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Executive Summary 

Capital Regional District (CRD) Parks & Environmental Services required a climate-adapted 
water availability study for the Lake Weston / Weston Creek watershed on Salt Spring 
Island (SSI).  The purpose of this study is to assess future water supply availability for the 
Lake Weston watershed in consideration of current water licences and predicted climate 
change scenarios. The Fulford Water System is currently the only local community water 
service provider in the Lake Weston/Weston Creek watersheds.  There are also 24 point of 
diversion licences to extract water for domestic or irrigation supply from Lake Weston. In 
consideration of future growth scenarios within, and outside of, the Lake Weston 
watershed, it is necessary to identify the safe yield of water supplies while ensuring water 
requirements for environmental flow needs are preserved to ensure aquatic ecosystems 
(wetlands, creeks, lakes, etc.) are protected. 

To meet the goal of project, GW Solutions has developed a water balance model (based on 
the Thornthwaite-Mather approach) to assess the water availability within the watersheds 
that contribute to the main study area, Lake Weston watershed. We estimated water 
withdrawals/usage from groundwater and licenced surface water resources and compared 
this usage to water availability. Finally, the estimated available water (for both groundwater 
resources and surface water features) under different climate conditions based on global 
climate models (scenarios; 2030s, 2050s, and 2070s) has been compared with the current 
water usage in the study area. This comparison enables us to understand if the study area 
is likely to experience stress due to withdrawals that exceed available supply. The results 
also help the CRD to determine if there is potential for community expansion within the 
study watershed based on sustainable water supply.  

The Lake Weston Watershed is dominated by the star-shaped approximately 500 metre 
wide Lake Weston and a limited number of stream drainages, however there the majority of 
creeks and rivers are reported to not flow all year round or have very limited flow during the 
dry season. Lake Weston has a maximum depth of 12.2 meters and is connected to the 
upper groundwater system. The lake occurs within a topographic depression at the 
intersection of two faults which has enabled the lake to form.  Groundwater feeds or 
discharges directly into the lake via the faults on the upgradient side of the lake and seeps 
out of the lake on the downgradient side back into the groundwater zone.  The lake also 
has a surface water outlet, Weston Creek, which appears to flow all year round. 

Water supply in the Lake Weston watershed is obtained from two sources: 1) directly from 
Lake Weston and 2) Aquifer 1147 which is pumped from wells distributed throughout much 
of the watershed. The only water usage that is measured (metered) is the Fulford 
Community Water System taken from Lake Weston. The remainder of the water usage 
from Lake Weston and Aquifer 1147 is not measured and can only be estimated based on 
the amounts in the water licences. The fire protection water licence (institutional) is the 
largest licence however this water is licenced for firefighting and firefighting training only 
and is intermittently (e.g. 3000 gallons were drawn in 2019 but none on 2020 and 2021). 
Most of the water withdrawn for training is circulated back to Lake Weston. There are 
several private domestic water supplies taken from Aquifer 1147 and significant water 
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usage for irrigation taken from Lake Weston. The highest water usage from Lake Weston is 
the May-September period likely reflecting increased irrigation in summer.  This contrasts to 
the assumed pumpage from domestic wells which is similar in summer and winter. 

The water balance model shows the total annual precipitation in the watershed is about 
2585 dam3/year and the water surplus is 1608 dam3/year which is comprised of both 
surface water runoff (993 dam3/year) and groundwater recharge (615 dam3/year). Of the 
total precipitation, evapotranspiration represents 35%, surface water runoff represents 40% 
and groundwater recharge represents 25%. 

A comparison of annual groundwater recharge and total annual water usage (from Lake 
Weston and wells), as estimated from water licences, indicates that on an annual basis 
groundwater recharge is sufficient to satisfy the current total demand.  However, 
groundwater recharge occurs mostly in the winter months while the water demand is higher 
in the dry summer months, mostly for water supply and irrigation. This means that during 
the summer months, water supply demand exceeds recharge which leads to seasonally 
declining water levels of Lake Weston and Aquifer 1147. These levels then rise again each 
fall and winter in response to recharge events. 

Climate change models predict that winters in the CRD will be warmer with more rain and 
less snow. The rain will fall as more intense events leading to higher levels of surface runoff 
potentially leading to higher soil erosion and flooding and potentially less groundwater 
recharge. The spring snowmelt will tend to disappear reducing the historical groundwater 
recharge heading into the dry summer months. During summer, temperatures will be 
higher, precipitation lower and groundwater baseflow (feeding creeks, lakes, wetlands) will 
therefore be lower. Runoff is predicted to decrease significantly in the summer months (-
20% to -28%) while in the winter months runoff will increase by a small amount (2% to 4%). 
Water shortage is predicted from March to September when the demand will seasonally 
exceed the surplus of water. This means that during this period, licenced withdrawals 
exceed groundwater recharge (replenishment of supply) potentially leading to decreased 
groundwater baseflow to the creek and thus water available for environmental flow needs 
(aquatic ecosystems: lakes, creeks, wetlands, etc.). 

The Lake Weston level varies from a high of about 61.35 masl (meters above sea level).  in 
January to a low of 60.55 masl in August (average 0.8 m variation) and appears to reach a 
level where it becomes stable (increasing very slightly) in the summer months.  In 
drainages where fish are present, the minimum flow required to sustain the fisheries 
resource for fair spawning and rearing habitat is 10% of the Mean Annual Discharge 
(MAD). For Weston Creek, 10%MAD corresponds to a Lake Weston water level of about 61 
masl. A 20%MAD corresponds to a lake level 10 cm higher at about 61.1 masl and a 
30%MAD is about 61.15 masl. 

The relationship between usage and Lake Weston level is represented with an approximate 
trend line providing an approximation of the usage that corresponds to the 10%MAD, 
20%MAD and 30%MAD.  It can be seen that in order to achieve even the minimum 
10%MAD in Weston Creek the usage in the summer months would need to be reduced to 
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usage levels similar to the winter months.  This would require significant summer 
restrictions on irrigation (farm and household) usage.  This highlights the need for accurate 
usage data to confirm these results and to allow consideration of the need for more 
appropriate water conservation programs. 

Development and implementation of water conservation measures, for all water users, from 
March to September is recommended to minimize water shortages during summer months. 
Additional monitoring is recommended including installation of a climate station within the 
watershed and installation of new monitoring wells and/or the identification of suitable 
existing wells that could be monitored.  Monitoring should prioritize understanding the 
impact of water usage and climate change on the watershed. Additionally, work is needed 
to better define instream flow needs for Weston Creek based on a community-based 
strategy. 
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1 BACKGROUND  

The Capital Regional District (CRD) Parks & Environmental Services required a climate-
adapted water availability study for the Lake Weston/ Weston Creek watershed (ID: 
08HA0020) on Salt Spring Island (SSI).  

The purpose of this study is to assess future water supply availability for the Lake Weston 
watershed in consideration of current water licences and predicted climate change 
scenarios.  

The Fulford Water System is currently the only community water supply system in the Lake 
Weston and Weston Creek watersheds. Furthermore, as the population density has 
increased within the Lake Weston watershed, it is necessary to identify the safe yield of 
water supply while ensuring that water requirements for environmental flow needs are 
preserved. 

2 STUDY AREA DESCRIPTION 

Figure 1 and Figure 2 present the Lake Weston Watershed boundary and some 
neighbouring watersheds in the study region.  It is noted that the Lake Weston Watershed 
is a subwatershed of Weston Creek Watershed. The bedrock geology (Figure 3) of Salt 
Spring Island was mapped in detail by Greenwood and Mihalynuk (2009) by studying 
outcrops and interpreting existing borehole stratigraphy data. The Lake Weston watershed 
is comprised of granitic rocks of the Saltspring Intrusions and volcanic rocks of the Nitinat 
Formation.  The structural distribution of the Upper Nanaimo Group was created by multiple 
ancient deformational (Mustard, 1994) and more recent glacier glacio-isostatic 
deformations (Clague, 1983). The bedrock throughout the southern Gulf Islands thus has 
been extensively folded and fractured (Journeay and Morrison, 1999).  

The watershed is dominated by a groundwater-fed lake (Lake Weston; Water Body ID: 
315620) and largely ephemeral drainages that do not flow year-round but only flow 
seasonally in the rainy season or temporarily following rain events. Lake Weston has an 
area of 180,137 m2 and is in the crude shape of a cross with three distinct arms.  The 
longest span between arms (northeast arm to southwest arm) is about 700m and the 
maximum depth is 12.2 meters (Figure 4). The lake appears to be at the intersection of 
several geologic faults which have weakened the rock and produced a depression in which 
the lake as formed. This type of lake is referred to as “flow-through,” since groundwater 
feeds and discharges directly into the lake via the faults on the upgradient northern side of 
the lake and seeps out of the lake on the downgradient southern side back into the 
groundwater zone.  Flow-through lakes occur when the water table is higher on one side of 
the lake than the other, creating a gradient for groundwater to enter and leave the lake. An 
illustration of a flow-through lake is provided in Figure 5. The lake also has a stream outlet, 
Weston Creek, which flows year-round and mainly controlled by the level in Lake Weston 
and groundwater discharge towards the creek. 
 
Land-use in the study region is dominated by rural residences, agricultural and forest 
(Figure 6). 
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GW Solutions has developed a water balance model as a tool to assess the water 
availability within the Lake Weston watershed. This report describes the model to quantify 
water availability as runoff and groundwater recharge under different conditions of climate 
change. An analysis of estimated water withdrawals/usage from groundwater and surface 
water resources was also completed and compared to water availability. 

To meet the goals of the project, the estimated available water (from both groundwater 
resources and surface water features) under different climate conditions has been 
compared with the current water usage in the study area. This comparison enables an 
evaluation of whether the area is under stress due to large withdrawals in comparison to 
water availability. The results will assist the CRD to determine the potential for community 
expansion within this area, in a sustainable manner. 

Two main factors have been considered for this study. 

a) Understanding and planning for climate change; the results are presented for 
investigations for three-time frame scenarios: 2030s, 2050s, and 2070s. 

b) Protection of valuable water resources and the aquatic ecosystems; it is understood that 
the Water Availability Study should incorporate the baseline requirements for, not only 
water use by the community, but also for preservation of the health of aquatic ecosystems 
(aquifers, creeks, springs, wetlands, lakes).  

The report is divided into the following four sections: 

Section 4: Water Usage.  All water usage quantities from surface water and groundwater 
sources quantified or estimated and classified according to use of water (domestic, irrigation, 
institutional, community water supply). 

Section 5: Water Balance.  Development of data sets and equations for estimating various 
components of the water balance including monthly estimates of groundwater recharge and 
surface water runoff. 

Section 6: Climate Change Analysis.  Analysis of the impacts of various climate change 
severity scenarios (based on global climate models) on the water budget for various time 
periods in the future 2030s, 2050s, and 2070s. 

Section 7: Analysis of Results and Data Gaps.  Analysis of the key results of the study 
and additional data (i.e. data gaps) that would help improve the accuracy of the predictions. 
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Figure 1. Lake Weston and Weston Creek watersheds. 
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Figure 2. Weston Creek watershed and neighboring watersheds (CRD, 2018) 
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Figure 3. Study area geology (from Greenwood and Mihalynuk, 2009) 
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Figure 4. Lake Weston depth in meters, shape and dimensions (www.gpsnauticalcharts.com) 

 

http://www.gpsnauticalcharts.com/
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Figure 5. Flow-through lake.  The water table is higher on one side of the lake than the other 
thus groundwater seeps into the lake on the upgradient side and seeps out of the lake on the 

downgradient side.  

 

 

Figure 6. Land-use within and near study area  
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3 APPROACH  

We employed the following approach: 

1. To understand the current water demand for the Lake Weston watershed, water usage 
for surface water and groundwater sources has been estimated using a methodology 
developed by GW Solutions which includes licensed points of diversion (surface water and 
springs), points of well diversion, parcel information and the GWELLS database. Metered 
water use data for the Fulford Water System was provided by the CRD. 

2. The next step in our water availability assessment is understanding the water balance for 
the study area. A baseline water balance model has been developed by using Climate 
Normals (average monthly climate variables data 1981-2010) as input. For this project, GW 
Solutions has used an ArcGIS based water balance tool created by James Dyer from the 
University of Ohio (Dyer, 2019, 2021). The model estimates monthly potential 
evapotranspiration, soil moisture storage, actual evapotranspiration, soil moisture deficit, 
and soil moisture surplus using the grid-based Thornthwaite-Mather approach. The water 
balance methodology is described in detail in Section 5. The water balance model 
estimates the available moisture Surplus (among other outputs), which is defined as the 
moisture remaining after evapotranspiration and therefore available for surface water runoff 
and groundwater recharge. GW Solutions on behalf of Island Trust has developed a 
recharge mapping methodology to estimate groundwater recharge and surface runoff 
volumes. In this approach the groundwater recharge flux is estimated and differentiated 
from Surplus by applying several deterministic coefficients (e.g. surficial composition, 
lineaments, estimated depth to groundwater and satellite-based delineations of preferential 
groundwater recharge and discharge areas) for groundwater recharge. The baseline water 
balance model is calibrated using a statistical approach for actual measured flow data 
3. The climate change effects on the climate variables such as precipitation, radiation and 
temperature, have been projected for three time-periods – 2030, 2050, and 2070 using 
ClimateBC Data Project with selecting the IPCC’s most recent Coupled Model 
Intercomparison Project (CMIP6) scenarios. 
4. The outcomes of climate change projections were then entered into the calibrated water 
balance model as input and the water availability/surplus was estimated as the output for 
different climate change scenarios.  

5.  Finally, the current water usages were compared to the water availability of surface 
water and groundwater resources considering different climate change conditions to 
understand the degree of water stress in the watershed. 

4 WATER USAGE 

Understanding and estimating the water usage within the Lake Weston area is critical to the 
sustainable management of surface water and groundwater resources. GWS worked 
collaboratively with the Capital Regional District (CRD) and Island Trust to compile 
available measured water usage (groundwater and surface water).  The only metered water 
system in the watershed is Fulford Water System and this data was obtained from CRD. 
This metered information was critical to understand the temporal variability (month to 
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month) in water usage.  For all other water users (without metered data), we estimated 
water usage as described in the following sections. 

4.1 Estimation of Surface Water Withdrawals 

The water availability assessment requires an estimation of monthly and yearly surface 
water withdrawal volumes. The BC Water Rights database, which includes water licence 
information for surface water sources, was used to estimate the surface water withdrawal 
volumes. A water source (i.e., spring, pond, or stream) can have multiple licenses and 
associated Points of Diversion (POD’s); and each license can have one or more POD’s. For 
each water license, basic information is provided such as license status, expiry date, 
licensed volume (units), water use purpose and period of usage. 

Figure  shows the current licensed PODs for the study area, limited to withdrawals and 
classified by type of use (i.e., domestic, irrigation, industrial/commercial, institutional and 
water supply systems). There are 24 PODs within the Lake Weston watershed with the 
largest associated with the Fulford Water System which as the only metered system in the 
study area (Figure 9).  All other water usage must be estimated based on licences and 
usage type.  However, in an event of fire, the Fire Suppression license will become the 
largest at a potential maximum rate of 80 liters/second. 

Detailed information for Non-Domestic PODs is provided in Figure . According to the 
licences the domestic use ranges between 2 to 5 cubic meters per day per licence. A 
complete list of Water Right within the Lake Weston is presented in Appendix 5. 

 Methodology and Estimation of water volumes (surface water) for 
current PODs 

Licenced volumes in the POD database are reported in yearly, monthly, daily, or hourly use 
rates. To normalize the licenced volumes to monthly rates, we applied coefficients that 
model seasonal patterns of water including seasonality from the Fulford Water System. 
Coefficients were estimated based on monthly use trends for water supply systems on 
Vancouver Island (i.e., North Salt Spring Waterworks District, Nanaimo and Fulford Water 
System), Ecofish Baseline Report and Rood and Hamilton (1995) (domestic), BC Ministry 
of Agriculture Livestock Watering Factsheets (livestock and irrigation), and the BC 
Agriculture Water Demand Model (irrigation). 

Table 1 summarizes the monthly coefficients used for the conversion to monthly rates 
including when the information was converted to consistent units. Monthly rates were then 
added to derive yearly water use for surface streams and springs. The sum of the all the 
months equals to 12. The coefficient indicates months where greater water use happens 
and the proportion of water usage for each month. For instance, in Irrigation: Private under 
current climate scenarios there is no water usage from October to April (coefficient=0), the 
water usage in July and August (coefficient=3.6) is three times higher than in May and 
September (coefficient=1.2) and 33% more than the usage in June (coefficient=2.4). 
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Table 1. Monthly allocation coefficients for estimated water use from PODs 

Group POD Purpose 
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FE
BR

U
AR

Y 
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SE
PT

EM
BE

R 

O
CT
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BE

R 

N
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VE
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BE
R 

DE
CE

M
BE
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Domestic DOMESTIC 0.85 0.85 0.85 0.85 0.95 1.00 1.50 1.50 1.10 0.85 0.85 0.85 

Irrigation IRRIGATION: 
PRIVATE 0.00 0.00 0.00 0.00 1.20 2.40 3.60 3.60 1.20 0.00 0.00 0.00 

Irrigation LAND IMPROVE: 
GENERAL 0.95 0.95 0.95 0.95 1.05 1.07 1.08 1.08 1.07 0.95 0.95 0.95 

Irrigation LIVESTOCK & 
ANIMAL: STOCK 0.85 0.85 0.85 0.85 0.95 1.00 1.50 1.50 1.10 0.85 0.85 0.85 

Irrigation LWN, FAIRWAY 
& GRDN: RES  0.00 0.00 0.00 1.20 2.40 2.40 2.40 2.40 1.20 0.00 0.00 0.00 

Industrial 
GRNHOUSE & 
NURSERY: 
GRNHO 

0.00 0.12 0.12 0.24 1.20 1.68 2.88 2.88 2.04 0.72 0.12 0.00 

Industrial LWN, FAIRWAY 
& GRDN: WATE 0.00 0.00 0.00 1.20 2.40 2.40 2.40 2.40 1.20 0.00 0.00 0.00 

Commercial 
COMM. 
ENTERPRISE: 
ENTERPR 

0.95 0.95 0.95 0.95 1.05 1.07 1.08 1.08 1.07 0.95 0.95 0.95 

Institutional MISC IND'L: FIRE 
PROTECTI 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 

Water 
Supply 
System 

WATERWORKS: 
LOCAL PROVIDE 0.85 0.85 0.85 0.85 0.95 1.00 1.50 1.50 1.10 0.85 0.85 0.85 

BC fire season from April to September 
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Figure 7. Current water right licences for Points of Diversion according to type of usage 
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Figure 8. Details on non-domestic current licences for Points of Diversion  

MY=m3/year, MS=m3/s 
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Figure 9: Service areas for Fulford Water Supply System regulated by CRD 

 

4.2 Estimation of Groundwater Withdrawals 

 Water wells database, cadastral information, and water service areas 
The BC water wells database (GWELLS), land-use from the BC Assessment Authority, and 
water service areas were used to estimate groundwater withdrawal. The wells database 
includes the vast majority of wells; however, it does not include all wells since reporting to 
B.C was voluntary until the Water Sustainability Act came into force in 2016. Additionally, 
dug wells typically are not registered within GWELLS. The well use types are classified as: 
Water Supply System, Test Well, Private Domestic, Observation Well, Irrigation, 
Commercial and Industrial, Other and Unknown Well Use. There are known water supply 
systems utilizing groundwater within the Lake Weston watershed. Additionally, no non-
domestic groundwater license Points of Well Diversion or non-domestic groundwater use 
applications were found within watershed at the time of data compilation. 

Wells that do not extract water were removed from the analysis, including abandoned or 
decommissioned wells, dry holes, test wells and observation wells. 

The GWELLS database does not include information on pumped volumes. To estimate the 
water use from groundwater wells, we combined the following information: 
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• Parcel boundary and land use data from BC Assessment, provided by the ITC. 

• Active wells from the GWELLS database (Figure 10). 

 Estimation of water volumes (groundwater) using wells database and 
cadastral information  

Groundwater use was estimated based on joining active wells to the parcel’s land use (the 
“primary actual use” attribute from BC Assessment). Wells could then be classified by type 
of use: Water Supply System, Recreational, Irrigation, Institutional, Industrial, Domestic, 
Transportation and Commercial. 
Average groundwater use for each land use type was estimated and adapted from Miles 
and Guy (2009) and is summarized in Table 2. The effects of seasonality and parcel size 
on water use were also taken into account. Three seasonality labels are used:  

• “Area based”: volume estimation based on parcel area,  

• “Seasonal use (May-Sep)”: volume estimation based on 5 months of water use (May 
to September); and 

• “Area based and seasonal use (May-Sept)”: volume estimation based on 
combination of parcel area and period of use (May to September). 

Coefficients from the BC Agricultural Water Demand Model (irrigation) and the BC Ministry 
of Agriculture’s Livestock Watering Factsheets (livestock and irrigation) were used for 
agricultural users (parcels with an irrigation use). Monthly and seasonal variations were 
estimated based on reported use for the domestic and water supply systems (Table 1). The 
coefficients are similar to those used for the POD water use estimation. 

It is expected parcels within the Irrigation category will overestimate water demand. The 
method assumes 50% of the land is actively irrigated with volumes assigned according to 
the seasonal percentages in Table 3. However, to more accurately estimate the irrigated 
land, field survey and data collection will be required. 

The estimate of total groundwater use was calculated based on data from springs (POD) 
and water wells. 

Table 2. Average water use estimates based on parcel information 

Group Primary Actual Use Estimation type and 
seasonality 

L/day/parcel Number 
per ha 

Domestic 000 - Single Family Dwelling   625   
Domestic 002 - Property Subject to Section 19(8)   625   
Domestic 032 - Residential Dwelling with Suite   1250   

Domestic 033 - Duplex, Non-Strata Side by Side 
or Front / Back   625   
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Group Primary Actual Use Estimation type and 
seasonality 

L/day/parcel Number 
per ha 

Domestic 038 - Manufactured Home (Not In 
Manufactured Home Park)   625   

Domestic 040 - Seasonal Dwelling Seasonal use (May-Sep) 625   

Domestic 052 - Multi-Family (Garden Apartment 
& Row Housing)   2500   

Domestic 060 - 2 Acres or More (Single Family 
Dwelling, Duplex)   1250   

Domestic 062 - 2 Acres or More (Seasonal 
Dwelling) Seasonal use (May-Sep) 1250   

Domestic 063 - 2 Acres or More (Manufactured 
Home)   1250   

Irrigation 110 - Grain & Forage Area based and seasonal 
use (May-Sept) 18354   

Irrigation 120 - Vegetable & Truck Area based and seasonal 
use (May-Sept) 11697.5   

Irrigation 130 - Tree Fruits Area based and seasonal 
use (May-Sept) 24250   

Irrigation 140 - Small Fruits Area based and seasonal 
use (May-Sept) 13892   

Irrigation 150 - Beef Area based 50 1 
Irrigation 170 - Poultry Area based 30 180 

Irrigation 180 - Mixed Area based and seasonal 
use (May-Sept) 10000   

Irrigation 190 - Other Area based and seasonal 
use (May-Sept) 10000   

Irrigation 610 - Parks & Playing Fields Area based and seasonal 
use (May-Sept) 2000   

Irrigation 612 - Golf Courses (Includes Public & 
Private) 

Area based and seasonal 
use (May-Sept) 20000   

Commercial 200 - Store(S) And Service Commercial   1129   
Commercial 202 - Store(S) And Living Quarters   1068   

Commercial 209 - Shopping Centre 
(Neighbourhood)   14355   

Commercial 233 - Individual Strata Lot 
(Hotel/Motel)   17500   

Commercial 237 - Bed & Breakfast Operation 4 Or 
More Units Seasonal use (May-Sep) 4000   

Commercial 238 - Seasonal Resort Seasonal use (May-Sep) 10000   

Commercial 239 - Bed & Breakfast Operation Less 
Than 4 Units Seasonal use (May-Sep) 2000   

Commercial 270 - Hall (Community, Lodge, Club, 
Etc.)   2500   

Commercial 273 - Storage & Warehousing (Closed)   1500   
Commercial 276 - Lumber Yard or Building Supplies   625   
Commercial 280 - Marine Facilities (Marina)   1128   
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Group Primary Actual Use Estimation type and 
seasonality 

L/day/parcel Number 
per ha 

Commercial 300 - Stratified Operational Facility 
Areas   250   

Commercial 520 - Telephone   1500   

Commercial 580 - Electrical Power Systems 
(Including Non-Utility   6000   

Recreational 600 - Recreational & Cultural Buildings 
(Includes Curling   5000   

Institutional 615 - Government Reserves (Includes 
Greenbelts (Not in Farm   1500   

Institutional 620 - Government Buildings (Includes 
Courthouse, Post Office   2000   

Institutional 630 - Works Yards   500   

Institutional 650 - Schools & Universities, College or 
Technical Schools   7000   

Institutional 652 - Churches & Bible Schools   1800   

 
Table 3: Monthly seasonal variations for estimation of monthly pumped volumes 

Month No of days 
Irrigation Water Supply System Domestic and others 

Distributed (%) Increased by (%) Increased by (%) 
January 31   0% 0% 

February 28   0% 0% 
March 31   0% 0% 
April 30   0% 0% 
May 31 10% 15% 10% 
June 30 20% 25% 12% 
July 31 30% 80% 14% 

August 31 30% 80% 14% 
September 30 10% 20% 13% 

October 31   0% 0% 
November 30   0% 0% 
December 31   0% 0% 
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Figure 10. Registered Groundwater Wells in the Study Area  
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5 WATER BALANCE 

5.1 Methodology 

A water balance for the Lake Weston Watershed was estimated using an ArcGIS-based 
model developed by James Dyer from the University of Ohio (Dyer, 2019, 2021). The 
model estimates monthly potential evapotranspiration, soil moisture storage, actual 
evapotranspiration, soil moisture deficit, and soil moisture surplus using a grid-based, 
Thornthwaite-Mather approach (Thornthwaite and Mather, 1955). 

Figure 11 summarizes the gridded water balance model methodology as a flowchart. 

 

Figure 11. Gridded water balance model methodology 

 Model inputs 
The main data inputs were monthly temperature (average), monthly total precipitation a 
digital elevation model (DEM), soil available water capacity (AWC), and monthly total solar 
radiation. Each input is described in more detail in Table 4. 
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Table 4. The details of Model Inputs for the water balance 

Model Input Description Source 

Monthly average 
temperature and 
total precipitation 

Gridded, monthly precipitation and temperature maxima and minima 
were obtained from the Pacific Climate Impact Consortium (PCIC). PCIC (2020) 

Digital Elevation 
Model (DEM) 

A digital elevation model (DEM) was used to derive rasters of Slope 
(inclination of the ground), and Aspect (direction of the slope). The 
DEM was derived from LiDAR elevations and was upscaled to a 20 
x 20-meter grid size. 

BC Lidar (2021) 

Soil Available 
Water Capacity 
(AWC) 

Soil related data was retrieved from the British Columbia Soil 
Information Finder Tool that includes soil composition (mineral or 
organic), texture, coarse fragment content, drainage, layer 
thicknesses and characteristics, soil physical and chemical 
properties, as well as landform and parent material. Soil mapping 
also includes available water holding capacity at different depths 
(0.15, 0.30, 0.45, 0.60, 0.75, 0.90, 1.05 and 1.20 m). 

Province of 
British Columbia 
(2020) 

Monthly total solar 
Radiation  

Solar radiation was estimated based on topographic surface (DEM), 
geographic location and time of the year. Solar radiation data (kJ m-2 
day-1) was obtained from WorldClim (http://worldclim.org/version2) at 
a resolution of 30 seconds (~1 km2).  This data was converted to 
watt hours per square meter (wh/m2) per month for the model. 

WorldClim 
(2020) 

 

 Model outputs 
The model outputs are: 

• Potential Evapotranspiration (PE) –the evaporative water loss from vegetation for 
which water availability is not a limiting factor. PE depends mainly on heat and solar 
radiation. Estimated using the Turc method. 

• Actual Evapotranspiration (AE) – the water loss from vegetation given actual 
water availability (from precipitation and soil moisture storage). If water is not a 
limiting factor, actual evapotranspiration is equal to potential evapotranspiration. 

• Deficit – the moisture stress and occurs when the evaporative and vegetation 
demand is not met by available water. In other words, it is the difference between 
potential and actual evapotranspiration. 

• Surplus – the excess water that is not evaporated or transpired or stored in the soil.  
When soil moisture field capacity is reached, surplus leaves a site through either 
surface runoff or soil infiltration (groundwater recharge) or a combination of both.  

Appendix 3 describes the water balance inputs and output for the study region including the 
Lake Weston Watershed. 

http://worldclim.org/version2
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 Model calibration 
Measured stream flow information for one hydrometric station, Fulford Creek near Fulford 
Harbour (08HA0020) were used to calibrate the water balance model. The measured flow 
data was downloaded from BC Aquarius web portal. Figure 12 shows the historical 
fluctuation of surface water flow and daily and monthly average of surface water flow for 
Fulford Creek station. Figure 13 shows the delineated watershed for the station. 

 Water flux model calibration 

Water fluxes calculated with the water balance model were compared to measured flow 
values for the gauged watershed. Figure 13 shows the measured and modeled flows in 
cubic decameters (dam3) for the gauged watershed, Fulford Creek near Fulford Harbour. 

The difference in flow (modeled vs measured) could also be attributed to the following: 

• Monthly Precipitation Grids are a result of an interpolation of the available climate 
normal data, the number and spatial distribution of climate stations and topography 
climate model correction.  Errors will also result from interpolation, density of 
monitoring stations and altitude correction in the interpretation of the temperature 
grid data. There is no active climate station within the watershed. 

• The water balance model does not include measured water extraction (i.e. well 
pumping volumes or surface water points of diversion). Additionally, water usage 
might have increased over time which might have influenced the modelled flows in 
watersheds where the water usage is large. 

• The actual timing of snow melt has not been included in the model.  Precipitation is 
the sum of snow and rain in the month they occur, however, most of the snow melt 
occurs in the late winter and early spring. 

• The incompleteness of measured values. For example, Fulford Creek does not have 
normal data for the period 1981-2010. 

 Model outputs acceptability assessment 

To evaluate the acceptability of the water balance model, measured flows were compared 
to modelled flows using three statistical approaches: Nash-Sutcliffe Efficiency (NSE), 
Percent Bias (PBIAS) and the RMSE-Observations Standard Deviation Ratio (RSR).  

The statistical results are presented in Table 5. In general, NSE varies from negative infinity 
to 1 where close to 1 is highly satisfactory. RSR varies from 0 (highly satisfactory) to any 
large number. PBIAS is reported as percentage where the lower values indicate generally 
good match between modelled and measured values. GW Solutions considers a 
satisfactory model if NSE > 0.85, RSR < 0.40, and PBIAS < 15% for streamflow modeling. 

Historical flow data for Fulford Creek is presented in Figure 12.  The monthly comparison of 
modelled and measured flows for the Fulford Creek station (Figure 13) indicates a good 
match between modelled and measured flows. 



Lake Weston Water Availability and Climate Change Assessment June 2, 2022 

 

Page 21 of 81   Project No. 22-01 

Table 5. Statistical comparison between modelled and measured flows 

Station Number Station Name Data Group RSR NSE PBIAS 
08HA0020 Fulford Creek near 

Fulford Harbour 
From 2017 to 2021 0.10 0.99 5.5% 

 

Figure 12. Historical flow data for the Fulford Creek station (08HA0020)  
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.

 

Figure 13. Monthly comparison of modeled and measured flows for the Fulford Creek 
watershed (08HA0020) 
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5.2 Estimation of Groundwater Recharge and Runoff 

The water balance model estimates monthly potential evapotranspiration, soil moisture 
storage, actual evapotranspiration, soil moisture deficit, and soil moisture surplus (i.e. runoff 
and groundwater recharge).  To differentiate the groundwater recharge component from the 
surplus, an equation for Groundwater Recharge Potential has been developed and applied. 
Figure 14 is a flowchart showing how the water surplus (i.e. groundwater recharge and 
surface water runoff) is calculated. 
 
 

 
Figure 14. A flowchart presenting a differentiating the groundwater recharge component 

from surplus 

 
 Groundwater Recharge Potential 

GW Solutions on behalf of Island Trust has developed a GIS-based methodology that 
incorporates diffuse and localized recharge pathways to estimate the spatial variability of 
recharge potential. The method uses infiltration/groundwater recharge coefficients for each 
of the spatial variables controlling recharge. Figure 15 is a flowchart for the integration of 
data inputs to estimate the groundwater recharge potential. 
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Groundwater recharge is the process whereby water moves from precipitation to the 
subsurface and consequently to replenish aquifers.  Groundwater recharge is dependent 
upon factors such as the amount of precipitation (snow/rain), land surface slope 
(topography), the amount of water interception by plants (water retention or water used by 
plants), evaporation of open water or water on the land surface, and the permeability of the 
soil and subsurface geologic formations. Each of these factors is assigned an appropriate 
weighting factor in the calculation of recharge potential. Weighting factors were determined 
based on previous studies and predominant factors influencing groundwater recharge 
observed across Vancouver Island. 

 

Figure 15. A flowchart showing the integration of data inputs to estimate the groundwater 
recharge potential 

 

The following datasets or layers of information were used for groundwater recharge 
mapping and recharge estimation: 

Slope Factor 

Topography greatly influences the potential for water infiltration to the subsurface. In 
groundwater recharge areas, low slopes promote infiltration whereas steep slopes promote 
runoff and decreased infiltration. 

LiDAR at 1-meter resolution as well as a 1-meter Digital Elevation Model (DEM) were 
downloaded from BC LiDAR and processed by GW Solutions. Slope was derived from the 
1-meter DEM previously processed from LiDAR imagery. 

https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Surface_water
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Water Retention Potential (WRP) Factor 

GW Solutions used vegetation effects and land cover data into a Water Retention Potential 
coefficient. 

a) Precipitation Interception Potential  

Vegetation affects groundwater recharge through the interception of precipitation by the 
foliage (i.e., evapotranspiration); Greater foliage interception leads to longer exposure to 
the atmosphere and increased evaporation. The Islands Trust recently investigated the role 
of soil and vegetation on precipitation, producing a precipitation interception potential map. 
The map was developed as follows: 

• A literature review to determine which vegetation characteristics contribute 
significantly to precipitation interception. 

• The Vegetation Resource Inventory (VRI) available for the Islands Trust region was 
correlated with vegetation interception characteristics. 

• A weighting scheme was developed, based on the literature review, that assigns a 
relative importance of relevant VRI attributes that impact precipitation interception. 

• The variables that have been considered for quantifying and mapping of precipitation 
interception include 1) Canopy Closure, 2) Forest Cover Type, and 3) Herb Storage 
Capacity. Each of the variables of interception were assigned a weight describing 
their relative importance to rainfall interception. 

• VRI attributes were processed in GIS; assigned weighting values were used to 
create a surface representing precipitation interception potential for the Islands Trust 
area.  

b) Land Cover/Land Surface 

For non vegetated areas (exposed rock and developed areas), GW Solutions used NRCAN 
circa 2000 Land Cover vector polygons to derive land cover classes.  

Bedrock geology; faults, lineaments and bedrock formation contacts 

Groundwater in bedrock aquifers is mostly stored and transmitted in fractures and faults, 
which are largely controlled by regional bedrock lineaments  (Surrett et. al., 2008; Allen et. 
al., 2002).  Groundwater is also preferentially recharged via bedrock lineaments, however 
quantifying the role of each lineament is highly complex.  

Detailed mapping of the landscape is now possible due to the availability of LiDAR imagery. 
The LiDAR imagery is processed to derive a “bare earth” model of the landscape, which 
can reveal subtle structures (bedrock faults, bedding planes and lineaments) not visible 
from the ground. We have delineated fracture zones using the following sources of 
information: 
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1- LiDAR with 1m resolution was obtained from LiDAR BC; Bedrock lineaments were 
digitized from a high-resolution hillshade  

2- Bedrock geology maps of formation contacts and large-scale structural geology 
(faults and folds). 

3- Lineament maps produced by NRCan, which have been reviewed and revised based 
on the LiDAR-1m. 

The lineation is considered to be potential groundwater recharge pathways in the recharge 
zones and groundwater discharge pathways in the discharge zones.  

Topographic Wetness Index 

GW Solutions generated the Topographic Wetness Index (TWI) using the 1-metrer LiDAR. 
The TWI is commonly used to assess topographic effects on hydrologic processes. TWI is 
a function of the slope and the upstream contributing area.  Large values of TWI are 
typically associated with low slopes (i.e. valleys or flat lowlands) and large catchment 
areas. 

Precipitation 

Annual total precipitation gridded data were obtained from the Pacific Climate Impact 
Consortium (PCIC, 2020).  The information corresponds to normal data for the 1981-2010 
period. Total annual normal precipitation varies across the study area from 880 to 1033 
mm.  

Preferential Groundwater Recharge and Discharge Areas 
Groundwater recharge mainly occurs where the water table is deeper below the land 
surface and the soils are sufficiently permeable or “well-drained” to allow infiltration.  The 
areas where the water table is shallow, intercepts the land surface (e.g. springs) and where 
groundwater feeds wet areas (e.g., creeks, lakes, wetlands) are known as groundwater 
discharge areas. 

Groundwater recharge is typically characterized by the downward movement of 
groundwater while groundwater discharge is defined as the upward movement of 
groundwater to the land surface. Groundwater discharge areas are typically located in 
topographic lows such as stream valleys providing seasonal or year-round discharge (a.k.a. 
baseflow) to streams, or feeding lakes, wetlands, and estuaries. In contrast, groundwater 
recharge typically occurs in upland areas where precipitation rates are high and 
evapotranspiration is low, leading to high amounts of surplus (runoff and recharge). 

Many approaches have been proposed for estimating the presence of preferential areas for 
groundwater discharge and recharge, using a variety of data sources. GW solutions reviewed 
several academic and public-sector methodologies to select methods for defining and 
delineating groundwater discharge and recharge potential areas that could be applied to the 
study area. Two approaches were selected: 
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• Interpreted depth to groundwater (inferred from the BC GWells database, and Salt 
Spring Island Leapfrog modelling). 

• Remote sensing, satellite-based multispectral image analysis (from the Sentinel 
satellite mission 20x20 meter resolution) 

These selected approaches and their applications are explained as follow: 

a) Depth to Groundwater Methodology 

The depth to groundwater is a dominant control of groundwater recharge across the Salt 
Spring Island. Previous studies have shown that the depth of water table has a significant 
role in controlling groundwater recharge rate. Despite surficial conditions that are suitable 
for groundwater infiltration, a shallow water table limits the amount of water that can 
infiltrate underground. 

When a sufficient number of water level measurements are available in a given area, the 
depth of the water table is derived from the differentiation of elevation of the ground surface 
and groundwater elevation surface. We use the terminology “average interpreted 
groundwater elevation” and “depth to water” to describe the potential for groundwater 
recharge. For instance, if the groundwater level is above the ground surface, it will limit 
groundwater recharge and indicate mostly groundwater discharge is occurring. The 
opposite condition will occur when the groundwater level is below ground and groundwater 
recharge is the dominant process. 

Average Interpreted Depth to Water = Ground Surface Elevation – Average Interpreted 
Groundwater Elevation 

The Average Interpreted Groundwater Elevation surfaces were interpolated from classified 
groundwater elevation points derived from the Average Interpreted Depth to Water from BC 
Government’s GWELLS and the locations of known springs from surface water licences. 
Springs are locations where groundwater discharges to the land surface.  

Using a Leapfrog 3-D model developed for Salt Spring Island, a surface of groundwater 
elevation (Groundwater Elevation Grids) was created then exported into QGIS as a raster 
file. The Average Interpreted Piezometric Level is the average water level in water wells.  
The Average Interpreted Depth to Water was generated by subtracting the Average 
Interpreted Groundwater Elevation from the Land Surface Elevation (DEM) using QGIS. 

According to active monitoring wells across Salt Spring Island (e.g. PGOWN and SSI Island 
Trust community well network), the water table elevation can fluctuate by several meters 
over the year; groundwater levels are closer to the ground surface in winter and deeper in 
late summer/early fall.  This leads to areas with temporary groundwater discharge, 
especially in the spring or after major rain events, yet these areas are groundwater 
recharge areas for the remainder of the year. For example, this could include areas at high 
elevation (i.e. Mount Belcher) where wells periodically exhibit artesian conditions. 
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For this study, all areas with either permanent or temporary groundwater discharge were 
classified as groundwater discharge areas.  Areas where the range of groundwater 
fluctuations is always above the water table were classified as groundwater recharge areas.  

b) Remote Sensing/ Satellite Multispectral Image Analysis Methodology 

The approach of using satellite multispectral image analysis includes application of the 
Normalized Difference Vegetation Index (NDVI) and the Normalized Difference Moisture 
Index (NDMI). This method was chosen due to its ease of implementation, reliance on free 
and publicly available data, and accuracy in identifying soil moisture levels on the landscape. 
Soil moisture level is then used as a proxy for groundwater discharge potential.  

The method focuses on identifying areas of potential groundwater discharge by using the 
spectral signatures of soil moisture and green vegetation. High perennial (year-round) soil 
moisture can darken soils or encourages green vegetation to flourish in otherwise dry climatic 
conditions. Such indications of landscape “wetness” and “greenness” are thus indications of 
potential groundwater discharge, and can be isolated from the rest of the landscape using 
satellite-based spectral indices.  

A spectral index can be understood as a mathematical manipulation of certain wavelengths 
of detectable light that are designed to highlight characteristics of the landscape, such as 
greenness or wetness, while minimizing other confounding effects. A vast number of spectral 
indices have been defined for various scenarios. The NDVI (Normalized Difference 
Vegetation Index) and the NDMI (Normalized Difference Moisture Index) are both well-known 
and widely indices that have been applied to a broad variety of applications for detecting 
landscape wetness or vegetation.  

The NDVI is designed to highlight the presence of dense, green vegetation, or “greenness”, 
while the NDMI is designed to highlight the level of moisture within vegetation or soil, defined 
as “wetness”. By comparing landscape “greenness” and “wetness” between the wet season 
and the dry, it is possible to observe which areas of the landscape preserve their wetness 
and greenness through the wet and into the dry season. Such areas indicate either direct 
groundwater discharge (e.g., spring, wetland, lake) or a shallow water table allowing the 
survival of phreatophyte (groundwater dependent) vegetation. Comparisons between the wet 
and dry seasons are critical since the method relies on isolating the persistence of wetness 
between seasons. 

Implementing this method required multispectral satellite images for the wet and dry season 
over the study area. These images were available free of charge from both the Landsat and 
the Sentinel satellite missions. Data from the sentinel mission was preferred due to its higher 
spatial and spectral resolution compared to Landsat. 

C) Preferential recharge/discharge areas (PRDA) 

The Depth to Water and NDVI-NDMI methods were selected as inputs to estimate the 
spatial variability of recharge/discharge potential. Both these methods could be 
implemented with the available data, and their respective results matched well. 
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Based on the groundwater discharge probability maps, an attribute ratings system has 
been developed to assign specific values to each groundwater discharge/recharge 
probability group. Table 6 presents the assigned groundwater recharge coefficients based 
on the discharge/recharge probabilities.  

The areas of low probability of groundwater discharge (low-medium, low, very low), are the 
preferential areas for groundwater recharge.  

Table 6. Groundwater recharge potential coefficient based on the probability of groundwater 
discharge. 

Groundwater Recharge 
Potential 

Probability of Groundwater 
Discharge Area 

Groundwater Recharge 
coefficient 

Very Low High probability 0.1 

Moderate Medium probability 0.3 

Moderately High Low-Medium probability 0.7 

High Low probability 0.9 

Very High Very Low probability 1 

 

 Calculation of groundwater recharge potential 
GW Solutions has used the following equation (Equation 1) to estimate the groundwater 
recharge potential. 

Within the study area, the groundwater flow system is in both bedrock and overburden 
media, thus the sum of slope, soil and land cover, precipitation coefficients, and also 
geological structure coefficient (e.g. faults, geologic contacts) determine the areas of high 
potential groundwater recharge. 

Equation 1)          RP= RPRDA [30%*(RWRP)+ 20%*((R slope) +25%*(RLW)+ 25%*(R precipitation)] 

Where: 

RP= Recharge potential (0 - 1) 

RPRDA= Preferential recharge/discharge areas Factor (0.1-1) 

RWRP = Water Retention Potential Factor (0.1 – 0.3) 

R slope = Slope Factor (0.03 – 2.0) 

RLW = Bedrock Lineaments Wetness Factor (0.1 – 0.25) 

R precipitation = Precipitation Factor (0.1 – 0.25) 
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Appendix 2 provides the maps for all groundwater recharge coefficients. Figure 16 presents 
the resulting map for the integrated groundwater recharge potential. 

 

Figure 16: Groundwater recharge potential map for the study region 

 

5.3 Sensitivity Analysis 

The Sensitivity Analysis for the water balance analysis consisted of evaluating twelve 
scenarios which represent the range of possible variations for the following input parameters: 

• Precipitation 

• AWHC Available Water Holding Capacity (water available to vegetation) 

• Solar Radiation  

• Temperature 
The scenarios, listed in Table 7, are designed to vary the inputs by either + or -15% from 
normal (i.e. long-term average). Precipitation was also varied by the most extreme values 
ever recorded (lowest and highest) at meteorologic station 235 (Victoria International Airport).  
Solar radiation was also varied for only the summer months when values are the highest. 
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Table 7. Scenarios for Water Balance Sensitivity Analysis 

Parameter Scenario 
AWHC -15% from normal 
AWHC +15% from normal 

Precipitation -15% from normal 
Precipitation +15% from normal 
Precipitation Driest condition experienced in 1985  
Precipitation Wettest condition experienced in 1997 

Solar radiation summer months +15% from normal 
Solar radiation summer months -15% from normal 
Solar radiation all months +15% from normal 
Solar radiation all months -15% from normal 
Temperature +15% from normal 
Temperature -15% from normal 

 

The results, summarized in Figure 17., show that for the study area the most sensitive input 
parameter is precipitation affecting the surplus estimates by -50% to +87%.   The remaining 
input parameters affect recharge by less than 5%. This highlights the importance of collecting 
more complete precipitation data over the entire watershed to reduce the uncertainty of this 
parameter. 
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Figure 17. Results of Sensitivity Analysis to water balance inputs 
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6 CLIMATE CHANGE ASSESSMENT 

6.1 Impacts of Climate Change on Freshwater Resources 

Over the past 50 years, the amount of rain falling during very heavy precipitation events 
has increased for much of the world as the amount of rain falling during the most intense 
1% of storms has increased as much as 30%. Warming winter temperatures cause more 
precipitation to fall as rain rather than snow. Furthermore, rising temperatures cause snow 
to begin melting earlier in the year. This alters the timing of streamflow in rivers that have 
their sources in mountainous areas. 

Alterations in the seasonal timing, type (rain versus snow) and amount of precipitation in a 
certain area effects the entire freshwater cycle.  Shorter and more intense rainy seasons 
increase surface water runoff and decrease groundwater recharge leading to a lowering of 
the water table and less groundwater discharge to groundwater dependent ecosystems 
(e.g., shallow aquifers, springs, creeks, rivers, lakes, wetlands, and estuaries). Thus, there 
is too much water in the winter and too little water in the summer. 

Climate change is probably one of the most challenging pressures facing freshwater 
resources. Climate change is expected to produce reductions in freshwater availability in 
the future. The key change associated with global warming is an increase in near-surface 
air temperature which has profound negative impacts on the global water cycle affecting all 
freshwater systems. The increase in surface temperature leads to several changes to 
freshwater resources, as described below, in Table 8. 

Table 8: Climate change impacts on water resources  

Climate impact Description 

Decreased 
Snowpack 

Decreased snowpack can significantly impact dry-season water 
availability. If precipitation falls as rain instead of snow, then 
groundwater recharge occurs throughout the winter instead of the 
usual pattern of a spring groundwater recharge event.  The spring 
recharge event helps maintain a high water table at the beginning of 
summer when precipitation is reduced and water levels in general 
are at their lowest. Continued recharge through the winter results in 
a shift in peak river runoff to winter/early spring, away from late 
spring/summer (when water demand is often highest) thus leading 
to drier or potentially drought-like conditions in late summer/autumn. 

Higher 
Evapotranspiration 

Higher evaporation (from all surfaces, soils, and water bodies) and 
higher transpiration occur due to an increase in temperature, leaving 
less water to infiltrate into the soil and causing a reduction in 
groundwater recharge. 
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Climate impact Description 

Higher Intensity 
Rainfall Events 

When the atmospheric temperature is warmer, particularly during 
the summer months, the increased evapotranspiration causes 
precipitation events to tend to occur as high-volume, high-intensity 
events, especially during winter months. Sporadic, high intensity 
rainfall – rather than low-volume, temporally distributed rainfall – 
tends to produce a large amount of surface runoff (soil erosion, 
flooding) but very little groundwater recharge as there is a limit to 
the amount of water that can infiltrate in most soils at any given 
time, based on the soil’s “field capacity”. 

Degradation of 
Water Quality 

Decreased groundwater recharge or increased sporadicity in the 
timing of recharge can lead to a reduced amount of freshwater to 
dilute water contamination (e.g., saltwater intrusion, 
nitrogen/phosphorous from septic systems leading to algal blooms, 
acid mine drainage), especially during the dry summer months. This 
can result in increased concentrations of harmful substances in the 
water (water pollution), negatively affecting aquatic ecosystems, and 
undermine the health and sustainability of groundwater and 
groundwater-dependent ecosystem. These reduced-flow conditions 
may also result in the accumulation of water-borne contaminants at 
water supply intakes being used by humans and animals, and the 
deterioration of lakes and rivers often used for recreational 
purposes. Changes in hydrological and thermal regimes may further 
increase the risk of disease outbreaks in aquatic systems, impact 
eutrophication, create hypoxic and dead zones, as well as lead to 
community transitions that alter ecosystem structure and function. 

 

6.2 Projected Climate Change for the Capital Regional District 

The 2017 report Climate Projections for the Capital Regional District (CRD) uses current 
climate model outcomes to provide a “best estimate” snapshot of how climate change will 
unfold across the CRD over the coming decades. All models project daytime high and 
nighttime low temperatures to rise. While temperature can be expected to increase year-
round, the greatest increases will occur in the summer months. Monthly high and low 
temperatures show that the “new normal” for the region may be very unlike the past. Rising 
temperatures will lead to hotter summer days and nights, milder winters with the near loss 
of frost days and snowpack in all but the highest elevations. There will be a modest 
increase in annual precipitation by the 2050s, though the increase in precipitation will be 
distributed unevenly over the seasons. The largest increases will occur in the fall season, 
while rain will decrease significantly in the summer months. Our region can expect stronger 
and more frequent extreme rainfall events, longer summer dry spells, and an extension of 
the dry season into September and October. 
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6.3 Model-Predicted Climate Change for the Next Decades 

The impact of climate change to the water resources of the study region was analyzed 
using data from the ClimateBC data project, which provides statistically downscaled climate 
projection data across BC, based on a selection of models from the IPCC’s most recent 
Coupled Model Intercomparison Project (CMIP6). The CMIP6 Global Climate Models 
(GCMs) aim to estimate the patterns of future climate change under different scenarios of 
climate “forcing”. These scenarios are called “shared socio-economic pathways” (SSPs) 
and are meant to represent various possible socio-economic pathways that society could 
take to attend to climate change in the coming years (Riahi et. al., 2017). In the present 
analysis, 4 SSP scenarios have been considered, SSP 2.6, 4.5, 7.0 and 8.5 spanning the 
range from most optimistic (high rates of emission reduction and mitigation policies over the 
coming decade) to pessimistic (little to no climate change mitigation, leading to runaway 
climate change). Additionally, future climate change under each of these scenarios has 
been predicted for three time-periods – 2030, 2050, and 2070. Further details about climate 
models and input data selection are presented in Appendix 4. 

Once data representing projected climate change for the 4 SSPs in the three future periods 
was obtained, we calculated future projected water budgets for each of these scenarios and 
compared the results to the current “normal” values observed in the past 30 years (1981-
2010). The comparison was done spatially over the Lake Weston watershed as well as its 
adjacent watersheds.  Model-predicted changes to the Lake Weston water budget are thus 
described for each climate variable followed by an interpretation of how these changes will 
impact water resources in the region. 

The data is presented in two types of figures to show the predicted changes across the 
watershed for the major climate and water budget variables (temperature, precipitation, soil 
storage and moisture surplus). Charts are generated for every combination of projection 
years and SSP scenarios:  

• charts for each variable by month, showing: the projected values, the absolute 
change in the value compared to present normals and the percentage change in the 
value compared to normal  

• summary charts comparing the percentage change of all variables compared to 
normal ; and 

• maps of Lake Weston and the surrounding watersheds showing the predicted 
amount of change for each variable and how it varies within each region  

Figure 18 presents an example for summary charts comparing the percentage change of 
climate variables such as precipitation, temperature and radiation for different projection 
year compared to normals for SSP 8.5. 

Figure 19 to Figure 21 show the spatial change of predicted climate variables comparing to 
normals for the projection year of 2050 for SSP 8.5.  
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Appendix 4 provides the summary charts and related maps for predicted climate variables 
and their comparison to normals for 4 SSP scenarios (SSP 2.6, 4.5, 7.0 and 8.5) and for 
three time-periods – 2030, 2050, and 2070. 

 

 

Figure 18. Percentage change relative to climate normal, summarized by month for the Lake 
Weston watershed, SSP 8.5 
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Figure 19: Monthly change in average temperature between year 2050 and present normals, SSP 8.5 
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Figure 20: Monthly change in precipitation between year 2050 and present normals, SSP 8.5 
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Figure 21: Monthly change in radiation between year 2050 and present climate normals, SSP 8.5 
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 Temperature 
Minimum, average and maximum temperatures are projected to increase in all months for 
2030, 2050 and 2070 across both modeled areas, with the largest increase in July and 
August.  

 Precipitation 
Generally, the climate change model predicts a significant increase in precipitation for fall 
and winter (October to February), mostly as rain, and a slight increase in spring 
precipitation. The model also predicts a considerable decrease in precipitation in summer. 
Precipitation as rain therefore occurs over a shorter period of time (fall-winter) with more 
intense rainfall events thus leading to an increase in surface water runoff (increasing soil 
erosion and flood risk) and a decrease in groundwater recharge as the soil infiltration rate is 
limited as soils become saturated to their field capacity. 

The largest increase in precipitation (during winter) and the largest decrease in precipitation 
(during summer) occurs at the higher elevations where most of the precipitation falls. 

 Solar Radiation 
Solar radiation is projected to increase during the summer months and decrease during the 
late-winter, early-spring period, remaining relatively unchanged during the rest of the winter. 

7 RESULTS ANALYSIS 

7.1 Water Usage 

Water use is estimated in cubic decameters or dam3 (1,000 m3 equals 1 dam3) and 
presented for groundwater (Aquifer 1147) and Surface Water (Lake Weston).  Figure 22 
shows the results for the current estimated water usage including the fire protection licence.  
Figure 23 shows the seasonal usage for both surface water and groundwater resources 
without the fire protection licence. 

The Lake Weston withdrawals are much larger than the groundwater withdrawals and the 
fire protection licence (institutional) water usage is by far the largest amount.  Aside from 
the fire protection licence, the major water usage is for the Fulford Water System.  It is 
noted the Fulford system usage increases significantly in July, August and September 
presumably due to household irrigation. There are also several private domestic water 
supplies taken and significant amount of water usage for irrigation taken from Lake Weston.  
Many residents within the study area obtain their domestic water from groundwater wells 
(15.74 dam3- aquifer 1147). It is also noted that the highest water usage from Lake Weston 
is the May-September period.  This contrasts to groundwater usage which is similar in 
summer and winter. 
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Figure 22. Total water usage by aquifer number and licenced surface water source (including 
fire protection licence) 
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Figure 23. Total water usage by aquifer number and licenced surface water source (not 
including fire protection licence) 
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7.2 Watershed Budget  

The groundwater surplus in a watershed is the difference between in the annual volumes of 
groundwater recharge and groundwater usage for a watershed or aquifer. This surplus 
groundwater is a major component of the water cycle and feeds springs, creeks, rivers, 
lakes, wetlands and coastal areas and is accounted for in B.C. as environmental flow needs 
(EFNs). 

Figure 24 presents the water balance components for an entire year, including precipitation, 
evapotranspiration and water surplus (surface water runoff and groundwater recharge). On 
the usage side, it can be seen that groundwater usage (16 dam3) is significantly less than 
surface water usage (Lake Weston 151 dam3) and both are significantly less than 
groundwater recharge (615 dam3) which feed the groundwater and Lake Weston. 

Figure 25 shows the seasonal water balance components (Wet: October to February and 
Dry: March to September). It is observed during the dry period (March to September) the 
water usage is larger than both runoff and groundwater recharge. 

Figure 26. presents the average monthly water balance components and water usage for 
the study region.  It can be seen the highest water usage is from April to September which 
also coincides with the period of little or no precipitation, groundwater recharge or runoff. 
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Figure 24: Water balance components compared to water usage from groundwater and surface water (Fire protection licence 
not included). 
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. 

 

Figure 25. Annual water budget volumes for the wet season (Oct-Feb) and dry season (Mar-Sep) (Fire protection licence not 
included). 
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Figure 26. Monthly water demand by type of use and water budget summary (Fire protection licence not included). 
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7.3 Climate Change Predictions for the Lake Weston Watershed 

The climate of the Lake Weston watershed is predicted to be significantly different in the 
coming decades. The winters will be warmer with more rain and less snow. The rain will fall 
over a shorter period (i.e. more intense events) leading to higher levels of surface runoff 
potentially leading to higher soil erosion and flooding and less groundwater recharge as 
saturated soils do not allow for infiltration.  The spring snowmelt will tend to disappear 
reducing the historical groundwater recharge heading into the dry summer months. During 
summer, temperatures will be higher, precipitation lower and groundwater baseflow 
(feeding creeks, lakes, wetlands) will therefore be lower. It will be common to experience 
too much water in winter and droughts in summer. 

Estimated runoff for March to September (Figure 27), October to February (Figure 28) and 
December to January (Figure 29) is presented for various climate severity scenarios for the 
years 2030, 2050 and 2070.  It can be seen that for the summer months runoff is predicted 
to decrease significantly (-20% to -30%) while in the winter months runoff will increase by a 
small amount (2% to 4%). This reduction in runoff is translated to water deficit in the future 
where demand will surpass surplus. 
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Figure 27. Estimated Runoff for March to September for various climate scenarios for the 
current conditions (normals), and years 2030, 2050 and 2070 compared to licensed surface 

water (fire protection licence not included). 

. 
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Figure 28. Estimated Runoff for October to February for various climate severity scenarios 
for the years 2030, 2050 and 2070 (fire protection licence not included). 
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Figure 29. Estimated Runoff for January to December for various climate severity scenarios 
for the years 2030, 2050 and 2070 (fire protection licence not included). 

 

 Surface Water and Groundwater Monitoring on Salt Spring Island 
There are several active and inactive groundwater and surface water monitoring points 
located within and near the study area (Figure 30). 

There are two active groundwater monitoring wells: 

• SSIWPAGWM-1009 (ITC) data from 2018-2020. 

• Figure 31, although the data covers a short time period, it indicates a slight decrease 
in water level of 20-30cm over these years. 

As there are no groundwater monitoring wells in the study area with a long-term data set, 
data from Provincial Groundwater Observation Well OW373 on Salt Spring Island to the 
north of Lake Weston was obtained.  The data shows a downward trend line of water levels 
for all months except November, December and February for the years 2006 to 2021 
(Figure 32).  The black dashed lines indicate the statistical trend for all the years during 
each month (upward/increasing over time, downward/decreasing over time or 
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flat/unchanged with time). The downward trends are especially pronounced during August 
and September. 

There is one active streamflow station: 

• Fulford Creek (BC Aquarius database) monthly streamflow data from 2017-2021.  
This data is plotted in Figure 33Figure  and indicates increasing trends from October 
to February, decreasing trends in March and April (reflecting less snow melt) and 
steady trends during the summer months. 

There are three active surface water stations in the Weston Creek watershed: 

• Lake Weston Inflow creek E1 which is monitored by the Water Preservation Society 
(WPS) SSI FWC Project (SSI Freshwater Catalogue). 

• Lake Weston at outlet (SSIWPA) with data from 2019-2020.  

• Weston creek near mouth which is monitored by the WPS SSI FWC Project (SSI 
Freshwater Catalogue). 

Data from these stations is presented in Section 7.5. 
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Figure 30 Surface water and groundwater monitoring stations 
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Figure 31 Groundwater level for Reginald Hill volunteer observation well. 
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Figure 32. Mean monthly groundwater levels for OW373 (Provincial Observation Wells 
Network) from 2006 to 2021. 

 



Lake Weston Water Availability and Climate Change Assessment June 2, 2022 

 

Page 55 of 81   Project No. 22-01 

 

Figure 33. Mean monthly flow trends in Fulford Creek from 2018-2021. 

 

7.4 Environmental Flow Needs  

Aquatic ecosystems consist of groundwater, springs, creeks, rivers, lakes, wetlands and 
estuaries and the water allocated to protect aquatic ecosystems is referred to as 
Environmental Flow Needs (EFNs).  The aquatic ecosystem most commonly used to define 
EFNs is fish habitat in streams which is referred to as Instream Flow Requirements (IFR).  
Lake Weston and Weston Creek have been identified as habitat for cutthroat trout (Barnet 
et. al., 1993) and thus it is important that a minimum lake water level and creek flow be 
maintained year-round.  
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The most common method of defining IFRs to protect fish habitat is based on the Modified 
Tennant (a.k.a. Montana) Method (Table 9; Tennant, 1976) which assumes that some 
proportion of the mean annual discharge (MAD) is required to sustain the biological integrity 
of a river ecosystem to sustain fish spawning and rearing. Based on original field data 
collected from 11 rivers in Montana, Nebraska and Wyoming and further supplemented with 
additional data from hundreds of gauged flow regimens in 21 states, Tennant (1976) 
recommended percentage values of MAD predicted to sustain predefined ecosystem 
attributes. In drainages where fish are present, the minimum flow required to sustain the 
fisheries resource for fair spawning and rearing habitat is 10% of the Mean Annual 
Discharge (MAD). 

Table 9: Creek flows as a percentage of Mean Annual Discharge and fish spawning/rearing 
habitat condition (Tennant, 1976).  

Creek Flows as % of Mean Annual Discharge Spawning/Rearing Habitat Condition 

30-60% MAD Excellent  

20-30% MAD Good  

10-20% MAD Fair  

5-10% MAD Poor 

<5% MAD Severely degraded 

The B.C. Water Sustainability Act (WSA; 2014) specifically identifies stream flow 
requirements for ecosystems and species. Authority is given to temporarily protect flows in 
times of drought and to order mitigation measures where water removal is likely to have 
significant adverse impacts on a stream.  

The key sections of the WSA pertaining to EFNs are: 

Section 15: Statutory decision makers must consider EFNs when issuing new surface and 
groundwater licences (for aquifers that are connected to surface water).  This policy is not a 
method or enforceable law for determining EFNs but instead provides guidelines for 
assessing risk to EFNs.  It sets out different management actions depending on different 
levels of risk and assist the decision maker in identifying where cautionary measures could 
be taken or additional analysis is needed.  

Sections 86-88: Water users are required to cease water withdrawals during drought under 
a critical flow protection order or fish population order. 

Section 43: Water and land-use decision makers have the ability to set water objectives 
(including water flows and quality) that must be considered when issuing authorizations. 
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The BC EFN policy establishes three risk management levels by evaluating stream 
sensitivity, stream size, cumulative withdrawals from the stream, and hydrological 
characteristics of the stream. 

In many parts of B.C. groundwater discharges contribute a high percentage of base flow in 
streams and groundwater extractions from aquifers that are hydraulically connected to a 
stream can significantly diminish streamflow, particularly in small streams during critical low 
flow periods. The WSA recognizes the hydraulic connection between groundwater and 
surface water, particularly in shallow sand and gravel aquifers where groundwater 
withdrawals directly affect availability of stream water for other users and for aquatic 
ecosystems. The WSA thus recognizes that groundwater and surface water must be 
managed under the same regulatory regime. Groundwater use is integrated into the water-
licensing system, similarly to how surface water was previously managed.  The WSA 
applies the consideration for EFN to aquifers that are reasonably likely to be hydraulically 
connected to a stream. For an application to be successful, the technical assessment would 
need to demonstrate that sufficient water is available to meet the needs of the intended 
use, and that the requested water withdrawal will not cause undue harm to other water 
users or the EFNs of hydraulically connected streams.  
 
It is important to note the very different time frames between groundwater, which generally 
flows very slowly (e.g. months to centuries) and surface water, which flows relatively quickly 
(e.g. days).  This results from the flow restriction of the natural geologic materials and, as a 
result, the time required for the impacts of groundwater pumping (or water-diversion from a 
spring) can take decades to be observed with declining water levels in wells or baseflow to 
creeks or other groundwater-dependant ecosystems.  
 
Case Study: Sooke River, Vancouver Island  
A value of 10% MAD (mean annual discharge) was determined using the modified Tennant 
method as the conservation flow (i.e. EFN) in the low flow months (Burt, 2006).  Monitoring 
of the conservation flow releases has been carried out and the results indicate that flow 
releases from the Sooke reservoir result in an increase in the variety and abundance of 
aquatic invertebrates.  An improvement in the health of trout fry has also been observed. 
 
Case Study: Tsolum River, Comox, Vancouver Island 
The Courtenay Water Allocation Plan uses the Modified Tennant (Montana) Method to 
recommend that an estimated minimum of 10% of MAD (mean annual discharge) be 
maintained in the Tsolum to support aquatic life (Riddell & Bryden, 1996). Provincial 
scientists have decided that maintaining flows of 10% MAD in Vancouver Island streams 
may not be realistic. Many streams on the east coast of Vancouver Island have highly 
variable flow regimes and may not have had flows above 10% MAD in the summer prior to 
human disturbance. It has been suggested that a more appropriate target may be to 
maintain 5% MAD in the Tsolum River watershed during low flows (Szczot, 2018). 
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7.5 Lake Weston Safe Yield  

Lake Weston is directly fed by groundwater and its pumping is similar to that of a large well.  
The safe yield of a water well (or lake acting as a well) is the maximum annual water 
volume that can be sustainably extracted year-round and year after year without gradually 
drawing groundwater out of storage (causing declining levels in the well and/or nearby 
wells) or decreasing the groundwater seepage that feeds aquatic ecosystems (aquifers, 
springs, wells, wetlands, creeks, lakes) referred to as Environmental Flow Needs.  The safe 
yield for Lake Weston consists of two components. 

1. Water storage in Lake Weston. Water storage is important for aquatic life within the 
lake including maintaining water temperatures sufficiently low enough for certain 
species. Water storage in the lake also allows for a certain amount of water to be 
drawn for short-term emergency purposes (fire department or wildfire) or to sustain 
water supplies during a drought or the predicted hot dry summers in the decades to 
come. 

2. Flow in Weston Creek. Sufficient flow during “normal” climatic variations year-round 
and year to year to maintain the creek as an aquatic ecosystem and habitat for 
cutthroat trout and other species.   

Water Storage in Lake Weston: 

Lake Weston water volumes corresponding to different lake levels are shown in Figure 34, 
to Figure 36. The Lake Weston level varies from a high of about 61.35 masl in January to a 
low of 60.55 masl in August (average 0.8 m variation) and appears to reach a level where it 
becomes stable (increasing very slightly) in the summer months.  It can also be seen that 
as the water level declines the decrease in volume becomes more pronounced as the lake 
is a conical shape (Figure 36). 
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Figure 34. Lake Weston water level and storage volume from April, 2019 to March, 2020. 

 

 

 

Figure 35. Lake Weston water level (April, 2019 to March, 2020) versus volume of water in 
lake. 
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Figure 36. Lake Weston volumes for various areal exents. 

 

Figure 37 is a monthly graph of water volumes of Lake Weston for various climate 
scenarios (2030, 2050, 2070) compared to groundwater recharge and runoff.  It can be 
seen Lake Weston volumes are predicted to decrease significantly in the next decades 
during the summers when groundwater recharge and runoff are non-existent or negligible. 
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Figure 37. Lake Weston monthly volumes for climate scenarios compared to groundwater recharge and runoff. 
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Weston Creek Flow: 

Figure 38 shows an illustrative cross-section of the watershed passing through Lake 
Weston and following the approximate route (slightly off-section) of Weston Creek.  It can 
be seen that Lake Weston is directly connected to and fed by the groundwater system.  
Weston Creek is fed by both outflow from Lake Weston and also by groundwater discharge 
at specific groundwater discharge locations controlled by faults along the course of the 
creek.  These faults have not been mapped but are assumed based on the uneven (i.e. flat 
then steep drop) topography along the creek and evidence of groundwater discharge 
(flooding or fish habitat). 

Figure 39 is a map of key groundwater discharge and fish habitat locations in the 
watershed.  It can be seen that there are springs in several locations above Lake Weston 
and key areas of groundwater discharge along the various arms or creeks feeding Lake 
Weston.  These is fish habitat in two of these arms, the northeast arm and east arm.  Along 
Weston Creek there are several fish migration gradient barriers (i.e. steep gradient) and at 
least one fish habitat identified directly adjacent to an area of frequent groundwater 
discharge (leading to field flooding seasonally).  There may be other smaller fish habitats 
fed by groundwater discharge along Weston Creek that have not been identified. 

Figure 40 shows a plot of Lake Weston water level, the Weston Creek outflow and total 
water usage (groundwater and surface water).  Weston creek varies seasonally from a high 
monthly average of 0.0017 m3/s in March to a low of 0.0010 m3/s in August.  Based on the 
data obtained, it appears the flow can become very low during the summer, from the three 
plus years of flow records (WPS SSIFWC) Weston Creek flows year-round, though with 
very limited summer flow.  

As noted earlier in this report, water usage is highest in the May-September period and it is 
especially high in July and August when rainfall is low and evaporation is high.  If increased 
water usage leads to lowered groundwater levels then groundwater-dependent creeks (like 
Weston Creek) can temporarily become dry or almost dry during late summer. 

In Figure 41, water temperature and electrical conductivity follow distinct seasonal trends 
for the inflow and outflow, however, it is noted the inflow electrical conductivity and pH 
become gradually is higher in the summer season due to predominance of groundwater 
(which is more mineralized than surface water or rainwater) at this time of year. As 
expected, the inflow E1 increases substantially during the winter season diminishing during 
the summer, this inflow creek shows clearer indications of groundwater baseflow (Millson, 
2020, cf Howe and Allen 2020) than the Weston Creek outflow.  The Weston creek outflow 
chemistry, in contrast to the inflow, does not increase significantly in the winter months as 
the outflow emanates mostly from Lake Weston which absorbs much of the runoff and 
dilutes groundwater baseflow in the discharge into Weston Creek, though Weston Creek is 
also fed through groundwater seepage along its course as it, like Lake Weston, is in direct 
connection with the aquifer.  

It is noted that inflow E1 is not the only inflow to Lake Weston as the lake is natural 
groundwater discharge body.  Inflow E1 maybe one of two major surface water inflows to 
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Lake Weston (the other inflow is the east arm) and there may be other water-bearing faults 
intersecting the lake that are unseen.  Lake Weston also likely receives some inflow in the 
subsurface through seepage from the smaller fractures in the aquifer.  

 

Figure 38. Topographic profile and illustrative cross-section across entire Lake Weston and 
Weston Creek watershed. 
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Figure 39. Groundwater discharge and fish habitat in Lake Weston and Weston Creek. 
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Figure 40. Lake Weston water levels, Weston Creek flow (April, 2019 to March, 2020) 
compared to estimated water usage (fire protection licence not included). 
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Figure 41. Lake Weston inflow, Weston Creek outflow, temperature, electrical conductivity 
and pH from May, 2018 to December, 2021 (NB not all flow data is plotted). 

Figure 42 is a scatter plot comparing Weston Creek flow (vertical axis) and Lake Weston 
water levels (horizontal axis).  An approximate trend line is drawn through the data points 
with the lower flows (less influenced by short-term spikes from storms) to give an 
approximate relationship between the lake water level and the creek flow.  As explained in 
the section on Environmental Flow Needs, the minimum flow to maintain an aquatic habitat 
for fish varies between 10%MAD and 30%MAD (Tennant, 1976).  The minimum 10%MAD 
for Weston Creek corresponds to a Lake Weston water level of about 61 masl (meters 
above sea level).  A 20%MAD corresponds to a lake level 10 cm higher at about 61.1 masl 
and a 30%MAD is about 61.15 masl. 
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Figure 42. Lake Weston water level versus Weston Creek outflow with various %MAD (mean 
annual discharge). 

Figure 43 is a plot of Lake Weston water level on the vertical left axis and the Weston 
Creek outlet on the vertical right axis showing all data collected over several years for each 
month.  Although the Weston Creek outflow average in August is 0.001 m3/s, the flow is 
significantly less than this value for much of the summer months.  The level of Lake Weston 
is clearly lower that the 10%MAD (61 masl) level during the July-November period and, to 
achieve this level in the summer, the usage during the summer would need to be reduced.   
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Figure 43. Lake Weston water level (blue line), Weston Creek outflow (red dots; with monthly 
averages) and various %MAD (mean annual discharge).  

 

Figure 44 is a scatter plot comparing total water usage (groundwater and surface water) to 
Lake Weston level.  It can be seen there is a weak inverse relationship which is to be 
expected as water usage is not the only factor affecting the Lake Weston level as it is also 
impacted by storm runoff especially during the winter.  It also noted that the water usage is 
an estimate as the Fulford Water System is the only water usage that is actually measured.  
The basic relationship between usage and Lake Weston level is represented with an 
approximate trend line providing an approximation of the usage that corresponds to the 
10%MAD, 20%MAD and 30%MAD.  It can be seen that in order to achieve even the 
minimum 10%MAD in Weston Creek the usage in the summer months would need to be 
reduced to usage levels similar to the winter months.  This would require significant 
summer restrictions on irrigation (farm and household) usage.  This highlights the need for 
accurate usage data to confirm these results and water conservation programs. 
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The climate change analysis has indicated that in the coming decades the water surplus 
(groundwater recharge and surface water runoff) could decrease by as much as 30% in the 
summer.  Although, higher precipitation is predicted for the winter, much of this will come as 
storms that are too intense to allow for significant recharge.  This means the total annual 
recharge could decrease leading to a gradual lowering of the water table.  Recharge will 
certainly be reduced in the summer months however this decrease may not be balanced by 
increased recharge in the winter if the precipitation occurs as high intensity storms as 
predicted. 

The other major factor that can affect the Lake Weston water level (and thus Weston 
Creek) is land-use in the watershed which can affect the ability of the land to absorb water 
and recharge groundwater.  It is critical in a small groundwater-dependent watershed like 
Weston Creek that land-use is not altered (e.g. deforestation, buildings, pavement) to 
ensure groundwater recharge is not affected.  Finally, it is noted that the groundwater of the 
Weston creek watershed does not have a natural geologic layer above it to protect it from 
contamination thus the groundwater (and lake) is highly vulnerable to contamination from 
septic systems or agricultural runoff and various geochemical studies (e.g. Nordin, 1986) 
have confirmed the rise in nutrients in Lake Weston.  
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Figure 44. Lake Weston water levels versus estimated total water usage (groundwater and 

surface water; fire protection licence not included).  Trend line approximate. 

Table 10 is a monthly summary of water usage volumes, volumes for Lake Weston and 
flow in Weston Creek.  This data is plotted as monthly bar graphs in Figure 45.  It can be 
seen that estimated water usage during the summer months, July and August in particular, 
is significantly higher than the remainder of the year.   Actual usage of the Fulford Water 
System only increases slightly in the summer months.  This is in contrast to the licenced 
surface water withdrawals for irrigation in the summer which are significantly higher than 
the remainder of the year. 
 

10%MAD  

20%MAD 

30%MAD 

10%MAD Upper limit  
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Table 10. Weston Creek flow, Lake Weston level and Water Usage. 

Month 

Estimated 
current 
use of 
GW 
(dam3) 

Estimated 
current use 
of SW 
(dam3) 

Estimated 
current 
use 
GW+SW 
(dam3) 

Current 
use 
FWS 

(dam3) 

Current 
Max use 

FWS 
(dam3) 

Licensed 
use FWS 
(dam3) 

Licensed 
use SW 
(dam3) 

Licensed 
use SW 
(dam3) 

Licensed 
use GW 
(dam3) 

Licensed use 
GW+SW 
(dam3) 

Total 
volume 
in Lake 
Weston 
(dam3) 

Monthly 
mean flow 

Weston Creek 
(m3/s) 

Monthly 
mean 
flow 

Weston 
Creek 

(dam3) 

Predicted 
volume  
2030 in 

Lake 
Weston 
(dam3) 

Predicted 
volume 
2050  in 

Lake 
Weston 
(dam3) 

Predicted 
volume 
2070  in 

Lake 
Weston 
(dam3) 

GW 
recharge 
(dam3) 

Runoff 
(dam3) 

JAN 1.2 3.3 4.5 2.4 3.9 8.4 9.3 9.3 0 10.5 895 0.0037 9.9 913 922 931 146 235 

FEB 1.1 3.2 4.3 2.4 4.5 7.6 8.4 8.4 0 9.5 878 0.0119 28.8 896 904 913 81 131 

MAR 1.2 3.7 4.9 2.7 7.4 8.4 9.3 9.3 0 10.5 885 0.0131 35.1 690 664 637 60 97 

APR 1.2 3.4 4.5 2.4 3.7 8.1 216.4 9.0 0 10.2 892 0.0088 22.8 696 669 642 3 5 

MAY 1.4 6.1 7.6 2.9 2.6 9.4 226.8 12.6 0 14.0 888 0.0035 9.4 693 666 639 0 0 

JUN 1.4 8.4 9.8 3.2 3.4 9.6 222.1 14.7 0 16.1 864 0.0024 6.2 674 648 622 0 0 

JUL 1.6 11.7 13.3 3.6 2.8 14.8 237.1 22.8 0 24.5 816 0.0014 3.7 636 612 588 0 0 

AUG 1.6 11.8 13.5 3.8 5.6 14.8 237.1 22.8 0 24.5 790 0.001 2.7 616 593 569 0 0 

SEPT 1.5 5.9 7.3 2.6 3.9 10.5 221.1 13.7 0 15.2 785 0.0013 3.4 612 589 565 0 0 

OCT 1.2 3.3 4.5 2.3 3.4 8.4 9.3 9.3 0 10.5 791 0.0042 11.2 807 815 823 24 43 

NOV 1.2 3.2 4.3 2.2 4.0 8.1 9.0 9.0 0 10.2 828 0.0593 153.7 845 853 861 155 248 

DEC 1.2 3.2 4.4 2.3 3.6 8.4 9.3 9.3 0 10.5 849 0.0513 137.4 866 874 883 146 235 

Totals 16 67 83.0 33 49 116 1415 151 0 166.3     424       616 993 

Comments   

Is assumed 
Fire 
Suppression 
use of 57 
m3 

  
Average 
2011-
2020 

2011 
recorded 
use 

Two 
licenses 
C120382 
and 
C120292 

It includes 
Fire 
Suppression 
at 7000 
m3/day 
from April 
to 
September 

It does not 
include Fire 
Suppression 

No license 
applications 

For GW use 
we include 
the 
estimated 
since no 
groundwater 
license is 
present. No 
fire 
protection 

  

January to 
March might 

not be 
representative 

due to the 
lack of data 

  

March to 
September 
-22%. Oct 
to Feb 
+2% 

March to 
September 
-25%. Oct 
to Feb 
+3% 

March to 
September 
-28%. Oct 
to Feb 
+4% 

Water 
balance 
model 

Water 
balance 
model 
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Figure 45. Monthly volumes comparing current estimated and licenced usages. 
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8 CONCLUSIONS 

1. Water Usage. Water usage consists of a combination of water wells, surface water 
(Lake Weston) and springs used for domestic water supply, irrigation, a community 
water system (Fulford Water System) and institutional needs (fire protection). The 
only available metered water usage data is from the Fulford Water System.  Lake 
Weston withdrawals are much larger than groundwater withdrawals. The fire 
protection licence is the largest licence amount from Lake Weston. Groundwater 
usage (16 dam3) is small in comparison with groundwater recharge (615 dam3); 
however, surface water usage is high (1415 dam3) compared to the combined runoff 
and recharge (1608 dam3). The highest surface water and groundwater usage is 
from April to September (peaking in July and August) which also coincides with the 
period of little or no precipitation, groundwater recharge or runoff. Water Balance. 
Total annual precipitation in the Lake Weston watershed is about 2585 dam3/year 
and the surplus is 1608 dam3/year which is divided between runoff (993 dam3/year) 
and groundwater recharge (615 dam3/year). Runoff represents approximately 40% of 
total precipitation and groundwater recharge represents 25% of total precipitation. 

2. Climate Change. Climate change models predict that winters will be warmer with 
more rain and less snow. The rain will fall as more intense events leading to higher 
levels of surface runoff potentially leading to higher soil erosion and flooding and 
less groundwater recharge.  The spring snowmelt will tend to disappear reducing the 
historical groundwater recharge heading into the dry summer months. During 
summer, temperatures will be higher, precipitation lower and groundwater baseflow 
(feeding creeks, lakes, wetlands) will therefore be lower. Runoff is predicted to 
decrease significantly in the summer months (-20% to -28%) while in the winter 
months runoff will increase by a small amount (2% to 4%). Water shortage is 
predicted from March to September where the demand will exceed the surplus of 
water. 

3. Environmental Flow Needs. The Lake Weston level varies from a high of about 
61.35 masl in January to a low of 60.55 masl in August (0.8 m variation) and appears 
to reach a level where it becomes stable (increasing very slightly) in the summer 
months.  In drainages where fish are present, the minimum flow required to sustain 
the fisheries resource for fair spawning and rearing habitat is 10% of the Mean 
Annual Discharge (MAD). For Weston Creek, to achieve the minimum 10%MAD flow 
the level of Lake Weston must be maintained at an elevation of at least 61 masl. 

4. Safe Yield of Watershed and Lake Weston. In order to achieve the minimum 
10%MAD in Weston Creek the water usage of entire watershed (i.e. groundwater 
and Lake Weston) would need to be reduced in the summer months (July-August) to 
usage levels similar to the winter months.  This would require reductions in the 
summer months especially for irrigation, lawn-watering, etc. requiring water 
conservation programs. 
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9 RECOMMENDATIONS AND DATA LIMITATIONS 

1. Water level monitoring: Additional groundwater monitoring throughout the area to 
create a watershed level water monitoring network and understand where in the 
watershed surface water or groundwater levels are declining over time.  The 
importance of a groundwater monitoring network is accentuated by the fact that Lake 
Weston is a groundwater fed lake thus it is very dependent on healthy groundwater 
levels in the aquifer and natural groundwater recharge in the watershed above the 
lake.  Groundwater monitoring data throughout the watershed is very important to 
ensure any changes in groundwater levels (e.g. due to higher well pumping or 
decreased recharge are measured providing early indications of potential problems 
before they grow too large.  Groundwater monitoring can be done either through the 
use of dedicated observation wells, or with privately-owned wells (volunteer 
observation wells) that are equipped with dataloggers that continuously measure 
water level and electrical conductivity (a proxy for salinity which is an indicator of salt-
water intrusion and/or contamination). Further in-creek flow and chemistry monitoring 
may refine the understanding of in-creek groundwater baseflow contributions to lake 
recharge and ecosystem health.  

2. Climate stations. Currently there are no active Climate stations within the study 
area. Given that precipitation is the most sensitive parameter for estimating 
groundwater recharge and runoff, it is especially important to collect local 
precipitation data.  

3. Hydrometric stations. There is one active hydrometric station in Lake Weston which 
is maintained and operated by Island Trust. This station measures water level and 
temperature. In addition to this, we recommend measuring flow at the mouth of the 
lake. This information will be critical for future decisions regarding impact of climate 
change on the water availability and further calibrate water balance model. 

4. Water use metering.  There is only one metered water system in the area, the 
Fulford Water System. Water use for all other water supplies has been estimated 
using information from proxy models. An improved estimate of water usage is very 
important, and it is recommended that for each water well and surface water 
extraction system either a flow meter be added to the system or another method be 
applied to estimate the volume used over time.  This will of course require a high level 
of community cooperation and involvement. 

5. Water conservation. Increased measures should be promoted to minimize water 
consumption from March to September and especially during July and August when 
the aquatic ecosystem is most stressed.  Reducing usage in the summer months will 
also help maintain a sufficient amount of water in storage in the lake and the 
surrounding and thus avoid more serious water restrictions (e.g. limits on domestic 
usage) and maintaining sufficient flow in Weston Creek to maintain fish habitat even 
during late summer. 

6. Environmental flow needs. EFNs for the Lake Weston watershed consist of 
sufficient baseflow to Lake Weston (and the two upgradient creeks that feed 
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groundwater into the lake) and sufficient flow in Weston Creek to maintain fish habitat 
along the creek and a natural freshwater discharge to Fulford Harbour.  Each of these 
locations where there is fish habitat needs to be assessed in the field to determine: a) 
the minimum flow required to maintain the habitat and b) how to monitor the flow 
specifically at this location.  It may not be possible or necessary to monitor flow at all 
fish habitat locations and thus monitoring locations can be selected at key locations 
representative of the larger watershed.  The incorporation of EFNs into a water 
budget impacts the local community in particular the amount of water available for 
water supply and thus community input and support is critical which may require a 
certain level of community education and involvement in the process. 

7. Land-use decision making. Improve the relationship between land development 
and groundwater usage and place a high importance on land development and land 
management decisions that do not jeopardize water resources.  Given the high 
importance of groundwater in the watershed it is highly recommended that the areas 
with the highest groundwater recharge potential be protected to ensure land-use 
activities do not disturb the soil and its ability to absorb water and recharge 
groundwater. 
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10 STUDY LIMITATIONS 

This document was prepared for the exclusive use of ITC and CRD.  The inferences 
concerning the data, site and receiving environment conditions contained in this document 
are based on information obtained by GW Solutions and others and are based solely on the 
condition of the site at the time of the site studies.  Soil, surface water and groundwater 
conditions may vary with location, depth, time, sampling methodology, analytical 
techniques, and other factors.  

In evaluating the subject study area and water quality data, GW Solutions has relied in 
good faith on information provided.  The factual data, interpretations and recommendations 
pertain to a specific project as described in this document, based on the information 
obtained during the assessment by GW Solutions on the dates cited in the document, and 
are not applicable to any other project or site location.  GW Solutions accepts no 
responsibility for any deficiency or inaccuracy contained in this document as a result of 
reliance on the aforementioned information.  

The findings and conclusions documented in this document have been prepared for the 
specific application to this project and have been developed in a manner consistent with 
that level of care normally exercised by hydrogeologists currently practicing under similar 
conditions in the jurisdiction.   

GW Solutions makes no other warranty, expressed or implied and assumes no liability with 
respect to the use of the information contained in this document at the subject site, or any 
other site, for other than its intended purpose.  Any use which a third party makes of this 
document, or any reliance on or decisions to be made based on it, are the responsibility of 
such third parties.  GW Solutions accepts no responsibility for damages, if any, suffered by 
any third party as a result of decisions made or action based on this document.  All third 
parties relying on this document do so at their own risk.  Electronic media is susceptible to 
unauthorized modification, deterioration and incompatibility and therefore no party can rely 
upon the electronic media versions of GW Solutions’ document or other work product.  GW 
Solutions is not responsible for any unauthorized use or modifications of this document.  

GW Solutions makes no other representation whatsoever, including those concerning the 
legal significance of its findings, or as to other legal matters touched on in this document, 
including, but not limited to, ownership of any property, or the application of any law to the 
facts set forth herein.  

If new information is discovered during future work, GW Solutions should be requested to 
re-evaluate the conclusions of this document and to provide amendments, as required, 
prior to any reliance upon the information presented herein. The validity of this document is 
affected by any change of site conditions, purpose, development plans or significant delay 
from the date of this document in initiating or completing the project.  

The produced graphs, images, and maps have been generated to visualize results and 
assist in presenting information in a spatial and temporal context.  The conclusions and 
recommendations presented in this document are based on the review of information 
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available at the time the work was completed, and within the time and budget limitations of 
the scope of work. 

ITC and CRD may rely on the information contained in this memorandum subject to the 
above limitations. 

 
11 CLOSURE 

Conclusions and recommendations presented herein are based on available information at 
the time of the study. The work has been carried out in accordance with generally accepted 
engineering and geoscience practice. No other warranty is made, either expressed or 
implied. Engineering judgement has been applied in producing this report.  

This report was prepared by personnel with professional experience in the fields covered. 
Reference should be made to the General Conditions and Limitations attached in Appendix 
1. 

GW Solutions is pleased to produce this document. If you have any questions, please 
contact us.  

Yours truly, 
GW Solutions Inc. 
 
Prepared by: 
   

 Antonio Barroso, M.Sc, P.Eng 
Project Hydrogeologist, President 
 

David Bethune, Ph.D, P.Geo. 
Senior Hydrogeologist 

   

 Shiva Farjadian, M.Sc.  

M.Sc. in Hydrogeology 

Saeesh Mangwani, B.Sc,  

GIS Analyst 
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June 2, 2022 
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GW SOLUTIONS INC. GENERAL CONDITIONS AND LIMITATIONS 
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This report incorporates and is subject to these 
“General Conditions and Limitations”. 

1.0 USE OF REPORT 
This report pertains to a specific area, a specific 
site, a specific development, and a specific scope 
of work. It is not applicable to any other sites, nor 
should it be relied upon for types of development 
other than those to which it refers. Any variation 
from the site or proposed development would 
necessitate a supplementary investigation and 
assessment.  This report and the assessments 
and recommendations contained in it are intended 
for the sole use of GW SOLUTIONS’s client. GW 
SOLUTIONS does not accept any responsibility for 
the accuracy of any of the data, the analysis or the 
recommendations contained or referenced in the 
report when the report is used or relied upon by 
any party other than GW SOLUTIONS’s client 
unless otherwise authorized in writing by GW 
SOLUTIONS. Any unauthorized use of the report 
is at the sole risk of the user.  This report is subject 
to copyright and shall not be reproduced either 
wholly or in part without the prior, written 
permission of GW SOLUTIONS. Additional copies 
of the report, if required, may be obtained upon 
request. 

2.0 LIMITATIONS OF REPORT 
This report is based solely on the conditions which 
existed within the study area or on site at the time 
of GW SOLUTIONS’s investigation.  The client, 
and any other parties using this report with the 
express written consent of the client and GW 
SOLUTIONS, acknowledge that conditions 
affecting the environmental assessment of the site 
can vary with time and that the conclusions and 
recommendations set out in this report are time 
sensitive.  The client, and any other party using 
this report with the express written consent of the 
client and GW SOLUTIONS, also acknowledge 
that the conclusions and recommendations set out 
in this report are based on limited observations 
and testing on the area or subject site and that 
conditions may vary across the site which, in turn, 
could affect the conclusions and recommendations 
made.  The client acknowledges that GW 
SOLUTIONS is neither qualified to, nor is it 
making, any recommendations with respect to the 
purchase, sale, investment or development of the 
property, the decisions on which are the sole 
responsibility of the client. 

2.1 INFORMATION PROVIDED TO GW 
SOLUTIONS BY OTHERS 
During the performance of the work and the 
preparation of this report, GW SOLUTIONS may 

have relied on information provided by persons 
other than the client.  While GW SOLUTIONS 
endeavours to verify the accuracy of such 
information when instructed to do so by the client, 
GW SOLUTIONS accepts no responsibility for the 
accuracy or the reliability of such information 
which may affect the report. 

3.0 LIMITATION OF LIABILITY 
The client recognizes that property containing 
contaminants and hazardous wastes creates a 
high risk of claims brought by third parties arising 
out of the presence of those materials.  In 
consideration of these risks, and in consideration 
of GW SOLUTIONS providing the services 
requested, the client agrees that GW 
SOLUTIONS’s liability to the client, with respect to 
any issues relating to contaminants or other 
hazardous wastes located on the subject site shall 
be limited as follows: 

(1) With respect to any claims brought against GW 
SOLUTIONS 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 GW SOLUTIONS under this Agreement, 
whether the action is based on breach of contract 
or tort; 

(2) With respect to claims brought by third parties 
arising out of the presence of contaminants or 
hazardous wastes on the subject site, the client 
agrees to indemnify, defend and hold harmless 
GW SOLUTIONS from and against any and all 
claim or claims, action or actions, demands, 
damages, penalties, fines, losses, costs and 
expenses of every nature and kind whatsoever, 
including solicitor-client costs, arising or alleged to 
arise either in whole or part out of services 
provided by GW SOLUTIONS, whether the claim 
be brought against GW SOLUTIONS for breach of 
contract or tort. 

4.0 JOB SITE SAFETY 
GW SOLUTIONS is only responsible for the 
activities of its employees on the job site and is not 
responsible for the supervision  

of any other persons whatsoever. The presence of 
GW SOLUTIONS personnel on site shall not be 
construed in any way to relieve the client or any 
other persons on site from their responsibility for 
job site safety. 

 5.0 DISCLOSURE OF INFORMATION BY 
CLIENT 
The client agrees to fully cooperate with GW 
SOLUTIONS with respect to the provision of all 
available information on the past, present, and 
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proposed conditions on the site, including 
historical information respecting the use of the site. 
The client acknowledges that in order for GW 
SOLUTIONS to properly provide the service, GW 
SOLUTIONS is relying upon the full disclosure and 
accuracy of any such information. 

6.0 STANDARD OF CARE 
Services performed by GW SOLUTIONS for this 
report have been conducted 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 services are provided. Engineering judgement 
has been applied in developing the conclusions 
and/or recommendations provided in this report. 
No warranty or guarantee, express or implied, is 
made concerning the test results, comments, 
recommendations, or any other portion of this 
report. 

7.0 EMERGENCY PROCEDURES 
The client undertakes to inform GW SOLUTIONS 
of all hazardous conditions, or possible hazardous 
conditions which are known to it. The client 
recognizes that the activities of GW SOLUTIONS 
may uncover previously unknown hazardous 
materials or conditions and that such discovery 
may result in the necessity to undertake 
emergency procedures to protect GW 
SOLUTIONS employees, other persons and the 
environment. These procedures may involve 
additional costs outside of any budgets previously 
agreed upon. The client agrees to pay GW 
SOLUTIONS for any expenses incurred as a result 
of such discoveries and to compensate GW 
SOLUTIONS through payment of additional fees 
and expenses for time spent by GW SOLUTIONS 
to deal with the consequences of such discoveries. 

8.0 NOTIFICATION OF AUTHORITIES 
The client acknowledges that in certain instances 
the discovery of hazardous substances or 
conditions and materials may require that 
regulatory agencies and other persons be 
informed and the client agrees that notification to 
such bodies or persons as required may be done 
by GW SOLUTIONS in its reasonably exercised 
discretion. 

9.0 OWNERSHIP OF INSTRUMENTS OF 
SERVICE 
The client acknowledges that all reports, plans, 
and data generated by GW SOLUTIONS during 
the performance of the work and other documents 
prepared by GW SOLUTIONS are considered its 
professional work product and shall remain the 
copyright property of GW SOLUTIONS. 

10.0 ALTERNATE REPORT FORMAT 
Where GW SOLUTIONS submits both electronic 
file and hard copy versions of reports, drawings 
and other project-related documents and 
deliverables (collectively termed GW 
SOLUTIONS’s instruments of professional 
service), the Client agrees that only the signed and 
sealed hard copy versions shall be considered 
final and legally binding. The hard copy versions 
submitted by GW SOLUTIONS shall be the 
original documents for record and working 
purposes, and, in the event of a dispute or 
discrepancies, the hard copy versions shall govern 
over the electronic versions. Furthermore, the 
Client agrees and waives all future right of dispute 
that the original hard copy signed version archived 
by GW SOLUTIONS shall be deemed to be the 
overall original for the Project.  The Client agrees 
that both electronic file and hard copy versions of 
GW SOLUTIONS’s instruments of professional 
service shall not, under any circumstances, no 
matter who owns or uses them, be altered by any 
party except GW SOLUTIONS. The Client 
warrants that GW SOLUTIONS’s instruments of 
professional service will be used only and exactly 
as submitted by GW SOLUTIONS.  The Client 
recognizes and agrees that electronic files 
submitted by GW SOLUTIONS have been 
prepared and submitted using specific software 
and hardware systems. GW SOLUTIONS makes 
no representation about the compatibility of these 
files with the Client’s current or future software and 
hardware systems.  
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APPENDIX 2 
Groundwater Recharge Coefficients and Groundwater Recharge Potential and Recharge 
Coefficients 
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APPENDIX 3 
Water Balance Inputs and Outputs 
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APPENDIX 4 
Climate Change Analysis 
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APPENDIX 5 
Water Rights Licences: Points of diversions (accessed February 2022) 
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APPENDIX 6 
Glossary 
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