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EXECUTIVE SUMMARY

Salt Spring Island is the most populated of British Columbia’s southern Gulf Islands. Water supply for its
10,000 residents and an estimated 10,000 annual visitors is derived entirely from the Island’s footprint,
from community systems utilizing water from surface water and groundwater sources, together with
private wells. Groundwater supplies are derived from a complex system of folded sedimentary bedrock
in the north Island and volcanic and intrusive bedrock in the south, together with surficial aquifers of
limited aerial extent. The Island’s groundwater supply faces challenges related to variable yields as a
result of aquifer heterogeneity, increased demand due to development pressure, climate change, and
saltwater intrusion.

In order to sustainably manage the Island’s groundwater resources at present and in the future, the B.C.
Ministry of Environment & Climate Change Strategy (ENV), in partnership with the B.C. Ministry of
Forests, Lands, Natural Resource Operations, and Rural Development (FLNRORD), Islands Trust, and local
partner the Salt Spring Island Watershed Protection Alliance (SSIWPA), commissioned a two phase
scientific study to review, revise and update the provincial aquifer mapping and classification for the
Island (Phase 1) and conduct a monthly groundwater budget analysis for the updated aquifers (Phase 2).

Aquifer mapping was carried out by integrating available geological mapping, information contained in
WELLS database, and other publicly available information into a spatial database and then visualized
using Leapfrog Hydro, a commercially available geological and hydrogeological interpretation software.
Over 2500 logs from wells completed on the Island were standardized and then used to develop a
simplified understanding of subsurface conditions (of the 2667 available well logs for the Island,
information from 2538 of the logs was used in the analysis). This information, in combination with the
results of hydrogeological testing and Island-wide interpretation of water table elevations was used to
delineate key aquifer units. Four bedrock aquifers were delineated based on the hydraulic properties of
the differing rock types and formations, geological orientation and structure (folding, deformation and
weathering), and an assessment of the influence of geological structures (i.e., faults, contacts) on
groundwater movement. Four overburden aquifers of limited extent were delineated in areas where
there was evidence of a reasonable thickness of unconsolidated permeable material, evidence (or
likelihood) that the permeable material is saturated, and that the permeable material is of sufficient
lateral extent to be considered an aquifer.

Monthly groundwater budgets were derived for each aquifer to assess the sustainability of groundwater
withdrawals. Groundwater budgets were developed based on available climate data, estimates of
groundwater recharge, and an estimate of groundwater demand from domestic, commercial and
agricultural users. The results of the water budget analysis show that for the bedrock aquifers on Salt
Spring Island, groundwater recharge represents approximately 10% to 12% of the annual average
precipitation, surface water runoff represents approximately 54%, and evapotranspiration represents
approximately 34% to 36%. Currently, groundwater usage represents a fraction (0.3% to 0.6%) of the
average annual precipitation, or 2.4% to 6.1% of the total estimated recharge. Groundwater outflow to
local water courses (as baseflow) and groundwater flux to the sea represent components of
groundwater recharge estimated to be approximately 9% and 1% to 3%, respectively, of the annual
average precipitation. The overall groundwater budgets are subject to considerable uncertainty given
the limited surface water data that was used to estimate recharge and direct runoff.

While the results of the water budget analysis suggest that on a regional basis there is potential for
further development of bedrock aquifers on Salt Spring Island, insights from the study indicate that
future groundwater development will be constrained by the storage capacity and transmissivities of the
bedrock aquifers. Hydrographs from local observations wells show that the groundwater regime appears
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to be recharged annually on a regional basis, even in years characterized by low rainfall. This indicates
that there is not a lack or shortage of available groundwater associated with the Salt Spring Island
bedrock aquifers on a regional basis. However, on a local basis, the low transmissivity / hydraulic
conductivity of the rock on Salt Spring Island means that groundwater use from individual wells can
commonly exceed the capacity of the local rock to bring water to the well when the well is installed in
lightly fractured and non-fractured rock or the fracture network intersected by the groundwater well is
poorly connected to a larger source. Given variability of groundwater availability at a local level, detailed
hydrogeological investigations will be required to assess the feasibility of future groundwater extraction
on individual land parcels where development is planned.

Seasonal groundwater shortages in the dry season are also observed across the island due to local
exhaustion of groundwater storage. Furthermore, an apparent decline in dry season groundwater levels
is noted in some observation wells, suggesting that groundwater resources are coming under increasing
stress during the dry season. As a result, groundwater availability and the likelihood of supply problems
on Salt Spring Island are likely more sensitive to the overall duration of the dry period as opposed to the
amount of precipitation received during that dry period. A prolonged dry period would mean island
residents would be drawing from storage earlier in the year, increasing the likelihood of shortages later
in the year.

In areas where the unconsolidated aquifers have been mapped, most drillers chose to complete wells in
the underlying bedrock aquifers rather than the overlying surficial material. This, combined with the
highly variable nature of the surficial material and its glacial origin, suggests that the unconsolidated
aquifers may not be particularly productive. Accordingly, while the unconsolidated aquifers may provide
a source of minor, local groundwater supply, they should not be targeted for future groundwater
development.

Salt water intrusion represents a real concern to groundwater availability in certain areas of Salt Spring
Island (particularly in the north part of the Island along the northeast coast and in the Ganges
Harbour/Long Harbour area), one which is already observed and managed in some coastal water supply
systems (WSS) and which is undoubtedly observed in numerous other private wells across the Island.
Saline intrusion in groundwater wells during the dry period is currently observed and does have the
potential to impact the amount of available groundwater on a year-to-year basis. Groundwater
resources in these incidences must be carefully managed, particularly in coastal wells or high yielding
wells with good connectivity to the sea.

Recommendations for improving the hydrogeological understanding of Salt Spring Island include:

e Prioritization of the North Salt Spring Island and North Central Salt Spring Island Aquifers for
future work, including the work related to geological and hydrogeological surveys and the
hydrometric, meteorological and saline intrusion monitoring described below, as they have the
highest population density, local water demand, potential for salt water intrusion and greater
risk of supply constraints;

e A geological survey to identify smaller-scale lineaments and faults that could act as potential
hydrostructural controls for groundwater flow;

e Anisland-wide spring survey of likely locations (areas of hydrostructural interest, lowland areas
and areas of high topographic relief) to provide insight on the groundwater flow regime and
identify areas of potential groundwater supply;

e Field confirmation of high-yielding wells to establish potential presence of high yielding
structures, such as faults, fractures and geological contacts;
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e |dentification and field confirmation of wells that can be incorporated into a community
monitoring well network to establish island-wide coverage for reliable hydraulic head
monitoring; and

e Compilation of additional pumping test data to confirm well yields and test hydraulic
conductivity.

Recommendations for improving groundwater budgeting estimates include:

o Implementation of a hydrometric flow gauging network of major surface water features near
their outlet to the sea, particularly in areas of higher groundwater use and population, where
recharge estimates are more important. Key streams that could be targets for this monitoring,
include Fulford Creek, Cusheon Creek, Bullocks Creek, Ganges Creek, McFadden Creek and
Weston Creek. This hydrometric monitoring should be conducted year-round so that estimates
of surface water run-off and groundwater recharge can be made; and

e Existing meteorological stations could be supplemented with a higher altitude precipitation
gauge at a suitable location on Mount Maxwell or Baynes Peak, for example, or by citizen
scientists in order to improve the spatial coverage of precipitation data to improve recharge
estimates.

Recommendations for increasing available water and addressing other hydrogeological concerns
include:

e General Hydrogeology and Water Use: Establishment of groundwater level monitoring on
highly-transmissive, structurally well-connected features in the bedrock that are in areas where
groundwater use is comparatively high;

e Potential for Groundwater Supply Expansion: Locations with a larger, undeveloped catchment
areas such as the lower slopes of South and Central Salt Spring Island have the best potential for
future groundwater supply development without compromising environmental flows. Areas of
North Salt Spring Island that are predominantly reliant on surface water for their water supply
and which have comparatively less groundwater development may be able to supplement their
water supply with additional groundwater expansion. Any future groundwater extraction should
be coupled with appropriate hydrogeological monitoring;

e Maintenance of Groundwater Levels: The best strategy to ensure that groundwater levels are
not negatively impacted from overuse would be a thoughtfully-designed monitoring system
coupled with a multi-pronged approach to increasing the amount of system storage;

e Limiting Saline Intrusion: A critical method for limiting salt water intrusion is to frequently
monitor the electrical conductivity or salinity of the groundwater produced from a well and be
prepared to make operational adjustments to the pumping scheme or pump setting if salinity
increases are observed during the dry period, which survey results show that some coastal WSSs
are already doing; and

e Maintenance of Baseflow: Additional data gathering should continue to better characterize the
surface water regime both to close the essential loop in the groundwater balance as well as to
understand potential baseflow targets for watercourses.
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1. INTRODUCTION

Salt Spring Island (the Island) is the largest and most populous of British Columbia’s Gulf Islands, located
in the Strait of Georgia, roughly between the cities of Vancouver and Victoria (Figure 1). Located in the
rain shadow of Vancouver Island to the west, the climate of the Island is characterized as Cool
Mediterranean, with summers that are cool and dry, winters that are humid and mild, with less
precipitation in general than surrounding coastal areas. The Island is geologically diverse, with residents
relying on an assortment of private and community systems to provide them with their water supply,
both from groundwater and surface water sources (Figure 2). Owing to the geography of the Island, the
importance of groundwater as a water source is comparatively higher than other areas of the province,
with over 2600 water well records for the Island in the provincial database and an estimate of
approximately 4000 total wells on the Island based on a provincial assessment of cadastral data.

In order to sustainably manage the Island’s groundwater resources at present and in the future, the B.C.
Ministry of Environment & Climate Change Strategy (ENV), in partnership with the B.C. Ministry of
Forests, Lands, Natural Resource Operations, and Rural Development (FLNRORD), Islands Trust, and local
partner the Salt Spring Island Watershed Protection Alliance (SSIWPA), commissioned a two phase
scientific study to review, revise and update the provincial aquifer mapping and classification for the
Island (Phase 1) and conduct a monthly groundwater budget analysis for the updated aquifers (Phase 2).
This Water Science Series report presents the study objective, data sources and methods utilized,
analyses conducted, and results for both the aquifer mapping and monthly aquifer groundwater budget
analysis phases of the study. The analysis and results of the study benefitted tremendously from the
support and engagement of local partners and stakeholders, without whose energy, hard work, and
assistance this report would not have been possible.

2. STUDY OBJECTIVES

The sustainable management of BC's groundwater resources has become increasingly important with
the adoption of the Water Sustainability Act in B.C. Regulators and water managers require
hydrogeological information, data, and tools to inform decision-making related to groundwater licensing
and allocation in order to protect groundwater supplies and for ecosystems reliant on groundwater
baseflow. To support these initiatives, the provincial ministries have been undertaking numerous aquifer
mapping studies both to provide aquifer mapping coverage in areas that have not been previously
mapped, or to revise and update aquifer mapping in previously-mapped areas where updated
information, data, or records have become available. To provide hydrogeological insight into the
concept of “available water” for existing or updated aquifers in the province, preliminary monthly
aquifer groundwater budget analyses are conducted that attempt to quantify the major inflows and
outflows to the aquifer as a hydrogeological unit, based on a series of prescribed methodologies (Hy-
Geo Consulting, 2015). The monthly aquifer groundwater budget analyses provide essential high-level
insight into the movement of groundwater in the areas of interest as well as assist in identifying data
gaps and limitations to the current conceptual understanding.

The objectives of this study include both an update to the existing aquifer mapping and classification for
aquifers on Salt Spring Island (Phase 1) and creation of monthly aquifer groundwater budgets under
various scenarios (Phase 2) for the updated aquifer boundaries. Based on the findings and results of the
two phases, recommendations to address data limitations are provided.
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Figure 2: Water supply systems on Salt Spring Island.
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3. DATA SOURCES

Data sources for the Phase 1 and Phase 2 of the study are provided in Sections 3.1 and 3.2, respectively.
Previous studies are described in Section 3.3.

3.1 Phase 1—Aquifer Mapping and Classification Data Sources

The Salt Spring Island aquifer mapping and classification phase integrates hydrogeological and geological
data and information from numerous, diverse sources. Data sources that were utilized to inform the
aquifer mapping include the following:

e British Columbia water wells (WELLS) database, with attributes:
0 well locations and UTM accuracy
0 well depths
0 wellyields (driller’s estimates)
e British Columbia water wells (WELLS) database with lithologies:
0 raw lithological descriptions recorded by depth interval at the time of drilling
0 general drilling remarks by depth interval at the time of drilling
e Previous hydrogeological reports and investigations completed on Salt Spring Island as well as
other Gulf Islands;
e Geological mapping for Salt Spring Island;
e Canadian Digital Elevation Model (CDEM) with 20 m resolution from Natural Resources Canada;
e Geological and soil reports for Salt Spring Island and other Gulf Islands;
e Published scientific literature on comparable studies using national, provincial, or regional water
well databases for hydrogeological interpretation;
e Discussions with resident geological expert, Dr. Hugh Greenwood; and
e Telephone interviews with local drilling contractors on local hydrogeological conditions and
typical water well completions.

Data from these sources were processed and analyzed during the Phase 1—Aquifer Mapping and
Classification work described in Section 4.

3.2 Phase 2—Monthly Aquifer Groundwater Budget Analysis Data Sources

The Salt Spring Island monthly aquifer groundwater budget analysis includes land use, meteorological,
hydrometric, hydrogeological, and water use data from a variety of sources, including:

e Water production data (groundwater and surface water) and associated reports from
community and private Water Supply Systems (WSS) across the Island—obtained and provided
by SSIWPA and FLNRORD;

e Groundwater hydraulic head data from WSS observation and production wells and wells from
the Provincial Groundwater Observation Well Network (PGOWN)—obtained and provided by
ENV/FLNRORD and SSIWPA,;

e Meteorological and climatological data from active and discontinued meterological stations
from Environment Canada’s Climate Data Archive—accessed online;

e Hydrometric data from discontinued Water Survey of Canada (WSC) flow and water level
gauging stations—accessed online;

e Hydrometric data (seasonal continuous flow, spot flow, and water level measurements) from
2017 surface water monitoring programs—obtained and provided by FLNRORD and community
sources;
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e Island-wide “climate surfaces” for monthly meteorological and climatological parameters (i.e.,
precipitation, evapotranspiration) for climate normals, historical years and climate change
model runs—generated by Golder using the ClimateBC interface and database;

e Integrated BC Assessment data, cadastral, land use, actual use geospatial data for Salt Spring
Island—provided by FLNRORD;

e Geospatial analysis of primary and secondary water sources per land parcel on Salt Spring Island,
including assessment of number of groundwater wells assumed not to be present in the
provincial WELLS database—created and provided by FLNRORD;

e Selection of relevant hydrogeological reference reports for Salt Spring Island—provided by
Islands Trust, SSIWPA, and FLNRORD;

e Agricultural water demand model (AWDM) and demand estimates under various scenarios for
agricultural lands on Salt Spring Island—provided by the Ministry of Agriculture; and

e Results of face-to-face interviews and well surveys between SSIWPA and local WSS operators
and well owners—conducted and provided by SSIWPA.

Data from these sources were processed and analyzed during the Phase 2—Monthly Aquifer
Groundwater Budget Analysis work described in Section 5.

3.3 Previous Studies

Numerous studies have been conducted on Salt Spring Island and other Gulf Islands to characterize the
geology and hydrogeology and to assess groundwater sustainability. Key studies that were evaluated as
part of this work are summarized below.

The geology of Salt Spring Island is documented in the following reports:

e Levson, V. and N. Massey, 2011. Geology of Southern Vancouver Gulf Islands and Salt Spring
Islands. Field Trip Guidebook for the 5th British Columbia Unconventional Gas Technical Forum;

e Greenwood, H.J. and Mihalynuk, M.G., 2009. Salt Spring Island Geology (Adjoining Quadrants of
NTS 93B/11, 12, 13 & 14). Open File 2009-11. BC Ministry of Energy, Mines, and Petroleum
Resources, Open File 2009 11, 1:25,000 scale; and

e Greenwood, H.J., 2009. Descriptive notes to accompany Open File 2009-11, Geology of Salt
Spring Island. BC Ministry of Energy, Mines and Petroleum Resources.

The general hydrogeology of Salt Spring Island is described in the following reports:

e Hodge, W.S., 1995. Groundwater Conditions on Salt Spring Island. BC Ministry of Environment,
Lands and Parks; and

e larocque, I., D.M. Allen and D. Kirste., 2015. The Hydrogeology of Salt Spring Island. A summary
of research conducted by Simon Fraser University as part of a project “Risk Assessment
Framework for Coastal Bedrock Aquifers”. January 2015.

Hodge (1995) delineated a bedrock aquifer system and three overburden aquifers on Salt Spring Island.
His analysis identified Scott Point as an area where groundwater demand may be exceeding
groundwater in storage, and predicted that in the future, concerns may be observed in the Ganges
Harbour, Trincomali Channel, Long Harbour and Eleanor Point regions.

Larocque et al. (2015) conducted field studies and analyses to characterize a hydrogeological conceptual
model for Salt Spring Island. Their study found that despite the varying rock types on the Island, the
estimated hydraulic conductivities of the sedimentary and igneous rocks were similar. The study
recognized the uncertainty in estimating recharge to the aquifers and referenced a broad range of
recharge estimates based on a variety of methods.
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Groundwater quality on Salt Spring Island is described in the following report:

e Lapcevic, P., A. Kingerlee, G. Bickerton and V. Carmichael, 2008. The geochemistry of
groundwater on Salt Spring Island, British Columbia, Canada. GeoEdmonton, 2008.

Simon Fraser University, led by Dr. Diana Allen, has conducted numerous studies on Salt Spring Island
and the Gulf Islands to characterize groundwater flow within the bedrock regime, together with the
potential for salt water intrusion. Fractured groundwater flow in the Gulf Islands has also been
examined by the Geological Survey of Canada:

e Klassen, J.K., and D.M. Allen, 2016. Risk of Salt Water Intrusion in Coastal Bedrock Aquifers: Gulf
Islands, BC., 2016. An overview of the assessment of risk of saltwater intrusion in bedrock
aquifers of the Gulf Islands completed as part of a study conducted by Simon Fraser University
and BC Ministry of Forests, Lands and Natural Resource Operations as part of the “Risk
Assessment Framework for Coastal Bedrock Aquifers”. January 2016;

e Allen, D.M,, D. Kirste, J. Klassen, I. Larocque and S. Foster., 2015. Research Monitoring Well on
Salt Spring Island. A summary of the drilling, testing, and chemical/isotopic results for the
Research Monitoring Well on Salt Spring Island for a study conducted by Simon Fraser University
and BC Ministry of Forests, Lands and Natural Resource Operations as part of the “Risk
Assessment Framework for Coastal Bedrock Aquifers”. September 2015;

e Klassen, J., D.M. Allen and D. Kirste, 2014. Chemical Indicators of Saltwater Intrusion for the Gulf
Islands, British Columbia. Final report submitted to the BC Ministry of Forests, Lands and Natural
Resource Operations and BC Ministry of Environment. June 2014;

e Surrette, M., D.M. Allen and M. Journeay, 2008. Regional evaluation of hydraulic properties in
variably fractured rock using a hydrostructural approach. Hydrogeology Journal 2008. 16: 11-30;

e Allen, D.M. and E. Liteanu, 2006. Long-term Dynamics of the Saltwater Freshwater Interface on
the Gulf Islands, British Columbia, Canada. Submitted to the September 2006 Proceedings of
SWIM-SWICA Conference, Cagliari, Italy;

e Journeay, M., S. Denny, D. Allen, C.B. Forster, R. Turner and M. Wei, 2004. Integrated
Groundwater Resource Assessment of Fractured Bedrock Aquifers in the Gulf Islands, BC;

e Allen, D.M,, Liteanu, E., Bishop, T.W., and Mackie, D.C., 2002. Determining the Hydraulic
Properties of Fractured Bedrock Aquifers of the Gulf Islands, B.C. Final Report submitted to Al
Kohut, BC Ministry of Water, Land and Air Protection. December 2002; and

e Allen, D.M and M. Suchy, 2001. Geochemical evolution of groundwater on Saturna Island, British
Columbia. Canadian Journal or Earth Science 38: 1059-1080.

The methodology for groundwater budget analysis in BC and a preliminary regional assessment of
groundwater demand in BC are described in the following documents:

e Hatfield Consultants, 2015. Development of a Framework for Licensing Existing Groundwater
Users in West Coast Region, BC—Analysis of Current Groundwater Use. Prepared for the BC
Ministry of Forests, Lands and Natural Resource Operations; and

e Hy-Geo Consulting, 2014. Preliminary Conceptual Models and Water Budget Methodologies for
Aquifers in British Columbia. Submitted to British Columbia Ministry of Environment, March
2014.

Other recent groundwater budget analyses conducted in areas characterized by bedrock aquifers are
listed below:

e Harris, M. and S. Usher, 2017. Preliminary Groundwater Budgets, Cobble Hill/Mill Bay Area,
Vancouver Island, B.C., Water Science Series No. 2017-01;
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Burgess, R. and Allen, D.M., 2016. Groundwater Recharge Model for Gabriola Island—Final
Report. Submitted to Regional District of Nanaimo, December 2016; and

Hy-Geo Consulting, 2015. Mayne Island water budget in Development of Preliminary Water
Budgets for Two Aquifer Areas in British Columbia. Submitted to British Columbia Ministry of
Environment, August 2015.

Finally, previous water balance studies completed on Salt Spring Island are listed below:

Kerr Wood Leidal Consulting Engineers, 2018. St. Mary Lake Watershed — Water Availability and
Demand Climate Change Assessment 2017 Update. Prepared for North Salt Spring Waterworks
District, 16 May 2018;

Lam, P. 2010. Salt Spring Island Potable Water Supply and Demand Analysis. Prepared by SSI
Water Council, 22 March 2010; and

Burnett, L., B. Blecic and W. Van Bruggen, 1993. SaltSpring Island Water Allocation Plan.
Regional Water Management Vancouver Island Region, Victoria, B.C. 30 November 1993.

4. PHASE 1—AQUIFER MAPPING AND CLASSIFICATION

Phase 1, consisting of the aquifer mapping and classification, was comprised of the following tasks,
including:

Data processing of the extensive data sources identified in Section 3.1, including significant
processing of the provincial WELLS database;

Analysis, 3D visualization and hydrostratigraphic modelling of processed data for
hydrogeological interpretation;

Delineation of new and revised overburden and bedrock aquifers;

Estimation of hydraulic properties of the newly identified or revised aquifers; and

Creation of GIS polygons and aquifer classification worksheets for the new and revised aquifers.

4.1 Data Processing

Within the study area, the provincial WELLS database contains 2667 well records, with 2165 well records
containing lithological information in over 12000 individual intervals, 2200 estimates of raw well yields,
and 570 measurements of depth to water. Lithological descriptions and general remarks are transcribed
directly from water well records provided by the drillers and are highly variable in quality and level of
detail. Significant pre-processing of data and standardization of lithological descriptors was required to
prepare the well records for 3D visualization and interpretation. Data processing routines that were
applied include:

Removal of duplicate records and records missing critical data fields (i.e., depth);
Standardization of units (feet to meters, USGPM to LPM);
Keyword scripting of raw lithology fields into broad lithological classifications
Coarse-grained sedimentary rock terms (sandstone, conglomerate):

0 fine-grained sedimentary rock terms (shale, siltstone, mudstone)

0 igneous rock terms (granite, volcanics, basalt)

0 relatively permeable unconsolidated sediment terms (sand, gravel)

0 relatively impermeable unconsolidated sediment terms (clay, silt, hardpan)
Calculation of simplified specific capacity, using two methods:

0 wellyields divided by the depth of the well

0 wellyields divided by the height of the water column (where data were available)
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e Calculation of approximate transmissivity and hydraulic conductivity using estimates of
simplified specific capacity using formulas provided by Kasenov (2006);
o Keyword scripting of raw lithology and general drilling remarks fields for hydrogeologicalitems
of interest:
0 dry, artesian, or flowing well conditions
0 incidence of salt water or saline conditions
e Custom scripts to identify discrete “producing” fractures and zones for the 3D hydrostratigraphic
model.

4.2 Data Analysis and 3D Hydrostratigraphic Modelling

Processed data from Section 3.1 was analyzed and used to create a 3D hydrostratigraphic visualization
of Salt Spring Island to assist with aquifer mapping and interpretation. Figure 3 presents the 3D study
area and ortho-imagery for Salt Spring Island along with topographic elevations. Historical aquifer
mapping consisted of three bedrock aquifers and three unconsolidated aquifers. The three bedrock
aquifers, previously updated in 2005, were delineated predominantly on topography while the three
unconsolidated aquifers, previously updated in 2007, were delineated predominantly based on soil
maps and the presence of thicker overburden deposits in local areas.

4.2.1 Hydrogeological / Geological Base Data

Data from the provincial water wells database (WELLS database), together with the geological mapping
of Dr. Greenwood (Greenwood and Mihalnyuk, 2009) formed the basis of the hydrostratigraphic
interpretation. Figure 4 presents the wellhead locations for the water wells on Salt Spring Island from
the WELLS database and Figure 5 presents the bedrock geological mapping. Lithological descriptors
contained within the WELLS database are based on records from drillers who utilize drilling methods
that can limit high-quality lithological or structural classification. As the lithological descriptors are vague
and highly variable, a simplified visual representation of the geology on Salt Spring Island was adopted
based on those types of rock more readily identifiable via the water well records. These included the
following groupings:

e Cretaceous Period Coarse-Grained Nanaimo Group Rocks (sandstones and conglomerates);

e Cretaceous Period Fine-Grained Nanaimo Group Rocks (siltstone, mudstone, and shale);

e Carboniferous to Permian Rocks (Sicker and Buttle Lake Groups) volcanic and meta-sedimentary
rocks; and

e Intrusive Rocks (Salt Spring Intrusions, Mount Hall Gabbro Sills).

4.2.2 Water Well Log Standardization

Over 2600 water wells were contained within the WELLS database for Salt Spring Island. A review of the
lithological descriptors in the WELLS database suggested a broad classification of lithologies into four
main groupings:

e Descriptors associated with coarse-grained Nanaimo Group (sedimentary) rocks;
Descriptors associated with fine-grained Nanaimo Group (sedimentary) rocks;
Igneous / volcanic / metamorphic rock descriptors; and

e Descriptors associated with overburden and unconsolidated deposits.

Iterative, nested keyword scripting together with manual QA/QC was utilized to standardize the
borehole logs and results are presented in Figure 6. Note that well log standardization was only
conducted on logs with amenable lithological descriptions and only lithological descriptions that were
relatively unambiguous were carried forward for comparison to surficial geological mapping.
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Figure 5: Bedrock geology of Salt Spring Island mapped by Greenwood and Mihalnyuk (2009).
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The standardization process to derive simplified groupings was quite successful and general agreement
with the geological mapping was obtained. Also of note, is that many of the water well records have a
high degree of uncertainty in their lateral coordinates, often owing to the age of the record and means
of collection. Isolated intervals of a lithology in an unexpected area were not considered relevant due to
spatial uncertainty and interbedded nature of many of the formations unless large clusters of them
disagreed with surficial mapping.

4.2.3 Well Yield and Hydraulic Conductivity Analysis

Raw well yields reported from the time of drilling are subject to inaccuracy and error due to, amongst
other things, the short term and variable nature of yield testing and relatively poor documentation of
test run times. The raw well yields were plotted spatially to assess the potential for correlation between
high yields and lithologies (Figure 7) as well as analyzed statistically by formation yield. Well yields and
water levels were utilized to estimate simplified specific capacity, transmissivity, and eventually,
hydraulic conductivity using the method of Kasenov (2006), assuming a drawdown equal to that of the
water column in the well. Hydraulic conductivity values were assumed to be applicable over the entire
depth of the well due to the tendency for deep open hole or long screened completions for the
domestic wells on Salt Spring Island. Estimated hydraulic conductivity values are presented in Figure 8.

4.2.4 Identification of Saline, Artesian or Dry Conditions

Custom programming scripts were created to identify and flag incidences or remarks of saline, artesian
or dry conditions either within the lithology field or the general remarks field of the WELLS database.
Results for the reports of saline conditions are presented in Figure 9, with the majority of incidences of
saline occurrence being located on North Salt Spring Island. Isolated wells reported saline conditions
near St Mary Lake along the St Mary fault. The majority of incidences of artesian conditions are located
on the Central and South of Salt Spring Island. Reports of artesian conditions are presented in Figure 10.
All results were manually QA/QC’d and incidences visualized over the entire length of the borehole,
even though well records may document particular fractures or depths where water is saline.

4.2.5 Construction of 3D Geological Volumes

Three dimensional geological volumes for the Nanaimo Group formations and broader lithological
groupings were constructed in Leapfrog using primarily the inferred dip and dip direction from
Greenwood and Mihalnyuk’s (2009) surficial geological mapping and interpreted cross-sections. Results
from the lithological standardization were utilized to query against the interpretation but no major
deviances (large clusters of different lithologies) were identified. If minor deviances were identified, it
remained unclear whether they were as a result of poor lithological descriptors or poor spatial accuracy
so a revision to the geological model was not considered to be necessary.

4.2.6 Interpretation of Groundwater Level and Identification of Producing Fractures

Island-wide groundwater hydraulic heads were obtained from the WELLS database and represent the
groundwater level at the time of drilling, which is a source of considerable uncertainty. The hydraulic
head within a water well is often a combination of the heads in each producing fracture that the well
intersects, making the delineation of a piezometric surface in a fractured bedrock setting more difficult.
Smoothing and interpolative techniques in Leapfrog were utilized to obtain a reasonable interpretation
but this head distribution is considered to be inferred and subject to uncertainty. Due to the often
lightly-fractured nature of Salt Spring Island rock, many of the records in the WELLS database contain
detailed information and depths where a producing fracture is intersected. Again, custom scripting was
utilized to identify the depths associated with an identified producing feature (where available). These
were amalgamated and processed. This could be used to identify likely depths to a water bearing
feature or for future groundwater investigations.
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Figure 9: Susceptibility to salt water intrusion and location of wells with saline observations.
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Figure 10: Location of artesian wells and active surface water points of diversion.
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4.3 Aquifer Delineation

Based on the results of the data analysis, revisions to the historical aquifer boundaries as well as two

new aquifers are proposed for Salt Spring Island. The lateral boundaries of the updated bedrock are
presented in Figure 11 whereas lateral boundaries of the updated unconsolidated aquifers are

presented in Figure 12. GIS polygons, mapped to provincial standards are provided with this report.
Detailed descriptions of the revised and new aquifers are provided in their associated aquifer fact sheets

(provided with this report) and a summary of the aquifers and the key rationale for the delineation is

described in Table 1 and the following subsections.

Table 1: Summary of revised and new Salt Spring Island aquifers.

(AQ 1148)

Aquifer Type Previous Aquifer Revised / New Aquifer Comments
Aquifer Sub Type
Bedrock North Salt Spring North Salt Spring | 5a Similar extent as previous;
Aquifers Island Aquifer Island Aquifer comprises Cretaceous Nanaimo
(AQ721) (AQ721) Group rocks separated from those
to the south by the Ganges Thrust
Fault.
Ganges / Central North Central Salt | 5a Comprises the Cretaceous Nanaimo
Salt Spring Island Spring Aquifer Group rocks on North Central Salt
Aquifer (AQ 722) (AQ 722) Spring Island.
South Central Salt | 6b Comprises the Salt Spring
Spring Aquifer Intrusions and Devonian Sicker
(AQ 1147) Group rocks on South Central Salt
Spring Island.
Mt Tuam / South South Salt Spring | 6b Includes all of South Salt Spring
Salt Spring Island Island Aquifer Island north to the Fulford Thrust
Aquifer (AQ 723) (AQ723) and contact with Salt Spring
Intrusions.
Unconsolidated | Ganges Harbour Ganges Harbour 4a Increased extents south of Ganges
Aquifers Aquifer (AQ 156) Aquifer (AQ 156) Harbour and reduced extents along
the north of the harbour.
Fulford Harbour Fulford Harbour 4a Increased extent on the south and
Aquifer (AQ 157) Aquifer (AQ 157) west of Fulford Harbour and
decreased extents along the north
of the harbour.
Walker Hook Walker Hook 4b Similar extents as previous though
Aquifer (AQ 155) Aquifer (AQ 155) decreased prominence to the
northeast.
Burgoyne Aquifer | 3a Small, newly-identified, sand and

gravel aquifer located near where
Fulford Creek descends into the
Fulford Valley.

Bold text—new aquifer.

Aquifer Sub-Type based on Wei et al. (2009).
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Figure 11: Lateral extent of revised bedrock aquifers on Salt Spring Island.
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Figure 12: Lateral extent of revised unconsolidated aquifers on Salt Spring Island.

WATER SCIENCE SERIES No. 2019-01

20



4.3.1 Bedrock Aquifers

Key criteria for assessment and delineation of the bedrock aquifers include an analysis of the hydraulic
properties of the differing rock types and formations, geological orientation and structure (folding,
deformation and weathering), and an assessment of the influence of geological structures (i.e., faults,
contacts) on groundwater movement. Bedrock aquifer locations and outlines (GIS polygons) are
presented in Figure 11. Detailed aquifer descriptions are provided in the aquifer fact sheets.

e North Salt Spring Island Aquifer: The extent of this aquifer is similar to its previous extent. The
delineation was based on the topographic low along the Ganges Valley coincident with the
northeast dipping Ganges Thrust Fault, which acts as a hydraulic divide between similar
Nanaimo Group (sedimentary) rocks on Central Salt Spring Island. Hydraulic properties of the
different Nanaimo Group (sedimentary) rocks, based on available data, do not differ
substantially (Allen et al. 2002, Larocque et al., 2015, this study) and the alternating coarse-
grained / fine-grained formations together with the complex folding make delineation of
separate aquifers based solely on lithology impractical. The St. Mary Lake Fault expresses itself
as a spring on the north of Booth Inlet but the lack of hydraulic conductivity information within
or in close proximity to the fault means that a separate aquifer based on a hydrostructural
domain is not warranted or supported at this time. Formation contacts (Ganges, Protection
Formation, Cedar District, DeCourcy, Northumberland, Geoffrey and Spray Formations) may
have a higher likelihood of greater hydraulic conductivity;

e North Central Salt Spring Island Aquifer: The previous Ganges / Central Salt Spring Island Aquifer
has been subdivided on the basis of lithology as well as differing hydraulic properties and likely
hydrostructural controls. The boundary between the two aquifers coincides with the boundary
between the Nanaimo Group (sedimentary) rocks to the north and the intrusive rocks to the
south. The hydraulic properties of the Nanaimo Group rocks (Benson, Comox, Haslam,
Extension, Ganges, Protection and Cedar District Formations) in the north-central portion of Salt
Spring Island have similar hydraulic properties as those in the North Salt Spring Aquifer with the
exception that there is a greater proportion of conglomerate rock, which has a higher likelihood
of having greater hydraulic conductivity;

e South Central Salt Spring Island Aquifer: The granite and granodiorite of the Salt Spring
Intrusions and massive and fragmental volcanic rocks of the Nitinat Formation are igneous in
nature and hydrogeological controls are likely to differ from the layered, sedimentary rock of
the north-central portion of the island. The South-Central Salt Spring Island is delineated along
its southern margin by the Fulford Thrust Fault and the contact of the Salt Spring Intrusions with
interpreted fine-grained Nanaimo Group (sedimentary) rocks underlying the Fulford Valley. The
north-eastern boundary of the aquifer is delineated along the unconformity between the Salt
Spring Intrusive Suite / Nitinat Formation (igneous rocks) and the overlying Cretaceous Nanaimo
Group (sedimentary) rocks (predominantly Benson and Comox Formations); and

e South Salt Spring Island Aquifer: The South Salt Spring Island Aquifer is comprised of Devonian
and Carboniferous rocks of the McLaughlin Ridge and Fourth Lake Formations (volcanic and
meta-sedimentary rocks), which have been subsequently intruded by the Mount Hall Gabbroic
Sills (intrusive igneous rocks). The south portion of Salt Spring Island has relatively few wells and
data points as compared to the remainder of the Island and the lack of sufficient
hydrogeological data makes a subdivision of the southern portion of the Island into a number of
aquifers impractical. The South Salt Spring Island Aquifer has been delineated on its
northeastern boundary by the topographic low corresponding to the likely position of the
Fulford Thrust Fault and the inferred contact with the granitic Salt Spring Intrusions (igneous
rocks).
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4.3.2 Unconsolidated Aquifers

Key criteria for the assessment and delineation of the unconsolidated aquifers include presence of a
sizable thickness of unconsolidated permeable material, evidence (or likelihood) that the permeable
material is saturated, and that the permeable material is of sufficient lateral extent to be considered an
aquifer. Due to the general low permeability of the bedrock on Salt Spring Island, the delineation of the
boundary of the unconsolidated aquifers was conducted liberally to include lower permeability
sediments (i.e., logged as hardpan or clay) if wells were completed within it or if they are within
reasonable local proximity to a permeable unit. This runs counter to aquifer mapping and delineation
conducted in areas with thick unconsolidated deposits such as the Fraser Valley but reflects the local
hydrogeology as the soil descriptors from the drillers are generally poorer due to the drilling methods
utilized on the Island and the fact that a small volume of water can be a suitable groundwater resource
on the Island. The properties and composition of the unconsolidated aquifers are expected to vary
significantly over their extent, with their relative importance and reliability as a groundwater supply
reflected in the fact that most groundwater wells within the unconsolidated aquifer boundaries are still
completed in the underlying bedrock aquifers.

Revised unconsolidated aquifers are largely consistent with their previous interpretation with minor
adjustments and revisions to the lateral extents. A new unconsolidated aquifer, the Burgoyne Aquifer,
was identified near where Fulford Creek decreases in elevation and enters the Fulford valley.
Unconsolidated aquifer locations and outlines (GIS polygons) are presented in Figure 12. Detailed
aquifer descriptions are provided in the associated aquifer fact sheets.

o Walker Hook Aquifer: The Walker Hook Aquifer is a small unconsolidated aquifer with an area of
approximately 0.3 km”and comprises a northeast-dipping body of sediments located
predominantly above sea level near the northeast shore of Salt Spring Island. Due to the small
number of water wells and variable soil descriptions, the stratigraphy and lateral extent of the
permeable sand and gravel is poorly understood and the aquifer is mapped to include any fine
grained sediments of appreciable thickness that exist within the unconsolidated deposit;

e Ganges Harbour Aquifer: The Ganges Harbour Aquifer is a relatively small, elongate,
unconsolidated aquifer located to the south-southwest of Ganges Harbour and oriented
northwest-southeast. Due to the small number of water wells and variable soil descriptions, the
stratigraphy and lateral extent of the permeable sand and gravel is poorly understood and the
aquifer is mapped to include any fine grained sediments of appreciable thickness that exist
within the unconsolidated deposit. In general, the aquifer is poorly constrained by available data
and the aquifer may be more or less extensive on its margins and throughout, with variable
degrees of saturation;

e Fulford Harbour Aquifer: The Fulford Harbour Aquifer is a diverse agglomeration of
unconsolidated deposits, predominantly sand and gravel, that underlie the Fulford valley and
southern slopes. The aquifer is delineated based on lithological data from water well records,
topography, geomorphology, and surficial soil mapping. Due to limited and variable soil
descriptions, the aquifer boundaries include any area with sizable thickness of unconsolidated
material, including fine-grained, low-permeability sediments. To the south and west, the aquifer
roughly follows topography and assumes the presence of permeable materials in alluvial fan-
type deposits where surface water features have eroded valley features. The boundary to the
northwest is poorly constrained and the aquifer may continue laterally along the orientation of
the Fulford Valley. Similarly, the extents near Fulford Harbour are poorly constrained and
subject to uncertainty based on bedrock control and topography; and
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e Burgoyne Aquifer - The Burgoyne aquifer is a small, unconfined, fan-type sand and gravel
aquifer associated with Fulford Creek as it descends from higher topographic elevations
downstream of Ford Lake to the lowlands of the Fulford Valley. The aquifer is bounded locally to
the northwest and southeast by the bedrock valley walls, to the northeast where the deposits
thin near the apex of the fan and higher elevations, and distally to the southwest near the lows
of the Fulford Valley. The aquifer is positioned at a higher elevation than the Fulford Harbour
Aquifer and interpreted to be a separate permeable unit. However, uncertainty associated with
the boundary of Fulford Harbour Aquifer and thicknesses of the distal deposits of the Burgoyne
Aquifer mean that some degree of hydraulic connectivity may exist between the two aquifers.

4.4 Aquifer Properties

Information from the WELLS database was used to estimate hydraulic properties for the revised
aquifers. Table 2 presents the hydrogeological summary data. Hydraulic conductivity data for
unconsolidated aquifers, where presented, are expected to vary strongly across the aquifer due to the
variability of sediments and the inclusion of finer-grained deposits within the aquifer.

Table 2: Summary of aquifer hydraulic conductivity using Kasenov (2006).

Aquifer Type Aquifer Total Number of Geometric Mean of Hydraulic
Wells Conductivity (m/s)

Bedrock North Salt Spring Island Aquifer 184 2x10”
Aquifers North-Central Salt Spring Island 60 2x10”

Aquifer

South-Central Salt Spring Island 62 2x10”

Aquifer

South Salt Spring Island Aquifer 20 1x107
Unconsolidated | Ganges Harbour Aquifer Insufficient Data N/A
Aquifers Fulford Harbour Aquifer 5 7x10°

Walker Hook Aquifer Insufficient Data N/A

Burgoyne Aquifer 1 1x10~

4.4.1 Bedrock Aquifers

Bulk hydraulic conductivities of bedrock aquifers on Salt Spring Island can be approximately
characterized as a lognormal probability distribution, with the majority of completed wells having a low
yield (<0.3 L/s / 5 USGPM) but with a small amount exhibiting much higher yields if the well is completed
on a favourable structure in the rock. A comparison of well yields within the Nanaimo Group suggests
that a higher percentage of high yielding wells are completed in the coarser-grained sandstone
formations than in the finer-grained shale formations. Geometric means of hydraulic conductivity
estimated using the simplified specific capacity method described by Kasenov (2006) are broadly
consistent (approximately 10”7 m/s) with hydraulic conductivities derived from national water well
databases from other recently-glaciated, crystalline rock terrains (Banks et al., 2010). The method of
Kasenov estimates the simplified specific capacity by dividing the well yield by the saturated thickness of
the well and uses an empirical equation to calculate transmissivity based on simple assumptions of
hydrogeologic parameters. Hydraulic conductivities for Nanaimo Group rocks estimated from previous
studies are provided for comparative purposes. Other lithologies (Sicker Group, Buttle Lake Group, and
various intrusive rocks) were not included due to lack of available studies and information in these
lithologies.
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Table 3: Average bedrock hydraulic conductivities from previous hydrogeological studies.

Average Hydraulic Conductivity (m/s)
Location and Study Reference Coarse Grained Nanaimo Fine Grained Nanaimo
Group Rocks Group Rocks
Salt Spring Island (Larocque et al., 2015) 2x107 4x107
Gulf Islands (Allen et al., 2002) 3x107 5x107

The estimated hydraulic conductivities from other hydrogeological investigations (Table 3) are provided
as average hydraulic conductivity as opposed to the geometric mean and will display a degree of bias.
However, values do not show a high degree of differentiation between rock types, indicating
homogeneity at this scale and reinforcing the influence of structure, i.e. secondary porosity, on the
hydraulic conductivity. Of note is the inherent challenge in designing and conducting a pumping test to
test the bulk hydraulic conductivity of specific lithologies while achieving a reasonable representative
elementary volume (REV) given the inferred structural influence.

4.4.2 Unconsolidated Aquifers

There is more limited information on the hydraulic conductivity of the unconsolidated aquifers due to
the relatively small number of well completions and hydrogeological investigations within the
unconsolidated aquifers. As a result, the hydraulic conductivity of the aquifer at any one particular
location is expected to have a large range. The geometric mean of the five available hydraulic
conductivity values for the Fulford Harbour Aquifer is 7 x 10°° m/s, while the one available hydraulic
conductivity value for the Burgoyne Aquifer is 1 x 10° m/s. No hydraulic conductivity information is
available for the Walker Hook and Ganges Harbour Aquifers (Table 4).

In the areas where the unconsolidated aquifers have been mapped, most drillers chose to complete
wells in the underlying bedrock aquifers rather than the overlying surficial material. This, combined with
the highly variable nature of the surficial material and its glacial origin, suggests that the unconsolidated
aquifers are characterized by a relatively low hydraulic conductivity and may not be particularly
productive. As such, representative hydraulic conductivities of the unconsolidated aquifers are inferred
to be lower than those referenced above. For the purposes of the groundwater budget analysis,
hydraulic conductivities on the order of 10°® m/s were assumed for the overburden aquifers, with values
varied slightly for the individual aquifers to close the water balance. These values are representative
hydraulic conductivities for silty sand reported by Freeze and Cherry (1979).

Table 4: Inferred hydraulic conductivities for unconsolidated aquifers.

Geometric Mean Hydraulic | Representative Value of
Aquifer Conductivity from Limited Hydraulic Conductivity used for
Tests (m/s) Groundwater Budgeting (m/s)
Walker Hook Aquifer NA 8x10°
Ganges Harbour Aquifer NA 4x10°®
Fulford Harbour Aquifer 7x10°® 1x10°®
Burgoyne Aquifer 1x107° 5x10°

4.5 GIS Aquifer Polygons and Aquifer Classification Worksheets

GIS polygons and Aquifer Classification Worksheets were generated according to provincial standards
for the new and revised aquifers on Salt Spring Island.
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5. PHASE 2—MONTHLY AQUIFER GROUNDWATER BUDGET ANALYSIS

Phase 2, consisting of the monthly aquifer groundwater budget analysis, was comprised of the following

tasks:

e Data analysis and study area characterization using the meteorological, climatological,
hydrogeological, and hydrometric data for Salt Spring Island, including implications for their
representation in the monthly groundwater budgets;

e Characterization of the conceptual hydrogeological model for the Island and parameterization
strategy for the major aquifer groundwater budget terms based on the results of the data

analysis;

e Monthly aquifer groundwater budget analyses for the Salt Spring Island aquifers;

e Scenario analyses (wet and dry years), climate change scenarios, and sensitivity analyses for the

monthly groundwater budget analyses; and
e Estimation and assessment of groundwater availability.

5.1 General Formulation of Groundwater Budget Equations

The general formulation of the groundwater budget equations (Hy-Geo Consulting, 2014) for the
bedrock and unconsolidated aquifers present on Salt Spring Island are presented and described in the

subsections below.

5.1.1 General Formulation of Groundwater Budget Equations

The bedrock aquifers on Salt Spring Island are characterized as both Type 5a and Type 6b aquifers. The
formulation of the groundwater budget equations for these are as follows:

Type 5a Aquifers—Fractured sedimentary rock aquifers (North Salt Spring Island and North-Central Salt

Spring Island Aquifers)

P+ QSI-"--"FP1 o QIRRrerumr.n = R+ ET + ASGW + ASSWiakes 4 stour + QGWpumpouf+ QSWpumpom + Q swﬂm

(Eq.1)

Type 6b Aquifers—Crystalline granitic, metamorphic, meta-sedimentary, meta-volcanic and volcanic
rock aquifers (South-Central Salt Spring Island and South Salt Spring Island Aquifers)

P + QSW;_n + QGWM + Q!RH"etumr,n = R+ ET + ASGW'|‘ ASSWFakes + QSWou{ + QGWpumpoul.F ck;.f:‘I.i".",owrﬂ'pouf + QGWou! (Eq 2)

Where:

P = precipitation (rain and snow)

ET = evapotranspiration

Q®W,, = surface water inflow

Q*W, . = surface water outflow

Q®V,, = groundwater inflow

QW . = groundwater outflow

R = groundwater recharge

AS*™ = change in surface water storage
AS®Y = change in groundwater storage
QRRe™. = irrigation / septic return flow
Q®Weume_ . = surface water pumping

QEWeume_ . = groundwater pumping
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5.1.2 Unconsolidated Aquifers

The unconsolidated aquifers on Salt Spring Island are characterized as Type 3, Type 4a, and Type 4b
aquifers. As described in Section 4.3.2 and Section 4.4.2, these aquifers have limited information, a
limited number of well completions, and an anticipated high degree of variability and are not expected
to be usable as a reliable, long-term groundwater supply. Due to the limitations of the available
information, the groundwater budgets were highly simplified as compared to the general formulation of
the groundwater budget equation. The formulation of the general groundwater budget equations for
these aquifer types are as follows:

Type 3 Aquifers—Predominantly unconfined alluvial fan, colluvial sand and gravel aquifers (Burgoyne
Aquifer)

P+ OSWm"‘ QGWm F OIRRmtumJ_n — Ri EL + .-_‘lSGW A QSWDU! e (DGWpumpom_'_ QSWpumpGUt A QGWor..rt (Eq 3)
Type 4a Aquifers—Predominantly unconfined sand and gravel aquifers of glaciofluvial origin (Ganges
Harbour and Fulford Harbour Aquifers)

P+ QSH:'n"' QGWJ‘n i QJRF\‘J'EfUmm — H Y ET + JSGW £ ASLaﬁres -+ stoug o QGWpumpom_'_ QSM}umpo i} Q Gwou! (Eq 4)

Type 4b Aquifers—Predominantly confined / semi-confined sand and gravel aquifers of glacial or pre-
glacial origin (Walker Hook Aquifer)

Sw GwW GWlLleak _ GW Sw GWpump SWpump GwW
Q in+Q in+Q in—R"'AS +Q out+Q aut+Q out+Q out (EQ-S)
Where:

P = precipitation (rain and snow)

ET = evapotranspiration

Q*";, = surface water inflow

Q*W, . = surface water outflow

Q®V,, = groundwater inflow

QW = groundwater outflow

R = groundwater recharge

AS*Y = change in surface water storage

AS®Y = change in groundwater storage

Qe = irrigation / septic return flow

QeWeeak = groundwater leakage through semi-confining units

Q®Weume . = surface water pumping

QSWeume . = groundwater pumping

5.2 Data Analysis and Study Area Characterization

The monthly aquifer groundwater budget analysis benefited from both a high degree of provincial
support as well as local level engagement and, as a result, has a relatively greater amount of data
available for analysis in comparison to similar projects. The data analysis and study area characterization
task provides an analysis and interpretation of each type of data, followed by an assessment of the
implications of the analysis for the conceptual hydrogeological model and, by extension, the monthly
aquifer groundwater budget analysis.
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5.2.1 General Setting, Topography, and Land Use

Salt Spring Island is the largest of BC’s Southern Gulf Islands with an area of approximately 182.7 km?,
located in the Strait of Georgia, roughly between Vancouver and Victoria. The population of the Island,
according to Statistics Canada’s 2016 Census is 10,577 people, also making it the most populous of the
Southern Gulf Islands. The Island is generally comprised of three distinct areas, colloquially referred to in
this report as North, Central, and South Salt Spring Island, which are separated on the basis of the two
topographic lows of the Ganges and Fulford Valleys. The Central and South areas of the island include
several prominent topographic peaks over 500 m, with the largest being Bruce Peak (approximately 709
masl) and Mount Tuam (approximately 602 masl). The population density of the Island is approximately
58 people / km?, with the majority of the population located on North Salt Spring Island, the largest
community being the village of Ganges and the majority of the rest of the Island being lightly inhabited
and forested.

The land use of the Island, as defined by the BC Assessment Actual Land use categorization combined
with the Integrated Cadastral Fabric for the Island, is predominantly residential (approximately 60%)
with agricultural / farming the second largest land use on a proportional basis (approximately 20%).
Figure 13 presents the spatial distribution of the various land uses on Salt Spring Island and a summary
of the land use by number of lots and area is presented in Table 5. Note that as the cadastral dataset
does not provide complete coverage of the Island, the total cadastral area does not equal the total area
of the Island stated above.

Table 5: Summary of land use on Salt Spring Island (B.C. Assessment cadastral data).

Number of Percent of Total
Land Use Lots Area (ha) Cadastral Area
Civic, Institutional and Recreational 125 2105.6 13%
Commercial 195 128.3 1%
Farm 342 3273.5 20%
Industrial 21 494.8 3%
Residential 5256 9681.3 60%
Transportation, Communication and Utility | 29 157.2 1%
Unknown 101 352.4 2%
TOTAL 6069 16193.1 100%

Of the land parcels reported as residential land use, the specific BC Assessment land use codes were
used to classify the lots into low density (temporary or single-family housing), medium density (two or
three family housing), and high density (multi-family, row housing or condominiums) in order to display
the areas of population concentration. As presented in Figure 14 and summarized in Table 6, low-
density single family homes comprise the vast majority of the residential lots on Salt Spring Island
(approximately 90% on a number of lots basis), with medium and high-density parcels concentrated
predominantly within the Ganges Valley area.

Table 6: Summary of the residential density of residential parcels on Salt Spring Island (B.C. Assessment cadastral
data).

. . . Percentage of Total
Residential Density Number of Lots Area (ha) Residential Land Use
Low Density 4757 9609.3 99.3%

Medium Density 229 61.6 0.6%
High Density 270 10.4 0.1%
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Figure 13: Land use distribution on Salt Spring Island.
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Figure 14: Residential density distribution on Salt Spring Island.
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The overall population of Salt Spring Island varies from month to month as an influx of tourists arrive on
the Island during the summer months. The exact population and proportional increase over the
permanent population during the high tourist season is unknown but increases significantly as stated
below.

Implications for Monthly Aquifer Groundwater Budgets

The implications of the general setting, topography and land use data analysis on the monthly aquifer
groundwater budgets include:

e Asimplied by the justification for the delineation of the bedrock aquifers, the topographic lows
of the Ganges and Fulford Valleys segment the Island into three relatively independent
groundwater flow regimes;

e Analysis of actual land use classification reveals that the majority of land use (by number oflots
and proportional area) is residential; and

e Most residential land parcels are low density, single family, or temporary homes, however, the
seasonal population of Salt Spring Island (and, by extension, seasonal water demand) increases
significantly during the summer montbhs.

5.2.2 Precipitation

The climate of Salt Spring Island is classified as “cool mediterranean”, with dry, cool summers and
humid, mild winters. As the Island is located in the orographic rain shadow of Vancouver Island, it also
receives comparatively less precipitation than other coastal communities in BC. Salt Spring Island
currently has one active Environment Canada (EC) weather station operational, the Salt Spring St. Mary L
station (Climate ID# 1016995) located near St. Mary Lake on North Salt Spring Island, though numerous
community meteorological stations also exist across the Island (Figure 17). Table 7 presents a summary
of the current and discontinued Environment Canada meteorological stations on Salt Springlsland.

Table 7: Current and discontinued Environment Canada meteorological stations on Salt Spring Island.

Station Name Climate ID Years Active Elevation
Salt Spring Is Cusheon Lk | 1016992 1976-2001 107.90 m
Salt Spring Island 1016990 1893-1977 73.20m
Salt Spring St. Mary L 1016995 1975-present 45.70 m
Salt Spring Vesuvius 1017000 1955-1975 7.60m

Climate normals for 30-year periods of meteorological data only exist for the active St. Mary Lake
station. Figure 15 presents the average monthly and annual precipitation amounts (mm) for the 1981—
2010 period. From the figure, pronounced “wet” and “dry” periods can be observed in the data, with the
"wet” period (765 mm of precipitation) roughly corresponding to the months of October through to
March, inclusive and the “dry” period (221 mm of precipitation) roughly corresponding to the months of
April to September, inclusive. As all water available on Salt Spring Island ultimately comes from
precipitation, the total annual amount of precipitation and the monthly distribution of that precipitation
represent potentially significant forcings to the overall availability of groundwater for use across the
Island. Figure 16 presents total dry and wet season precipitation at the St. Mary Lake station by year for
the time span of 2007-2017, together with the total average annual precipitation from the 1981-2010
climate normals. The figure indicates the lack of correlation between total annual precipitation in a
given year versus the total precipitation received during the dry period. For example, 2016 is the wettest
year in terms of total annual precipitation but also the year where the least amount of precipitation was
observed during the dry season, when demands are at their highest. Contrarily, in 2013, where the
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lowest total annual precipitation was observed, the highest amount of precipitation during the dry
period was noted. The implication of this lack of correlation is the importance of considering dry period
precipitation when conducting the associated analyses.
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Figure 15: Average total monthly precipitation (mm), St. Mary Lake station, EnvCan Climate Normals, 1981-2010.
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Figure 16: Annual precipitation (mm) wet and dry seasons, St. Mary Lake station, 2007-2017 and 1981-2010
Climate Normals.
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Figure 17: Total annual precipitation (mm), ClimateBC island-wide analysis for 1981-2010. Climate Normals.
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Environment Canada’s St. Mary Lake meteorological station is located at an elevation of 45.70 masl near
the shores of St. Mary Lake on North Salt Spring Island, the section of the Island with the lowest
topographical relief (Figure 17). As the Central and South sections of Salt Spring Island have areas of
significantly higher elevation, there is the potential that the extrapolation of meteorological data from
the lower elevation St. Mary Lake station may not adequately describe meteorological or precipitation
conditions at the higher elevations in the southern portions of the Island. Furthermore, Vancouver
Island’s orographic rain shadow or coastal processes around the Island may also introduce some
significant heterogeneities to the precipitation distribution of the Island, resulting in potentially
substantial differences in Island-wide aquifer groundwater budgets. This study addresses the potential
for spatial heterogeneity and variability in meteorological variables by utilizing the ClimateBC database
(Wang et al. 2012) to generate spatially-distributed “climate surfaces” at a high resolution across the
Island so as to better account for across-Island variability. ClimateBC utilizes data from the PRISM model
(Parameter-elevation Relationships on Independent Slopes Model, Daly et al., 2008) to generate
distributed precipitation surfaces that incorporates weather station data, a digital elevation model, and
expert knowledge such as rain shadows, coastal effects, orographic lift, and temperature inversions over
topographically delineated “facets”. By incorporating the effects of a variable topography, results will
more closely approximate the heterogeneous distribution of precipitation and meteorological variables
in the mountainous regions of Western North America. In addition, ClimateBC allows for downscaling of
common climate change general circulation models (GCMs) to the local scale which also take into
account local weather station data and topography, providing an accessible means to generate Island-
wide climate change simulations using industry standard methods.

Figure 17 presents the total average annual precipitation across the Island based on ClimateBC's
sampling of the 1980-2010 climate normals from nearby meteorological stations. From this figure, clear
differences in precipitation across the Island are observed in comparison to a uniform application of
precipitation data from the EC station at St. Mary Lake. Firstly, increased precipitation is observed at
higher topographic elevations, reflecting the effect that orographic lift has on precipitation. Secondly,
minor rain shadows are observed in the leeward side of the higher elevation areas. Thirdly, small
general gradients in precipitation are observed from west to east, in line with climate normal data from
nearby weather stations where wetter conditions are observed on Vancouver Island to the west, and
drier conditions observed in weather stations on other Southern Gulf Islands to the east. Quality checks
of ClimateBC data versus real world data showed good agreement between simulated and observed
values. A comparison of Island-wide monthly and annual precipitation generated from the 1981-2010
climate normals in ClimateBC to the monthly and annual precipitation at EC’s St. Mary Lake station is
provided in Figure 18.

Annual comparisons of precipitation amounts are often best presented with respect to the “hydrologic
year”, which is defined here as spanning October to September. By presenting precipitation values in
this manner, the total annual precipitation values will include the effects of one full wet period (October
to March) and one full dry period (April to September), reducing the likelihood that inter-wet period
variability biases the total annual precipitation numbers. Total annual precipitation for the previous ten
hydrologic years are presented in Table 8, below.

On the basis of total annual precipitation for a given hydrologic year on Salt Spring Island, the driest year
is the 2009 hydrologic year, with only 691.2 mm of precipitation falling between October 2008 and
September 2009. The wettest hydrologic year on the basis of total precipitation is 2010, with a total of
1242.6 mm of precipitation falling between October 2009 and September 2010.
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Figure 18: Comparison of average monthly and annual precipitation totals (mm) between EnvCan Climate Normals
at the St. Mary station and the ClimateBC island wide analysis.

Table 8: Seasonal and total annual precipitation by hydrologic year

Hydrologic Year Wet Season Precipitation| Dry Season Precipitation | Total Precipitation
(October—September) (mm, October—March) (mm, April-September) (mm)
2008 617.5 193.0 810.5
2009 509.1 182.2 691.2
2010 943.6 299.0 1242.6
2011 772.6 224.6 997.2
2012 680.1 159.6 839.8
2013 830.5 355.9 1186.3
2014 545.4 210.7 756.2
2015 765.3 131.6 896.9
2016 993.9 1239 1117.8
2017 963.2 206.6 1169.9
1981-2010 Climate Normals @ | 765.4 2215 986.9

(a) 1981-2010 Climate Normals at Salt Spring St. Mary L station (Climate ID# 1016995)

Implications for Monthly Aquifer Groundwater Budgets

The implications of the precipitation data analysis on the monthly aquifer groundwater budgets include:

e The amount, distribution, and timing of precipitation that falls across the Island is ultimately the
sole input of water to the hydrologic system of Salt Spring Island and how this input water is
partitioned into evapotranspiration, surface water runoff and infiltration (groundwater
recharge) represents the major input to the monthly aquifer groundwater budgets;

e Precipitation patterns for Salt Spring Island show marked “wet” and “dry” seasons for the Island,
with the dry season (April through September inclusive) also corresponding to the time period
of increased seasonal population and water demand;
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e Alack of correlation exists between total annual precipitation in a given year versus
precipitation that arrives during the April through September dry season, and both the total
annual precipitation and dry season precipitation may have important implications for the
monthly groundwater budgets;

e ClimateBC modelling of precipitation distribution, which incorporates the complex effects of
local station data, elevation and topography on precipitation patterns, is an effective way to
account for spatially variable precipitation across Salt Spring Island for the aquifer groundwater
budgets;

e ClimateBC also provides readily accessible downscaling of climate change global climate models
(GCMs) to high resolution local conditions, which was utilized for the scenario analysis and
assessment of climate change impacts; and

e The guidance document for BC aquifer groundwater budgets (Hy-Geo Consulting, 2014) suggests
that recharge for bedrock aquifers is governed by infiltration of runoff /surface water into
storage of the bedrock aquifer.

5.2.3 Evapotranspiration

Evapotranspiration represents a potential major loss of water for the Island-wide water budget,
particularly during the warmer, drier summer months. Accurate estimations of evapotranspiration are
complex and typically dependent on a calculated reference evapotranspiration from meteorological
variables that are then modified by other factors such as soil type, crop type, or land use and affected by
the availability of water in the rooting zone. For the purpose of this study, reference evapotranspiration
(ETo) across Salt Spring Island was generated using the Hargreaves and Allen (1985) method which is a
temperature only estimation of the reference evapotranspiration more suited for analysis over longer
(i.e., monthly) timescales. Table 9 presents the average monthly reference evapotranspiration based on
the 1981-2010 climate normals from ClimateBC for the St. Mary Lake station.

Table 9: Average monthly reference evapotranspiration (ClimateBC) for 1981-2010 Climate Normals.

Month Reference Evapotranspiration
(ET,, mm)
January 11.88
February 19.26
March 38.55
April 61.90
May 89.48
June 102.69
July 115.52
August 100.12
September 63.88
October 32.63
November 14.32
December 9.55
TOTAL 659.78

Implication for Monthly Aquifer Groundwater Budgets

The implication of the evapotranspiration data analysis on the monthly aquifer groundwater budgets
include:

e Direct evapotranspiration from bedrock aquifers is often very limited or negligible due to the
small degree of storage in bedrock available for evaporation and a comparatively smalldegree of
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rooting depth of plants and trees. As a result, the impact of higher evapotranspiration on
groundwater budgets is likely due to the effect ET has on wet or saturated conditions on the
Island that would promote groundwater recharge to aquifers.

5.2.4 Surface Water Hydrology

The major surface water and drainage features on Salt Spring Island are presented in Figure 19.
Historical hydrometric data (discharge and water levels) for Salt Spring Island streams and lakes is
available via the WSC’s HYDAT Database, however there are no currently active WSC hydrometric
stations on the Island. Numerous private or community sources of hydrometric data exist, including
hydrologic monitoring conducted by the NSSWD at St. Mary Lake and Maxwell Lake and community
monitoring at Cusheon Lake, amongst others. Seasonal low flow measurements and surface water
monitoring was also conducted by FLNRORD staff during the summer and autumn of 2017. A summary
of hydrometric gauging stations considered in this study is provided in Table 10.

An understanding of the surface water hydrological regime is integral for the conceptualization of the
monthly aquifer groundwater budgets for the aquifers on Salt Spring Island. In the wet season, the
measurement of discharge and monitoring of the hydrology of major watercourses on Salt Spring Island
provide a directly quantifiable measure of the water (precipitation) which runs off of the Island and,
together with estimates of evapotranspiration, provide a mechanism for the indirect measurement of
infiltration and groundwater recharge to the Salt Spring Island aquifers. In addition, the occurrence of
flowing conditions in watercourses, high water conditions in lakes, ponds and wetlands, and saturated
soil conditions are all situations which promote infiltration and recharge into underlying bedrock
aquifers and can be a critical indicator of whether recharge is occurring. In the dry season, discharge
measurements in the major watercourses can be assumed to be comprised predominantly of baseflow
or groundwater discharge from the Salt Spring Island bedrock Aquifers. Recharge to bedrock aquifers in
the dry season may be limited to higher elevation lakes and ponds, where flux to underlying aquifers
occurs slowly through fractures at the lake / pond bottoms.

Table 10: Summary of hydrometric gauging stations considered in this study.

Station Number | Station Name Type Period Active
08HA026 (WSC) | Cusheon Creek at Outlet of Flow 1970-1971, 1976-1998
Cusheon Lake (Daily, Year-Round)
08HAO046 (WSC) | Duck Creek at Outlet of St. Flow 1980, 1990-1998
Mary Lake (Daily, Apr—Sept)
08HAO055 (WSC) | Fulford Creek on Salt Spring Flow 1983-1993
Island (Daily, Apr—Sept)
08HAO038 (WSC) | Cusheon Lake Near Ganges Lake Level 1976-1998
(Monthly, Year-Round)
08HA044 (WSC) | St. Mary Lake at Pumphouse Lake Level 1979-1985
(Monthly, Year-Round)
N/A (FLNRORD) | 2017 Fulford Creek Water Level 2017
(Hourly, May—Nov)
N/A (FLNRORD) | 2017 Cusheon Creek Water Level 2017
(Hourly, May—Nov)
N/A (FLNRORD) | Bullock, Ganges, McFadden, Water Level / Wetted Width 2017
and Reid Creeks (Weekly, May—QOct)
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Figure 19: Surface water and drainage features on Salt Spring Island.
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Analysis of the surface water regime can provide higher level insight into the conceptual processes of
groundwater—surface water interactions across the Island. Figure 20 presents daily discharge time
series plots for the three discontinued WSC hydrometric gauges on Salt Spring Island. Discharge
observations of the three stations reveal consistent similarities, notably:

e Periods of high flow at all three locations coincident with the higher precipitation of the wet
period, or tail end of the wet period where discharge observations are seasonal;and

e Following onset of the drier season in the spring, a marked reduction in discharge with annual
periods of no flow at Cusheon Creek and Duck Creek, and annual periods of very low flow in
Fulford Creek.
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Figure 20: Surface water discharge at discontinued WSC hydrometric gauges on Salt Spring Island.

Figure 21 and Figure 22 present the results of continuous water level monitoring conducted by
FLNRORD at Fulford Creek and Cusheon Creek, respectively. To translate measured continuous creek
water levels into discharge, a unique stage-discharge relationship must be constructed from manual
flow measurements over the expected range of flows at the stream cross-section. For both Fulford
Creek and Cusheon Creek, correlation difficulties between measured creek water levels and manual flow
measurements precluded the establishment of a unique, reliable stage-discharge relationship. As a
result, continuous water levels could not be translated into discharge and both plots are presented as
water levels only. Table 11 presents spot discharge observations from FLNRORD’s 2017 monthly low
flow measurement campaign at Bullock, Ganges, McFadden, and Reid Creeks. These spot flow
measurements provide qualitative insight on the hydrologic behaviour of the small creeks and drainage
features on Salt Spring Island but, due to the lack of a continuous data record, cannot be utilized to
estimate total runoff from these catchments.
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Table 11: Discharge observations from FLNRORD 2017 low flow monitoring program.

Monitoring Location Discharge Observations
2017 Bullock Creek No flow observed from June 23—September 16
2017 Ganges Creek Continuous flow observed
2017 McFadden Creek No flow observed from July 5-September 29
2017 Reid Creek Continuous flow observed
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Figure 21: Continuous water level monitoring, Fulford Creek station, 2017.
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Figure 22: Continuous water level monitoring, Cusheon Creek station, 2017.
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Observations from Figure 21 and Figure 22, as well as Table 11, reinforce the conceptual understanding
of the hydrology obtained from analysis of the WSC hydrometric data, namely that surface water regime
during the drier summer season is characterized by periods of no flow in many of the watercourses or
very low flow in some of the larger watercourses with greater contributing area and located at lower
elevations.

Figure 23 presents the monthly lake level data for the discontinued WSC hydrometric gauges. Lake levels
are also measured by various community monitoring initiatives and by the NSSWD, who use both St.
Mary Lake and Lake Maxwell as a water supply source. Lake levels may be regulated by control
structures (i.e., weirs) and / or subject to different operational management over time and are
predominantly informative as an expression of water storage in a contributing catchment and /or as
receivers of groundwater discharge. Numerous small lakes exist across Salt Spring Island but no lake
takes on a similar hydrological significance as St. Mary Lake on North Salt Spring Island, which functions
as a major drainage basin for North Salt Spring Island as well as a water supply source for a large
proportion of the local population in the area. Inputs to St. Mary Lake include surface water runoff from
precipitation events as well as groundwater fluxes from local topographic highs surrounding the lake. An
assessment of water availability and demand for St. Mary Lake was undertaken on behalf of NSSWD in
parallel to this project by Kerr Wood Leidal (2018).
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Figure 23: Lake levels measured at discontinued WSC water level stations.

The surface water hydrology represents a critical component of the overall groundwater budget analysis
for Salt Spring Island as summer baseflows in watercourses are comprised predominantly of
groundwater and because measurement of surface water discharge during the wet period can provide
an estimation of the amount of incipient precipitation that recharges the aquifers when conditions are
more likely to be saturated. To address the limited surface water data available on the island, monthly
flows were estimated in the following manner:
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e Average monthly flows for the dry period (April-September) were estimated from historical
summer data from the discontinued Fulford Creek on Salt Spring Island (Station 08HAQ55) WSC
gauge on Fulford Creek. A Regional Analysis was then utilized to scale these flows to aquifer-
wide monthly runoff values; and

e No existing, unregulated hydrometric data were available during the wet period (October—
March), the time when most of the groundwater recharge is expected to occur. To estimate
average monthly flows for these months, it was assumed that the regulated Cusheon Creek at
the outlet of Cusheon Lake WSC gauge (Station 08HA026) behaved as an unregulated gauge
during the wet season months when the lake levels are high. A Regional Analysis, whereby the
flow assumed for the area of the individual watershed was scaled up to the area represented by
the aquifer, was then utilized to scale these flows to aquifer-wide monthly runoff values.

Implications for Monthly Aquifer Groundwater Budgets

The implications of the surface water hydrology data analysis on the monthly aquifer groundwater
budgets include:

e Quantification and measurement of the surface water regime can provide important
information on the amount of infiltrating water (groundwater recharge) during the wet winter
period and flux out of groundwater aquifers (baseflow) to streams during the dry summer
period;

e The hydrologic regime of the major surface water features on the Island generally includes an
annual high flow period, coinciding with the wet winter period, and an annual period of very low
to no flows that coincides with the dry summer period;

e Recharge to bedrock groundwater aquifers is assumed to take place predominantly during the
wet period, where watercourses are flowing, lakes/ponds/depressions have higher water levels
and thin veneer soils are saturated. Recharge to bedrock aquifers is likely relatively minor during
the dry period and confined to lakes / ponds at higher elevations on the Island; and

e St. Mary Lake is the major drainage basin on North Salt Spring Island, is of particular importance
as a water supply for a large proportion of that portion of the Island, and is a receiver of
groundwater inputs and runoff from local topographic highs.

5.2.5 Hydrogeology and Groundwater Levels

In general, the potentiometric surface of hydraulic head within the larger Salt Spring Island bedrock
aquifers can be considered to be reflective of the topographic relief, with a more subdued expression.
The direction of groundwater flow will be from areas of high topographic elevation to areas of low
elevation, either discharging to the ground surface as surface water or discharging directly to the ocean.
As groundwater flow is structurally controlled, water may not be encountered in a well until a fracture
or feature with sufficient permeability is intersected, where after the water level will rise in the borehole
or well to its associated hydraulic head. Similarly, due to the structural control of groundwater flow,
local flow directions will conform to the orientation of the fracture network and move from areas of
high hydraulic head to low hydraulic head along these local features. Where permeable fractures or
faults with sufficient hydraulic head intersect the ground surface, the groundwater is expressed as
springs. All groundwater recharge to aquifers on Salt Spring Island ultimately comes by way of
precipitation within the Island’s footprint. This occurs either via direct infiltration into fractures, the rock
matrix, or unconsolidated sediments, via major water bodies, or via various other creeks and streams.
For the overburden aquifers, groundwater flow is directed from the higher elevations in the southwest
(in the northeast for the Burgoyne Aquifer) towards the coast. Figure 24 presents a simplified
interpretation of the conceptual hydrogeology of the Island.
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Three provincial observation wells from the Provincial Groundwater Observation Well Network
(PGOWN) are active on Salt Spring Island. Table 12 presents a summary of the active PGOWN wells

Table 12: Summary of PGOWN observation wells on Salt Spring Island.

Observation Well # Location Years Active

Observation Well #281 Salt Spring Island (Long Harbour Rd) 1983-1986, 1989—Present
Observation Well #373 Salt Spring Island (Mt. Belcher Heights) 2006—Present
Observation Well #438 Salt Spring Island (Ross Rd) 2014—Present

Figures 25, 26 and 27 present the groundwater hydrographs for the PGOWN observation wells,
referenced to elevations taken from a 2 m DEM for the Island. Despite the fact that there are only three
data points, of particular note is the lack of a significant trend in groundwater levels from year to year,
despite the variations in annual and dry season precipitation presented in Section 5.2.2. To
guantitatively evaluate trends in the groundwater level data on a year-by year basis, a series of linear
regression analyses was performed on the PGOWN Observation wells #281 and #373, which had the
longest data records (Figures A-1 and A-2 in Appendix A). The following regression analyses were
performed to investigate groundwater trends:

e Regressions of annual groundwater maxima versus precipitation received during the wetperiod
of that year;

e Regressions of annual groundwater minima versus precipitation received during the dry period
of that year; and

e Regressions of annual groundwater minima versus precipitation received during the preceding
wet period of that year.

In all instances, no significant correlation was observed for any of the regressions (maximum R
observed in any regression = 0.20).
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Figure 25: Groundwater hydrograph for PGOWN observation well #281.
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Figure 26: Groundwater hydrograph for PGOWN observation well #373.
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Figure 27: Groundwater hydrograph for PGOWN observation well #438.
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Groundwater levels from fifteen community monitoring wells and WSS production and observation
wells were obtained by SSIWPA via third-party data sharing agreements, providing valuable insight on
groundwater trends and groundwater table fluctuations at distributed locations across the Island (see
Figure 4 for locations). Groundwater elevation measurements were taken using a variety of different
methods (i.e., datalogger, bubbler tube, manual measurements) in different wells and were also variably
affected by pumping for groundwater production. Regardless, the spatial distribution of these
groundwater levels across the Island provide robustness and confidence in the conceptualization of the
hydrogeological conditions. Selected groundwater hydrographs for various community or WSS wells are
presented in Figures 28—33 and a composite plot showing all of the community and WSS wells is
presented in Figure 34. These data are further analysed and discussed in Section 5.3.2. An example
interpretative analysis of a PGOWN groundwater hydrograph is presented in Figure A-3 in Appendix A.
Based on this example, several important observations can be made from the other groundwater
hydrographs:

e No obvious annual trend is observed in the groundwater hydrographs and groundwater
elevations for most of the wells return to their previous high point at the end of the wet season,
regardless of the amount of precipitation received during the wet season or lack of precipitation
received during the dry season; and

e Similarly, variations or declining trends observed in dry season groundwater elevations have no
correlation to the precipitation received during that year. Assuming no time lag, this suggests
that groundwater shortages encountered during the dry season are related to limitations in
groundwater storage and the inability for groundwater supply infrastructure to locally draw
sufficient water from low permeability rock

Implications for Monthly Aquifer Groundwater Budgets

The hydrogeological and groundwater elevation analysis has important implications on the monthly
aquifer groundwater budget analyses:

e The lack of inter-annual trends in the groundwater hydrographs for both the PGOWN and
community / WSS wells and the fact that the groundwater elevations tend to reset back to their
previous highs after the wet period, irrespective of the amount of wet period precipitation that
is received, suggests that aquifers on Salt Spring Island are limited by the ability of the local rock
to transmit adequate amounts of groundwater rather than longer term declines in groundwater
level and availability (assuming there is no long term time lag effect on aquifer recharge). In
addition to the presence or absence of bedrock features capable of transmitting groundwater,
well productivity can be dependent on the pumping infrastructure (i.e., well depth, diameter
and drilling method);

e Groundwater hydrographs also suggest that, at many locations during the wet season,
groundwater levels may reach local maxima based on the storage capacity of the aquifers
(Kohut, 2006), whereby additional influx to the aquifer surface is matched by equivalent
outflows or runoff. An example groundwater hydrograph analysis is presented in Figure A-3 as a
conceptual interpretation in Appendix A; and

e Assuming the lack of inter-annual declines in groundwater level, the question of available
groundwater then becomes associated with potential year-round recharge from surfacewater
bodies and managing groundwater storage during the dry season.
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Figure 28: Groundwater hydrograph for Erskine Well #1.
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Figure 29: Groundwater hydrograph for Harbourview Garden Well.
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Figure 30: Groundwater hydrograph for High Hill Well #3.
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Figure 31: Groundwater hydrograph for Mount Belcher Well #1.
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Figure 32: Groundwater hydrograph for Reginald Hill Well #3.
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Figure 33: Groundwater hydrograph for Scout Point Well #4.
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Figure 34: Combined groundwater hydrographs from provincial observation wells and community monitoring wells.

WATER SCIENCE SERIES No. 2019-01 49



5.2.6 Groundwater Use and Demand

Water is supplied to the Salt Spring residents via private domestic supply wells as well as numerous
public Water Supply Systems (WSS), which obtain water either from local surface water or groundwater
resources. Figure 2 presents the coverage areas of the Salt Spring Island community WSSs that are listed
with the Vancouver Island Health Authority (VIHA), classified as to whether the WSS uses surface water
or groundwater as their water supply source. Salt Spring Island is also served by bulk water haulers that
service local community members during periods of shortage.

Analysis of Groundwater Use from WSS Areas

The Salt Spring Island Water Protection Alliance (SSIWPA), through extensive community outreach,
stakeholder interviews, and data sharing agreements, obtained detailed water production data and
survey responses from 12 WSSs on the Island, as well as the Island’s sole private water purveyor, the
Salt Spring Water Company. Of the 12 WSSs, 11 utilize groundwater as their water supply source and
one, the North Salt Spring Water District (NSSWD) which is also the largest water supply system on the
Island, utilizes surface water from St. Mary Lake and Lake Maxwell as a water supply source. Table 13
presents the WSSs that provided water production data and survey responses, together with the
number of connections associated with each WSS.

Table 13: Summary of WSSs that provided production data and survey responses and actual land use from B.C.
Assessment.

ICI—
Water Number of . . Industrial/ Agr/
(b)
Water Supply System (WSS) Source Connections Residential Commercial/ Farm Other
Institutional @
The Cottages on Salt Spring Groundwater
Island (Bullock Lake Cottages) @ >0 >0 0 ! 0
Cedar Lane Water System (CRD) | Groundwater | 37 42 0 2 2
Cedars of Tuam (CRD) Groundwater | 12 17 0 1 0
Erskine Water Society Groundwater | 33 41 0 0 0
High Hill Water System Groundwater | 9 9 0 0 0
Hfa\rbpur View Improvement Groundwater 21 22 0 1 1
District
Maracaibo Water System Groundwater | 76 95 0 0 3
Merchants’ Mews Groundwater | 25 1 22 0 0
Mt. Bglcher Improvement Groundwater 52 66 0 0 3
District
Reginald Hill Water System Groundwater | 20 22 0 0 0
Scott Point Waterworks District | Groundwater | 60 58 4 1 0
Swan Point Groundwater | 5 5 0 0 0
North Salt Spring Waterworks Surface
District (NSSWD) © Water 2418 2147 186 7> 43

(a) Includes civic and recreational.

(b) Includes transportation, communication, utility and unknown.

(c) NSSWD and Fernwood/Highland are some of several surface water WSSs on Salt Spring Island; NSSWD was added
for reference.

(d) Existing reports were referenced to document number of connections and estimate use.

(e) The last four columns were derived from BC Assessment data.
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The NSSWD is, by a large degree, the largest water provider on the Island, both in terms of area (see
Figure 2) and number of connections, providing its water from surface water sources. Contrarily,
groundwater WSSs tend to be smaller and more local, with fewer connections. The standard industry
assumption for the number of people associated with each connection (dwelling or residence) is 2.1
people (CRD 2011). Considerations regarding application of this assumption of water use on Salt Spring
are presented below:

e Salt Spring Island has a strong tourism industry, with a sizeable, transient, seasonal increase in
population during the summer months;

e |n addition to tourism, the Island also has a temporary population, with a number ofresidences
being holiday or second homes;

e Many homes or communities harvest rainwater, have storage cisterns, or activatevoluntary
water conservation measures during dry periods, which can introduce uncertainty into per
capita estimates of water use;

e Many private properties within a WSS area also have a private well on the property that can be
utilized as a secondary water supply well, thus reducing the overall per capita estimates of water
use for the WSS; and

e The breakdown of water users into residential, commercial, industrial, civic/institutional, and
agricultural connections can complicate per capita water use estimation, both within a WSSand
external to WSS footprints.

Total monthly water production for all reporting WSSs (surface water and groundwater) for 2016 is
presented in Figure 35. A notable increase in monthly water use is observed during the dry summer
months, likely owing as mentioned above, to a combination of increased outdoor use and an increase in
the summer population of the Island from tourism.

To provide insight on the proportion of various land uses within each WSS that reported production
data, a lot-level assessment using the BC Assessment Actual Use cadastral dataset was conducted. The
breakdown of the number and type of lots within each WSS is provided in Table 13. Note that the
number of lots will not necessarily equal the number of reported connections by WSS, and, due to some
minor discrepancies in the cadastral dataset, the intersection between WSS area and lots may not be
precise.

The NSSWD, being the largest water supplier, has the greatest diversity in users / connections, with a
sizable proportion of Industrial / Commercial / Institutional (ICl), agricultural and other land use lots
within its coverage. All of the other smaller groundwater providers are comprised predominantly of
residential lots, with the exception of the Merchants’ Mews WSS, which services predominantly
commercial lots. To understand the range of average daily per capita water use within the various WSSs,
monthly production values from multiple wells were aggregated (where possible), divided by the
number of connections as provided by the WSS survey and the number of days in the month and then
divided by 2.1 people per connection. Figure 36 presents the average daily groundwater use for each
month in 2016 for the WSSs. Table 14 presents the average daily water groundwater use for each WSS,
together with the monthly “peaking factor”, which is the water use during the month with themaximum
daily average groundwater use per capita divided by the average daily groundwater use per capita. This
monthly interpretation of the peaking factor differs from the peaking factor typically calculated in water
demand assessments which often utilize an unaggregated average day demand and maximum day
demand for estimation of the peaking factor. As a result, variations in water use within individual
months have already been averaged into the peaking factor value and these values will tend to be lower
than what may be commonly observed in other reports. This modified peaking factor nevertheless
provides a qualitative assessment of the variability in water usage for the associated WSSs.
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Figure 35: WSS 2016 monthly production volumes.
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Figure 36: WSS 2016 average daily water use per connection.
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Table 14: Summary of per capita groundwater use and monthly "peaking factors" for WSSs.

Average Daily Monthly Maximum Monthly
Water Supply System (WSS) with Number of | Per Capita Average Daily Per Peaking
Available Information Connections | Water Use Capita Water Use Factor

(Ipc/d) @ (Ipc/d) @
The Cottages on Salt Spring Island
(Bullock Lfke Cottage;)’ g 50 99.3 189.5 (July) 1.91
Cedar Lane Water System (CRD) 37 126.9 154.4 (Aug) 1.22
Cedars of Tuam (CRD) 12 182.7 416.8 (Dec) ) 2.28
Erskine Water Society 33 168.8 257.6 (May) 1.53
High Hill Water System 9 190.0 307.8 (July) 1.62
Harbour View Improvement District 21 134.1 195.7 (July) 1.46
Maracaibo Water System 76 145.2 254.9 (Aug) 1.76
mir)chants Mews (Note: Commercial 25 324 47.8 (May) 1.48
Mt. Belcher Improvement District 52 160.6 240.9 (May) 1.50
Reginald Hill Water System 20 86.4 127.5 (April) 1.48
Scott Point Waterworks District 60 115.8 187.3 (Aug) 1.62

(a) lpc/d = litres per capita per day
(b) this value is assumed to be anomalous.

For comparative purposes, average per capita daily metered consumption for the single-family dwellings
located in the NSSWD was estimated to be 223 litres per capita per day (lpc/d), the highest of the WSSs
that reported production values. It is anticipated that this value is higher than the smaller groundwater-
based WSSs as it has a larger proportion of permanent residents and less likely to have its per capita
usage numbers affected by the usage confounders mentioned in the bullet points above. The range in
the results of the average daily per capita water use for the groundwater-based WSSs highlight the
variability in water demand, use, and management across the Island as well as the difficulty in
establishing general per capita water use Island-wide in areas where there is no WSS production data to
inform estimates. Conversely, the variation in water use also represents an opportunity for water
managers on the island, as it can demonstrate potential water use savings that can be accomplished via
water conservation, best practices (such as metering and volume-based pricing) and education. A
complete understanding of the variation in WSS production volumes is beyond the detail of this study;
however, large-scale conceptual factors can be observed in several of the WSSs. For example, residents
in many of the water service areas utilize rainwater catchment and storage to offset seasonal use (e.g.,
Reginald Hill and Scott Point). By disregarding the WSSs that are associated with non-residential land use
(Merchants Mews), which have a higher peaking value (i.e., indicator of potential seasonal population,
potential errors), as well as the high and low values, the resultant range of average per capita water
demand is approximately 115 Ipc/d (Scott Point) to 170 Ipc/d (Erskine). When taking into account the
average per capita water use for single family dwellings from the much larger NSSWD (approximately
225 lpc/d), it is the expected that the actual water use per capita for single family dwellings on a
groundwater-based WSS is on the higher side, and potentially higher than the 115-170 Ipc/d range due
to a combination of seasonal or temporary residents, water conservation, and/or alternate water supply
measures.

Analysis of Groundwater Use Outside of WSS Areas

Analysis of groundwater use from users outside of metered WSS areas must consider the following
factors:

e land parcels outside of a WSS may not have an obvious source of water supply associated with it
(i.e., point of diversion, groundwater supply well in the database);
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e Specific commercial / industrial activities (i.e., bulk water supply, food processing) may utilize
comparatively more water than other commercial activities (i.e., shops), making comparisonsby
commercial land uses challenging; and

e Agricultural water use is highly crop and weather specific and requires detailed information to
support its estimation.

In order to address the factors introduced above, analyses were conducted to provide estimates and
reduce the associated uncertainty for the groundwater budget terms. Groundwater use from single
home domestic supply wells is difficult to quantify because many land parcels that lie outside of WSS
service areas do not have a documented well in the provincial database, nor do they have an associated
Point of Diversion or surface water source. To address this issue, FLNRORD conducted a geospatial
analysis to assign primary and secondary water sources to all land parcels using the methodology
adapted from Hatfield (2015) so as to better define the groundwater users on the Island. Table 15
provides a summary of primary and secondary water sources for each land parcel on Salt Spring Island.

Table 15: Summary of primary and secondary water sources for land parcels on Salt Spring Island (Hatfield, 2015).

Number of Lots Designated Number of Lots Designated
Water Source .
as Primary Supply as Secondary Supply
Serviced by a Water Supply System 3308 0
Point of Diversion (surface water license) 344 62
Groundwater Well 2417 505
Other—.Bqu Water Purchase/ Rain Water 0 1032
Collection
Unknown 0 1599
TOTAL LOTS 6069 6069

Of particular interest to the groundwater budgets from the water source analysis is that it implies the
existence of several hundred additional wells than are currently in the provincial WELLS database.
Another item of interest is that there are over 500 hundred groundwater wells which may be utilized as
a secondary water source, either to a land parcel within a WSS or as a secondary source for lots with a
surface water license (Point of Diversion). The implications of both of these observations is that:

e Previously unidentified wells / groundwater sources must be taken into accountwhen
estimating per capita or per land parcel groundwater use outside of WSS areas;

e Use of groundwater as a secondary source within WSS areas has the potential to lead tothe
underestimation of per capita or per land parcel groundwater use within the WSS; and

e To attempt to account for the above, the primary and secondary water source layer, number of
lots on the Island, and land use breakdown of those lots outside of WSS areas were used,
together with existing information on water use and land use breakdowns within the WSSs
where data were available. The assumptions utilized to account for this process are described in
further detail below.

In order to extrapolate per capita or per parcel water use from metered WSS areas where the water use
is known to areas where the water use is not known (such as areas serviced by WSS that do not meter
usage or for parcels outside of serviced areas), the land use must be adjusted. To estimate water use for
the different land use parcels external to the WSSs, the assumptions presented in Table 16 were used.
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Table 16: Assumptions utilized to estimate water use for different land use classes outside of WSS areas.

Land Use Type Assumptions Utilized
Residential—Low/Medium Density 52’2:\;;? from existing WSS data (NSSWD) with sensitivity
Residential —High Density Not significant outside of WSS areas

Industrial / Commercial / Institutional (ICl) Estimate from NSSWD commercial connections

Use Agricultural Water Demand Model (AWDM) from
Ministry of Agriculture

Other Not considered

Agricultural

The use of groundwater for agricultural purposes requires an estimate of crop needs and overall
agricultural water demand for farm properties on Salt Spring Island. Concurrent to this study, the British
Columbia Ministry of Agriculture undertook an Agricultural Water Demand Modelling (AWDM, Tam and
Van der Gulik, 2017) investigation for Salt Spring Island, complete with a lot-by-lot assessment and field-
based reconnaissance of the crop type and irrigation method for all agricultural properties on the Island.
Agricultural water demand was estimated using a variety of scenarios (wet year, dry year) as well as
three future drought years as predicted by climate change runs from standard Canadian GCM runs.
Figure 37 presents the agricultural areas where irrigation is in use and where irrigation could be
expanded as estimated by the AWDM. Note that crop polygons used for the water demand calculations
may not completely encompass the entire area of an agricultural parcel of land and/or may include
portions of land on parcels that are not designated as agricultural. This is because the ADWM utilizes
aerial photo interpretation and a field-based survey to subdivide land parcels and confirm crop type,
providing greater detail into the model. Additional detail on the AWDM model, crop types, and methods
used for the agricultural water demand modelling can be found in the associated report (Tam and Van
der Gulik, 2017).

Implications for Monthly Aquifer Groundwater Budgets

The groundwater use and demand analysis has the following implications on the monthly aquifer
groundwater budget analyses:

e Asignificant proportion of residents obtain their water from the North Salt Spring Water District
(NSSWD) which predominantly sources water from St. Mary Lake and Lake Maxwell. St. Mary
Lake, in particular, has a complicated interaction with groundwater, with the lake receiving
influx of groundwater from the local topographic highlands and depending on local groundwater
hydraulic heads, potentially providing water to the groundwater system. As a major drainage
basin, the contributions of surface water / runoff versus groundwater are uncertain;

e Monthly aquifer groundwater budgets rely on per capita estimates to quantify unmetered
groundwater use outside of the WSS areas. This is best accomplished by extrapolating per capita
estimates from existing WSS production volumes and breakdown of connection numbers /
types;

e The FLNRORD geospatial analysis was utilized as an estimate of island-wide primary and
secondary groundwater users and is used to extrapolate per capita / per land parcel water
demand from WSS areas where the water demand is known to areas outside of the footprint of
WSSs; and

e Scenario analyses for the monthly groundwater budget analyses attempts to align climate
change years with outputs from the Ministry of Agriculture AWDM in order to increase the
reliability of the analyses.
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Figure 37: Areas where irrigation is in use and where potential exists for irrigation (Tam and Van der Gulik, 2017).
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5.3 Groundwater Budget Equations and Parameterization of Groundwater Budget Terms

5.3.1 Groundwater Budget Terms Excluded from the Analysis

Some of the terms in the groundwater budget equations were excluded from the analysis based on the
insights gained from the data compilation and review. A summary of those terms, and the rationale for
their exclusion, are presented below.

e Based on the topographic delineation of the bedrock aquifers and the larger-scale delineation of
the North-Central and South-Central Salt Spring Island Aquifers, fluxes to aquifers from other
bedrock and surficial groundwater does not occur at a significant scale (Q%";, is negligible).

e Changes in water elevations associated with large surface water features (lakes, ponds) are not
significant enough to affect the magnitude of fluxes to the groundwater regime of the bedrock
aquifers at an appreciable level (AS*" and Q*"*"™_, are negligible). Major surface water
drainage features that are utilized for water supply are assumed to be predominantly influenced
by runoff and baseflow inputs from the bedrock aquifers; and

e The contribution of irrigation water Q®*"“™, and septic returns to groundwater recharge is

assumed to be negligible as a conservative assumption for the groundwater balance.

5.3.2 Relationships and Parameterization of Major Groundwater Budget Terms

Parameters that were used as the major groundwater budget terms in the analysis consist of P, Q*%¥i,, R,
ET, Q™Wou, Q%Wour, ASCW, Q°WPU™P . A discussion of the derivation of each of these terms used in the
groundwater budget analysis is presented below.

Groundwater Storage / Water Table Fluctuations

Groundwater in storage was estimated based on possible storativity (storage coefficient) values,
estimated aquifer thickness and area of the aquifer using the Water Table Fluctuation, or WTF, method,
Healy (2010). The WTF method utilizes the observed variation in groundwater levels from a monitoring
well and assumes that these fluctuations are representative of groundwater levels across a given area or
aquifer. Under this assumption, the groundwater table fluctuation combined with the assumed storage
of the subsurface media constitute the overall change in groundwater volume over a given time.

Selected groundwater level data for wells across Salt Spring Island were presented as part of the
hydrogeological analysis in Section 5.2.5. Figure 4 presents the locations of observation wells and WSS
wells where groundwater level data is available across Salt Spring Island, understanding that
groundwater levels in WSS wells could be impacted by groundwater extraction at that location. Seasonal
water table fluctuations associated with these wells were then spatially distributed across the Island and
aquifer footprints by creating a set of (four) Thiessen Polygons using well locations where groundwater
level data were available.

Utilization of the WTF method / groundwater storage in the groundwater budget analysis requires
estimates of the WTF fluctuation as well as estimates on the storage of the bedrock. A generally
accepted range of values for interconnected storage of bedrock is considered to be 0.01%-1.0% of the
overall volume of the rock, with a value of 0.1% a reasonable average value. Water table fluctuation
ranges for wells where groundwater level information data is available and WTFs are observed is
presented in Table 17.
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Table 17: Annual water table fluctuation ranges for observation and WSS wells.

Approximate Range in
Groundwater Well Well Type Data Range Annual WTE (m)(a’
Observation Well #281 PGOWN Well 1983—Current 0.6-3.1m
Observation Well #373 PGOWN Well 2006—Current 5.9-9.4 m
Observation Well #438 PGOWN Well 2014—Current 4.3-59m
Harbourview Garden Well | Non-Pumping WSS Well | 2012—Current 6.1-8.4 m
Erskine Well #1 Well Pumping WSS Well 2014—Current 53-68 m
Erskine Well #2 Well Pumping WSS Well 2014—Current 47-52 m
Harbourview #1 Well Pumping WSS Well 2012—Current 14.2-41.8 m
Harbourview #2 Well Pumping WSS Well 2012—Current 8.9-12.1m
High Hill #1 Well Pumping WSS Well 2012—Current 16.1-30.4 m
High Hill #3 Well Pumping WSS Well 2012—Current 2.4-3.2m
High Hill #4 Well Pumping WSS Well 2012—Current 6.1-8.8 m
Mount Belcher #1 Well Pumping WSS Well 2007—Current 11.6-25.3 m
Mount Belcher #4 Well Pumping WSS Well 2007—Current 4.3-10.7 m
Reginald Hill #4 Well Pumping WSS Well 2012—Current 61.2-79.9 m
Scott Point #1 Well Pumping WSS Well 2011—Current 4.3-20.5m
Scott Point #4 Well Pumping WSS Well 2011-Current 3.0-9.1m

(a) Maximum and minimum observed WTFs from a year to year basis.

Based on the results presented in Table 17, a clear difference in WTF ranges between the pumping WSS
wells and the observation wells / non-pumping WSS wells are observed. The variation in ranges
observed in the wells highlights several important conceptual insights:

e Measurements of groundwater levels in pumping WSS wells are usable for conceptual level
purposes only (presence / absence of inter-annual or long-term declines, relative degree of
seasonal groundwater use) and exact groundwater elevations cannot be reliedupon due to
effects from pumping; and

e Differences in ranges between pumping WSS wells associated with the same location highlight
the locality of the groundwater levels, whereby very large WTFs observed in one pumping well
are not observed in nearby pumping wells. This reinforces the heterogeneity in the bedrock
aquifers and the uncertainty involved in extrapolating groundwater levels from one locationto
another, even within the same aquifer.

Due to the variability in pumping WSS wells, Thiessen Polygons were constructed Island-wide and
aquifer-wide using only the PGOWN wells and the non-pumping WSS well (Harbourview Garden Well).
The Thiessen Polygon method subdivides the areas of the aquifers into polygons based on the closest
observation well and then assigns the groundwater level change of that observation well to that area.
These Thiessen Polygons are presented in Figure 38 and are used to generate the groundwater storage
changes (45%Y) for the groundwater budget analysis.

Groundwater Use / Demand

Groundwater use (Q%"*“™, ) is one of the best characterized processes on Salt Spring Island, owing to

the highly detailed data provided by FLNRORD and SSIWPA associated with the WSSs, land use, and
geospatial water source assessment. Where WSS groundwater production data were directly available,
it was implemented directly into the groundwater budgets for the aquifers. To estimate groundwater
use / demand from land parcels outside of the WSS areas, the geospatial analysis of water sources was
utilized to identify the number of WSS-external land parcels located in each aquifer where groundwater
was estimated to be a primary water source (see Section 5.2.6 for details). For these external parcels, a
population of 2.1 people per parcel was assumed and a groundwater use of 225 lpc/d was assigned,
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which is based on the average per capita water use of residential parcels in NSSWD in 2016. The NSSWD
groundwater use values were selected for external parcels because NSSWD, as the WSS with the largest
number of connections, best represented average aggregate demand of year-round residents and, as
the largest water use per capita, was more conservative. This value of 225 Ipc/d for external parcels is
lower than the estimate of 353 Ipc/d that was used to estimate regional groundwater licensing
requirements by Hatfield (2015) based on Environment Canada’s 2011 municipal water use statistics.
The 225 Ipc/d used in the analysis is considered to be more representative than Environment Canada’s
estimate given that 1) it was derived from local consumption data, and 2) domestic water usage on the
Gulf Islands is typically lower than the national average. Table 18 presents the assumptions used to
parameterize groundwater use / demand for the various land use classes.

A summary of the estimated annual groundwater use for each bedrock aquifer, based on the
assumptions listed in Table 18, is presented in Table 19.

Table 18: Assumptions utilized for groundwater use / demand estimates.

Groundwater Use /Demand Type | Estimate Assumptions
115-225 Ipc/d averaged annually .
. . . Based on WSS product
Residential / Domestic (225 Ipc/d used for parcels externalto d::ae on production
directly measured WSS production)
Industrial / Commercial / 841 Ipd / connection averaged annually | Based on NSSWD 2016 ICl
Institutional (ICl) over 215 connections connection data
Agricultural Direct from AGRI report Standarc! AWDM
assumptions

Table 19: Estimated annual groundwater use for bedrock aquifers.

. Annual Groundwater Use (m®)
Aquifer - : - :
Residential | ICI (Indus./Comm./Instit.) | Agricultural | Total
North Salt Spring Island Aquifer 157349 1135 142844 301328
North-Central Salt Spring Island Aquifer | 84343 378 60937 145658
South-Central Salt Spring Island Aquifer | 83248 675 42930 126853
South Salt Spring Island Aquifer 53941 918 76839 131698

Direct Runoff to Surface Watercourses

Direct runoff from precipitation to surface watercourses was estimated by taking the average monthly
surface water discharge estimated using the methods described in Section 5.2.4 and assuming that a
percentage contribution of that surface water discharge was sourced from direct runoff. The direct
runoff component is also assumed to include shallow subsurface stormflow, a shallow acting component
of flow whereby runoff enters the watercourse via the shallow subsurface, but the shallow subsurface is
either too shallow or locally saturated for that water to be considered being sourced from the aquifer
itself. This type of flow to the watercourse would occur, for example, where the bedrock surface is very
high and covered by a thin or discontinuous unconsolidated layer. Water flowing along this contact to
the watercourse would enter via the shallow subsurface but would not be considered deep enough to
have entered the aquifer proper and be considered baseflow. The relative contributions from the direct
runoff and groundwater baseflow components were varied on a monthly basis. During the months of
the wet period, surface water discharge was assumed to be comprised mostly of direct runoff or shallow
subsurface stormflow (up to a maximum of 90% direct runoff) whereas surface water discharge in the
dry period months was assumed to be comprised of mostly groundwater baseflow (up to a maximum of
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90% groundwater). To allow the contributions of groundwater baseflow and direct runoff to vary
smoothly, the relative contributions were adjusted during the shoulder months.

Natural Groundwater Outflows from Aquifers

Natural outflows from the bedrock aquifers are associated with groundwater outflow to local
watercourses which is observed in local streams as baseflow and groundwater flux to the sea (Q®Wou).

For this water balance analysis, groundwater flux to the sea was estimated using Darcy’s Law based on
estimates of hydraulic gradients, aquifer thicknesses, and aquifer transmissivity / hydraulic conductivity.
The hydraulic conductivity values used in the analysis of groundwater flux to the sea are summarized in
Section 4.4. Hydraulic gradients were estimated based on the change in topography along the
groundwater flow path. For the bedrock aquifers, the groundwater flux to the sea was assumed to occur
over a saturated aquifer thickness of 30 m. This value is consistent with the seepage face of
groundwater discharge assumed in the Mayne Island groundwater budget analysis (Hy-Geo Consulting,
2015) and similar to the 50 m assumed for the Gabriola Island groundwater budget analysis (Burgess
and Allen, 2016). Given the more limited extent of the overburden aquifers, groundwater flux to the sea
or to the distal boundary for those aquifers was inferred to occur over a shorter seepage face interval of
5to 20 m.

Similar to the estimates of direct runoff calculated above, natural groundwater outflows from aquifers
to local watercourses were estimated by assuming that a percentage contribution of the surface water
discharge estimated in Section 5.2.4 from the aquifer footprint was sourced from groundwater
baseflow. As above, the relative contributions from the groundwater and direct runoff components
were varied on a monthly basis. During the months of the wet period, surface water discharge was
assumed to be comprised mostly of direct runoff or shallow subsurface stormflow (up to a maximum of
90% direct runoff) whereas surface water discharge in the dry period months was assumed to be
comprised of mostly groundwater baseflow (up to a maximum of 90% groundwater). To allow the
contributions of groundwater baseflow and direct runoff to vary smoothly, the relative contributions
were adjusted during the shoulder months.

Recharge

Monthly recharge to the bedrock aquifers was estimated via an analysis and summation of three major
components: estimated volume from groundwater storage changes, the estimated volume of baseflow
to surface water discharge, and the estimated flux of groundwater to the sea. During the wet period
months, changes in groundwater storage were accounted for as recharge, whereas during dry period
months changes in groundwater storage were not accounted as part of recharge. The summation of
these three components were assumed to comprise the entirety of groundwater recharge.

Precipitation and Evapotranspiration

The total annual average precipitation of 986.9 mm/year from the 1981-2010 Climate Normals (Station
#1016995) provides a reference against which the recharge for the various aquifers are compared.
Monthly total precipitation values for both the dry (2009) and wet (2010) years were utilized to estimate
the impact that the wet and dry year scenarios would have upon the recharge to the aquifers (Section
5.5). Similarly, to estimate the effects of climate change on aquifer recharge (Section 5.6), ClimateBC
was utilized to generate monthly precipitation estimates for the year of 2053, which corresponded to a
drought year in Ministry of Agriculture’s AWDM (Tam and van der Gulik, 2017).

Evapotranspiration was not directly estimated, but was the component used to close the overall water
balance by assuming that the remainder of water left over after all of the other components were
calculated was equal to the actual evapotranspiration of the area. Note that the warm temperatures
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and dry conditions experienced during the summer months on Salt Spring Island result in a substantial
moisture deficit during this time when the reference / potential evapotranspiration is the highest. As a
result, estimates of actual evapotranspiration are expected to be substantially lower than the reference
or potential evapotranspiration.

5.4 Monthly Aquifer Groundwater Budget Analysis

5.4.1 Bedrock Aquifers

Based on the site-specific characterization of the hydrogeologic regime, monthly aquifer groundwater
budgets were formulated for the bedrock aquifers based on the following assumptions:

e Agricultural demand is not considered during the wet period. During the dry period, agricultural
water demand per aquifer as estimated by the AWDM is distributed across the six-month period
proportionally to the reference ET for the same time period; and

e |Cl water demand for both wet and dry period monthly groundwater budgets is assumed to be
constant throughout the months and residential / domestic water demand is distributed based
on the monthly peaking factors for the NSSWD which, as the largest provider of water on the
Island has the greatest number of connections and best approximates the general domestic

monthly use.

Summary level results (precipitation, runoff, recharge, and evapotranspiration) for the monthly aquifer
groundwater budget analyses are provided in Tables 20-23, with detailed breakdowns of the various
components provided in Appendix B. Results are illustrated in graphic form in Figure A-4 of Appendix A.

Table 20: Groundwater Budget—North Salt Spring Aquifer (AQ 721)—Average Conditions.

Groundwater Budget Term

Percentage of Average Annual Precipitation (%)

Volume of Water (m?3)

Recharge 10.3 4,900,000

Direct Runoff 53.6 25,000,000
Evapotranspiration 36.1 17,700,000
Total 47,600,000

Groundwater Budget Term

Percent of Estimated Recharge (%)

Volume of Water (m3)

Estimated Groundwater Use

6.1

301,000

(a) Average annual precipitation is based on 1981-2010 Climate Normals at Salt Spring St. Mary L station (Climate ID# 1016995)

Table 21: Groundwater Budget— North-Central Salt Spring Aquifer (AQ 722)—Average Conditions.

Groundwater Budget Term

Percentage of Average Annual Precipitation (%)

Volume of Water (m3)

Recharge

11.9

4,300,000

Direct Runoff 53.6 19,200,000
Evapotranspiration 34.4 12,300,000
Total 35,800,000

Groundwater Budget Term

Percent of Estimated Recharge (%)

Volume of Water (m?3)

Estimated Groundwater Use

3.4

145,000

(a) Average annual precipitation is based on 1981-2010 Climate Normals at Salt Spring St. Mary L station (Climate ID# 1016995)
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Table 22: Groundwater Budget— South-Central Salt Spring Aquifer (AQ 1147)—Average Conditions.

Groundwater Budget Term

Percentage of Average Annual Precipitation (%)

Volume of Water (m?3)

Recharge 111 5,300,000

Direct Runoff 53.7 25,800,000
Evapotranspiration 35.2 17,000,000
Total 48,100,000

Groundwater Budget Term

Percent of Estimated Recharge (%)

Volume of Water (m3)

Estimated Groundwater Use

24

127,000

(a) Average annual precipitation is based on 1981-2010 Climate Normals at Salt Spring St. Mary L station (Climate ID# 1016995)

Table 23: Groundwater Budget— South Salt Spring Aquifer (AQ 723)—Average Conditions.

Groundwater Budget Term

Percentage of Average Annual Precipitation (%) @

Volume of Water (m3)

Recharge 10.6 5,400,000

Direct Runoff 53.6 27,200,000
Evapotranspiration 35.8 18,100,000
Total 50,700,000

Groundwater Budget Term

Percent of Estimated Recharge (%)

Volume of Water (m3)

Estimated Groundwater Use

2.5

132,000

(a) Average annual precipitation is based on 1981-2010 Climate Normals at Salt Spring St. Mary L station (Climate ID# 1016995)

As shown above, the resultant recharge calculated for the aquifers ranged from 10-12% of mean annual
precipitation. In order to calibrate the recharge estimated from the water budget analysis, recharge was
estimated with an alternative method using a chloride mass balance analysis developed by Wood and
Sanford (1995). The equation for this mass balance analysis is:

g = (P) (Clwap)/Clgw (Eq.6)

where:

g = the recharge flux (mm/yr)

P = average annual precipitation (mm/yr)

Clwap = precipitation-weighted mean chloride concentration in precipitation (mg/L)
Clgw = average chloride concentration in groundwater (mg/L)

The method is based on the premise that the mass of chloride in precipitation falling on the area is
preserved in recharge; therefore, the increased concentration of chloride in the groundwater system
reflects the amount of water that has been evaporated and therefore the amount of recharge. The
method is highly simplified in that it assumes there is no overland run-off or other non-evaporative
losses of precipitation falling on the area of interest. A precipitation-weighted mean chloride
concentration in precipitation data of 1.33 mg/L was obtained from Environment Canada’s
NatChem/Precipitation Chemistry Database for Saturna Island station (between 2000-2002 and 2005-
2007). Representative chloride concentrations for groundwater of 2.89 mg/L to 80 mg/L were derived
from a database of 146 private wells that were sampled on Salt Spring Island from 2007 through 2008 as
part of a geochemical sampling program conducted by FLNRORD (Lapcevic et. al., 2008). The ratio of
chloride concentrations in groundwater relative to those in precipitation results in an estimated
recharge ranging from 10-15%. Figure A-5 in Appendix A presents a histogram showing the estimated
recharges for the private wells, based on the chloride mass balance, expressed as a percentage of the
average annual precipitation.

The estimated recharge of 10-12% of mean annual precipitation is consistent with the 10-15% recharge
derived from the chloride mass balance analysis. This recharge falls within the range of 3—45% of mean
annual precipitation estimated by Larocque, et al (2014) for Salt Spring Island, but below the 17-26%
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referenced for Gabriola Island by Burgess and Allen (2016) and the 15-30% referenced for Mayne Island
by Hy-Geo Consulting (2015). In our opinion, 10-12% recharge is considered to be a reasonable estimate
of recharge for bedrock aquifers in coastal areas such as Salt Spring Island that are characterized by
relatively high relief.

5.4.2 Overburden Aquifers

Recharge to the overburden aquifers is derived from precipitation, with the potential for some
groundwater inflow from bedrock aquifers. Monthly water budgets were estimated for the four
overburden aquifers by assigning recharge derived from the bedrock water budget analysis to the
overburden aquifers based on relative area. Natural outflows were estimated based on the
methodology described in Section 5.3 and groundwater usage was assumed to be negligible (based on
the limited number of wells). Due to the limited available data and the low use of the overburden
aquifers as a water supply, the groundwater budgets for these aquifers are highly simplified. The
simplified groundwater budget analyses for the overburden aquifers are presented in Appendix B.

5.5 Scenario and Climate Change Analysis for Monthly Aquifer Groundwater Budgets
Scenario analyses were conducted to evaluate the impact that wet and dry years, as well as climate
change, could have on the availability of groundwater on Salt Spring Island. Monthly precipitation values
for the wet (2010), dry (2009), and climate change (2053) years were utilized to scale the monthly
recharge values of the average year (1981-2010). Tables 24-27 summarizes the estimated changes in
recharge as a result of the scenario analyses.

Table 24: Summary of Scenario Analysis Results — North Salt Spring Island Aquifer (AQ 721).

Resultant Recharge
Scenario Year Percent Change in Recharge®® Volume (m?) Percsen't Of A\ge)rage Annual
Precipitation' (%)
Wet Year (2010) 16.4 5,720,000 12.0
Dry Year (2009) -31.1 3,380,000 7.1
Climate Change (2053) -13.4% 4,250,000 8.9%

(a) Change in recharge is in comparison to recharge estimates from the groundwater budget for the average year
(b) Percentage change for resultant recharge is expressed as the percentage of the average annual precipitation for the 1981-2010
Climate Normals at Salt Spring St Mary L station (Climate |ID# 1016995)

Table 25: Summary of Scenario Analysis Results — North-Central Salt Spring Island Aquifer (AQ 722).

Resultant Recharge
Scenario Year Percent Change in Recharge® 3 Percent of Average
Vol
olume (m?) Annual Precipitation® (%)
Wet Year (2010) 16.8 4,990,000 13.9
Dry Year (2009) 31.7 2,920,000 8.2
Climate Change (2053) -13.4% 3,700,000 10.3%

(a) Change in recharge is in comparison to recharge estimates from the groundwater budget for the average year
(b) Percentage change for resultant recharge is expressed as the percentage of the average annual precipitation for the 1981-2010
Climate Normals at Salt Spring St Mary L station (Climate |D# 1016995)
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Table 26: Summary of Scenario Analysis Results — South-Central Salt Spring Island Aquifer (AQ 1147).

Resultant Recharge
Scenario Year Percent Change in Recharge®® Volume (m’) PercSer!t Of A\::.)rage Annual
Precipitation'® (%)
Wet Year (2010) 16.2 6,200,000 12.9
Dry Year (2009) -32.1 3,630,000 7.5
Climate Change (2053) -13.4% 4,620,000 9.6%

(a) Change in recharge is in comparison to recharge estimates from the groundwater budget for the average year
(b) Percentage change for resultant recharge is expressed as the percentage of the average annual precipitation for the 1981-2010
Climate Normals at Salt Spring St Mary L station (Climate ID# 1016995)

Table 27: Summary of Scenario Analysis Results — South Salt Spring Island Aquifer (AQ 723).

Resultant Recharge
Scenario Year Percent Change in Recharge® Volume (m?) Perc.eth of Average Annual
Precipitation® (%)
Wet Year (2010) 154 6,190,000 12.2
Dry Year (2009) 325 3,630,000 7.1
Climate Change (2053) -13.4% 4,650,000 9.2%

(a) Change in recharge is in comparison to recharge estimates from the groundwater budget for the average year
(b) Percentage change for resultant recharge is expressed as the percentage of the average annual precipitation for the 1981-2010
Climate Normals at Salt Spring St Mary L station (Climate ID# 1016995)

5.6 Assessment of Available Groundwater

The results of the water budget analysis show that for the bedrock aquifers on Salt Spring Island,
groundwater recharge represents approximately 10% to 12% of the annual average precipitation,
surface water runoff represents approximately 54%, and evapotranspiration represents approximately
34% to 36% (Table 28). Currently, groundwater usage represents a fraction (0.3% to 0.6%) of the
average annual precipitation, or 2.4% to 6.1% of the total estimated recharge. Groundwater outflow to
local water courses (as baseflow) and groundwater flux to the sea represent components of
groundwater recharge estimated to be approximately 9% and 1% to 3%, respectively, of the annual
average precipitation.

Table 28: Summary of groundwater budgets for bedrock aquifers.

Percentage of Average Percentage of Estimated
Groundwater Budget Term Annual Precipitation (%) Recharge (%)
Recharge 10-12
Direct Runoff 54
Evapotranspiration 34-36
Groundwater Use 0.3-0.6 2.4-6.1

While the results of the water budget analysis suggest that on a regional basis there is potential for
further development of bedrock aquifers on Salt Spring Island, insights from the study indicate that
future groundwater development will be constrained by the storage capacity and transmissivities of the
bedrock aquifers. This storage capacity is highly variable based on the heterogeneity of local geological
contacts, fractures and faults.

All available water on Salt Spring Island ultimately comes from precipitation and annual precipitation
patterns on the Island are characterized by marked wet (October—March) and dry (April-September)
periods. Groundwater level maxima have not been observed to change on a year-to-year basis,
regardless of the amounts of wet and dry period precipitation. As inter-annual groundwater levels have
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not been changing (in those wells shown in Figure 34 for which water-level monitoring data is available),
the groundwater regime appears to be recharged annually on a regional basis, even in years
characterized by low rainfall. This concept is illustrated in Figure A-6 of Appendix A. This indicates that
there is not a lack or shortage of available groundwater associated with the Salt Spring Island bedrock
aquifers on a regional basis at this time based on the current observational data. This does not mean
that local shortages of available groundwater do not exist; the low transmissivity / hydraulic conductivity
of the rock on Salt Spring Island means that groundwater use from individual wells can commonly
exceed the capacity of the local rock to bring water to the well when the well is installed in lightly
fractured and non-fractured rock or the fracture network intersected by the groundwater well is poorly
connected to a larger source. In this case, local groundwater level declines and well capacity issues are
observed, together with declines in dry season groundwater levels, in essence a local “hydrogeological
drought”, which is not indicative of the availability of water in the nearby wells or land parcels. These
locally isolated groundwater level declines can also be observed in the high degree of variability in
groundwater levels from multiple wells that are installed in the same WSS area or location. This concept
is illustrated in Figure A-7 in Appendix A. Given variability of groundwater availability at a local level,
detailed hydrogeological investigations will be required to assess the feasibility of future groundwater
extraction on individual land parcels where development is planned.

From a hydrogeological perspective, optimal locations for future groundwater supply development
would include higher-permeability, persistent structural features with a degree of hydraulic connectivity
to areas of higher recharge (i.e. higher elevations or local areas where runoff would collect and
infiltrate). This concept is illustrated in Figure A-8 of Appendix A. Locations with a larger, undeveloped
catchment area would be comparatively less likely to pull water from environmental flows and cause
interference effects and would have a comparatively larger amount of storage. Wells near higher
elevations and the topographic break would be expected to benefit from more consistent hydraulic
heads, potential flowing artesian conditions, and would be less likely to be impacted by seasonal
changes. Based on these criteria, the lower slopes of South and Central Salt Spring Island would be
preferential locations for future groundwater development, with the north-facing slopes of the North-
Central Salt Spring Island Aquifer being closer to larger population centres.

As the dynamics and connectivity between the larger surface water bodies and the local groundwater
systems may be small in comparison to the volumes of water use / demand, it may be possible that
additional groundwater development could take place within the footprint of an area that is
predominantly serviced by surface water, without negatively impacting the availability of surface water
from that source, however further study would be required. Areas of North Salt Spring Island, such as
west or north of St Mary Lake, would be potential locations. Parallel efforts to quantify water availability
for St. Mary Lake and Lake Maxwell (Kerr Wood Leidal, 2018) are focused on the sections of the
hydrological cycle that are less relevant or not well captured as part of this assessment and should be
considered complementary to the findings presented in this report. Any potential future groundwater
extraction should be coupled with appropriate hydrogeological monitoring.

Though groundwater elevations tend to return to their previous high point at the end of the wet season
regardless of precipitation, seasonal groundwater shortages in the dry season are observed across the
island due to local exhaustion of groundwater storage. As a result, groundwater availability and the
likelihood of supply problems on Salt Spring Island are likely more sensitive to the overall duration of the
dry period as opposed to the amount of precipitation received during that dry period. A prolonged dry
period would mean island residents would be drawing from storage earlier in the year, increasing the
likelihood of shortages later in the year. Estimates of reductions in recharge due to climate change are
lower than estimates of reductions in recharge for a representative dry year; however, it is
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acknowledged that with climate change, the duration of the dry season is expected to increase, together
with groundwater demand.

For the overburden aquifers, the water budget analysis demonstrates that the volume of groundwater
flowing into the surficial aquifers is largely equivalent to the volume of groundwater flowing out. In
areas where the unconsolidated aquifers have been mapped, most drillers chose to complete wells in
the underlying bedrock aquifers rather than the overlying surficial material. This, combined with the
highly variable nature of the surficial material and its glacial origin, suggests that the unconsolidated
aquifers may not be particularly productive. Accordingly, while the unconsolidated aquifers may provide
a source of minor, local groundwater supply, they should not be targeted for future groundwater
development.

Maintenance of Groundwater Levels

As mentioned in the previous subsection, no evidence of long-term groundwater level declines is
observed in the available data. Maintaining existing groundwater levels is important both from the
standpoint of sustainability of the resource as well as ensuring that seasonal low groundwater levels do
not decline to the degree where baseflow to creeks and watercourses decline and affects the
environmental flow and ecological integrity of the watercourse. To this degree, monitoring of
groundwater levels near streams and habitat is likely to be less effective than direct monitoring of
surface water flows in these features. It should be noted that the recommendation to increase the
potential for groundwater storage (by improving groundwater supply infrastructure and promoting
infiltration to the subsurface) as mentioned in the previous subsection would also have the dual effect
of increasing baseflow to watercourses as a result of the increased groundwater levels. Due to the
complexity and heterogeneity of the system, scenario or climate change analysis is unable to predict
what level of water use is “sustainable” in the context of groundwater levels.

Salt Water Intrusion

A detailed analysis of groundwater quality was not performed as part of this study; however, particular
concern was given to the occurrence and potential for saline intrusion in groundwater wells, in
particular coastal wells. As part of the data gathering phase of the project, SSIWPA conducted detailed
surveys with WSS managers who operated or had knowledge of the local water supply system. Several
WSS contacts, particularly for WSS systems near the coast, noted the presence of elevated electrical
conductivity and salinity in some of their water production wells, some of which required operational
adjustments to mitigate the potential impact.

The potential for salt water intrusion in Salt Spring Island aquifers has been documented by Klassen and
Allen (2016). The SFU study mapped the susceptibility of Salt Spring Island aquifers to salt water
intrusion based on proximity to the shoreline and estimates of groundwater flux from topography and
inferred hydraulic conductivity. Areas close to the shoreline and where the groundwater flux was
inferred to be low were identified as having a high susceptibility to salt water intrusion. Areas where the
greatest risk of salt water intrusion were identified are located in the north part of the Island along the
northeast coast and in the Ganges Harbour/Long Harbour area.

Well record reports of saline conditions that were extracted from the WELLS database as part of this
study confirmed the potential for salt water intrusion in coastal areas. FLNRORD’s Best Practices for the
Prevention of Saltwater Intrusion, based on the Klassen and Allen (2016) evaluation of groundwater
quality in the Gulf Islands, identifies wells containing groundwater with chloride concentrations greater
than 150 mg/L, specific conductivity greater than 1000 ps/cm, or total dissolved solids greater than 700
mg/L to be affected by saltwater intrusion. Operation of wells with groundwater quality above these
thresholds may impact adjacent groundwater users in an area and cause long-term or permanent
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damage to the aquifer. In addition to proximity to the shoreline and groundwater flux, the potential for
salt water intrusion increases with well depth and is higher for those bedrock wells where the structures
intersected by a given well are well-connected to the sea. Interestingly, the WELLS database contained
isolated wells reporting saline conditions located near St. Mary Lake along the St. Mary fault, which
raises the question of whether the fault may provide a preferential connection to the sea.

Salt water intrusion represents a real concern to groundwater availability in certain areas of Salt Spring
Island, one of which is already observed and managed in some coastal WSS systems and which is
undoubtedly observed in numerous other private wells across the Island. Saline intrusion in
groundwater wells during the dry period is currently observed and does have the potential to impact the
amount of available groundwater on a year-to-year basis. Groundwater resources in these incidences
must be carefully managed, particularly in coastal wells or high yielding wells with good connectivity to
the sea.

Maintenance of Baseflow

Determining the amount of groundwater that is needed for maintenance of baseflow conditions is
contingent on the environmental flow needs and hydrologic regime of a given watercourse. As a result,
it is difficult to assess without the proper data and long-term understanding of the watercourses
involved. FLNRORD and SSIWPA are taking steps to conduct low flow surveys as well as continuous
water level and temperature readings. It should be noted that historical WSC data also noted no flow
conditions in the seasonal monitoring of some of the watercourses over a multi-year basis so
intermittent streams may be a normal part of the hydrological system of Salt Spring Island.

5.7 Groundwater Budget Uncertainty

Detailed data on groundwater use was made available for this study thanks to the joint efforts of
FLNRORD and SSIWPA. Accordingly, there is a relatively high level of confidence (+- 35%) in the water
usage data used in this study. Similarly, there is a high level of confidence (+-25%) in the precipitation
data obtained from Environment Canada and Climate BC. There is a moderate level of confidence
(+-100%) in the estimates of changes in groundwater storage and natural outflows (flow to the sea).

For the components of the groundwater budget related to groundwater recharge and direct runoff,
there is a low level of confidence given the limited stream flow data available. The actual volumes of
groundwater recharge and direct runoff may differ by an order of magnitude or more from those
estimated. Given that recharge and direct runoff represent the largest components of the groundwater
budget, the overall groundwater budgets are subject to considerable uncertainty.

6. RECOMMENDATIONS TO ADDRESS DATA LIMITATIONS

Recommendations to address data limitations have been developed based on the results of Phases 1
and 2. Types of recommendations are tailored towards three main objectives: improvement of the
hydrogeological understanding of the Island, improvement of groundwater budgeting estimates, and
improvement of available water and other hydrogeological concerns.

6.1 Recommendations for Improving the Hydrogeological Understanding of the Island

e |tisrecommended that the North Salt Spring Island and North Central Salt Spring Island Aquifers
be prioritized for future work, including the work related to geological and hydrogeological
surveys and the hydrometric, meteorological and saline intrusion monitoring described below,
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6.2

6.3

as they have the highest population density, local water demand, potential for salt water
intrusion and greater risk of supply constraints;

Additional insight into the local hydrogeology could be gained through a geological survey by an
appropriate mapping authority to identify smaller-scale lineaments and faults that could act as
potential hydrostructural controls for groundwater flow. Notes from the geological mapping
suggest that numerous smaller scale structural features were mapped or noted but not included
on the 1:25,000 scale. Dr. Greenwood hypothesizes that SW-NE oriented faults that cut across
several lithologies are of interest as potential conductive features;

Conduct an island-wide spring survey of likely locations (areas of hydrostructural interest,
lowland areas and areas of high topographic relief) to provide insight on the groundwater flow
regime and identify areas of potential groundwater supply;

Field confirmation of high-yielding wells identified in the original well records to establish
potential presence of high yielding structures, such as faults, fractures and geological contacts;
Identification and field confirmation of abandoned wells or wells volunteered by residents that
can be incorporated into a community monitoring well network to establish island-wide
coverage for reliable hydraulic head monitoring. Preferably, selected wells would be completed
across a highly conductive zone as the combination of high conductivity and structural
persistence would make the well more likely to be responsive to larger scale variation in
groundwater levels and would be more representative of groundwater availability in the local
area. These wells would also be expected to be the first wells to exhibit long-term declines in
groundwater levels due to climate or local overuse. We understand that Islands Trust, SSIWPA
and FLNRORD are in the process of establishing a network of community monitoring wells in
strategic locations to complement the existing monitoring network; and

Compilation of additional pumping test data from water supply assessments and short-term
pumping tests on abandoned wells or wells volunteered by residents to confirm well yields and
test hydraulic conductivity.

Recommendations for Improving Groundwater Budgeting Estimates

In an island setting, groundwater recharge will be controlled in general by the amount of
precipitation, proportion of that precipitation that runs off to the ocean via surface water and
the amount of water that is lost to evapotranspiration. As such, estimates would be greatly
improved via implementation of a hydrometric flow gauging network of major surface water
features near their outlet to the sea, particularly in area of higher groundwater use and
population, where recharge estimates are more important. Key streams that could be targets
for this monitoring, include Fulford Creek, Cusheon Creek, Bullocks Creek, Ganges Creek,
McFadden Creek and Weston Creek. This hydrometric monitoring should be conducted year-
round so that estimates of surface water run-off and groundwater recharge can be made; and
Existing meteorological stations could be supplemented with a higher altitude precipitation
gauge at a suitable location on Mount Maxwell or Baynes Peak, for example, or by citizen
scientists in order to improve the spatial coverage of precipitation data to improve recharge
estimates.

Recommendations for Increasing Available Water and Addressing Other
Hydrogeological Concerns
General Hydrogeology and Water Use: Due to the complexity and heterogeneity of the bedrock

groundwater systems, in order to be able to assess the availability of groundwater in the future,
efforts should be focused on the observational method, together with a well-conceptualized
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strategy for monitoring and indications of unsustainability. From a general water use and
quantitative groundwater standpoint, this would ideally involve establishment of groundwater
level monitoring on highly-transmissive, structurally well-connected features in the bedrock that
are in areas where groundwater use is comparatively high. As previously mentioned, these
locations would preferentially exhibit signs of longer-term groundwater declines and would also
be comparatively important to monitor as features that are more likely to be regional
hydrostructural controls. As groundwater storage is important during seasonal dry periods,
efforts could be undertaken to increase the groundwater storage “buffer” from year-to-year to
provide additional capacity during extended dry periods. Potential examples of this include
improvement of groundwater supply infrastructure (i.e., deeper wells, away from coastal areas,
and optimization of drilling locations) and utilization of techniques that promote infiltration of
additional water to the subsurface (i.e., stormwater infiltration galleries, permeable pavement,
or other low impact development strategies);

e Potential for Groundwater Supply Expansion: Areas of North Salt Spring Island that are
predominantly reliant on surface water for their water supply and which have comparatively
less groundwater development may be able to supplement their water supply with additional
groundwater expansion. As during the wet period, groundwater levels in observation wells have
been documented to always return to approximately the same elevation each year around
December / January, it can be hypothesized that there is groundwater that is available for use.
Locations with larger, undeveloped catchment areas, such as the lower slopes of South and
Central Salt Spring Island, are also preferred areas for future groundwater development because
they are comparatively less likely to pull water from environmental flows. Any groundwater
locations for groundwater supply as well as monitoring wells on high conductivity, structurally
well-connected features in the bedrock to allow for appropriate monitoring of impacts;

e Maintenance of Groundwater Levels: Strategies to ensure that groundwater levels are not
negatively impacted from overuse consist of limiting groundwater extractions and increasing the
amount of groundwater storage, coupled with a thoughtfully-designed monitoring system
(monitoring of groundwater levels and withdrawals to improve conservation and
understanding), with a particular focus on North Salt Spring Island where groundwater is under
the greatest stress;

e Limiting Saline Intrusion: A critical method for limiting salt water intrusion is to frequently
monitor the electrical conductivity or salinity of the groundwater produced from a well and be
prepared to make operational adjustments to the pumping scheme or pump setting if salinity
increases are observed during the dry period, which survey results show that some coastal WSSs
are already doing. The thresholds identified by FLNRORD as indicators of saltwater intrusion are
concentrations in groundwater of greater than 150 mg/L for chloride, 1000 ps/cm for specific
conductivity and 700 mg/L for total dissolved solids. Efforts to increase groundwater storage are
also advantageous to limiting or mitigating salt water intrusion as the increase in groundwater
hydraulic head promotes development of a thicker freshwater lens and deeper fresh water —
salt water interface. More involved processes and mechanisms of managing the fresh water —
salt water interface, such as barrier wells, stimulated freshwater lens development or so-called
“freshkeeper” wells, which involve pumping simultaneously from a deeper well to mitigate
saltwater upconing, are more costly and not guaranteed to be completely effective due to the
complexity of the hydrogeological setting on Salt Spring Island. Best practices for the prevention
of saltwater intrusion are provided in a brochure developed by FLNRORD:
https://www?2.gov.bc.ca/assets/gov/environment/air-land-water/water/water-
wells/saltwaterintrusion factsheet finro web.pdf;
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e Maintenance of Baseflow: Additional data gathering should continue to better characterize the
surface water regime both to close the essential loop in the groundwater balance as well as to
understand potential baseflow targets for watercourses; and

e Water Conservation and Demand Management: Water usage in Gulf Island communities is
considerably lower than the national average. Continued water conservation and demand
management are critical for the protection of groundwater sustainability.

7. REPORT LIMITATIONS

The factual information, descriptions, interpretations, comments, conclusions and recommendations
contained herein are specific to the project described in this report and do not apply to any other
project or site. Under no circumstances may this information be used for any other purposes than those
specified in the scope of work unless explicitly stipulated in the text of this report or formally authorized
by Golder. This report must be read in its entirety as some sections could be falsely interpreted when
taken individually or out-of-context. As well, the final version of this report and its content supersedes
any other text, opinion or preliminary version produced by Golder.

Plans, specifications, calculations, notes, electronic files and similar material used to map the aquifers
and develop the groundwater budgets are instruments of service, not products. Golder shall not be held
responsible for damages resulting from unpredictable or unknown underground conditions, from
erroneous information provided by and/or obtained from sources other than Golder, and from ulterior
changes in the site conditions unless Golder has been notified of any occurrence, activity, information or
discovery, past or future, susceptible of modifying the underground conditions described herein, and
have had the opportunity of revising its interpretations, comments and recommendations. Furthermore,
Golder shall not be held responsible for damages resulting from any use of this report and its content by
a third party, and/or for its use for other purposes than those intended.

Hydrogeological investigations are dynamic and inexact sciences. They are dynamic in the sense that the
state of any hydrological system is changing with time, and in the sense that the science is continually
developing new techniques to evaluate these systems. They are inexact in the sense that subsurface
conditions are not known between the specific investigation locations, and there is invariably a lack of
complete information both spatially and temporally about the geological and hydrogeological
conditions. A groundwater budget uses the laws of science to draw together the available data into a
mathematical representation of the essential features of an existing hydrogeological system. The validity
and accuracy of the budget depends on the amount of data available relative to the degree of
complexity of the geologic formations, the site hydrogeology, and on the quality and degree of accuracy
of the data entered. Therefore, every groundwater budget is a simplification of reality and the budget
described in this report is not an exception.

The professional groundwater services performed as described in this report were conducted in a
manner consistent with the level of care and skill normally exercised by other members of the
engineering and science professions currently practicing under similar conditions, subject to the
guantity and quality of available data, the time limits and financial and physical constraints applicable to
the services. Unless otherwise specified, the results of previous or simultaneous work provided by
sources other than Golder and quoted and/or used herein are considered as having been obtained
according to recognised and accepted professional rules and practices, and therefore deemed valid.
Despite the professional care taken during the construction of the groundwater budgets, their
accuracies are bound to the normal uncertainty associated with groundwater budgeting and no
warranty, expressed or implied, is made.

WATER SCIENCE SERIES No. 2019-01 71



REFERENCES

Allen, D.M., D. Kirste, J. Klassen, |. Larocque and S. Foster., 2015. Research Monitoring Well on Salt Spring Island. A
summary of the drilling, testing, and chemical/isotopic results for the Research Monitoring Well on Salt Spring
Island for a study conducted by Simon Fraser University and BC Ministry of Forests, Lands and Natural Resource
Operations as part of the “Risk Assessment Framework for Coastal Bedrock Aquifers”. September 2015.

Allen, D.M. and E. Liteanu, 2006. Long-term Dynamics of the Saltwater Freshwater Interface on the Gulf Islands,
British Columbia, Canada. Submitted to the September 2006 Proceedings of SWIM- SWICA Conference, Cagliari,
Italy.

Allen, D.M.,, Liteanu, E., Bishop, T.W., and Mackie, D.C., 2002. Determining the Hydraulic Properties of Fractured
Bedrock Aquifers of the Gulf Islands, B.C. Final Report submitted to Al Kohut, BC Ministry of Water, Land and
Air Protection. December 2002.

Allen, D.M and M. Suchy, 2001. Geochemical evolution of groundwater on Saturna Island, British Columbia.
Canadian Journal or Earth Science 38: 1059-1080.

Banks, D., Gundersen, P., Gustafson, G., Makela, J., and Morland, G. 2010. Regional similarities in the distributions
of well yield from crystalline rocks in Fennoscandia. Norges geologiske undersokelse Bulletin, 450, 33-47.

Burgess, R. and Allen, D.M., 2016. Groundwater Recharge Model for Gabriola Island—Final Report. Submitted to
Regional District of Nanaimo, December 2016.

Burnett, L., B. Blecic and W. Van Bruggen, 1993. SaltSpring Island Water Allocation Plan. Regional Water
Management Vancouver Island Region, Victoria, B.C. 30 November 1993.

Capital Regional District (CRD), 2011. Average Household Size by Dwelling Type, 2011 Census, Capital Region.

Daly et. al. 2008. Parameter-elevation Relationships on Independent Slopes Model. Freeze and Cherry, 1979.
Groundwater. Prentice Hall.

Greenwood, H.J. and Mihalynuk, M.G., 2009. Salt Spring Island Geology (Adjoining Quadrants of NTS 93B/11, 12,
13 & 14). Open File 2009-11. BC Ministry of Energy, Mines, and Petroleum Resources, Open File 2009 11,
1:25,000 scale.

Greenwood, H.J., 2009. Descriptive notes to accompany Open File 2009-11, Geology of Salt Spring Island. BC
Ministry of Energy, Mines and Petroleum Resources.

Hargreaves, G.H. and R.G. Allen. 1985. History and Evaluation of Hargreaves Evapotranspiration Equation. Journal
of Irrigation and Drainage Engineering. January/February 2003, 129(1): 53-63.

Harris, M. and S. Usher, 2017. Preliminary Groundwater Budgets, Cobble Hill/Mill Bay Area, Vancouver Island, B.C.,
Water Science Series No. 2017-01.

Hatfield Consultants, 2015. Development of a Framework for Licensing Existing Groundwater Users in West Coast
Region, BC—Analysis of Current Groundwater Use. Prepared for the BC Ministry of Forests, Lands and Natural
Resource Operations.

Healy, R.W., 2010. Estimating Groundwater Recharge. Cambridge University Press. Cambridge, United Kingdom.
ISBN 978-0-521-86396-4.

Hodge, W.S., 1995. Groundwater Conditions on Salt Spring Island. BC Ministry of Environment, Lands and Parks.

Hy-Geo Consulting, 2015. Development of Preliminary Water Budgets for Two Aquifer Areas in British Columbia.
Prepared for British Columbia Ministry of Environment, 166 p.

Hy-Geo Consulting, 2014. Preliminary Conceptual Models and Water Budget Methodologies for Aquifers in British
Columbia. Prepared for the British Columbia Ministry of Environment, 31 March 2014.

WATER SCIENCE SERIES No. 2019-01 72



Journeay, M., S. Denny, D. Allen, C.B. Forster, R. Turner and M.Wei, 2004. Integrated Groundwater Resource
Assessment of Fractured Bedrock Aquifers in the Gulf Islands, BC.

Kasenov, M. 2006. Aquifer Test Data: Analysis and Evaluation. Water Resources Publications LLC, Colorado.

Kerr Wood Leidal Consulting Engineers, 2018. St. Mary Lake Watershed — Water Availability and Demand Climate
Change Assessment 2017 Update. Prepared for North Salt Spring Waterworks District, 16 May 2018.

Klassen, J.K., and D.M. Allen, 2016. Risk of Salt Water Intrusion in Coastal Bedrock Aquifers: Gulf Islands, BC., 2016.
An overview of the assessment of risk of saltwater intrusion in bedrock aquifers of the Gulf Islands completed
as part of a study conducted by Simon Fraser University and BC Ministry of Forests, Lands and Natural Resource
Operations as part of the “Risk Assessment Framework for Coastal Bedrock Aquifers”. January 2016.

Klassen, J., D.M. Allen and D. Kirste, 2014. Chemical Indicators of Saltwater Intrusion for the Gulf Islands, British
Columbia. Final report submitted to the BC Ministry of Forests, Lands and Natural Resource Operations and BC
Ministry of Environment. June 2014.

Kohut, A. 2009. International Association of Hydrogeologists.

Lam, P. 2010. Salt Spring Island Potable Water Supply and Demand Analysis. Prepared by SSI Water Council, 22
March 2010.Lapcevic, P. and A. Kingerlee, G. Bickerton and V. Carmichael. The Geochemistry of Groundwater
on Salt Spring Island, British Columbia, Canada. GeoEdmonton, 2008.

Larocque, I., Allen, D.M., and Kirste, D., 2015. The Hydrogeology of Salt Spring Island. Department of Earth
Sciences, Simon Fraser University.

Levson, V and N. Massey, 2011. Geology of Southern Vancouver Golf Islands and Salt Spring Islands.
Field Trip Guidebook for the 5th British Columbia Unconventional Gas Technical Forum.

Surrette, M., D.M. Allen and M. Journeay, 2008. Regional evaluation of hydraulic properties in variably fractured
rock using a hydrostructural approach. Hydrogeology Journal 2008. 16: 11-30.

Tam and Van der Gulik, 2017. Agricultural Water Demand Modelling for Salt Spring Island. British Columbia
Ministry of Agriculture.

Wang. et. al. 2012. ClimateBC database.

Wei, M., D. Allen, A. Kohut, S. Grasby, K. Ronneseth and B. Turner. 2009. Understanding the Types of Aquifers in
the Canadian Cordillera Hydrogeologic Region to Better Manage and Protect Groundwater. Streamline
Watershed Management Bulletin Vol. 13/No. 1, Fall 2009.

Wood, W. and W.E. Sanford, 1995. Chemical and Isotopic Methods for Quantifying Ground-water Recharge in a
Regional, Semiarid Environment. Vol 33, No. 3, Ground Water. May-June 1995.

WATER SCIENCE SERIES No. 2019-01 73



174

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

SWEHNS VI Gikil 3

- 0 000€ 7199991 Ssvr Q3AO¥ddY
Y, SR ___oniowou o ¥30109
182# T13M NOILVAYISEO NMOOd e pEET— o
(4V3A J1D90T0UAAH LD0 — AON) NOLLVLIIOI¥d oo pE—
ANV ST3A31T ¥3LVMANNOYD 4O LNIWSSIASSY ANTHL
3LL 12-01-81L02 AA-WIN-AAAA

SISATVNY
1390dN9 Y31VM H34INOV ANV ONIddVIN 434INDV
ANVISI ONIFdS 11vVS

103royd

ADILVYLS FONVHO FLVINITO
ANV LNIJNNOYHIANT 40 AYLSININ VISWNTOD HSILIbd

LV LON 5300 LN

MIDHS GBI LY HA H

38 SH 378 L3FHE THL HA

CON 1S

W IGHY WOMS G351

DOZT

SNOILIANOD LHONO¥A
J1907T0390UAAH ANV ALMIGVIIVAV
AUFLVMANNOYO SSIASSV OL
SORILIN ¥OO0d AV NOLLVLIdIOFAd
TIVLOL ANV NOSV3S 13M 1LVHL
1S399NS STIATT JILYMANNOYD
INAWININ ANV NOILV1IdIO3dd NOSV3S
13M ONId3O3dd NIaIML3IgG
NOLLVIH™O0I TVININIA / SAILVOIN

(i) uoendpang voseas Aig
oor 0SE 00E (414 oot (1]

(wiw) uopeydppaig uoseas Aig 'sa ('Aa]3 W) s|ana] MO WNWUlY [ENUUY

0001

uopeydidalg uoseas 1 Sulparalg ‘sA (*A3|3 W) $|aAaT D WNWIUIY |EnuLY

001

(I5ew) uonEAR|F IMEMPUNDID

(S61L°0— 2 XVIN)
NOILVLIdIDOT¥d 40 SOIMLIN TV
ANV STIATT ¥ILVYMANNOYD
NIIMLIFI SNOLLY1IHH0D YOOd

(wiw)

i) uopge UOSEas 180
000t 008 oow 114 (4]

'S¢
vee L] sy
— 8
SCEE m M

2 ]

£EE = 95E =

-3 -

e 8 . z

s s BSE m

PEE m L 80000 5

- = TZT'9€ +%50-39-= A s =

== . =

= L] L W

e 8 T9E B

: = L 2
55EE Z .

(ww) vopeyyd|sasg uoseas Ja “sa ("AB]|3 W) S|aAaT WD WNWXE |[ENUUY

SIUNDOI4 IAILIYHYILNI 'V XIANIdLV



SL

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

uy

SNGHNG VTN SikL 3

LY LON 5300 1M

MOHS S1 LvHA H

36 S 3715 IS 3HL N

OW HE

1S N O O

- svr a3A0dddyY
&Y, o MG omioarom - ¥30109
€% T13M NOILVAYISH0 NMODd _— prE— 6
(MVIA 2190TO¥AAH L0 - AON) NOLLYLIdIOTdd o
ANV S13A31 ¥3LYMANNOYO 40 INIINSSASSY aNIL cooveREe
3ILIL €2-€0-8102 AQ-WIN-AAAA
SISATYNY

1390N8 ¥3ALYM H3INOY ANY ONIddYIN ¥3HINOY ADILVYLS FONVHO ILVINITO

ANVTISI ONIFdS LVS

ANV INJANOHIANT 40 AHLSINIA VIGNNTOO HSILIbg

103royd
(11744 0001 oo 009 00z i
SelE
°

® 3
S0EE

. TEE

L ] i o
L]

S TEE

TEE
GZEE

(901°0 — 24 XVIN)
NOLLVLIdIOT¥d 40 SORLIN TV
ANV ST3ATT ¥ILVMANNOUD
NIIML3g SNOILYT1IHHO0D H00d

epdinald uoseas Aig

00t 05E (51:3 (1174 oSt [11]8 0%

(ww) uoneydidaig uoseas Aig "sa ("Aa]3 W) s|anaT MD WNWIULA [ENULY

()

uopeydidalg uoseas 13 Sulpadald ‘sA ['A9]3 W) §|2A37 MO WnwWu [enuuy

12]

DEE

SIEE

(1521} uoILEAa|] J21EMPUNOY

ZEE

S TEE

(ww) uoneyddaid uoseas Jap "sa ("A2]3 W) s[2A37 MO WINWIXELA] [ENULY

(Isew) uoneas|y Jaiempunois

O5Eas 13/,

BE/ER|
YILVMANNOYD NI SASYIONI
¥IHLYNL SINIATH TOHLINOD
2190T0ID0HUAAH JNOS
1VHL ONILS3TODNS (IDNVHO
wg'0>) STIATT YILVMANNOYD
WNINIXVIN GHL IDONVHO
ATIVILNVLSENS LON S30a
NOLLVLIdIDT¥d NOSV3S 1IM
3HL 3719n0A ‘SYVIA INOS NI

BI800= 4

9'BEE +X5000°0

(4733

VBEE

{jsew) uojjeaz| ] 1a1eMmpunog

B6EE




9L

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

wit
L

NSNS VI SIHL 3

LYW LON 530:0.LN

FADHS S1LVHM H:

36 SVH 3215 J33HS 3HL N

QO hE

 ISHY IO O

€V 0 000 7199991
EXRE] LEL] 3SVHd ON 103royd

€L&# TTAM NOILVAYISEO0 NMOOd
SLHOISNI HdVYOO¥AAH ¥3LVMANNOYO TVNLJIINOD

37LIL

Svr

a3N0¥ddY

ZM

A3IM3INTY

OON

a3nNolIs3ia

O9ON

a3¥vd3Iyd

£2-€0-810C

AA-WW-AAAA

¥4340709

o

SISATYNY
1390aN9 Y31LVM H34INOV ANV ONIddVIN ¥34IN0OV
ANVISI ONIYdS LVS

103rodd

ADILVHLS FONVHO FLVINITO

ANV LNJANOHIANT 40 AHLSINIA VIGNNTOO HSILIYg

610Z/uer groz/uer £10z/uer 9toz/uer sToz/uer yToz/uer €10z /uer Zroz/uer

9'90¢ T'€96 L10C
6'€Cl 6°€66 910C
9'TET €'59L ST0C
L°0TC v'avs ¥10C
6°95€E 508 €10C
9°6ST 1°089 [41v4
Eh 744 9L T10C
0°66¢ 9'EV6 010C
st 1°60S 6002
0°€6T S'L19 800C
(wuw) uonezidnaid [ (ww) uonendnaid
uoseas Aig uoseas 19\ S
NOILLVLIdIOFdd

NI S3ON3¥3441d 3HL 311dS3a
YIHLO HOV3 4O W} NIHLIM

VINIXVIN T3ATT ¥3LVMANNOYD

39 AN3L 77V NOSV3S 13M JHL NI

™UIITAVI NMOA NMVHd
ONILLIO SNI939 IDVHOLS
SV ALITIGVIIVAY d31VM
NO LOVdNI ¥31LVI™O IAVH AVIN
AOIRI3d A¥A FHL 40 H1LON3T ANV
ANDI0 TIILS TTIM STOVLIYOHS
IvO0T1 'NOILVLIdIO3dd
HLIM T73M JLVITHH0D

9eq

LON OQ VIINIWN T13ATT
YILVMANNOYUD 40 IANLINOVIN

600Z/uer gooz/uer L0Q

aonyad 1am
3HL 40 NOILYOd ¥3L1V1 NI NOLLVLIdIOTNd ¥IHDIH
311dS3A ONISYIYONI LON ST3ATT ¥ILVMANNOYD
HLIM NOSVY3S 13M JHL 40 I1adiiN 3HL NI ¥N220 OL
SAN3L (SANVISI 41N9 ¥3HLO NO dIAYISHO 0STV)
HAVYDONAAH Y3LVMANNOYD IHL 40 ONINILLV T
V "AYVNNVF 40 HLNOW JHL 31VOIaNI SaNIT SIXY - X

€7 9007/uer S00Z/uef

OgE

£33

ZEE

EEE

3
]

SEE

LEE

GEE

OvE

(1sew) uonEA3|T J91IEMPUNOID




LL

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

'

SWSENS YN SIHL 3

HOLYW LON 5300 LN

NIMOHS 51 LVHA

v WOHS 0314

15N

- 0 000€ 7199991 svr Q3INOYUdAY
o S0 oniowou e 430109
OON d3NoIs3a o
¥IAINOV AG SLIINSTY 139aNg ¥ILVMANNOYUD ON Qe
3L 12218102 AA-WIN-AAAA
SISATVNY
139aN8 ¥3LYM ¥3HINOY ANV ONIddYIN ¥IHINOY ADILVHLS FONVHO ILVID

ANVISI ONIFdS 1VS

103royd

ANV LNJANOYIANT 40 AYLSININ VISNNTOO HSILI¥g

JOUVHOIY 40 %€ =3ISN MO

J9YVHO3Y 40 %0°¢€ =3SN M9

I9YVYHO3Y 40 %¥'€=3SN MO

JOUVYHO3Y 4O %}'9=3SN MD




8L

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

'

LA LON 5300 LNSWSHNS Y3 Skl A

W ISHY O 0313100W N336 S¥H S5 133HS SHL ‘NAOHS 51 LVHM H

- 0 000¢€ 7199991 svr Q3AO¥ddY
mmjo<_u_ A3 3SVHd ON 103ro¥d o RETTe— 4340709
99N aanoisaa
dOHL3IN IONVIVE SSVIN 3AIIOTHD ONISN ST1IM oon FE—
J1VAIRMd INOYH STOUVHITY AILVINILST 40 NVIOO0LSIH
IILIL 12-01-8102 AQ-INWW-AAAA
SISATYNY
139aN9g Y31VYM H341NDV ANV ONIddVIN §34INDV ADIIVYHLS IONVHO J1IVINITO

ANVISI ONIYdS 11VS
103roNd

ANV LNIANOHIANT 40 AYLSININ VIGNNTOD HSILIFg

(uonepdidaid [enuuy jo 9) @suejeq sseAl SPLUIOJYD WOy pajewns3 adieyaay

O Ob-GE SE0E 0€-S¢

‘aasn doH13In
a314INdiNIS 3HL 40 JAILDTT43Y
SI SITINS3Y NI ALITIGVIYVA HOIH

S¢-0¢ 05t ST-0T 0T-S S0

JONWVY
%01-G IHL NI STT1aM 40 d3FINNN
319VZIS V HLIM ‘TIONVY %S1-01
3HL NI S1 3AOIN FHL ‘YIAIMOH
‘SANTVA 3OdVHOZY A3 LVINILST
JHL NI d3AY3S4O0 SI avadds
40 LNNOWYV LNVOIJINOIS V

wn

ov

SII2M Jo Juno)




6L

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

- 0 000¢ 7199991 svr Q3IN0HddY
] mm_jo<1 ATY 3SVHd ON 103royd v prp—— 4340709
99N a3noIs3a 9
p SISATYNY 99N (ENVEERE] -
HdVIOO0UAAH d31VMANNOYUD JAILV.LIHJHUILNI
] ILIL lzei-8Loe AQ-INW-AAAA

'

z
|
=|
&
ol
o

3HS 8 1LLYHAM HOLVI JON S300 LN

W ISHY WO

SISATYNY
1390aN9g ¥31YM ¥34INOV ANV ONIddVIN ¥34INOY
ANVISI ONIFdS 11vS

103royd

ADILVYHLS FJONVHO ILVINITO
ANV LNJWNOHIANT 40 AYLSININ VIGNNTOD HSILIFg

H3LVYM SNT1dENS 40 LNNOWY
AVILNYLSENS ¥ SLNIS3Hd3Y
ONV SHLNOW ¥04 ¥n220
AV SIHL “44ONNY LO3HIT
OLQa3LNOY ATTVILNIYI43ud
SINOLLYLdID3¥d ONINNILNOD
ANV J3HOIH 34V S713A31
d434INDY ‘NOSYIS Lam-ail

ﬁ_._
v,
Isn MO t_ V

+ aroefuey
+ SLOZfuep

3sn MO

S¥34INOV ONITTI4 'STLYNIWOA
XN74NI ONY NOLLY LIdID3dd
‘NOSVY3S LIM ATV ONRING

SN MO

S$713A3T ¥34INOY NMOQ SMYHQa
SWV3YLS OL MOT43SVa ANV 3sn
Y3LYMANNOYD ‘NOSYIS A¥A ONIENG

L yroz/vey
+ €102 fuer

147

T OfE

g R
(15ewW) uones SIBMPUNDID

w
]
-

@
"
-

T OrE




TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

¥ ISNY IO 0314100 hI138 SVH 35 LISHS SHL NMOHS S| LVHA HOLYIN LON S300 LNINSHNS VI SiHL 31

VA4 0 000€ 199991 svr Q3A0YddY
ENLE] ‘A3Y 3SVHd ON 103ro¥d o Ry — 4340709
99N aanois3a
SYIAINOV MO0UA3F ANVISI ONIRIHS LTVS OLNI oon EE— a
NOLLVYLTIANI / 3D94VHIIY NO S1HOISNI TVNLd3IONOD
3LIL £€2-€0-8102 AQ-WN-AAAA
SISATVYNY
5 1390aN9 ¥31LVM ¥34INOV ANV ONIddVIN 434INDV ADILVYHLS FONVHO FLVNITO
ANVYISI ONIFdS 11vS ANV LNJANOYIANT 40 AYLSININ VIGWNTOD HSILIYEG

103rodd

(5002) SMVdO :LId340 OLOHd
P ~ B At

v ———
.

(S3SS300¥d ¥IHLO LSONNOIWY) TVINILJO 39
OL AHdVY90dOL ANV NOLLVLNIHNO I19VHNOAVH

SIYINOIY SIHL "FH3H AILHOINMHOIH INO
HILYM 30V4HNS OL JHL OL ¥VIINIS STANLIVY HONOYHL A1V LIANI
440NNY ATIVILNIYIJTdd T1IM ‘
ANV XIMLVIA MO0y I19vanyad LSNIN 11 '¥NO20 OL ¥34INDV 3HL 40 3dISLNO
-SST1¥3LNNOINT TTIM INO¥ FOUVHOIY Y04 "YIHINOV FHL NI AQVIATV SI
Jy3H ONITIV4 NOLLYLIdIDTNd YILVM FHIHM FTVIS-YIHINOV NO ALIAILONANOD

OIMNVYAAH M1NE V SI SIHL ‘YIAIMOH "sjwi
£-01X} 40 ¥3QYO0 FHL NI ALIALLONANOD JINMNVYIAAH
V 3AVH ANV1SI ONIRIdS L1TVS NO SH34IN0V




18

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

i

W 194 WO 0314100 N33 SVH 3205 L33HS SHL KAOHS S1LVHR HOLYIN LON 5300 LNINSHNS V3N SIHL 3

0 000€ 7199991 svr Q3N0Y¥ddY
JE 3SVHd ON 103ro¥d Svr JEp—— 434709
99N a3nols3a A J
SATAIA 99N [SENVEENE] 4
ANV SNOILVOO1 T13M — A90T03O0HAAH TVNLdIONOD _
ILIL Lzzi-810e AQ-WN-AAAA
SISATVNY
139dN9 "31VM H34INOV ANV ONIddVIN §34INDVY AOILVHLS FONVHO FLVINITO

ANVISI ONIFdS 11vS
103ro¥d

ANV LNIANOHIANT 40 AYLSININ VIGNNTOD HSILIFg

G00Z ‘Q181008 SSaUIap|Ip Pue s)ied uelpeues :abeurj .

'ST73M AGHYIN ¥IHLO NI 3T8ISINSS3T 38 TNOM
ONIdWNd 3HL 40.L03443 3HL ANV ‘SNMOOMYHA

\\—\\X ANVYISI ONI¥dS LTYS NO TT13MNOWWOD ¥ SI SIHL

nej
solew

HIHOIH 'WILYM SS3TAT13IA QTINOM TT3M SIHL = -
ﬁ ONIdWNd "3LO3INNOD ATHO0d ¥V ISIHL ANV v..__ _u
SAANLOVYEL M3d ¥V ATTNOOL SLOINNOD T173M SIHL auojspnL
|anesb
pue pues
eZ5
3 :& § =% X -
salio|Buod
(aweyu s31em pue
SOEHNS PEILEDY) (anel pue SUOISpUES
WEBNS SPISAG B puEs Ul
(13 paqup
S31ITddNS 3TYOS-¥I DUV

¥04378VYLINS 38 AVIN SY3HY

Q3LY10S] ‘"43A3IMOH ‘anNvsi
ONI¥dS L7VS NO LNININO¥d LON
JHY SH34INDY 3LVYAITOSNOONN

NOILYD07 T73M ONIYOLINOW 00D
¥ ONY ONYTSI 3HL SSO¥DY SNOILIONOD
IYNOID3Y 40 SAILYLNISIHd3Y
JYOW 38 TNOM Id3H A3dNSYaIN
S73A37 ¥3LYMANNOYD ‘G3LOINNODUILNI
AY3A ANV 378YINHE3d 38V HEOMLIN
JYNLOVYd ANV 3d¥NLY3d4 SHL 3SnvD34

77 ’

NOILY20T TT3MNOILONAOHd
Q009 V¥ SI LI 'SSYIN X004 3HL 40 Ls3d
3HL Ol S3dNLOVYd VIAGQILOINNOD-TIIM
OSIV SILYHL IUNLONYLS ALITIGVYIWHEIL
“HOIH Y OL 3LJ33NNOD SITIaM SIHL




TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

-9 0 000€ 199991 Svr Q3N0¥ddY 43g109
] EXSRE] LEL] 3SVYHd ON 103rodd Ssvr QaM3IIATY
STVINYON FLVINITD 0L02-1861 — ¥VIA ADOVHIAV (5669101 01 S1RUNO) UORES 1 8N 1S BUMISIES € STEULION SIEUND OLOZ ~ 561, U0 Peseq 3 uoneidax] enue obeieny —
99N a3NolIs3a "
000'009'y Iejo uoneydioaig
p YIJINOV ANVISI DNIMS LTVS HLYON oon p—
000'00L'2L L'oe uoneudsuenodens
139aN9 ¥3LVMANNOYSO ATHLNON
] ERTIN 12018102 QQ-WA-AAAA 000000'5Z s Jouny paia
w_w>l_<z< 000°006'% €0k abieyoay
= 1390aN9 ¥Y3LVYM H34INOV ANV ONIddVIN ¥34INDOV ADILVHLS FONVHO JLVINITO () voneudioaig
ANVISI ONIYdS 1VS ANV LNJWNOHYIANT 40 AYLSININ VIGNNTOD HSILibg (cw) fenuuy abesony
L0aroNd 13)eM JO BWINjOA 30 abejuasiag wuay 19Bpng JajemMpunoIn
99SL€9T vL68YT L88T0T LE609T T8STIVT L8YISY 6zLTES (dWndMDD + SeI3P -INOMSD +INOMDD) 8Bty L09L9Z R824 6T9ESL 89€808 880ZSL 6€068Z 6L00¥T (dWnNdM DD + Se33p +INOMSD +INOMOD) 81eyd3y
5069€C E9Z6T bIT9Y 9€Z0S ThLEY T610¢ T9€LT Lnodwndmolelol 5TP9 Z1S0T bLE6 9196 BP9TT SPITT 4449 Lnodwndmo [eloL
0 0 0 0 0 0 0 NIUINBYY IO 0 0 0 0 0 0 2 NIUIMBYH IO
5069€C E9Z6C 41514 9€20S 137434 1610t 29€LT Lnodwndmo|eorans 5T¥9 2150T 7433 319 579TT SPITT 22911 Lnodwndmo |eo1qns
YY8TYT T0TLT 20892 ST60E [5724 S6€T TLS9T |eanynoudy 0 0 0 0 0 0 0 leanynoudy
LST k34 k34 (a4 (34 (24 £ 121 15T & k14 k34 k34 k34 €r 121
9SE 9€ vE 69 w 8L 89 SSM SMIN SJUBYIBN 99¢ oL s 8y 14 0¢ ov SSM SMB sjueydIsN
Seve 8t L19 L19 8YE 9ze ove SSM sa8enodayL X439 1T 96T 981 L1Z o1z S6C SSM $95e110D ayL.
1961 voE ue ToE LEE S9€ [4:14 SSM 3ueiepay 8v9T 89C 00e 85T 08Z 96C 9T SSM auetJepa)y
w8 L0T L7A% 08T h74% ST L0T SSM IIIHYSIH 0Ly 8L €L LL 0L 174 101 SSM [IH YSIH
vice ww TEL TEL L6V L6V 96€ SSM Jul0d ROdS 90T 96¢€ e e ote otE (444 SSM ulod ROJS!
o 9TET 481 et 89C SLT oze we SSMM3lnnogley 6v8 Sot oct 0LT k433 aat 60T SSM malanoguey
M vEss 566 9zt h4z4 126 618 65 SSM sa1ejsjoqiedesely 6Y9Z 91s SEE 08s 9EE 9EE 9vs SSM sa1e353 oqledesely
Z| 8zLLL (U213 658ST 6S8ST SELET SELET 1288 S[2dJed [eulaixg 968YS 188 6L v6L L€20T L€20T o6 $[22Jed [BUIRG
”% Jnsawoq / [equapisay Jpsawoq / [enuapisay
Z 3S() 1331BMpUN0ID 3S() 1331BMpPUN0ID
8€0TZ0T S6V6 wLL T9ETT 8867C T88SYT L95vZ8 TLEBEVYT €06LTEY 9105¥29 OvOTEL9 S068YSS £0S99ST 00068
o WS 01 gouny S 03 gouny
2
> 8°7991SPT SSPS8 €1L69 9vZZ0T 16890Z SPILEY TIL6VS TSTT08Z L9L6LY T68€69 €68LYL SPS9T9 9S0VLT 00068
&

V'vELEBT PoTTE wize wize voTIE wize YOTIE 9°L6988T wize 0€06Z wize wize vOTTE wize

ovLovZ- ISTE 809 989ET- S8TOV- 0685~ 8YYSL- MOSYIVIOL EEETT 66T ETT 8TL8T £SL16 VETZL 9TEL (ew) MOSYIVLOL
Z'96SP0T- 1°9209 8'STI8E- T'6v60Z- 6'C0LLE- 7695 709189~ 3WN|OA p3jePossy T'ETYI8T STUIT 9'6566T S'96ELT 888618 0'v8I¥S 9TIL9 3WN|OA pajeossy
zo 0T S0 (o T L1 8EVH MO - [9ASTMO Ul 95uey) 00 S0 o X4 v o 8EVH MO - [9A1MD Ul 38ueyd
T'9LLY- S'8IT- TLSTT- e T80 9eeer- EVLLT- BWN|OA p3jeossy £'065E Teve T18p- T'v8- [4:173 T'8L9C (Urazas 3WN|OA pajeossy
00 70 00 T0- z0- €0~ T8THMO - [9A91 MO Ul 8uey) 00 T0- z0- 1o S0 o TSTH MO - [9A1 MO Ul 38uey)
S'60ETT- 6'69TZ- TYve- Toset- 0°ZssT- €'96LT- 89712 BWIN|OA pP3ePOossy 7’stie 9'ELE 'Ll 0°€0S (47474 69LLS L'108- BUWIN|OA PeOssY
15T 89T~ 180~ 80T~ STT- 8Y'T- M3IAINOGIEH - [3AT MO Ul 38uey) 9’0 50 SE0 A%t wr 95°0- MB3IAINOGIEH - [9A3] MO Ul 38uey)
8'65002- §'585- EV6EY- SYIvL- ey V6LLE 6'98¢€€- BWN|OA p33e10ssy L'60Z6T L'86T T'L60T 92991 16879 L1656 €491 BUWIN|OA pajeossy
wo- 19T S0~ L1°0- 6S9°E- veT- €LEMO - [9A9T MO Ul 38uey) L00 ov'o 190 8E'T (433 900 €LE MO - [9A91 MO uj d8uey)
38uey) 9geions S8uey) geiois
vioL ¥IAWILAIS  1SNONY Anr annr AV T¥dY V1oL HOYVIN  AVNYE3d  AYVNNVI ¥38N3D3A ¥IAWIAON ¥380100
don3dA¥a [eIREETEN
60 60 60 60 sco vo Uois0dwi0> J21eMpUNOID
10 T0 0 10 20 90 uonisodwIod Moy Pag
056v6 65vLL L09TT  6/B6C  [TSEBS  SLTVLET (gw) moig ms uoseas ig
¥GWILdIS 1SNONY  AINT annr AN Tady untjoy autlai0us J0 pau) SS2RNIN(S0D uIPeID ANeIPA
i) T0 T0 T0 10 50 uonIsoduiod J31eMpUN0ID w0 yidag mo|4 1es pawnssy s/w £0-30T A31Apanpu0) S1jnespAH Jajinby
60 60 60 60 60 s0 uoisoduios Moy Paiig 61 SUOPIBUUO) [EPIBWIWIOD JO JAGUINN
O9(6Ly  06BE69  €E6BLv.  OSVSOT9  E9SOWLT  OOOBLT (gw) Mol4 s uoseas 1am 69L SUO3UUO) [EQUPISY JO JAGUINN
HOUYIN  AYVNNE31  AMVONVI Y38W3D30 ¥3AWIAON  ¥3F01D0 ssap1un 90°0 NIWMAYYID
€00 ozro 0zro wT0 w010 1900 Swlovzt [Pied P 19 A w0 1 5o
EM“.“E& Wo:,%‘i gmh.o:- taw.”:- Ro\,,w_z mn”_Dy_.:* AYQ - puewaq say Alyauon fw 577 |01 194 - 95N JBNEM D]
HOVN  AYVNYE3d AMVANYI ¥3SN3DI0 ¥IEWIAON ¥3F0LI0 13M - puewag say Aliuon M“ MMUMMM%M UopieS sm_MMwnnnM“ MH«
88°€9 TUOT  TSSIT 69700 8r'es 619 1359
ozro 810 9120 w610 8910 9110 puewiaq 8y jo uoanquisiq Ao TUIPPTITIS T8LHMO - e2.¥
¥IENILAIS  1SNONV A annr AW 144V W esszeLe ELE# MO - B2IY
EW pYRZYT puewaq [eamnousy [e3oL SS3RIUN 1000 PI31A2413ds / 98e103s.
suonRqUISIa weq ndu;

S133HS 135dN9 Y3LVMANNOYO :9 XIAN3IddV



€8

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

&
=|
&

3
2

LY LON 53

51 LH H

0 000¢ 199991 svr a3nodddy m m D J 0 U
LEL] 3SVYHd ON 103royd Svr QIMIINTY
NRINOY ONYIS| ONRILS 1TVS TVALINTZ HINON = o
OON Q3yvd3dd
1390an9 ¥31LYMANNOYO ATHLNONW
LI £2-€0-8102 AQ-WIN-AAAA
SISATVNY
1390aN9 Y31VYM H34INOV ANV ONIddVIN ¥341INOV ADILVHLS FONVHO JLVINITO
ANVISI ONIYdS 1VS ANV LNJANOHIANT 40 AHLSININ VIGWNTO0O HSILiYd
103royd
(5669401 #QI @1eWIID) UoNEIS 7 5B\ 1§ BUUGSIIES 1e SIEULION S1EWNIO 0L0Z — 1861 Uo Poseq st uoneydioed enuue abeseny - ,
000°008'S€
000'00€'Z4 e uoneudsuenodens
000'00Z'6} 9'€s Jouny 10211
000°00€'t 61 ob.eyoay
(%) uoneydioaig
(sw) |enuuy abeseAy
19JeM JO SWINjOA 30 9BejuRIag wia | JoBpng JejeMpuNOID
S8Y90VT EVELET es6 0Z6LST Trsove 666LTE 09vLSY (dWNAMDD + Se33p -INOMSD +INOMDD) 9518y £8998T BESTSY 960919 669899 EELTEI 880LVE 8TLOST (dWNdMSD + Se3I9p +INOMSD +INOMDD) 98183y
LEPOTT BEIET Z6v1Z 018ZZ ESYOT Z6T 26421 Lnodwndmpjelor 97TSE (89S 9SES 5905 BY99 B9Z9 6619 Lnodwndmo [eoL
0 0 0 0 0 0 0 NIWM3YyI0 0 0 0 0 0 0 0 NIwn2YyI0
LEPOTT 5E9ET 43424 0187 ESVOT rC6T 26LTT 1nodwndmoelorqns TSE L89S ISES 5905 8799 8979 5619 1nodwndmo [exoLqns
LE609 S6TL VEVIT E6TET Lt 6120T 690L [ean3jnouBy 0 0 0 0 0 0 0 [ednynouBy
68T € (43 143 143 [43 € (] 68T € (43 (43 (43 143 143 []]
L9vT 143 97 s L0y €SS [4:4 SSMaupysi3 ST8T 3 687 82 09€ 65T ETE SSM duysi3
6/9€ 6S 9L LEE 199 S18 s SSM 1328 N 4724 s L29 LvE €LS €6C LSy SSM 13|28 N
091EY L6ES 9088 9088 929L 929L 8687 S|924ed [BUIIX] Z8Y0OE 8687 60Vt 60Vt 895 89S L6€S S|92.ed |BUIIX]
susawoq / [eyuapisay Jusawog / [equapisay
350 J91EMPUNOID 35N J91EMPUNOID
60L69L 1S1L vE8S 9558 TELT S9860T 166029 8T00SY8T S98TSZE L6TEOLY LZ7690S L68LIY SSL6LIT Lz0L9
Ms 03 ouny Ms 03 ouny
L'Y9TEGOT LSEV9 0SS €00LL 18SST 96S6ZE V66ETY S'T8S60TZ BTETIE LLSTeS LYTEIS LTEVOY VBOTET Lz0L9
0'9EEVLY 09LLL 508 5€08 09LLL TS€08 ,09LLL 0 vLILY 5€08 9LsTL ,75€08 5€08 09LLL ,75€08
LySTLT- ETV8T- Z165- SYZIT- VBVET- S6TTTT- 980LY- MOSWL0L 0z€0sT 1811 ST TE00Z S0v18 LLETET 6S8Z- (Ew) MOSYTVLOL
L7959~ €'89€CT- 8'09LET- 1°9CTL- T'9r88- L'8€20T- 9'ceier- BWN|OA pajeossy S'TT0CS 9'6CTC €'652h 8'998C e 9°LT6TE 6'985- 3WN|OA pajeossy
18T 89T 180~ 80T~ STT- 8T MB3IAINOGIEH - [9A31MD Ul 98uey) 9’0 50 SE0 9%t wr 950~ MB3IAINOGIEH - [9A31 MO Ul 98uey)
8'€80L0C- €'7v09- E'E9ESY- 0'611ST- S'LEIV- T'9S600T-  L'€96VE- AWN|OA pajeossy 8°L0€86T L°TS0C L'9TETT L'EITLT 768699 0'6v066 vt BWN|OA p3jeossy
wo- 19T~ S0~ L1°0- 6S°E- /A% ELEMO - [9A9T MO Ul 8uey) 100 or'o 190 8E'T (433 900 ELEMO - [9A9T MO Ul 8uey)
3duey) ageiols 3duey) agei0ls
vioL ¥I8NIL4IS  1SNONY Anr annr AV THdY vioL HOYVIN  A¥VNYE3d  AYVNNVYI ¥38N3D3A ¥IAWIAON ¥380LD0
aon3d Aa¥a aonadiim
60 60 60 60 Lo vo 40n1S0dWI0? J21eMPUN0ID
10 10 o 10 sz0 90 uonisodwios Moy Paiia
80STL 9gess 65558 SIIELT  T9veEy  98GYEOT () Mol Ms uoseas Aig
HOWYN  AYVNYE3S  AMVONVI ¥3EN3D3 ¥ISNIAON ¥3E0LI0
T0 1o 10 T0 To 50 uonis0dwios J31empunoID.
60 60 60 60 60 50 UoBISodW> Moy G wy 05 auljai0ys Jo rgual $S3131UN 0T'0 U3IPeID 21 [NespAH
€8TETOF  vL/STZS  VLVZEDS  LTEYy  GESOTEL  SOVET (€w) Mo13 M Uoseas 1M wog dag moj4 1es pawnssy s/w £0-30T Aiaganpuo) d1inespAr 1aynby
HOWYN  ALVNYE3S  AYVANVI  ¥3GN3030 ¥ISWIAON  ¥380L00 o1 SUOPBULO) [EPIBWILO JO JAqUINN
€00 ozro ozro wor0 w0 1900 i SUOWBULO [PBUSPISAY J0 JBqUINN
aﬁ_.wozum Ma:wi SM,ME tow.u:- Ro\,w_z mod_.w_._« AYQ - puewiag 52y Alon SSaRIUN 000 NILINISYYID
HOWYN  AYVNYE3Z  AMVONYI ¥38N3030 ¥ISNIAON  ¥380LI0 L3M - 3510 PUewaq 53y AlUIUON Ewisvecy 192189 42 - 1294/ 350 93e 52y
c & = = £W sz 3218 134 - 35N J2AEM D]
8869 zroot ST 69701 sv'es 619 134
oero 8810 9120 610 8910 9rT0 puewaq 3y Jo uoanquIsIa AlIUON W 8E60618 U3pJe9 MAININOGEH - BJY
¥IANILAIS  1SNONY xne annr VW AV LW v'TYBS018L ELEHMO - E2IY
EW £€609 puewaq [eanynoudy [eloL. SS3[RIUN T000 PI3IA 2ypads / 38ei0ls
SuonRqEIIG eqIndul




v8

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

LNZAEHENS V3N SitaL 3

LV LON 530

AOHS 51 L¥H

]
3
z

W ISHY O

c-q 0 000€ 199991 svr Q3aN0YddY ¥43a109
ERISTE] EL] 3SVHd ON 103royd Svr pep——
A Y731 SNRIS LTYS TYOLNIO RIS = ——
1390Ng ¥3LVMANNOYD ATHLNOW N —
31LIL £2€0-8102 QA-WN-AAAA
SISATVNY
1390aN4g ¥3LVM H34INOV ANV ONIddVIN ¥34IN0OV ADILVYLS FONVHO JLVINITO
ANVISI ONIYdS LVS ANV LNJWNOHIANT 40 AHLSININ VIGNNTOD HSILIYG
103rodd
(5669101 #QI @1ewiID) UonErs 1 Al 1S BULASIIES Je SIPULON SIWID 0L0Z — 1§61 UO Peseq S| uoeydioad [enuue aBeseny -,
000'00}'8Y Iejo L uonejdidald
000°000°2L Tse uopeldsuesjodens
000'008'5Z 1€8 youny 108110
000°00€'S VL abieyoey
(%) uoneydidaig
(sw) |enuuy abelony
J9jEA JO BWNjOA 10 abejuadIag wia) 196png Jajempunoln
019€99T L80TET 61588 T0289T sLozLz 9g9szY 260845 WNAMBD + SEIaP -INOMSD +INOMDD) 951Eod  6ZT899E 6£1085 158208 995598 468018 29850t L1291 (AUWNAMSD + SeIap +INOMSD +INOMBD) S51epay
29026 (01T E€08T 38261 (2691 19851 5901 LnodwndmoleloL 6LYE 9195 6105 vL0S 959 v8y9 [25] Lnodwndmo [elor
0 0 0 0 0 0 0 NIwMayy o 0 0 0 0 0 0 0 [EIe)
29026 (0€1T E€08T 98261 (2691 19851 57901 1nodwndmo|elorans 26LYE 9195 5105 v£05 9519 v8r9 [425] 1nodwndmo [eo1qns
(5343 6ETS SS08 V66 798 66T 0860 [eany L8y 0 0 0 0 0 0 0 [eanynaLigy
8€E 9% 9 9 9% 9 95 (]} 8ee 95 95 95 95 95 95 [B]}
T8L L0t ort ort set 443 91 SSM [I1H Pleuiday s 133 85 349 7 sot T8 SSMIIH Pleuday
1087 009 96L6 96L6 8v8 8v8 8ris s|aaed [eusaig 806EE 8vvs S06t 06t €269 €269 009 s|aoied euiaixg
nsawoq / [euapisay ausawoq / [enuapIsay
35N JSIEMPUNOID 35N JSIEMPUNOID
TOLVEOT €196 TwsL 20sTT bLTET 269L5T TE8YER OEEE08PT €S9T/EY  SSLTZE9  9TYI8Y  BLGLTIS  LOO9BST  B0T06
S 01 jjouny S 01 ouny
EEELEIVT 61598 8502 6TSEOT L9v607 £60€VY 55955 ¥'1209€82 6ELS8Y 82520L £€02L5L o0zevz9 €2z9L1 20106
0'9gEVLY 09LLL 25608 25608 09LLL 7508 09LLL ovLILY 75€08 oszL TsE08 75€08 ooLLL | zsE08
ozszLE- 661t Brb08- 9S6YE- 6L0z€- O/9ETT- 89899~ MOSYIVLOL TL552E uvs Luze 9g62z 99866 S68Y8T STEET- (ew) MOSYTVLOL
87669902 T6S96E-  ODZIbY-  66VvBIC-  V'S9EBL-  €OEBCE-  LI/8BE-  dWN|OA Paienossy 7811991 18289 VISOET G616 TSZZ9y  7'C8SS0l _ 0'80LPI- _ dWn|oA paiepossy
15T~ 89T~ 180~ 80T~ STT- 8v'T- MaIAINOGURH - [2A21 MO Ul 23Uy 920 750 SE0 ST W07 950~ M3IAINOGRH - [2A1 MO Ul a3uey)
008591~ 6668y~ TPZE9E-  p'90TZI-  PETLE-  G'6E808-  8'966/Z-  9WN|OA Pajenossy £T6(85T 67191 £'6906 LEPLET SOVIES  yTIE6L  TEBET aWIN[OA pajenossy
wo- 9T 50 o~ 65°€- s €LE MO - 19A91 M9 u| d8uey) 100 0v'0 190 8€T 1533 900 €LEMO - 19A31M9 U] d8uey)
3guey) 9981035 35uey) 9981035
vioL ¥IAWILAIS  1SNONY nr anne AN TdY 101 HOYVIN  AYVNY¥E3d  AYVNNYI ¥38N3D30 YIGWIAON  ¥380100
[CINEFPET aoIdIam
60 60 60 60 SL0 70 uonis0dwiod Ja1empunoln.
0 0 10 T0 20 90 uonisodwios mojs aiIg
€196 VTv8L Tzostt Twizee 16£06S 9BET6ET (gw) moj3 ms uoseas Aig
HO¥YW AYVNY¥E3d  AYVNNVI  ¥38W3D30 YUIBWIAON ¥380L00
0 10 10 0 0 S0 15001103 J3}eMPUNOID
60 60 60 60 60 50 UoBISOdWIo> Moy P3G wy 05 auijaioys jo pBua Ssa[1UN 0T'0 uB1peID d1nespAH
6ELS8y  €BISCOL  C60ULSL  S6ITWC9  OFCZOLT  9TZ08T (Ew) MO13 MS UoSES 19M woe tadag mol4 3es pawnssy /W £0-307 KARONPUO) 1IneIpAH J24inby
HO¥YW AYVNY¥E3d  AYVNNVI  ¥38W3ID3A UIEWIAON  ¥3F0LD0 {74 SUOLIBULO) [BIBWWO) JO J3GUWINN
€200 ozro ozro Y010 Y010 1900 sty SUOWAUUO) [ERUBPISAY JO JAGUINN
zu,wh.wsum M%a@:« SM.H_E tw,w:: E.‘,ws_ mB.._afz A - puewaq say Aluon ssenmn boo NIUINEEID
H¥YIW AYVNY¥E3Id  AYVNNVI ¥38W3ID3A UIENIAON  ¥340100 13M - 3510 puewaq say Ajyuon e @QHNBA 20164 2d - J29A / 35N 12AeM s
. g €W SzT 1224ed 4ad - 350 J23eM D1
88'€9 oot S'ST 69701 87’68 619 13534
o710 8810 9120 %10 8910 9110 Puewaq Y Jo UORNQUISIQ AlIUOW TW|9Ler9zsT USPIED MBIMNOGIEH - ESLY|
¥I8WALAIS  1SNONY anre annr AV YAy TWIT'SEVS0sTE ELERMO - B3IV
£W 0E6TY puewag [em sy [eloL SS3[RIUN T00'0 plaiA 2ypads / a8eiols

SUORNGHISI

eeqndu|




S8

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

'

KAOHS 51 LVHM HOLYA LON S300 LNIWSHNSVIN SikL 3

W 15t WOk 021100 N 38 SWH 321G 133HS 3K

-9 0 000¢€ 199991 Svr Q3\0¥ddV 430109
EASTE] A3Y 3SVHd ON 103ro¥d svr aaMaInay
STVINION S1VINID 010Z-1861 — UVIA JOVIIAV oo e
YI4INOV ANVISI DNIIS LTVS HLNOS oon pE—
1390ng ¥3LVMANNOYO ATHLNON
I1LIL 12-01-8L02 AQ-WN-AAAA
SISATYNY
1390N4g ¥Y31LVM d34INOV ANV ONIddVYIN ¥34INOV ADALVYHLS FONVHO JLVINITO
ANVISI ONIYdS 1VS ANV LNJANOHIANT 40 AYLSININ VIGINNTOO HSILI™g
103rodd
(5669401 #1 S1EWIID) UonEIs T S By 1S BUUGSIIES 1. SIEWLON 31w 040Z — 1861 UO paseq si uoneydioaid jenuue abesony — ,
000°002'0S
000'004'8} 86 uopesdsuesjodeny
00000222 965 youny auq
000°00%'S 9oL abieyosy
1(%) uonendivaig
(sw) |enuuy abesaAy
18JE JO BWNJOA J0 abejuadiag wua) jeBpng Jejempunoin
FIFEEST LLLDsT oL 905¥IT (3.4 EET9E  OO0EES (dundmol « g ap - WoMsD « omoD) slepay  EO9LUE LEEGLS L9918 EDETEE GaE 6Ty 69T (BwndmoD + S + IMOMSD + N0MOD) alimpay
59801 ETEL PER T&eT wET EESEL SESTT ANOBUNAME 170 GI0ET 4= BETE WLTE B I5EF oo ANodwndmg FIoL
[] [] [] [] [] [] [ N ED 1] [ [ [] ] [] [] MM
059801 ®TET B TieT BT EESET SBSTT LNORANAND [TIRLENS BT et BETE FLTE SEF I5EF L ANCAWNEND FRLGNS
L 616 BT SE9T BT SBSTT riss jeanroudy L] [*] ] 0 o (] 0 iUy
&y @& & £ & &L (¥4 (=1} & (13 @ (73 L i u =]}
=11 £14 1424 o (] o (11 une) J0 LepE) 0% BL =® -] 9% 92 iy wney josepd)
HA0E [1-3 7] B9 s Tws SIFE R T | 0ENT SrE R (24 BT {1l g (113 Haueg muAg
SIS [ ROUDIERY HENUOG [/ 1eUIDIEIY
T IAEMPUNOID Fi[) JOIEMPEOID
TEsR0T f=4014 o 111244 IR L9EEET OTESLE GRS [t 959 FIBLLTL LETCes LosoET Lo
WS E Y WSy
LT "6 THRL FEDGOT fri g Lt LITHWS TILest GT9TTS BSEHTL WRL6L Lirisy TresE 0Es
TiRGMEDT WE 61 ML TRERpUNGI5 TG ST MG 04 W3 JBIEMpUnGIS
[-p-1:4-4 wess R0 RO oeess R0 oes BOBESE w0 1249 L ¥R03 [22:21 SR
(EOMDD] 10 N JaEmpUnoID [P0 DD) IR0 WN| 4 SxempunouD
LTOGLE- TERII- 0Q0ER- LT OG- SOTERT- OO M TVAOL SEITHE (15 L0 GITIE oL FSEIN una el oY Ty LOL
605~ 086 TEEt- SER- S66- 760 S FUNION AR DOTTY Er resl BIEE LR G LEWT LT9E PUNEA PREDOTTY
ST BT 80 01 T L g MBPAINOGIEN - [2AFT NS U 2BuEy) szo =0 £ LT wr A MBAINGTQIEH - 130T MO Ui BBuey)
TREELE- TYIE0I-  OTI6I8-  TO0EZ-  WELEE- ISETTEL-  SEETES-  BWM{OA PREDOSTY THOESE FRUE PTH PTGE0E LTIETT BTSWRI THIIE BUNOA PHEROTTY
oo 91 oo oo L% L ELE MO - AR S U 3B w0 o' B0 BET I5E €00 ELEMD - 1847 D ) duey)
ey akion e Weis
V0L YINWELES  1SNONY ane annr AW ey TViOL HOMWW ANYIEEEY  AMVONYT  H3EWNEDI0 HISWIAON HWEeLI0
G0 ToMEIIM
60 60 60 60 Lo vo uon1soduiod 21empunoso
T0 10 10 1o 520 90 uosoduwios Moy P2
¥STToT 098 eYLIZL THISvT 19229 L1SS9YT (gw) moj3 ms uoseas Aig
¥IGWILIS ASNONY  AINC  ANNM AV 1iHdY [
T0 0 10 10 10 50 Uonisodiios IsiEmpUnoD
60 60 60 60 60 s0 uonisodwios Moy Paia wy 05 au1ja10ys J0 RBUBT $331UN ST'0 a1peID o1 nespAx
88TOTIS  TBSGGEL  O9YSL6L  VLvS)  6TI9SST  L186BT (gw) Mo M uoseas 1o woe 4idaq Mol Jes pawinssy. s/W £0-30'T AjARINPUO) 31IneIpAH Ja4inby
KOV AMVNYE34  AVANYI ¥38W3D30 ¥IEWIAON  ¥380L1I0 ve SUORIULIO) EIIBLIWIO) JO JBGUINN
€00 oero 0zro w0 w10 1900 £0¢ SUOLAUUO) [EQUBPISAY JO JBGUINN
¥I8W3LdIs Lsnonv  AINnf annr AW RCTA A¥Q - puewiag say Aly1uon ssapIuN 000 NILIMOYHID
1900 0900 0900 7 100 €00 - .
HOWVN  AMVNNE33  AVANYI ¥38W3D30 ¥ISWIAON  ¥380LI0 L3M - 3510 puewiag say AlIuo Ewivect [3aled 12d - dea/ 25N Jalkih sau
= - = = = £w sz 133184 43d - 35 J21RM D]
8869 zroot TSSIT 69701 sv'es 619 1324
ozro 8810 9120 610 8910 Elagy) puewaq 8y J0 UoaNqLISIA AlUON W 6979 U3PIED MBIINOGIEH - BAIY
¥IEW3LAIS 1SNONY  AINf annr AW AV TUISEEVOSL0S ELE#MO - B2V
£ 6E89L puewagq [einymoLsy [eloL SS3[IUN T000 plaiA 2ypads / aSeiols
SuonnqIsIa &g Indu]




98

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

- svr Q3N0¥ddY
{£8 = S oniowou = ¥30109
STVINION SLVINTTO 010Z-1861 — UVIA JOVEIAV oo P 6
] HIJINOV YNOFHVH QHO4TNA — —
139ang ¥3LYMANNOYS ATHINOW
] JLIL 12-01-8102 AA-WW-AAAA
SISKTYNY

| NIWZENS VI S

N 530

HOLYA IO

NAMOHS S1 LHM

W ISHY O3 O1HI00W N3 38 SYH 3215 LI3HE KL

1390aN9 Y31LVM H34INOV ANV ONIddVIN ¥34INDV
ANVISI ONIYdS LVS

ADILVHLS FONVHO LVINITO
ANV LNJANOYIANT 40 AHLSINIA VISNNTOO HSILIbg

103royd

EW ¥PEOTS 89LTY 9'€6TrY 9'€6ThY 89LTY PERz 144 89/ Pk 1144 89T66E  9'E6IVY 9'€6ThY 89LTY
€W 67565 T189T 818 EEEBT LLeee 6L20% 55859 EVEV9 15806 5066 6TLE6 8vLLY
Tvi0L  ¥38W3Ld3s 1snonv anr annr AYIN T14dv HOYVIN  AUVNYE3d  AYVNNVI

T 8700 ¥10'0 T1€00 500 8900 1110 8010 €ST0 9910 LST'0 0800

T €00 8200 200 8€0'0 700 8500 0600 00T°0 ¥91°0 910 0LT'0
ww 6'986 Tee 8T et v'LE 134 89S 9'88 586 129t €vST 6°L9T
Tvi0L  ¥38W3Ld3S 1snonv anr annr AVIN T14dv HOYVIN  AYVNYE3d  AYVNNVI

S[ew.ou 21ew! P OTOZ-086T UO PISEE yus

Y¥39W3D3a ¥IGWIAON ¥3IE0LD0

L9E6Ivy
SS08T
¥38W3D3a ¥IGWIAON ¥3IE0LD0

0€0°0 a8Jeyday jJo uounquisig
S60°0 uopeydpald jo uounquisiq
6 (s|ewsou 3 0T-T8 ‘wiw) dpaid Ajyauon adesany

wy s’ 15003 Jo Y1837

(-)sto (15200 SPIRMO1) JUBIPEID) D1 NEIpAH

£W T6rbS6S o81eyay e10L

wiw /86 40 % 90T uoneydipald o % se a8Ieypay
Wy LS Jayinby jo ealy

©35 / 9e4NS 0} 98IeYdSIq
YiuolA Aq a8Jeyoay

s/w 90-3T A1ARINPUO) J1jnelpAx
woz y1dag mojJ pareinies pawnssy

e3eq Indu]




L8

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

uy

L3NG H0S V3N SIHL 3

5300

SN Y WOk 0314100 NS 38 Sk 3715 133HS SHL NMOHS S1 LVHM HILYIN LON

- Ssvr a3A0dddY
28, o IS oniorow . 430109
STVINYON JLVINITO 0102-1861 — ¥VIA FOVHIAV 5oN pRE— o
¥I4INOV INAODHNS oon FEv— I
139aN9 ¥31LVMANNOYUD ATHLNOW -
37L1L 12-01-810C AA-WAFAAAA
SISATYNY

1390aN4g ¥3.1LVM H34INOV ANV ONIddVIA 434INDV
ANVTISI ONIFdS 1VS

103royd

ADILVHLS FONVHO ALVINITO
ANV INJAWNOHIANT 40 AHLSININ VIGINNTOD HSILIYEG

€W 80976 SLLL 7'Se08 °SE08 9LLL
EW T/y60T 160€ 6vT 0LgE E6S
TVLIOL  ¥39N3LdIS  L1SNONV anr annr
T 8200 100 T€00 500
T €00 8200 200 8€00
ww 6986 T'ee 8¢ (44 v'LE
TVLIOL  ¥38N3LdIS  L1SNONV Anr annr

,cse08 9LLL ,se08 9°LStL ,¢seo8 °5E08 9LLL
SOvL L0121 6C8TT 0£9T 60281 0gzLT 8LL8
AVIN 114dv HOYVIN  AUVNYE3d  AYVNNYM ¥39IN3D3a ¥IGWIAON ¥380100
8900 o 80T°0 €ST°0 9910 LST0 0800
700 8500 0600 0010 910 9sT'0 0LT'0
134 8'9S 9'88 5’86 179t €'7ST 6°L9T
AVIN T14dv HOYVIN  AUVNY¥E3d  AYVNNVYI ¥38IN303a ¥IGW3IAON ¥380100

S[EWIOU 318WI |2 OTOZ-086T UO P3SeE s

LUSE08
6TEE yauo Aq a8ieyoay

0€0'0 a81eyoay jo uounquisig
S60°0 uoneydnald Jo uonnquisiq
6 (slewsoud3 OT-T8 ‘ww) daid Ajyauoly asesany

5/W 90-35 KiANpUO) JiIneIpAH

w ot yidaq moj4 pareinies pawnssy

wy 5T 15800 4O Y38Ua]

() v00 Unoq [eIa1e] SpIEMOY) 1UBIPEID JIINeIpAH

€W TTLY60T a8ieyay [er0L

wiw /86 J0% TTT uoneydppaid Jo % se afieypay

Asepunog |e1sig / @oe4ins 03 a81eydsiqg

Ty T J134inby Jo ealy
&g ndul




88

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

5t WGk 0513100 NS 38 SvH 3718 LS3HS Sk

- 0 000€ 199991 Svr A3IN0OYddY
&8 S5 onioarous - 430109
STVINYON JLVINITO 0102-1861 — YVIA FOVIINV e o o
YIAINOV YNOFUVYH SIONVD |
OON a3yvdadd
139an9g ¥3LYMANNOYD ATHLNOW
3L Lz-01-8L02 aa AAA
SISATVNY

1390aN9 ¥3.1LVYM d34INOV ANV ONIddVIN ¥34IN0OV
ANVISI ONIYdS 1VS

ADILVHLS FONVHO ALVINITO
ANV LNJWNOHIANT 40 AHLSINIA VIGWNTO0O HSILIbg

103royd
EW 09eSTE 0z65C 8L9C 8L9¢ 0265¢ ,v8L9T 0265¢ 8Lt (43274 L v8L9T 849¢ 0265¢
EW 06T €1€8 6107 5906 096ST L1661 95CE L181€ yAdS 44 9687 EVEIY TT9€C
TviOL  ¥38W3LdAS 1SNoOnv Anr annr AVIN Tlddv HOYVIN  ANVNYE3d  AYVNNVI ¥38N3D30 YIEWIAON  ¥380100
T 8200 100 €00 500 8900 TIro 80T°0 €ST0 9910 LST0 0800
T €00 8700 200 8€0°0 700 8300 0600 0010 910 9510 0LT0
ww 6'986 T'ee 8T e v'LE i34 895 9'88 5’86 1291 €7ST 6°£9T
TvlOL  ¥38W3Ld3S 1SNonv Anr annr AVIN T1dv HOYVIN  AUVNYE3d  AYVNANVI ¥38N3D3A YIEWIAON  ¥380L00

S[EWOU 91EWI OTOZ-086T UO PISER 4is

8L9C Alepunog |eisig / @2e4ns 03 adieydsiq
4
8768 yiuon Aq a8ieyoay

0£0°0 ag1eyday Jo uounqguisig
S60°0 uoyeydpald jo uounquisiq
6 (s|ewsoud3 OT-T8 ‘ww) divaud Ajyuoly a8esany

/W 90-37 A1IABdNPUO) D1 jNeIpAH

wg 1daq mo|J pateinies pawnssy

wi s 15000 40 Yr8ua]

(-)1o unog [e1a3e| SpJemo3) Jua1pesD d1jnespAy

£W 6'6EPV6T 23ieypay feloL

ww /86 10% 6°TT uoneydpaid Jo a8y, se aBielay
T 5T 124inby Jo ealy

ejegandu]




68

TO-6T0C 'ONS3IIYISIINIIOS Y3lvVvMm

wit
L

LNIWEHNS V3N SiHL

LY LON 530

W ISHY WO 0313100 N3 38 SvH 3215 I33H5 3kl

- Svr a3an0dddv
8, I Dot ontowew ¥30109
STVINION S1VINI1O 010Z°186) — UVIA IOVHIAV oo o o
YIJINOV MOOH ¥IMTVM oon p— |
1390aN9 J¥3LVMANNOYO ATHLNOW
37LIL 12018102 Aa-WN-AAAA
SISATVNY
1390aN9g ¥3.LYM H34INOV ANV ONIddVIN §34INDV ADILVHLS IONVHO JLVINITO

ANVISI ONIYdS 11VS

103royd

ANV LNJANOHYIANT 40 AYLSINIA VIGINNTOD HSILIbg

EW 9ESTE 65C 7'8L9C 89T (4374
€W 6¥5S0E 798 L7 6 9591
TviOL  ¥39W3Ld3S 1SnNonv anr aNnr
T 8700 100 €00 500
T €00 8700 200 8€00
ww'6'986 T'ee 8¢ (44 v'LE
TviOL  ¥39N3Ld3S 1SNoONv anr aNnr

,r8L9t 65T ,b8La [A474 ,v8L9 '8L9C 65T
990C 6LEE TogE 1991 1805 8081 0ste
AVIN T14dv HOYVIN  AUVNYE3d  AYVNANVI ¥3GNID3A ¥IGWIAON  ¥380100
8900 1o 80T°0 €ST°0 99T°0 LSTO 0800
00 8500 0600 00T°0 910 9sT0 0LT0
124 895 988 5’86 T2t €vST 6'L9T
AVIN T14dv HOYVIN  AUVNYE3d  AYVNANVI ¥39NFD3A ¥IGWIAON  ¥380100

S[ewou 1ew!|d 0T0Z-086T UO PASEE yyy

8Lt
926 Yauo Aq asieyday

0€0°0 a8ieyoay jo uonnquisiq
S60°0 uoneydnald Jo uonquisig
6 (s|ewsoud3 OT-T8 ‘ww) dinaud Ajyauopy adesany

Atepunog [e3siq / @2epns 03 adieyasiq

s/w 90-38 K1Ananpuo) o1 neiphH

ws yadaq Mol pareines pawinssy

w50 15203 Jo (pBual

(-) s00 unog [e1918] SPIEMOY) JUBIPEID d1[nelpAH

€W £'8yS0E a81eupay [e10L

wui 86 40 % €01 uoneydipaid Jo adey, se aBeyay
Tuy €0 Ja4inby Jo ealy

e1eq Induj




APPENDIX C: DIGITAL WORK PRODUCTS

Aquifer Well Completions and Well Summary Sheets

Information on the well-aquifer completions is provided in a separate Excel file. The data included in
this appendix has been used to update the B.C. GWELLS Database. Well Summary sheet information
corresponding to the identified well tag numbers (WTN) is accessible through the GWELLS database
(https://apps.nrs.gov.bc.ca/gwells/).

Aquifer Summary Sheets and Shapefiles

Agquifer worksheets and outlines associated with this project are available online from the BC ENV and
can be accessed through the B.C. GWELLS Database (https://apps.nrs.gov.bc.ca/gwells/) and iMapBC
(https://arcmaps.gov.bc.ca/ess/sv/imapbc/)

Leapfrog Viewer File

Leapfrog Hydro is a commercial geological and hydrogeological interpretation software package that
was used to visualize the available aquifer mapping and information from the GWELLS database. A
Leapfrog Viewer File is provided as separate files to the report. A free Leapfrog viewer can be
downloaded from ARANZ Geo Limited:
http://www.leapfrog3d.com/products/leapfrog-viewer/downloads

Water Budget Spreadsheets

Water budget spreadsheets for each aquifer are provided in a separate Excel file.
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