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Central Lake OntarioSource Protectbn Area Water Sources
4.0 ASSESSING VULNERABILITY OF DRINKANGRN
SOWRCES

In the CLOSPA study ar8&%of the population receivedrinking water frommunicipal plants that se
Lake Ontario as a sourcthe rest of the population witn the study area gesprivate wells
(groundwater) as a source of drinking water.

Under the Clean Water Act, 2006€CWA, all sources ofirinking water must be assessed for
vulnerability.Qurfacewater and groundwater thats usedfor drinking may be nattally vunerable to
depletion(a reduction inquantity), and/or contamination(a reduction n quality).

TheTechnical Rekrequire that thesourceprotection committees(SPCidentify four types of
vulnerable areas within eackourceprotection area(SPA) Thesevulnerable areagclude:

1 Highly Wlnerable Auifers (HVAS)

1 Sgnificant GroundwaterRechargeAreas (SGRS)

1 IntakeProtection Zones (IPZspand

1 WellheadProtection Areas (WHPASs)Not applicabk to CLOSPA

Oncevulnerablesourcesareidentified, they areassessed and assiggha vulnerability scoref high
medium orlow. The faster a contaminant can traved awell or intake without being diluted or
rendered less harmfuthe more vulnerablelte source water The vulnerability scores are emined
by factors suchas

How deep'thick the aquifer is

What types of soil arpresent;

How quickly water can traal through the groundtime of travel) and

How fast a contaminant can travel to an intaggeren runoff patterns and surface water
conditions.

|l
|l
f
)l

Typically, shallow aquiferat or near the ground surface are consideredertdble. Deeper aquifers,
which areoften the source of municipal drinking water supplies, tend to be less vulnerable. thaler
CWA vulnerability assessment of municipatNg, where they exist, entailsare detailed weklspecific
analyses. Surface watartakes in rivers and small lakase mae vulnerable than those in the Great
Lakes which are located further from shore andieeper water.

Man-made transport pathwayare also consideredsuchaspits, quarries, mines, road cuts, ditches,
storm water,pipelines, sewers, and poorly cdangcted wells These pathways cdiypasshe natural
system resulting in faster pathway® intakes.If any of theseconstructed pathwagexistin a water
source, thevulnerabilityscore increasely oneor two steps(i.e., from low to medium, from mediumto
high, or from low to high). The decision to increagbe vulnerability score should ®ipported by data
and is subject to professiahjudgment.

An uncertainty assasnent is also required as part of the analy3ids assessmenshowswhether
information gaps existand identifesways thatthe scienceébehind the vulnerability assessmerduld
be improved Continuous improvements exgectedin the areas with the greast risk and/or
uncertainty.
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In SPAs, vulnerability scores are used to evaluate andtdrmine risk in the next step, i.adrinking water
threats related to water quantity oend quality would be&ated significant moderate orlow (see
Chapter 5. In Chager 5, the natural vulnerability of an area is aiateredalong withspecific
contamhnantsto determine riskas contaminant behaviour variéased on surrounding environmerta
factors The threat scar (risk)takesthese factorsinto account

Under the Sarce Water Protection initiative, thivllowing groundwaterbased source watggsrotection
areas must be delineated, where they exist, and scored for vulnerafilitgre appropriate)in terms of
water quality:

91 All areas within the jurigdtion that ae naturally vulnerable to contamination (as oppdde
supply depleton) are designated ablVAs

9 Areas with heightened importance to groundwater recharge are designated @& $&nd

1 The specific capture zones for the municipal drinking wa#glis are @signated WHPAs

In the COSR, areas of high and edium vulnerabilty generally correspontb shallowunconfined
aquifers associated with:

9 Surficial stratified sediments

1 Upper aquifer largely comprised of igmntact drift, Oak Ridges Moraifddackinaw Interstadial
equivalent and

1 Lower sediments (Thorriffe, Sunnybrookand ScarborougliFormatons).

Theareas that are low vulnerability are

1 Upper Till (Halton Tillgnd
1 Intermediate Till NewmarketTill)

4.1 GROUNDWATER VULNERABILITY ANALNISBLY VULERABLE
AQUIFER (HVA) AND SIGNIFICANT GROUNDWATHERBEAREA
(SGR)

4.1.1 Groundwater VulneraHity Assesment

Most groundwater vulnerability assessments focus on estimating halkdhogic features let water
particles move down through the ground &m aquifer There are several ways to estimate the flow
attributes of hydrolagic features. The grounalater vulneability as delineated in accordance with
Technical Rules (37 or 38) (Paf)take into account the best available understanding of the ndtura
geologicalayers in relation to delineated aquifers.

The fdlowing approackes are outlined in theTechnical Rigs

1 Aquifer Vulnerability Index (AYI)This index value is based mapping products (e.g., depth to
aquifer, soil type and thicknessicd. It measures the relative amount of protection providey b
the type ofmaterials above the aquife

1 Intrinsic Susceptibility Index (I8IAn index value is given to each well (eMOQECCWater Well
Information System (WWIB)This information is uset producea vulnerability map. Unlike
AVI, this method takeimto accountwater table or water leveinformation that is captured in
the WWIS records.
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1 Surface to Aquifer Advection TinfBAAT) This is the travel time from the ground surface to
the top ofaquifer orwater table.

9 Surface to Well Advection Time (SWATJis is the tavel time from the groundsurface tothe
well intake.

The Povince endorses all of the above approaches f&wegsing the vulnerability of water sources.
Many factors determine th best appoach to use, including data/model availability, ébof
understainding, and system completyi. These pproaches are described in more detaiippendix E

The vulnerabilityof drinking water to water quantity
depletion is assessed under the twabudgetcomponent (WWIS] A database ofeplogy, water

of thisAssessment ReporThe results ofhe AVI araised levels, and pumping capacity f;om T
in the delineation andiulnerabilty scoring of HVAs wells ingalled acras Ontaio, maintaned

The CLOSPA has selected an advanced AVI approach for 2 theMECP

HVAs and SGRA%is appoach uses the interpreted

products of geological @mnmumerical modés (three dimensional galogic layes) produced fothe study
area, rather than the raw data available iretprovinciaWWIS Estimates of vertical and horizontal flow
directionsand fluxare also considered. This advanced AVI approaappi®ved by theProvince. A

more detailal descripton of the methoddogy used to delineate the HVAs is presentedppendixE

MOECCWater Well Information System

The AVI method produces a numerical index representing the rehativeerablity of an aquifer, based
on the type and thicknesaf the soil abee. The index quantifiethe naturd vulnerability d aquifers to
sources of contamination at or near therface, and through a translation process, categorizes
groundwater vulneability as high, medium, or low, as shownTiable4.1 andFigure 4.1

, respectively Within HVAsthe groundwater vulnerability is then converted (pegchnical Rules 835)
into vulnerability score,and thisscore provides theltimate expression ahe groundvater
vulnerabilty. Each aquifer is scored separatégeTable4.1). The vulnerability scores of deeper
aquifers take into account therotection afforded by overlyingaterials (aquifers and aquitard).

Grourdwater Vulnerablity Vulnerability Score
High 6
Medium 4
Low 2

Tabled.1: Translation ofGroundwater Vulnerabilityto Vulnerablity Score

This chapter considers ¢#ors affeting the vulnerabity of a saurce protectionarea,as well as man
made transport pathways (where theth are available) uisg a consistent and systematipproach
TechnicaRules (3911) (Part IVprovide anopportunity to consider situationehere manmade or
anthropogenc influence can increasehie ngural vulnerability by decreasing the time requirtm
contaminants to mve down to the water supply aquifer. Tkielnerabilityscorecan be increased from
medium tohigh,low to medium, or fron low to highin accordance wf the potential for artificial
transport pathways to increase the observed vulnéligh Under theTechical Ruls, vulnerability
cannot be increased beyorfugh.
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4.1.2 Highly Vulnerable Aquife(HVA) andvulnerability Scoring

This analysisssumes that the vimerability of the aquiferincreases as the relative amount of protection
provided ly the overlying geolgical materials decreases. The type and thickness of the overlying
material is crucibto the scoring.

According to the XI methodobgy andTechnical Re(38) ard (43),an areawith avulnerability score of

6 has aHigh groundwatervulnerability and istherefore,an HVA, as showin Table4.1. Thisanalysis
assumes that the vokrability of the ajuifer increases as the relge amountof protection provided by
the overlying geological materials deasses. The type and thickness of the overlying material is crucial
to the scoringThe vulnerability cores of @eper aquifers takinto account the potection afforded by
overlying materials(aquifers and aquitardsT.he details of the methodology are mented inAppendix

E

Figure 4.1shows the groundwater vulnability utilizing the AVI méiodologyandincludng the
transportpathways asessment. The CLOSPA HVA nidgure 4.2shows the vulnerability of all
aquifers (shallow and deep) that have a vulability score ob (high). These areas represeaout 47%
of the land area within the CLOSPA.
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4.1.3 Spnificant Groundwater Recharge Areas Delinemti

The land aea where the rain or snow seeps down into gpr@und and flowsd an ajuifer is callech
recharge area. Rechargeeasoften have loose or peneable soil, such as sand gmravel, which allows
the water to seep easilynto the ground. Areas of bedrock wiht much covering soil, and where a lot
of fradures or cracks d@st, ae also often reharge areas. Areas of humnigctopography also tend to
have increased recharge raeThese areas are delineated using the regbaesults from the water
budget proces described ilChapter 3of thisAssessment Rept. The areas wit the highest volume®f
groundwater recharge linlceto drinking water systemsncluding private wellare SGRAs. The SGRAs
must be delineated and pretted under theCWA

SGRAs are identfil by measuring and comparing the volumes ofexrghat infiltrate theground across
awatershed. In CLOSPA, SGRé&® Wcated using the PRM8odel (PrecipitatioARunoffModelling
System, U.S. Geological SunvesgeChapter 3: Water Budget and Stress Assagentfor more details)
Resultsare based on he annual averageechaige over a 25 x®m grid covering the studyrea.

There are two ways twentify SGRAS, as outlingdthe Technical Rul@l4):

1 44 (1) the area anually recharges water to the underlgimquifer at a rate that is greater than
the rate of recharge aarss tte whole of the eélated groundwater rechargeraaby a factor of
1.15 ormore; or

1 44 (2) the area anmally recharges a volume of water to the ungierg aquifer that is 55% or
more of tke volume determined by subtracting the annuahgoration for thewholeof the
relatedgroundwater recharge area frothe annual precipitatiorior the whole of the related
groundwater recharge area.

In CLOSPA, the amach outlined irRule 44(1yvas seleatd. This approach and the rational for
selection are described imore detail inAppendx E

The three options werevaluated to derive the avage annual recharge to calate the SGRA
threshold:

A Major watershed boudaries
A Physiographic regionsind
A durisdictional average

The jurisdictional averagaf 158 millimetres of iecharge peyearwaschosen asnost consistehwith
the technical factasthat aremost signifiantto a measure of rechargesurficial geologystream
temperature, and found water dibarge attributes. The calculated SGRreshold was therefore 18
millimetres per yearReverse particle trackingdm high dischargareaswas alsoused to confirm the
areas of significant recharge areas.

More than25% of the study areaf CLOSP& defned as SGRAThae areagienerally cover the
surfacegeology @ssesassociated witlthe Cak RidgesMorainedeposts, exposed Lower Sediment
sands, and much of the Iroaqus Beach deposit&lthough recharge in thalluviumwithin the river
valleys is imprtant to sustain streanflow, these areas areonsidered areasfanterflow, where
infiltrating water discharges qckly to the stream Theseaiver

valleys are therefor@ot consideredsignificant recharge areas.  Alluvium: clay or silt or gravel

Thelroquois Beach deposits also delineditess SGRAS are carried by rushing strems and then
relatively significant to drinkig water systemsiithewatersheds  deposited where the stream slows
that receive less recharge fromel©ak RdgesMoraineand down.

exposed Lower Sediment depositThe Iroquois Beach deposits
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are, however, gnerally less significant than areasthie Oak Ridges Moraine because of the shallow
water table and lgh evgpotranspirationlosses

1 The SGRAs withthe _LO®Aareawere checkedwith reverse particle track alyses from key
features and areas of signiict discharge (USGS MODPATH codedywere also confirmed by
a review of aerial thenography data antfrooktrout occurrenceas described iChapter 3:
Water Budget and Stress Asssment

Tier 3Refinement

As discussed i@hapter 3 the York Region Ti& model produced different estimates the various
water budget parameters as comgal to the Tier Jand 2models in York &jion.As the Tier 3 area oyl
extends into a very smafiortion of the CLOSPA, howar, the jurisdictional average that was ugded
delineate SGRAs in the CLOSPA Taeallysis was not changed or recalculated for twwhole of CLOSPA
TheTier 3 recharggrid was used to ralelineatethe SGRA in the area thdte model covers CLOSPA
using the Tier 1 jurisdictional average of 182nihhis use of a single value for all datents is
consistent with the methodology selexd by CLOSPA fids Ter 1 study.

TheSGRAwere revsed for the Tier 3 area that covers the CLOjHRgdiction as fiows:
1 Figure 4.3hows the revise@QRAs in the Tier 3 area.

1 Figure4.4 shows the revised SGRA in the Tier 3 area combined with the SGRAs for tHe rest o
CLOCAThis map Wi represent the revisd SGRA mapping for the fGILGCAjurisdiction.

9 Figure 45 showsthe Tier 3 WHPA Q1/Q@verage in CLOSP
Clipping SGRAs

The jurisdictional identification of SGRAasapprovedby the SPCHowever,Technical Rul@lb)
requiresi K I i @ dshaff NOTNédelired as a SGRA area unldss éreahas a hydrological
conrection to a surface war body or aquifethat is a source of drinking water for a drinking water
systemé ¢ KA & AyOf dzZRSE ULMNBIPThisTRchAichl®REiSrdducesthdadeaoi S 3 ¢
clipping out SGRABat are of no significancdrom adrinking water point of viev. These areamay be
important in other contexts, buthey are not considered significant under to&VA In the CLOSPA
study areathe SGRASs located Wit the municipal serice boundary that are on thLake Ontario
shoreline ad sairced from Lake Ontaribave been clippe outif no drinking water systems (as defined
in the Safe Drinking Water Ac2002 depend on those SGRAs.

Propety fabric data for tle ®rviced area waalsoassessedSGRAwere clppedfrom the SGRA map for
the study area iino privae wells used as sole drinking water supply exed within them. Where
drinking water systemare locateddowngradient of a municigl service aressuchasin Brooklin, the
SGRAs within the service arare keptin the SGRA anadis

SGRAare primarily confined to the gper portions of the watersheds, coincident largely with the limits
of the Oak Ridges Moairge. Areas on the Iroqus Beach physiogréic region where surface sds @an

be relatively thiclare also areas of signifamt recharge in the CLOSPA jurisdictidresk areas with
aquifers atthe surface are generally most vulnerable.

Areas with no colouare not significant grundwater rechargeareas.
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Figure4.3: Tier 3Significant GroundwateRecharge Area§SGRAS)
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