
exceeded safe boating density during individual survey events.
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