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Date: June 18, 2010

To: Don Goodyear, P.Geo. – Lake Simcoe Region Conservation Authority

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

Project No.: 071948.00

Subject: Groundwater Vulnerability Assessment Methods
South Georgian Bay Lake Simcoe Source Protection Region

OBJECTIVE:

To document the approach and methodology for the preparation of regional groundwater vulnerability 
mapping in the South Georgian Bay Lake Simcoe Source Protection Region (SGBLS SPR) and to apply 
this mapping to assess vulnerability in delineated Wellhead Protection Areas (WHPA).

Based on the assigned WHPA, work completed by GENIVAR for the WHPA focussed on municipal 
groundwater systems in the Nottawasaga Valley Source Protection Area (NV SPA) and the Severn 
Sound Source Protection Area (SS SPA) and groundwater systems in the Town of Innisfil and Township 
of Ramara.

OVERVIEW:

Technical Rules presented in Part IV, Part V.3 and Part VII.3 of the Technical Rules Assessment Report, 
Clean Water Act, 2006 document as released by the Ontario Ministry of the Environment (MOE) on 
December 12, 2008 and as amended in November 2009 provide direction to the requirements for 
assessing the vulnerability of municipal groundwater supply systems. Part IV describes methods for 
assigning vulnerability of groundwater including the identification of areas where the vulnerability may be 
increased due to the presence of transport pathways.  

The steps followed to prepare the regional vulnerability mapping include:

Step 1:  Review and Assess Available Data and Interpretations.

Step 2:  Assess Vulnerability by Layer.

Step 3:  Assess Vulnerability within WHPA.

Step 4:  Consider Vulnerability Increase for Transport Pathways.

Step 5:  Assign Vulnerability Score.

Step 6:  Evaluate Uncertainty.

DATA SOURCES:

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

 South Simcoe Municipal Groundwater Study (Golder Associates Limited, Ainley Group, and 
Waterloo Hydrogeologic Inc., 2004) report and accompanying ISI mapping.
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 NVCA Geologic/Hydrostratigraphic Model Development (Golder Associates Ltd. and 
AquaResource Inc., 2009) draft report and hydrostratigraphic interpretations.

 CAMC/YPDT Version 2 Hydrostratigraphic Interpretations, accompanying ISI mapping, and
borehole database.

 Groundwater Modelling of the Oak Ridges Moraine Area (CAMC/YPDT, 2006).

Step 1:  Review and Assess Available Data and Interpretations

The available data for the SGBLS SPR area was collected and reviewed to consider:

 The availability and coverage of interpreted hydrostratigraphic surfaces;

 The presence of data gaps within the SPR; 

 The quantity, distribution, and quality of borehole data; and

 The information available to describe aquifer properties and their distribution.

Step 2:  Assess Vulnerability by Layer

The vulnerability of a groundwater system is an expression of the relative ease through which the aquifer 
could become contaminated by threat activities on or beneath the ground surface.  An aquifer that can 
easily become contaminated is considered to be highly vulnerable.  In general, a highly vulnerable aquifer 
will consist of granular aquifer materials (sands and gravel) or fractured rock that have relatively high 
permeability and are observed near the ground surface with a relatively shallow water table.  The 
vulnerability of the aquifer will typically be lower if it is covered by low permeability soils (very fine sand, 
silt and/or clay). 

The Vulnerability Analysis methods allow an opportunity for the qualified professional to evaluate other 
influences that will account for the effects of low permeability soil materials in reducing the likelihood that 
contamination can reach the water supply aquifers.  Technical Rule 37 (Part IV) allows for use of the 
following methods to be used to assess groundwater vulnerability:

(1) Intrinsic Susceptibility Index (ISI).

(2) Aquifer Vulnerability Indices (AVI).

(3) Surface to Aquifer Advection Times (SAAT).

(4) Surface to Well Advection Times (SWAT).

Advection time in the above methods refers to the estimated time for groundwater to move through the 
subsurface.  This is typically obtained through numerical groundwater flow models.

Technical Rule 38 (Part IV) describes how a vulnerable area is sub-divided into areas of “High”, 
“Medium”, and “Low” Vulnerability for the above noted assessment methods.

In some cases, it may also be reasonable to justify an assignment of “High” Vulnerability based on 
knowledge of thin overburden cover, fractured bedrock, and/or high water tables.  This is a simplification 
of the AVI method and is explained in more detail in following sections.
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The methodology for each assessment method is described in the following sections.  

ISI and AVI mapping methods are described in greater detail in Draft Guidance Module 3 (MOE, October 
2006).  The list of K-factors for various geological materials in provided in Appendix 3 of Draft Guidance 
Module 3 (MOE, October 2006) and Table A1-1. 

Intrinsic Susceptibility Index (ISI)

The Intrinsic Susceptibility Index is a specific methodology that utilizes information in the existing Water 
Well Information System (WWIS) to qualitatively assess the degree of protection that soil materials above 
either the water table in an unconfined aquifer, or the top of a designated confined aquifer as illustrated in 
Figure A1-1.  In the approach recommended by the MOE, the uppermost 2 m-thick confined aquifer is 
used when there is no unconfined or water table aquifer.  In the ISI method a score is obtained for each 
well by multiplying a representative “permeability” or “K” factor by the measured thickness of each unit (or 
unsaturated thickness for the water table case).  A high K-factor (4 or 5) represents low permeability soils 
that typically behave as aquitards and provide vertical protection to underlying layers.  A low K-factor (1-
2) represents permeable materials (typically sands or gravels) that can more readily conduct groundwater 
and contaminants to the municipal well.  The sum of these scores for each layer above the water table or 
first aquifer is then added to determine an ISI index.  The ISI index is then related as High, Medium, or 
Low as shown in Table A1-2: 

Table A1-2  ISI/AVI Vulnerability Ratings

ISI/AVI Score Groundwater
Vulnerability

< 30 High

30 - 80 Medium

> 80 Low

As part of groundwater studies conducted for Simcoe County, an ISI methodology was previously applied 
in portions of the NV SPA, SS SPA, and the BS/LS SPA.  This method follows the same methodology as 
outlined in the Technical Rules for ISI methodology and is presented as Figures 6 and 10.1 in the North 
Simcoe Municipal Groundwater Study (Golder, 2005) and as Figures 6 and 10.1 in the South Simcoe 
Municipal Groundwater Study (Golder et al., 2004).  The regional ISI for these areas was provided by 
LSRCA as a shapefile that can be used in both Viewlog™ and ArcGIS™.  

Aquifer Vulnerability Index (AVI)

The Aquifer Vulnerability Index (AVI) is calculated in a similar way to the ISI as described above.  The 
difference is that the AVI is calculated as the sum of the K-factor and thickness for each soil layer above 
the aquifer of interest with no consideration of the water table.  This approach can be either applied using 
interpreted geological layers or using the soils data from individual boreholes. Figure A1-2 illustrates the 
AVI approach using interpreted hydrostratigraphic layers.

Surface to Aquifer Advection Times (SAAT) or Surface to Well Advection Times (SWAT)

SAAT or SWAT analysis can be performed manually using analytical methods or more typically using a 
numerical groundwater flow model.  These methods determine the actual time of travel from either ground 
surface to the aquifer, or from surface to a municipal well.  These methods were not considered at this 
time as a consistent numerical groundwater flow model was not available for the SGBLS SPR.
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Methodology Applied

Due to the extensive size and variation in available datasets within the SGBLS SPR, different methods 
were required to determine the Groundwater Vulnerability.  As most of the area had coverage from 
interpreted hydrostratigraphic models, the regional groundwater vulnerability was determined using an 
AVI approach that considered the regional hydrostratigraphic interpretations. 

In areas, where previously generated interpretations were not available, the Groundwater Vulnerability 
was determined using an AVI method adapted to use overburden thickness data to identify areas that 
would have High Vulnerability.  Further detail on the application of each method is supplied below.

AVI – Regional

A regional AVI approach was followed to estimate the appropriate vulnerability for each interpreted 
aquifer layer in the hydrostratigraphic models.  The regional AVI considered the thickness and properties 
of each soil layer above each identified aquifer layer.  

The primary method for determining AVI within the SGBLS SPR was through the use of interpreted 
hydrostratigraphic models.  These models identify hydrostratigraphic units that are considered to be 
aquifers or aquitards on a regional scale.   For all of the municipal groundwater supply systems to be 
addressed in this study in the NV and SS SPA; the interpreted hydrostratigraphic model consisted of 17 
layers; a draft version of the surfaces and the accompanying report was released in 2009.  

In Ramara Township (part of the Lake Simcoe and Couchiching-Black River Source Protection Area), 
there is no interpreted hydrostratigraphy available.  In this area, a database of detailed borehole data was 
used to determine the overburden thickness of surficial deposits and determine the groundwater 
vulnerability.  

For the regional AVI approach, each aquitard layer was assigned a K-factor of 4, as being a conservative 
estimate for the less permeable soils that compose an aquitard.  Aquifer layers were subsequently 
assigned a K-factor of 1, again to be conservative for permeable soils.  This approach is illustrated in 
Figure A1-2.  

The outcome of this process was a series of maps that represent the aquifer vulnerability (high, medium, 
and low) for each of the identified aquifer layers.  This series of maps are presented in Technical 
Memoranda B1. 

The AVI calculated for each aquifer layer has also been used by GENIVAR to delineate the Highly 
Vulnerable Aquifers within the SGBLS SPR.  This work is documented in the report titled “Assessment of 
Highly Vulnerable Aquifers (HVA) – South Georgian Bay Lake Simcoe Source Protection Region” and 
supporting appendices.  

Ramara Township Vulnerability

Ramara Township is not covered by the interpreted hydrostratigraphic models.  These areas are typically 
north of Lake Simcoe and typically have relatively thin overburden or exposed bedrock. 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 less than 6 m thickness of an aquitard material with a K-factor of 5 
(corresponding to a relatively low permeability till material) would correspond to high vulnerability (Table 
A1-1).  Typically, this method has been applied in areas where overburden thickness is minimal.  Areas 
where the overburden thickness did not identify high vulnerability were assigned medium vulnerability.

CAMC/YPDT maintains a borehole database that includes the MOE Water Well Record database with 
additional information on high quality boreholes from other local studies and reports.  This database is 
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based in Microsoft Access™ and is updated on an ongoing basis by several members of the study team.  
The data included in the database is also assigned quality codes based on location and elevation 
accuracy.  The database was provided by the LSRCA and included updates made by LSRCA technical 
staff.

A ground surface elevation layer was also available from CAMC/YPDT.  This ground surface layer is on a 
100 m x 100 m grid in Viewlog™ and originated from the Ministry of Natural Resources (MNR).

In order to prepare a map of overburden thickness, a bedrock surface topography layer was first 
generated using the data contained in the CAMC/YPDT borehole database.  Microsoft Access™ queries 
were created to collect bedrock elevation data from boreholes with high location and high elevation 
accuracy codes.  The bedrock surface elevations contained in these records were used to generate a 
bedrock surface on a 100 m x 100 m grid in Viewlog™.  This resulting bedrock surface layer was 
subtracted from the ground surface layer to create an overburden thickness map.  The overburden 
thickness data was then filtered to identify areas where the overburden thickness is less than 6 metres.

This first step in this process considered that the overburden thickness alone would account for the 
vulnerability. This would not be conservative in areas with thick overburden where the soil materials were 
relatively permeable.  Using the above analogy, a thickness of at least 30 m of sand would be required to 
produce medium vulnerability using the AVI method.   A second step was used to consider the presence 
of medium to coarse-grained soils where the overburden thickness is greater than 6 m.

Mapping produced by the Ontario Geological Survey (OGS) shows surficial deposits of sand and gravel 
as well as areas of bedrock exposed at ground surface. This mapping was overlain on top of the 
overburden thickness maps.  The composite map of overburden thickness less than 6 m and the OGS 
surficial sand, gravel and bedrock deposits will be used to identify areas of high groundwater vulnerability.  
Areas outside of the high vulnerability zone are classified as medium vulnerability.

Step 3:  Assess Vulnerability within WHPA

Following the assessment of the groundwater vulnerability for each layer on a regional scale, 
groundwater vulnerability was then determined on a local scale within the individual WHPA.

Each municipal supply well was assigned to a layer within the interpreted hydrostratigraphic model within 
the NV and SS SPA (bedrock for the Ramara Township wells) by AquaResource.  The wells were 
assigned to these layers by AquaResource based on the borehole logs for the municipal wells. The 
interpreted hydrostratigraphy and the well aquifer assignments were provided to GENIVAR for the 
purpose of determining the groundwater vulnerability for each WHPA.

Within each WHPA, the groundwater vulnerability determined regionally for the relevant assigned aquifer 
was used.  The resulting vulnerability was checked against the municipal well logs.  Transport Pathway 
increases were applied to this mapped vulnerability.

In situations where there are multiple wells and more than one aquifer supplies water to a single WHPA, 
the vulnerability was determined for the uppermost aquifer layer.  In cases where multiple wells and more 
than one discrete WHPA, the groundwater vulnerability for each WHPA was determined independently.  It 
is possible that maps for some communities may display groundwater vulnerability for a different aquifer 
in each WHPA.



Technical Memorandum A1 071948.00
Groundwater Vulnerability Assessment Methods June 18, 2010
South Georgian Bay Lake Simcoe Source Protection Region Page 6 of 7

6/30/2010 4:01 PM  H:\Proj\07\1948\00\Wp\LAL-TM A1 Vulnerability Methods V3.docx

Step 4:  Consider Vulnerability Increase due to Transport Pathways

Technical Rules 39 through 41 describe the ability to consider an increase to the vulnerability in areas 
where Transport Pathways may affect the natural vulnerability as determined in 
Step 2.  Transport Pathways are anthropogenic or man-made structures or disturbances such as: 

 Existing wells or boreholes (all types);

 Unused or abandoned wells; 

 Pits and quarries;

 Mines;

 Construction Activities (Building foundations);

 Road/Rail Right of Ways (Cuts);

 Storm water infiltration;

 Septic Systems; and/or

 Storm Sewer, Sanitary Sewer, and Water Distribution System or other buried utility 
infrastructure. 

Where present, the vulnerability assigned in Step 3 is increased from medium to high or from low to 
medium.  The Technical Rules do not permit the Vulnerability to be increased from a value of high.  In 
cases where there is a severe concern that man-made structures may significantly increase vulnerability, 
the groundwater vulnerability can also be increased from low to high.  The Technical Rules do not permit 
the Vulnerability to be increased from a value of High.  

Step 5:  Assign Vulnerability Score

A Geographic Information System (GIS) has been used to prepare the maps of the WHPA and the 
groundwater vulnerability (including increases) within the WHPA.  These values were then used to 
generate a map of Vulnerability Scores through considering the WHPA and the Vulnerability Rating as 
per Table A1-3.

Table A1-3.  Vulnerability Scores based on WHPA and Groundwater Vulnerability 
(Technical Rule 83 (Table 2a))

Wellhead  Protection Area
(Time-of-Travel)

Groundwater Vulnerability

High Medium Low

WHPA-A (< 100 m) 10 10 10

WHPA-B (< 2 Year) 10 8 6

WHPA C (< 5 Year) 8 6 4

WHPA C1 (< 10 year) 
where 5 year TOT not delineated]

8 6 4

WHPA-D (< 25 Year) 6 4 2

Note:

Groundwater Vulnerability Scores range from 0 to 10 with 10 assigned to the highest vulnerability zones (near the 
municipal well(s)) and where there is strong potential for direct hydraulic connection to the municipal water supply 
aquifer.
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Step 6:  Evaluate Uncertainty

Uncertainty Assessment was a significant component of the Tier 1 Water Quality Risk Assessment as 
described in the Draft Guidance Modules (MOE, October 2006).  In the Technical Rules, a specific 
uncertainty analysis is not outlined for the Vulnerability Assessment component, but there remains a 
requirement to document “a description of every uncertainty analysis conducted in accordance with the 
Rules and the results of that analysis (Part 1.2 Assessment Report Contents - Rule 9 (2)(f)).  The 
Uncertainty Analysis provided herein is intended to provide sufficient capacity to comment on the 
uncertainty inherent in the Vulnerability Assessment. 

Uncertainty is typically generated by limitations in the quantity and/or quality of data that is available to 
support the characterization of the groundwater flow system at the scale of analysis and assessment.  In 
terms of the Vulnerability Assessment, the uncertainty has been expressed as an Uncertainty Rating of 
High or Low for each WHPA and corresponding vulnerability assessment. 

In preparing the vulnerability scores for the SGBLS SPR municipal groundwater supplies, attempts have 
been made to make decisions and assumptions that would err on the conservative side.  An example of 
these decisions are:

1) AVI scores estimated using the regional layers consider a relatively low K-Factor for the typical 
range of observed aquifer and aquitard materials.  AVI scores using the actual materials would 
likely result in Higher AVI scores and lower vulnerability. 

The Uncertainty Rating recommended for the Groundwater Vulnerability Assessment is High.  A High 
Uncertainty Rating does not necessarily reflect a low degree of confidence in the vulnerability 
assessment, but instead reflects the irregular distribution and high variability in quality and consistency in 
the data available to use for the assessment.  

The High Uncertainty Rating also reflects the potential variability in the vulnerability interpolated across a 
100 x 100 m grid.  As the data is extrapolated to generate a surface, some averaging of individual data 
points occurs and while this variation may not show much variation on a regional scale, on a local scale, 
the results may not fully reflect local conditions which may influence the susceptibility of the aquifers to 
contamination from activities at surface.  Collection of data in areas demonstrating low data availability 
may serve to lower the Uncertainty Rating.  

LIST OF TABLES

TABLE A1-1 SUMMARY OF K-FACTORS FOR GEOLOGICAL MATERIALS
TABLE A1-2 ISI/AVI VULNERABILITY RATINGS
TABLE A1-3 VULNERABILITY SCORES BASED ON WHPA AND GROUNDWATER 
VULNERABILITY

LIST OF FIGURES

FIGURE A1-1 INTRINSIC SUSCEPTIBILITY INDEX (ISI)
FIGURE A1-2 AQUIFER VULNERABILITY INDEX (AVI) - REGIONAL
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Table A1-1 - Summary of K-Factors for Geological Materials

Primary Material Secondary Materials (optional) K-factor
Gravel / Gravelly Sand none apparent / Rhythmic/graded Bedding / Weathered 1
Limestone none apparent / Weathered 1
Weathered Dolomite/Limestone 1
Karst 1
Permeable Basalt 1
Dolomite 2
Gravel / Gravelly Sand - with organic material Topsoil / Muck, Peat, Wood Fragments 2
Interbedded Limestone/Shale 2
Sand / Silty Sand none apparent 2
Previously Drilled / Missing / Covered 3
Fill (including topsoil and waste) 3
Miscellaneous, No Obvious Code 3
Organic Material (including Peat) none apparent / Topsoil 3
Rock or Potential Bedrock 3
Sand / Silty Sand Topsoil / Muck, Peat, Wood Fragments / Rhythmic/graded Bedding 3
Weathered Clay / Weathered Shale 3

Silt / Sandy Silt / Clayey Silt
none apparent / Topsoil / Muck, Peat, Wood Fragments / Rhythmic/graded 
Bedding / Loess

4

Diamicton - clay to clay/silt OR silt to sand 
silt matrices

none apparent / Gravel/Sand/Silt/Clay Interbeds / Stoney / Topsoil / with 
Muck, Peat, Wood Fragments / Texture Unknown

5

Sandstone 5

Clay / Silty Clay
none apparent / Topsoil / Muck, Peat, Wood Fragments / Rhythmic/graded 
Bedding

6

Shale 8
Clay - Till or Unweathered Marine 8
Unfractured Igneous/Metamorphic Rock 9
Granite N/A
Source: Tables 3.1 and 3.2 found in Appendix 3 of the Ministry of the Environment Draft Guidance Module 3 (October, 2006).
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Date: June 28, 2010

To: Don Goodyear, Manager, South Georgian Bay Lake Simcoe Source Protection Region

From: Colleen Barfoot, Lloyd Lemon, M.Sc., P.Geo.

Project No.: 071948.00

Subject: WHPA-C Delineation

BACKGROUND:

The Technical Rules: Assessment Report released by the Ontario Ministry of the Environment (MOE) in 
December 2008 and amended in November 2009 outline requirements for delineation of Wellhead 
Protection Areas (WHPA) around municipal groundwater supply wells.  

Technical Rule 42 (MOE, December 2008) states:

42. Where the rules in this Part require that the extent of an area be determined by time of travel to a 

wellhead, only the following models and methods may be used,

1) a computer based three-dimensional groundwater flow model,

2) two-dimensional analytical model,

3) uniform flow method,

4) calculated fixed radius method

As per Technical Rule 47, the WHPA for each well is to include: 

1) Area WHPA-A, being the surface and subsurface area centred on the well with an outer boundary 
identified by a radius of 100 m. 

2) Area WHPA-B, being the surface and subsurface areas within which the time of travel to the well 
is less than or equal to two years but excluding WHPA-A.

3) Area WHPA-C, being the surface and subsurface areas within which the time of travel to the well 
is less than or equal to five years but greater than two years

4) Area WHPA-D, being the surface and subsurface areas within which the time of travel to the well 
is less than or equal to twenty-five years but greater than five years. 

Technical Rule 48 allows the use of an Area WHPA-C1, being the surface and subsurface areas within 
which the time of travel to the well is less than or equal to five years but greater than two years for 
systems where WHPA were delineated in a report prior to April 30, 2005 and a five year time of travel is 
not available. 

WHPA for many of the municipal water supply systems in the South Georgian Bay Lake Simcoe (SGBLS) 
Source Protection Region (SPR) were delineated in one of two studies:

 South Simcoe Municipal Groundwater Study, Golder Associates Limited, Ainley Group, and Waterloo 
Hydrogeologic Inc. (2004).  

 North Simcoe Municipal Groundwater Study, Golder Associated Limited (2005).  
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In these studies the consultants used one of the above methods (1), (3) or (4) to delineate the WHPA.  
The choice of method was typically based on the availability of data to define the groundwater flow 
system and the relative complexities.  Where more data is available, a three-dimensional model was 
used.  Where minimal data was available, a calculated fixed radius approach was used. For each system 
the WHPA included a 50 day time of travel zone, a two year time of travel zone, a 10 year time of travel 
zone and a 25 year time of travel zone. 

At the request of the Source Protection Committee for the SGBLS SPR, Jagger Hims Limited (Now 
GENIVAR) were requested to evaluate options for delineating a five year time of travel area that could be 
used as WHPA-C for the existing WHPA delineations.  Although it is possible to estimate five year time of 
travel areas from the available information, the concern was raised that this may not strictly comply with 
the requirements of the Technical Rule 42. A letter was submitted to the MOE on July 14 2009 requesting 
permission to prepare estimates of the five year time of travel zone for WHPA where:

1) The WHPA were delineated using a Fixed Radius Method, or

2) The WHPA were delineated using a 2-D analytical solution and the hydraulic properties were 
uniform resulting in a linear groundwater velocity through the WHPA.

The MOE provided approval to delineate WHPA-C for the systems that meet these qualifications.  For 
other systems, particularly those where three dimensional numerical groundwater flow models were used, 
the Vulnerability Analysis is to be completed using the WHPA-C1.  

For systems where the three dimensional numerical model was revisited in concurrent studies, WHPA-C 
was delineated directly from the numerical groundwater flow model.

OBJECTIVE:

To document the approach and methodology for the delineation of the WHPA-C (< 5-year time-of-travel
areas) for selected WHPAs within the SGBLS SPR.

OVERVIEW:

The steps followed to delineate the WHPA-C for selected wells included:

Step 1: Review of previous work to identify systems that qualified.

Step 2: Utilizing method from previous work to delineate WHPA-C.   

Step 1: Review of Previous Work:

The previous work in the South Simcoe and North Simcoe groundwater studies (2004) delineate the 
WHPAs using either the calculated fixed radius method, 2-D analytical models or a computer based 3-D 
numerical groundwater flow model.

Calculated Fixed Radius Method

The calculated fixed radius method was used for wells with simple hydrogeological characteristics and/or 
little data associated with it.  This calculation is based on pumping rate data and known or assumed 
aquifer characteristics. The calculations provide a radius for each time of travel interval that can be 
drawn as a series of concentric circles around the well.  The method followed by Golder used a 
spreadsheet calculation and incorporated an assumed rate of recharge.  
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The fixed radius estimate for the Park Lane system in the Township of Ramara demonstrated a steady-
state limit for the assigned pumping rate within the 2 year time of travel area (WHPA-B).  Delineation of 
WHPA-C is not required. 

2-D Analytical Model

The 2-D analytical model used in the previous work is the General Particle Tracking module (GPTRAC).  
It is a semi-analytical two-dimensional model that delineates time-related capture zones for pumping 
well(s) in a homogenous aquifer.  Assumptions for this model include steady and uniform horizontal 
ambient groundwater flow, that the wells are fully penetrating, and the aquifer is of an infinite area unless 
a stream boundary is chosen.  This was considered by Golder to be the most realistic scenario for most of 
the aquifers included in this study, and most of the capture zones were delineated using this approach.

The 2-D analytical approach was used by Golder (2004) to delineate WHPA for the systems at 
Horseshoe Highlands, Sugarbush and Warminster in the Township of Oro-Medonte.  The WHPA for 
these systems were updated in 2010 by Golder Associates.  Estimation of the WHPA-C was not required
under this study.

3-D Numerical Groundwater Flow Model

The WHPAs that were delineated using the 3-D Groundwater Flow Model contained the following:

 Areas of greater hydrogeologic complexity;

 Areas experiencing higher pumping stress conditions, such as major municipal wellfields;

 Areas with a higher degree of observation data to be used in generating and calibrating numerical 
models.

The type of numerical model used for each system was determined based on the following criteria:

 Availability of hydrogeological data and calibration points;

 Aquifer type;

 Complexity of the system;

 Priority of certain wellfields with respect to ongoing or upcoming projects.

The majority of the modelling was done using the modelling package MODFLOW (Harbough et al., 2000) 
because it can simulate groundwater flow, and with the add-on package MODPATH (Pollock, 1994) can 
also display advective pathlines.  The other type of modelling software used was FEFLOW (Wasy, 2000) 
which allows for stratigraphic complexity.

Table A2-1 presents a summary of the municipal groundwater supply systems in the SGBLS that qualified 
to have the WHPA-C estimated.  For systems other than those described above, the WHPA-C1 was used 
to complete the vulnerability analysis. 

Step 2: Delineation of WHPA-C (5 year time of travel) Distance:

The approach followed for delineation of WHPA-C for the systems listed in Table A2-1 is illustrated in 
Figure A2-1.  
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Calculated Fixed Radius Method

The Fixed Radius calculations from the South and North Simcoe Municipal Groundwater Studies (Golder, 
2004) were repeated using the same input parameters to determine the 5-year time-of-travel radius that is 
to be used as WHPA-C.  The necessary hydrogeologic parameters include the pumping rate used for 
each well (average daily use from 2002), the saturated aquifer thickness, the effective porosity, and the 
recharge rate. 

The formula used to calculate the fixed radius is: R2 = Q x T/(π x b x ne+π x IR x T).

Where:  R = fixed radius distance (m),
Q = pumping rate (m3/day),
T = time (yr)
B = saturate aquifer thickness (m),
ne = effective porosity,
IR = recharge rate (m/yr).

The calculation of the WHPA-C for the systems where the calculated fixed rate method was used is 
presented in Table A2-2.

2-D Analytical Model Method

The 5 year time of travel distance for water supply systems where the hydraulic properties were uniform 
and a linear groundwater velocity was observed through the entire WHPA was determined by calculating 
the proportional distance between the 2 year and 10 year time of travel distances along the primary
groundwater flow path.  Table A2-3 illustrates the calculation of the average velocity (distance per year) 
observed between 2 years and 10 years and then determining the distance for the three (3) year period 
between 2 years and 5 years.  In the cases where the WHPA were determined for a cluster of wells, the 
distances were calculated from the midpoint of the cluster.  The resultant 5 year distance was determined 
along the primary groundwater flow direction.  These calculations are documented in Table A2-3.

Figure A2-2 illustrates how WHPA-C was estimated using the distances calculated in Table A2-3. 

The original 10 year time of travel estimate for the Collingwoodlands WHPA in Clearview Township was 
truncated by Golder at the Niagara Escarpment.  The travel distance WHPA-C was therefore determined 
based on the average groundwater velocity for the 2 year time of travel.  The calculated 5 year time of 
travel distance using this approach is greater than the 10 year distance presented by Golder.  Therefore 
the 5 year distance can also be assumed to be truncated by the Niagara Escarpment.  

The WHPA for the Val Harbour system in Ramara Township indicated that the WHPA had reached a 
maximum distance (steady-state) after two years.  WHPA-C was not delineated for the Val Harbour 
system.

LAL/CEB:lnc
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Figure A2-1 Decision Flow Chart for Delineating 5 Year Time-of-travel (TOT) WHPAs
Figure A2-2 WHPA-C Distance Estimation – Golf Haven

Table A2-1 Municipal Well Systems for WHPA-C Delineation
Table A2-2 WHPA-C Distance Calculations – Calculated Fixed Radius Method
Table A3-3 WHPA-C Distance Calculations – 2D Analytical Method



Figure A2-1  Decision Flow Chart for Delineating 5 Year Time-of-Travel (TOT) Wellhead Protection Areas
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Table A2-1 - Municipal Well Systems for WHPA-C Delineation

DWS Municipality Method

Collingwoodslands Clearview 2D Analytical

New Lowell Clearview 2D Analytical
Nottawa-
McKeans

Clearview 2D Analytical

Churchill Innisfil Fixed Radius/2D Analytical

Cookstown Innisfil 2D Analytical

Goldcrest Innisfil 2D Analytical

Golf Haven Innisfil 2D Analytical
Innisfil 
Heights

Innisfil 2D Analytical

Canterbury Oro-Medonte 2D Analytical

Cedarbrook Oro-Medonte 2D Analytical

Harbourwood Oro-Medonte 2D Analytical

Maplewood Oro-Medonte 2D Analytical
Medonte 

Hills
Oro-Medonte 2D Analytical

Robincrest Oro-Medonte 2D Analytical

Bayshore Ramara 2D Analytical

Davy Drive Ramara Fixed Radius

Park Lane Ramara Fixed Radius

Severn Estates Severn Fixed Radius
Elmvale Springwater 2D Analytical
Hillsdale Springwater Fixed Radius

Phelpston Springwater 2D Analytical

6/28/201012:13 PMH:\Proj\07\1948\00\Tech\5 Year TOT Estimates\Table A2-1 - Municipal Well Systems for WHPA-C Delineation.xls6/28/201012:13 PM



Table A2-2 - WHPA-C Distance Calculations - Calculated Fixed Radius Method

Calculation of Fixed Radius Distances R2 = Q*T/(π*b*ne+π*IR*T)

Churchill Well 2

2 5 10 25 Years

730 1825 3650 9125 Days

Q b ne IR

(m3/day) (m) m/yr

Well 2 143 17 0.3 0.01 81 127 179 279

Davy Drive

2 5 10 25 Years

730 1825 3650 9125 Days

Q b ne IR
(m3/day) (m) m/yr

Well 1,2,3  21.3 1 0.005 0.01 445 474 485 493

Park Lane

2 5 10 25 Years

730 1825 3650 9125 Days

Q b ne IR
(m3/day) (m) m/yr

Well 1,2 13.5 1 0.001 0.01 386 392 394 395

Severn Estates

2 5 10 25 Years

730 1825 3650 9125 Days

Q b ne IR
(m3/day) (m) m/yr

Well 1 13 1 0.001 0.01 379 385 387 388

Hillsdale Well 1, 2

2 5 10 25 Years

730 1825 3650 9125 Days

Q b ne IR
(m3/day) (m) m/yr

Well 1 (Bedrock) 343 1.2 0.1 0.01 755 1083 1346 1641

Well 2 (Overburden) 179 19 0.3 0.1 84 130 176 252

R
(m)

Scenario Well Designation

Pumping 
Rate

Saturated 
Aquifer 

Thickness

Effective 
Porosity

Recharge 
Rate

Fixed Radius Distance

Recharge 
Rate

Time of Travel Zone (TOT) 

Fixed Radius Distance

R
(m)

Time of Travel Zone (TOT) 

Time of Travel Zone (TOT) 

Fixed Radius Distance

R
(m)

Scenario Well Designation

Pumping 
Rate

Saturated 
Aquifer 

Thickness

Effective 
Porosity

Scenario Well Designation

Pumping 
Rate

Saturated 
Aquifer 

Thickness

Effective 
Porosity

Recharge 
Rate

Recharge 
Rate

Time of Travel Zone (TOT) 

Fixed Radius Distance

R
(m)

Effective 
Porosity

Scenario Well Designation

Pumping 
Rate

Saturated 
Aquifer 

Thickness

(m)

Effective 
Porosity

Scenario Well Designation

Pumping 
Rate

Saturated 
Aquifer 

Thickness

Recharge 
Rate

Time of Travel Zone (TOT) 

Fixed Radius Distance

R

H:\Proj\07\1948\00\Tech\5 Year TOT Estimates\Table A2-2 - WHPA-C Distance Calculations - Calculated Fixed Radius Method.xlsChurchill Well 2 Fixed Radius 6/28/201012:14 PM



Table A2-3 - WHPA-C Distance Calculations-2D Analytical Method

DWS Lower Tier Well Designation
2 Year 

Distance 
(m)

10 Year 
Distance 

(m)

2-10 Year 
Distance 

(m)

Distance 
per Year 

(m)

Distance 
from 2 
Year 
(m)

5 Year 
Distance 

(m)

Collingwoodslands* Clearview 657.00 1490.00 n/a 328.50 985.50 1642.50

Well 1,2 142.00 739.00 597.00 74.63 223.88 365.88

Well 6 150.00 395.00 245.00 30.63 91.88 241.88

Well 1,2 156.00 674.00 518.00 64.75 194.25 350.25

Well 3 156.00 672.00 516.00 64.50 193.50 349.50

Churchill Innisfil Well 1 142.00 442.00 300.00 37.50 112.50 254.50

Well 3 168.00 499.00 331.00 41.38 124.13 292.13

Cookstown Innisfil Well 1 904.00 2661.00 1757.00 219.63 658.88 1562.88

Goldcrest Innisfil 181.00 848.00 667.00 83.38 250.13 431.13

Golf Haven Innisfil 305.00 895.00 590.00 73.75 221.25 526.25

Innisfil 
Heights

Innisfil 97.00 362.00 265.00 33.13 99.38 196.38

Canterbury Oro-Medonte 991.00 5082.00 4091.00 511.38 1534.13 2525.13

Cedarbrook Oro-Medonte 184.00 709.00 525.00 65.63 196.88 380.88

Harbourwood Oro-Medonte 378.00 1612.00 1234.00 154.25 462.75 840.75

Maplewood Oro-Medonte 208.00 759.00 551.00 68.88 206.63 414.63

Medonte 
Hills

Oro-Medonte 614.00 1581.00 967.00 120.88 362.63 976.63

Robincrest Oro-Medonte 524.00 1638.00 1114.00 139.25 417.75 941.75

Bayshore Ramara 1480.00 3025.00 1545.00 193.13 579.38 2059.38

Elmvale Springwater 518.00 1840.00 1322.00 165.25 495.75 1013.75
Phelpston Springwater 319.00 1165.00 846.00 105.75 317.25 636.25

Note: '*'  - 5 Year and 10 Year time-of-travel distances truncated at Niagara Escarpment.
n/a - non-applicable.

Clearview

Nottawa-
McKeans

Clearview

New Lowell
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Date: August 5, 2010 

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

From: Lloyd Lemon, P.Geo. 

Project No.: 071948.00 

Subject: Vulnerability Increase – Transport Pathways – Methods 
Selected Water Supplies – South Georgian Bay Lake Simcoe Source Protection Region 

 
OBJECTIVE: 
 
To document a consistent approach for identifying and applying an increase to the Vulnerability Score to 
consider Transport Pathways as part of the Vulnerability Assessment for groundwater supplies in the 
South Georgian Bay Lake Simcoe Source Protection Region. 
 
OVERVIEW: 
 
Technical Rules 39 through 41 of the Technical Rules: Assessment Report, Clean Water Act, 2006 
document as released by the Ontario Ministry of the Environment (MOE) on December, 12, 2008 provide 
for the consideration of increased vulnerability within source protection areas where a transport pathway 
that is anthropogenic in origin may influence the vulnerability of the water supply. 
 
Rule 41 allows for the increase of vulnerability in consideration of: 
 

1) hydrogeological conditions; 

2) the type and design of any transport pathways; 

3) the cumulative effect of any transport pathways; 

4) the extent of any assumptions used in the assessment of the vulnerability of the groundwater.   
 

The purpose of Technical Rules 39 through 41 is to ensure that the vulnerability assessment considers 
local, man-made features that may make it easier for contaminants to reach the water supply aquifer.  
These features are collectively referred to as Transport Pathways. 
 
The steps followed to apply the vulnerability increase in consideration of transport pathways included: 
 

Step 1:  Assemble Available Data. 

Step 2:  Prepare Inventory of Transport Pathways. 

Step 3:  Identify the Degree to Increase the Vulnerability. 

Step 4:  Increase Vulnerability to consider Transport Pathway.  
 
Step 1:  Assemble Available Data 
 
Available data describing the potential presence and extent of Transport Pathways within the Wellhead 
Protection Areas (WHPA) for each municipal water supply area was collected and reviewed.  Some 
examples of the data sources included: 
 

ü WHPA Delineation and Vulnerability Assessments. 

ü Issues Evaluations and Threats Assessments (this study, Jagger Hims Limited). 
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ü Municipal Groundwater Study Reports. 

ü Watershed Characterization Reports (Conservation Authorities). 

ü Microbial Control Plans (where available). 

ü Water Well Information System (WWIS) Database (as obtained from the South Georgian Bay 

Lake Simcoe Source Protection Region. 

ü Records of municipal servicing. 

ü Records of storm sewer catchments and discharge locations, as required.  

ü Property fabric. 

ü Topographic maps and aerial photographs (digital orthophotography). 
 
Step 2:  Prepare Inventory of Transport Pathways 
 
Examples of features that may provide a transport pathway that could result in an increased vulnerability 
to a water supply source include: 
 

ü Existing wells or boreholes (all types); 

ü Unused or abandoned wells; 

ü Pits and quarries; 

ü Mines; 

ü Construction Activities (such as deep building basements/parking garages); 

ü Storm water infiltration; 

ü Septic Systems; and/or 

ü Storm Sewer, Sanitary Sewer & Water Distribution System Infrastructure. 
 
Figure 1 illustrates some examples of typical situations that would constitute a Transport Pathway in 
which the groundwater vulnerability would be increased.   
 
The available data sources were reviewed to identify the Transport Pathways within the delineated WHPA 
for each groundwater-based municipal water supply.  Information describing the nature and location of 
the Transport Pathways was stored in a relational database and linked to a Geographic Information 
System (GIS) project used to map the WHPA and to perform the vulnerability scoring and the Tier 1 
Water Quality Risk Assessment.  Maps were prepared to illustrate the presence of the Transport 
Pathways within the WHPA. 
 
Step 3: Identify the Degree to Increase the Vulnerability 
 
The Technical Rules allow for the vulnerability to be increased from medium to high, from low to medium, 
or from low to high in the presence of a Transport Pathway.  The adjusted vulnerability would be used in 
determining the groundwater vulnerability scores as per Part VII of the Technical Rules.  The Technical 
Rules do not provide specific direction on when to increase vulnerability from low to high.  For most 
scenarios, the vulnerability will be increased by one “step” from medium to high, or from low to medium.  
Increases from low to high will be provided in extreme cases where the Transport Pathway is considered 
to present an obvious and imminent threat to the groundwater quality at the municipal wells. 
 
Evaluation of Transport Pathways must consider whether the Transport Pathway extends to sufficient 
depth to potentially affect the ability of a contaminant to reach the water supply aquifer.  In many cases, 
shallow construction, septic systems, underground utilities, fence posts, etc. may not provide an 



Technical MemorandumA3 071948.00 
Vulnerability Increase – Transport Pathways - Methods August 5, 2010 
South Georgian Bay Lake Simcoe Source Protection Region Page 3 of 4 

8/5/2010 4:12 PM  H:\Proj\07\1948\00\Wp\LAL-TM Transport Pathways.doc 

opportunity to increase the potential for a contaminant to reach a deep, confined aquifer system.  In these 
cases, the vulnerability will not be increased. 
 
The Transport Pathways identified in the Inventory can be evaluated in terms of the likelihood that they 
can affect the water quality of the water supply aquifer.  A new map layer in the GIS system has been 
created to identify the geographic area influenced by the Transport Pathway and subsequently to 
increase the Groundwater Vulnerability Rating.  
 
The majority of the potential transport pathways listed above can be included in the GIS system directly 
based on mapping of the known distribution.  For example, the extent of a pit, quarry, or buried utility 
corridor that is considered likely to result in an increase to the vulnerability of the water supply can be 
readily mapped.  
Wells or boreholes drilled into the subsurface can provide significant potential to transmit contaminants to 
the subsurface as well as to allow contaminants to move between aquifer layers.  The potential that a 
borehole or well will serve as a Transport Pathway sufficient to contaminate an aquifer will increase 
where: 
 

ü The borehole or well extends to, or through, the municipal water supply aquifer (or into an 

overlying aquifer that is hydraulically connected to the municipal water supply aquifer).  

ü The borehole or well has been left in an open condition. 

ü The borehole or well has been backfilled with cuttings or native material. 

ü The well has not been constructed to current provincial standards. 

ü The well materials have corroded due to age. 

ü There is a significant threat identified near the well. 

ü There is an increased density of wells or contaminant threats. 
 
The potential that a borehole or well will serve as a Transport Pathway sufficient to contaminate an 
aquifer will decrease where: 
 

ü The borehole or well extends to a shallow depth and is terminated above the municipal water 

supply aquifer (or above an overlying aquifer that is not hydraulically connected to the municipal 

water supply aquifer).  

ü The borehole or well has been sealed (or abandoned) in accordance with current provincial 

regulations. 

ü The well has been constructed to meet current provincial standards. 

ü The well is relatively new and has not had an opportunity to deteriorate. 

ü There are no significant threats near the well. 

ü There is a low density of wells. 
 
In general, the data necessary to confidently evaluate the above factors for each well is not available.  
The best available data is in the WWIS and this can be used in conjunction with three-dimensional 
hydrostratigraphic mapping of the aquifer systems and GIS systems to evaluate the relative potential for 
wells to constitute a Transport Pathway. 
For this study, the Transport Pathway has been identified for a 30 m radius around an individual well 
where all of the following conditions are met: 
 

1) Wells are within the delineated WHPA-A to F and the mapped vulnerability is medium or low.  



Technical MemorandumA3 071948.00 
Vulnerability Increase – Transport Pathways - Methods August 5, 2010 
South Georgian Bay Lake Simcoe Source Protection Region Page 4 of 4 

8/5/2010 4:12 PM  H:\Proj\07\1948\00\Wp\LAL-TM Transport Pathways.doc 

2) A well either intersects an interpreted water supply aquifer or the bottom of the well extends to 

within three (3) m of the interpreted top of the water supply aquifer using available 3D mapping.  

3) Wells are more than 10 years old (newer wells are likely to be constructed to a higher standard 

and therefore a lower risk). 
 
A 30 m radius has been chosen based on the recommended setback distance from contamination 
sources in the Ontario Regulation 903 (Wells Regulation) as amended.  This distance has also been 
incorporated in the Ontario Building Code. 
 
In addition, Transport Pathways have also been identified in areas where conditions 1 and 2 above are 
satisfied and the well density is greater than six (6) wells within a 100 m radius.  This method of 
consideration of density allows for inclusion of properties known, or suspected to be serviced by private 
wells for which information is not available in the WWIS.  In this instance, the Transport Pathway has 
been increased in the area occupied by the combined 100 m radius. 
 
Note that this approach has been developed to address the required identification and consideration of 
Transport Pathways as per the Technical Rules.  In this regard, the Technical Rules do not provide the 
opportunity to further increase the vulnerability in areas of high vulnerability.  This is a reasonable 
assumption for the method to identify and assess vulnerability and threat.  In areas of high vulnerability, 
the identification of Transport Pathways remains important as an avenue for management of risks to the 
water supply.  
 
Step 4:  Increase Vulnerability to Consider Transport Pathway 
 
The area of the transport pathway is assigned an increased vulnerability within the GIS environment.  
This increased vulnerability is, in turn, applied in conjunction with the delineated time-of-travel zones in 
the WHPA to determine the Vulnerability Score with Part VII of the Technical Rules (Rules 82 to 85).  
Further information on the approach followed to determine the Vulnerability Scores is included in 
“Technical Memorandum A1 – Vulnerability Assessment Approach”. 
 
The Vulnerability Increase for Transport Pathways has been incorporated into the Technical Memoranda 
prepared to describe the Vulnerability Analysis for each community water supply. A figure is prepared to 
illustrate the location of the Vulnerability Increase. 
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Table A5-2 Summary of Number of Significant, Moderate, or Low Threat Circumstances

Pathogens

Vulnerability
Score1

Number of circumstances in Table of Drinking Water 
Threats2

Significant Moderate Low

10 50 (PW10S3) 14 (PW10M) 0

8 0 50 (PW8M) 14 (PW8L)

6 0 0 50 (PW6L)
1 Areas with vulnerability scores less than 6 can not have significant, moderate or low threats. Pathogens are not a 
threat in WHPA C, C1 or D: 2 The number of circumstances was calculated using the Upper Thames River 
Conservation Authority Threats Analysis Tool (http://maps.thamesriver.on.ca/SWPThreats/).  More details and the 
official number of activities and circumstances that result in prescribed threats within the identified vulnerable areas 
are available within the Table of Drinking Water Threats. 3 Refers to the MOE Reference Table that corresponds 
to this vulnerability score and parameter (see Appendix).

Chemicals 

Vulnerability
Score1

Number of circumstances in Table of Drinking Water 
Threats2

Significant Moderate Low

10 528(CW10S3) 824 (CW10M) 211 (CW10L)

8 5 (CW8S) 792 (CW8M) 717 (CW8L)

6 0 5 (CW6M) 1126 (CW6L)
1 Areas with vulnerability scores less than 6 can not have significant, moderate or low threats: 2 The number of 
circumstances was calculated using the Upper Thames River Conservation Authority Threats Analysis Tool 
(http://maps.thamesriver.on.ca/SWPThreats/).  More details and the official number of activities and circumstances 
that result in prescribed threats within the identified vulnerable areas are available within the Table of Drinking 
Water Threats. 3 Refers to the MOE Reference Table that corresponds to this vulnerability score and parameter 
(see Appendix).

DNAPLS

Vulnerability
Score / WHPA1

Number of circumstances in Table of Drinking Water 
Threats2

Significant Moderate Low

WHPA A, B, C, 
C1

(< 5 year TOT)
75(all) (DWAS3) 0 0

6 0 3 (DW6M) 22 (DW6L)
1 Areas with vulnerability scores less than 6 can not have significant, moderate or low threats. 2 The number of 
circumstances was calculated using the Upper Thames River Conservation Authority Threats Analysis Tool 
(http://maps.thamesriver.on.ca/SWPThreats/).  More details and the official number of activities and circumstances 
that result in prescribed threats within the identified vulnerable areas are available within the Table of Drinking 
Water Threats. 3 Refers to the MOE Reference Table that corresponds to this vulnerability score and parameter 
(see Appendix).
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Pathogens (IPZ 1)

Vulnerability
Score

Number of circumstances in Table of Drinking Water 
Threats1

Significant Moderate Low

10 53 (PIPZWE10S2) 15 (PIPZWE10M) 4 (PIPZWE10L)

9 41 (PIPZWE9S) 27 (PIPZWE9M) 4 (PIPZWE9L)

8 40 (PIPZWE8S) 13 (PIPZWE8M) 15 (PIPZWE8L)

7 0 41 (PIPZWE7M) 27 (PIPZWE7L)

6 0 40 (PIPZWE6M) 28 (PIPZWE6L)

5 0 0 41 (PIPZWE5L)
1 The number of circumstances was calculated using the Upper Thames River Conservation Authority Threats 
Analysis Tool (http://maps.thamesriver.on.ca/SWPThreats/).  More details and the official number of activities and 
circumstances that result in prescribed threats within the identified vulnerable areas are available within the Table of 
Drinking Water Threats. 2 Refers to the MOE Reference Table that corresponds to this vulnerability score and 
parameter (see Appendix).

Pathogens (IPZ 2)

Vulnerability
Score

Number of circumstances in Table of Drinking Water 
Threats1

Significant Moderate Low

9 41 (PIPZWE9S2) 27 (PIPZWE9M) 4 (PIPZWE9L)

8.1 40(PIPZWE8.1S) 13 (PIPZWE8.1M) 19 (PIPZWE8.1L)

8 40 (PIPZWE8S) 13 (PIPZWE8M) 15 (PIPZWE8L)

7.2 0 41 (PIPZWE7.2M) 27 (PIPZWE7.2L)

7 0 41 (PIPZWE7M) 27 (PIPZWE7L)

6.4 0 40 (PIPZWE6.4M) 28 (PIPZWE6.4L)

6.3 0 40 (PIPZWE6.3M) 28 (PIPZWE6.3L)

5.6 0 0 53 (PIPZWE5.6L)

5.4 0 0 53 (PIPZWE5.4L)

4.9 0 0 41 (PIPZWE4.9L)

4.8 0 0 41 (PIPZWE4.8L)

4.5 0 0 41 (PIPZWE4.5L)

4.2 0 0 40 (PIPZWE4.2L)
1 The number of circumstances was calculated using the Upper Thames River Conservation Authority Threats 
Analysis Tool (http://maps.thamesriver.on.ca/SWPThreats/).  More details and the official number of activities and 
circumstances that result in prescribed threats within the identified vulnerable areas are available within the Table of 
Drinking Water Threats. 2 Refers to the MOE Reference Table that corresponds to this vulnerability score and 
parameter (see Appendix).
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Chemicals (IPZ 1)

Vulnerability
Score

Number of circumstances in Table of Drinking Water 
Threats1

Significant Moderate Low

10 595 (CIPZWE10S2) 866 (CIPZWE10M) 405 (CIPZWE10L)

9 239 (CIPZWE9S) 942 (CIPZWE9M) 646 (CIPZWE9L)

8 13 (CIPZWE8S) 820 (CIPZWE8M) 878 (CIPZWE8L)

7 0 349 (CIPZWE7M) 1170 (CIPZWE7L)

6 0 13 (CIPZWE6M) 1168 (CIPZWE6L)

5 0 0 543 (CIPZWE5L)
1 The number of circumstances was calculated using the Upper Thames River Conservation Authority Threats 
Analysis Tool (http://maps.thamesriver.on.ca/SWPThreats/).  More details and the official number of activities and 
circumstances that result in prescribed threats within the identified vulnerable areas are available within the Table of 
Drinking Water Threats. 2 Refers to the MOE Reference Table that corresponds to this vulnerability score and 
parameter (see Appendix).

Chemicals (IPZ 2)

Vulnerability
Score

Number of circumstances in Table of Drinking Water 
Threats1

Significant Moderate Low

9 239 (CIPZWE9S2) 942 (CIPZWE9M) 646 (CIPZWE9L)

8.1 14(CIPZWE8.1S)
819 

(CIPZWE8.1M)
888 (CIPZWE8.1L)

8 13 (CIPZWE8S) 820 (CIPZWE8M) 878 (CIPZWE8L)

7.2 0
424 

(CIPZWE7.2M)
1163 

(CIPZWE7.2L)

7 0 349 (CIPZWE7M) 1170 (CIPZWE7L)

6.4 0 71 (CIPZWE6.4M)
1257 

(CIPZWE6.4L)

6.3 0 40 (CIPZWE6.3M)
1257 

(CIPZWE6.3L)

5.6 0 0 949 (CIPZWE5.6L)

5.4 0 0 833 (CIPZWE5.4L)

4.9 0 0 536 (PIPZWE4.9L)

4.8 0 0 424 (CIPZWE4.8L)

4.5 0 0 239 (CIPZWE4.5L)

4.2 0 0 40 (CIPZWE4.2L)
1 The number of circumstances was calculated using the Upper Thames River Conservation Authority Threats 
Analysis Tool (http://maps.thamesriver.on.ca/SWPThreats/).  More details and the official number of activities and 
circumstances that result in prescribed threats within the identified vulnerable areas are available within the Table of 
Drinking Water Threats. 2 Refers to the MOE Reference Table that corresponds to this vulnerability score and 
parameter (see Appendix).
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Chemicals (IPZ 3)

Vulnerability
Score

Number of circumstances in Table of Drinking Water 
Threats1

Significant Moderate Low

9 239 (CIPZWE9S2) 942 (CIPZWE9M) 646 (CIPZWE9L)

8.1 14 (CIPZWE8.1S)
819

(CIPZWE8.1M)
888 (CIPZWE8.1L)

8 13 (CIPZWE8S) 820 (CIPZWE8M) 878 (CIPZWE8L)

7.2 0
424

(CIPZWE7.2M)
1163

(CIPZWE7.2L)

7 0 349 (CIPZWE7M) 1170 (CIPZWE7L)

6.4 0 71 (CIPZWE6.4M)
1257 

(CIPZWE6.4L)

6.3 0 40 (CIPZWE6.3M)
1257 

(CIPZWE6.3L)

6 0 13 (CIPZWE6M) 1168 (CIPZWE6L)

5.6 0 0 949 (CIPZWE5.6L)

5.4 0 0 833 (CIPZWE5.4L)

5 0 0 543 (CIPZWE5L)

4.8 0 0 424 (CIPZWE4.8L)

4.5 0 0 239 (CIPZWE4.5L)
1 The number of circumstances was calculated using the Upper Thames River Conservation Authority Threats 
Analysis Tool (http://maps.thamesriver.on.ca/SWPThreats/).  More details and the official number of activities and 
circumstances that result in prescribed threats within the identified vulnerable areas are available within the Table of 
Drinking Water Threats. 2 Refers to the MOE Reference Table that corresponds to this vulnerability score and 
parameter (see Appendix).



Table A5-4 Sample Threat Enumeration Table

# # # #
threats parcels threats parcels

1 The establishment, operation or maintenance of a waste disposal site within the
meaning of Part V or the Environmental Protection Act. 

2 The establishment, operation or maintenance of a system that collects, stores,
transmits, treats or disposes of sewage.

3 The application of agricultural source material to land.
4 The storage of agricultural source material.
5 The management of agricultural source material.
6 The application of non-agricultural source material to land.
7 The handling and storage of non-agricultural source material.
8 The application of commercial fertilizer to land.
9 The handling and storage of commercial fertilizer. 
10 The application of pesticide to land.
11 The handling and storage of pesticide.
12 The application of road salt.
13 The handling and storage of road salt.
14 The storage of snow.
15 The handling and storage of fuel.
16 The handling and storage of a dense non-aqueous phase liquid.
17 The handling and storage of an organic solvent.
18 The management of runoff that contains chemicals used in the de-icing of aircraft.
21 The use of land as livestock grazing or pasturing land, an outdoor confinement area, or

a farm-animal yard. 

0 0 0 0

Enumeration of Significant Threats (Wellhead Protection Areas)

TOTAL
TOTAL NUMBER OF SIGNIFICANT THREATS:

TOTAL PARCELS WITH SIGNIFICANT THREATS:  

Threat 

Significant Threat Counts by Vulnerability 
VS=10 WHPA B & C

Note:  The number of parcels identified will typically be less than the number of significant threats as multiple threats can be observed per 
parcel. 

0
0
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Class Land Use Activity Threat Circumstance

Residential Lawns Application of Commercial Fertilizer to Land *calculated as per Managed Land % and Livestock Density

Residential Fuel/Hydrocarbon Storage Storage of Fuel
*stored above grade

*250-2500 litres

Residential Lawns Application of Commercial Fertilizer to Land *calculated as per Managed Land % and Livestock Density

Residential Fuel/Hydrocarbon Storage Storage of Fuel
*stored below grade

*250-2500 litres

Residential Lawns Application of Commercial Fertilizer to Land *calculated as per Managed Land % and Livestock Density

Residential Fuel/Hydrocarbon Storage Storage of Fuel
*stored above grade
*less than 25 litres

Residential Lawns Application of Commercial Fertilizer to Land *calculated as per Managed Land % and Livestock Density

Residential Fuel/Hydrocarbon Storage Storage of Fuel
*stored above grade

*250-2500 litres

On-Site Septic Systems-Recreation/Residential Sewage System or Sewage Works - Septic System *septic system is subject to the OWRA

Residential Lawns Application of Commercial Fertilizer to Land *calculated as per Managed Land % and Livestock Density

Residential Fuel/Hydrocarbon Storage Storage of Fuel
*stored below grade

*250-2500 litres

On-Site Septic Systems-Recreation/Residential Sewage System or Sewage Works - Septic System *septic system is subject to the OWRA

Residential Lawns Application of Commercial Fertilizer to Land *calculated as per Managed Land % and Livestock Density

Residential Fuel/Hydrocarbon Storage Storage of Fuel
*stored above grade
*less than 25 litres

On-Site Septic Systems-Recreation/Residential Sewage System or Sewage Works - Septic System *septic system is subject to the OWRA

R1

R6

R5

Table A5-5: Correlation of Threat Activities for Residential Classes

R2

R3

R4
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Table A5-6 – Revised list of land use activities to be considered for each threat subcategory:  
Pesticide Land Use

Handling and Storage of Pesticides
Building Material and Supplies Dealers
Forest Nurseries and Gathering of Forest Products
Fruit and Tree Nut Farming
Golf Courses and Country Clubs
Greenhouse, Nursery and Floriculture Production
Lawn and Garden Equipment and Supplies Stores
Oilseed and Grain Farming
Other Crop Farming
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Support Activities for Crop Production
Vegetable and Melon Farming
Zoos and Botanical Gardens
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Table A5-7 – Revised list of land use activities to be considered for each threat subcategory:  
Non-Agricultural Source Material Land Use

Non-Agricultural Source Material Storage
Sewage Treatment Facilities
Animal Food Manufacturaing
Beverage Manufacturing (excluding 312130 Wineries)
Converted Paper Product Manufacturing
Dairy Product Manufacturing
Meat Product Manufacturing
Other Farm Product Wholesaler - Distributors
Other Food Manufacturing
Pulp, Paper and Paperboard Mills
Seafood Product Preparation and Packaging
Sugar and Confectionary Product Manufacturing
Tobacco Product Manufacturing
Bakeries and Tortilla Manufacturing
Food Wholesaler - Distributor
Fruit and Vegetable Preserving and Specialty Food Manufacturing
Grain and Oilseed Milling
Municipal Composting Facilities
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Table A5-8 – Revised list of land use activities to be considered for each threat subcategory:  
Commercial Fertilizer Land Use

Fertilizer Storage
Fertilizer Manufacturing
Forest Nurseries and Gathering of Forest Products
Fruit and Tree Nut Farming
Golf Courses and Country Clubs
Greenhouse, Nursery and Floriculture Production
Oilseed and Grain Farming
Other Crop Farming
Residential Lawns
Timber Tract Operations
Vegetable and Melon Farming
Zoos and Botanical Gardens
Home Building Supply Stores
Hardware Stores
Lawn and Garden Equipment and Supplies Store
Grocery Stores
Department Stores
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Building Material and Supplies Dealers
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Table A5-9 – Revised list of land use activities to be considered for each threat subcategory:  
DNAPLS

DNAPLS
Aerospace Product and Parts Manufacturing
Agricultural, Construction and Mining Machinery Manufacturing
Alumina and Aluminum Production and Processing
Animal Food Manufacturing
Architectural and Structural Metals Manufacturing
Audio and Video Equipment Manufacturing
Automobile Dealers
Automotive Parts, Accessories and Tire Stores
Automotive Repair and Maintenance
Bakeries and Tortilla Manufacturing
Basic Chemical Manufacturing
Beverage Manufacturing
Boiler, Tank and Shipping Container Manufacturing
Building Material and Supplies Dealers
Cement and Concrete Product Manufacturing
Charter Bus Industry
Coating, Engraving, Heat Treating and Allied Activities
Commercial and Industrial Machinery and Equipment (except Automotive and Electronic) Repair and 
Maintenance
Commercial and Service Industry Machinery Manufacturing
Communications Equipment Manufacturing
Community Colleges and C.E.G.E.P.s
Computer and Peripheral Equipment Manufacturing
Converted Paper Product Manufacturing
Cutlery and Hand Tool Manufacturing
Dairy Product Manufacturing
Dry Cleaning and Laundry Services
Electric Lighting Equipment Manufacturing
Electric Power Generation, Transmission and Distribution
Electrical Equipment Manufacturing
Electronic and Precision Equipment Repair and Maintenance
Engine, Turbine and Power Transmission Equipment Manufacturing
Forging and Stamping
Foundries
Fruit and Vegetable Preserving and Specialty Food Manufacturing
Gasoline Stations
General Freight Trucking
General Medical and Surgical Hospitals
Grain and Oilseed Milling
Hardware Manufacturing
Household and Institutional Furniture and Kitchen Cabinet Manufacturing
Household Appliance Manufacturing
Industrial Machinery Manufacturing
Interurban and Rural Bus Transportation
Iron and Steel Mills and Ferro-Alloy Manufacturing
Lawn and Garden Equipment and Supplies Stores
Machine Shops, Turned Product, and Screw, Nut and Bolt Manufacturing
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Manufacturing and Reproducing Magnetic and Optical Media
Marinas
Meat Product Manufacturing
Medical and Diagnostic Laboratories
Medical Equipment and Supplies Manufacturing
Metalworking Machinery Manufacturing
Motor Vehicle Body and Trailer Manufacturing
Motor Vehicle Manufacturing
Motor Vehicle Parts Manufacturing
Natural Gas Distribution
Navigational, Measuring, Medical and Control Instruments Manufacturing
Non-Ferrous Metal (except Aluminum) Production and Processing
Non-Scheduled Air Transportation
Office Furniture (including Fixtures) Manufacturing
One-Hour Photo Finishing
Other Chemical Product Manufacturing
Other Electrical Equipment and Component Manufacturing
Other Fabricated Metal Product Manufacturing
Other Food Manufacturing
Other Furniture-Related Product Manufacturing
Other General-Purpose Machinery Manufacturing
Other Heavy and Civil Engineering Construction
Other Miscellaneous Manufacturing
Other Motor Vehicle Dealers
Other Personal Services (812921 - Photo Finishing Laboratories (except One-Hour)), (812922 - One-
Hour Photo Finishing)
Other Professional, Scientific and Technical Services
Other Schools and Instruction
Other Support Activities for Air Transportation
Other Transit and Ground Passenger Transportation
Other Transportation Equipment Manufacturing
Other Wood Product Manufacturing
Paint, Coating and Adhesive Manufacturing
Personal and Household Goods Repair and Maintenance
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Petroleum and Coal Product Manufacturing
Pharmaceutical and Medicine Manufacturing
Photo Finishing Laboratories (except One-Hour)
Photographic Services
Plastic Product Manufacturing
Printing and Duplicating
Pulp, Paper and Paperboard Mills
Rail Transportation
Railroad Rolling Stock Manufacturing
Recyclable Metal Wholesaler-Distributorsá(e.g. Junk/Scrap/Salvage Yards)
Research and Development in the Physical, Engineering and Life Sciences
Resin, Synthetic Rubber, and Artificial and Synthetic Fibres and Filaments Manufacturing
Rubber Product Manufacturing
Sawmills and Wood Preservation
Scheduled Air Transportation
Scientific Research and Development Services
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Seafood Product Preparation and Packaging
Semiconductor and Other Electronic Component Manufacturing
Ship and Boat Building
Soap, Cleaning Compound and Toilet Preparation Manufacturing
Specialized Freight Trucking
Spring and Wire Product Manufacturing
Steel Product Manufacturing from Purchased Steel
Sugar and Confectionary Product Manufacturing
Support Activities for Air Transportation
Support Activities for Rail Transportation
Technical and Trade Schools
Tobacco Manufacturing
Universities
Urban Transit Systems
Utility System Construction
Veneer, Plywood and Engineered Wood Product Manufacturing
Ventilation, Heating, Air-Conditioning and Commercial Refrigeration Equipment Manufacturing
Waste Collection
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Table A5-10 – Revised list of land use activities to be considered for each threat subcategory:
Organic Solvents

Solvents
Dry Cleaning and Laundry Services
Audio and Video Equipment Manufacturing
Basic Chemical Manufacturing
Communications Equipment Manufacturing
Computer and Peripheral Equipment Manufacturing
Electrical Equipment Manufacturing
Other Chemical Product Manufacturing
Other Electrical Equipment and Component Manufacturing
Pharmaceutical and Medicine Manufacturing
Resin, Synthetic Rubber, and Artificial and Synthetic Fibres and Filaments Manufacturing
Rubber Product Manufacturing
Electric Lighting Equipment Manufacturing
Fruit and Vegetable Preserving and Specialty Food Manufacturing
Household Appliance Manufacturing
Industrial Injection / Waste Disposal Wells
Leather and Hide Tanning and Finishing
Manufacturing and Reproducing Magnetic and Optical Media
Meat Product Manufacturing
Navigational, Measuring, Medical and Control Instruments Manufacturing
Other Leather and Allied Product Manufacturing
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Petroleum and Coal Product Manufacturing
Pulp, Paper and Paperboard Mills
Semiconductor and Other Electronic Component Manufacturing
Soap, Cleaning Compound and Toilet Preparation Manufacturing
Converted Paper Product Manufacturing
Bakeries and Tortilla Manufacturing
Beverage Manufacturing
Seafood Product Preparation and Packaging
Sugar and Confectionary Product Manufacturing
Tobacco Manufacturing
Funeral Services
Machine Shops, Turned Product, and Screw, Nut and Bolt Manufacturing
Other Personal Services (812921 - Photo Finishing Laboratories (except One-Hour)), (812922 - One-
Hour Photo Finishing)
General Medical and Surgical Hospitals
Other Fabricated Metal Product Manufacturing
Other Food Manufacturing
Paint, Coating and Adhesive Manufacturing
Plastic Product Manufacturing
Printing and Related Support Activities
Fabric Mills
General Freight Trucking
Interurban and Rural Bus Transportation
Medical and Diagnostic Laboratories
Other Professional, Scientific and Technical Services (541940 - Veterinary Services)
Other Textile Product Mills
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Other Wood Product Manufacturing (321991 - Manufactured (Mobile) Home Manufacturing)
Sawmills and Wood Preservation
Scientific Research and Development Services
Specialized Freight Trucking
Textile and Fabric Finishing and Fabric Coating
Textile Furnishings Mills
Urban Transit Systems
Veneer, Plywood and Engineered Wood Product Manufacturing
Coating, Engraving, Heat Treating and Allied Activities
Dairy Product Manufacturing
Grain and Oilseed Milling
Other Support Activities for Transportation
Other Transit and Ground Passenger Transportation
Scenic and Sightseeing Transportation, Land
Scenic and Sightseeing Transportation, Other
Support Activities for Road Transportation
Cut and Sew Clothing Manufacturing (315292 - Fur and Leather Clothing Manufacturing)
Fibre, Yarn and Thread Mills
Charter Bus Industry
School and Employee Bus Transportation
Taxi and Limousine Service
Rail Transportation
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Table A5-11 – Revised list of land use activities to be considered for each threat subcategory:

Fuel Storage

Fuel storage
Aerospace Product and Parts Manufacturing
Agricultural, Construction and Mining Machinery Manufacturing
Alumina and Aluminum Production and Processing
Animal Aquaculture
Animal Food Manufacturing
Architectural and Structural Metals Manufacturing
Audio and Video Equipment Manufacturing
Automobile Dealers
Automotive Equipment Rental and Leasing
Automotive Parts, Accessories and Tire Stores
Bakeries and Tortilla Manufacturing
Basic Chemical Manufacturing
Beverage Manufacturing
Boiler, Tank and Shipping Container Manufacturing
Building Equipment Contractors
Building Finishing Contractors
Building Material and Supplies Dealers
Cattle Ranching and Farming
Cement and Concrete Product Manufacturing
Charter Bus Industry
Chemical (except Agricultural) and Allied Product Wholesaler-Distributors
Clay Product and Refractory Manufacturing
Clothing Accessories and Other Clothing Manufacturing
Clothing Knitting Mills
Coating, Engraving, Heat Treating and Allied Activities
Commercial and Industrial Machinery and Equipment (except Automotive and Electronic) Repair and 
Maintenance
Commercial and Industrial Machinery and Equipment Rental and Leasing
Commercial and Service Industry Machinery Manufacturing
Communications Equipment Manufacturing
Community Colleges and C.E.G.E.P.s
Computer and Peripheral Equipment Manufacturing
Construction, Forestry, Mining, and Industrial Machinery, Equipment and Supplies Wholesaler-
Distributors
Converted Paper Product Manufacturing
Cut and Sew Clothing Manufacturing
Cutlery and Hand Tool Manufacturing
Dairy Product Manufacturing
Deep Sea, Coastal and Great Lakes Water Transportation
Defence Services
Dry Cleaning and Laundry Services
Educational Support Services
Electric Lighting Equipment Manufacturing
Electric Power Generation, Transmission and Distribution
Electrical Equipment Manufacturing
Electronic and Precision Equipment Repair and Maintenance
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Elementary and Secondary Schools
Engine, Turbine and Power Transmission Equipment Manufacturing
Fabric Mills
Farm, Lawn and Garden Machinery and Equipment Wholesaler-Distributors
Fibre, Yarn and Thread Mills
Fishing
Forest Nurseries and Gathering of Forest Products
Forging and Stamping
Foundation, Structure, and Building Exterior Contractors
Foundries
Fruit and Tree Nut Farming
Fruit and Vegetable Preserving and Specialty Food Manufacturing
Gasoline Stations
General Freight Trucking
General Medical and Surgical Hospitals
Glass Product Manufacturing from Purchased Glass
Grain and Oilseed Milling
Greenhouse, Nursery and Floriculture Production
Hardware Manufacturing
Hardware Stores
Highway, Street and Bridge Construction
Hog and Pig Farming
Household and Institutional Furniture and Kitchen Cabinet Manufacturing
Household Appliance Manufacturing
Industrial Gas Manufacturing
Industrial Machinery Manufacturing
Inland Water Transportation
Interurban and Rural Bus Transportation
Iron and Steel Mills and Ferro-Alloy Manufacturing
Junk / Scrap / Salvage Yards
Land Subdivision
Lawn and Garden Equipment and Supplies Stores
Lime and Gypsum Product Manufacturing
Logging
Lumber, Millwork, Hardware and Other Building Supplies Wholesaler-Distributors
Machine Shops, Turned Product, and Screw, Nut and Bolt Manufacturing
Manufacturing and Reproducing Magnetic and Optical Media
Marinas
Meat Product Manufacturing
Medical and Diagnostic Laboratories
Medical Equipment and Supplies Manufacturing
Metalworking Machinery Manufacturing
Motor Vehicle Body and Trailer Manufacturing
Motor Vehicle Manufacturing
Motor Vehicle Parts Manufacturing
Motor Vehicle Wholesaler-Distributors
Municipal Fire-Fighting Services
Natural Gas Distribution
Navigational, Measuring, Medical and Control Instruments Manufacturing
Non-Ferrous Metal (except Aluminum) Production and Processing
Non-Metallic Mineral Mining and Quarrying
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Non-residential Building Construction
Non-Scheduled Air Transportation
Office Furniture (including Fixtures) Manufacturing
Oil and Gas Extraction
Oilseed and Grain Farming
Other Ambulatory Health Care Services
Other Animal Production
Other Chemical Product Manufacturing
Other Crop Farming
Other Electrical Equipment and Component Manufacturing
Other Fabricated Metal Product Manufacturing
Other Food Manufacturing
Other Furniture-Related Product Manufacturing
Other General-Purpose Machinery Manufacturing
Other Heavy and Civil Engineering Construction
Other Miscellaneous Manufacturing
Other Motor Vehicle Dealers
Other Non-Metallic Mineral Product Manufacturing
Other Personal Services (812921 - Photo Finishing Laboratories (except One-Hour)), (812922 - One-
Hour Photo Finishing)
Other Pipeline Transportation
Other Recyclable Material Wholesaler-Distributors
Other Schools and Instruction
Other Specialty Trade Contractors
Other Support Activities for Air Transportation
Other Support Activities for Transportation
Other Textile Product Mills
Other Transit and Ground Passenger Transportation
Other Transportation Equipment Manufacturing
Other Wood Product Manufacturing
Paint, Coating and Adhesive Manufacturing
Personal and Household Goods Repair and Maintenance
Pesticide, Fertilizer and Other Agricultural Chemical Manufacturing
Petrochemical Manufacturing
Petroleum and Coal Product Manufacturing
Petroleum Product Wholesaler-Distributors
Pharmaceutical and Medicine Manufacturing
Pipeline Transportation of Crude Oil
Pipeline Transportation of Natural Gas
Plastic Product Manufacturing
Poultry and Egg Production
Printing and Related Support Activities
Provincial Fire-Fighting Services
Psychiatric and Substance Abuse Hospitals
Pulp, Paper and Paperboard Mills
Rail Transportation
Railroad Rolling Stock Manufacturing
Recyclable Metal Wholesaler-Distributorsá(e.g. Junk/Scrap/Salvage Yards)
Remediation and Other Waste Management Services
Research and Development in the Physical, Engineering and Life Sciences
Residential Building Construction
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Residential Fuel / Hydrcarbon Storage
Resin, Synthetic Rubber, and Artificial and Synthetic Fibres and Filaments Manufacturing
Rubber Product Manufacturing
RV (Recreational Vehicle) Parks and Recreational Camps
Sawmills and Wood Preservation
Scenic and Sightseeing Transportation, Land
Scenic and Sightseeing Transportation, Other
Scenic and Sightseeing Transportation, Water
Scheduled Air Transportation
School and Employee Bus Transportation
Scientific Research and Development Services
Seafood Product Preparation and Packaging
Semiconductor and Other Electronic Component Manufacturing
Sheep and Goat Farming
Ship and Boat Building
Soap, Cleaning Compound and Toilet Preparation Manufacturing
Specialized Freight Trucking
Specialty (except Psychiatric and Substance Abuse) Hospitals
Spring and Wire Product Manufacturing
Steel Product Manufacturing from Purchased Steel
Sugar and Confectionary Product Manufacturing
Support Activities for Air Transportation
Support Activities for Crop Production
Support Activities for Forestry
Support Activities for Mining and Oil and Gas Extraction
Support Activities for Rail Transportation
Support Activities for Road Transportation
Support Activities for Water Transportation
Taxi and Limousine Service
Technical and Trade Schools
Textile and Fabric Finishing and Fabric Coating
Textile Furnishings Mills
Timber Tract Operations
Tobacco Manufacturing
Universities
Urban Transit Systems
Used Motor Vehicle Parts and Accessories Wholesaler-Distributors
Utility System Construction
Vegetable and Melon Farming
Veneer, Plywood and Engineered Wood Product Manufacturing
Ventilation, Heating, Air-Conditioning and Commercial Refrigeration Equipment Manufacturing
Warehousing and Storage
Waste Collection
Waste Treatment and Disposal
Water, Sewage and Other Systems
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