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4.0 ASSESSING VULNERABILITY OF DRINKING WATER 
SOURCES 

In the CLOSPA study area, 95% of the population receives drinking water from municipal plants that use 
Lake Ontario as a source. The rest of the population within the study area uses private wells 
(groundwater) as a source of drinking water.  

Under the Clean Water Act, 2006 (CWA), all sources of drinking water must be assessed for 
vulnerability. Surface water and groundwater that is used for drinking may be naturally vulnerable to 
depletion (a reduction in quantity), and/or contamination (a reduction in quality).     

The Technical Rules require that the source protection committees (SPC) identify four types of 
vulnerable areas within each source protection area (SPA). These vulnerable areas include:  

¶ Highly Vulnerable Aquifers (HVAs); 

¶ Significant Groundwater Recharge Areas (SGRAs);  

¶ Intake Protection Zones (IPZs); and 

¶ Wellhead Protection Areas (WHPAs) - Not applicable to CLOSPA. 

Once vulnerable sources are identified, they are assessed and assigned a vulnerability score of high, 
medium, or low. The faster a contaminant can travel to a well or intake without being diluted or 
rendered less harmful, the more vulnerable the source water. The vulnerability scores are determined 
by factors such as: 

¶ How deep/thick the aquifer is; 

¶ What types of soil are present; 

¶ How quickly water can travel through the ground (time of travel); and 

¶ How fast a contaminant can travel to an intake given run-off patterns and surface water 
conditions.  

Typically, shallow aquifers at or near the ground surface are considered vulnerable. Deeper aquifers, 
which are often the source of municipal drinking water supplies, tend to be less vulnerable. Under the 
CWA, vulnerability assessment of municipal wells, where they exist, entails more detailed well-specific 
analyses. Surface water intakes in rivers and small lakes are more vulnerable than those in the Great 
Lakes which are located further from shore and in deeper water.  

Man-made transport pathways are also considered, such as pits, quarries, mines, road cuts, ditches, 
storm water, pipelines, sewers, and poorly constructed wells. These pathways can bypass the natural 
system, resulting in faster pathways to intakes. If any of these constructed pathways exist in a water 
source, the vulnerability score increases by one or two steps (i.e., from low to medium, from medium to 
high, or from low to high). The decision to increase the vulnerability score should be supported by data, 
and is subject to professional judgment. 

An uncertainty assessment is also required as part of the analysis. This assessment shows whether 
information gaps exist, and identifies ways that the science behind the vulnerability assessment could 
be improved. Continuous improvement is expected in the areas with the greatest risk and/or 
uncertainty.
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In SPAs, vulnerability scores are used to evaluate and determine risk in the next step, i.e., drinking water 
threats related to water quantity or/and quality would be rated significant, moderate, or low (see 
Chapter 5). In Chapter 5, the natural vulnerability of an area is considered along with specific 
contaminants to determine risk, as contaminant behaviour varies based on surrounding environmental 
factors. The threat score (risk) takes these factors into account. 

Under the Source Water Protection initiative, the following groundwater-based source water protection 
areas must be delineated, where they exist, and scored for vulnerability (where appropriate) in terms of 
water quality: 

¶ All areas within the jurisdiction that are naturally vulnerable to contamination (as opposed to 
supply depletion) are designated as HVAs; 

¶ Areas with heightened importance to groundwater recharge are designated as SGRAs; and 

¶ The specific capture zones for the municipal drinking water wells are designated WHPAs. 

In the CLOSPA, areas of high and medium vulnerability generally correspond to shallow unconfined 
aquifers associated with: 

¶ Surficial stratified sediments; 

¶ Upper aquifer largely comprised of ice-contact drift, Oak Ridges Moraine/Mackinaw Interstadial 
equivalent; and 

¶ Lower sediments (Thorncliffe, Sunnybrook, and Scarborough Formations). 

The areas that are low vulnerability are: 

¶ Upper Till (Halton Till); and  

¶ Intermediate Till (Newmarket Till)  

 

4.1 GROUNDWATER VULNERABILITY ANALYSIS ς HIGHLY VULNERABLE 
AQUIFER (HVA) AND SIGNIFICANT GROUNDWATER RECHARGE AREA 
(SGRA) 

4.1.1 Groundwater Vulnerability Assessment 

Most groundwater vulnerability assessments focus on estimating how hydrologic features let water 
particles move down through the ground to an aquifer. There are several ways to estimate the flow 
attributes of hydrologic features. The groundwater vulnerability as delineated in accordance with 
Technical Rules (37 or 38) (Part IV) take into account the best available understanding of the natural 
geological layers in relation to delineated aquifers. 

The following approaches are outlined in the Technical Rules: 

¶ Aquifer Vulnerability Index (AVI)τThis index value is based on mapping products (e.g., depth to 
aquifer, soil type and thickness, etc.). It measures the relative amount of protection provided by 
the type of materials above the aquifer.  

¶ Intrinsic Susceptibility Index (ISI)τAn index value is given to each well (e.g., MOECC Water Well 
Information System (WWIS)). This information is used to produce a vulnerability map. Unlike 
AVI, this method takes into account water table or water level information that is captured in 
the WWIS records. 
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MOECC Water Well Information System 
(WWIS)τA database of geology, water 
levels, and pumping capacity from water 
wells installed across Ontario, maintained 
by the MECP. 

¶ Surface to Aquifer Advection Time (SAAT)τThis is the travel time from the ground surface to 
the top of aquifer or water table. 

¶ Surface to Well Advection Time (SWAT)τThis is the travel time from the ground surface to the 
well intake.  

The Province endorses all of the above approaches for assessing the vulnerability of water sources. 
Many factors determine the best approach to use, including data/model availability, level of 
understanding, and system complexity. These approaches are described in more detail in Appendix E. 

The vulnerability of drinking water to water quantity 
depletion is assessed under the water budget component 
of this Assessment Report. The results of the AVI are used 
in the delineation and vulnerability scoring of HVAs. 

The CLOSPA has selected an advanced AVI approach for 
HVAs and SGRAs. This approach uses the interpreted 
products of geological and numerical models (three dimensional geologic layers) produced for the study 
area, rather than the raw data available in the provincial WWIS. Estimates of vertical and horizontal flow 
directions and flux are also considered. This advanced AVI approach is approved by the Province. A 
more detailed description of the methodology used to delineate the HVAs is presented in Appendix E. 

The AVI method produces a numerical index representing the relative vulnerability of an aquifer, based 
on the type and thickness of the soil above. The index quantifies the natural vulnerability of aquifers to 
sources of contamination at or near the surface, and through a translation process, categorizes 
groundwater vulnerability as high, medium, or low, as shown in Table 4.1 and Figure 4.1 

, respectively. Within HVAs, the groundwater vulnerability is then converted (per Technical Rules 82-85) 
into vulnerability score, and this score provides the ultimate expression of the groundwater 
vulnerability. Each aquifer is scored separately (see Table 4.1). The vulnerability scores of deeper 
aquifers take into account the protection afforded by overlying materials (aquifers and aquitards).  
 

Groundwater Vulnerability Vulnerability Score 

High 6 

Medium 4 

Low 2 

Table 4.1:  Translation of Groundwater Vulnerability to Vulnerability Score 

This chapter considers factors affecting the vulnerability of a source protection area, as well as man-
made transport pathways (where the data are available) using a consistent and systematic approach 
Technical Rules (39-41) (Part IV) provide an opportunity to consider situations where man-made or 
anthropogenic influences can increase the natural vulnerability by decreasing the time required for 
contaminants to move down to the water supply aquifer. The vulnerability score can be increased from 
medium to high, low to medium, or from low to high in accordance with the potential for artificial 
transport pathways to increase the observed vulnerability. Under the Technical Rules, vulnerability 
cannot be increased beyond high.
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4.1.2 Highly Vulnerable Aquifer (HVA) and Vulnerability Scoring 

This analysis assumes that the vulnerability of the aquifer increases as the relative amount of protection 
provided by the overlying geological materials decreases. The type and thickness of the overlying 
material is crucial to the scoring. 

According to the AVI methodology and Technical Rule (38) and (43), an area with a vulnerability score of 
6 has a Ψhigh' groundwater vulnerability and is, therefore, an HVA, as shown in Table 4.1. This analysis 
assumes that the vulnerability of the aquifer increases as the relative amount of protection provided by 
the overlying geological materials decreases. The type and thickness of the overlying material is crucial 
to the scoring. The vulnerability scores of deeper aquifers take into account the protection afforded by 
overlying materials (aquifers and aquitards). The details of the methodology are presented in Appendix 
E. 

Figure 4.1 shows the groundwater vulnerability utilizing the AVI methodology and including the 
transport pathways assessment. The CLOSPA HVA map, Figure 4.2, shows the vulnerability of all 
aquifers (shallow and deep) that have a vulnerability score of 6 (high). These areas represent about 47% 
of the land area within the CLOSPA. 
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Figure 4.1:  Aquifer Vulnerability Index (AVI) (Score 6, 4 and 2 of high, medium and low) 
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Figure 4.2:  High Vulnerability Aquifers with Vulnerability Scoring (HVAs Score 6 of high) 
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Alluvium: clay or silt or gravel 
carried by rushing streams and then 
deposited where the stream slows 
down. 

4.1.3 Significant Groundwater Recharge Areas Delineation  

The land area where the rain or snow seeps down into the ground and flows to an aquifer is called a 
recharge area. Recharge areas often have loose or permeable soil, such as sand or gravel, which allows 
the water to seep easily into the ground. Areas of bedrock without much covering soil, and where a lot 
of fractures or cracks exist, are also often recharge areas. Areas of hummocky topography also tend to 
have increased recharge rates. These areas are delineated using the recharge results from the water 
budget process described in Chapter 3 of this Assessment Report. The areas with the highest volumes of 
groundwater recharge linked to drinking water systems, including private wells are SGRAs. The SGRAs 
must be delineated and protected under the CWA. 

SGRAs are identified by measuring and comparing the volumes of water that infiltrate the ground across 
a watershed. In CLOSPA, SGRAs were located using the PRMS model (Precipitation-Runoff Modelling 
System, U.S. Geological Surveyτsee Chapter 3: Water Budget and Stress Assessment for more details). 
Results are based on the annual average recharge over a 25 x 25 m grid covering the study area. 

There are two ways to identify SGRAs, as outlined in the Technical Rule (44): 

¶ 44 (1) the area annually recharges water to the underlying aquifer at a rate that is greater than 
the rate of recharge across the whole of the related groundwater recharge area by a factor of 
1.15 or more; or 

¶ 44 (2) the area annually recharges a volume of water to the underlying aquifer that is 55% or 
more of the volume determined by subtracting the annual evaporation for the whole of the 
related groundwater recharge area from the annual precipitation for the whole of the related 
groundwater recharge area. 

In CLOSPA, the approach outlined in Rule 44(1) was selected. This approach and the rational for 
selection are described in more detail in Appendix F. 

The three options were evaluated to derive the average annual recharge to calculate the SGRA 
threshold: 

Á Major watershed boundaries;  

Á Physiographic regions; and 

Á Jurisdictional average. 

The jurisdictional average of 158 millimetres of recharge per year was chosen as most consistent with 
the technical factors that are most significant to a measure of recharge - surficial geology, stream 
temperature, and found water discharge attributes. The calculated SGRA threshold was therefore 182 
millimetres per year. Reverse particle tracking from high discharge areas was also used to confirm the 
areas of significant recharge areas. 

More than 25% of the study area of CLOSPA is defined as SGRAs. These areas generally cover the 
surface geology classes associated with the Oak Ridges Moraine deposits, exposed Lower Sediment 
sands, and much of the Iroquois Beach deposits. Although recharge in the alluvium within the river 
valleys is important to sustain stream flow, these areas are considered areas of interflow, where 
infiltrating water discharges quickly to the stream. These river 
valleys are therefore not considered significant recharge areas. 
The Iroquois Beach deposits also delineated as SGRAs are 
relatively significant to drinking water systems in the watersheds 
that receive less recharge from the Oak Ridges Moraine and 
exposed Lower Sediment deposits. The Iroquois Beach deposits 
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are, however, generally less significant than areas on the Oak Ridges Moraine because of the shallow 
water table and high evapotranspiration losses. 

¶ The SGRAs within the CLOSPA area were checked with reverse particle track analyses from key 
features and areas of significant discharge (USGS MODPATH code). They were also confirmed by 
a review of aerial thermography data and brook trout occurrence, as described in Chapter 3: 
Water Budget and Stress Assessment.  

Tier 3 Refinement 

As discussed in Chapter 3, the York Region Tier 3 model produced different estimates of the various 
water budget parameters as compared to the Tier 1 and 2 models in York Region. As the Tier 3 area only 
extends into a very small portion of the CLOSPA, however, the jurisdictional average that was used to 
delineate SGRAs in the CLOSPA Tier 1 analysis was not changed or recalculated for the whole of CLOSPA. 
The Tier 3 recharge grid was used to re-delineate the SGRA in the area that the model covers CLOSPA 
using the Tier 1 jurisdictional average of 182mm. This use of a single value for all catchments is 
consistent with the methodology selected by CLOSPA for its Tier 1 study.  

The SGRAs were revised for the Tier 3 area that covers the CLOSPA jurisdiction as follows: 

¶ Figure 4.3 shows the revised SGRAs in the Tier 3 area.  

¶ Figure 4.4 shows the revised SGRA in the Tier 3 area combined with the SGRAs for the rest of 
CLOCA. This map will represent the revised SGRA mapping for the full CLOCA jurisdiction.  

¶ Figure 4.5 shows the Tier 3 WHPA Q1/Q2 coverage in CLOSPA. 

Clipping SGRAs 

The jurisdictional identification of SGRAs was approved by the SPC. However, Technical Rule (45) 
requires ǘƘŀǘ άŀƴ ŀǊŜa shall NOT be delineated as a SGRA area unless the area has a hydrological 
connection to a surface water body or aquifer that is a source of drinking water for a drinking water 
system.έ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ǇǊƛǾŀǘŜ ǎȅǎǘŜƳǎ όhΦ wŜƎΦ 170/03). This Technical Rule introduces the idea of 
clipping out SGRAs that are of no significance from a drinking water point of view. These areas may be 
important in other contexts, but they are not considered significant under the CWA. In the CLOSPA 
study area, the SGRAs located within the municipal service boundary that are on the Lake Ontario 
shoreline and sourced from Lake Ontario have been clipped out if no drinking water systems (as defined 
in the Safe Drinking Water Act, 2002) depend on those SGRAs.  

Property fabric data for the serviced area was also assessed. SGRAs were clipped from the SGRA map for 
the study area if no private wells used as a sole drinking water supply existed within them. Where 
drinking water systems are located downgradient of a municipal service area, such as in Brooklin, the 
SGRAs within the service area are kept in the SGRA analysis.  

SGRAs are primarily confined to the upper portions of the watersheds, coincident largely with the limits 
of the Oak Ridges Moraine. Areas on the Iroquois Beach physiographic region where surface sands can 
be relatively thick are also areas of significant recharge in the CLOSPA jurisdiction. These areas with 
aquifers at the surface are generally most vulnerable. 

Areas with no colour are not significant groundwater recharge areas. 
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Figure 4.3:  Tier 3 Significant Groundwater Recharge Areas (SGRAs)






























