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Date: July 22, 2010

To: Don Goodyear, P.Geo. - South Georgian Bay Lake Simcoe Source Protection Region

From: Kim Gilder/Lloyd Lemon, P.Geo.

Project No.: 071948.14

Subject: Regional Groundwater Vulnerability and HVA Mapping – Black-Severn River Watershed

OBJECTIVE:

To document the preparation of regional Groundwater Vulnerability and Highly Vulnerable Aquifer maps 
for the Black-Severn River Watershed located within the Lakes Simcoe and Couchiching-Black Severn 
Source Protection Area (LS&C-BR SPA) in the South Georgian Bay Lake Simcoe Source Protection 
Region (SGBLS SPR).

OVERVIEW:

The regional vulnerability mapping prepared for use in both the Groundwater Vulnerability Assessments 
and delineation of the Highly Vulnerable Aquifer within the SGBLS SPR was completed in accordance 
with the requirements of Part IV of the Technical Rules Assessment Report, Clean Water Act, 2006
document.  This document was released by the Ontario Ministry of the Environment (MOE) on December 
12, 2008, and amended in November 2009.  The approach followed by GENIVAR to prepare the 
Groundwater Vulnerability mapping is outlined in Technical Memorandum A1 – Groundwater Vulnerability 
Assessment Methods – Highly Vulnerable Aquifers (HVA). 

Preparation of the Regional Groundwater Vulnerability mapping includes the following steps:

Step 1:  Review and Assess Available Data and Interpretations.

Step 2:  Assess Vulnerability.

Step 3:  Consider Vulnerability Increase from Transport Pathways.

Delineation of the Highly Vulnerable Aquifer mapping includes the following additional steps:

Step 4:  Assess Highly Vulnerable Aquifer Map.

Step 5:  Assign Vulnerability Score.

Step 6: Evaluate Uncertainty.

DATA SOURCES:

 North Simcoe Groundwater Study (Golder Associates Ltd., 2005) report and accompanying ISI 
mapping.

 NVCA Geologic/Hydrostratigraphic Model Development (Golder Associates Ltd. and 
AquaResource Inc., 2009) interim report and hydrostratigraphic interpretations.

 CAMC/YPDT and Lake Simcoe Region Conservation Authority (LSRCA) borehole database.

 CAMC/YPDT regional Version 4 ground surface layer.



Technical Memorandum E1 071948.14
Regional Groundwater Vulnerability and HVA Mapping – Black-Severn River Watershed July 22, 2010
South Georgian Bay Lake Simcoe Source Protection Region Page 2 of 5

7/22/2010 10:56 AM  H:\Proj\07\1948\14\Wp\KBG-TM E1 Regional Vulnerability - Black SPA.docx

Step 1: Review and Assess Available Data and Interpretations:

The LS&C-BR SPA is located on the east side of the SGBLS SPR.  The Black-Severn River Watershed is 
located in the north portion of this SPA as is shown in Figure E1-1.  This area is characterized by thin to 
absent overburden cover overlying Paleozoic and Precambrian bedrock.

Data coverage within the Black-Severn River Watershed consists of a database of borehole data 
compiled by the Conservation Authorities Moraine Coalition/York Peel Durham Toronto Groundwater 
Management Study (CAMC/YPDT) and the Lake Simcoe Region Conservation Authority (LSRCA).  This 
database is based in Microsoft Access™ and is updated on an ongoing basis by several members of the 
study team.  This database includes part of the MOE Water Well Database as well as additional high 
quality borehole data collected from local studies and reports.  The data included in the database is also 
assigned quality codes based on location and elevation accuracy.

The distribution of borehole data available from this database is shown on Figure E1-1.

Step 2:  Assess Vulnerability:

The groundwater vulnerability was assessed based on available data and a knowledge of the regional 
conditions.  Available Intrinsic Susceptibility Index (ISI) mapping was considered along with an 
overburden thickness method.  The ISI method was previously generated in other studies and was 
generated from individual borehole data while the overburden thickness approach has been developed as 
part of this study, also based on individual borehole data. 

The results from each method were reviewed to confirm that the assessed vulnerability reflects the 
observed geological materials and known local conditions. 

Intrinsic Susceptibility Index (ISI) – Golder Associates Ltd. (2005) 

The ISI map for the Black-Severn River Watershed was obtained from the North Simcoe Groundwater 
Study (Golder Associates Limited, 2005) and is provided as Figure E1-2.  Details of the ISI methodology 
are provided in Technical Memorandum A1 – Groundwater Vulnerability Assessment Methods.  Figure 
E1-2 illustrates groundwater vulnerability based on the following matrix:

Table E1-2  ISI Vulnerability Ratings

ISI/AVI Score Vulnerability

< 30 High

30 - 80 Medium

> 80 Low

The ISI map is considered to reflect the vulnerability either to the water table aquifer or to the first 
confined aquifer layer.  It is common that this methodology will underestimate the protection available to 
deeper, confined aquifer layers.  While the methodology followed to generate this mapping is in 
accordance with the accepted ISI methodology presented in the Technical Rules and Technical 
Memorandum A1 – Groundwater Vulnerability Assessment Methods, this mapping does not provide 
coverage across the entire Black-Severn River Watershed.  Figure E1-2 shows a gap in coverage across 
most of the north part of the Black-Severn River Watershed.  As a result, this mapping is not appropriate 
to use to represent the groundwater vulnerability mapping within the Black-Severn River Watershed, but 
is a useful tool in assessing the appropriateness of mapping generated using other methods, such as the 
overburden thickness method presented below.
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Overburden Thickness

As the Black-Severn River Watershed is typically a thin overburden to exposed bedrock environment, a 
consideration of the thickness of the overburden cover to assess vulnerability is reasonable.  The 
overburden thickness assessment is an adaptation of the Aquifer Vulnerability Index (AVI) method.  The 
AVI method can be applied to use the thickness of the overburden cover to assess groundwater 
vulnerability.  In this approach, the assumption is made that aquitard material of less than 6 m thickness 
with a K-factor of 5 (corresponding to a relatively low permeability till material) would correspond to high 
vulnerability (Table E1-2).  Areas where the overburden thickness did not identify high vulnerability were 
assigned medium vulnerability.  This methodology is explained in more detail in Technical Memorandum 
A1.

As there are no interpreted hydrostratigraphic models available within the Black-Severn River Watershed, 
queries were created to collect bedrock elevation data from boreholes with high location and elevation 
accuracy codes.  These resulting elevations were used to generate a bedrock surface on a 100 m x 100 
m grid in VIEWLOG™.  This resulting surface was subtracted from the regional ground surface to create 
an overburden thickness map.  The resulting surface is shown in Figure E1-3.  The areas that show 
overburden thickness of less than 6 metres are shown in Figure E1-4.

Mapping produced by the Ontario Geological Survey (OGS) shows surficial deposits of sand and gravel in 
locations where the overburden thickness is greater than 6 m (Figure E1-5).  As these deposits could act 
as conduits for contamination at surface into the underlying bedrock aquifer, these deposits were included 
as areas of high vulnerability.

The resulting map showing the combination of the overburden thickness analysis and the OGS surficial 
deposits mapping is presented in Figure E1-6.  This figure shows the areas not already rated as high 
vulnerability have been assigned the conservative groundwater vulnerability rating of medium.

Step 3:  Consider Vulnerability Increase from Transport Pathways:

The transport pathways that were considered to have potential to increase the groundwater vulnerability 
for the aquifer layers within the SGBLS SPR include both active and inactive pit and/or quarry operations.  
These operations tend to remove surficial or near surface sand and/or gravel deposits or remove material 
that may serve as protective cover to the underlying aquifer layer(s).

Available mapping of the locations and extents of licensed pits and quarries were used in assessing 
areas to increase vulnerability in consideration of transport pathways.  The resulting map shows the areas 
proposed for a vulnerability increase in Figure E1-7.  

In areas of the Black-Severn River Watershed where the vulnerability rating is already high, the Technical 
Rules do not allow for any further vulnerability increase.  The proposed increase in vulnerability applies to 
areas in Figure E1-7 where the vulnerability rating is not already high, to apply a vulnerability of high.   
Figure E1-8 shows the mapping provided in Figure E1-6 revised to include the proposed areas for 
vulnerability increase.  

The mapping presented in Figure E1-8 will be used by GENIVAR in the assessment of groundwater 
vulnerability within the wellhead protection areas for the municipal groundwater systems within the SS 
SPA of the SGBLS SPR.  This work is documented in the report titled “Assessment of Drinking Water 
Threats, Selected Municipal Groundwater Supplies – South Georgian Bay Lake Simcoe Source 
Protection Region” and supporting appendices.

Steps 4 through 6 described below apply only to the delineation of the Highly Vulnerable Aquifer for the 
Black-Severn River Watershed.
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Step 4:  Assess Highly Vulnerable Aquifer:

Following the generation of the preliminary map showing areas high vulnerability in Step 3 (Figure E1-8), 
this mapping was compared against other available sources before being proposed as the Highly 
Vulnerable Aquifer mapping for the Black-Severn River Watershed.  Other available data sources 
included previously generated Intrinsic Susceptibility Index (ISI) mapping generated as part of the North 
Simcoe Groundwater Study (Golder Associates Ltd., 2005).  While the OGS surficial sand, gravel and 
bedrock deposit mapping is used as a comparison tool for the other SPA, these deposits were included in 
the assessment and subsequent mapping (Steps 2 and 3) and therefore this comparison is not required.

Intrinsic Susceptibility Index (ISI) – Golder Associates Limited (2005)

The ISI map for the Black-Severn River Watershed was obtained from the North Simcoe Groundwater 
Study (Golder Associates Ltd., 2005) and is provided as Figure E1-2.  Details of the ISI methodology and 
how this map was generated are provided in Technical Memorandum A1 – Groundwater Vulnerability 
Assessment Methods.  This mapping was not considered appropriate for use in representing the 
groundwater vulnerability across the Black-Severn River Watershed due to a gap in area coverage across 
most of the north portion of the SS SPA (Figure E1-2).

Comparing Figure E1-7 to Figure E1-8, shows similar results within the Black-Severn River Watershed, 
but Figure E1-8 demonstrates a more conservative estimate of the vulnerability across the landscape.  
This is evidenced by the presence of a larger proportion of red in this figure, representing high 
vulnerability.  

The ISI mapping provides confidence that the vulnerability assessed and presented in Figure E1-8 is a 
conservative representation of the available data and an appropriate representation of Highly Vulnerable 
Aquifers within the Black-Severn River Watershed.

Step 5:  Evaluate Uncertainty:

Under the Technical Rules, only an Uncertainty Rating of high or low is permitted.  The Uncertainty 
Rating is primarily based on the assessment of the quantity, quality, and distribution of the available data.  
As this data distribution is often highly variable, some areas may be more accurately reflected than 
others.  Figure E1-1 shows the locations of available datapoints within the Black-Severn River 
Watershed.  

The Uncertainty Rating recommended for the Black-Severn River Watershed Groundwater Vulnerability 
Assessment and Highly Vulnerable Aquifer delineation is low.  A low Uncertainty Rating reflects a high 
degree of confidence in the vulnerability assessment and subsequent highly vulnerable aquifer 
delineation based on knowledge of the local data and characteristics of the area.  Despite this Uncertainty 
Rating, the available data still reflects an irregular distribution and high variability in quality and 
consistency across the Black-Severn River Watershed.  Collection of additional data in areas 
demonstrating low data availability may serve to further improve the confidence in Groundwater 
Vulnerability Assessment results and the Highly Vulnerable Aquifer delineation.

KBG:nah
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