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ABSTRACT

Water scarcity has been a popular occurrence on Bowen Island, British Columbia in the past and recent
years. The situation is compounded by population growth, climate change, and increased summer water
use. The study aimed at assessing the demand and yubghe largest water distribution system on
Bowen Island;, the Cove Bay Water System, using a water balance approach in Grafton Lake Watershed.
From 20152019,it appearsthat more than 50%of the residentsof the watershedusedover 300L/P/Din

the summerwhen there was limited precipitation. The study revealed that the regression of the summer
precipitation versus summer water use is more significant than that of temperature. Therefore, the
summerprecipitationis a better determinantof summerwater use.

A monthly estimate of drainagefrom the watershed ito the lake was done, assumid®0% runoff. A

sersitivity analysis that assumé€% and 20% drainage loss to groundwater was done. It was found that

the drainage was little to nothing in the summenttgreaerA y G KS gAY i SNWP ¢KS 1 1SQ
also analyzed and it returned negative for most summer months and high in the winter. The lake

ol fFyOS g1 & dzaSR manthly Nda@ XoB the 5§efarderidd|(2D152ZDE9). For most

winter months, thee was a large spill as the lake reached its maximum storage capacity, but it fell short

in almost all the summer months.

The present situation of demand and supply in the watershed seem adequate but there are concerns for

future situations especially when climate change and population growth are considered.
Recommendations were provided to optimize supply and conscidostgduce demand. The projected

climate change data from the Pacific Climate Impacts Consortium (PCIC) is nhow avail&d60fo

Therefore thisresearchcouldbetakenfurther by usingthe currentwater supplyanddemandassessment

to estimate the impact of climate and population growth on the water supply up to 2100. It is
recommendedhat climate monitoring at the Bowenlslandstation shouldbe resumed asno calibration

RFGF glFa | @FLAfFofS FTNRY soiKSy ORIIASNR (&l KEaPdioseaDRy A&IA
match) was used in thiproject.
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1.1 Introduction
1.2 Background

Smallislandcommunitieswithin andoutsideCanadare often surroundedby water (usuallysaline)which

can not easily be used as freshwater (drinking and household use). In many cases, depending on the
topographyof the islandandthe aquiferhydraulicconductivity the freshwaterinanA & f laghiRenay

YAE 6AGK GKS aSlFglGSNI Ay 6KIG Aa LI Lz alfater | Y26y
interface)andrendersit salty(Klassert al,2014).Therefore jn suchanisland,groundwaterwill nolonger

be a good source of freshwater and there would be overdependence on direct precipitation and other
sources of freshwater like lakes ariers.

Small islands are also known for their rich coastal amenities which attract tquessecially in the
summer (Gill, A. & Williams, P. 2008). This poses a lot of water resource challenges on islands as air
temperaturegoeshighagainsta drasticallyreducedprecipitation.Lossof water to the atmospheren the

formsof evaporationon surfacewatersandevapotranspiratiorin forestedareasbecomethe order of the

day during summer in a typical island community. The increased summer population requires a higher
water demand than usual thereby making the limited freshwater resourcesabf sland insufficient to

meet the newdemand.

1.3 Objectives

1 Todeterminethe water balanceof supplyanddemandof the CoveBayLAS GraftonLake)system
on Bowen Island neafancouver

1 To examine the impact of population growth and climate change on the water system and
evaluate the constraints and options to achieve ldegn watersustainability.

1 To make recommendations for how the system will be managed and operated, also taking into
consideration seasonahriability.

1.4Bowen Island and Wate€hallenges

Bowen Island is an island municipality which is a part of Metro Vancouver with a landfaieaut 659

ha. It is in Howe Sound (Figure 1). It is located about 6km west of Mainland British Columbia. It has a
populationof about 3,680asof 2016, risingby 8.2%from the 2011 figure (Figure2); this figureincreases

by 1,500 every summer (Statistics Canada, 2017). The Population Density is about 73.4/Km2. It is worthy
of note that the island receives thousands of dagd shortterm tourists who access the island through

ferry ride which takes about 20 mireg from West Vancouverthe BC ferries Horseshoe Bay Terminal

and water taxis that depart from Horseshoe Bay and downtown Vancouver (Bowen Island Municipality,
2018)



Figure 1: The geographic location of Bowen Island on the coast of British Columbia. Source: CRC Joint
Venture (2007), Bowen Island Geo Library (2007). In: Bowen Island Municipality (2018)
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Figure 2: Graph showing theés-Year Population Trend of Bowen Island
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As the population grows and the climate changes, the water scarcity issue on Bowen Island is becoming
morethreateningdespiteconservatiormeasuregpromotedby the Municipality. Theislanddependson a
combination of groundwater and surface water. Groundwater wells are often deep in bedrock and are
generally low rate producers. Each well tends to yield less than 15 gallons per minute. The surface water
is sourced from Grafton Lake and Killarneake. These two lakes are primarily fed by direct
precipitation, with some contribution from their watersheds. The Municipality owns and operates seven
different water systems on the island (Blue Park, Bowen Bay, Cove Bay, Eagle Cliff, Hood Point, King
Edward Bay, and Tunstall Bay Water Systems), four of which are served by groundwater wells alone, two
that haveboth surfacesourcesandwells,andonethat is servicedby only a surfacesourcejthat is Grafton

Lake servicing the largest water systenthe Cove Bay Local Area Service (LAS). The Municipality is
currentlybuildinga newwater treatment plant to treat GraftonLakewater servicingCoveBay.Thisplant

is scheduled for completion in March 2021. Many of the water supplies on the island iagedteined

and the sustainable balance between supply and demand is in question acréslarne

1.5The Cove Bay Water Syst§@BWS)

This work aims to assess the demand and supply of the Cove Bay Wattan Syhich is the largest of

the 7 water systems on Bowen Island. This is intended to ultimately arrive at demand and supply
management and strategic options that could be adopted for the system to yield an annual surplus that
may be used to serve otherare vulnerable parts of the island. The CBWS provides water to over 40%
of the Bowen Island population (Whitehead Consultants Ltd, 2003). The system serves over 630 service
connections mainly in the Millers Landing, Snug Cove, Queen Charlotte Heigh@atasdHill areas of

the island (Dayton and Knight Ltd Engineering Consult200S).

1.6 The Grafton Lake Watershed and Its Resengirhe GraftorLake

Thesourceof water of the CBWSs the GraftonLakewatershed.It isthe major surfacesourceof drinking

water on Bowen Island. Interestingly, it covers only about 16% of the surface area of the island. The
watershed is located in the souttentral part of the island (Figure 3A). About tittirds of the Bowen

Island residents whose water is suppliedrr the Grafton Lake Watershed live outside the topographic
boundariesof the watershed(WhiteheadConsultantd td, 2003).Thismeansthat the watershedprovides

water to a greater population than those that residetin

The watershed has an area of appimately 659 hectares while the lake has a surface area of about 151
hectares. The soils of the watershed are described as gravelly to coarse sands with poor water holding
and storage capacity (Whitehead Consultants Ltd, 2015).



Grofton Lake

6586125 ha

A: Map of Bowen Island Showing Grafton Lake Watershed in B: Map of the Grafton Lake Watershed showing the Grafton Lake
Red Outline. (Whitehead Consultants Ltd, 2003) in the NW area of the Watershed. (Bowen Island Municipality)

Figure 3: Showing maps of Bowen Island, Grafton Lake Watershed and Grafton Lake



2.1WATER USE ANALYSIS IN COVE BAY 20111%
2.2 Data Analysis from the Cove Bay Treatment Pl20152019

Table 1 below shows the monthly and annual water use based on the treatment Plant data (Some of the
differences between the Urban Systems data and this data might be due to missing interval& amthe
5-minute data set). One of the issues is the November, December, and Januarz@¥l@lata (all
highlighted in yellow) which seems to be unusually high for winter consumption.

Table 1: Monthly and Annual Water Use Based on the Treatment Plant Dta/alues in )

Monthly Water Use from Treatment Plant
2015 2016 2017 2018 2019
Jan 13790 12810 20742 11202 11238
Feb 12289 7779 10501 11002 11002
Mar 15797 6876 11345 11997 13388
Apr 17455 14797 12433 14691 13975
May 22590 19330 14096 20001 18715
Jun 23911 16099 17059 18288 21054
Jul 21746 15913 23425 23331 19244
Aug 17697 18266 20885 23095 20720
Sep 13413 11071 15092 14546 15712
Oct 15144 17564 14434 15295 15785
Nov 11741 23644 10644 12477 14545
Dec 13464 24837 10702 12324 12683
Annual 199036 188970 181358 188249 188158

If Average Values are used for Novembdanuary 2016 to 2017, then the second peak is removed (See
Figure 4). The analysis of the monthly water use diaten the Treatment Plant showed relatively little
variability between the §ears (average around 1880CF)mThe lowest water use values were observed
in January and February, (around 11009, while July and August showed the highest water use values
(around 20000 ). The fall period averaged around 14008 Beasonal water uses were lowest in-Jan
Apr (around 5000 /), MayAugust (around 8000 fnand Septembeg December (around 6000
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Figure 4: Corrected by Using Average Values for-Naw 20162017

To compare the metered water use data from the treatment plant with the individual user data, the
monthly data were combined into 3 seasons and Table 2 provides the seasors falthe treatment
plant data.

Table 2: Seasonal Summary of Water Use from the Treatment Plant

Seasonal Water Use from Treatment Plant

2015 2016 2017 2018 2019
Jan 13790 12810 20742 11202 11238
Feb 12289 7779 10501 11002 11002
Mar 15797 6876 11345 11997 13390
April 17455 14797 12433 14691 13975
JanApr 59330 42262 55021 48892 49606
May 22590 19330 14096 20001 18715
June 23911 16099 17059 18288 21054
Jul 21746 15913 23425 23331 19244
Aug 17697 18266 20885 23095 20722
May-Aug 85944 69607 75465 84715 79734
Sep 13413 11071 15092 14546 15712
Oct 15144 17564 14434 15295 15876
Nov 11741 23647 10644 12477 14548
Dec 13464 24839 10702 12324 12683
SepDec 53762 77122 50872 54642 58818




2.3 Metered Data Analysis for Cove Bay Water Distribution 2@12019

Metered water use data is collected 3 times per year for the Jan@prit, MayAugust, and September
December periods. The data was evaluated in three parts:

a) Total metereddata

b) Metered Residential water ussnd

¢) Metered Commercial and Institutional water use dél)
a. Total metered data

The combined Table 3 and Figure 5 show the seasonal and total water use as well as the average volume
per connection (i connection).

Thee was little annual variability in total water use (average around 16)0Anerage water
use/connection varied between 632 méfor the JanuanApril period, 107135 n¥in May-August, and 68
-72 m¥/connection Septembebecember.

Table 3: Summary ofeéasonal and Total Water Used Based on all Metered Data

Year All Seasonal No of Mean Annual Total
Total (m3) Connection| (m3/Connection) | m3

2015 JanApril 39239 619 63

May-Aug 84487 624 135

SepDec 42466 628 68 166192
2016 JanApril 44790 628 71

May-Aug 66791 628 106

SepDec 49472 630 79 161053
2017 JanApril 40579 632 64

May-Aug 82905 632 131

SepDec 43184 640 67 166668
2018 JanApril 41419 644 64

May-Aug 79370 647 123

SepDec 49098 648 76 169887
2019 JanApril 45643 648 70

May-Aug 77117 651 118

SepDec 44660 652 68 167420
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Figure 5: Average Seasonal Metered Water Use Data in m3/Connection

The data shows consistent values over the 5 years with the summer of 2016 being somewhat lower due
to higher summer precipitation than in the othery&ar periods.

a) Metered Residential WatelUse
The Residential water use/connection is summarized in Tahled Figure 6.

Table 4; Metered Residential Water Use

Year All Seasonal No of Mean Annual Total
Total (m3) Connection| (m3/Connection) | m3

2015 JanApril 28354 557 51

May-Aug 60267 563 107

SepDec 29042 566 51 117663
2016 JanApril 31173 564 55

May-Aug 48554 563 86

SepDec 36945 566 65 115772
2017 JanApril 27695 568 49

May-Aug 57117 568 101

SepDec 29888 574 52 114700
2018 JanrApril 28395 581 49

May-Aug 57997 581 100

SepDec 34243 583 59 120635
2019 JanApril 31077 583 53

May-Aug 56791 584 97

SepDec 31954 587 54 119222
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Figure 6: Average Seasonal Residential Water Use in m3/Connection

Again, the data was consistent with thensmer water use about twice those for the other two seasons.
The residential water use averaged around 5par connection in Januapril, around 100 fin May-
August, and around 50 fper connection in Septembddecember.

b) Metered ICI WatelUse
The water usd for the metered ICI users is summarized in Table 5 and Figure 7.

Table 5: Metered ICI Water Use

Year All Seasonal No of Mean Annual Total
Total (m3) Connection| (m3/Connection) | m3

2015 JanApril 10340 54 191

May-Aug 23835 56 426

SepDec 13231 55 241 47406
2016 JanApril 13377 55 243

May-Aug 17747 57 311

SepDec 13211 56 236 44335
2017 JanApril 12719 57 223

May-Aug 25432 56 454

SepDec 13101 58 226 51252
2018 JanrApril 12901 58 222

May-Aug 20974 58 362

SepDec 14669 60 244 48544
2019 JanApril 14042 60 234

May-Aug 20803 61 341

SepDec 12613 61 207 47458
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Figure 7: Average Seasonal IClI Water Use in m3/Connections

The aerage ICI water use has declined in the summer since 2017, but the average summer use is still
about2 timeshigherthanthe residentialuse.Similarly the averagelClusein the fall andwinter periodis
4 times higher than the residentiase.

Differerces in ICI showed around 23 per connection in Janua#xpril, 350400 ntfor May-August,
and around 230 riper connection for Septembeddecember.

2.2 Comparison between the Treatment Plant Water Use and MeteDstta

A summary of the total and seasonaaiter use between the treatment plant and the metered data is
provided in Table 6.

The annual difference between the two data sets is betwedi6 5% and 11.3% in 2019. Seasonally, the
variabilitybetweenthe yearswasmuchmaore variable with -6 to 34%(differencein Winter and 10-36%in

the fall. The summer period shows the smallest difference ranging frdf2 These figures (in their
actual volume) represent the amount of water that is not accounted for in the watershed and is
considered norrevenue vater andleakages.
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Table 6: Comparison of the Treatment Plant and Metered Data

Comparison Between Treatment Plant and Metered Data

Winter 2015 | 2016 2017 2018 2019
Treatment | JarApr 59330 | 42262 | 55021 |48892 | 49606
Metered JanApr 39239 44790 40579 41419 45643
Difference | JanApr 20091 | 2528 14442 | 7473 3963
% Diff JanrApr 34 -6 26 15 8

Summer 2015 | 2016 2017 2018 2019
Treatment | May-Aug 85944 | 69607 | 75465 |84715 | 79734
Metered May-Aug 84487 | 66791 | 82905 | 79370 | 77117
Difference | May-Aug 1457 2816 7440 5345 2617
May-Aug 1.6 4 9.9 6.3 3.3

2015 | 2016 2017 2018 2019

Treatment | SepDec 53762 | 77122 | 50872 |54642 |58818
Metered SepDec 42466 | 49472 | 43184 | 49098 | 44660
Difference | SepDec 11296 | 27650 | 7688 5544 14158

% Diff SepDec 21 35.9 15.1 104 24.1
Annual 2015 2016 2017 2018 2019
Treatment | Annual 199036( 188990 | 181358 | 188249 | 188158
Metered Annual 166192 161053 | 166668 | 169887 | 167420
Difference | Annual 32844 | 27937 | 14690 | 18362 | 20738
% Diff Annual 16.5 14.8 8.1 9.8 11

2.3 Average Water Use in L/P/D and Frequergigtribution

To presenthe seasonahndannualwater useby each sectofresidentialandICl)in Litresper personper

day, the metered values in @nwere multiplied by 1000 (to convert tors), divided by 2.5 (average
number of persons per connection) and divided by the number of days in each season. The results are
summarized in Tables 7 and 8, indicating average values seasonally and annub#éycfaimbined data

set (Residential Use and All metered data). The reason why a low 2.5 people/connection rate was used is
that there are likely many retired people living on Bowen Island and many other residential owners only
occupy their residences dag the summeseason.

11



Table 7: Average Seasonal and Annual Residential Water Use in L/P/D

Average Seasonal & Annual Residential Water Use (L/P/D)
2015 | 2016 |2017 |2018 |2019

JanApr 170 184 163 163 178

May-Aug 348 280 327 325 316

SepDec 168 214 171 193 178

Mean Annual (229 |226 |[220 |227 [224

Table 8: Average Total Seasonal and Annual Water Use in L/P/D
All (Residential & ICI) Average Water Use in L/P/D
2015 2016 2017 2018 2019

JanApr 211 238 214 214 235
May-Aug 440 346 427 399 385
SepDec 222 257 221 248 225
Mean Annual 290 281 288 288 283

The results show that the average annual residential water use is betwee24Z18/P/D which is
considerably lower than the averages of values in Metro Vancouver. During the Fall and Winter Period,
the residential values are generally below 200 L/P/D,thig is likely due to low or seasonal occupancy

by several landowners.

An optimum range of domestic water use globally is between2®DL/P/D, hence there is some room
for additional conservation. The key for conservation measures is in the summertiviheasidential
values range between 2747 L/P/D

2.3.1 Frequency Distribution of Residential Water Use

A more important consideration is the frequency distribution of residential water use in relation to
different water use categories. The resultsHigure 8 show that a large number of people use less than
150 L/P/D (about on¢hird of house owners). This is considered the lower limit of potential use in the
developed world and suggests that these users do not live in Cove Bay on an annual basi39-4B66

of the residents are in the 15800 L/P/D range, which likely represents the bulk of the yeand
residents. That leaves around 30% of the house owners that use excessive amounts of water (350
3200L/P/D range).

12
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Figure 8: Average Annual Water Consumption in L/P/D

The key issue is summer water consumption which is shown in Figure 9. The less than 150 L/P/D group is
much smaller than those that use more than 300 L/P/D which make up abeG8%of the population.

Frequency of Average Summer Residential Water Use
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Figure 9: Average Summer Water Consumption in L/P/D

2.5 Water Consumption Versus Temperature aRdecipitation

The climate data for Bowen Island is intermittent and only available for-2998. A few local clinta
stations were evaluated to determine the best matching station to be used. The climate data for West
Vancouver, Vancouver Harbour, and Gibsons were compared with the Bowen data in Figure 10.
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Summer precipitation and temperatures are one of the key factors that result in higher summer water
use.Asshownbelow,the VancouveHarbourstationwasthe closestmatchto Bowenfor both the annual

and summer precipitation. As a result, the Vancouvarhdr station was used to determine the impact

of summer temperatures and precipitation on watese.

Summer Precipitation May-Aug Between Stations
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Figure 10: The Vancouver Harbour Station Shows the Closest Match to Bowen Island

The 19762019 historic precipitation and temperature for the summer (Msygust) are provided in
Figurell, whichshowsthat overthe past5 yearstemperatureswere at the highendwhile precipitation
was at the low end of the historiecord.

Mean Maximum Temperature vs. Precipitation May-Aug
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Figure 11: Historic Summer Precipitation versus Mean Maximum Summer Temperatures



The years 2015, 2018, and 2019 were some of the driest and hottest summers. The monthly water use
from the Treatment Plant was compared withetimonthly precipitation in Figure 12 for each of the five
yearsfrom 20152019.Theresultsshowthat 2016hadhigherMay-Julyprecipitationanda corresponding
reduction in water use compared to the othgears.
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Figure 12: Monthly Water Use Versus Monthly Precipitation for 219
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The Summer water use data for all 5 years was plotgdinst the summer precipitation and the
regression was found to be significant (d=0.05) explaining 69% of the variance (Figure 13). This suggests
that this type of regression could be used to project future summer increases in water use based on
precipitaion projections. A similar regression was performed for summer mean maximum temperatures
versus water use but as shown in Figure 14, the regression was not significant.

Monthly Summer Precipitation vs. Water Use
(Treatment Plant) May-Aug 2015-2019
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Figure 13: Relationship Between Summer Precipitation Versus Water Use
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Figure 14: Relationship Between Summer Mean Maximum Temperatures versus Water Use
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2.6 Water UseSummary

The overall average residential water consumption is relatively low compared with similar settings near
urban centers in Canada. The reasons for this are that several landowners are retired (low number of
people/connection)and manyare part-time usersof their properties(cottagesandsummerresidences).
However, about 50 % of the residents use excessive amounts of water during the summer seasons (>300
L/P/D) and this means that a concerted effort needs to be made for summer water conservation. This
could be in the form of outdoor water restriction, rainwater harvesting, xeriscaping, lawn water
restrictions, etc. This is of particular concern since the past 5 years showed a clear trend towards higher
temperaturesandlower precipitationduringthe summer.Thesummerwater useseemsdo be particularly
sensitive to the amount of summer precipitation amtésser degree to increasing temperatures.
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3.1 THE GRAFTON LAKE WATERSHED WATER BALANCE AND POTENTIAL CONTRIBUTION INTO THE
GRAFTONAKE

3.2 Watershed WateBalance

The water balance was computed for the watershed using the available climate data (Monthly
Precipitation and Evapotranspiration) and presented in Table 9.

Table 9: Grafton Lake Watershed Water Balance Model for the Firée8rs

1 (GRAFTON LAKE WATERSHED BALANCE
2
P Ref ET  Potential Actual ‘Water P- Act Sail Sail
ET ET deficit  ET water  water
(WD) Drainage storage  deficit Drainage
(Runoff (Runoff

3 +GW) +GW)
4 mm mm mm mm mm mm mm mm mm m3

Pot ET-
5 ActET AWSC-WS
E 215 16 11.4133 114133 0 203587 203587 B4 1] 1341636
7 130 24 150826 150826 0 114817 114817 24 0 757306
g 201.6 45 275 275 1] 174.1 174.1 B4 1] 114731%
9 76.9 74 412612 412612 0 3563BE 356388 24 0 234860
0 2 114 47.0225 47.0222 0 -45.022 0 389775 45.0225 1]
1 74 148 §7.252 4637 20BB2 -3B97 0 0 24 0
12 334 144 £6.4129 33.4 33.0129 1] 1] 1] B4 1]
13 75.6 120 51 8Be4 5188 000644 23.72 0 237136 60.2B64 0
4 B62.7 67 35.5158 35.51 0.00576 27.19 0 50.7978 33.2022 1]
5 114 4 41 241483 2414 0.0083 90.26 571 24 0 376289
& 254 200 13.97B5 139785 0 240022 240022 B4 1] 1581742
7 2723 12 962069 962069 0 262679 262679 24 0 1731057
18 lan 215 16 11.4133 114133 0 203587 203587 B4 1] 1341636
19 |Feb 1782 24 150826 150826 0 163117 163.117 24 0 10745844
20 Mar 198.2 48 28.6956 28.6956 0 169.504 169504 B4 1] 1117034
21 |Apr 263 B1 451643 451643 0 -1BBpd 0 65.1357 188643 0
22 May 76.6 116 47.8474 478474 0 287526 9.BBE3 B4 1] 65163.9
23 [Jun B4l 116 523573 523573 0 317427 317427 24 0 209184
24 Jul 59.2 120 553441 55.3441 0 3.855BE 3.B55EB B4 1] 25410.2
25 |Aug 125 120 51884 51 8Bed 0 -39.3B6 0 446136 393864 0
26 Sep Bl19 68 36.0458 36.0458 0 458542 64742 B4 1] 42665
27 |Oct 2217 34 199548 19959548 0 201705 201705 24 0 1329237
28 Mov 262.2 19 13.2796 13.2796 0 24892 24892 B4 1] 1640386
29 |Dec 2023 11 BRE1896 B BI1B%G 0 183481 153481 24 0 1275040
30 Jan 129.3 14 95B6RE 9.98B6E 0 119.313 119.313 B4 1] TBB2T5
31 |Feb 135 22 13.B257 138257 0 125174 125174 24 0 B24RB09
32 Mar 2718 38 227174 227174 0 249.083 249.083 B4 1] 1641454
33 |Apr 1682 62 345702 345702 0 13363 13363 24 0 BRDG20
34 May 1142 109 4459601 449601 0 69.2399 (9.2399 B4 1] 456291
35 [Jun 477 123 555168 555168 0 -7B16E 0 761832 7B1679 0
36 Jul 27 139 6£4.1069 64.106% 0 -61.407 0 147763 69.2237 1]
37 |Aug 101 127 5495131 248763 300368 -14776 0 0 24 0
33 Sep 378 B2 434871 37.8 566705 1] 1] 1] B4 1]
39 |Oct 184 3 41 241114 241114 0 160.1B9 76.1BBG6 24 0 502083
40  Mov 275.5 17 11.B817 11.8B17 0 263.61E 263.618B B4 1] 1737244
41 |Dec 1873 11 BRE1896 B BI1B%G 0 1784B1 17B4B1 24 0 1176180
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Generally, the simplified equation for Water Balance (modified after Healy et al 2007 and Wrinkler et al,
2010) of a watershed is:

R =R ET¢ G kS

Where:

R = Runoff/Streamflow

P = Precipitation

ET = Evapotranspiration

G = Groundwater

kS = Change in soil storage

These parameters are measured in depth (mm/month) and are multiplied by the area of the watershed
to get their volumes in Iiles/month and/a cubic meters/month.

Ultimately, this water balance is computed to know how much water is being contributed to the Grafton
Lake from the catchment area, as streamflow.

3.1 Precipitation and Seasonaariations

The precipitation data for the watershed were retrieved from the Environment Canada website, at the
Vancouver Harbour Climate Station. Ayar trend for the annual and seasonal precipitation for the
study area is presented in Figures 15 and 16 respdygtive

Annual Precipitation in Vancouver Harbour
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Figure 15: Annual Precipitation Trend in Bowen Island between 1971 and 2019

Inall casesit couldbe observedhat precipitationis graduallyand steadilydeclining.Thismeansthat the
Island is receiving less rainfall as the years go by. It could also be observed in Figure 16 that the summer
precipitation is declining to a greater extent than the wirpeecipitation.
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Summer (Apr-Aug) and Winter (Nov-Mar)
Precipitation Trends Vancouver Harbour
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Figure 16: Seasonal Precipitation Trends in Bowen Island between 1971 and 2019

For this water balance computation, data from 2€A®19 were used. The-year data was used to
compute and analyze the watershed balance.

3.2 Evapotranspiration- ET

Evapotranspiration refers to the amount of water that is lost by a surface to the atmosphere. It is usually
a combination of evaporation and transpiration from vegetations. Evapotranspiration appears to be
determined by climatic and vegetation propertids. computing a water balance, evapotranspiration
appears to be the most difficult to estimate, of all the components of the hydrological cycle.

ReferenceETvalueswereretrievedfrom the websiteof the PacifidrieldCornAssociatior(farmwest.com)

for the watershed. To get the potential ET values for the watershed, the ET measurements by Rachhpal
et al, 2009 for differenaged Pacific Northwest Douglis stands which are also prevalent in the
watershed were extrapolated. Actual Edlues are the same as the potential ET values when the sum of
total precipitation and the available soil water is greater than the potential ET. Otherwise, the Actual ET
shall be the sum of total precipitation and available s@iter.

Figure 17 shows theelationship between the potential ET and the actual ET values for the 5 years. It is
obvious that for some summer months in 2015, 2017, and 2018, there is a slight difference between the
potential ET and the actual ET. That is, the actual ET is lesshthgotential because the soil water
storage and the total precipitation for that month could not meet the potential ET requirement.
Conversely, in 2016 and 2019, the potential ET equals the actual ET all year long. This means that during
these two yearsthere is enough precipitation and soil water to meet the estimated potential ET.
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2015 Potential and Actual ET 2016 Potential and Actual ET
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Figure 17: Monthly Potential ET and Monthly Actual ET 2Q@089
3.3 Soil WaterStorage

As shown in Figure 18, the soils of the watershed are majorly BOSE (BO), BURWELL (BW), CANNEL (CA),
EUNICE (EU), MURRAYVILLE (MY), ROSS (RS), and Rock Outcrops; which are generally gravelly to coarse
textured sandg(Luttmerding,1981).Thebulk densityof the soilsis averagelyl 500kg/m? for the 0-1m soil

with a degree of stoniness ranging from 30 to 40%. The total soil porosity is 0.43 and Field Capacity and
Wilting Point values are estimated to be 0.19 and 0r@&pectively.

Therefoe, for 1m depth, the Available Soil Water is 140 mm and with an average stone content of 40%,
the Available Soil Water Capacity (ASWC) for the watershed is estimated to be 84mm. That is, the soail
storage is considered full at 84mm and any more water inpilltlead to runoff. Also, in cases whereby

the actual ET is greater than the total precipitation, the soil water storage will be used to make the
balance. This usually occurs in the summer.
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Figure 18: The Soil Map of the Watershed cropped out of the Soil Map of BC (Modified after
Luttmerding, 1980)

3.4 Runoff andGroundwater

Drainagdsthe resultof the water balancecalculation It wascalculatedoy subtractingwater output (that
is,actualET)from the input (Precipitation) It shouldhoweverbe noted that there would only be a runoff
whenthe soilstorageis full at 84mm.In somedry summerswhenthe storageisemptiedor not full, there
was little or no drainage and consequently, low or no flow intol#ke.

Dueto the thin layerof soilsunderlainby bedrockin the watershed andthe topographyof the watershed,
most drainage water is assumed to be a runoff in the first waterritaacalculation for the watershed. It
istherefore assumedhat the watersheddrainagento the lakeis directlyequalto the differencebetween
the total precipitation and the actu#T.

The monthly drainage in the watershed between 2015 and 2019 is presented in Figure 19. As expected,
drainageis greatestin the winter months (Novemberto February)and lowest in the summer(May to
August). The highest drainage per month (327mm) in theevelied between 2015 and 2019 was
recorded in January 2018. Interestingly, there was no flow in the month of august throughout the 5
years.
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Monthly Drainage 201582019
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Figure 19: Monthly Drainage 201209

Asshownin Figure20,the monthly averagedrainagefor the 5 yearsstudyshowsthat drainageis greatest

in November with approximately 229mm, followed by December and January with 220mm and 202mm
respectivelyOnaveragethereisno flow in Julyand August.Thesignificanceof thisresultisthat drainage

into the lake has been little to nothing between May and August in the lpsats.
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Figure 20: Monthly Average Drainage 202819
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4.1 THE GRAFTON LAKE WABABRANCE

The lake water balance was computed in a similar way to the watershed balance. Each component was
calculated/computedn volume(cubicmeter) aspresentedin Tablel0. Ideally,the total volumeof water

leaving the lake was subtracted from the tb@amount of water entering the lake. Inputs are direct
precipitationinto the lakeanddrainagefrom the watershedwhile outputs are evaporationfrom the lake,

water demandasrecordedfrom the treatment plant, andthe controlledreleaseinto the TerminalCreek.

Therefore, the water balance equation for the Grafton Lake is:

P+R=E+N#T

Where:

P = Direct Precipitation into the Lake

R = Drainage obtained from the watershed water balance

E = Evaporation from the surface of the lake

b I' 2 GSNIJ5SYFYR a NBO2NRSR FTNRY GKS tF180a GNBI
T,= Controlled release of water into the Terminal Creek for ecological services

4.2 Lake Precipitation and Drainage from thatershed

The amount of precipitation that the lake receivestli® same as that of the watershed. The only
difference is the receiving area. The area of the watershed is about 659 ha whereas that of the lake is
about15.6ha. Therefore the monthly precipitationwasmultiplied by the lakesurfaceareaandconverted

to cubic meter to obtain the precipitation component of the lake wdialance.

The drainage component has been calculated from the watershed water balance and the figures were
used for the lake water balance.

4.3 LakeEvaporation

The estimated monthly evaporation values were obtained from the website of the Pacific Field Corn
Associatior(farmwest.com) Thevalues Jike the precipitationvalues were multiplied by the lakesurface
area to obtain the volume of water lost to evapar@t by the lake evemonth.

In Figure 21, the monthly evaporation from the lake between 2015 to 2019 is presented. The highest
water loss due to evaporation from the Grafton Lake between 2015 and 2019 was 2%h80ry 2018

and the lowest was 1716hin the December months of 2016, 2017, and 2019. The average monthly
evaporation is also presented in Figure 22. It could be observed that the highest monthly average
evaporation occurred in July with a value of 2132@rhereas the lowest was in Decembetthwa value

of 1809.6n. These values could be improved once better surface water temperatures are available for
field studies.
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Table 10: Grafton Lake Water Balance Model for the First 3 Years

Jan
Feb
Mar
Apr

Jun
Jul

Feb
Mar
Apr

Jun
Jul

Aug
Sep

MNov

LAKE INFLOW 0% Loss to Groundwater 10% Loss to Groundwater 20% Loss to Groundwater
Minimu Lake Lake Lake
m Control Control Cantrol
Drainage Lake Terminal Weir 10% Weir 20% Weir
(Runoff Evaporat Water  Creek Lake Lake Spill Lake Lake Spill Lake Lake Spill
P +GW) ion Demand Release Balance Storage Volume Balance Storage Volume Balance Storage WVolume
m3 m3 m3 m3 m3 m3 m3
33540 1341636 2456 13750 22766.4 1375176 390524 1336124 1259000 1336124 1201960 1259000 1201960 1067797| 1259000 1067797
20280 757306 3744 122897 20563.2 777586 36596.2 740990 1259000 740990 665259 1259000 665259 589529 1258000 589529
314456 1147319 7176 15797 227664 1178769 45730.4 1133029 1250000 1133020 1018297 1259000 1018297 ‘903565 1258000 903565
119564 234860 11544 17455"7 22032 246856 51031 195825 1259000 195825 172339 1259000 172339 148853 1259000 148853
312 0 17784 22590 227664 312 631404 -62828 1196172 1] -62828 1196172 1] -62828 1196172 1]
11544 1] 23244 239117 22032 11544 69187 -6B033 1128139 0 -68033 1128139 0 -68033 1128139 0
52104 0 22464 21746 227664 52104 669764 -61766 1066373 1] -61766 1066373 1] -61766 1066373 1]
11793.6 1] 18720 17697 227664 11793.6 591834 -47390 1018983 0 -47390 1018983 0 -47350 1018983 0
9781.2 0 10452 13413° 22032 97812 45897 -36116 982867 1] -36116 982867 1] -36116 982867 1]
178464 376289 6396 15144 227664 354135 443064 349829 1255000 73696 312200 1259000 36067.5 274571 1257439 0
39624 1581742 3120 117417 22032 1621366 36893 1584473 1259000 1584473 142299 1259000 1426299 1268124 1259000 1266563
42478 8| 1731057 1872 13464 22766.4 1773535 38102.4 1735433 1259000 1735433 1562327 1259000 1562327 1389222| 1259000 1389222
33540 1341636 2456 12810 22766.4 1375176 380724 1337104 1259000 1337104 1202940 1259000 1202940 1068777| 1259000 1068777
27755.2 10745944 3744 7779 21297.6 1102743 32820.6 1069923 1259000 1069923 062428 1259000 962428 854934 1255000 854934
30919.2 1117034 7488 6876 22766.4 1147953 371304 1110822 1259000 1110822 999119 1255000 999119 887416 1255000 887416
4102.8 1] 12636 14797"7 22032 41028 49465 -45362 1213638 0 -45362 1213638 0 -45362 1213638 0
11848.6 65163.9 18096 19330 227664 771135 601924 16921.1 1230559 0 104047 1224043 0 3888.32 1217526 0
131196 209184 18096 160007 22032 222304 56227 166077 1250000 137636 145159 1259000 110201 124240 1259000 82766.2
9235.2| 25410.2 18720 15913 22766.4 346454 573994 -22754 1236246 0 -25295| 1233705 0 -27836 1231164 0
1950 0 18720 18266 227664 1950 597524 -57802 1178444 ] -57802 1175903 ] -57802 1173362 ]
127764 42665 10608 110717 22032 554414 43711 117304 1190174 0 7463.88 1183367 0 3197.38| 1176559 0
34585.2 1329237 5304 17564 227664 1363822 456344 1318188 1250000 1249362 1185264 1259000 1109631 1052340 1259000 969899
40903.2 1640386 2564 23644" 22032 1681289 48640 1632649 1259000 1632649 1468610 1255000 1468610 1304572 | 1259000 1304572
31558.8 1275040 1716 24837 22766.4 1306599 49319.4 1257279 1259000 1257279 1129775| 1259000 1129775 1002271 1259000 1002271
20170.8| 786275 2184 20742 227664 BOG446 456924 760753 1258000 760753 682126 1259000 682126 603498 1259000 603498
21684 824899 3432 105017 20563.2 846583 344962 812087 1259000 812087 729597 1259000 729597 647107 1259000 647107
424008 1641454 5928 11345 22766.4 1683855 40039.4 1643816 1259000 1643816 1479670 1259000 1479670 1315525| 1259000 1315525
26239.2| BBO620 9672 124337 22032 906860 44137 862723 1259000 862723 774660 1259000 774660 686598 1259000 686598
17815.2 456291 17004 140596 22766.4 474106 53B66.4 420240 1255000 420240 374611 1259000 374611 328982 1259000 328982
74412 0 19188 17059"7 22032 74412 58279 -50838 1208162 0 -50838 1208162 0 -50838 1208162 0
421.2 1] 21684 23425 227664 4212 678754 -67454 1140708 0 -67454 1140708 0 -67454 1140708 0
1575.6 1] 19812 20885 227664 1575.6 634634 -6188B8 1078820 0 -61888 1078820 0 -61888 1078820 0
5896.8 1] 12792 150027 22032 GSEOGE 40016 -44019 1034801 0 -44019 1034801 0 -44015 1034801 0
28750.8| 502083 6396 14434 227664 530834 435964 4B7237 1255000 263038 437029 1259000 212830 386821 1259000 162622
42978 1737244 2652 10644" 22032 1780222 35328 1744894 1255000 1744894 1571170 1259000 1571170 1357446 1259000 1357446
29218.8| 1176190 1716 10702 227664 1205409 351844 1170224 1255000 1170224 1052605 1259000 1052605 ‘934986 1259000 934986
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Figure 21: Lake Monthly Evaporation 202519
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Monthly Average Lake Evaporation 202019
25000
20000
™
£
§ 15000
<
S 10000
©
>
L
5000
0
Jan Feb Mar April May Jun Jul Aug Sep Oct Nov Dec
Months

Figure 22: Lake Average Monthly Evaporation 2289

4 A\Water Demand as recorded from the Lake Treatm@&ant

Thewater demanddata has been comprehensivelyanalyzedand discussedn the water use sectionof

this report. The water use data from the treatment plant was used for this calculation instead of the
water demandmetereddatabecausédhe treatment plant dataisthe onethat showsthe actualvolumeof

water thatis withdrawn from the lakefor distributionto consumersThedatais presentedin Tablel and
Figure 4.

4.5 Controlled Release of Water into the Terminal Creek for Ecolo@ealices

Thisdatais animportantcomponentofthef | {o8tgu# Thisisasupervisedcontrolledreleaseof water

into the natural water system for ecological services. As informed by the Bowen Island Municipality, a
minimumvolumeof 8.5litresper secondsreleasedrom the lakefor this purpose.Thisvalueis converted

to cubicmeter per month for allthe months from 2015to 2019.Sinceno dataon monthlyriver discharge

and lake level fluctuation was available, this calculation does not account for the water released to the
river during the period of excesster.

4.6 Balance and Lak8torage

Theresultof the GraftonLakewater balanceshowsthe differencebetweenthe total water input into the

lake and the total water output. As described earlier, water enters the lake through direct precipitation
and runoff from the catchment/drainage area (the watershedlyater leaves the lake by direct
evaporation, water withdrawal for distribution or supply, and the controlled release of water into the
TerminalCreek.
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The balance was calculated monthly and is given as:
Balance = Total Inflowg Total Outflow

Where:

Total Inflow =P + R and

Total Outflow =E+ N+ T

Therefore,

Balance =P + RECN-T;

Despitesomewater conservatiormeasurege.g.water pricing)that the municipalityhasput in place,the

result of the lake balance, presented in Figure 23 for the chart with minimum or 0% groundwater, shows
that there wasarisein the lakebalancebetween2015and 2016whichdeclinedin 2017with anincrease

in 2018. Also, there was a very sharp decbeéveen 2018 and 2019 which may be due to the relatively
low precipitationthat the islandreceivedin the winter of 2019whichin turn ledto lower drainage Inthis
calculationjt wasassumedhat there wasaminimumlossto groundwater.Thatis, there was100%runoff

from thedrainage.

GRAFTON LAKE ANNUAL BALANCE WITH MINIMUM
GROUNDWATWER LOSSES 2015-2019
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Figure 23: Relationship between a 0%, 10% and 20% Loss in Annual Drainage to the Annual Lake
Balance

Also, Figure 24 represents the annual drainage from the watershed (for the chart assuming there is a
minimumof 0%lossto the groundwater) . Thegraph,beingsimilarto the total annualbalancegraphshows
that the watershed drainage determines, to a greater extent, the annual balance thaothemy
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componentof the analysisTherefore jt confirmsthat the lower precipitationthat the watershedreceived
in 2019was the major reason there was a decline in the annual balance between 2028 Ehd

Grafton Lake Watershed Annual Drainage with
Minimum Groundwater 2015-2019
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Figure 24: Annual Drainage with Minimum, 10% and 20% Drainage Losses to Groundwater

4.7 SensitivityAnalysis

Sensitivity assessments were conducted on the water balance data to estimate the influence of a slight
increase or decrease in some components of the water balance on another component and ultimately,
the balance Theseassessmentsecamenecessarysaresultof the assumptiorthat mostof the drainage

from the watershed is runoff and because the lake level fluctuation data and discharge during periods of
excess water were not available. All monthly lake balance and storage dateeamnted in Tabl#1.

4.7.1 Annual Drainage with 0%, 10% and 20% Drainage Loss8soindwater

Since it was challenging to estimate hawich of the drainage goes into the groundwater, testing the
influence of a portion of the drainage became necessary. Here, 10% and 20% of drainage losses were
calculated and compared to the 0% groundwater contribution in Figure 24.

4.7.2Decrease in Annud_ake Balance as a result of a 10% Drainage LoSsdondwater

The effect of the 10% and 20% drainage loss to groundwater on the annual lake balance is presented in
Figure 23. It indicates that the annual lake balance decreases at the same or a kigjtetyproportion

as the drainage decreases. A 10% drainage loss to groundwater led to a 10.5% decrease in the annual
lake balance for the 5 years and a 20% change decreased the water balance by 20.97.
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Table 11: Monthly Lake Balance @Monthly Lake Storage for Minimum (0%), 10%, and 20% Drainage
Loss to Groundwater

EFFECTS OF 0%, 10% AND 20% DRAINAGE LOSS5 TO THE GROUNDWATER ON LAKE BALANCE AND LAKE STORAGE

Monthly Lake Balance with Minimum Groundwater Monthly Lake Storage with Minimum Groundwater
2015 2016 2017 2018 2019 2015 2016 2017 2018 2019

lan 1336124 1337104 760753 2171437 1025121 Jan 1259000 1259000 13259000 1259000 1259000
Feb 740990 10689923 812087 764185 454797 Feb 1259000 1259000 1259000 1259000 1259000
Mar 1133029 1110822 1643816 746332 34781 Mar 1259000 1259000 1259000 1259000 1258000
Apr 1895825 -45362.2 862723 905833 516348 Apr 1259000 1213638 1253000 1259000 1259000
May -62828.4 169211 420240 -61284.6 -53087.8 May 11961716 1230559 1259000 11977154 12059122
Jun -68032.6 166077 -50837.8 -50803.2 -58966.8 Jun 1128139 1259000 1208162 11459122 11469454
Jul -61766 -22754 -57454.2 -6B057.5 -54537.2 Jul 1066373 1236246 1140708 10788547 1092408.2
Aug -47389.8 -57802.4 -51887.8 -63957.4 -57183.2 Aug 1018983.2 1178444 1078820 1014897.3 1035225
Sep -361158 117304 -4401592 101584 363073 Sep 982867 4 1190174 1034801 11164811 1259000
Oct 349829 1318188 487237 616962 662939 Oct 1259000 1259000 1259000 1259000 1259000
Nov 1584473 1632649 1744894 1855005 705403 Now 1259000 1259000 1259000 1259000 1259000
Dec 1735433 1257279 1170224 2003672 1047490 Dec 1259000 1259000 1259000 1259000 1259000
Annual 6799570 7794775 7677775 B920912 4586677

Monthly Lake Balance with 10% Drainage Loss Meonthly Lake Storage with 10% Drainage Loss
Jan 1201960 1202940 682126 1955836 921553 Jan 1201960 1259000 1259000 12559000 1255000
Feb 665259 962428 729537 686340 407178 Feb 1259000 1259000 1255000 1255000 1255000
Mar 1018297 999115 1479670 669759 27520.6 Mar 1259000 1259000 1259000 1259000 1259000
Apr 172339 -45362.2 774660 B13292 4623609 Apr 1250000 1213638 1259000 1259000 1259000
May -62828.4 104047 374611 -612846 -53087.8 May 11961716 1224043 1259000 11977154 12059122
Jun -68032.6 145159 -50837.8 -50803.2 -58966.8 Jun 1128139 1259000 1208162 114691232 11469454
Jul -61766 -25295 -67454.2 -6B057.5 -54537.2 Jul 1066373 1233705 1140708 10788547 1092408.2
Aug -47389.8 -57802.4 -61887.8 -63957.4 -57183.2 Aug 10189832 1175903 1078820 10148973 1035225
Sep -36115.8 7463.88 -440192 889017 324596 Sep 9828674 1183367 1034801 1103799 1259000
Oct 312200 1185264 437029 552717 594186 Oct 1259000 1259000 1259000 1259000 1259000
Nov 1426299 1468610 1571170 1670341 632834 Nov 1259000 1259000 1259000 1259000 1259000
Dec 1562327 1129775 1052605 1804471 941667 Dec 1259000 1259000 1259000 1259000 1259000
Annual 6082549 6982705 6877269 7997655 40881638

Monthly Lake Balance with 20% Drainage Loss Monthly Lake Storage with 20% Drainage Loss
Jan 1067797 1068777 603498 934986 818064 Jan 1067796.53 1259000 1259000 1259000 1259000
Feb 589529 854934 647107 1740434 359559 Feb 1259000 1259000 1259000 1259000 1259000
Mar 903565 887416 1315525 608492 20260.1 Mar 1259000 1259000 1259000 1259000 1259000
Apr 148853 -45362.2 686598 593186 407850 Apr 1259000 1213638 1259000 12559000 1255000
May -62828.4 38B8B8.32 328982 720751 -53087.8 May 11961716 1217526 1259000 11977154 12059122
Jun -68032.6 124240 -50837.8 -61284.6 -58966.8 Jun 1128139 1259000 1208162 114691232 11459454
Jul -61766 -27836 -67454.2 -50803.2 -54537.2 Jul 1066373 1231164 1140708 10788547 1092408.2
Aug -47389.8 -57802.4 -61887.8 -6BOS7.5 -57183.2 Aug 10189832 1173362 1078820 10148973 1035225
Sep -36115.8 3197.38 -44019.2 -63957.4 286120 Sep 982867.4 1176559 1034801 1091117 1259000
Oct 274571 1052340 386821 762197 525433 Oct 1257438.6 1259000 1259000 1259000 1258000
Nov 1268124 1304572 1397446 488472 560264 Nowv 1259000 1259000 1258000 1259000 1259000
Dec 1389222 1002271 934986 1485676 835844 Dec 1259000 1259000 1259000 1259000 1259000

Annual 5365528 6170635 6076764 6404114 3589659
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5.1.POTENTIAL WATER CONSERVANIDKTIVES

Theaveragedailywater useis generallylow by manyhouseownersin Bowenlsland.Thisis becausenany
landowners Oonly live on the island on a seasonal basis; mostly during the summer, and a significant
portion of the residents are retired (low number of people/connection). However, almost 50% of the
water users have daily water uses in the summert thaceeds 300 L/P/D. This means conservation
measures should be focused on summer waiss.

5.2.YearRound Recommendation and Conservation Measures folJakrs
1. Increasing the Storage Capacity of thake

Presently, the maximum storage capacity o€ tlake is 1259 cubic decameters at the spillway crest
elevation. This means once the storage reaches this volume or exceeds it as is usually the case during
winter, the excess water goes into the discharge. As observed in Table 10, at least 7 of thealiRahon

the year receive more water than the maximum storage capacity of the lake, which usually spills. If the
storagecapacitywere largerthanit is, it would be ableto savemore water duringthe period of excesgo

save for the driemonths.

2. Pricing

Theuseof pricingasa conservatiommeasurehasalreadybeenadoptedby the BowenlslandMunicipality.

The price for Cove Bay is set at a flat rate of $260 if people use less thdped4month. However, if
they usemorethan34m?, thereisasurchargeof $1.55per cubicmeter abovethe 34ma3limit. Thisstrategy

could be further improved by volumetric pricing using block rates (with very high rates for high water
users).

3. Mandatory Low Flusf oilets

Theother issuethat appliesto all usersisMandatoryLowFlushToiletswhichcansave25-30%of the daily
water use. This will help conserve a lot of water for othee.

4. Reducing NorRevenueWNater

Prevention of water loss from water distribution and water treatment systems. The Canadian @duncil
Ministers of the Environment (CCME), in 2006 stated that across Canada, about 15% of the actual water
withdrawals (example of which is recorded at the Treatment Plant) are frorarenenue water which

could include leakages from distribution and treant systems. It added that the amount of this loss
could go as high as 37%.

As shown in Table 6, the difference between the treatment plant data and the metered water use data
between 2015 and 2019, which constitutes unaccounted water is abel% of thetotal annual
treatment plant data. This means that a lot of conservation can be achieved by fixing the leakages and
pipe replacement program. These could help to reduce-reMenue water to about 6% but may not
eliminate it.
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5.2 Recommendation for Summer Water Conservation Options
1. Rainwater Harvesting for Outdoor and FutuReuse

Rainwatercouldbe harvestedandreusedfor non-potabledomesticuses(e.g.laundry,toilet flushing,and
fl 6y ANNRIFIGAZ2YODP ¢KSEAS LINIF OGAOS& LI NIAOdzZ NI & KS
winter precipitation yields excessgater.

This can reduce summer use by-2% depending on outdoor activities (Gardens, lawns, etc.). The
Municipdity could also ban the use of domestic water for most outdoor water uses.

2. Lawn Water UsdRestriction

Residents should embrace more efficient irrigation practices like adopting drip irrigation. Also, planting
droughttolerant plants and usirdpndscapig techniques that conserve water should be encouraged.
Minimizing the size of lawns, xeriscaping, or adding 30cm of topsoil before planting lawns is a good way
to reduce summer water use. Ultimately, limiting lawn irrigation during July and August sheuld b
considered. Lawns will turn yellow but will recover within 14 days as soon as the rainy season starts in
the fall.

3. Water UseRestrictions

More restrictionscouldbe placedon how water is beingusedduringdry summer.Differentstages/levels
of restriction could be implemented depending on how drought and temperatures progress during the
summer.
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6.1 CONCLUSION

This study determined the water use of the residents of the Cove Bay Water System and evaluated the
water inflow from the watershedinto the lakeand determinedthe water balanceof the lakefor the past
5 years.

1 WaterConsumptionBasednthe metereddatafrom the watertreatmentplantandthe metered
residential water use datat was shown that the average daily water use is relatively low (220
L/P/D), but more than 50% of the residents use more than 300 L/P/D during the summer (May
Aug).About30%of the total water useisfor institutionalandcommercia(ICl)purposesandabout
8-16% of the water is unaccountddr (nonrevenue water deakages).

1 Watershed Balance and lake inflow Determination: Using a water balance approach a good
estimate of the precipitation and evapotranspiration relationship was established but without
stream runoff data into the lake, it was a challenge to decide how much of the drainaget lost
groundwaterandhow muchare surfaceandsubsurfacdlow into the lake.Anestimated0%,10%,
and 20% loss to groundwater was used to determine how this impacts thenfake.

1 Lake Water Balance: Little data was available for the lake outflow into the stream, except for the
minimum summer flow requirement during the summer of 8%src/day. This was used as an
approximation but will need to be modified when more seasonal flow data is available. The
evaporationof the lakewasestimatedat 123209nt annually . Theimpactof 10%and20%changes
in inflow was used to determine how sensitive the lake balance is to such changes. The results
showed that impacted the water balance by 10.5% and 20.858pectively.

1 Summer Precipitation and Temperatures as a predictor of water Use: It apfhedrsummer
precipitationisagooddeterminantof summerwater use.Theregressiorof monthly precipitation
versusmonthly water usewasfoundto be significantwhen usingthe combinedmonthly datafor
all five years (2012019). In contrast, temperature versus water use was not significantly
correlated.

1 Potential Water Conservation Measures: Since 50% of the residents use relatively high amounts
of waterduringthe summer,recommendationsveremade for additionalconservatiormeasures,
such as rainwater harvesting, lawn restrictions, soil amendments for outdoor use activities,
additional water use restriction measures and using watringlevices.

1 Current Water Situation: Sorttdng like the current situation is adequate but there are concerns
about future conditions because of population growth and clincitenge.

Recommendation and Limitations:

1. Some monitoring has been initiated and the mideé result will need to be modédd and calibrated
once inflow and outflow data will be available in the consegson.

2. Theprojectedclimatechangedatafrom the PacificClimatelmpactsConsortium(PCICis now available
for 2100andthis datashouldbe usedto projectthe effectthis hason the watershedandlakebalance.

3. The Vancouver Harbour climate station data for 2Q089 was used in all water balance calculations.
It isthe closestdatathat matchesthe conditionson Bowenlsland.Sinceno calibrationdatawasavailable
from the Bowenlslandstationssince2012,it isrecommendedhat climatemonitoringat the islandstation
should beresumed.
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