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Explanatory Note 

This report was written under the auspices of the Ontario Clean Water Act, 2006 through a 

provincially-funded and directed drinking water source protection initiative. It was prepared in 

accordance with technical rules that were specified by the Ontario Ministry of the Environment.  

Summary of Report Approvals 

A draft version was approved by the Cataraqui Source Protection Committee on April 8, 2010, 

and published for local review on April 15, 2010.  

A proposed version was approved by the Cataraqui Source Protection Committee on July 8, 

2010, and was published for local review on July 21, 2010.  

The proposed version was endorsed by the Cataraqui Source Protection Authority on September 

22, 2010, and was then submitted to the Ontario Ministry of the Environment.  

A draft amended proposed version was approved by the Cataraqui Source Protection Committee 

on April 14, 2011, and was published for local review on April 27, 2011. 

An amended proposed version was approved by the Cataraqui Source Protection Committee on 

June 9, 2011 by the following resolution:  

“WHEREAS the Ontario Clean Water Act, 2006 and its regulations and rules prescribe requirements for 

the development and approval of assessment reports;  

AND WHEREAS an amended and updated version of the proposed report for the Cataraqui 

Source Protection Area has been developed in accordance with those requirements;  

THEREFORE BE IT RESOLVED THAT the Cataraqui Source Protection Committee 

approves the submission of the Amended Proposed Assessment Report: Cataraqui Source 

Protection Area (June 2011) to the Cataraqui Source Protection Authority, as outlined in the 

presentation by CRCA staff on June 9, 2011”.  

The amended proposed version was endorsed by the Cataraqui Source Protection Authority on 

June 22, 2011 and was then submitted to the Ontario Ministry of the Environment on June 27, 

2011. 

The final version was approved by the Ministry on October 6, 2011. Please see the Ministry’s 

letter of approval for the Assessment Report: Cataraqui Source Protection Area (June 2011) on 

the following page. 

For More Information 

Please visit our website at www.cleanwatercataraqui.ca or contact: 

Cataraqui Region Conservation Authority 

(613) 546-4228   

(877) 956-2722 (toll free in the 613 area code) 

(613) 547-6474 fax 

crca@cataraquiregion.on.ca 

http://www.cleanwatercataraqui.ca/
mailto:crca@cataraquiregion.on.ca
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Assessment Report Summary 

Clean water is vital to all life. For people, clean and plentiful drinking water is essential for good 

health. The province of Ontario recognized the importance of drinking water when they 

established the drinking water source protection program and passed the Clean Water Act, 2006. 

The Assessment Report represents the completion of a major phase of work in the drinking water 

source protection program for the Cataraqui Source Protection Area. This report pulls together 

the findings of over 15 technical studies about local sources of drinking water and the risks that 

affect them. 

The purpose of the Assessment Report is to identify areas where drinking water sources are 

vulnerable to contamination or over use and to prioritize drinking water issues and drinking 

water threats within those vulnerable areas. The document has been prepared in accordance with 

detailed technical rules prepared by the Ontario Ministry of Environment. The report will help us 

to prepare a source protection plan by 2012. 

Participants in the Process 

The process that we are following is spelled out in the Ontario Clean Water Act, 2006 and its 

regulations. It is guided by two bodies — the Cataraqui Source Protection Authority and the 

Cataraqui Source Protection Committee (SP Authority and SP Committee, respectively).  

The SP Authority includes the 17 members of the Cataraqui Region Conservation Authority 

board plus a representative of the Township of Frontenac Islands.  

The 16-member SP Committee includes representatives from the municipal, economic and 

community sectors. 

Our other stakeholders and partners include municipalities, federal and provincial government 

agencies, community groups, businesses, residents and visitors. 

Cataraqui Source Protection Area 

The Cataraqui Source Protection Area is located at the eastern end of Lake Ontario and the upper 

part of the St. Lawrence River. It includes a portion of the Bay of Quinte, Hay Bay, the southern 

portion of the Rideau Canal and the Thousand Islands. It contains the 11 municipalities within 

the Cataraqui Region Conservation Authority jurisdiction plus the municipality of Frontenac 

Islands (Howe and Wolfe Islands). 

The landscape is varied ranging from Canadian Shield and numerous lakes in the central area to 

the agricultural landscape of the limestone and clay plains of the south and west. The east 

contains significant amounts of sand and gravel. 

There are 12 major watersheds. The two largest ones are the Cataraqui and Gananoque River 

watersheds in the central portion of the area. The western and eastern sections of the Cataraqui 

Source Protection Area are drained by several smaller streams. 
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Surface Water 

Surface water quality and quantity vary across the CSPA due to differences in geology, land use 

and development. Data from the Provincial Water Quality Monitoring Network stations, the 

Lake Partner Program, bacterial beach data from local health units and Cataraqui Region 

Conservation Authority sampling of inland lakes and streams was used to assess surface water 

quality. A summary of the findings is provided below:  

 chloride, sodium and conductivity concentrations are generally increasing, likely due 

to road salt application 

 high levels of phosphorus are found throughout the Cataraqui Source Protection Area 

 high bacteria levels are found near the Butlers Creek Provincial Water Quality 

Monitoring Network station and at beaches near the Bath, Gananoque and Brockville 

drinking water intakes. 

Water flow patterns are generally very similar across the Cataraqui Source Protection Area with 

peak flows during the spring freshet and minimum flows during August and September. The 39 

existing water control structures in the Cataraqui Source Protection Area have a significant 

effect on the flows in their respective watercourses. These include the Cataraqui and Gananoque 

Rivers, and Millhaven, Highgate, Little Cataraqui, Lyn and Buells creeks. 

Groundwater 

The Cataraqui Source Protection Area has shallow soils over fractured bedrock. This has an 

influence on groundwater quality and quantity. 

Groundwater data in the Cataraqui Source Protection Area is quite limited. However, we do 

know that there are problems with groundwater quality and quantity. 

Data collected through the Provincial Groundwater Monitoring Network and hydrogeological 

studies produced for proposed developments indicate that there are high levels of hardness, iron, 

manganese, sodium, chloride, fluoride and bacteria in some locations.  

The amount of groundwater in the Cataraqui Source Protection Area is difficult to measure. 

There are approximately 20,000 private wells and numerous communal wells at campgrounds 

and trailer parks. In some areas, wells are known to go dry during extended periods of drought.  

Water Budget 

A water budget is very much like a financial budget. It accounts for all the water into and out of 

a watershed, including surface water such as lakes, rivers and streams as well as groundwater 

(water that is located under the ground). This includes precipitation, evaporation, transpiration, 

runoff, infiltration, groundwater recharge and storage in lakes, wetlands and aquifers. 

For the purpose of preparing a water budget we answered four questions. 

 Where is the water? 

 How does the water move? 
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 What are the stresses on the water and where are they located? 

 What are the trends in water levels or water use? 

 

 

There are four required levels of water budget for drinking water source protection. Each level is 

more detailed than the previous one and can have different outcomes depending on the detail and 

assumptions of the model used. The decision on whether to prepare a higher level water budget 

is based on how much stress there is on water in the area being examined. 

The conceptual water budget looked at the source protection area as a whole and calculated the 

water budget based on average annual values. The conceptual water budget found that the 

amount of water being used was very low compared to the amount of available water on an 

average annual basis. 

The Tier 1 water budget examined 21 subwatersheds and calculated the water budget based on 

average monthly values. Looking at surface water, four subwatersheds had significant stress, six 

had moderate stress and the balance had low stress. When groundwater was assessed, only one 

subwatershed had significant stress, four had moderate stress and the balance had low stress.  

The Tier 2 water budget looked in more detail at those areas deemed to have a moderate or 

significant stress at the Tier 1 stage, which also contain a municipal residential drinking water 

system. Based on the stress assessment results at the Tier 1 stage, the Lansdowne and Sydenham 

drinking water system areas were selected to move forward to this stage of the water budget 
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process. The Tier 2 analysis for Lansdowne found a low stress. Work on the Sydenham water 

budget indicated that a Tier 3 Water Budget needed to be done.  

The Tier 3 Water Budget includes an even more refined approach looking at specific local areas 

where one can consider daily or hourly conditions. It looks at the tolerance and risk levels for the 

local area being examined.  

For the Sydenham Tier 3 exercise, the storage in Sydenham Lake was considered with the main 

question being whether the withdrawal amount could or could not be met during regular and 

drought conditions. The outcome throughout all the simulated scenarios was that the Sydenham 

Lake never fell below the critical level, and sufficient water supply was expected. Therefore, the 

Tier 3 findings assign a low risk level to the Sydenham local area. 

Source Water Quality Issue Evaluation and Threat 

Assessment 

The process for assessing risks to source water quality is prescribed by the Ontario government. 

Rather than looking at all water everywhere, the source protection initiative in Ontario focuses 

on specific places where the source water is considered to be most vulnerable or sensitive to 

pollution and/or overuse. These places are called vulnerable areas. These vulnerable areas are 

either related to groundwater resources on a broad scale or to groundwater and surface water 

around municipal water treatment plants. 

The vulnerable areas are defined as: 

 highly vulnerable aquifers and significant groundwater recharge areas. As the Cataraqui 

Source Protection Area consists of a large percentage of shallow soils and fractured 

bedrock, these types of vulnerable areas occupy a substantial proportion of the landscape. 

 wellhead protection areas around a municipal well 

 surface water intake protection zones around a municipal water intake. 

The vulnerability to contamination of the lands and waters within each of these areas varies 

depending on the proximity to the well or intake, the degree of protection from pollution around 

the well or intake and other factors. 

These areas are mapped and assigned vulnerability scores. The scores are between one (low) and 

ten (high). Drinking water issues are evaluated and drinking water threats are assessed in each 

vulnerable area. By assessing and ranking drinking water threats that could harm the quality of 

source water, local communities can make informed decisions about how to protect their water 

supplies. 

The untreated source water within each vulnerable area is evaluated for the presence of drinking 

water issues.  These are problems that occur when (selected) chemicals or pathogens are found 

in the water at a concentration that deteriorates its use as source water, or when it appears that 

this may occur in the future.  

An example of a drinking water issue is salt (sodium chloride). It can come from natural sources, 

but it is also used in water softeners, to melt ice on roads and to sterilize swimming pools. 
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A drinking water threat is an activity or a condition that has harmed or could harm the quality or 

quantity of a drinking water source. The Ontario Ministry of Environment has prescribed a list of 

21 types of activities. Source Protection Committees are able to propose the addition of other 

activities that are of special interest in their area. In 2010, the Cataraqui Source Protection 

Committee received approval by the Ministry to include two additional local drinking water 

threats: the use of conditioning salts in water softeners and the movement of specified substances 

(chemicals) along corridors such as Highway 401. This report assesses these local and prescribed 

drinking water threats and their risk posed to our source water within Chapters 5 and 6.   

 Conditions exist where there is contamination of the rock, soil and water from a past activity. 

They may result in drinking water threats if they meet certain tests which have been outlined by 

the province. At the time of this report, there is insufficient data on conditions that could result in 

drinking water threats within the Cataraqui Source Protection Area. This information may be 

available in future editions of the Assessment Report. 

Groundwater 

Groundwater resources in the Cataraqui Source Protection Area are generally characterized by 

the geology. Most people draw their water from wells that are either in limestone, sandstone or 

the Precambrian rock on the Canadian Shield. Water generally flows through small cracks or 

fractures of less than one millimetre in the rock. The fractures transmit the water from higher to 

lower levels through a network of cracks that is known as the rock aquifer. These rock aquifers 

are generally covered with a thin layer of sand and/or clay soil (also known as overburden), but 

most wells are drilled through to the rock.  

Some parts of the Cataraqui Source Protection Area have thicker soil cover, which can act as a 

protective barrier to groundwater, especially when the soil mainly consists of clay. Areas with 

less soil cover tend to be highly vulnerable to surface contamination as random rock fractures 

can act as a direct conduit for contaminants to reach the groundwater. 

Once groundwater is contaminated, it can be very difficult and expensive to clean up and 

sometimes it cannot be used as a source of potable water. We need to ensure that our 

groundwater resources can be used in the future. 

As part of our area-wide study of groundwater resources, we have concluded that groundwater 

flow may not be the same as surface water flow, especially at deeper levels. For example, a 

portion of the groundwater flow in the Cataraqui Source Protection Area may flow northwest 

into the Mississippi-Rideau Source Protection Region through the underlying geological 

formations.  

Highly Vulnerable Aquifers 

Sources of groundwater or aquifers are considered to be highly vulnerable aquifers when there is 

an insufficient protective layer above the aquifer. Because of the complexity of the geology in 

the Cataraqui Source Protection Area, precise mapping of these aquifers is difficult. As a result 

vulnerability scores, which are dependent on the presence and thickness of overlying soil, could 

vary over very short distances. 
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A vulnerability assessment was completed using a 2002 amendment to the Ministry of 

Environment Intrinsic Susceptibility Index protocol. This method was also used by the adjacent 

source protection regions, which have similar geology and groundwater characteristics. The 

findings are described in detail in Chapter 5. 

Given the geological complexity of the Cataraqui Source Protection Area, with vulnerable 

bedrock aquifers very close to the surface, a majority of the Cataraqui Source Protection Area 

should be considered a highly vulnerable aquifer for the purpose of source protection planning. 

The highly vulnerable aquifer area is assigned a vulnerability score of six. 

Chloride, sodium, nitrate, and microbiological contaminants (total coliform, fecal coliform and 

Escherichia coli) are considered to be drinking water issues in the highly vulnerable aquifer. The 

vulnerability scoring of the aquifer means that moderate and low-ranked threats may exist in that 

area. In accordance with provincial rules, these threats have not been counted for this report. 

Significant Groundwater Recharge Areas 

An aquifer is an area of soil or rock under the ground that has many cracks and spaces and has 

the ability to store water. Water that seeps into an aquifer is called recharge. Much of the natural 

recharge of an aquifer comes from rain and melting snow. The land area where the rain or snow 

seeps down into an aquifer is called a recharge area. Recharge areas often have loose or 

permeable soil, such as sand or gravel, which allows water to seep easily into the ground. Areas 

with shallow fractured bedrock can also be recharge areas.  

A recharge area is considered significant when there is a relatively high rate of infiltration of 

water from the surface into the ground within that area. Recharge helps to maintain the water 

level in the aquifers that are used for drinking water.  

Identification of significant groundwater recharge areas in the Cataraqui Source Protection Area 

is challenging. Bedrock comprises the main aquifer in the region. Flow within this aquifer is 

through multiple complex fractures. The irregular topography in the Canadian Shield appears to 

produce locally controlled flow systems rather than watershed scale recharge and discharge 

areas.  

A method prescribed by the province of Ontario has been used to identify and map the 

significant groundwater recharge areas. Because of the complex flow characteristics in the 

watershed, the mapped significant groundwater recharge areas should be confirmed in the 

future through field work and analyses. The significant groundwater recharge areas are assigned 

a vulnerability score of six, four or two. 

Chloride, sodium, nitrate, and microbiological contaminants (total coliform, fecal coliform and 

Escherichia coli) are considered to be drinking water issues in the significant groundwater 

recharge areas. The vulnerability scoring of these areas means that moderate and low-ranked 

threats may exist in them. In accordance with provincial rules, these threats have not been 

counted for this report.  
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Wellhead Protection 
Areas 

A wellhead is the physical 

structure of the well above the 

ground. A wellhead protection 

area is the area around the 

wellhead where land uses and 

activities have the potential to 

affect the quality of water that 

flows into the well.  

A wellhead protection area is 

delineated by mapping the 

geology and groundwater levels surrounding the wellhead and using this information to create a 

mathematical model. This model is used to predict the speed at which the groundwater is flowing 

toward the well and from which direction, depending on the pumping rate at the municipal well 

supply. Using the mathematical model, a series of areas are delineated based on the time it would 

take groundwater and a contaminant to reach the wellhead. They are as follows:  

 wellhead protection area ‘A’ is a 100 metre radius around the wellhead 

  wellhead protection area ‘B’ is the area within which the time of travel to the well is less 

than or equal to two years, but excluding wellhead protection area ‘A’  

 wellhead protection area ‘C’ is the area within which the time of travel to the well is less 

than or equal to five years, but greater than two years 

 wellhead protection area ‘D’ is the area within which the time of travel to the well is less 

than or equal to twenty-five years, but greater than five years 

 wellhead protection areas ‘E’ and ‘F’ are mapped to account for situations where the 

groundwater is under the direct influence of surface water; wellhead protection area ‘F’ 

is intended to capture additional areas that contain the source of a drinking water issue in 

the untreated water. 

The vulnerability of the aquifer to contamination can be assessed within these areas. The 

Ministry of Environment has an established method for scoring vulnerability. Simply put, the 

more vulnerable the aquifer and the closer proximity to the well, the higher the vulnerability 

score. 

To produce a vulnerability score, the first step is to determine how easily contaminants can enter 

the aquifer. Scores are assigned as low, medium or high for specific locations. 

The next step is to determine if human activity in the wellhead protection area has altered the 

landscape making it easier for contaminants to reach the aquifer. These alterations are called 

transport pathways. Transport pathways can be ditches, other wells, pipelines or other human-

made features.  
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Once the vulnerability of the aquifer has been finalized, the last step is to combine it with the 

wellhead protection area zones to determine the final vulnerability scores for the wellhead 

protection area. Possible scores are two, four, six, eight and ten. 

The Cataraqui Source Protection Area contains three municipal wells: 

 Cana Well Supply, City of Kingston 

 Lansdowne Well Supply, Township of Leeds and the Thousand Islands 

 Miller Manor Apartments Well Supply, Township of Front of Yonge. 

A portion of the Westport’s wellhead protection area (a limited extent of wellhead protection 

area ‘D’) is also located in the Cataraqui Source Protection Area. The well itself is located 

within the adjacent Mississippi-Rideau Source Protection Region. 

Cana Well Supply 

Cana is a small residential community located in the Kingston Mills area. It was established as a 

cooperative development in the early 1950s. Utilities Kingston operates a well, a Water 

Treatment Plant and a sewage treatment plant that serve 32 households in the community. 

The wellhead protection area has been mapped and includes wellhead protection areas ‘A’ to 

‘E’ (see Map 5-12). The sewage treatment plant, private residences, industrial areas, natural 

areas and transportation corridors are located within the wellhead protection area.  

Vulnerability mapping has also been completed. Using the results of this mapping, vulnerability 

scores were calculated for all of the areas. The scores range from six to ten (see Map 5-14). 

Drinking water issues of total coliform and Escherichia coli, chloride and sodium were found in 

untreated water for this system. Further study is needed to determine the source. 

An assessment of threats was conducted within the wellhead protection area around this water 

treatment plant. For existing activities, we found 23 locations with significant threats, 44 with 

moderate threats and nine with low-ranked threats. This represents a total of 76 enumerated 

parcels and 95 individual threats. 

Lansdowne Well Supply 

The village of Lansdowne has two wells that supply its water. The wells and water treatment 

facility are operated by the Ontario Clean Water Agency.  

The wellhead protection area has been mapped and includes wellhead protection areas ‘A’ to 

‘D’ (see Map 5-20). Vulnerability scoring is shown in Map 5-22. The scores range from six to 

ten. 

Total coliform and Escherichia coli are considered to be drinking water issues in the untreated 

water for this system. Further study is needed to determine the source. 

An assessment of threats was conducted within the wellhead protection area around this water 

treatment plant. For existing activities, we found 64 locations with significant threats, 106 with 

moderate threats and 41 with low-ranked threats. This represents a total of 211 enumerated 

parcels and represents 256 individual threats. 



Cataraqui Source Protection Area 
Assessment Report  
(June 2011, revised June 2017) 

 
 

 

(xiii) 

Miller Manor Apartments Well Supply 

Located in the village of Mallorytown, Miller Manor Apartments is a 17-unit apartment building 

operated by the United Counties of Leeds and Grenville. Its water is supplied by a well and 

treatment system operated by A.J.’s Water Treatment.  

The wellhead protection area has been mapped and includes wellhead protection areas ‘A’ to 

‘D’ (see Map 5-28). Private residences, commercial areas, a school, natural/undeveloped areas, 

transportation corridors, recreational and agricultural areas are located within the wellhead 

protection area.  

Vulnerability mapping has also been completed (see Map 5-30). The scores range from four to 

ten. 

Total coliform, Escherichia coli, chloride, sodium and nitrate are all considered to be drinking 

water issues in the untreated water for this system. Further study is needed to determine the 

source. 

An assessment of threats was conducted within the wellhead protection area around this water 

treatment plant. For existing activities, we found 20 locations with significant threats, 22 with 

moderate threats and 79 with low-ranked threats. This represents a total of 121 enumerated 

parcels and represents 185 individual threats. 

Westport Well Supply 

Westport is located within the adjacent Mississippi-Rideau Source Protection Region. Two wells 

supply about 650 people with drinking water. It is being included in this Assessment Report 

because a small part of the wellhead protection area extends into the Cataraqui Source 

Protection Area. 

The wellhead protection area has been mapped and includes wellhead protection areas ‘A’ to 

‘D’ (see Map 5-36). Part of wellhead protection area ‘D’ (about 0.5 kilometres of the total 

length) is located within the Cataraqui Source Protection Area. 

Vulnerability mapping has also been completed (see Map 5-38). The vulnerability score in 

wellhead protection area ‘D’ are two and four. 

An assessment of threats was conducted within the portion of this wellhead protection area that 

falls within the Cataraqui Source Protection Area. For existing activities, we found no locations 

with significant or moderate threats, and one location ranked low representing three threat 

activities.  

For additional information about the Westport wellhead protection area, please refer to the 

Assessment Report for the Mississippi-Rideau Source Protection Region. 

Surface Water Sources 

The larger urban communities within the Cataraqui Source Protection Area rely on surface water 

for their municipal drinking water systems. The communities of Brockville, Gananoque, 

Kingston, Amherstview, Odessa, Bath, Napanee and Sandhurst Shores all get their drinking 

water from Lake Ontario or the St. Lawrence River. The village of Sydenham gets its drinking 

water from Sydenham Lake. 
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Intake Protection Zones 

The purpose of an intake protection zone is to delineate a potentially vulnerable area around a 

municipal surface water intake. According to Ministry of Environment Technical Rules each 

intake may be surrounded by three zones — intake protection zones 1, 2 and 3.  

The mapping of these zones depends on the location of the intake. There are four different types 

of intakes: 

 Type ‘A’ – Great Lakes (example: Lake Ontario) 

 Type ‘B’ – Connecting Channel (example: St. Lawrence River)  

 Type ‘C’ – Rivers (not affected by a dam) 

 Type ‘D’ – Other. 

The Cataraqui Source Protection Area has Type ‘A’, ‘B’ and ‘D’ intakes. There are no Type ‘C’ 

intakes in the Cataraqui Source Protection Area. 

Intake protection zone 1 is a set area, generally a one-kilometre radius around the intake.  

Intake protection zone 2 is defined by the movement of water and is sized to encompass a two-

hour time of travel for a contaminant to reach the intake.  

Intake protection zone 3 is an area of special interest. For the Type ‘A’ and ‘B’ intakes, it is the 

area in which contaminants could reach the intake during and after a large storm. For Type ‘D’ 

intakes, it is defined based on the lakes and streams that contribute water to the intake.  
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Lake Ontario-St. Lawrence River Intakes 

There are eight municipal intakes along the Lake Ontario and St. Lawrence River shoreline in the 

Cataraqui Source Protection Area. They are: 

 Brockville 

 James W. King – Gananoque 

 Kingston Central 

 Point Pleasant – Kingston 

 Fairfield – Amherstview and Odessa 

 Bath 

 A.L. Dafoe – Napanee 

 Sandhurst Shores. 

While the A.L. Dafoe intake is located in the Cataraqui Source Protection Area, the community it 

serves (Napanee) is actually located in the adjacent Quinte Source Protection Region. 

The intake protection zone for the Picton intake, also located in the Quinte Source Protection 

Region, extends into the Cataraqui Source Protection Area. 

The eight municipal intakes listed above were all part of a technical study conducted by the 

Centre for Water and the Environment at Queen’s University. This study modeled winds, water 

currents and weather patterns to delineate intake protection zones for each of these intakes. 

These are shown in Maps 6-1 to 6-58. 

Vulnerability scoring for each of the eight intakes was also undertaken as part of this study. The 

calculation of this scoring is laid out in the Ministry of Environment technical rules.  

Brockville  

The Brockville water treatment plant is operated by the City of Brockville. It serves 22,000 

residents of Brockville and 1,000 residents of the Township of Elizabethtown-Kitley. The intake 

pipe is located in the St. Lawrence River (see Maps 6-1 and 6-2). 

Vulnerability scores help us to measure how vulnerable the drinking water source is to 

contamination (see Map 6-3). The vulnerability scores are nine for intake protection zone 1 and 

8.1 for intake protection zone 2. This means that the water is very susceptible to contamination. 

Escherichia coli is considered to be a drinking water issue in the untreated water for this system. 

Further study is needed to determine the source. 

An assessment of threats was conducted within the intake protection zone 1 and 2 around this 

water treatment plant. For existing activities, we found three locations with significant threats, 

293 with moderate threats and eight with low-ranked threats. This represents a total of 304 

parcels with 356 individual threats. 

James W. King (Gananoque)  

The James W. King WTP is operated by the Town of Gananoque. It serves 5,200 residents of 

Gananoque. The intake pipe is located in the St. Lawrence River (see Map 6-9). 

The vulnerability scores are nine for intake protection zone 1 and 8.1 for intake protection zone 2 

(see Map 6-10). This means that the water is very susceptible to contamination. 
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There are no substances considered to be a drinking water issue in the untreated water for this 

system.  

An assessment of threats was conducted within the intake protection zone 1 and 2 around this 

water treatment plant. For existing activities, we found one location with significant threats, 166 

with moderate threats and 12 with low-ranked threats. This represents a total of 179 parcels and 

229 individual threats. 

City of Kingston  

The City of Kingston is served by two drinking water treatment plants, one in the central part of 

the city (Beverley Street) and one in the western part (Point Pleasant). Both plants draw their 

water from Lake Ontario (see Maps 6-16 and 6-23 for the individual systems and Maps 6-17a or 

6-24a for both systems mapped together). 

The Kingston Central plant serves a population of 80,000 while the Point Pleasant plant serves 

44,000 people. 

The vulnerability scores for both plants are six for intake protection zone 1, which is considered 

moderate. For intake protection zone 2, the Kingston Central plant scores 4.8 while the Point 

Pleasant plant scores 4.2 (see Maps 6-17 and 6-24). This means that the water is somewhat 

susceptible to contamination. 

There are no substances considered to be a drinking water issue in the untreated water for these 

systems.  

An assessment of threats was conducted within the intake protection zone 1 and 2 around these 

water treatment plants. For existing activities around Kingston Central, we found no locations 

with significant threats, one location with a moderate threat and 101 locations with low ranked 

threats. This represents a total of 102 parcels and 113 individual threats. 

A count of activities around Point Pleasant found no significant or moderate threats. However, 

there are ten parcels with low-ranked threats, representing 14 individual threats. 

Loyalist Township  

Loyalist Township has two drinking water treatment plants. The Fairfield plant (Map 6-30) is 

located in Amherstview and serves 8,620 people in Amherstview, Odessa, Harewood and 

Brooklands. The Bath plant (Map 6-37) serves 1,800 residents in the community of Bath and 

550 inmates in the Millhaven and Bath Institutions. Both of the plants draw their water from 

Lake Ontario.  

The vulnerability scores for both plants are seven for intake protection zone 1 and 6.3 for intake 

protection zone 2 (see Maps 6-31 and 6-38). This means that the water is susceptible to 

contamination. 

Total coliform is considered to be a drinking water issue in the untreated water for the Fairfield 

plant. Organic nitrogen and Escherichia coli are considered to be drinking water issues in the 

untreated water for the Bath water treatment plant. 
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An assessment of threats was conducted within the intake protection zone 1 and 2 around these 

water treatment plants. For existing activities, we found no parcels with significant threats at 

either the Fairfield or Bath intake protection zones. Existing activities around the Fairfield intake 

protection zone included seven moderate threats and 173 low-ranked threats. This represents a 

total of 180 parcels with 223 individual threats.  

The Bath intake protection zone threat activities result in 34 moderate threats and 82 low-ranked 

threats, representing a total of 116 parcels and 309 individual threats.  

Town of Greater Napanee  

The Town of Greater Napanee has two drinking water treatment intakes in the Cataraqui Source 

Protection Area. The A.L. Dafoe intake serves 10,000 people in the town of Napanee, which is 

located in the Quinte Source Protection Region. The Sandhurst Shores water treatment plant 

serves 230 residents in the Sandhurst Shores subdivision. Both of the plants draw their water 

from Lake Ontario (see Maps 6-44 and 6-51 for the individual systems and Maps 6-45a or       

6-52a for both systems mapped together). 

The vulnerability scores for both plants are seven for intake protection zone 1 and 5.6 for intake 

protection zone 2 (see Maps 6-45 and 6-52). This means that the water is susceptible to 

contamination. 

There are no substances considered to be a drinking water issue in the untreated water for either 

water treatment plant.  

An assessment of threats was conducted within the intake protection zone 1 and 2 around these 

water treatment plants. For existing activities around the A. L. Dafoe plant and the Sandhurst 

Shores facility, we found no parcels with significant threats. Existing activities around the A.L. 

Dafoe intake protection zone included six locations with moderate threats and 21 locations with 

low-ranked threats. This represents 27 parcels and 66 individual threat counts. 

For moderate and low threats around the Sandhurst Shores intake protection zone, we found 

seven moderate threats and 179 parcels with low-ranked threats. This represents 186 parcels and 

344 individual threat counts. 

Picton  

The Picton water treatment plant intake is located in the Quinte Source Protection Region. The 

intake protection zone 3b for the plant is partially located within the Cataraqui Source Protection 

Area. The intake is located in the Bay of Quinte, part of Lake Ontario (see Map 6-59). 

The vulnerability score for the portion of intake protection zone 3 that falls within the Cataraqui 

(intake protection zone 3b) is six (see Map 6-60). This means that the water is susceptible to 

contamination. 

An assessment of threats was conducted within the portion of the Picton intake protection zone 

3b that falls within the Cataraqui Source Protection Area. For existing activities, we found no 

locations with significant threats, 11 with moderate threats and 24 with low-ranked threats. This 

represents 35 parcels and 172 individual threat counts. 
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For additional information about the Picton Intake, please refer to the Assessment Report for the 

Quinte Source Protection Region.  

Inland Intakes 

Sydenham  

There is only one inland municipal drinking water system intake in the Cataraqui Source 

Protection Area. It serves 940 residents in the village of Sydenham in the Township of South 

Frontenac. The intake is located in Sydenham Lake. 

Intake protection zones 1, 2 and 3 have been delineated and are shown on Map 6-66. Intake 

protection zone 1 has a vulnerability score of nine. Intake protection zone 2 has a vulnerability 

score of 8.1. Intake protection zone 3a is scored 6.3. The higher the score, the more vulnerable 

the area is to contamination. 

Dissolved organic carbon is considered to be a drinking water issue in the untreated water for the 

plant. 

An assessment of threats was conducted within the intake protection zones 1, 2 and 3 around this 

water treatment plant. For existing activities, we found three locations with significant threats, 

168 with moderate threats and five with low-ranked threats. This represents 176 parcels and 348 

individual threat counts. 

Potential Impacts from Climate Change 

Climate change has potential implications for both water quantity and quality. It is clear that our 

climate is changing, but which aspects of our climate, how much they may change in the future 

and what impacts this may have in the Cataraqui Source Protection Area is unknown. 

Climate change impacts occur on a regional scale. The current research looks at areas as large as 

eastern Ontario, eastern Canada or the northeastern United States. This research suggests that for 

our area we can expect an increase in temperature, more winter precipitation which may be in 

the form of rain or snow, small increases in runoff and more frequent heavy precipitation events. 

These changes could have the following impacts: 

 more evapotranspiration due to higher temperatures and less runoff to streams and 

recharge to groundwater 

 more precipitation falling as rain rather than snow 

 more frequent heavy precipitation may cause more flooding and erosion. 

Impacts on water quantity could include less water available in lakes and wetlands and 

consequently less supply for drinking water. This could lead to lower lake levels in the summer 

causing problems for recreational boating and swimming as well as commercial shipping.  

Less water recharging into the ground could result in lower groundwater levels, dry wells and 

even dry streams and lakes. 
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There could also be impacts on water quality. Warmer winters could allow for more pests and 

invasive species. Warmer weather could also lead to more algae, requiring increased treatment at 

water treatment plants. Cyanobacteria (blue-green algae) are of special concern. Higher 

temperatures, more sunny days, and increased nutrient runoff into surface waters have the 

potential to increase the toxic blooms of these algae. However, other climate change factors may 

cancel out the effect of these conditions on the growth of cyanobacteria. 

Lower streamflows and water levels in lakes may mean an increased concentration in the amount 

of contaminants in surface water. More intense storms could also result in more contaminants 

being washed into surface water. 

Climate change may also mean changes to the vulnerable area definitions around municipal 

intakes and wells. 

For wellhead protection areas, more precipitation may mean more contaminants flowing into 

the area via transport pathways, which will increase the vulnerability of these areas. Drier 

conditions and less recharge may mean lower overall flow rates, resulting in larger wellhead 

protection areas. 

For intake protection zones, more frequent storms could mean increased vulnerability due to 

more contaminants being washed into the water. It could also mean increased streamflow, which 

could increase the size of some intake protection zones. 

Warmer temperatures may result in lower water levels, exposing some intakes to the surface and 

surface impacts. A shorter ice cover period may make additional activities such as a longer 

shipping season a possibility, increasing the possibility of more spills. 

Water conservation measures, increased monitoring, more research, protecting recharge areas 

and reducing greenhouse gas emissions are all measures that can be used to reduce impacts of or 

adapt to climate change. 

Topics for Additional Research 

In preparing background studies for the Assessment Report a number of data gaps and topics for 

additional research were noted. The Cataraqui Source Protection Committee and CRCA will 

work with the province of Ontario to fill as many of these data gaps as possible over the coming 

years. In the interim, the Committee will consider these data gaps and other topics and take a 

precautionary approach when addressing topics where there is uncertainty.    

The additional research will allow for the continuous improvement of the report. Some of the key 

topics for work over the longer term include: 

 The collection of additional data particularly for precipitation, evapotranspiration and 

groundwater water levels. These data would improve the certainty of our findings related 

to water budgets, significant groundwater recharge areas, highly vulnerable aquifers and 

wellhead protection areas. 

 Further research on the complex geology and hydrogeology of the Cataraqui Source 

Protection Area. Most of the current research relies on water well records which may be 
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inaccurate. Where there are few wells, there are very little usable data. There are 

opportunities to improve the reliability of future records.  

 The collection of additional data in Lake Ontario and the St. Lawrence River would 

capture a wider range of actual wind conditions, waves, and water currents in different 

years. This would improve the accuracy of the intake protection zones on the lake and 

river.   

 Research on the extent of intake protection zones during the winter season (ice cover) 

would advance our understanding of how contaminants move in the water throughout the 

year. 

 Further research on conditions is warranted. There is a lack of available data to 

demonstrate where contamination has actually occurred and similarly, where 

contamination has been cleaned up. These limitations have prevented the identification of 

conditions in this report. 

Key Findings  

A summary of the key findings of the Assessment Report is provided in Chapter 9. It includes an 

overall summary of the drinking water issues and drinking water threats (type and occurrence) 

found within the vulnerable areas in the CSPA.  
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Reference Table:  

Information about Drinking Water Sources 

This table is provided to help the reader to easily locate information about their drinking water 

source within the text and maps of this report. Page numbers indicate the first page of the given 

section.   
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Miller Manor Apartments 
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Point Pleasant (Kingston West) 150 6.2.6.2 6-23 to 6-29 
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Chapter 1 – Introduction 

“Water is the most critical resource issue of our lifetime and our children's lifetime. The health of 

our waters is the principal measure of how we live on the land” – Luna Leopold 

1.1 Drinking Water Source Protection and the Ontario Clean 

Water Act, 2006 

The reality of what can happen to our sources of drinking water became all too apparent after the 

tragedy that occurred in Walkerton, Ontario in May 2000. A groundwater source of drinking 

water became contaminated and a treatment system failed, ultimately causing the death of seven 

people and illness in thousands. 

The O’Connor Commission that looked into the tragedy recommended, as part of a multi-barrier 

approach, that sources of drinking water should be protected from contamination and overuse. 

The Ontario government responded by funding an intensive drinking water source protection 

initiative and by passing the Clean Water Act, 2006. The Act lays out the steps required to 

develop locally driven, science-based assessment reports and source protection plans. While the 

primary focus of the work to-date has been the source water for cities and towns, the Act also 

provides for future work to consider other types of drinking water systems, and the use of the 

Great Lakes as a source of drinking water. 

The expected outcome of these efforts is the development of comprehensive plans that will 

identify what needs to be done locally to protect sources of drinking water. The plans will 

provide tools to make sure that threats to drinking water sources are reduced or eliminated. This 

Assessment Report is intended to provide much of the scientific basis for the forthcoming source 

protection plan for the Cataraqui area.  

1.2 The Source Protection Planning Process 

The source protection planning process is intended to continue over the long-term, similar to 

land use planning efforts by the provincial government and municipalities under the Ontario 

Planning Act. Source protection is one component of watershed management, which involves the 

following repeating steps: scientific research, planning, monitoring and the evaluation of success. 

This Assessment Report is the culmination of five years of scientific research.  

The Ontario Ministry of the Environment (MOE) is the lead agency for drinking water source 

protection activities across the province. The Ontario Ministry of the Natural Resources is 

assisting with project management and aspects related to protecting quantities of water from 

overuse. 

Most of the settled parts of Ontario have been divided into watershed-based source protection 

areas and regions. The south-eastern part of the province includes eight source protection areas, 

each based on a conservation authority jurisdiction and adjacent lands and waters (see Map 1-1). 

Most of the source protection areas have been joined together with another source protection area 

to form a source protection region. Locally, the Cataraqui Source Protection Area (CSPA) has 
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been defined to include the jurisdiction of the Cataraqui Region Conservation Authority (CRCA) 

plus the Township of Frontenac Islands and other lands and waters in Lake Ontario and the St. 

Lawrence River (see Map 1-2). Owing to its size, breadth and internal diversity, the CSPA is not 

joined with other source protection areas. A description of the CSPA is included in Chapter 2 of 

this report.  

Conservation authorities across Ontario are serving as source protection authorities to coordinate 

the local work. The Cataraqui Source Protection Authority (the SP Authority) includes the 17-

member board of the CRCA and a representative of the Township of Frontenac Islands. The SP 

Authority managed the technical studies that are summarized in this report, and in 2007 it formed 

the Cataraqui Source Protection Committee (the SP Committee) to oversee the work.  

The provincially-appointed Chair of the SP Committee is Mr. John C. Williamson of Inverary; 

Mr. Williamson is a wildlife biologist, a facilitator and an active farmer. The membership of 

each SP Committee is divided into three groups: 

1. municipal 

2. economic 

3. community. 

The 16-member Cataraqui SP Committee includes municipal representatives from the eastern, 

central and western parts of the CSPA, economic representatives from agriculture, industry and 

tourism and recreation, and community representatives from environmental groups, lake 

associations, and the public. Biographies for each of the current members are included in 

Appendix ‘A’. The Committee is joined at each meeting by non-voting liaison members from 

the MOE, public health units, and the SP Authority.  

The SP Committee is required to complete three tasks, as outlined in the Ontario Clean Water 

Act, 2006:  

 Write terms of reference to identify what work needs to be done and who is responsible 

to complete that work. 

 Compile an assessment report that brings together the science and technical information 

required to develop a source protection plan.  

 Produce a source protection plan that will outline measures necessary to reduce or 

eliminate the threats identified in the Assessment Report. 

Terms of Reference for source protection activities in the Cataraqui area were written in 2008 

and approved by the Minister of the Environment in May 2009 (Cataraqui Source Protection 

Committee, 2009).  

The source protection plans will be prepared by the summer of 2012. They will include policies 

which make use of implementation tools such as public education, incentives, municipal land use 

planning and by-laws, infrastructure, and provincial approvals and permits. They will also 

include requirements for monitoring local progress on source protection. Municipalities are 

expected to be involved in implementing the source protection plans, in part through updates to 

their municipal official plans and zoning by-laws.  
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The SP Committee has and will continue to consult with municipalities, stakeholder groups and 

the public so that assessment reports and source protection plans are developed through an open 

and transparent process. Information related to the work has been shared at public open houses 

and municipal council meetings, and it is posted on the Internet at www.cleanwatercataraqui.ca.  

1.3 Participants in the Process 

Everyone has an interest in drinking water source protection – as individuals, we rely upon water 

for our life at home and work. The future of our communities depends on access to clean and 

plentiful water. For these reasons, source protection in Ontario is being led locally, with source 

protection committees established on a watershed basis. There have been and will continue to be 

many different participants in the process. Our stakeholders and partners include municipalities, 

federal and provincial government agencies, community groups, businesses, residents, and 

visitors. 

1.3.1 Municipalities 

All or part of three counties and 12 municipalities fall within the Cataraqui Source Protection 

Area (CSPA). These include large urban and small rural municipalities. The counties are Lennox 

and Addington, Frontenac, and Leeds and Grenville. The municipalities, from west to east, are: 

 Town of Greater Napanee 

 Loyalist Township 

 Township of South Frontenac 

 City of Kingston 

 Township of Frontenac Islands 

 Township of Rideau Lakes 

 Township of Leeds and Thousand Islands 

 Town of Gananoque 

 Township of Athens 

 Township of Front of Yonge 

 Township of Elizabethtown-Kitley  

 City of Brockville. 

1.3.2 Provincial Government 

There are a number of provincial agencies that we work closely with for water management. 

These include: 

 Ministry of Environment 

 Ministry of Natural Resources 

http://www.cleanwatercataraqui.ca/
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 Ministry of Municipal Affairs and Housing  

 Ministry of Agriculture, Food and Rural Affairs. 

We also work closely with two local health units – the Lanark-Leeds-Grenville District Health 

Unit and Kingston Frontenac Lennox and Addington Public Health. The provincially-sponsored 

stewardship councils are also important partners, particularly in landowner contact and the 

delivery of programs to landowners.  

1.3.3 Federal Government 

The federal government has many interests in the CSPA, including that of landowner. Major 

properties include the Rideau Canal National Historic Site, Canadian Forces Base Kingston, St. 

Lawrence Islands National Park, and several prisons. The Canadian Coast Guard, Canadian 

Forces Base Kingston, Correctional Services Canada, Environment Canada, Fisheries and 

Oceans Canada, and Parks Canada are federal organizations that have been or will be involved in 

the source protection planning process.  

1.3.4 Adjacent Source Protection Regions 

The Cataraqui Source Protection Authority and Source Protection Committee are coordinating 

their efforts with the three neighbouring source protection regions, including the Quinte, 

Mississippi-Rideau, and Raisin-South Nation. This builds on a long tradition of cooperation 

between conservation authorities. In recent years, we have worked together on common 

communications, mapping, and technical products and have used a coordinated approach when 

sharing information with municipalities. Our intent is to provide a consistent level of information 

wherever possible, for the benefit of those municipalities that fall into more than one source 

protection area.  

1.3.5 Interested Stakeholders, Engaged Public and NGOs 

There are many stakeholders and non-governmental organizations in the Cataraqui area that have 

an interest in supplies of clean and plentiful water. The agricultural community, tourism and 

recreation sector, lake associations, aggregate operators and the manufacturing industry are well 

represented in the area. Each of these sectors is represented on the SP Committee, and the CRCA 

also has ongoing interaction with a wide range of stakeholders.  

1.4 Scope and Purpose of the Assessment Report 

1.4.1 Scope of the Report 

The scope of this Assessment Report is defined by the Terms of Reference for the Preparation of 

an Assessment Report and a Source Protection Plan: Cataraqui Source Protection Area 

(Cataraqui Source Protection Committee, 2009). The focus is on the 12 local drinking water 

systems in the municipal residential category that is defined by the Ontario Ministry of the 

Environment (see Table 1-1).  
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Table 1-1: Municipal Residential Drinking Water Systems in the CSPA 

Drinking Water System 
Municipal Drinking Water 

Source 

A.L. Dafoe (Napanee) Surface Water Intake 

Bath Surface Water Intake 

Brockville Surface Water Intake  

Cana Well Supply (Kingston) Groundwater Well 

Fairfield (Amherstview) Surface Water Intake  

James W. King (Gananoque) Surface Water Intake  

Kingston Central Surface Water Intake  

Lansdowne Well Supply Groundwater Well  

Miller Manor Apartments Well Supply (Mallorytown) Groundwater Well  

Point Pleasant (Kingston West) Surface Water Intake  

Sandhurst Shores (Napanee) Surface Water Intake  

Sydenham Surface Water Intake  

 

This report also includes information about the general state of groundwater resources across the 

entire Cataraqui area (see Chapter 5). Future versions of the Assessment Report may also include 

technical findings related to other public drinking water systems and/or clusters of private intakes 

or wells. These systems would only be considered after they were added to the Terms of 

Reference through a municipal resolution, or at the direction of the Ontario Minister of the 

Environment.  

1.4.2 Purpose of the Report 

The main purpose of the report is to prioritize drinking water issues and threats within the 

vulnerable areas that are described in Chapters 5 and 6. This information will assist the 

community, led by the SP Committee, to prepare the Cataraqui Source Protection Plan 

(forthcoming). Drinking water issues and threats that are prioritized in this document will be the 

main focus of discussion for the development of this plan. 

The report also serves as a summary of technical findings. For more detailed findings about a 

specific topic or location, the reader is invited to reference the individual technical reports, each 

of which are listed in the references section and are held at the CRCA offices in Glenburnie 

(Kingston).  Many of the technical reports are included in Appendix ‘L’.   
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1.4.3 Content of the Report 

The Ontario Clean Water Act, 2006 establishes the following minimum content requirements for 

the Assessment Report: 

 Identify all the watersheds and subwatersheds in the source protection area 

 Characterize the quality and quantity of water in each watershed 

 Set out a water budget for each subwatershed, which describes how water enters and 

leaves the watershed and describes the groundwater and surface water flows in the 

watershed and how water is used 

 Identify all significant groundwater recharge areas and highly vulnerable aquifers that 

are in the source protection area 

 Identify all surface water intake protection zones (IPZ) and wellhead protection areas 

(WHPA) that are in the source protection area 

 Describe the drinking water issues relating to the quality and quantity of water in each of 

the vulnerable areas identified under clauses (d) and (e) 

 List activities that are or would be drinking water threats, and  

 Identify the areas where an activity listed under clause (g) is or would be a significant 

drinking water threat.  

This Assessment Report includes information in support of each of the above items. 

1.5 Methods of Technical Work 

The source protection program in Ontario is intended to be based on the best available science. 

The scientific methods used to carry out the technical work are described in Ontario Regulation 

287/07 General, the Technical Rules: Assessment Report (MOE, 2009a)(see Appendix ‘L-1’), 

and related guidance materials. These documents were developed by the provincial government 

in consultation with scientists from various fields and representatives from stakeholder groups 

such as agriculture and industry. Similar methods are being used across Ontario, so that there is a 

reasonable degree of consistency.  

This Assessment Report includes findings from several component technical studies that have 

been completed for the CSPA since 2005. They include: 

 Cataraqui Groundwater Vulnerability Analysis Study (2008) 

 Drinking Water Source Protection  Water Budget Conceptual Report (2009) 

 Cana Subdivision Wellhead Protection Area Study (2008) 

 Climate Change: Considerations for Water Budget Study (2009) 

 Eastern Lake Ontario / Upper St. Lawrence River Intake Protection Zone Study (2009) 
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 Eastern Lake Ontario / Upper St. Lawrence River Intake Protection Zone 3 Consideration 

of Significant Threats Report (2010) 

 Frontenac Islands Groundwater and Aquifer Characterization Study (2007) 

 Issue Evaluation: Cataraqui Source Protection Area (2009) 

 LANDSAT Image Analysis: Cataraqui Source Protection Area (2006) 

 Lansdowne Wellhead Protection Area Study (2011) (in conjunction with Tier 2 study) 

 Lansdowne Tier 2 Water Budget Study (2011) (in conjunction with WHPA study) 

 Miller Manor Apartments Wellhead Protection Area Study (2009) 

 Sydenham Intake Protection Zone Study (2009) 

 Sydenham Tier 2 Water Budget Study (2010) 

 Sydenham Tier 3 Water Budget Study (2011) 

 Threat Assessment: Cataraqui Source Protection Area (2010) 

 Tier 1 Water Budget Study: Cataraqui Source Protection Area (2010) 

 Watershed Characterization Study: Cataraqui Source Protection Area (2008). 

Appendix ‘L’ contains digital copies of the reports for most of the above studies. This 

Assessment Report also contains findings from the ongoing Picton Intake Protection Zone Study 

and the Westport Wellhead Protection Area Study.  

The studies have been completed under the supervision of technical advisory groups; typical 

members on each group included CRCA staff, municipalities, public health units, and others. In 

addition, all of the studies have been subject to a peer review by a neutral third party who is 

qualified in the type of technical work. The SP Committee hosted 13 municipal and public open 

houses to share the draft findings with the community, and to seek feedback and local 

knowledge. The findings have been carefully reviewed by Conservation Authority staff and they 

have been received by the SP Committee for inclusion in this document. 

Additional information about the technical methods used is presented in Chapter 3 (water 

budget), Chapter 4 (water quality risk assessment), Chapter 5 (groundwater sources across the 

CSPA and wellhead protection areas) and Chapter 6 (intake protection zones).  

1.6 Limitations 

This report has been prepared using the best data and knowledge available at the time of 

publication. Data gaps are described in Chapter 8 and are outlined in Appendix ‘K-1’. Other 

topics for additional research are outlined in Appendix ‘K-2’. The authors encourage the reader 

to contact the CRCA in Glenburnie (Kingston) for updated information when conducting 

research about a specific topic or location.  
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Chapter 2 – Cataraqui Source Protection Area 

2.0 Introduction 

This chapter provides the reader with an overall perspective on the watersheds, physical 

geography, human geography, and Great Lakes aspects of the Cataraqui Source Protection Area 

(CSPA). For additional detail on these topics, the reader is invited to review the Watershed 

Characterization Report: Cataraqui Source Protection Area (CRCA, 2008) in Appendix ‘L-2’.  

The Cataraqui Source Protection Area (CSPA) is located at the eastern end of Lake Ontario and 

the beginning of the St. Lawrence River (Map 1-1). It includes a portion of the Bay of Quinte, 

Hay Bay, the southern portion of the Rideau Canal and the Thousand Islands of the St. Lawrence 

River. The region includes approximately 1,000 kilometres of Great Lakes shoreline (Lake 

Ontario and the St. Lawrence River, including the islands) and about 200 inland lakes. It covers 

the jurisdiction of the Cataraqui Region Conservation Authority (CRCA), plus the municipality 

of Frontenac Islands (Howe and Wolfe Islands) and the waters up to the International Boundary 

between Canada and the United States of America (Map 1-2).  

The landscape of the CSPA is extremely varied. The central region is characterized by the 

exposed bedrock, lakes and woodlands of the Canadian Shield (Frontenac Axis), while the south 

and west consist mainly of the agricultural landscape of the limestone and clay plains (Map 2-1). 

In the east, the surficial geology is dominated by sand and gravel. The landscape is described in 

detail by Chapter 1 of the Watershed Characterization Report: Cataraqui Source Protection Area 

(CRCA, 2008) and it is illustrated by Figures 1-4 through 1-15 of that document.  

Soil cover in the CSPA is generally thin (less than one metre) and discontinuous, with areas of 

exposed bedrock. Soil types range from clay to loam, with areas of sand and gravel and 

specialized deposits of organic material, and various combinations of these soil types occurring 

throughout. Generally, areas of clay occur along the shorelines of Lake Ontario and the St. 

Lawrence River within the CSPA.   

2.1 Watersheds in the Source Protection Area  

A watershed is an area of land that contributes water to a common lake, river or stream. There 

are 12 major watersheds in the CSPA (Map 1-2) which have been further subdivided into 

subwatersheds (Map 2-2) for the purpose of this report.  

This chapter describes the major watersheds of the CSPA. They are introduced below in five 

groupings (western area, Cataraqui River, Gananoque River, Frontenac and Amherst Islands, and 

eastern area). Subsequent watershed descriptions detail the areas that they occupy, their natural 

features, the locations and types of vegetation, land uses, fish and wildlife habitats exemplified, 

as well as the ground and surface water quality within the watershed.  

The Cataraqui and Gananoque River watersheds are the largest in the CSPA. Together, these two 

central basins make up about 50 per cent of the CSPA. The watersheds of the Bay of Quinte, 

Millhaven, Collins and Little Cataraqui Creeks, and Amherst, Frontenac and Howe Islands are 

smaller; flowing to Lake Ontario and the Bay of Quinte in the western end of the CSPA. The 
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Lyn and Jones Creeks, and Buells and Butlers Creek watersheds flow into the St. Lawrence 

River in the eastern end of the CSPA.  

2.1.1 Lake Ontario Watersheds 

The Bay of Quinte, Millhaven Creek, Collins Creek, Little Cataraqui Creek, and several smaller 

watersheds are located in the western portion of the CSPA (Map 2-2). The western-most streams 

empty into the Bay of Quinte, while all others empty into Lake Ontario. Of these watersheds, 

only Millhaven and Collins Creek watersheds have substantial lakes in their drainage basins. 

These lakes are relatively small, accounting for only about five per cent of the total basin area of 

their respective watersheds. 

These watersheds lie over limestone and clay plains, with some drumlins, especially in that of 

the Bay of Quinte. Most of the soils of each of these watersheds are well drained, reflecting the 

presence of various loams in the upper watershed and higher clay content towards Lake Ontario. 

Harrowsmith, Wilton, Morven, Dorland, Adolphustown, Sandhurst and Bath are within the Bay 

of Quinte watershed. The watershed of Millhaven Creek includes the communities of Sydenham 

and Odessa, while that of Collins Creek includes Westbrook, Elginburg, Glenburnie, Inverary 

and a portion of Kingston. Amherstview is contained within a separate, minor drainage basin to 

the west of Collins Creek. The majority of the urban area of the City of Kingston is contained 

within the Little Cataraqui Creek watershed.  

2.1.2 The Cataraqui River Watershed 

The Cataraqui River watershed occupies the center portion of CSPA (Map 2-2). The Cataraqui 

River serves as the Rideau Canal route from Newboro to the LaSalle Causeway and is controlled 

by a series of locks and dams, as is shown in Figure 1-22 of the Watershed Characterization 

Report: Cataraqui Source Protection Area (CRCA, 2008). The Rideau Canal is recognized as a 

National Historic Site and a United Nations Educational, Scientific and Cultural Organization 

(UNESCO) Cultural World Heritage Site. Contained within the Cataraqui River watershed are 

the communities of Crosby, Perth Road, Battersea, Seeleys Bay, Joyceville, and a portion of the 

City of Kingston. The major subwatersheds within the Cataraqui River watershed are Devil 

Lake, Buck Lake, and Loughborough Lake, described in detail in the Watershed Characterization 

Report: Cataraqui Source Protection Area (CRCA, 2008).  

The numerous inland lakes in this watershed cover 17 per cent of its total area and most of the 

soils of the watershed are well drained (54 per cent). The upper portion of the watershed lies 

over the Frontenac Axis (Canadian Shield), while the lower reaches are over the limestone and 

clay plains. As with many other watersheds in the CSPA, the upper reaches of the watershed are 

characterized by loam type soils, with clays occurring in the lower reaches (around Colonel By 

Lake and areas to the south). Bedrock outcrops and exposed rocks also occur in some areas of 

this watershed, especially the upper portion, where the physiography is dominated by rock ridges 

and shallow till.  
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2.1.3 Gananoque River Watershed 

The Gananoque River watershed can be subdivided into five subwatersheds, as shown in Map 2-

2. These subwatersheds are described in detail in the Watershed Characterization Report: 

Cataraqui Source Protection Area (CRCA, 2008). The communities of Phillipsville, Delta, 

Athens, Lyndhurst, Outlet and the town of Gananoque are within the boundaries of the 

Gananoque River watershed.  

Like the Cataraqui River watershed, many of the watercourses in the Gananoque River 

watershed are controlled by water control structures, as is shown in Figure 1-22 of the 

Watershed Characterization Report: Cataraqui Source Protection Area (CRCA, 2008). The 

Gananoque River receives drainage from various landscape types, including wooded areas of the 

Frontenac Axis, flat farmlands of the clay plain, and forest covered areas of the Canadian Shield. 

Water accounts for just below eight per cent of the total drainage basin area of the Gananoque 

River.  

Soils are classified as well-drained in roughly one third of the Gananoque River watershed and 

very poorly-drained in a similar proportion of the drainage basin. This is reflective of the 

different soil types found in different areas of the drainage basin. Loam and sandy loams cover 

much of the Gananoque watershed, with clays occurring below Lyndhurst Lake, below Outlet 

dam, and from the east below Marble Rock dam to the mouth of the river. Peat occurs as a 

component of the soil cover in the Wiltse Marsh area, combined with loams and clays. 

2.1.4 Amherst Island and Frontenac Islands Watersheds 

The Amherst Island and Frontenac Islands watersheds are found at the eastern end of Lake 

Ontario (Map 2-2). Amherst Island is part of Loyalist Township, while Howe and Wolfe Islands 

(along with several smaller islands) form the Township of Frontenac Islands. 

Similar to adjacent watersheds on the mainland, these islands are classified as part of the clay 

and limestone plains (Map 2-1). All three islands have mainly clay soils, with some pockets of 

loam. The terrain is flat with limited tree cover, providing an ideal environment for farming, 

which historically has been the predominant land use on all three islands. Watercourses generally 

form near the centre of the islands, flowing in a southwest or a northeast direction. 

Wind power is an emerging industry on and adjacent to the islands; notably, an 86 turbine wind 

farm was installed on the western portion of Wolfe Island in 2009.  

Stella and Marysville are the most significant settlements on Amherst Island and Wolfe Island, 

respectively. At the time of writing this report, the Township of Frontenac Islands was 

considering the merits of a municipal residential drinking water system for Marysville. The 

related environmental assessment was incomplete, such that there was not yet a ‘planned’ system 

as defined under the Ontario Clean Water Act, 2006. If a system with a new intake into Lake 

Ontario is installed in the future, then intake protection zones around that intake can be included 

in future editions of this report.     
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2.1.5 St. Lawrence River Watersheds 

The St. Lawrence watershed extends along the shoreline of the river from just east of Kingston 

to Brockville, and it includes the Thousand Islands (Map 2-2). A large portion of these 

watersheds lie over the Frontenac Axis (Canadian Shield) area (Map 2-1). The remaining area is 

comprised of limestone plains, with a small area of sand plain in the eastern extent.             

LaRue Mills Creek flows through typical Leeds Knobs and Flats area (comprised of exposed 

rock between deep clay beds), with many municipal drains as tributaries. The soil type in the 

remainder of the watershed is loam.  

A similar drainage pattern is observed for Jones Creek, but with a larger drainage area, 

including two ponds. One of these ponds forms the headwaters of Lyn Creek. Both the St. 

Lawrence watershed and the Lyn and Jones watersheds drain to the St. Lawrence River.  

Buells and Butlers creeks also flow to the St. Lawrence River. Their drainage basins are largely 

sand plain, which is characteristic of the eastern portion of the CSPA. Both watersheds also have 

areas of highly organic soils within the upper/central areas. Due to poor drainage in the western 

portion of this watershed, there are numerous lakes and swamps. In contrast, the bedrock in the 

eastern portion is more level and flat with fewer lakes. Numerous river and wetland areas have 

formed where there is imperfect drainage.  

2.2 Overview of Physical Geography 

2.2.1 Physical Land Characteristics 

Various physical land characteristic data have been obtained through the Ontario Geospatial Data 

Exchange. These data have been mapped across the CSPA and are included in the Watershed 

Characterization Report: Cataraqui Source Protection Area (CRCA, 2008) and Drinking Water 

Source Protection Water Budget Conceptual Report (CRCA, 2009)(see Appendix ‘L-3’). The 

following sections express the physical land characteristics that are unique to the CSPA. 

2.2.1.1 Bedrock Geology 

There are seven general bedrock types in the CSPA. These are (from oldest to youngest) the 

Precambrian, consisting of igneous and metamorphic rocks of the Canadian Shield, and the 

Paleozoic sedimentary rock of the Nepean (sandstone), March (dolostone and sandstone), 

Shadow Lake (limestone), Gull River (limestone), Bobcaygeon (limestone), and Verulam 

(limestone) Formations (see Figures 2-1 and Map 2-3). 
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Figure 2-1: Geological Time Scale and Geological Events in the CRCA 

 

Precambrian Geology 

The metamorphic Precambrian rocks of the CSPA were originally deposited as sediments and 

consolidated into sedimentary rocks between approximately 1,100 and 950 million years before 

present. Between 800 and 600 million years ago, a mountain building episode called the 

Grenville orogeny produced very high mountains in the CSPA, which have slowly eroded to 

their present height. 

The Grenville orogeny occurred as a northeast trending fold system that runs northwest/southeast 

from Algonquin Park to the Adirondack Mountains in New York State. Precambrian rocks 

underlie the entire CSPA and form the basement geological unit and are exposed at surface as 

part of the Frontenac Axis. Within the CSPA, the Axis exists from east to west between Kingston 

and Brockville, varying between 25 and 50 kilometres in width, and exists throughout the CSPA 

from the northwest to southeast. 
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Paleozoic Geology 

During the Paleozoic Era, approximately 500 million years before present, Eastern Ontario was 

inundated with a shallow ocean that deposited eroded sediment from the Precambrian landmass 

along its shorelines. The sediment now exists as a series of flat lying sedimentary rocks that 

represent the shallow water depositional environment from 500 million to 450 million years 

before present. 

The Paleozoic strata occur in the CSPA northeast and southwest of the Frontenac Axis. Six 

Formations exist in the CSPA: Nepean, March, Shadow Lake, Gull River, Bobcaygeon, and 

Verulam. Each Formation is discussed in the following sections and Figure 2-2 details the 

general bedding structure of the bedrock showing Paleozoic Bedrock Formations overlying 

Precambrian Bedrock from southwest to northeast. 

 

 

Figure 2-2: Schematic Geological Cross-Section of the CRCA  

 (not to scale) 

 

Nepean Formation 

The coarse conglomerates and sandstones of the Nepean Formation were mainly deposited east 

of the Frontenac Axis. The Nepean Formation consists of well-sorted interbedded quartz 

sandstones and conglomerates that were deposited on top of the Precambrian rock.  

March Formation 

Conformably overlying the Nepean Formation are the quartz sandstones and dolostones of the 

March Formation.  

Shadow Lake Formation 

The Shadow Lake Formation is comprised of limestone beds that overlie the Precambrian rock 

and Nepean Formation southwest of the Frontenac Axis. It is evident at surface in places along 

the interface between the western limestone plain and Precambrian shield.  



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

14 

Gull River Formation 

The Gull River Formation lies above the Shadow Lake Formation and is divided into four 

members (named A, B, C, D), all limestone.  

Bobcaygeon Formation 

The Bobcaygeon Formation lies above the Gull River Formation and is comprised of alternating 

fine calcarenitic limestone and sublithographic limestone. The strata are known to contain many 

fossils.  

Verulam Formation 

The Verulam Formation lies above the Bobcaygeon Formation and is typified by the alternation 

of limestone and shale. This is the youngest bedrock formation in the area. This formation can 

also contain many fossils.  

2.2.1.2 Fractured Bedrock 

Much of the CSPA is characterized by shallow overburden over fractured bedrock. Bedrock 

geology influences the water quantity of the groundwater that flows through it. As noted above, 

in the CSPA, the bedrock aquifers predominantly consist of Precambrian metamorphic and 

igneous rocks, and Paleozoic limestones, dolostones, sandstones, and shales.  

Groundwater flow through fractured rock occurs predominantly through single fractures in local 

and regional scales; however the behaviour of groundwater flow through fractured rock on a 

regional scale is not well documented. Studies do show that bedrock fractures are difficult to 

identify and that flow through individual fractures is fast. Therefore, bedrock aquifers are 

inherently vulnerable to contamination and provide challenges with regard to quantifying 

groundwater recharge parameters in water budget exercises. 

The Precambrian and Paleozoic bedrock will have different effects on the groundwater quantity 

in the CSPA. As mentioned above, groundwater will flow primarily through fractures whether in 

Precambrian or Paleozoic bedrock. Precambrian igneous and metamorphic rocks are 

particularly impermeable to water, save for flow through fractures. Paleozoic limestones and 

sandstones are more permeable; however fractures are still the dominant form of water (and 

contaminant) transport.  

In the CSPA, very little overburden overlies the bedrock aquifers. Less permeable overburden, 

such as silt, clay or till, can provide a barrier and offer protection to a fractured bedrock aquifer. 

A vertical bedrock fracture that is exposed at surface or covered by very permeable overburden, 

such as sand or gravel, produces a preferential pathway for groundwater and likewise, 

contamination. 

2.2.1.3 Hydrogeology 

Very little groundwater data has been gathered to date in the CSPA. Groundwater that originates 

in the CSPA may be migrating to neighbouring source protection areas, given the topography 

and geology of the CSPA. The Frontenac Axis acts as a topographic high and is flanked by more 

permeable Paleozoic layers that slope gently towards the east and west. 
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Groundwater-Surface Water Interaction 

Groundwater discharge can account for a significant percentage of streamflow, especially in a 

porous media setting. In fractured rock settings, it is less common to find groundwater discharge 

into a stream. Streamflow field discharge observations and precipitation records were used to 

establish possible groundwater discharge locations within the CSPA. 

From spring to fall in 2006, 2007 and 2009, streamflow measurements were collected at sites 

within the CSPA. Many of the sites were visited more than once. If the sites had water 

continually through the field season, they were considered possible groundwater discharge sites, 

and further work was planned, including temperature monitoring, and isotope analyses. 

Additional research is required to confirm these sites. 

During dry streamflow periods, groundwater discharge can be observed directly on streambeds 

if the piezometric surface is high. Therefore, during the dry summer periods, it can be assumed 

that groundwater discharge is limited if no surface flow is observed. Several monitoring sites 

were labelled as dry for their lowest water level distinction. The majority of these sites were 

labelled as such during the driest period of the field season, August, where there was the least 

amount of precipitation. However, streamflow was present at these sites following precipitation 

events in the spring. This indicates that streamflow at these sites is likely attributable mostly to 

direct precipitation rather than groundwater discharge. 

2.2.1.4 Surficial Geology 

Map 2-4 is a generalized surficial geology map of the Cataraqui area. It was developed by 

compiling overburden geology maps prepared by the Ontario Ministry of Northern Development 

and Mines.  

Deposition of overburden is a result of the last period of glaciation in North America (the 

Wisconsinan glaciation) which ended approximately 10,000 years ago. Glaciers transported 

large quantities of eroded Paleozoic and Precambrian rocks from the north and deposited them 

in the form of till sheets and drumlins over much of the bedrock surface. As the glacier ablated 

and receded, glacial melt waters transported sand and gravel to the ice margin where they were 

deposited as eskers and fan-like outwash features.  

The mass of the ice also depressed the earth's crust, allowing for inundation of the area by the 

Atlantic Ocean. This ancient arm of the ocean, covering a large proportion of the CSPA east of 

the Frontenac Axis, was called the Champlain Sea (approximately 13,000 to 10,000 years ago). 

The sea deposited clays and silts over the underlying tills and esker deposits. As the earth's crust 

rebounded, outlets were formed that drained the Champlain Sea. The lowering water level 

resulted in the exposure of elevated till areas such as drumlins. These till islands were reworked 

by wave action to form sand and gravel beaches. As the Champlain Sea further receded, an 

increased amount of till was exposed allowing for increased amounts of sediments to be 

reworked.  

Around the same time, as the crust continued to rebound, and the glacial ice continued to recede, 

a precursor to Lake Ontario, Lake Iroquois, was formed (approximately 13,000 to 10,000 years 

ago). The lake was essentially an enlargement of the present Lake Ontario. It formed because the 

St. Lawrence River was blocked by the ice sheet near the Thousand Islands. The level of the lake 
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was approximately 30 metres above the present level of Lake Ontario. The lake drained 

southeast to the Atlantic Ocean. The melting of the ice dam resulted in a lowering of the lake to 

its present level, and an outlet change to the St. Lawrence River. 

2.2.1.5 Physiography 

Chapman and Putnam (1984) identify four separate physiographic regions in the CSPA (see the 

Inset on Map 2-5). They are: Smiths Falls Limestone Plain, Leeds Knobs and Flats, Algonquin 

Highlands and Napanee Limestone Plain. 

Smiths Falls Limestone Plain 

The Smiths Falls Limestone Plain follows the northeastern region of the CSPA to Upper Rideau 

Lake where it meets a small undrumlinized till plain in the Westport-Newboro area. The 

limestone plain contains several bogs and marshes. Another small till plain can also be found in 

the Chantry and Brockville areas. It is characterized by shallow soil overlying mainly limestone 

or dolostone rock. Many parts of the area are poorly drained as evident by the occurrence of 

bogs, especially in the geographic townships of Kitley, Elizabethtown, the northern portions of 

Yonge and Escott, and the eastern third of Rideau Lakes. Deeper soils are present in some areas 

as a result of old beach deposits, isolated drumlins, and clay deposits that have filled depressions 

in the bedrock surface.  

Leeds Knobs and Flats 

The Leeds Knobs and Flats region lies in Leeds and Frontenac geographic counties north of the 

St. Lawrence River and the Thousand Islands (between Gananoque and Brockville and extending 

north to Crosby) and consists of rock knobs washed bare by the Champlain Sea and channels 

between them that contain deep and weakly calcareous clay beds. The largest area of clay lies 

west of the village of Lansdowne in the geographic Lansdowne Township.  

Rock ridges protruding through relatively thick soils characterize this region. The soils consist of 

clay that was deposited during flooding of the area by the former glacial Lake Iroquois. The 

resulting land texture is of bare rock protruding through relatively level terrain.  

Algonquin Highlands 

The elevated land in the western side of Rideau Lakes Township and the eastern portion of South 

Frontenac Township is referred to as part of the Algonquin Highlands. The Algonquin Highlands 

are the upper part of the Frontenac Axis. This region is characterized by shallow sandy or stony 

soils and a relatively rugged topography. Bedrock outcrops throughout the region form numerous 

localized topographic highs. Numerous lakes such as Newboro Lake, Opinicon Lake and Sand 

Lake formed in the irregular depressions in the Precambrian bedrock. 

Napanee Limestone Plain 

The Napanee Limestone Plain is similar to the Smith Falls plain. It is characterized by very 

shallow soils, and some alvars, although deeper glacial till does occur in some stream valleys, 

there are also some shallow depressions of stratified clay. 

Figure 1-12 (OGS, 1984) of the Watershed Characterization Report: Cataraqui Source Protection 

Area (CRCA, 2008) divides the CSPA into three primary physiographic regions. The northeast 
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and northwest areas of the region are characterized as limestone plain. The eastern portion of 

South Frontenac, western portion of Rideau Lakes and the northern portion of Leeds and the 

Thousand Islands are characterized by shallow till and rock ridges. Clay plains exist along major 

river valleys in the west (Cataraqui River and Wilton Creek) as well as along the southern 

portions and Lake Ontario/St. Lawrence River shoreline of the region. Other smaller 

physiographic regions occur across the area, including bare rock ridges and shallow till in the 

vicinity of Perth Road Village, peat and muck north of Gananoque and Brockville, sand plain 

north and east of Brockville, till plain east of Brockville, kame moraine near Lyndhurst, an esker 

near Seeley’s Bay and drumlins scattered throughout the Town of Greater Napanee and Loyalist 

Township.  

Across the CSPA, overburden thickness (Figure 1-13 of the Watershed Characterization Report: 

Cataraqui Source Protection Area (CRCA, 2008)) is generally less than one metre, with exposed 

bedrock visible in some areas on the limestone plain and the Precambrian shield. The exceptions 

to this are river and creek valleys where notable thickness of overburden occurs. Localized 

accumulations of overburden also occur in the east end of the City of Kingston, the west end of 

the Town of Greater Napanee south of Hay Bay, northwest of Elgin, southeast of Athens, near 

Mallorytown, and northwest of Lansdowne. 

Karst and fractured bedrock are common features in the limestone plain. New mapping 

completed by the Ontario Geologic Survey (Brunton, 2008) shows potential karst areas across 

the western area of the CSPA, with many of these areas having been confirmed by CRCA staff. 

Fractures in the limestone bedrock have been observed by Funk (1977) to generally be oriented 

in a northeast to southwest direction. They control the drainage in the regional watersheds, 

guiding the general southwest flow pattern. 

2.2.1.6 Soil Characteristics 

The Interim Watershed Plan (CRCA, 1983) describes the soils in the Kingston to Brockville 

corridor as generally shallow and tending to be acidic. The major soil types are Lansdowne and 

Napanee clay, as well as Farmington loam.  

The southern portions of the CSPA (near Lake Ontario and the St. Lawrence River) 

predominantly consist of clay, while those areas further north are predominantly loam and sandy 

loam combinations (Figure 1-5a and b of Watershed Characterization Report: Cataraqui Source 

Protection Area (CRCA, 2008)). This is probably related to the elevation and the deposition of 

finer sediments by Lake Iroquois and the Champlain Sea. 

A detailed description of the soils in each watershed is included in the Watershed 

Characterization Report: Cataraqui Source Protection Area (CRCA, 2008). The percentage area 

of each soil type is shown in Table 2-1, and it can be seen that the largest soil types are loam, 

sandy loam, and clay. 
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Table 2-1: Soil Characteristic and Percentage of Total Area 

Soil Type Percentage of CSPA Area 

Loam 29.4% 

Sandy Loam 27.4% 

Clay 23.5% 

Water 8.4% 

Silty Loam 3.1% 

Muck 2.9% 

Clay Loam 1.0% 

Rock Outcrop 0.7% 

Peat 0.7% 

Marsh 0.7% 

Urban - Kingston 0.3% 

Bottom Land 0.2% 

Unclassified 1.6% 

 

2.2.1.7 Topography 

In the CSPA, elevation generally decreases in the south-westerly direction, towards Lake Ontario 

and the St. Lawrence River (see Map 2-6). Most of the watercourses in the CSPA originate in 

those elevated areas near the Frontenac Axis. As such, the highest elevation in the region occurs 

in the northwest, near Canoe Lake, at around 209.0 metres above sea level, while the stream bed 

elevation at the stream mouths is around 74.2 metres above sea level.  

Amherst Island (Loyalist Township) and the Frontenac Islands are relatively flat, owing to their 

geologic origin as part of the bed of the predecessor lakes to Lake Ontario. 

2.2.1.8 Land Cover and Land Use 

The CRCA has used the Provincial Land Cover 28 geospatial data to characterize the CSPA 

(Figure 1-14 in Watershed Characterization Report: Cataraqui Source Protection Area (CRCA, 

2008)), though the classes have been grouped together for ease of display as shown in Table 2-2. 

The land cover data could be as much as 20 years old (it is an amalgam of data from 1986 to 

1997, with most from the early 1990’s), and may not reflect current land use/cover, and certainly 

cannot predict future information. But, given the uncertainty of other data sets, it is probably 

reasonable to use.  

As is shown in Table 2-2, the predominant land use in the CSPA is agriculture, with forest and 

swamp as the next largest areas. 

The Central Cataraqui Natural Heritage Study (CRCA, 2006) found that forested area is 

increasing in the City of Kingston and Loyalist Township. However, this increase comes due to 
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the retirement of agricultural land, and new trees planted or natural re-growth. At the same time, 

settlement areas are increasing. Both of these increases imply that agricultural land area is 

decreasing. 

Table 2-2: Comparison of Land-use and Land Cover in the CSPA 

Land Cover Grouping Land Cover 28 Grouping* Per cent of Total CSPA Area 

Water Water 8.2 % 

Bedrock Bedrock 0.9 % 

Other Mudflats 4.3 % 

Forest Forest – Dense Deciduous 
22.2 % 

Forest – Dense Coniferous 

Swamp Marsh – Intertidal 

20.1 % 

Marsh – Inland 

Swamp – Deciduous 

Swamp – Coniferous 

Fen – Open 

Settlement Settlement and Developed 

Land 
1.6 % 

Agriculture Pasture and Abandoned Fields 
42.6 % 

Cropland 

* Based on the Provincial Land Cover 28 geospatial data 

2.2.2 Water Quality and Quantity 

Surface water quality and quantity vary across the CSPA. This is due to differences in geology, 

land use and development. This section presents a brief overview of the surface water quality in 

the major watersheds of the CSPA from a variety of provincial and local data sources. For a 

more detailed discussion, please see Chapter 2 of the Watershed Characterization Report: 

Cataraqui Source Protection Area (CRCA, 2008).  

2.2.2.1 Surface Water Quality 

Surface water quality in the major watersheds of the CSPA was evaluated based on selected 

variables. Concentrations of phosphorus and chloride were evaluated using data from the 

Provincial Water Quality Monitoring Network (PWQMN) and Lake Partner Program 

(phosphorus only). Phosphorus and chloride were selected as the primary considerations for this 

evaluation as they reflect both the natural features and land uses of this area. For both of these 

parameters, 75th percentile concentrations were evaluated and scored. The condition of benthic 

macroinvertebrate populations was also evaluated and scored. The scores from both of these 
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variables were used to assign a letter grade to each watershed, reflecting the quality of the 

surface water bodies within it. Unfortunately, there was insufficient information to complete this 

evaluation for the smaller Lake Ontario drainage areas as well as Amherst and the Frontenac 

Islands. Detailed methods used for this evaluation are given in Appendix ‘C-1’ and results are 

given in Appendix ‘C-2’, Table 2-3 as well as shown on Map 2-7.  

A more general description of the surface water quality trends in our area are as follows. 

 

Table 2-3: Surface Water Quality Grades 

Watershed Grade Watershed Grade 

Buells and Butler’s Creek        C + Amherst Island       n/a 

St. Lawrence River        C Little Cataraqui Creek        B - 

Lyn and Jones Creek  B + Collins Creek        B - 

Gananoque River        B Millhaven Creek        B + 

Cataraqui River        B - Bay of Quinte        B - 

Frontenac Islands       n/a   

 

The PWQMN stations provide the greatest amount of insight into surface water quality in the 

CSPA (see Appendix ‘F’, ‘G’, ‘H’ of the Watershed Characterization Report: Cataraqui Source 

Protection Area (CRCA, 2008)). Data from 2000-2005 provide several key findings including 

the following:  

 Alkalinity and hardness are highest in the areas underlain by limestone. These areas, as 

well as those impacted by urban development, also have high concentrations of chloride, 

sodium and specific conductivity.  

 Chloride, sodium and conductivity concentrations are all generally increasing throughout 

the watershed (likely linked to road salt application). Increasing chloride concentrations 

may be contributing to decreasing hardness levels at some stations. 

 Turbidity is highest in watersheds with less forest cover and more urban or agricultural 

development. Shoreline stewardship work appears to be reducing turbidity levels in 

Wilton Creek. 

 Copper levels at the Butlers Creek station are extremely high, but are decreasing. 

Concentrations of copper, iron and zinc are decreasing at all stations. 

 High phosphorus concentrations occur throughout the CSPA, however, concentrations 

are decreasing. All other nutrients considered are within the guideline limits, with the 

exception of nitrite at the Grants Creek monitoring station.  
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Watersheds underlain by limestone include the Bay of Quinte, Millhaven, Collins, Little 

Cataraqui, St. Lawrence River, Lyn and Jones, and Buells and Butlers. 

Data from the Lake Partner Program and CRCA in-land sampling also indicate that elevated 

phosphorus concentrations are pervasive in the in-land lakes and streams of the CSPA 

(Appendix ‘C-2’, Table 1 of this report and Appendix ‘J’ of the Watershed Characterization 

Report: Cataraqui Source Protection Area (CRCA, 2008), respectively) (Note: A correction was 

made to the Lake Partner Program data referred to in the Watershed Characterization Report: 

Cataraqui Source Protection Area such that the classification for some lakes has changed).  

Most lakes in the CSPA are mesotrophic (accounting for 48 per cent of those examined) 

according to the Interim Provincial Water Quality Objectives. Oligotrophic lakes (21 per cent of 

those examined) generally occur closer to the headwaters of the tributaries, especially in the 

Cataraqui River watershed where nutrients appear to be collected and concentrated into 

downstream lakes. Gould Lake, an oligotrophic lake, is in the upper reaches of the Millhaven 

Creek watershed. The Gananoque River watershed is the most nutrient rich of those sampled, 

where six of the nine lakes in total are classified as eutrophic (31 per cent) based on phosphorus 

concentrations.  

Cyanobacterial blooms are frequently associated with high concentrations of nutrients in 

waterbodies (Chorus et al., 2001). Cyanobacteria (commonly referred to as blue-green algae) are 

naturally occurring in lakes, rivers and are often harmless. Some cyanobacteria groups are 

however capable of producing a variety of toxic compounds, known as cyanotoxins. In the 

CSPA, several inland lakes were found to contain groups of cyanobacteria capable of producing 

toxins as well as low concentrations of certain cyanotoxins (BlueLeaf Inc., 2009a and 2009b). 

While the concentrations of cyanotoxins at the time of sampling in the CSPA do not pose an 

imminent health risk (Health Canada, 1999), the occurrence of cyanotoxins has been recognized 

by the Ministry of the Environment as an emerging concern for sources of drinking water (MOE, 

2009a). There is a potential that these concerns may increase with climate change. 

Health Unit bacterial beach counts and limited PWQMN data are used to evaluate the content of 

coliform bacteria in the surface waters of the CSPA (Appendix ‘T’ and Appendices ‘F’, ‘G’, ‘H’ 

of the Watershed Characterization Report: Cataraqui Source Protection Area (CRCA, 2008), 

respectively). Consistently high levels of bacteria are found in the Butlers Creek PWQMN 

station and at beaches near the Bath, Gananoque and Brockville drinking water intakes. 

A growing concern for surface water quality is the likely presence of pharmaceuticals, personal 

care products (PCPs), antibiotics, antibacterial agents and endocrine disruptors found in our lakes 

and streams.  In general, these broad groups of contaminants contain compounds related to 

genetic mutations, hormone disruption and antibiotic resistance. The occurrences of these 

contaminants are found particularly in sewage treatment outflows and pose direct implications to 

the quality of our drinking water. The contaminants enter our surface water system through 

sewage disposal (toilet flushing), agricultural manure runoff (antibiotics) and landfill leachate.  

Several publications discuss the environmental and human health hazards of these emerging 

contaminants.  Very little is known about the long term effects of ingestion and accumulation of 

these contaminants in our drinking water and the impacts to fish and wildlife.  
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2.2.2.2 Groundwater Quality 

The natural groundwater in the aquifers in the CSPA is relatively young in age and its quality is 

determined primarily by aquifer type. The natural weathering and dissolution of carbonate rocks 

and the application of fertilizer and agricultural source material have been found to have a 

strong impact on water quality in this area.  

Grades for groundwater quality were assigned based on the concentrations of chloride, sodium, 

nitrate and nitrite in areas within defined bedrock units. These parameters were chosen as being 

representative of groundwater quality in the CSPA owing to the strong influence of aquifer type 

on groundwater. The results of this assessment are given below in Table 2-4 and shown in Map 

2-8. Details of the methods used for this evaluation are given in Appendix ‘C-1’.  

Groundwater quality data for this area-wide evaluation was obtained from the Provincial 

Groundwater Monitoring Network (PGMN) and two regional groundwater studies (the Western 

Cataraqui Groundwater Study (Trow Associates Inc., 2007) and the United Counties of Leeds 

and Grenville Groundwater Management Study (Dillon Consulting Ltd., 2001)). 

There are some areas where bacteria in groundwater wells may cause problems, as described 

below. However, because the data on bacteria in groundwater are not consistent across the 

CSPA, and because exact locations and context for the samples collected are often lacking for 

data sources, they have not been included in the area-wide evaluation of groundwater quality. 

A general description of the groundwater quality trends in our area are as follows: 

 

Table 2-4: Groundwater Quality Grades 

Bedrock Zone    Grade 

Precambrian       B + 

Verulam       C + 

Bobcaygeon       B + 

Gull River       B - 

March       B 

Nepean / Potsdame       B + 

Oxford       B - 

 

Five annual samples have been collected at each of the seven PGMN wells in the CSPA in an 

attempt to characterize the ambient water quality across the CSPA. Hardness and reactive 

silicate were both found to consistently exceed the objectives. Sodium, conductivity, iron and 

manganese were also found to exceed the Ontario Drinking Water Quality Standards, as were 

chloride, organic nitrogen and total dissolved solids in particular wells (Tables 2-1, 2-2 and 2-3 

of Appendix ‘C-2’).  
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The proponents of many land subdivisions in the CSPA were required to generate 

hydrogeological studies that include hydrogeochemical information for standard drinking water 

quality parameters. Similar to results at PGMN wells, these subdivision reports also indicate 

exceedances in hardness, iron, manganese, sodium, chloride, fluoride, turbidity and total 

coliform. Excess nitrate, sulphate and aluminum were found in excess only at a few sites. Please 

see Appendix ‘M’ of the Watershed Characterization Report: Cataraqui Source Protection Area 

(CRCA, 2008) for detailed information related to the subdivision data. 

The relevant findings of the Western Cataraqui Groundwater Study (Trow Associates Inc., 2007) 

and United Counties of Leeds and Grenville Groundwater Management Study (Dillon 

Consulting Ltd., 2001) are summarized in the Watershed Characterization Report: Cataraqui 

Source Protection Area (CRCA, 2008), with detailed information in Appendix ‘O’ and ‘P’ of that 

report, respectively. Overall, results are consistent with those from the PGMN wells. Hardness is 

high in all samples and iron, manganese, sodium, chloride, nitrate, sulphide and sulphate are also 

frequently found in excess of the drinking water quality objectives. Microbiological testing 

(carried out for the Western Cataraqui Groundwater Study (Trow Associates Inc., 2007)) 

revealed many positive results for bacteria (Escherichia coli, total coliform, and fecal coliform). 

Single exceedances were also found for fluoride, cadmium and pH in that study. 

2.2.2.3 Surface Water Quantity 

There are two main rivers in the CSPA, the Cataraqui and Gananoque Rivers, which flow in a 

southerly direction through the central part of the region to Kingston and Gananoque, 

respectively. The remainder of the CSPA is drained by smaller streams in a southerly direction 

to the Bay of Quinte, Lake Ontario and the St. Lawrence River. Streams on Amherst, Wolfe and 

Howe Islands typically drain from the center of the island to Lake Ontario and the St. Lawrence 

River. Flow in the CSPA is thought to be directed by the faulting and discontinuities of the 

bedrock, with lakes forming where depressions have been left by glacial scour. 

Flow patterns are generally very similar across the CSPA, with peak flows during the spring 

snow melt and minimum flows during August and September. The 39 dams and water control 

structures currently in operation across the CSPA have significant effect on these flows in their 

respective watercourses. Controlled watercourses in the CSPA are Millhaven, Highgate and 

Little Cataraqui creeks, the Cataraqui and Gananoque rivers, and Lyn and Buells creeks. The 

locations of water control structures in the CSPA are shown on Map 2-9.  

In the controlled watercourses, levels are lowered in the fall, providing stable ice levels and 

storage volume for the spring freshet. Levels stabilize in late spring and, over the summer 

discharge is reduced to maintain water levels. The exceptions are the Rideau Canal and Fortis 

Properties water control structures on the Cataraqui and Gananoque Rivers, respectively. Here, 

the water levels are allowed to decline gradually over the summer, providing augmented flows to 

the Canal and power company during the drier months.  

A more detailed discussion of the annual and monthly flow variation across the CSPA and 

location and types of water control structures can be found in the Watershed Characterization 

Report: Cataraqui Source Protection Area (CRCA, 2008), Drinking Water Source Protection 

Conceptual Water Budget Report (CRCA, 2009) and the Cataraqui Source Protection Area Tier 
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1 Water Budget Report (XCG Consultants Ltd., 2009) (see Appendix ‘L-4’) and Chapter 3 of 

this report. 

Groundwater discharge can be important to surface water hydrology in that it may allow a creek 

to maintain some amount of flow, even after prolonged periods of time without precipitation. 

Although most streams in the CSPA are warm water and many go dry over the summer months, 

there are potential cold water systems (lake and stream) identified in the CSPA. Cold water 

systems can be an indicator of groundwater contributions. These sites are located throughout the 

CSPA and additional research to confirm the occurrence of groundwater discharge is needed. 

2.2.2.4 Groundwater Quantity 

Generally, regional groundwater flow follows the topography, flowing south towards Lake 

Ontario and the St. Lawrence River. There is indication of groundwater flow between the CSPA 

and neighbouring Source Protection Regions (SPR); specifically, the Quinte SPR (Napanee 

River) and the Mississippi-Rideau SPR (Rideau River) (see Drinking Water Source Protection 

Conceptual Water Budget Report (CRCA, 2009) and Cataraqui Source Protection Area Tier 1 

Water Budget Report (XCG Consultants Ltd., 2009)).  

The CSPA is characterized by shallow overburden over fractured bedrock. This has an influence 

on both groundwater quality and quantity, as the rocks have either large or small fractures for 

water to move through. Flow through individual fractures can be fast and the fractures may act as 

pathways for contaminants to travel into the groundwater. Quantifying groundwater recharge in 

such areas is difficult. It has been determined that much of the CSPA could be considered a 

recharge area, because of the presence of shallow soil over fractured bedrock. 

In the CSPA, most of the inland communities draw water from groundwater aquifers. This 

includes three of the 12 municipal residential drinking water systems (see Map 2-10). There are 

also approximately 20,000 private wells in the CSPA and numerous communal wells at 

campgrounds and trailer parks. Many other public drinking water supplies also rely on 

groundwater.  

In some regions, private wells are known to go dry during extended periods of drought (Loyalist 

and Adolphustown). Because of the tight bedrock formations in these areas, groundwater sources 

on Wolfe and Amherst Islands are also limited. Groundwater quantity at two of the municipal 

residential groundwater wells (Cana, Lansdowne) has been evaluated and is discussed in Chapter 

3 of this report (see Map 2-11) and the monitoring wells used for the related studies are shown in 

Map 2-12. 

2.2.3 Locations and Types of Natural Vegetation  

The CSPA benefits from a relatively high per cent of wetland cover (see Map 2-13), especially 

on the Frontenac Axis. Many of these wetlands are provincially or regionally significant. Based 

on review of provincial data, the overall per cent cover for wetlands in the CSPA is about nine 

per cent. The greatest overall cover for wetlands is located in the Buells and Butlers Creeks 

watershed (about 20 per cent) in contrast to the Bay of Quinte watershed which has the lowest 

per cent of wetland cover (about four per cent). It should be noted, however, that the Buells and 
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Butlers Creeks watershed is very small in comparison, and the Bay of Quinte contains the large 

and provincially significant Hay Bay wetland. 

The CSPA also has widespread and diverse woodlands (see Map 2-13). The overall per cent 

cover in the CSPA for woodlands is about 42 per cent, based on a review of provincial data. The 

Lyn and Jones Creeks watershed has the most woodland cover (about 50 per cent), while the 

watershed with the least forest cover is the Amherst Island watershed (about 14 per cent).  

Shoreline corridors are extensive in the CSPA, but limitations related to map scale and data 

quality do not allow for a complete analysis. It is expected that shoreline corridors are most 

widespread through the Frontenac Axis and other wooded areas, but more limited in more 

agricultural and urban areas. A watershed level summary of the per cent cover for each 

vegetation type can be found in Appendix ‘C-2’, Table 3. 

2.2.4 Fish and Wildlife Habitat  

The natural environment is an important component of the CSPA. Temperature and precipitation 

vary across the region as a result of its location within the Great Lakes – St. Lawrence region, 

which contributes to a diversity of habitat within the area. The transition between the Carolinian 

(southern) and Boreal (northern) zones within the jurisdiction of the CSPA gives rise to a 

diversity of plant and animal communities. 

Large coastal wetlands, such as the Hay Bay, Cataraqui River and Big Sandy Bay (western end 

of Wolfe Island) marshes provide fish and wildlife habitat as well as opportunities for wildlife 

viewing. The region’s shorelines, woodlands and alvars support a relatively intact ecosystem and 

contribute to the attractiveness of the area for both people and wildlife. 

2.2.4.1 Fisheries 

The CSPA contains a wide variety of lake and river fish habitats, which support a wide variety of 

both cold and warm water fisheries (as determined according to the thermal regime of the 

waterbody). Water depth, flow and temperature, and the associated fish habitat, are not well 

documented in the Cataraqui area. Map 2-14 shows the temperature and inferred habitat 

sensitivity of waterbodies in the Cataraqui area. On this map, water temperature is used to 

represent the types of fish habitat that is expected to be present.   

Warm water fish habitat occurs throughout the CSPA. Lake trout are stocked by the Ministry of 

Natural Resources in 13 cold water lakes across the CSPA. Of the 13 cold water lakes, ten occur 

in the Cataraqui River watershed, one (Gould lake) is in the headwaters of the Millhaven Creek 

watershed, and two (Red Horse and Charleston Lakes) are in the Gananoque River watershed. 

The fishery for lake trout makes an important contribution to the tourism and recreation sector in 

these watersheds.  

Significant recreational and sport fisheries also occur in the Bay of Quinte, Cataraqui River, 

Gananoque River and St. Lawrence River watersheds. Examples of important fish for this sector 

are walleye, rock and smallmouth bass, white and yellow perch, northern pike, brown bullhead, 

catfish, freshwater drum and pumpkinseed. Muskellunge is an important sport fish in the St. 

Lawrence River watershed. The St. Lawrence River watershed also carries important 

commercial fisheries for yellow perch and eel and supports over 80 other species of fish.  
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In addition to the sport and recreational fisheries noted above, the Gananoque watershed includes 

Willy’s Brook, which is home to a population of brook trout. The island watersheds (Amherst, 

Howe, and Wolfe) are notably different in that there are no major inland lakes or watercourses 

and fisheries are limited to the surrounding areas of Lake Ontario and the St. Lawrence River.  

Generally, much of the cold water fish habitat in the CSPA has been stressed by increasing water 

temperatures and nutrient enrichment. Warm water habitats have suffered under poor water 

quality through the 1960s and 1970s and the introduction of Zebra and Quagga mussels in the 

1990s. Many fish populations throughout the CSPA have experienced marked declines due to 

environmental changes and habitat loss. Some populations have since stabilized at lower levels 

(bass, pike, walleye) while others have shown evidence of continued decline (eel).  

For a more thorough discussion of fisheries and fish habitats in the CSPA, please refer to the 

Watershed Characterization Report: Cataraqui Source Protection Area, Section 1.5 (CRCA, 

2008). Technical Rule 16(6) requires a comparison between the coldwater, mixed, and warm 

water fisheries in a source protection area and similar communities “not impacted by 

anthropogenic factors” (MOE, 2009a).  This is a data gap for the CSPA which will need to be 

considered in future editions of this Assessment Report. 

2.2.4.2 Macroinvertebrates 

Benthic macroinvertebrates can be excellent indicators of water quality and habitat condition. 

Sampling for macroinvertebrates by the CRCA began in 2003. The Hilsenhoff Biotic Index was 

the biomonitoring index used to assess the number and type of aquatic insects present in a 

watercourse. The Hilsenhoff Index can help determine water quality and the degree of organic 

pollution by assessing the quantity of pollution-tolerant and pollution-intolerant species present 

within a specific watercourse. The results of this analysis are shown in Map 2-15 and are given 

in Table 4 of Appendix ‘C-2’. Because the number of sampling sites and frequencies with 

which they were sampled are not consistent between watersheds, it is difficult to compare 

between them or distinguish any clear trends over time.  

Overall, the macroinvertebrate communities at 39 of 44 sites in the CSPA (representing 88 per 

cent of sites sampled) were scored as fairly poor, poor or very poor. These sites occurred 

throughout the area, but were generally those close to urban centers or in areas of intensive 

agriculture. Four sites were scored as fair with regards to their benthic communities. These were 

primarily found in the mid-watershed area of Millhaven Creek. One site on Collins Creek ranked 

as good, becoming the best ranked site in the CSPA. This site was found immediately upstream 

of sites ranked as poor and very poor. Just south of the first site, there is development on one side 

of the creek. The fact that the benthic communities appear to have been impaired in close 

proximity to the residential development, but not upstream of it, may indicate that it has had an 

impact on the stream. There are insufficient data to distinguish such trends elsewhere in the 

CSPA. 

Technical Rule 16(6) requires a comparison between the macroinvertebrate communities in a 

source protection area and similar communities “not impacted by anthropogenic factors” (MOE, 

2009a).  This is a data gap for the CSPA which will need to be considered in future editions of 

this Assessment Report. 
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2.2.4.3 Species at Risk in the Cataraqui Source Protection Area 

The CSPA is home to 15 endangered or threatened species, as well as five species of special 

concern under the federal Species at Risk Act (Canada, 2002). The Ministry of Natural 

Resources’ Natural Heritage Information Centre (NHIC) lists three additional other species that 

occur in the Cataraqui area as being provincially endangered, threatened or of special concern 

(MNR, 2008). For a list of species listed as endangered, threatened or of special concern, their 

habitat preferences, and major threats to their populations (as they relate to drinking water 

source protection) please see Appendix ‘C-2’, Table 5. 

Development and site alteration, especially in shoreline areas and wetlands, are major 

contributors to population decline for many of these species. These practices may also pose risks 

to sources of drinking water through increased sedimentation rates and higher peak flows. 

Changes to the landscape not only modify plant and animal habitat, but may also decrease the 

environment’s capacity to handle contaminants and speed the transport of these contaminants in 

surface runoff to intakes.  

2.3 Overview of Human Geography  

2.3.1 Population, Settlement and Drinking Water Sources 

Water is not only important for drinking, it is vital to the economic well-being of its residents. 

The shoreline, islands, lakes and rivers attract tourists and seasonal residents to the area. The 

location along the St. Lawrence Seaway also attracts industries that use water transportation, as 

well as those that use large quantities of water in their manufacturing processes.  

Water was a main factor determining the locations of early settlement within the CSPA. The first 

Europeans arrived in the 1600s; through the 1700s and 1800s they established communities 

along rivers and streams in locations suitable for water-powered saw and grist mills. Many of the 

mills and dams used to hold back water are still present today.  

There are currently about 244,500 people living in Census Dissemination Areas that are 

completely or partly within the CSPA (Statistics Canada, 2007). The actual population within the 

CSPA watersheds; however, is approximately 209,441. The majority of this population lives in 

the City of Kingston with about 117,200 residents. The City of Brockville and the Township of 

South Frontenac also make substantial contributions, each with populations of between 21,000 

and 22,000 people. Loyalist Township represents the third most populated municipal jurisdiction 

in the CSPA with just over 15,000 residents (Appendix ‘C-2’, Table 6). 

In addition to the major centres, the CSPA contains a number of cottage, agricultural and rural 

developments and other smaller communities. Cottage developments are primarily around the 

lakes of the Canadian Shield, while agricultural developments are most common in the areas off 

the Shield.  

Population density in the CSPA ranges from 13 to 1,089 persons per square kilometre. The 

highest municipal population density occurs in the City of Brockville, followed by the Town of 

Gananoque (1,089 and 609 persons per square kilometre, respectively). It is important to note 

that Brockville and Gananoque include mainly densely populated areas, whereas other 
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municipalities such as the City of Kingston include both densely and sparsely populated areas. 

Appendix ‘C-2’, Table 6 shows these areas integrated with their parent municipalities for more 

consistent comparison. The population and population density of all municipalities in the CSPA 

is given on Map 2-16.  

All of the municipalities in the CSPA have official plans directing where future development is 

to occur. Map 2-17 shows the areas of settlement and planned urban growth areas. Municipal 

sewage treatment is provided for most of these areas, including Amherstview, Bath, Odessa, 

Kingston, Gananoque and Brockville, as well as the village of Lansdowne.  

Local residents and visitors to the CSPA obtain their drinking water from both groundwater and 

surface water sources. About 80 per cent of residents are connected to one of 12 municipal 

residential drinking water systems that supply cities, towns and villages, while the remaining 

twenty per cent of residents own and operate their own water system.   

Groundwater is obtained using blasted, dug and drilled wells, some of which pre-date current 

standards for well construction. The focus of this report is the wells used to supply three 

municipal residential drinking water systems (see below). Other public and private wells are 

considered indirectly through the mapping of highly vulnerable aquifers and significant 

groundwater recharge areas. The other wells owned and operated by the public sector are used 

(for example) to supply parks, recreation centres, retirement homes, schools and similar 

facilities. Private wells are used to supply businesses, churches, houses, trailer parks and other 

facilities.    

Surface water is obtained from the Great Lakes (Lake Ontario and the St. Lawrence River), 

about 200 inland lakes, as well as rivers and streams. The water is accessed using shore wells 

and intake pipes of various sizes. The scope of this report includes the Great Lakes intakes used 

to supply eight municipal residential drinking water systems (see below); some other public and 

private intakes on the Great Lakes are considered indirectly through the mapping of intake 

protection zones. The report also considers Sydenham Lake, which supplies a municipal 

residential drinking water system. No other inland surface water sources fall within the scope of 

this report.   

The classifications of drinking water systems in the Cataraqui area are shown on Map 2-10, and 

the areas served with municipally treated drinking water are shown on Map 2-11.  

The locations, areas and populations served, system classification, average volumes withdrawn, 

and locations of monitoring wells for municipal residential drinking water systems obtaining 

water from groundwater or surface water sources within the CSPA are given Table 5-5 and 

Table 6-3.  

2.3.2 Landuse 

2.3.2.1 Impervious Surfaces 

Urban development is generally accompanied by an increase in the amount of impervious 

surfaces. This comes in the form of roads, parking lots and buildings that support the population. 

This can be a concern for drinking water source protection as it changes the way that water 

moves through the landscape. In the CSPA, urban developments are concentrated in the lower 
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reaches of the watersheds, especially south of the Highway 401 corridor (Kingston, Brockville, 

and Gananoque). The distribution of impervious surfaces in the CSPA is shown on Map 2-18   

a-c. Table 7 of Appendix ‘C-2’ gives the amount of impervious surface by vulnerable area.  

2.3.2.2 Agriculture, Managed Lands and Livestock Density 

Agriculture is found in all areas of the CSPA, including the Canadian Shield, but the majority of 

agricultural land is found close to Lake Ontario and the St. Lawrence River. The key agricultural 

products in the CSPA are dairy products, fruits and vegetables, grain (including corn, barley and 

wheat), hay, poultry and eggs and beef products. At the southwest end of the region, where the 

temperature is moderated by Lake Ontario, there are specialty farms with apple orchards, berry 

patches and vineyards.  

The distribution of managed lands (cropland, fallow land, improved pasture, golf courses, sports 

fields, and lawns) is broken down into two subsets: agricultural managed lands and non-

agricultural managed lands.  The per cent of managed land was evaluated in each vulnerable 

area by the CRCA, according to the method prescribed by the Ontario Ministry of the 

Environment (MOE, 2009a).  The managed land evaluation method required each managed land 

use to be identified and grouped as either agricultural or non-agricultural.  The sum of 

agricultural and non-agricultural land uses was then divided by the total area within the 

vulnerable area, and multiplied by 100.  Results are shown on Maps 2-19 a–c and detailed 

information for the distribution of managed lands is given in Appendix 'C-2', Table 8.         

Livestock density was also evaluated within each vulnerable area.  Two methods were used 

based on the availability of data.  The livestock density method prescribed by the Ontario 

Ministry of Environment (MOE, 2009a) was followed for evaluating wellhead protection areas 

and intake protection zones.  To apply the livestock density method, CRCA staff used Municipal 

Property Assessment Corporation (MPAC) data to estimate the number of animals present within 

each specific farm type.  Aerial photography was then used to verify farm locations and estimate 

the square footage of farm structures.  The square footage was then divided  by a conversion 

factor identified in the Ontario Nutrient Management Act, 2002 for that particular farm type, in 

order to quantify and standardize the number of nutrient units (NU) generated in that vulnerable 

area.   

Permission was given by the Ministry, for CRCA staff, to evaluate livestock density in highly 

vulnerable aquifers, significant groundwater recharge areas, and intake protection zone 3 using 

an alternate method. Ministry approval to use an alternate method is provided in Appendix ‘C-

3’.  Agricultural census data were used to identify actual animal numbers per census 

consolidated subdivision.  Similar to the above method, conversion tables from the Ontario 

Nutrient Management Act, 2002 were used to convert to NUs by dividing actual animal numbers 

by the specified conversion factor.  Results are shown on Maps 2-20 a–c, respectively.  Detailed 

information for the distribution of livestock density is given in Appendix 'C-2', Table 8. 

2.3.2.3 Industry and Tourism 

The construction of the Rideau Canal following the war of 1812 is responsible for opening up the 

northern portion of the CSPA. It took advantage of the lakes, rivers and streams that flow 

through the Cataraqui River watershed to provide a safer transport alternative to the St. 
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Lawrence River for shipping goods and soldiers from Montreal. The Rideau Canal is now an 

attraction to tourists and pleasure boaters, named a United Nations Educational, Scientific and 

Cultural Organization (UNESCO) Cultural World Heritage Site in 2007.  

Although the St. Lawrence River and the Great Lakes had always been used for transportation, 

the construction of the St. Lawrence Seaway in the 1950s allowed larger ships to navigate 

through the Great Lakes. This opened up opportunities for shipping, trade and manufacturing for 

the communities along the shore.  

The physical location of the CSPA, being in close proximity to larger centres and the United 

States border, makes it an even greater attraction to tourists and industry. The CSPA falls within 

the major east-west transportation corridor between Toronto and Montreal, with connections to 

Ottawa to the northeast and the United States to the south. The two main transportation corridors 

in the CSPA include the Canadian National Railway line and the MacDonald-Cartier Freeway 

(Highway 401) with both corridors following the north-shore of Lake Ontario and the St. 

Lawrence River.  Highway 401 is the dominant transportation corridor for both tourist and 

industry travel and is supported by four service centres within the CSPA.   

Green energy is an emerging industry in the Cataraqui area. A large (86 wind turbine) wind 

power installation was erected on Wolfe Island in 2009 making it one of the largest renewable 

energy projects in Canada. With increased interest in wind power, new programs in wind turbine 

technology have been introduced at St. Lawrence College in Kingston. At the time of writing this 

report, numerous other wind-power projects have been proposed under the Ontario Green 

Energy Act, 2009, including the installation of wind turbines on Amherst Island and as well as a 

large offshore wind power installation in Lake Ontario. In addition, other green energy sources 

such as solar energy, bio-mass and bio-gas are being developed in Eastern Ontario. Solar power 

retrofits and the installation of ground-mounted solar (photovoltaic) panels are gaining 

momentum and becoming a common sight throughout the CSPA landscape.  

Tourism and recreation are important sectors of the economy in many of the communities in the 

CSPA. Recreational activities in the CSPA include boating, hunting, fishing, hiking and a host of 

other outdoor activities. 

The area boasts a diversity of natural areas that are protected at the national, provincial and 

municipal levels of government; however, in terms of area, this represents only slightly more 

than three per cent of the CSPA. There are no First Nations reserves within the CSPA. Map 2-21 

shows the National Parks and Federal Crown lands that are identified in official plan and zoning 

documents, intended to represent the federal lands in the CSPA. This includes Canadian Forces 

Base Kingston, numerous penitentiaries, and the Rideau Canal. The only National Park occurring 

in the CSPA is the St. Lawrence Islands National Park, along the St Lawrence River, including 

several of the Thousand Islands. 

2.4 The Cataraqui Area and the Great Lakes  

2.4.1 Consideration of Great Lakes Agreements 

In due course, each of the watersheds within the CSPA flow to either Lake Ontario or the St. 

Lawrence River. These water bodies also serve as the drinking water sources for eight of the 12 
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municipal residential drinking water systems addressed in this report. In addition, the intake 

protection zone (IPZ) for the Picton Water Treatment Plant (WTP) also extends into the CSPA in 

Lake Ontario from the neighbouring Quinte Source Protection Region.  

The Ontario Clean Water Act, 2006 requires that source protection areas that contain water that 

flows into the Great Lakes or the St. Lawrence River consider the following documents in the 

preparation of the Assessment Report: 

 Great Lakes Water Quality Agreement 

 Canada-Ontario Agreement Respecting the Great Lakes Ecosystem 

 Great Lakes Charter 

 Other agreements relating to the Great Lakes Basin that are prescribed by the regulations, 

to which the Government of Ontario or the Government of Canada is a party (of which 

there are currently none). 

The following sections will describe each of the prescribed documents and how they were 

considered in the preparation of the Assessment Report for the CSPA. 

2.4.1.1 The Great Lakes Water Quality Agreement 

The Great Lakes Water Quality Agreement, first signed in 1972, is a commitment by Canada and 

the United states to address the pollution of the Great Lakes (Environment Canada, 2004a). A 

new agreement in 1978 seeks to “restore and maintain the chemical, physical, and biological 

integrity of the waters of the Great Lakes Basin Ecosystem” through the development and 

implementation of Remedial Action Plans and Lakewide Management Plans.  

A Remedial Action Plan is a management plan, designed to address specific issues in a given 

area (called an Area of Concern) that fails to meet the objectives set out in the agreement.  

A Lakewide Management Plan, meanwhile, is designed to improve the environmental quality of 

the open waters of the Great Lakes, focusing on the identification of critical pollutants that affect 

beneficial uses of the lakes (Great Lakes Commission, 2004). 

Bay of Quinte Area of Concern 

Although primarily located within the Quinte and Trent Conservation Coalition Source 

Protection Regions, the Bay of Quinte Area of Concern falls partially within the CSPA (see Map 

2-22). It includes, in whole or in part, the areas identified as the IPZs of the Sandhurst Shores, 

A.L. Dafoe, and Bath WTPs, as well as a portion of the IPZ for the Picton WTP, which extends 

into the CSPA in Lake Ontario.  

The Bay of Quinte was designated an Area of Concern in 1985 in response to excessive bacteria, 

nutrient enrichment, persistent toxic contaminants, and the degradation of fish and wildlife 

populations and habitats in the Bay. The Remedial Action Plan process for the Bay, under the 

Great Lakes Water Quality Agreement, was formally initiated in 1987.  

At the time this report was written, the ten impaired beneficial uses that lead to the designation of 

the Bay as an Area of Concern were under review, with many showing clear evidence of 

progress towards their respective delisting targets (Hodson, 2009). Source protection in and 
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around the Bay can be expected to reinforce efforts to have the Bay of Quinte delisted as an Area 

of Concern. The reported emerging problem with algal taste, odour and toxins in portions of the 

Bay of Quinte Area of Concern is, however of particular interest with respect to drinking water 

source protection as a potential drinking water issue. 

2.4.1.2 Canada-Ontario Agreement Respecting the Great Lakes Ecosystem 

The Canada-Ontario Agreement Respecting the Great Lakes Ecosystem is an agreement that 

supports the restoration and protection of the Great Lakes Basin Ecosystem (Environment 

Canada, 2004b). It sets out how the governments of Canada and Ontario will cooperate and 

coordinate their efforts to restore, protect, and conserve the Great Lakes basin ecosystem. The 

agreement contributes to meeting Canada’s obligations under the Great Lakes Water Quality 

Agreement, discussed above, and is geared towards the protection of water quality, but contains 

no specific technical information applicable to the preparation of this Assessment Report. 

2.4.1.3 Great Lakes Charter 

The Great Lakes Charter is a non-binding understanding between the provinces of Ontario, 

Quebec, and the eight Great Lakes States that set out broad principles for the joint management 

of the Great Lakes (Environment Canada, 2005). The original Charter was developed in 1985 in 

response to the growing use of water and proposals to divert large quantities of water out of the 

Great Lakes Basin (Ministry of Natural Resources, 2005). The understanding is intended to:  

 conserve the levels and flows of the Great Lakes and their tributary and connecting 

waters 

 protect and conserve the environmental balance of the Great Lakes Basin ecosystem 

 provide for cooperative programs and management of the water resources of the Great 

Lakes Basin by the signatory States and Provinces 

 make secure and protect present developments within the region 

 provide a secure foundation for future investment and development within the region 

(Council of Great Lakes Governors, 1985). 

The Great Lakes Charter Annex reaffirmed the principles of the Charter and commits the 

governors and premiers of the Great Lakes states and provinces to a common management 

regime (Environment Canada, 2005). The Annex supports the principles of the Charter (to 

protect, conserve, restore and improve the Waters and Water-Dependent Natural Resources of 

the Great Lakes Basin) and serves as a commitment to develop and implement a new, resource-

based conservation standard and apply it to a new water withdrawal proposal from the Waters of 

the Great Lakes Basin (Council of Great Lakes Governors, 1985). The Great Lakes Charter 

Annex implementing agreements, including the Great Lakes-St. Lawrence River Basin 

Sustainable Water Resources Agreement, attempt to provide this water management system 

(Environment Canada, 2005). 

Although this charter is geared towards the protection of water quality and quantity, it does not 

contain any specific technical information that was applicable to the preparation of this 

Assessment Report. 
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2.4.1.4 Great Lakes Targets 

The Ontario Clean Water Act, 2006 allows for the Minister of the Environment to establish 

targets relating to the use of the Great Lakes as a source of drinking water for any of the source 

protection areas that contribute water to the Great Lakes. If targets are set, policies and steps 

would need to be established to achieve these targets. No targets have been set at this time. 

2.4.2 Lake Ontario Working Group 

The source protection areas and regions draining into Lake Ontario (Niagara, Halton-Hamilton, 

Credit-Toronto-Central Lake Ontario, Trent Conservation Coalition, Quinte, and Cataraqui) have 

formed a Lake Ontario Working Group (comprised of source protection chairs and project 

managers) to discuss and address common issues, share knowledge and engage in broader 

discussions on Great Lakes issues from a drinking water perspective. 

2.4.3 Lake Ontario and the Cataraqui Source Protection Area 

In addition to its importance as a source of drinking water, Lake Ontario has a substantial 

influence on the economy of the CSPA in terms of the opportunities it provides for industry, 

transportation, and recreation. The Lake also serves to moderate the climate of the shoreline 

areas of the CSPA. This has a beneficial effect on agriculture, especially on the islands (Amherst, 

Howe, and Wolfe) and in the Bay of Quinte watershed near Adolphustown. 

The majority of industrial water use occurs along the north shore of Lake Ontario. Industry 

within the CSPA benefits from its location on the shore of Lake Ontario in two ways. First, the 

Lake provides ample water used for industrial processes (industrial cooling accounts for the 

largest withdrawals from Lake Ontario in the CSPA). Second, the Lake provides easy access to 

shipping. The St. Lawrence Seaway is a major water transportation route, providing shipping 

from the Great Lakes to the Atlantic Ocean. 

The transport of selected substances along transportation corridors was approved by the Ontario 

Ministry of the Environment as a local (non-prescribed) type of drinking water threat for the 

Cataraqui area in June 2010 (Appendix ‘F-3’).   
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Chapter 3 – Water Budgets 

3.1 What is a Water Budget? 

A water budget is very much like a financial budget, but instead of tracing how money flows in 

and out, it traces water. A water budget accounts for all water into and out of a watershed (or 

subwatershed). This includes precipitation, evaporation, transpiration, runoff, as well as the 

movement of water within the watershed, such as infiltration, recharge to groundwater, and 

reservoir storage (lakes, wetlands, aquifers). 

For the purposes of drinking water source protection, four questions are to be answered (MOE, 

2007): 

 Where is the water? (streams, lakes, wetlands, aquifers)  

 How does the water move? (pathways, surface/groundwater)  

 What and where are the stresses on the water? (water withdrawals) 

 What are the trends? (rising or falling water levels or water use). 

The general equations to be satisfied for a water budget are: 

 

Inputs = Outputs + Change in Storage 

P+SWin+GWin+ANTHin+Din = ET+SWout+GWout+ANTHoutDoutS 

 

Where:  P  = precipitation 

SWin  = surface water flow in 

GWin  = groundwater flow in 

ANTHin  =  anthropogenic or human inputs 

Din  = diversion into the watershed 

ET  = evaporation and transpiration 

SWout  = surface water flow out 

GWout  = groundwater flow out 

ANTHout  =  anthropogenic or human abstractions 

Dout  = diversion out of the watershed 

S  = change in storage.  

(Based on MOE, 2006) 
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Figure 3-1 below gives a general schematic representation of the presented water budget 

equation. 

 

 

Source: Veissman and Lewis, 1996 

Figure 3-1: Regional hydrologic cycle 

 

 

P = precipitation,   R1 = surface runoff in,  R2 = surface runoff out,  

Ss = surface storage,   Es = surface evaporation,  Ts = surface transpiration,  

I = infiltration,   Rg = recharge to streams,  Sg = groundwater storage.  

Eg = evaporation from groundwater,   Tg = transpiration from groundwater,   

G1 = groundwater into the regions, and G2 = groundwater flowing out of the region. 
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There are four levels of water budget required for drinking water source protection:  

 The Conceptual Water Budget (Section 3.2) looks at an entire source protection area as 

one entity, and calculates the water budget based on average annual values.  

 The Tier 1 Water Budget (Section 3.3) looks at subwatersheds of the source protection 

area, and calculates the water budget based on average monthly values.  

 The Tier 2 Water Budget (Section 3.4) looks at specific subwatersheds, again on an 

average monthly value basis, but considers some drought conditions.  

 The Tier 3 Water Budget (Section 3.5) looks at specific areas (called local areas), and 

could consider daily or hourly conditions. Tier 3 looks at the tolerance and risk levels for 

the local area being examined. 

In addition to the water budget portion of the work, a stress assessment is also required. The 

stress assessment compares the demand, supply and reserve within each water budget area, 

giving an estimate on whether there is enough water available to meet the demand. 

The Ontario Ministry of Environment (MOE) has provided technical instructions to foster a 

consistent approach in every source protection area and region (see the Technical Rules: 

Assessment Report (MOE, 2009a) in Appendix ‘L-1’).  

All levels of the water budgeting work in the Cataraqui Source Protection Area (CSPA) were 

subject to peer review by a team of experts that was shared with the adjacent Mississippi-Rideau 

and Quinte Source Protection Regions. The peer review team had expertise in climatology, 

geology, hydrogeology and surface water resources. Consultants and staff from participating 

conservation authorities, municipalities and the Ontario Ministry of Natural Resources also 

participated in the peer review meetings. The names of the peer review team members, as well as 

other contributing staff, are noted in each of the original study reports. 

3.2 Conceptual Water Budget 

As mentioned in Section 3.1, the Conceptual Water Budget (CRCA, 2009) was prepared by 

treating the entire CSPA as one entity, and examining average annual conditions. A copy of the 

report is included in Appendix ‘L-3’. This tier of the water budget identified the data available 

to be used for future work (and associated limitations). These findings should be used cautiously, 

as the report was prepared over a large area, with time scales that are too long to have an 

acceptable level of uncertainty for all applications. 

The water use amount is very low compared to water available amount, on an average annual 

basis. However, it is important to note that over the summer there is much less water available 

during a time where water is in much greater demand. This particular fact is masked by the scale 

of the Conceptual Water Budget. 

For the Conceptual Water Budget, the authors assumed that the net groundwater movement into 

the CSPA was zero. That is, groundwater flow in is equal to groundwater flow out. This is not 

necessarily the case, but is expected when looking at the CSPA as one very large unit, and 

looking at average annual conditions. The short period of record available for the seven 
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Provincial Groundwater Monitoring Network (PGMN) stations appears to confirm this 

assumption. Water levels in these wells appear to rise and fall in a similar fashion each year. In 

the Cataraqui area, there are limited data for use in the assessment of groundwater aquifers and 

their flow direction, and for mapping of the water table and potentiometric surface. This has 

been identified as a data gap, as discussed in Chapter 8.  

The following sections provide a summary of the water budget data of the CSPA available in the 

Conceptual Water Budget report. For consistency and to facilitate comparison, amounts are 

presented in millimetres across the entire Cataraqui area of 3,571 square kilometres. More 

information on the physical geography of the CSPA (bedrock, soils, topography, etc.) is 

summarized in Chapter 2, and provided in more detail in the Drinking Water Source Protection 

Water Budget Conceptual Report (CRCA, 2009). 

3.2.1 Climate Data 

There are 53 Environment Canada climate stations within the CSPA (and within ten kilometres 

of the boundary, outside of the CSPA) with data from as early as the 1870’s. Most are listed in 

Table 2.1 of the Conceptual Water Budget, from west to east, and their locations are shown in 

Figure A2.1 of the Conceptual Water Budget. Of these 53 stations, seven are still active. These 

stations have recorded a variety of climatic parameters, including precipitation, temperature, and 

snow depth.  

Precipitation 

Eighteen of the above noted 53 stations were used to estimate precipitation across the CSPA. 

The stations used for the estimate are those with recent, full year, or longer periods of record. 

The average annual precipitation across the CSPA is 954 millimetres. The estimated 

precipitation falls within the range of other estimates made, as noted in the report. 

It should be noted that data from the late 1800’s and early 1900’s suggests that the average 

precipitation was lower in that period than in the period over the last 30 or 40 years, as has been 

confirmed via personal correspondence with a former Environment Canada climatologist (B. 

Hogg, 2007). Kruskall-Wallis testing of the data also confirms that the station data do not come 

from the same population. 

Trends in precipitation data have been found by some researchers, and not found by others. 

There is also a discrepancy with the datasets used by different researchers. When using a 

corrected Environment Canada dataset, trends in precipitation over the 100 years of the 20th 

century are not statistically significant. 

Further Kruskall-Wallis testing found that rain amounts have remained steady over the period of 

record, while snow amounts have not. 

Temperature 

Kruskall-Wallis testing of temperature data has also found that temperature data is not from the 

same population, but has been changing over time. A small increasing trend over the 20th century 

has been found by Environment Canada researchers. 
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Evapotranspiration 

There is little evapotranspiration data available for the CSPA; therefore it needs to be 

synthesized from precipitation, temperature and runoff data. As such, any trends in the 

evapotranspiration values are likely due to the base data. The average annual evapotranspiration 

across the CSPA is 502 millimetres. 

Runoff 

There are eight hydrometric monitoring gauges in the CSPA (see Figure 1-21 of the Watershed 

Characterization Report: Cataraqui Source Protection Area (CRCA, 2008)). They have been 

recording streamflow between five and 45 years depending on the location. The average annual 

flows in the CSPA appear to be reasonably constant, with monthly variation, as is expected. The 

average annual runoff across the CSPA is 452 millimetres. Environment Canada researchers 

have seen a decrease in mean annual flows in Canada, however the change in eastern Ontario is 

not statistically significant. Two of the eight monitored streams in the CPSA show a significant 

trend using the Mann-Kendall test. Both streams have control structures, and one has undergone 

considerable land use change during the flow period of record, which could explain the trends. 

3.2.2 Water Use 

Water use information is very important in creating a water budget, as the amount of water being 

removed from a watershed must be accurately represented. 

3.2.2.1 Permits to Take Water 

There were close to 250 current and 150 historic Permits to Take Water (PTTW) across the 

CSPA (as of September 2005, the most recent list provided (MOE, 2005)). These vary from 

small one time takings to test natural gas pipelines for leaks, to long term municipal takings, and 

both groundwater and surface water takings. 

The estimated total annual volume of water currently withdrawn across the CSPA is almost 32.7 

x 107 cubic metres. However, 88 per cent of that is taken from Lake Ontario (82 per cent) and the 

St. Lawrence River (six per cent), and is not necessarily directly related to the water budget work 

of drinking water source protection. Of the remaining 12 per cent, 3.4 per cent (1.10 x 107 cubic 

metres) is taken from inland surface water sources, and 8.4 per cent (2.74 x 107 cubic metres) is 

taken from groundwater sources (not including domestic water wells) (see Figure 3-2). 

The following sections detail the PTTW water uses, based on the PTTW listing, and the 

permitted volumes, as well as correction factors derived by the Grand River Conservation 

Authority (GRCA, 2004) which provide estimates of actual water use.  

Withdrawals that would be subject to a PTTW, but do not have one, are expected. These 

withdrawals are not accounted for in the above estimations. An initial assumption that there are 

as many non-permitted uses as permitted uses was used for the Conceptual Water Budget, with 

more refinement of the permit assumptions in later water budget tiers. 
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Figure 3-2: Water withdrawal source 

 

Municipal and Federal Penitentiary Water Use  

There are twelve municipal residential drinking water systems in the CSPA. Eight systems 

remove water from Lake Ontario (Napanee, Sandhurst, Bath, Amherstview, Kingston Township, 

City of Kingston) or the St. Lawrence River (Gananoque, Brockville), one system draws from an 

inland lake (Sydenham), with the remaining three drawing groundwater (Lansdowne, the Cana 

subdivision, and the Miller Manor Apartments.). In the year 2000, the municipal supply for 

Odessa was transferred from Millhaven Creek to Lake Ontario (Amherstview).  

In addition to the municipal systems, the federal penitentiary at Joyceville (Joyceville and 

Pittsburgh Institutions) has its own drinking water system drawing from the River Styx on the 

Cataraqui River. 

Actual water-taking information has been made available for the years 2005 to 2008 for some of 

the water treatment plants discussed above (MOE, 2010). Table 3-1 shows this data, as well as 

the maximum daily withdrawals based on the Permit to Take Water listing. Where actual water- 

taking values were not available, the PTTW data was used to estimate water withdrawals of the 

municipal supplies for the Conceptual Water Budget. In those situations, the annual withdrawal 

is calculated assuming that the average daily withdrawal over the year is half of the maximum 

withdrawal.  

 

Water Withdrawal Source in Cataraqui Source Protection Region
Source: MOE PTTW Listing, Sept. 2005

Lake Ontario

82.0%

St. Lawrence River

6.2%

Inland Surface Water

3.4%

Groundwater

8.4%
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Table 3-1: Municipal and Federal Water Treatment Plant Withdrawal Volumes 

System Source 

Permitted withdrawals under 

Permit to Take Water 

 

Actual Average Annual 

Withdrawal (m3) 

 under  

Permit to Take Water  
(MOE, 2010) 

Maximum Daily 

Withdrawal  
(m3) 

Annual 

Withdrawal 
(m3) 

A.L. Dafoe 

(Napanee) 
Lake Ontario 12,000 2,190,000 

2,478,300 

(2005-2008) 

Sandhurst Shores Lake Ontario 600 55,000 
25,100 

(2005-2008) 

Bath Lake Ontario 7,515 696,000 
640,400 

(2005-2008) 

Fairfield 

(Amherstview) 
Lake Ontario 9,000 1,640,000 

1,654,000 

(2005-2008) 

Kingston Central  Lake Ontario 118,000 21,500,000 
21,274,250 

(2007-2008) 

Point Pleasant 

(Kingston West) 
Lake Ontario 39,500 7,220,000 

7,892,500 

(2005-2008) 

James W. King 

(Gananoque) 

St. Lawrence 

River 
10,200 1,870,000 

1,460,000* 

(EC, 2006) 

Brockville 
St. Lawrence 

River 
36,400 6,640,000 

5,342,700 

(2005-2008) 

Joyceville and 

Pittsburgh 

Institutions 

Cataraqui      

River     

(River Styx) 

1,200 219,000 n/a 

Sydenham** 
Sydenham 

Lake 
1,300 235,000 

58,200 

(2006-2008) 

Odessa* 
Millhaven 

Creek 
2,000 404,000 

n/a 

Cana Subdivison Groundwater 300 50,000 n/a 

Lansdowne Groundwater 1,400 263,000 
70,500 

(2006-2008) 

Miller Manor 

Apts. 
Groundwater 70 8,000 n/a 

Notes: * Removed, ** Not all residents are connected to system at this time. 

 

The Lake Ontario water volume withdrawn for municipal purposes (using the best estimates 

from Table 3-1) is estimated to be 3.4 x 107 cubic metres per year. This supplies the Town of 

Greater Napanee, Loyalist Township and the City of Kingston intakes. 
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The St. Lawrence River water volume withdrawn for municipal purposes (using the best 

estimates from Table 3-1) is estimated to be 6.8 x 106 cubic metres per year. This supplies the 

Town of Gananoque and City of Brockville intakes. 

The inland surface water volume withdrawn for municipal purposes (using the best estimates 

from Table 3-1) is estimated to be 5.8 x 104 cubic metres per year. This supplies the community 

of Sydenham. An additional 2.2 x 105 cubic metres is withdrawn by the federal penitentiaries. 

The inland groundwater volume withdrawn for municipal purposes (using the best estimates 

from Table 3-1) is estimated to be 1.30 x 105 cubic metres per year. This supplies the Cana 

subdivision in the City of Kingston, Lansdowne, and the Miller Manor Apartments in the 

Township of Front of Yonge. 

There are an additional 2.78 x 106 cubic metres per year withdrawn from inland surface waters, 

and 7.24 x 104 cubic metres per year from groundwater for public supplies. 

Water withdrawal sources for public water supplies are shown in Figure 3-3. 

 

 

Figure 3-3: Public Water Supply Withdrawal Source 

Water Wells 

There are almost 25,000 wells across the CSPA (MOE, 2008b). These are a mixture of 

residential, agricultural, commercial/industrial, and institutional uses, as well as abandoned 

wells. Detailed information is given in Table 3-2. 

Public Water Supply Withdrawals Cataraqui Source Protection Area 
Source: MOE, 2005, MOE, 2010

Lake Ontario 

3.4E+07 m
3

St. Lawrence River

6.8E+06 m
3

Inland Surface Water

2.8E+05 m
3

Groundwater

1.3E+05 m
3

Inland Surface Water - Non-

Municipal System Public Supply

2.8E+06 m
3

Groundwater - Non-Municipal 

System Public Supply

7.2E+04 m
3
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Table 3-2: Water Well Use Breakdown  

(MOE, 2008b) 

Use Category Number of Records Percentage 

Domestic 20,213 81.3% 

Stock 1,327 5.3% 

Irrigation 42 0.2% 

Industrial 66 0.3% 

Commercial 403 1.6% 

Municipal 70 0.3% 

Public Supply 378 1.5% 

Cooling or A/C 38 0.2% 

Not Used 805 3.2% 

No Designation 1,513 6.1% 

                             Total 24,855 100.0% 

 

There are approximately 20,200 private residential wells in the CSPA (MOE, 2006b), and there 

are approximately 47,000 residents in the CSPA (Environment Canada, 2006) not on municipal 

services, which equals roughly 2.3 persons per well. The Statistics Canada Rural Analysis 

Bulletin estimates approximately 2.75 persons per household, the Mississippi-Rideau SWP group 

calculated 2.85 persons per well for their watersheds, and the Quinte SWP group calculated three 

persons per well for their watersheds. Estimating a withdrawal volume of 0.175 cubic metres per 

person per day (MOE, 2001), the total withdrawal would be 3.0 x 106 cubic metres. This volume 

is approximately 11 per cent of the PTTW groundwater withdrawals. There are no withdrawal 

estimates available for other categories of wells. 

Most of the private domestic or commercial wells are likely twinned with a septic system, and 

most of the water withdrawn from the groundwater is directed back into the ground through the 

treatment process. In some cases, though not accounted for by these numbers, domestic water 

supplies are provided through shore wells, or surface water intakes. In these cases, surface water 

is diverted to groundwater via the septic system. It is expected that the volume of these 

diversions will be quite small. It is also expected that any rise in water table levels due to these 

effects will be very localized.  

Industrial Water Use 

Direct industrial water takings are generally located along the Lake Ontario and St. Lawrence 

River shoreline.  Water withdrawal is taken directly from the surface source or from a municipal 

supply (dependent on location of the industry).  As such, they will have little effect on most of 



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

43 

the water budget process, since Lake Ontario and the St. Lawrence River are outside the water 

budget area, and municipal takings are being accounted for in a separate category.  

The large industrial users with a PTTW are below. They include: 

 Lafarge (Lake Ontario) 

 Lennox & Addington Generating Station (Ontario Power Generation) (Lake Ontario) 

 Celanese (Lake Ontario) (No longer operating) 

 Invista/DuPont (Lake Ontario) 

 Armstrong Cheese/Saputo Foods (Groundwater near Harrowsmith) (No longer operating) 

 Ashwarren International (Lake Ontario) 

 BICC Phillips Inc. (St. Lawrence River) 

 Tackaberry (Groundwater near Athens) 

 Kraft Foods (Groundwater on Wolfe Island) (No longer operating). 

Commercial Water Use 

Most commercial water takings are from municipal services but recreational commercial takings, 

such as golf courses, will likely come from a combination of surface and ground water sources. 

A sod farm exists near Odessa, which has a groundwater source, and historically there were once 

aquaculture companies in the region, one near Gananoque, and one near Mallorytown. 

In addition, there are a number of de-watering activities in quarries around the region, which can 

be incorporated into the same commercial category. 

There are also commercial water users who have a private surface or groundwater well. 

Withdrawals from these locations will be highly variable, and volume numbers are not available, 

however the amount of water withdrawn through these locations is expected to be small 

compared to the other withdrawal sectors. 

Agricultural Water Use 

There are four agricultural operations in the CSPA that are large enough to require a PTTW, but 

the majority are too small to require a permit for their water use. However, data is available from 

Ministry of Natural Resources (MNR) (de Loe, 2002) estimating the general agricultural water 

use on a quaternary watershed basis. There are also a number of water wells with an irrigation or 

stock designation; however withdrawal volumes are not available for these wells. There is also 

no information in the MNR database as to whether the water use originates from surface or 

groundwater. 

To summarize the MNR data for the entire CSPA, the volume of use is 1.2 x 106 cubic metres, 

which is equal to an approximate depth of 0.3 millimetres spread over the CSPA. 
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3.2.2.2 Structures 

As noted in the previous sections, the CSPA has a number of water control structures across its 

watersheds (see Map 2-9). There are 37 larger water control structures across the CSPA owned 

and operated by the CRCA (ten), City of Kingston (four), Loyalist Township (two), MNR-

Kemptville (three), Rideau Canal (six), and Fortis Ontario (12). The structures, and their 

locations and operators, are listed and mapped in the Conceptual Water Budget report 

(Appendix ‘L-3’). There are also a number of smaller water control structures throughout the 

CSPA that have not been catalogued. 

3.3 Tier 1 Water Budget and Stress Assessment 

The Tier 1 Water Budget was prepared for 21 subwatersheds (see Map 3-2) across the CSPA 

using average monthly conditions with consideration for natural subdivides such as stream 

gauges (see Map 3-1) and water control structures, as well as data availability. This work was 

completed by XCG Consultants Ltd. (2010a)(see Appendix ‘L-4’). 

Three categories of subwatershed are used: gauged, semi-gauged, and un-gauged. There are 

eight gauged subwatersheds. These are subwatersheds where there are reasonable data available 

and collected at streamflow gauging stations. There are eight semi-gauged subwatersheds. These 

are subwatersheds where there are some data available to synthesize records and have a 

reasonable idea on the range of values.  

There are five un-gauged subwatersheds. These are subwatersheds where there are minimal data, 

and extrapolation from other locations is needed to estimate variables. Of the above 

subwatersheds, one of the semi-gauged subwatersheds, and two of the un-gauged subwatersheds 

are defined for areas related specifically to the municipal residential drinking water systems in 

the CSPA.  

One municipal residential drinking water system is missing from the Tier 1 Water Budget. 

Localized water budget work was unable to be completed for the Miller Manor Apartments at 

Mallorytown (Township of Front of Yonge) as there are no data available for analysis (water 

supply, water demand, Permit to Take Water values, etc.).  

Water budgets were prepared for each of the 21 above noted subwatersheds. Precipitation, 

streamflow, evapotranspiration, and recharge were all quantified for each of the subwatersheds. 

Once the water budget was completed, a stress assessment was conducted, comparing supply to 

demand. The prescribed equation to do this is: 













RESERVESUPPLY

DEMAND

QQ

Q
DemandWater 100%

 

 

For surface water subwatersheds, QSUPPLY was derived from the water budget work, and defined 

in the Technical Rules: Assessment Report (MOE, 2009a) as the monthly median streamflow. 

QRESERVE was also from the water budget work, and is the monthly lower tenth percentile flow, 

as defined in the Technical Rules: Assessment Report (MOE, 2009a). QDEMAND is the water 
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demand calculated for the subwatershed. The demand is calculated based on estimations of the 

consumptive use of water with respect to the PTTW1 withdrawals in the subwatershed, as well as 

estimates of residential and agricultural consumptive use. For gauged subwatersheds, QSUPPLY 

was also modified, at the request of Ministry of Natural Resources (MNR) staff, by adding 

QDEMAND to the QSUPPLY term, forming a new variable, where QSUPPLY = QRECORD + QDEMAND, and 

QRECORD is the monthly median streamflow noted above.  

For the groundwater stress assessment, the same formula was used, except that QSUPPLY is 

derived as 1/12th of the long-term average annual groundwater recharge, and QRESERVE is ten per 

cent of QSUPPLY, as defined by the Technical Rules: Assessment Report (MOE, 2009a). The 

stress was also calculated for two conditions, the current existing demand, and an estimated 

future demand, using the same supply values for both assessments. However, given the method 

used to calculate stress, the stress did not change between current and future demand scenarios. 

Stress was then determined based on the per cent water demand equation. For surface water 

subwatersheds, the stress is defined as per Table 3-3. Groundwater stress is defined as per Table 

3-4. 

Table 3-3: Surface Water Stress Thresholds 

Stress Level Assignment 
Maximum Monthly                                   

Per cent Water Demand 

Low < 20 % 

Moderate 20 % - 50 % 

Significant > 50 % 

 

Table 3-4: Groundwater Stress Thresholds 

Stress Level Assignment 
Average Annual                           

Per cent Water Demand 

Maximum Monthly                     

Per cent Water Demand 

Low 0 - 10 % 0 - 25 % 

Moderate > 10 %, <= 25 % > 25 %, <= 50 % 

Significant > 25 % > 50 % 

 

                                                 

1 With certain exceptions, persons who wish to withdraw water at a rate greater than 50,000 litres per day must 

obtain a Permit to Take Water (PTTW) from the Ministry of Environment, under the Ontario Water Resources Act, 

1990. These permits contain maximum allowable withdrawal amounts, which can be very large, typically larger than 

the actual water withdrawals. In fact, the consumptive use can be a fraction of the allowable withdrawal. The Tier 1 

water budget work used estimated consumptive use volumes, and not the maximum allowable volumes.  
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There were a number of subwatersheds deemed as stressed in terms of the MNR equation (see 

Appendix ‘D-1’, Table 1 and 2).  

As stress assessments are undertaken for every subwatershed at the Tier 1 water budget level, a 

stress assessment was conducted for each of the four inland municipal residential drinking water 

systems. Sydenham, the only surface water system, is identified as having a significant stress. 

The other three systems are groundwater systems. The community of Lansdowne in the 

Township of Leeds and the Thousand Islands is identified as having moderate stress. The Cana 

well supply in the City of Kingston is identified as having low stress. Stress identification was 

not available for the Miller Manor Apartments well supply in the Township of Front of Yonge, 

as the required data were not available. 

The following is a summary of the stress designations from the Tier 1 Water Budget: 

Of the 21 surface water subwatersheds considered: 

 eight gauged subwatersheds: one significant stress, five moderate stress, two low stress 

 eight semi-gauged subwatersheds: eight low stress 

 five un-gauged subwatersheds: three significant stress, one moderate stress, one low 

stress. 

Of the 21 groundwater areas considered: 

 eight gauged areas: one moderate stress, seven low stress 

 eight semi-gauged areas: one moderate stress, seven low stress 

 five un-gauged areas: one significant stress, two moderate stress, two low stress 

 one not designated (Miller Manor): but located in a low stress area. 

Map 3-2 shows the subwatersheds that were evaluated, and Maps 3-3 and 3-4 shows their 

designated stress assessment values for the Tier 1 stress assessment. Tables 1 and 2 in Appendix 

'D-1' show the subwatersheds, and their stress assessment values. Tables 3 to 63 in Appendix 

‘D-1’ show the water budget values for each subwatershed, as well as each subwatershed stress 

assessment. For more information, please refer to the Tier 1 Water Budget and Water Quantity 

Stress Assessment report detailed in Appendix L-4 (XCG Consultants Ltd., 2010a). 

It should be noted, from a groundwater perspective, that much of the hydrogeology of the CSPA 

is not thought to be a regional system that can be considered on a large-scale basis, but rather a 

very intricate and localized system that should be considered on a site-specific scale. This topic 

is discussed in greater detail in Chapter 5. 

Based on the significant and moderate stress assessment results of the Tier 1 work, the 

Sydenham and Lansdowne drinking water system areas moved to the Tier 2 stage of the water 

budget/stress assessment process. The Cana Well Supply area did not move to the next stage of 

the process given that it scored a low stress according to the prescribed assessment criteria and 

using the extensive area of recharge to the well that was prescribed by the MNR.   
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As noted above, the vicinity of the Miller Manor Apartments Well Supply has minimal 

information associated with it, and a stress assessment could not be completed, therefore it did 

not move to the next stage of the process. The result of the Tier 1 Water Budget and Stress 

Assessment for those areas that contain municipal drinking water systems within the CSPA is 

summarized in Table 3-5 below. 

Table 3-5: Tier 1 Water Budget Stress Assessment for the CSPA 

Municipal Drinking 

Water System Areas 
Type of System Stress Assessment Tier 2  Required 

Cana  Groundwater  Low No 

Lansdowne  Groundwater  Moderate Yes 

Miller Manor  Groundwater  n/a No 

Sydenham  Surface Water  Significant  Yes 

 

3.4 Tier 2 and 3 Water Budgets 

The Tier 2 and 3 Water Budget work is intended to look in more detail at those areas deemed to 

have a moderate or significant stress at the Tier 1 stage, and also contain a municipal residential 

drinking water system. 

The Sydenham Tier 2 Water Budget created a daily model of the Sydenham Lake subwatershed 

and included assessment of the following factors: 

 water withdrawals  

 water control structure log settings  

 outflows  

 precipitation  

 evapotranspiration  

 groundwater recharge, and  

 groundwater discharge.  

This work was conducted by XCG Consultants Ltd. (2010b) and is detailed within the Tier 2 

Water Budget for Sydenham Lake Subwatershed (Appendix ‘L-5a’).  

The Sydenham Tier 3 Water Budget took that Tier 2 work further, looking at the water treatment 

plant intake in relation to simulated water levels, and assigning tolerance and risk levels to the 

local area.  The work was also conducted by XCG Consultants Ltd. (2011) and is presented in 

the Tier 3 Water Budget Community of Sydenham (see Appendix ‘L-5b’). 



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

48 

The Lansdowne Tier 2 Water Budget work was completed in conjunction with the updated 

Lansdowne wellhead protection area work (full discussion of this work is included in Chapter 

5). A monthly model of the Lansdowne area was created, including recharge, groundwater in, 

groundwater out and withdrawals. The work was conducted by Geofirma Engineering Ltd. 

(2011)(see Appendix ‘L-6’). 

3.4.1 Sydenham Lake Tier 2 and 3 Water Budgets 

3.4.1.1 Tier 2 Water Budget 

As mentioned above, the Tier 2 work at Sydenham was conducted by XCG Consultants Ltd. 

(2011). 

They separated the process into four parts:  

 model selection 

 model development 

 significant groundwater recharge area (SGRA) delineations 

 stress. 

A technical memo was prepared by the consultant at each stage, for review and approval by the 

peer review team.  This was thought to expedite the process and review, and ensure that the peer 

review team was satisfied with each piece prior to moving on to the next step.  For instance, prior 

to building and calibrating a model, the peer reviewers would be in agreement that the model 

selected was acceptable. 

XCG Consultants Ltd. selected the Hydrologic Simulation Program - Fortran (HSP-F) model for 

use on the Sydenham Lake subwatershed. This was for a number of reasons, including the fact 

that it includes all the relevant hydrologic and hydraulic components required for the model, is 

very comprehensive, and is freely available from the US Environmental Protection Agency 

(EPA). 

For the model development, XCG Consultants Ltd. took the water control structure log settings, 

water levels, and climate records and divided them into two sets of data; one for calibration of 

the model; and one for validation of the model. There were over 50 years of data available, and 

they were able to calibrate the model with very good accuracy. 

XCG Consultants Ltd. used the previous significant groundwater recharge areas work 

completed for the Groundwater Vulnerability Analysis Report (GVAR) (Dillon Consulting Ltd., 

2008) and Tier 1 Water Budget (XCG Consultants Ltd., 2010a), and refined it for the smaller 

Sydenham Lake subwatershed. 

Sydenham Lake had only three PTTW (the most recent data available, September 2005) to 

consider for the supply versus demand calculations, two of which were Ducks Unlimited wetland 

projects, whose consumptive use is zero. The third PTTW is for the plant itself. At the time of 

analysis, the actual taking records for the plant (obtained from the operators) were used in the 

water demand analysis. It must be noted that the hook-up to the plant is only at 50 per cent of 
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expected users, so the initial analysis is well below the planned water use. When considering 

future growth, the full withdrawal allowed by the PTTW is used, as that was the projection for 

20 years after the plant construction used in the Environmental Study Report, and PTTW 

application. In addition to the PTTW, residential water withdrawals from the lake, and 

agricultural water uses were also considered. 

The final result of the stress assessment for Sydenham Lake was that the community of 

Sydenham intake has an infinite (see Map 3-5) stress designation. This is because the Tier 2 

rules assume that the lake is not there, and while the demand from the water treatment plant 

WTP remains constant, the supply falls to zero in the summer months. Over the summer, there is 

typically no outflow from Sydenham Lake, and any precipitation is negated by evaporation from 

the lake, resulting in constant falling lake levels in most summers.  

Considering the per cent water demand equation as noted in Section 3.3, if QSUPPLY = 0, 

regardless of how small the QDEMAND term may be, the per cent water demand is infinite (as the 

denominator of a fraction approaches zero, the resulting number equivalent approaches infinity), 

resulting in a significant stress. It must be noted that this is only because the actual water in the 

lake cannot be considered at Tier 2, and there is definitely water available for the WTP 

withdrawals. However, since the Tier 2 rules identify a significant stress, the system must move 

on to Tier 3. 

In light of the concern of residents in Sydenham and around Sydenham Lake, the following 

points need to be considered, as calculated outside of the Tier 2 Water Budget study: 

 Sydenham Lake has a surface area of 7.4 square kilometres (GIS data layers) 

 The area of the Sydenham Lake subwatershed is 57.6 square kilometres (subwatershed 

delineation for Tier 1 study (XCG Consultants Ltd., 2010b)) 

 the area of land that drains to Sydenham Lake is 50.2 square kilometres 

 the average annual precipitation on Sydenham Lake is 931 millimetres                      

(XCG Consultants Ltd., 2010b) 

 the average annual evaporation from Sydenham Lake is 557 millimetres                    

(XCG Consultants Ltd., 2010b) 

 the estimated average annual flow out of Sydenham Lake is 372 millimetres             

(XCG Consultants Ltd., 2010b) 

 the Permit to Take Water for the Sydenham WTP allows a maximum withdrawal of 1290 

cubic metres per day. This represents a depth of 0.2 millimetres over the lake each day, or 

63 millimetres in a year 

 the average evaporation from the lake in one day during the summer months is estimated 

to be six millimetres (CRCA, 2009) 

 the WTP intake pipe is approximately seven metres (7,000 millimetres) below the water 

surface. 
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It can be seen that the WTP withdrawal is in no danger of running dry on a regular basis, and the 

water level changes on the lake over the summer are largely due to evaporation.  

The uncertainty analysis of the Sydenham Tier 2 work has been deemed to be low, in accordance 

with Technical Rule 36. The authors and peer reviewers support a low uncertainty analysis based 

on the following data results being satisfactory to good:  

 the input climate, water level and log setting data  

 the QA/QC procedures applied  

 the level of calibration of the model.  

The full details of the Sydenham Tier 2 Water Budget work are detailed in XCG Consultants 

Ltd. (2010b) in Appendix ‘L-5a’. 

3.4.1.2 Tier 3 Water Budget 

Given that the Tier 2 stress designation for the Sydenham WTP was significant, it moved to a 

Tier 3 consideration. The Tier 3 work considered whether the withdrawal amount could or could 

not be met during regular conditions, as well as a number of drought scenarios. 

For the Tier 3 exercise at Sydenham, the storage in Sydenham Lake was considered, and the 

tolerance and risk levels were determined. XCG Consultants Ltd. continued with the Sydenham 

work, and built on the work completed for Tier 2, with consideration for storage in the lake. An 

updated set of technical guidelines (Technical Bulletin: Part IX Local Area Risk Level 

(MOE/MNR, 2010)) was used to guide the preparation of the Tier 3 study report. The use of 

these guidelines (as an alternate method from the Technical Rules: Assessment Report (MOE, 

2009a) was approved by the Ontario Ministry of the Environment in an approval letter dated 

February 17, 2011 (please refer to Appendix ‘D-2’).   

Using the model and scenarios prepared for the Tier 2 study, XCG Consultants Ltd. then 

considered the depth of the intake for the water plant, and compared that to the various water 

level scenarios prepared for Tier 2.  In all scenarios, the minimum simulated level was above the 

critical level, and sufficient water supply was expected. 

The tolerance was determined based on the difference between the minimum simulated water 

level for the various scenarios, and the safe shut-off level.  In the three scenarios (A, B (ten year 

drought) and B (two year drought)), the minimum level was more than 0.6 metres above the safe 

shut-off level, and therefore the tolerance is deemed “high”. 

The risk level was determined based on the Technical Bulletin, and scenarios A, B, E and F.  The 

conditions required for a “significant” or “moderate” risk level as per the Bulletin do not exist. 

The uncertainty analysis of the Sydenham Tier 3 work, similar to Tier 2, has been deemed to be 

low. The authors and peer reviewers support a low uncertainty analysis based on the following 

data results being satisfactory to good:  

 the input climate, water level and log setting data  

 the QA/QC procedures applied  
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 the level of calibration of the model.  

The full details of the Sydenham Tier 3 Water Budget work are detailed in XCG Consultants 

Ltd. (2011) in Appendix ‘L-5b’. 

Based on the “significant” and “moderate” risk level requirement details in the Technical 

Bulletin, and the assigned uncertainty, the assigned risk level for the Community of Sydenham 

local area is “low”. 

3.4.2 Lansdowne Wells Tier 2 Water Budget 

The Lansdowne Tier 2 Water Budget work was carried out by Geofirma Engineering Ltd. 

(2011). They also completed the Phase 3 wellhead protection area work for the Lansdowne 

wells in conjunction with the water budget work. 

Previous WHPA work conducted for the Lansdowne wells has identified recharge areas, 

recharge rates, as well as the estimated direction of groundwater flow to the wells (Malroz 

Engineering Inc., 2006, 2008). Work completed by Geofirma Engineering Ltd., updated and 

expanded the previous work conducted through Malroz Engineering Inc. 

Using data from additional field work such as monitoring well pumping tests, water level 

measurements, and refinement of the hydrogeology model (MODFLOW) for the Lansdowne 

area, Geofirma Engineering Ltd. was able to better estimate the water use, and recharge to the 

well system. 

Geofirma Engineering Ltd. found that the input variables for the Lansdowne system could have a 

reasonable amount of variability, based on field work and the model calibrations. The three input 

variables that make the greatest difference include: 

 the consumptive use factor for the well withdrawals 

 the recharge to the groundwater, and 

 the lateral groundwater flow in.  

For normal conditions, the consumptive use factor was set at 0.82 (to account for pipe losses 

back to groundwater, and spreading of lagoon septage back onto land), and the recharge was set 

at 60 millimetres per year. It is expected that the consumptive use factor could be as high as 1.0 

(no pipe losses, and no septage spreading), and the recharge could vary from 40 to 80 

millimetres per year. 

Under normal conditions, the monthly and annual per cent water demand is less than ten per 

cent, resulting in a low stress designation. The average monthly withdrawal of the two 

Lansdowne wells is around 6,000 cubic metres, approximately 71,000 cubic metres annually. 

Once normal conditions are considered, if the system is deemed at a low stress, two drought 

scenarios are also to be considered. These are the two-year drought (with no recharge for a 

period of two years), and the ten-year drought (which is defined as the ten year historic period 

with the lowest mean annual precipitation) scenarios. 

In the case of Lansdowne, the two year drought would result in the water level in the well falling 

over seven metres, slightly more using future pumping rates. However, the pump would still be 
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below the water surface in the well, and should still be able to adequately supply water into the 

system, though its efficiency would be reduced. 

The ten-year drought condition would drop the water level approximately 1.5 metres below 

current levels, with minimal impact on the pump efficiency. Based on these findings, and the 

resulting determination of low stress (see Map 3-6), the system did not move on to Tier 3.  

While the system will not move on to the third tier of the water budget process, additional 

monitoring of water levels (due to the potential falling water levels in the wells) is 

recommended.  Ongoing water level records in the wells suggested potential groundwater 

mining.  However, during the treatment system upgrade at the wells in the fall of 2010, OCWA 

found that the water level sensor may have been giving inaccurate readings, and it was replaced.  

It is unclear whether the water levels are in fact falling, as first thought, and continued 

monitoring should be done to confirm.  It should also be noted that even if water levels are 

falling, the rate of falling water levels means they are not expected to impact the efficiency of the 

pump in the near future. 

The uncertainty analysis of the Lansdowne Tier 2 work has been deemed to be high, in 

accordance with Technical Rule 36. The authors and peer reviewers support a high uncertainty 

analysis based on the following: 

 the estimation of hydrologic parameters were very sensitive to change 

 the true value of consumptive factors within the system are unknown 

 the potential for falling groundwater levels in the supply wells. 

The full details of the Lansdowne Tier 2 Water Budget work are detailed in Geofirma 

Engineering Ltd. (2011) in Appendix ‘L-6’. 

3.5 Conclusions 

The tiered-approach to preparing water budgets under the Ontario Clean Water Act, 2006 has 

been implemented in the Cataraqui Source Protection Area over the past five years.  

The work has been conducted in accordance with the prescribed Technical Rules: Assessment 

Report (MOE, 2009a) the new Technical Bulletin: Part IX (MOE/MNR, 2010), and it has been 

subject to both peer review and a comprehensive review by the Ontario Ministry of Natural 

Resources. The findings represent an initial step towards understanding the quantity of water that 

is available for drinking and other purposes in the CSPA.   

It can be concluded that: 

 The Tier 1 findings identify numerous subwatersheds with significant and moderate 

stress (from a surface water and groundwater perspective) that were not investigated 

further. The Tier 2 findings assign a significant stress to the surface water subwatershed 

that contains the Sydenham Water Treatment Plant. The Tier 3 findings assign a low risk 

level to the Sydenham local area. 
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 The surface water subwatershed containing the Lansdowne Well Supply received a low 

stress rating in the prescribed Tier 2 process. Tier 3 work will therefore not be undertaken 

at Lansdowne.   

 Climate change has the potential to affect the available quantity of water in the CSPA, as 

discussed in Chapter 7.  

 Additional data (particularly for precipitation, evapotranspiration, and groundwater 

levels) would strengthen our ability to understand this aspect of source protection, as 

discussed in Chapter 8. 
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Chapter 4 – Source Water Quality Issue 

Evaluation and Threat Assessment  

Purpose  

This chapter of the Assessment Report is intended to explain the process that has been used to 

assess risks to water quality in the Cataraqui Source Protection Area (CSPA) and elsewhere in 

Ontario. By protecting and improving the cleanliness of our source water, we can reduce the cost 

and complexity of treatment, prevent the need to find alternatives to contaminated supplies, and 

enjoy other benefits of clear, clean and cool water. 

Risks to drinking water quality can be thought of in different ways. Some risks are ongoing, in 

that the quality of the water may be continuously degraded by surface runoff or by the 

underground leaching of chemicals or pathogens. Conversely, event-based risks occur during a 

short period of time, when emergencies and/or large storms result in pollution. These risks can 

result in longer-term problems if it is not feasible to clean up the resulting contamination.  

Risks can also be given a status. Inherent risks are assessed apart from any actions taken to 

contain them – by their very existence they pose a problem to the source water. Mitigated risks 

have been addressed through some kind of physical or administrative action (for example, a 

containment system has been installed around an industrial site to capture spilled material). As 

prescribed by the Ontario government, this Assessment Report assesses only the inherent risks; 

the source protection plan process will account for past actions taken to reduce them. 

The water quality risk assessment process is prescribed by the Ontario government for all source 

protection areas and regions through the Ontario Clean Water Act, 2006, regulations and 

Technical Rules: Assessment Report (MOE, 2009a)(see Appendix ‘L-1’). The results of the 

process are outlined in Chapters 5 and 6, wherein vulnerable areas are mapped and assigned 

scores, drinking water issues are evaluated, and drinking water threats are assessed and counted. 

By learning about the past, present and future activities that could harm the quality of source 

water, local communities can make informed decisions about how best to protect their supplies 

for the future. 

4.1 Delineating and Scoring Vulnerable Areas  

Rather than looking at all water everywhere, the source protection initiative in Ontario focuses 

attention on specific places where the source water is deemed most vulnerable to pollution 

and/or overuse. These places are called vulnerable areas. For the purpose of the Act, they are 

either related to groundwater resources on a broad scale, or to groundwater and surface water 

around municipal water treatment plants (WTP). The Act does make provision for other areas to 

be classified as vulnerable areas in the future, for example, areas around wells and intakes that 

serve public facilities. 

The vulnerable areas are defined as: 

 Highly vulnerable aquifers (HVA) and significant groundwater recharge areas (SGRA) 
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are intended to protect groundwater across larger areas of land (see Chapter 5). In the 

CSPA and other parts of eastern Ontario with shallow soils and fractured bedrock, these 

types of vulnerable areas occupy a large proportion of the landscape.  

 Wellhead protection areas (WHPA) are delineated around the wellhead (top of the well), 

for municipal WTPs (see Chapter 5).  

 Surface water intake protection zones (IPZ) are delineated around the end of the intake 

pipes for municipal WTPs in lakes and rivers, including those in Lake Ontario and the St. 

Lawrence River (see Chapter 6).  

Specific descriptions of how each type of vulnerable area is delineated are included at the start 

of Chapters 5 and 6. A map showing all of the surface water intake protection zones and 

wellhead protection areas in the CSPA is shown in Map 4-1. 

The vulnerability to contamination of the lands and waters within each of the areas identified 

above varies depending on proximity to the WTP, the degree to which the intake or well is 

protected from pollution and other factors. For the purpose of the risk assessment, vulnerability 

scores have therefore been assigned within each vulnerable area. The scores are between one 

and ten. Specific direction on how to assign them is included within the Technical Rules: 

Assessment Report (MOE, 2009a). In general, vulnerable scores are highest near WTP intakes 

and wells and lowest at the edge of the vulnerable area.  

4.2 Drinking Water Issue Evaluation  

Another aspect of drinking water source protection research is the identification of drinking 

water issues in the untreated source water within each vulnerable area.  As defined by the 

Technical Rules: Assessment Report (MOE, 2009a), a drinking water issue occurs at the well or 

intake being studied when (selected) chemicals or pathogens are “...present at a concentration 

that may result in the deterioration of the quality of the water for use as a source of drinking 

water...” or “...there is a trend of increasing concentrations” of the chemical or pathogen (see 

Rule 114). 

Two examples of chemical parameters that can become drinking water issues are sodium and 

chloride (salt). Salt comes from both natural and human sources; it is used to melt ice on roads, 

soften groundwater, and sterilize swimming pools.  

The purpose of evaluating drinking water issues in this Assessment Report is to set a baseline for 

the quality of the source water, and to begin to learn about the drinking water threats (see 

Section 4.3 below) or natural phenomena that may be causing a drinking water issue. It is 

important to remember that this discussion refers to raw, untreated water prior to its entry into a 

WTP. 

Allowable limits for chemicals and conditions in Ontario drinking water are identified in 

Schedules 1, 2 or 3 of the Ontario Drinking Water Quality Standards (MOE, 2003a) and Table 4 

of the Technical Support Document for Ontario Drinking Water Standards, Objectives and 

Guidelines (MOE, 2003b).   
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The MOE has set specific rules for identifying drinking water issues (see the Technical Rules: 

Assessment Report, 2009). Drinking water issues are to be identified from available source (raw) 

water quality data, related to the above standards, when an allowable limit is exceeded. This can 

occur either at the well or intake that is used for the system, and/or at an associated monitoring 

station. A drinking water issue may also be identified where a parameter (for a chemical or 

condition, such as hardness) occurs at a concentration that is below the allowable limit, but there 

is an increasing trend that appears to be headed above that limit. Attention is given to the ability 

of a WTP to remove the contaminant from the water. 

In the Cataraqui area, drinking water issues have been evaluated for the source water around the 

12 municipal residential drinking water systems. Data from the province of Ontario (Annual 

Inspection Reports, Drinking Water Information System, Drinking Water Surveillance Program, 

Provincial Groundwater Monitoring Network (PGMN), and Provincial Water Quality 

Monitoring Network (PWQMN)), municipal utilities (consultant’s reports, engineer’s reports), 

public health units (beach monitoring data) and the CRCA were used in the analyses. 

Where a drinking water issue has been identified in the source water for a WTP, it may not pose 

an immediate problem for the municipality or to the people who consume the water. Some 

drinking water issues are caused by natural phenomena, and water treatment methods are 

normally employed to respond to them. Some drinking water issues are easily corrected by 

standard WTP technologies, while others require additional treatment methods, or are not 

treatable.  

For drinking water issues caused by human activities, this Assessment Report includes a plan to 

delineate an issue contributing area upstream of the WTP. Additional information about issue 

contributing areas is included in Section 4.3.1 below. 

4.3 Threat Assessment  

A drinking water threat is defined in the Ontario Clean Water Act, 2006 to be:  

“an activity or condition that adversely affects or has the potential to adversely 

affect the quality or quantity of any water that is or may be used as a source of 

drinking water, and includes an activity or condition that is prescribed by the 

regulations as a drinking water threat” (Section 2(1)).  

The Ontario government has prescribed a list of types of drinking water threats that must be 

considered in each source protection area. Of the 21 activities prescribed to be drinking water 

threats, 19 relate to the quality of source water, while two relate to the amount of water that is 

available for drinking. The water budget findings in Chapter 3 of this report indicate there are no 

significant threats of water quantity in the CRCA thus, only quality-related threats will be 

considered in the CSPA.  

The Cataraqui Source Protection Committee received approval in June 2010 from the Ontario 

Ministry of Environment to add two local drinking water threats for the Cataraqui area. The two 

local drinking water threats include: (1) the discharge of water containing conditioning salts 

from water softeners and (2) transportation of fuels, organic solvents, dense non-aqueous phase 

liquids (DNAPLs), and pesticides along highways, roads, railways and navigation channels 
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(corridors) within vulnerable areas. The final approval letters are included in Appendices ‘F-2’ 

and ‘F-3’, respectively. 

As described below, drinking water threats relate to the past, present, and future.  

 Past. Drinking water threats that relate to the past are called conditions. These are 

problems in the land or water that have resulted from an activity in the past. A condition 

is the presence of a contaminant (in the surface water, groundwater, surface soil, or 

sediment) resulting from past activities. To be identified as a drinking water threat 

through the source protection initiative, a condition must meet criteria that are referenced 

in Section 4.3.3.2 below. An example of a condition is the presence of gasoline (with 

contaminants such as benzene, toluene, ethyl benzene and xylene) in the soil surrounding 

a leaking underground tank at a gasoline station.  

 Present. Drinking water threats can also be identified from activities that exist in the 

present. An example of a present threat is a gasoline station that is in active operation.  

 Future. An activity “would be” a threat if it emerged in the future and the underlying 

vulnerability score was high enough for it to be listed in the Tables of Drinking Water 

Threats (MOE, 2009d) as a significant, moderate, or low threat. It is important to note 

that the identification of such threats does not depend on whether or not the activity is 

permitted within the scope of municipal official plans and zoning by laws.  

As part of the methods prescribed by the MOE, all “would be” threats may only be enumerated 

for assessment reports where infrastructure is now in place to facilitate them. An example is a 

farm without livestock, but with a barn and a fenced livestock paddock in place. More 

information on enumerating drinking water threats is provided below in Section 4.3.4.   

To assist source protection committees with ranking drinking water threats, each one is classed 

as being significant, moderate or low. Section 22 of the Act requires that each source protection 

plan include policies to ensure the removal of existing significant threats, and to prevent other 

significant drinking water threats from emerging in the future. Over the past few years, the 

Cataraqui Region Conservation Authority (CRCA) and its partners have worked to learn as much 

as possible about regional drinking water threats. This will aid in the preparation of the 

forthcoming source protection plan for the Cataraqui area.  

Each of the following three approaches to identifying drinking water threats within a source 

protection area are described below:  

 the issues approach  

 the event-based approach  

 the threats approach. 

4.3.1 The Issues Approach  

Once a drinking water issue has been identified in accordance with provincial standards (see 

Section 4.3 above) and it is deemed to have been caused wholly or partially by human means, 
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then any activities or conditions that may be contributing to that drinking water issue need to be 

identified. This is called the issues approach to identifying drinking water threats.  

The first step is to delineate an issue contributing area upstream of the location at which the 

drinking water issue has been observed. The issue contributing area may be different than the 

vulnerable area (intake protection zone) around the drinking water system. For each drinking 

water issue identified in the Assessment Report, a plan to gather the necessary information to 

delineate issue contributing areas has been prepared. These plans are given in Appendix ‘E-3’.  

In the second step, specific drinking water threats that could reasonably be expected to 

contribute to the drinking water issue are identified. All such threats are automatically classified 

as significant. The issue contributing areas and related drinking water threats will be identified 

in future editions of this document. 

4.3.2 The Event – Based Approach  

The event-based approach is a modeling exercise for Great Lakes and connecting channel 

surface water IPZs. The approach is associated with an area of interest known as IPZ 3 (see 

Chapter 6). 

In this approach, pollution from a given discharge point must be shown to be able to travel over 

land and in the water to the intake during or just after a large (e.g. one in a hundred year) storm. 

This storm is sometimes called an extreme event since it only has a one per cent probability of 

occurring. Drinking water threats associated with the contaminants that are found to be able to 

reach the intake, and deteriorate the raw water there, are automatically classified as significant. 

For example, if wastewater from a combined sewer overflow was found to reach a nearby 

surface water intake at a harmful concentration after an extreme event, then the overflow would 

be ranked as a significant drinking water threat.  

As described in Chapter 6 and 8, some initial research in support of the event-based approach has 

been completed for the CSPA. Chapter 6 describes the research completed by the Queen’s 

University Department of Civil Engineering to model the flow of water using 2006 data. Chapter 

8 describes the preliminary work completed by the Cataraqui Region Conservation Authority to 

assess related significant drinking water threats. Further research is warranted to determine 

whether or not specific activities and potential conditions will result in related contaminants 

deteriorating the source water quality at one or more municipal residential drinking water system 

intakes during or after an extreme event.  

4.3.3 The Threats Approach  

The threats approach is being used to identify the majority of drinking water threats in the 

CSPA. In this approach, activities are compared against circumstances prescribed by the Ontario 

government in the Tables of Drinking Water Threats (MOE, 2009d) while conditions are 

compared against standards defined in the Technical Rules: Assessment Report (MOE, 2009a).  

4.3.3.1 Activities  

The Tables of Drinking Water Threats (MOECC, 2009d), were created to identify and rank 

drinking water threats. A variety of circumstances are outlined in the Tables for each of the 
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prescribed drinking water threats. The Tables were created to provide a consistent approach to 

similar situations across Ontario.  

 

The Tables are based upon a calculated hazard rating (for each circumstance of an activity) and 

the locally-determined vulnerability of the drinking water source. For chemicals, the overall 

hazard rating is affected by the toxicity and quantity of the substance and how it can be expected 

to behave in the environment. For pathogens, the hazard rating is determined by the likelihood 

that contaminated material will be associated with an activity and the likelihood that the material 

could impact the drinking water source.  

The Tables separate circumstances into chemical and pathogen based contaminants, and are 

outlined for each of the drinking water quality threats. The chemical contaminants have been 

linked to activities that could produce specific chemicals (such as arsenic or zinc), and have 

many unique combinations of circumstances. The pathogen based circumstances include the 

presence of any pathogen; and have fewer unique combinations of circumstances.  

The circumstances in the Tables are used to rank activities as significant, moderate, or low 

within a given type of vulnerable area.  

A Source Water Protection Threats Tool, accessible via the source protection homepage of 

ontario.ca, provides a platform by which the Tables can be searched to determine which threat 

circumstances have been ranked as significant, moderate, or low based on a given vulnerability 

score (MOECC, 2017).  Appendix ‘G’ provides a more detailed description of how to use this 

search tool. 

Table 4-1and 4-2 below list the circumstances where the vulnerability score is high enough to 

produce a significant drinking water threat for a WHPA and an IPZ based on the Tables of 

Drinking Water Threats (MOECC, 2009d). Activities that are not significant drinking water 

threats are generally ranked as moderate and low threats with a few exceptions. Additionally, the 

drinking water threat-related maps in Chapters 5 and 6 provide a general indication of where 

drinking water threats can be significant, moderate or low.  

Appendix ‘H’ is a detailed drinking water threat inventory for vulnerable areas within the 

Cataraqui Source Protection Area.  
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Table 4-1: Significant Threat Categories in a Wellhead Protection Area 

(MOE, 2009d) 

  Wellhead Protection Area      

Vulnerability Scoring 

Contaminant released Chemical Pathogen 

Prescribed Drinking Water Threat Category 10 8 6 4 2 10 8 6 4 2 

1 
The establishment, operation or maintenance of a waste 

disposal site 
          

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 

(DNAPLS)*           

17 The handling and storage of an organic solvent           

18 
The management of runoff that contains chemicals used in the 

de-icing of aircraft 
          

19 
An activity that takes water from an aquifer or a surface water 

body without returning the water taken to the same aquifer or 

surface water body**  

         

20 An activity that reduces the recharge of an aquifer**           

21 
The use of land as livestock grazing or pasturing land, an 

outdoor confinement area or a farm-animal yard             

local The use of water softeners           

local The transportation of specified substances along corridors           
*DNAPLs are chemicals that are heavy and sink in water (example: trichloroethylene) 

**Water quantity threats were evaluated as part of the water budget studies 
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Table 4-2: Significant Threat Categories in an Intake Protection Zone 

(MOE, 2009d) 

  Intake Protection Zone Vulnerability Scoring 

Contaminant released Chemical Pathogen 

Prescribed Drinking Water Threat Category 10 9 8.1 7-3.6 10 9 8.1 7-3.6 

1 
The establishment, operation or maintenance of a 

waste disposal site 
        

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 (DNAPLS)* 
        

17 The handling and storage of an organic solvent         

18 
The management of runoff that contains chemicals 

used in the de-icing of aircraft 
        

19 
An activity that takes water from an aquifer or a 

surface water body without returning the water taken 

to the same aquifer or surface water body** 

       
 

20 An activity that reduces the recharge of an aquifer**         

21 
The use of land as livestock grazing or pasturing land, 

an outdoor confinement area or a farm-animal yard   
        

local The use of water softeners         

local 
The transportation of specified substances along 

corridors 
        

*DNAPLs are chemicals that are heavy and sink in water (example: trichloroethylene) 

**Water quantity threats were evaluated as part of the water budget studies 
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4.3.3.2 Conditions 

Threats related to conditions may also be identified using the threats approach. A condition 

represents the contamination of rock, soil or water resulting from a past activity such as a spill of 

fuel.  A condition must be within a vulnerable area (IPZ, WHPA, HVA or SGRA) and meet 

certain criteria in Technical Rule 126 to be considered a threat. For some types of 

contamination, the presence of a contaminant on an associated site must exceed the Soil, Ground 

Water, and Sediment Standards (MOE, 2004).  

The occurrence of sites and areas that may include conditions has been investigated by the 

Cataraqui Region Conservation Authority on a preliminary basis. The following data sets were 

reviewed to locate sites and areas of interest: Occurrence Reporting and Information System, 

National Analysis of Trends in Emergencies System, National Environmental Emergencies 

System, National Pollutant Release Inventory, Contaminated Sites on Federal Land, and Ontario 

Spills databases. Historical atlases, municipal insurance plans and maps were also reviewed.  

The lack of available data to demonstrate where contamination has actually occurred, and 

similarly has not been cleaned up, has prevented the identification of conditions in this report. As 

described in Chapter 8, continued research will be needed to determine how many conditions are 

present, and whether or not they in fact pose a drinking water threat.  

4.3.4 Enumerating Drinking Water Threats 

In preparing a source protection plan, it is useful to know the number, location and specific 

details about drinking water threats. The minimum requirement for the preparation of this 

Assessment Report was the counting of the existing significant drinking water threats within 

IPZs and WHPAs. The authors of this report also find merit in learning as much as possible 

about current drinking water threats within the CSPA. Therefore, moderate and low drinking 

water threats have also been enumerated and are provided for the reader within this report and 

relevant appendices. The knowledge of these additional threats may help prevent them from 

becoming significant. 

The first step for this task was to prepare a list of existing activities that might be ranked as 

drinking water threats. The activities were first inventoried using field observations, along with a 

review of photographs and satellite images, by accessing existing databases. Then, where there 

was uncertainty about the circumstances on a given property, CRCA staff and consultants 

contacted individual property owners for more information. The contacts were made in writing, 

over the telephone and in-person. They were conducted in accordance with protocols that were 

developed by the CRCA and endorsed by the Cataraqui Source Protection Committee. The direct 

contact helped to determine which specific circumstances (see Section 4.3.3 above) were present 

at the time of the inventory, in order to rank the threat as significant, moderate or low.  

The tables in Appendix ‘H’ assist the reader to identify which threat circumstances have been 

ranked by the province as significant, moderate, or low based on the vulnerability score (“VS”) 

for each IPZ and WHPA in the CSPA.  

We have chosen to count threats in two ways: by the number of relevant locations (parcels of 

land) and as an overall count for a given IPZ or WHPA. Each location with one or more 

activities was given an identification number indicated by “threat ID”. For example, a location 
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with one or more threats in the Cana Wellhead Protection Area is called “cs.1” in this report to 

protect the privacy of the owner.  

The 14 tables in Appendix ‘H’ each include the following information: 

 All confirmed (or assumed) threats are listed for each location of interest within the IPZ 

or WHPA, sorted by the “threat ID” for that location (for example: for the Cana 

Subdivision, the locations are sorted in order from cs.1 to cs.45) 

 The relevant circumstances (and their reference numbers) are taken from the Tables of 

Drinking Water Threats (MOE, 2009d). For local drinking water threats (conditioning 

salts and the transportation of specified substances), the circumstances are taken from the 

MOE approval letters in Appendices ‘F-2’ and ‘F-3’, respectively.  

 The number of locations where the circumstance occurs within each area of vulnerability 

scoring is included in the “affected parcels” column. The threats are listed in order of the 

prescribed drinking water threats (from one to 21, as per the list in Appendix ‘F-1’) in 

the “PDWT No.” column  

 More than one circumstance can be listed per threat with the presence of chemical and 

pathogen based circumstances, handling and storage, and/or multiple sources of the same 

threat. The threat is ranked in the “threat class” column as significant (S), moderate (M) 

or low (L). Only the circumstance producing the highest ranking is used for parcel 

enumeration and is illustrated in table with a shaded and bolded “X”.  

 Each location identified with threats is counted only once regardless of the number of 

threats or circumstances present.   

 There is one count for every transportation corridor (for example: road, railway, 

navigation channel) present within the vulnerable area for which road salt application 

and/or the transportation of specified substances are identified activities.   

 Each sewer network is considered to be a single threat activity in the highest ranking 

circumstance.  

 The approved circumstances related to conditioning salt are assumed to be occurring at 

each location where there is a drinking water system that is supplied by groundwater. The 

rationale for this approach is based on the high hardness of the groundwater throughout 

the CSPA (see Section 2.2.2.2), anecdotal evidence of widespread water softener use and 

the inefficiency of attempting to enumerate each water softener in the applicable 

vulnerable areas.    

The summary reference chart under the enumeration table provides the reader with the total 

number of parcels and threats per zone/area. These reference charts are also included in Chapters 

5 and 6. Overall counts for the CSPA are shown in Table 9-1 within Chapter 9.  

For a more detailed summary of the assessment of drinking water threats, please refer to the 

“meta data” spreadsheet in Appendix ‘H’.  
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Chapter 5 – Groundwater Sources 

Purpose  

This chapter discusses highly vulnerable aquifers (HVAs), significant groundwater recharge 

areas (SGRAs) and wellhead protection areas (WHPAs) as part of a description of the geology 

and groundwater sources of the Cataraqui Source Protection Area (CSPA). All of these findings 

have been completed in accordance with the Technical Rules: Assessment Report (MOE, 

2009a)(see Appendix ‘L-1’) using the methods that are described in Chapter 4.  

The findings in this chapter build on the two provincially-funded regional groundwater studies 

that were completed prior to the Ontario Clean Water Act, 2006 and that cover the CSPA: the 

United Counties of Leeds and Grenville Groundwater Management Study (Dillon Consulting 

Ltd., 2001) and the Western Cataraqui Region Groundwater Study (Trow Associates Inc., 2007).  

The findings also build on the Frontenac Islands Aquifer Characterization and Groundwater 

Study (CRCA, 2007) that was prepared as a background report on the hydrogeology of the 

islands in that municipality. A copy of the latter study is included in Appendix ‘L-7’. 

5.1 Area-Wide Groundwater Sources 

5.1.1 Overview 

Groundwater sources in the CSPA are generally characterized by the geology. Within the CSPA, 

most people draw their water from wells completed in either younger Paleozoic limestones and 

sandstones or the ancient Precambrian Shield. Water generally flows through small cracks in the 

rock (less than one millimetre) that are known as fractures. The fractures transmit the water from 

higher to lower levels through a network of cracks that is known as the rock aquifer.  

These rock aquifers are generally covered with a thin layer of sand and/or clay (soil or 

overburden), but most wells are drilled through to the rock. Some parts of the Source Protection 

Area have thicker soil cover, which can act as a protective barrier to our valuable groundwater 

sources when the soil mainly consists of clay. Areas with less soil cover tend to be highly 

vulnerable to surface contamination as random rock fractures can act as a direct conduit for 

contamination to reach the drinking water source.  

Once groundwater is contaminated, it can be very difficult and expensive to clean up, and 

sometimes it can no longer be used as a source of potable water. For these reasons, the 

vulnerability of the groundwater in eastern Ontario is an important challenge that requires careful 

attention. We need to ensure that our groundwater resources can be used in the future.  

5.1.1.1 Geology and Hydrogeology 

Precambrian aged rocks of igneous and metamorphic origin underlie the entire CSPA, and form 

a region commonly known as the Precambrian Shield. The shield forms the core of the North 

American continent. Because of the complexity of the rock types, geologists have subdivided the 

region into belts and terranes based on differing rock types and age of development.  
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The Precambrian rock in the CSPA is part of the Frontenac terrane, which is a subunit of the 

Central Metasedimentary Belt. The Precambrian rock is comprised of a combination of 

metamorphosed igneous and sedimentary rocks. The Precambrian rock is exposed along a 

northwest – southeast trending ridge, referred to as the Frontenac Axis. Along the east and west 

flanks of this ridge, Paleozoic age sediments were deposited. These sediments hardened and are 

expressed today as limestone, dolostone and sandstone. 

Groundwater flow within the Precambrian rock is mainly through fractures that have developed 

as a result of volcanic and mountain building processes (Ostry and Singer, 1981). In general, 

igneous rocks are not very porous. Groundwater is less able to flow through the pore spaces in 

the rock itself, as opposed to a sand aquifer (Freeze and Cherry, 1979).  

The distribution and density of fractures commonly decreases with depth. More fractures exist 

near the surface because glaciations between 100,000 and 10,000 years ago placed extreme 

pressure on the northern land surface. With the retreat of the glaciers, the release of this pressure 

created horizontal fractures. These shallow fractures, when filled with water, can be of sufficient 

density to provide an adequate volume for a potable water source.  

Vertical fractures, formed during mountain building episodes, are also present. These fractures 

connect the horizontal fractures, and can allow vertical migration of water. Estimates of bulk 

hydraulic conductivity of fractured igneous and metamorphic rocks typically range from 10-6 to 

10-2 centimetres per second (Freeze and Cherry, 1979). 

The depth of active groundwater flow will vary spatially; however, previous studies (Ostry and 

Singer, 1981) have suggested that in the vicinity of the CSPA, most flow is within the top 30 

metres.  

Regional groundwater flow patterns in Precambrian rock are mainly controlled by both 

topography and the density/connectivity of horizontal and vertical fractures. Because of the 

complexity of groundwater flow patterns in Precambrian rock, local scale groundwater 

movement is difficult to describe and predict. At the regional scale, patterns will be similar to 

that observed for porous materials, in that groundwater flow generally moves from areas of high 

elevation to low elevation. As with all areas dominated by exposed or shallow fractured bedrock, 

recharge at the regional level is expected to occur over most of the area.  

However, at the local scale, there will be a tremendous variability in local recharge. Local 

recharge conditions may exist where surface water features are located in local topographical 

depressions. 

Overlying the igneous and metamorphic rocks of the Precambrian shield are sedimentary rocks 

of Paleozoic (Cambrian to Ordovician) age. Deposition of these sediments began approximately 

500 million years ago when a shallow ocean inundated the eastern portion of the ancestral North 

American continent known as “Laurentia”.  

During the development of marine conditions, erosion of the Precambrian land mass resulted in 

the deposition of sands and gravels along its continental shores. East of the Frontenac Axis, these 

Cambrian aged sediments are referred to as the Covey Hill and Nepean Formations, which 

together are often referred to as the Potsdam Group (Williams, 1991) or Nepean Formation 

(Wilson, 1946). For purposes of this report, the Wilson (1946) description will be used.  
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As sea levels increased, and quieter, deeper water environments prevailed, carbonate rich 

sediments were deposited on top of the sandy sediments of the Potsdam Group. East of the 

Frontenac Axis, these deposits formed the Oxford and March Formations. While these carbonate 

sediments were being deposited, the landmass west of the Axis was exposed. It was later 

inundated by an ocean, resulting in the deposition of carbonate deposits (Gull River, Bobcaygeon 

and Verulam Formations) as seas became deeper.  

The Shadow Lake Formation is presently generally west of the arch, and underlies the Gull River 

Foundation. It consists of arkosic siltstones, sandstone and shale and represents the last stages of 

sedimentary inputs of the reworked materials from the Frontenac Axis. Descriptions of the 

formations, and their geology and hydrogeology properties for the eastern and western Paleozoic 

Formations, are summarized in Tables 5-1 and 5-2, respectively.  

Table 5-1: Paleozoic Formations East of the Frontenac Arch 

Formation Description Hydrological Properties 

Oxford  Dolostone and shale interbeds 

 Exposure is limited to far 

eastern portion of the Source 

Protection Area, east and 

north of the City of 

Brockville 

 Reported to be 

moderately permeable 

March  Interbedded sandstone and 

dolostone  

 Thicknesses range from zero 

to 20 metres in Source 

Protection Area 

 Exposed along eastern 

extremes of the Source 

Protection Area 

 Relatively permeable 

when sandstone 

interbeds are present 

Nepean   Well sorted quartz sandstone 

deposited on top of 

Precambrian rock 

 Thickness ranges from zero 

to 50 metres. 

 Groundwater flow 

through pore spaces as 

well as rock fractures 

 Known to be a high 

yielding aquifer. 

 

 

 

 



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

67 

Table 5-2: Paleozoic Formations West of the Frontenac Arch 

Formation Description Hydrological Properties 

Verulam  Layered limestone and shale 

beds Many fossils are found 

in the limestone layer 

 It is exposed mainly in the 

southwestern extremity of 

the Source Protection Area, 

as well as on Amherst Island 

and the southern portion of 

Wolfe Island 

 Well yields are often 

poor, indicating 

relatively low bulk 

permeability (ability to 

transmit water through 

the rock) as compared to 

other Paleozoic rocks in 

the study area 

Bobcaygeon  Limestone with some shale 

content (exposed on Wolfe 

Island and east of Loyalist 

Township 

 Well yield adequate to 

acceptable for domestic 

consumption (10-13 

litres per minute) 

Gull River  Thickly bedded dolomitic 

limestones (slightly different 

chemical structure than 

regular limestone) and shaley 

limestone 

 Exposed in areas west of 

Gananoque 

 Well yield adequate to 

acceptable for domestic 

consumption (10-13 

litres per minute) 

 Formation can be karstic 

(cavernous limestone 

that forms due to 

solution weathering by 

water flow through 

fractures) 

Shadow Lake  Sandstones, siltstone and 

shale 

 It is rarely exposed in the 

Source Protection Area. 

Thickness ranges from zero 

to five metres. 

 Data unavailable. 

 

Groundwater / Surface Water Interaction 

Waterbodies in the area that are identified as potentially having a substantial groundwater 

baseflow component include:  

 The Cataraqui River, Colonel By Lake, Little Cranberry Lake and portions of 

Loughborough Lake (based on the cold water fishery) in the Cataraqui River watershed  
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 Charleston Lake, Fosters Creek, Willy’s Brook, Upper Beverly Lake and Wiltse Lake in 

the Gananoque River watershed 

 Jones, Plum Hollow, Cooligan’s, Golden and Butlers Creeks in the smaller watersheds 

draining to the St. Lawrence River  

 Little, Spring, Thorpe, Wilton, Millhaven and Glenvale Creeks in the smaller watersheds 

draining to Lake Ontario.  

This is based on field work over 2007 to 2009, including water temperature monitoring, and 

measurements for radon concentrations (which are generally higher in groundwater). Mapping of 

groundwater recharges is not yet available for the Cataraqui area, such that this has been listed 

as a data gap in Appendix ‘K-1’.   

Groundwater Flow in the Nepean Aquifer 

The most permeable bedrock material in the CSPA is the sandstone of the Nepean Formation. 

The March Formation is also relatively permeable because of the sandstone layers. These 

formations have a higher permeability largely because of the presence of both primary and 

secondary (fracture) porosity.  

The significance of these formations from both a recharge and vulnerability perspective is 

difficult to quantify. It is possible that these formations are recharged where they are exposed at 

the surface. Where these deposits are buried beneath carbonate rocks, it is speculated that they 

may act as preferential groundwater flow pathways between the lower permeability underlying 

Precambrian shield and overlying Paleozoic carbonate rocks. Therefore, it is possible that 

regional groundwater flow is affected by the fractures in these higher permeability formations.  

Also, the groundwater flow, especially at depth, may not coincide with surface drainage 

patterns. For example, deep groundwater flow in the neighbouring Rideau River watershed may 

be partially recharged in the CSPA watershed where the Nepean and March Formations are 

exposed. Unfortunately, insufficient water level data are available to adequately test this 

assumption at this time.  

Cross-boundary Groundwater Flow 

It is assumed that a component of groundwater flow may be directed northwest from the CSPA 

into the Mississippi-Rideau Source Protection Region ground watersheds through the Nepean 

Formation. The likelihood of this occurrence will depend upon the contrast in permeability of 

the Nepean aquifer and the surrounding rock (Precambrian below and carbonate rock above). A 

higher contrast translates into a greater potential for cross-boundary flow. The contrast will 

largely be a result of the density and connectivity of the fractures within the rock unit. If fracture 

characteristics are the same for all rock formations then the entire groundwater flow system may 

act as one aquifer and the potential for flows across surface watershed boundaries is reduced. 

Cross-boundary flow may also occur at depth, where groundwater flow patterns will reflect 

larger scale topography trends rather than the smaller scale watershed drainage patterns. For 

example, the boundary between the CSPA (Little Creek, Wilton Creek) and Quinte Source 

Protection Region (Napanee River) watersheds may reflect a groundwater flow divide for 

shallow groundwater flow, but at depth, groundwater may flow beneath the Napanee River and 
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discharge to Lake Ontario. Also, groundwater from the Cataraqui Source Protection Area is 

located within the 25 year time of travel for the Westport WHPA (see Section 5.2.5 below). 

Groundwater Flow and Contaminant Transport in Fractured Rock Aquifers 

Groundwater flow and contaminant transport is controlled by the structure of the aquifer and 

water pressure in a given area. Water always flows from high to low areas, following the law of 

gravity. However, the structure and geology of the aquifer can complicate this simple law.  The 

geology of the Precambrian shield in Canada, including the Frontenac Axis in eastern Ontario, 

has a complex history of sedimentation, mountain building, plutonic intrusions, and 

metamorphism that is usually combined as one aquifer system despite this intricate history.  The 

Frontenac Axis is flanked by Paleozoic sedimentary rocks that were laid down in warm, shallow 

seas. 

Groundwater flow in fractured rock aquifers is governed by fracture flow, or secondary porosity.  

Primary porosity is defined as the pore spaces between the grains within the rock while 

secondary porosity are the fractures or cracks in the rock (NRC, 1996).  In fractured rocks in 

Canada, the most dominant water-bearing fractures were created by unloading during glacier 

retreats.  When the weight of two kilometres of ice released pressure on the rock and the land 

rebounded, horizontal fracture features opened up and allowed meteoric water to flow through 

the cracks.  Vertical fractures can be formed by faulting, jointing or during rock formation 

(Lapcevic et al, 1999). 

Aquifer properties can be considered from different perspectives including, recharge, response, 

and discharge (Knustsson, 2008).  Recharge values will be highest where precipitation is high 

and there is very permeable ground.  Response in wells, as water level changes, may be a result 

of low groundwater storage, response to rain events, connectivity to surface flow, and diurnal 

fluctuations.  Discharge to surface water bodies depends on areas of high groundwater levels 

that are geologically connected to lower surface water levels.  In fractured rock aquifers, 

recharge amounts can be very low while response to precipitation events is extremely high 

(Milloy, 2007).  

Contaminant transport in any aquifer can be considered in terms of the source, pathway, and 

receptor, as follows: 

 Source. Potential sources of contamination include agricultural nutrients and pathogens, 

industrial solvents and/or DNAPLs, oil and gas (LNAPLs), cemeteries, and septic tanks.   

 Pathway. The pathway is governed by the groundwater flow path and geological 

structure of the aquifer.   

 Receptor. The receptor is the water body or drinking water well where contaminants are 

discharged and potentially consumed.   

Though recharge to fractured bedrock aquifers can be limited, any open vertical fracture creates 

a high velocity conduit for contamination to reach the drinking water aquifer.  Thus rapid 

recharge to fractured rock aquifers is particularly important, since even small quantities of water 

are capable of transporting potentially detrimental contaminants to the drinking water source 

(Gleeson et al., 2009). 
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Local fracture variability and limited techniques for locating vertical fractures make it very 

difficult to quantify groundwater infiltration to fractured rock aquifers.  Horizontal fractures can 

be more easily located in a drilled well using a down-hole camera, straddle packers or the 

FLUTe system, which is comprised of a plastic liner inserted into the bedrock well while 

changes in water levels are measured. Hydraulic properties of the horizontal fractures can be 

quantified using slug tests, constant head testing, and the FLUTe system.  Vertical fractures can 

be located using similar techniques in angled or horizontally drilled wells (Lapcevic et al., 1999).  

To determine fracture connectivity between wells, pumping tests and pulse interference testing 

can be used (Stephenson et al, 2006).  Locating vertical and horizontal fractures (or both) can be 

fiscally prohibitive.  

At a regional scale, the cost and time constraints make it impossible to delineate fracture 

locations. Considering that any vertical fracture potentially creates a direct, high velocity conduit 

to the aquifer, a conservative approach to delineating HVAs is recommended where insufficient 

protective overburden exists. 

5.1.2 Highly Vulnerable Aquifers 

5.1.2.1 What is a Highly Vulnerable Aquifer (HVA)? 

Sources of groundwater (aquifers) are considered highly vulnerable aquifers when an 

insufficient protective layer exists above the aquifer. Since rocks and sediments are generally 

found in layers, it is ideal to find a layer of clay above the aquifer.  

The speed that groundwater travels depends on the type of materials that the water is flowing 

through (sand, clay, rock), the number and size of the fractures and holes in that material and the 

action of gravity. Since water moves much more slowly through clay than sand or rock fractures 

(over years versus minutes or days), clay is considered a protective material while the sand or 

rock fractures are considered the aquifer. A highly vulnerable aquifer has little or no protective 

layer.  

In defining highly vulnerable aquifers, the most commonly used aquifer is considered. In most 

cases, this is the first aquifer encountered during well drilling, which in the CSPA is typically 

(but not always) the bedrock aquifer. Aquifer vulnerability is assessed for all locations, whether 

or not they are serviced by a drinking water system. 

Considering the complexity of the geology in the CSPA, precise mapping of HVAs is difficult. 

Vulnerability scores, which are largely dependent upon the presence and thickness of overlying 

silt/clay, will vary over very short distances. In order to assess aquifer vulnerability at a property 

scale, additional site-specific information will likely be required. 

5.1.2.2 Delineation and Scoring of Highly Vulnerable Aquifers 

Method: Overview 

The most recent definition of HVAs in the CSPA was completed by Dillon Consulting Ltd. in 

2008 (see Appendix ‘L-8’) and later refined in 2010 by the Cataraqui Region Conservation 

Authority (in consultation with Dillon Consulting Ltd.) for this report.  
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Several methods to delineate high vulnerable aquifers are prescribed by the Technical Rules: 

Assessment Report (MOE, 2009a). An August 26, 2002 amendment to the MOE Intrinsic 

Susceptibility Index (ISI) protocol was used as the preferred method for the CSPA.  It was also 

used in the adjacent source protection regions, which have similar a geology and hydrogeology.  

The method used to prepare the HVAs in the Cataraqui area included the following steps: 

1. The ISI protocol (2002 Amendment) was completed at each of wells (see Map 5-1a) 

2. These results were interpolated (smoothed out using a technique called kriging) to define 

areas of high, medium, and low vulnerability (see Map 5-1b). This map was filtered to 

remove situations in which one or two wells were influencing the result.  

3. The surficial geology was assessed to also define areas of high, medium, and low 

vulnerability (see Map 5-1c) 

4. The ISI and surficial geology maps were overlain to finalize the areas of high, medium, 

and low vulnerability (see Map 5-1d).  

5. The areas of high vulnerability were then transferred to Map 5-1e. 

The execution of each of these steps and the associated maps are described below.  

Method: Amended MOE Intrinsic Susceptibility Index Protocol 

The ISI protocol was developed by the MOE in 2002 to create a consistent approach to aquifer 

vulnerability mapping in Ontario. The method is applied to all provincial groundwater studies. 

Inputs into the protocol calculations included depth to water table, aquifer depth, and 

thickness/material type of overburden overlying the aquifer. The permeability of the overburden 

is a factor of material type and thickness. An August 26, 2002 amendment to the protocol was 

prepared to account for areas with limited overburden and fractured bedrock, such as those found 

in eastern Ontario. 

Aquifer vulnerability is relatively higher in areas where materials overlaying the aquifer are more 

permeable or thinner and in areas where the water table is shallow. In general, the ISI protocol is 

used to describe the vulnerability of the first aquifer encountered below ground surface. The 

protocol is most suited to assessing the vulnerability of an aquifer to contamination from surface 

or near surface sources.  

A summary of the MOE ISI protocol follows: 

 Task 1: Data Preparation  

o Improve quality of MOE Water Well Records and remove suspect records  

 Task 2: Water table Mapping  

o Determine depth to groundwater near each well 

 Task 3: Classification of Aquifers and Calculation of ISI value  

o Identify aquifers in each well, and determine aquifer type  

 (confined, unconfined, semi-confined)  
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o Calculate ISI value at each well. 

 Task 4: Categorize vulnerability of wells based on ISI value 

o ISI less than 30: High Vulnerability 

o ISI 30 – 80: Moderate Vulnerability 

o ISI greater than 80: Low Vulnerability 

 Task 5: Mapping of ISI values map study area based on calculated ISI values to identify 

regions of similar vulnerability. 

The principal source of information for the ISI protocol is the Ontario water well records. 

Information on the observed soil conditions, well construction details and depth of water for each 

well drilled in Ontario is compiled in the MOE Water Well Information System (WWIS). The 

WWIS is created from information provided by the driller at the time of well construction. 

Added to this information is an MOE estimated ground elevation and geographic position for 

each well. Uncertainty in the elevation and geographic location is reflected through the 

assignment of accuracy codes. Information in the well records was enhanced using protocols set 

up by the Geological Survey of Canada, which enhances the accuracy of the original well record 

by simplifying the number of rock and sediment layers reported. 

There are limitations to the amended ISI protocol, such as: 

 the accuracy, completeness and representativeness of the provincial Water Well 

Information System, which is the principal data source, which depends of the records of 

well drillers, and which does not always account for wells that have been 

abandoned/decommissioned, and 

 its lack of consideration for the patterns of groundwater flow. 

It should be noted that hydraulic data from the WWIS was not considered with respect to 

confined or semi-confined aquifers as part of the amended ISI method. All of the limitations are 

discussed in greater detail by Dillon Consulting Ltd. (2008).  

To reduce error in the Water Well Information System records, the data were processed prior to 

interpretation to remove erroneous and suspicious entries, where practical. A total of 15,469 

wells were studied as part of the groundwater vulnerability assessment, out of the approximately 

25,000 water well records that exist for the Cataraqui area (see Table 3-2). Specific wells were 

chosen depending on the quality of the well location information and the application. 

The combination of these limitations will result in variable degrees of uncertainty associated 

with the results of the analysis. In general, the ISI protocol will produce low uncertainty in 

geologically similar areas where wells are closely spaced and tap into the same aquifer. 

Unfortunately, many of these assumptions are not applicable in the CSPA because of the 

complex geology and low density of wells in many areas. Nevertheless, the interpolated ISI 

results, when used in combination with surficial geology information, can be used to assess 

general trends. 
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Method: Assessment of Surficial Geology  

Information from surficial geology maps can be used to qualitatively assess the vulnerability of 

aquifers within the CSPA. These maps are prepared by geologists who specialize in geological 

descriptions of each rock formation. Therefore these maps provide better information about 

shallow geological conditions than using only the water well records. Application of this method 

is especially useful in areas where few wells are present such as on the Precambrian Shield and 

in between settlement. 

Seamless surficial geology maps created by the Ontario Geological Survey were used to identify 

large areas that may have a high vulnerability. The surficial geology mapping was created by 

harmonizing geology maps that were originally created at the 1:50,000 and 1:63,360 scales.  

Areas mapped as predominantly bare rock, shallow overburden (generally less than 1.5 metres 

thick) or sand and gravel were considered to be highly vulnerable because of the lack of low 

permeability deposits, such as clay, that would impede vertical contaminant migration to the 

aquifer below. Classification of vulnerability based on surficial geology is shown in Table 5-5. 

Table 5-3: Vulnerability Ranking by Surficial Geology 

Geological Unit Vulnerability 

Precambrian bedrock  High 

Precambrian bedrock-shallow overburden High 

Paleozoic bedrock  High 

Paleozoic bedrock-shallow overburden  Moderate 

Shield-derived silty to sandy till  Moderate 

Stone-poor silty to sandy till  Moderate 

Ice-contact stratified deposits  High 

Moraines, kames and eskers  High 

Glaciofluvial deposits  High 

Fine grained glaciolacustrine deposits  Low 

Coarse glaciolacustrine deposits  High 

Offshore glaciomarine deposits  Low 

Near-shore glaciomarine deposits  High 

Littoral-foreshore deposits  Moderate 

Eolian Deposits  High 

Modern Alluvium Moderate 

Organic Deposits  Moderate 
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The surficial geology method complements the ISI method by providing excellent regional scale 

data for the top one to 1.5 metres of sediment and bedrock, while the WWIS provides geological 

information to the depth of the well. In addition, the surficial geology assessment provides a 

general identification of overburden type and therefore, the general capacity for the overburden 

to provide a protective cover. 

Assumptions 

As part of the work, all bedrock was considered as one unconfined aquifer. Furthermore, it was 

assumed that aquifer protection is provided solely by overburden materials. No attempts were 

made to differentiate aquifer vulnerability based on overlying lower permeable bedrock zones or 

vertical groundwater hydraulic gradients; however, at the local scale, these conditions would 

influence vulnerability.  

All bedrock aquifers with less than 1.5 or two metres of overburden or with overburden that is 

relatively highly permeable were assumed to be unconfined aquifers. All areas with less than two 

metres of overburden or with overburden that is relatively highly permeable were assumed to be 

highly vulnerable aquifers. 

Rationale for Method and Assumptions 

The amended ISI method and its assumptions were selected to reflect the complex geologic 

setting of eastern Ontario. The extensive delineation of HVAs for eastern Ontario is appropriate 

from a scientific perspective, since: 

 In most locations there is a limited cover of overburden to prevent contaminants from 

entering into the groundwater 

 Although our knowledge is incomplete, fracturing has been observed in the shallow and 

deep bedrock of eastern Ontario, including the Canadian Shield and shallow limestone 

areas, and it is reasonable to assume as part of groundwater vulnerability assessments that 

fractures may exist under any location across the source protection areas and that the 

bedrock is an unconfined aquifer, and 

 Research to‐date in eastern Ontario has demonstrated that the presence of vertical 

fractures creates a direct, high velocity conduit to the drinking water aquifer. 

For example, in the CSPA two municipal water systems show evidence of contamination due to 

the vulnerability of fractured rock aquifers:   

 At Lansdowne, there is significant evidence that suggests a direct connection from 

ground surface to the supply wells. Geofirma Engineering Ltd. (2011) has classified the 

wells as potentially GUDI, even though there are no adjacent water bodies, because of 

continued positive bacteriological results in the supply wells.  Cascading water has also 

been reported in the supply wells at a depth of six metres below ground surface at a rate 

of 45 litres per minute (Malroz Engineering Inc., 2003).  It is suspected that this fracture 

represents a direct pathway from ground surface to the well. 

 At Sydenham, individual private homeowners’ wells have been plagued with nitrate and 

bacteriological contamination for many years due to connections between septic tanks 
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and drinking water wells.  Of the 210 private wells in Sydenham, 25 wells are drilled 

directly on bedrock, while 185 contain an average of three metres of overburden. Lot 

sizes are on average 0.1 hectares. Water quality surveys were completed in 1966, 1970, 

1972, 1981, 1983, and 1997; the 1983 and 1997 studies found exceedances the Ontario 

Drinking Water Standards (ODWS) in up to 50 per cent of wells sampled. Through these 

studies, TSH Associates (2001) concluded that that a drinking water treatment plant with 

an intake from Sydenham Lake would solve the drinking water contamination issues. 

The drinking water treatment plant has been online since 2006, however septic tanks 

remain in use, suggesting that nitrate and bacterial loading is still occurring in the 

fractured rock aquifer. 

Execution of Combined ISI and Surficial Geology Method 

The following section details the methods and results of the combined ISI and surficial geology 

method that was used to produce the HVA map (Map 5-1e). 

Execution of Steps 1 and 2: Intrinsic Susceptibility at the Wells  

Mapping of aquifer vulnerability at individual public and private wells using the ISI protocol is 

shown in Map 5-1a. The map shows that the majority of wells are deemed to have high aquifer 

vulnerability. A breakdown of the number of wells assessed and the overall percentage of low, 

moderate and high vulnerability wells is shown in the table below.  

Overall, the majority (84 per cent) of the 15,469 wells studied received a high vulnerability 

ranking. Moderate to low vulnerability conditions were detected in some wells, but the 

occurrence of these conditions were generally isolated and discontinuous. 

Map 5-1b shows the use of an interpolation technique (called kriging) to smooth out the values 

between individual wells. The results of this step point to the majority of the CSPA being 

considered a highly vulnerable aquifer.  

Execution of Step 3: Surficial Geology Assessment 

Aquifer vulnerability assessment results based on the surficial geology is shown in Map 5-1c, 

with 61 per cent of the CSPA considered high vulnerability, 23 per cent moderate, and 16 per 

cent as low vulnerability over a total area of 3,751 square kilometres. 

Areas of high vulnerability correspond with shallow bedrock that is either exposed or thinly 

covered with glacial drift. Moderate vulnerability was mapped in areas where the bedrock is 

buried beneath glacial till. Areas that are overlain by glaciolacustrine silts and clays are deemed 

to have low vulnerability. Low vulnerability conditions exist in portions of mainland Loyalist 

Township, Amherst and Wolfe Islands, the City of Kingston and the Township of Leeds and the 

Thousand Islands. In general, many of the areas of low to moderate vulnerability are isolated and 

discontinuous, reflecting the complex surficial geology of the area.  

The surficial geology method does not take into account the thickness of the overlying material, 

but rather its spatial extent only. As a result, many of the areas that are mapped as moderate to 

low vulnerability will likely have a low accuracy because low permeability materials may only 

be thin and not provide adequate protection of the underlying aquifers from contamination. 
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Execution of Step 4: Overlay of the ISI Protocol and Surficial Geology Assessment  

In accordance with the 2002 amendment to the ISI protocol, the interpolated Intrinsic 

Susceptibility Index map (Map 5-1b) was overlain with the surficial geology assessment (Map 

5-1c) to produce Map 5-1d. 

Execution of Step 5: Extent of Highly Vulnerable Aquifers 

The extent and vulnerability scoring of highly vulnerable aquifers is shown in yellow on       

Map 5-1e. It is based on the understanding that:  

 This map has a high uncertainty, such that portions of the remainder of the CSPA may 

also be highly vulnerable to contamination, 

 Conversely, some wells may have been determined to have low or moderate aquifer 

vulnerability under the original ISI methodology may be designated as highly vulnerable 

aquifers under the method used in the Cataraqui area, and 

 The vulnerability of any given location should be confirmed through site-specific 

investigation.  

Under the Technical Rules: Assessment Report (MOE, 2009a), all areas that are considered to be 

HVAs are automatically assigned a vulnerability score of six out of ten. 

5.1.2.3 Drinking Water Issue Evaluation for Highly Vulnerable Aquifers (HVAs) 

While recent groundwater quality data for the Cataraqui area are sparse, an evaluation of 

available data revealed region-wide drinking water issues with microbiological contamination 

and elevated chloride, sodium, and nitrate. These findings are described in detail in the Cataraqui 

Source Protection Area Watershed Characterization Report (CRCA, 2008) and are summarized 

below.  

Sodium and Chloride 

The Ontario Drinking Water Standard (ODWS) for sodium in drinking water is 200 milligrams 

per litre (aesthetic objective where a salty taste can be detected); however the ODWS health 

objective is 20 milligrams per litre (Appendix ‘C-2’, Table 2 and within the Cataraqui Source 

Protection Area Watershed Characterization Report (CRCA, 2008)). Levels of sodium in the 

CSPA watershed are well below the upper limit of 200 milligrams per litre yet concentrations 

commonly exceed 20 milligrams per litre (the health-related warning level) throughout the 

Western Cataraqui Region Groundwater Study area (Trow Associates Inc., 2007) and in 

Provincial Groundwater Monitoring Network (PGMN) wells located in Loyalist Township and at 

the Mac Johnson Wildlife Area near Brockville. The United Counties of Leeds and Grenville 

Groundwater Management Study (Dillon Consulting Ltd., 2001) also revealed areas with sodium 

concentrations exceeding 20 milligrams per litre in 70 per cent of wells sampled and 200 

milligrams per litre in ten per cent of wells sampled in the local area between Mallorytown and 

Brockville.  

Chloride concentrations exceeding 250 milligrams per litre (the ODWS aesthetic objective) have 

been found in private wells throughout the Cataraqui area. This includes wells in the vicinity of 

Odessa, Westbrook, Elginburg, Sydenham and Harrowsmith (Trow Associates Inc., 2007), the 
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area between Mallorytown and Brockville (Dillon Consulting Ltd., 2001) and the PGMN well in 

Loyalist. 

Sources of sodium and chloride in groundwater may be both natural and human-related. The 

weathering of rocks may cause naturally high concentrations of sodium and/or chloride in 

groundwater; whereas, human sources include sewage, road salt, de-icing compounds, and the 

discharge of conditioning salts from water softeners.   

Nitrate 

The ODWS maximum acceptable concentration of nitrates in drinking water is ten milligrams 

per litre (Appendix ‘C-2’, Table 2 and within the Cataraqui Source Protection Area Watershed 

Characterization Report (CRCA, 2008)). Nitrate concentrations of over ten milligrams per litre 

have been sampled in private wells in Verona (KFL&A, 1994), Sydenham (Malroz Engineering 

Inc., 2002), six per cent of wells tested in the Western Cataraqui Region Groundwater Study area 

(Trow Associates Inc., 2007), and 15 per cent of wells sampled on farms in the jurisdiction of the 

Kingston, Frontenac, Lennox & Addington Health Unit (KFL&A, 1994). 

Sources of nitrate may be natural or human sourced and include the weathering of nitrate-

containing mineral formations, decay of plant and animal material, agricultural fertilizers, and 

effluent from septic systems and sewage treatment plants. 

Microbiological 

Areas of microbiological contamination have been identified in Harrowsmith, Sydenham 

(KFL&A, 1994) and other areas throughout the Western Cataraqui Region Groundwater Study 

area (Trow Associates Inc., 2007). Historically, microbiological contamination has also been 

found on Amherst Island (MOE, 1985), other areas in Loyalist Township (OMM, 2001), and 

throughout the jurisdiction of the Leeds and Grenville District Health Unit (Dillon Consulting 

Ltd., 1993). 

The presence of total coliform, fecal coliform or Escherichia coli in groundwater is an indication 

of the presence of human and animal waste; however, total coliform bacteria may also be 

naturally occurring in soil and water. 

5.1.2.4 Threat Assessment 

Initial watershed surveys were completed for the entire Cataraqui area in advance of the 

Technical Rules: Assessment Report (MOE, 2009a). All of the 21 prescribed drinking water 

threats could be associated with the activities observed within the HVAs and SGRAs within the 

Cataraqui area. 

Since the vulnerability score for a HVA is a six out of ten, according to the Technical Rules, it is 

not numerically possible to have a significant drinking water threats in these areas. Areas where 

moderate and low threats related to chemicals, pathogens and DNAPLs can occur are shown in 

Maps 5-2, 5-3, and 5-4. Areas where conditions may be moderate or low threats are shown in 

Map 5-5. As the assessment of significant drinking water threats is the primary focus of this 

report, further investigation into the specific locations of moderate and low threats for HVAs did 

not occur at this time.  
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5.1.3 Significant Groundwater Recharge Areas (SGRAs) 

5.1.3.1 What is a Significant Groundwater Recharge Area? 

An aquifer is an area of soil or rock under the ground that has many cracks and spaces and has 

the ability to store water. Water that seeps into an aquifer is called recharge. Much of the natural 

recharge of an aquifer comes from rain and melting snow. The land area where the rain or snow 

seeps down into 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 with shallow fractured bedrock are also often recharge areas. 

A recharge area is considered significant when it provides high volumes of water to an aquifer 

that supplies drinking water. Identification of SGRAs in the CSPA is challenging. Bedrock 

comprises the main aquifer in the region, and it has a relatively low permeability. Flow within 

this aquifer is through fractures that have complex spatial distributions. Groundwater recharge is 

expected to occur at a low rate, but to be widespread and diffused across a large area. 

Furthermore, the irregular topography in the Precambrian Shield appears to produce locally 

controlled flow systems rather than watershed scale recharge and discharge areas.  

Some initial field verification of the soil components of potential SGRAs was conducted during 

the 2009 field season. Soil conditions at more than 300 sites in the eastern area of the CSPA 

were examined, and almost all were confirmed to have the soil as noted in the surficial geology 

mapping. This built upon the preliminary estimates of potential significant groundwater 

recharge areas prepared by Dillon Consulting Ltd. (2008). Further work will be required to 

confirm these initial findings. 

5.1.3.2 Delineation and Scoring of Significant Groundwater Recharge Areas 

The delineation and scoring of SGRAs is based on methods that are prescribed by the Ontario 

government in the Technical Rules: Assessment Report (MOE, 2009a). According to the Rules, 

each SGRA must be tied to either a drinking water system, or a surface water body or aquifer 

that is the source for a drinking water system. 

There are several methods that investigators can consider for mapping SGRAs. Where high 

quality borehole and water level data are available, SGRAs can be produced using groundwater 

flow modeling. For areas such as the Cataraqui, where groundwater data are sparse and of lower 

quality, and where no regional groundwater flow model exists, other methods may be used. The 

two methods prescribed by the Ontario government for use in this report are: 

 Technical Rule 44(1): use by-products of the regional water budget process to map areas 

where the recharge rate is greater than 1.15 times the average annual recharge 

 Technical Rule 44(2): use by-products of the regional water budget process to map areas 

where the calculated recharge is greater than 55 per cent of the annual water surplus. 

These methods are based mainly on surficial permeability, slope, and land cover. The 

predominant influence is the distribution of permeable soils. Applying these methods relies on 

estimates from the Conceptual Water Budget that introduce uncertainty.  
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Technical Rule 44(1): Recharge Rate  

This method is based on the outputs of the conceptual water budget undertaken by the Cataraqui 

Region Conservation Authority (CRCA) in 2007 (CRCA, 2009). Other aspects of the study are 

described in Chapter 3. The method was developed for areas where the recharge rates within the 

source protection areas are similar. This method can assist in distinguishing between high versus 

low recharge even when narrow ranges in recharge rates exist across an area. 

Mapped SGRAs are produced through manipulation of the recharge information that was 

developed for the watershed water budget analysis in a GIS environment. Areas that have an 

infiltration value greater than 1.15 times the annual recharge rate over the entire CSPA are 

identified as a potential SGRA. Each area on this map is tied to either a drinking water system, or 

a surface water body or aquifer that is the source for a drinking water system. 

Technical Rule 44(2): Recharge Volume 

This method is also based on the outputs of the conceptual water budget undertaken by the 

CRCA in 2007 (CRCA, 2009). The method corresponds with earlier provincial guidance 

(MOEE, 1995), which calculates a percentage of the available water as infiltration. It was 

recommended by the MOE where detailed groundwater models are not present and where there 

are only subtle changes in estimated recharge rates. Considering the latter assumption and the 

complex physiography of the watershed, this method may not be reflective of the study area.  

Mapped SGRAs are produced through manipulation of the infiltration and surplus water map 

and the surplus information that was developed for the watershed water budget analysis in a GIS 

environment. Areas that have an infiltration value greater than 55 per cent of the annual average 

water surplus over the same area are identified as a potential SGRA. Each area on this map is tied 

to either a drinking water system, or a surface water body or aquifer that is the source for a 

drinking water system. The reader is referred to the Drinking Water Source Protection Water 

Budget Conceptual Report (CRCA, 2009) report for supporting information. 

Conclusion: Extent of Significant Groundwater Recharge Areas 

Map 5-6 depicts the results of applying the Technical Rule 44(1) method to the CSPA, and Map 

5-7 illustrates the resulting SGRAs.  

The SGRAs delineated through this method cover a slightly larger area than those resulting from 

Technical Rule 44(2). A more conservative approach was deemed appropriate given the 

uncertainty in our understanding of the regional hydrogeology, and the importance of local 

recharge in the CSPA. The uncertainty, as per Technical Rules 13 and 14, with respect to the 

delineation of the SGRAs is considered high. 

Under the Technical Rules: Assessment Report (MOE, 2009a), areas that are considered to be 

SGRAs are assigned vulnerability scores of six, four or two out of ten, depending on the 

vulnerability of the area (see Map 5-7). The uncertainty as per Technical Rules 13 and 14, with 

respect to the vulnerability scoring of the SGRAs is considered high. This reflects the high 

uncertainty of the aquifer vulnerability assessment in Section 5.1.2. 
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Other Considerations for Significant Groundwater Recharge Areas 

Areas that have the greatest potential for recharge are thought to be topographically elevated 

locations where coarse-grained geological materials are present at surface. In the CSPA, this 

includes locations where the Nepean Formation and permeable horizons of the March Formation 

are either exposed or are covered by permeable materials, in northeastern part of the area. This 

topic was explored by Dillon Consulting Ltd. in their 2008 report, which includes a map of such 

locations in the CSPA. 

The role of recharge in the large areas of shallow to exposed bedrock is uncertain. In many 

cases, these lands are characterized by small and poorly connected lakes, rivers, swamps and 

local surface depressions. While high rates of recharge may not occur in any particular location, 

significant volumes of recharge likely occur at the watershed and local scale. Where these 

surface depressions are connected to fracture networks in the bedrock, groundwater contribution 

from these features would be enhanced. 

Recharge that is thought to support ecological features was identified in two locations; cool-

water streams near South Lake and Wilton Creek. Cold-water lakes are present in several 

locations, but their sensitivity to groundwater input is unclear. Four wetlands were identified; 

Butternut Creek, Eel Bay/Sydenham Lake, Kingston Mills and Loon Lake wetland, as being 

reliant on groundwater inputs. Numerous other surface water bodies were identified as potential 

groundwater discharge areas based on water table gradient information, water temperature 

information, and isotope concentration in surface water; however, the sensitivity of these 

features to groundwater is not yet understood. 

5.1.3.3 Drinking Water Issue Evaluation 

While recent groundwater quality data for the Cataraqui area are sparse, an evaluation of 

available data revealed region-wide drinking water issues with microbiological contamination 

and elevated chloride, sodium, and nitrate. These findings are described in detail in the Cataraqui 

Source Protection Area Watershed Characterization Report (CRCA, 2008) and are summarized 

in Section 5.1.3.2 above.  

5.1.3.4 Threat Assessment 

Initial watershed surveys were completed for the entire Cataraqui area in advance of the 

Technical Rules: Assessment Report (MOE, 2009a). All of the prescribed and local drinking 

water threats could be associated with the existing activities observed within the identified 

SGRAs in the Cataraqui area. 

Since the highest vulnerability score possible in a SGRA is a six out of ten, it is not numerically 

possible to have a significant drinking water threats in these areas (see Map 5-7). Areas where 

chemicals, pathogens and DNAPLs may be moderate and low threats are shown in Maps 5-8, 5-

9 and 5-10. Areas where conditions may be moderate or low threats are shown on Map 5-11, 

respectively.  

As assessment of significant drinking water threats is the primary focus of this report, further 

investigation into the specific locations of moderate and low threats within SGRAs did not occur 

at this time.  
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5.1.4 Conclusions and Next Steps 

The complex geology of the CSPA, comprised largely of shallow glacial soils over vulnerable 

bedrock aquifers, creates an environment where aquifers are generally highly vulnerable to 

surface contamination and SGRAs are difficult to quantify. The work outlined above represents a 

first attempt at delineating highly vulnerable aquifers and SGRAs. 

Base estimates from the Conceptual Water Budget used in the application of Technical Rules 

44(1) and 44(2) have uncertainties in the ten per cent and greater range, and bring those 

uncertainties to the SGRA identification. Uncertainty analyses within the Groundwater 

Vulnerability Analysis Report (Dillon Consulting Ltd., 2008) indicate that a high level of 

uncertainty is associated with the mapping of low to moderate vulnerability areas using the 

surficial geology and a general lack of high quality water level data within the MOE water well 

database. Due to the assigned high uncertainty, HVAs and SGRAs should be subject to site-

specific hydrogeological assessment and risk assessment before proceeding with any 

development that may impact the groundwater. 

Peer review of this work was completed by members of the water budget peer review team in 

2008. Comments were integrated into the final report. Generally, peer review indicated that 

limitations exist in methodologies used and uncertainty must be acknowledged. 

Understanding recharge in fractured rock aquifers is a challenge, since recharge is isolated to 

open fractures that must be connected to the surface or the overlying soil. The open fractures 

provide a conduit for recharge, but also for surface contamination. Due to the complex flow 

characteristics in the watershed, the mapped SGRAs will require confirmation through further 

investigation and ground-truthing over time. To further understand recharge in these complex 

geologic environments, hydrogeological modeling at the regional scale may be warranted.  

Groundwater modeling could be used to examine regional flow in the Nepean Formation by 

modeling various scenarios of recharge, gradient and permeability contrasts. Isotopic 

groundwater analysis could also be used to map groundwater flow pathways, since groundwater 

has a different isotopic signature than surface water. 

Groundwater modeling largely depends on accurate, useful data collection, including water 

quality data and water level elevations. To create a high quality, useful groundwater model, 

effort will be required to collect water level elevations on a regional scale, at static conditions, 

during a short window of time. 

5.2 Wellhead Protection Areas 

5.2.1 Overview 

5.2.1.1 What is a Wellhead Protection Area? 

A wellhead is the physical structure of a well above ground. A wellhead protection area 

(WHPA) is the area around the wellhead where the land use activities have the potential to affect 

the quality of water that flows into the well. 

Municipalities often rely on wells to supply drinking water to their residents. To protect the 
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health of the people in a community, it is important to protect groundwater from becoming 

polluted. That job starts with protecting the land around the well. Pollutants spilled or dumped on 

the surface can seep into the ground and eventually make their way into the well, sometimes over 

a period of many years. Once that happens, the well may have to be closed down, or the water 

may have to undergo additional treatment in order to be used. It can be costly and time 

consuming to clean up polluted groundwater or find new sources of clean water. 

A WHPA is delineated by mapping the geology and groundwater levels surrounding the 

wellhead and using this information to create a mathematical model. The mathematical model is 

used to predict the speed at which the groundwater is flowing toward the well and from which 

direction, depending on the pumping rate at the municipal well supply. 

When water is pumped continuously from a well, the water level in the well decreases and 

creates a downward gradient towards the well, which continuously draws water from further 

afield. The speed that water travels towards the well depends on the type of materials that the 

water is flowing through (sand, clay, and rock), the number and size of the fractures and holes in 

that material and the action of gravity. 

Using the mathematical model, a series of zones are delineated based on the time it would take 

groundwater and a contaminant to travel to the wellhead. The zones are as follows: 

 WHPA ‘A’ is the surface and subsurface area centred on the well with an outer boundary 

of 100 metre radius around the wellhead 

 WHPA ‘B’ is 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’  

 WHPA ‘C’ is 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 

 WHPA ‘D’ is 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 

 WHPA ‘E’ is delineated in a similar manner to intake protection zone 2 (as if the intake 

were located at the point of interaction between the surface water and  groundwater; or, if 

the point of interaction is not known, as if the intake were located at the closest point in 

the waterbody to the well of the surface water body that is influencing the well  

designated as “groundwater under the direct influence of surface water (GUDI)”)   

 WHPA ‘F’ is delineated according to intake protection zone 3. It is based as if an intake 

for the system were located in the surface water body influencing the well at the point 

closest in proximity to the well to account for wells supplies designated as “groundwater 

under the direct influence of surface water (GUDI)”. It is intended to capture additional 

areas that contain the source of a drinking water issue in the untreated water. 

5.2.1.2 Vulnerability Scoring 

The vulnerability of the aquifer to contamination can be assessed within the delineated zones of 

the WHPA. If contaminants can infiltrate through the ground and into the aquifer, then wells that 

use that aquifer could become polluted. Studying aquifer vulnerability within mapped WHPAs 
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can identify areas where extra care is needed to protect the water supply. If an aquifer allows 

water to enter and move through it quickly, like through sand, gravel or a rock fracture, then it is 

said to be highly vulnerable. However, if it repels water, such as when there is a lot of clay 

present then it would be assigned a lower vulnerability score.  

The Technical Rules: Assessment Report (MOE, 2009a) under the Ontario Clean Water Act, 

2006 set out a process for scoring vulnerability within a WHPA. It is based on the combination 

of aquifer vulnerability and overlapping WHPAs. Simply put, the more vulnerable the aquifer 

and the closer proximity to the well, the higher the vulnerability score. 

To produce a vulnerability scoring, the first step is to determine how easily contaminants can 

infiltrate into the aquifer. Vulnerability values can be assigned as low, medium or high for 

specific locations.  

The next step is to determine if human activity in the WHPA has altered the landscape making it 

easier for contaminants to reach the aquifer. These alterations are called transport pathways. As 

outlined in the Technical Rules: Assessment Report (MOE, 2009a), the presence of transport 

pathways within a WHPA can increase the vulnerability. An area with low vulnerability can 

increase to medium, and an area with medium vulnerability can increase to high. Areas that are 

already high cannot increase any more. Once the vulnerability of the aquifer has been finalized, 

the last step is to combine it with the WHPAs to determine final vulnerability scores for the 

WHPA. Table 5-4, below, shows the scoring system laid out in the provincial Technical Rules. 

Possible vulnerability scores are two, four, six, eight, and ten. A score of ten is highest, 

indicating an area where drinking water is most vulnerable to contamination.  

Table 5-4: Wellhead Protection Area Vulnerability Scores   

Vulnerability 

Wellhead Protection Area 

WHPA ‘A’ 

(100 metres) 

WHPA ‘B’ 

(2 year) 

WHPA ‘C’ 

(5 year) 

WHPA ‘D’ 

(25 year) 

HIGH 10 10 8 6 

MEDIUM 10 8 6 4 

LOW 10 6 4 2 

5.2.1.3 Well Supplies in the Cataraqui Source Protection Area 

There are four well supplies for which WHPAs have been delineated in the CSPA. The Cana, 

Lansdowne and Miller Manor Apartments wells and WHPAs are located entirely within our 

area; whereas, the Westport wells are located in the neighbouring Mississippi-Rideau Source 

Protection Region, with only a small portion of WHPA ‘D’ extending into this area. The 

classification, number of residents served and locations of the municipal residential well supplies 

in our area are given in Table 5-5.  
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Table 5-5: Groundwater Supply Well Summary Information 

Drinking Water System DWS Information 

Cana Well Supply (DWS# 2200060538001) 

 Location Kingston Mills, City of Kingston 

 Population Served 32 subdivision homes (1) 

 Area Served 0.1 km2 

 Classification (O.Reg. 170/03) Small municipal residential system (2) 

 Supply Well Location Northern part Lot 40, Concession IV, Kingston Twp 

 Average Annual Volume (m3) 8,410 (3) 

 Average Monthly Volume 701 (3) 

 Monitoring Well Locations None designated 

Lansdowne Well Supply (2 wells) (DWS# 210001022) 

 Location Lansdowne, Leeds and Thousand Islands Township 

 Population Served 735 people served in the village of Lansdowne (4)  

 Area Served 1.44 km2 

 Classification (O.Reg. 170/03) Large municipal residential (5) 

 Supply Well Location Southern part of Lot 18, Concession III, Lansdowne 

 Average Annual Volume (m3) 71,363 (6) 

 Average Monthly Volume 5,947 (6) 

 Monitoring Well Locations MW1: 419286 mE, 4917737 mN 

MW2: 419287 mE, 4917737 mN 

MW3: 419328 mE, 4918047 mN 

MW4: 419328 mE, 4918049 mN 

MW5: 419003 mE, 4917895 mN 

Potential future wells shown in Fig. 2 of Malroz (2008) 

Miller Manor Apartments Well Supply (DWS# 260006958) 

 Location Mallorytown, Leeds and Thousand Islands Township 

 Population Served 17 unit residential apartment building in Mallorytown  

 Area Served 0.0076 km2 

 Classification (O.Reg. 170/03) Small municipal residential (7) 

 Supply Well Location Northern part Lot 22 Broken Front, Yonge Township 

 Average Annual Volume (m3) 26.6 m3/day (8) 

 Average Monthly Volume n/a 

 Monitoring Well Locations None designated 

1. Cana Well Supply – Drinking Water System Inspection Report, Ontario Ministry of the Environment, November 24, 2009 

2. Utilities Kingston 2009 Annual Report – Cana Water Treatment System, Utilities Kingston, December 31, 2009 

3. Utilities Kingston website or file provided by Utilities Kingston 

4. Lansdowne Well Supply – Drinking Water System Inspection Report, Ontario Ministry of the Environment, November 

2009 

5. Lansdowne Annual Report, Leeds and the Thousand Islands, December 31, 2008 

6. Ontario Clean Water Agency 

7. Miller Manor Apartments Well Supply – Drinking Water System Inspection Report, Ontario Ministry of the Environment, 

September 15, 2009 

8. Miller Manor Apartments Wellhead Protection Area Study, Golder Associates Ltd., July 2009 
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5.2.1.4 Transport Pathways within Wellhead Protection Areas 

As discussed in Section 5.2.1.2, vulnerability scoring is determined based on how easily 

contaminants can infiltrate into an aquifer as well as the presence of human-produced alterations. 

These anthropogenic alterations are termed transport pathways and can include ditches, 

pipelines, utility trenches, tile drains, sewer networks and other human-made features where 

water and other substances can potentially flow. The presence of a transport pathway can 

potentially increase the vulnerability scoring by producing additional conduits that could 

infiltrate to our drinking water supply.  

The presence of a transport pathway alone does not increase the vulnerability rating 

automatically, but rather has to be determined significant enough to warrant an increase. The 

determination and assignment of vulnerability ratings and the specific locations of the transport 

pathway for each of the WHPAs are described in the subsequent sections below. 

The following table indicates the presence of transport pathways (as well as watercourses) for 

each WHPA within the CSPA. 

Table 5-6: Transport Pathways & Watercourses in WHPAs 

Well Supply 
Transport Pathways Watercourses 

Ditches Sewers Utility 

Trenches 
Wells Streams 

Cana*      

Lansdowne      

Miller Manor      

* The watercourse in Cana represents a drainage swale  

5.2.2 Cana Well Supply, City of Kingston 

5.2.2.1 The Drinking Water System and Its Context  

Located in the northeastern part of Kingston, the Cana subdivision is a small residential 

community that was established as a cooperative development in the early 1950s (Trow 

Associates Inc., 2007). It is situated in the triangular area west of Highway 15, south and east of 

the Rideau Canal and north of Kingston Mills Road. Utilities Kingston operates a groundwater 

well, a water treatment plant (WTP) and a sewage treatment plant (located less than 100 metres 

west of the well) at this location. These facilities provide service to approximately 32 households 

in the community. The drinking water system is owned by the City of Kingston. 

Drinking water for the Cana subdivision was formerly treated only with primary disinfection. 

Since late 2008, potable water has been supplied from a new well and a new WTP that includes 

both primary and secondary disinfection and polishing filters for iron removal. There is no water 

softening treatment method present at this time.  
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A Phase 1 WHPA study, which was completed as part of the Western Cataraqui Region 

Groundwater Study (Trow Associates Inc., 2007), provides general information about potential 

threats to the water supply in the area. A Phase 2 WHPA study was conducted by Golder 

Associates Ltd. (2009a) to delineate the well capture zones and to provide detailed information 

about aquifer vulnerability. The Cana Subdivision Wellhead Area Protection Study by Golder 

Associates Ltd. is included in Appendix ‘L-9’. 

The Cana supply well (18.6 metres deep) was drilled in November 2001 as a test well and was 

commissioned for use as a supply well in late 2008. According to the MOE well record, the well 

has 6.6 metres of steel casing. In order of increasing depth, the deposition of geologic materials 

include 2.4 metres of clay, 1.1 metres of sand, 3.8 metres of sandstone, and 11.3 metres of 

granite. At the time of drilling, the static water level was measured to be 2.2 metres below the 

top of the well casing, and water-bearing zones were encountered at 13.4 metres and 14.3 metres 

below the surface of the ground (Trow Associates Inc., 2004). 

The surficial geology, bedrock geology, hydrogeology and physiography of the area surrounding 

the Cana drinking water system are described by Golder Associates Ltd. (2009a). 

5.2.2.2 Delineation of the Wellhead Protection Area  

Golder Associates Ltd. (2009a) completed the Cana Subdivision Wellhead Protection Area Study 

using the following methods:  

 a field component included a private well survey and transport pathway mapping 

 a conceptual model describing the geological and hydrogeological system was developed 

through synthesis of existing data 

 the well capture zones were delineated using calibrated three-dimensional numerical 

models with reverse particle tracking. The models were developed using MODFLOW 

(McDonald and Harbaugh, 1988)  

 WHPA ‘A’, ‘B’, ‘C’ and ‘D’ were delineated using a weighted scenario approach 

 WHPA ‘E’ was delineated to account for a “groundwater under the direct influence of 

surface water (GUDI)” designation  

 groundwater vulnerability mapping was performed using the Intrinsic Susceptibility 

Index (ISI) protocol  

 vulnerability scores were calculated.  

The results of the WHPA delineation are summarized herein. The vulnerability mapping and 

scoring, drinking water issue evaluation and threat assessment are described below.  

During the conceptual model development, hydrogeological and geological information from the 

WWIS was used to create northeast-southwest and northwest-southeast cross-sections (Golder 

Associates Ltd., 2009a). Six hydrogeological units were represented:  

 clay (at the ground surface)  

 sand 
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 limestone 

 sandstone 

 weathered Precambrian bedrock  

 un-weathered Precambrian bedrock. 

Contours of groundwater elevation were also inferred from the WWIS dataset. Groundwater 

recharge and discharge were assumed to occur at local uplands and lowlands (wetlands and 

streams), respectively (Golder Associates Ltd., 2009a). 

A calibrated base case numerical model (a foundation model) was developed to simulate the 

observed groundwater elevations, inferred from the WWIS. Two additional scenarios were used 

to account for the uncertainty of some variables; the groundwater recharge rates and the 

hydraulic conductivity of the Precambrian bedrock (Golder Associates Ltd., 2009a). The models 

were run with the supply well pumping at 20 per cent greater than historical rates, to account for 

any future increased water usage in the Cana subdivision (although there is presently no plan for 

increased usage). Reverse-particle tracking (particles released in the supply well and their 

locations traced backwards through time) was conducted to determine the well capture zones 

(zero to two years, two to five years and five to 25 years) for each of the modeled scenarios.  

WHPA ‘A’ was delineated at a radius of 100 metres from the supply well. WHPAs ‘B’, ‘C’ and 

‘D’ were then mapped by drawing smooth polygons around the appropriate delineated capture 

zones. Professional judgment was used to determine the weighting of the capture zones from 

each of the three simulated scenarios to the final delineation of the WHPAs.  

A limited GUDI assessment of the supply well was conducted, which resulted in a designation of 

potentially GUDI (Golder Associates Ltd., 2009a). The assessment was based on a review of 

existing data and previous research on the supply well, with reference to the GUDI criteria 

defined in Ontario Regulation 170/03 and the Terms of Reference for the Hydrogeological Study 

to Examine Groundwater Sources Potentially Under the Direct Influence of Surface Water 

(MOE, 2001).  

The GUDI designation for the Cana Well Supply was based on the following factors: 

 the detection of total coliforms in the raw water 

 the shallow depth of the well and; 

 the proximity of a watercourse (drainage swale) to the well.  

For the delineation of WHPA ‘E’ it was assumed that the point of interaction between surface 

water and groundwater was the point at which WHPA ‘A’ intersected with the watercourse 30 

metres to the south of the well (Golder Associates Ltd., 2009a). Please refer to the inset maps 

within Maps 5-14 to 5-18 for the delineation of WHPA ‘E’. If deemed necessary in future work, 

a WHPA ‘F’ will be delineated in conjunction with the delineation of an issue contributing area, 

as discussed in Section 5.2.2.4 below. 

The final delineated WHPA for the Cana Well Supply is shown in Map 5-12. The total length of 

the WHPA is approximately 1.2 kilometres, and is oriented from the well towards the southeast. 
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The shape of the WHPA is based on the groundwater flow direction, water velocities, gradient, 

and hydraulic properties of the soil and rock. According to Golder Associates Ltd. (2009a), the 

Cana sewage treatment plant, private residences, industrial areas, natural areas and transportation 

corridors are all within the delineated WHPA. Golder Associates Ltd. assigned a low uncertainty 

rating to all of the zones.  

5.2.2.3 Vulnerability Scoring  

A local assessment of groundwater vulnerability was completed for the Cana area, 

supplementing the Cataraqui-wide assessment that is discussed above. Golder Associates Ltd. 

(2009a) used two steps to assign vulnerability scoring for the Cana WHPA. First, the ISI 

protocol was used to conduct vulnerability mapping in WHPAs ‘A’ through ‘D’ (see Map 5-13). 

The ISI was calculated on the basis of the thickness of the clay layer and a K-Factor of six, 

which resulted in zones of medium and high vulnerability. This approach assumes that the 

weathered Precambrian is directly connected to the sand overburden (Golder Associates Ltd., 

2009a). It is consistent with the Cataraqui-wide assessment of aquifer vulnerability that is 

described in Section 5.1.2. 

Second, Golder Associates Ltd. considered the affect of transport pathways on the ISI results. 

The results of the private well survey and an additional transport pathways survey were used to 

identify potential transport pathways in the vicinity of the Cana well supply. Golder Associates 

Ltd. (2009a) observed four groundwater supply wells located at houses and buildings throughout 

the WHPA.  It is estimated that there are up to six additional wells southeast of the subdivision, 

within the WHPA. In addition, there are also buried utility trenches, water mains and sewers 

located within the Cana subdivision, as well as a ditch (1.5 metres in depth) that runs along the 

east side of Canal Drive. These potential transport pathways were not considered significant 

enough to warrant the adjustment of the vulnerability ratings. Golder assigned a low uncertainty 

rating to the vulnerability mapping. 

Bedrock outcrops are not recognized transport pathways and therefore, are not accounted for 

when determining vulnerability. However, rock outcrops are still important to consider as a 

component of the intrinsic groundwater vulnerability, similar to the presence of thin soils. In the 

Cana WHPA, bedrock outcrops are present on the north side of Rochdale Drive. 

Using the results of the vulnerability mapping, the vulnerability scores were calculated for 

WHPAs ‘A’, ‘B’, ‘C’, and ‘D’ (see Map 5-14). The scores range from six to ten (Golder 

Associates Ltd., 2009a). The highest score (ten) is located within the 100 metre radius of the 

wellhead and in the vicinity of Highway 15 and the Canadian National Railway, and the lowest 

score (six), furthest away approximately one to 1.2 kilometres from the wellhead including 

Highway 401.  

Similar to the above WHPA vulnerability calculations, the vulnerability of WHPA ‘E’ was 

calculated based on the Technical Rules: Assessment Report (MOE, 2009a) and represents a 

vulnerability score of seven. The area vulnerability factors that contribute to a more conservative 

vulnerability score in WHPA ‘E’ are based on the following (Golder Associates Ltd., 2009a): 

 the amount of land (nearly 100 per cent)  
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 the presence of clay at the surface 

 no identified transport pathways (within WHPA ‘E’). 

5.2.2.4 Drinking Water Issue Evaluation 

Water Quality in the Supply Well 

According to a report by Trow Associates Inc. (2004), the water from the current supply well 

(the 2001-vintage test well in the referenced document) is of a better quality than the older 

1950s-vintage supply well, but some substances exceed the benchmark used for drinking water 

issue evaluation. These include sodium, manganese and chloride. The concentrations of these 

substances decreased over the 72 hours of continuous pumping, leading the authors to expect that 

water quality will continue to improve with respect to these substances with continued use of the 

new well.  

Water Quality in Monitoring Wells 

Although no longer in use, data from the old supply wells may provide insight into overall 

groundwater quality in the area, especially in the overburden near the surface. This well was 

tested on a weekly basis for Escherichia coli and total coliform under the Drinking Water 

Information System. Data from this program spanning from 2003 to 2008 show events where 

Escherichia coli and total coliform exceeded acceptable levels. The majority of Escherichia coli 

exceedances appear to have occurred in the earliest sampling dates, but there is a continued 

presence of bacterial contamination. Treated (disinfected) water from the old supply well 

exceeded several aesthetic and operational guidelines, but did not surpass the health-related 

chemical guidelines.  

Higher than acceptable concentrations of iron, hardness and manganese reported from the raw 

water in the old well are suspected to be from natural sources, while chloride, organic nitrogen 

and sodium may be the result of land uses in the surrounding area. It is important to note 

however, that some problems with the old well can be attributed to well integrity and not to 

aquifer contamination, therefore, these data should be interpreted with caution. 

The Cana subdivision falls partially within WHPAs ‘B’, ‘C’ and ‘D’ of the Cana WHPA. Well 

water from the three test wells and two local wells in the Cana subdivision was tested for a 

variety of chemical and biological parameters in 1990. High levels of chloride, sodium, 

manganese and fluoride were found in some wells. All of the wells sampled had hardness above 

desirable levels, but no total coliform bacteria were detected. 

One-time water quality sampling was also carried out at three neighbouring wells in July 2003 as 

part of a 72-Hour Pump Test (Trow Associates Inc., 2004). High levels of hardness were 

common at these wells. Iron, manganese, sodium and total dissolved solids also occurred at high 

concentrations at some wells and one well also exceeded the drinking water issue benchmark for 

chloride. 

Drinking Water Issues 

Based on all of the information sources discussed above, the protocol outlined in Appendix ‘E-

1’ and the tests in rule 114 of the Technical Rules: Assessment Report (MOE, 2009a) the 
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following parameters are considered as drinking water issues with potential human sources in the 

raw, untreated water for this drinking water system: 

 Escherichia coli 

 total coliform 

 chloride  

 sodium.  

Iron, manganese, hardness and fluoride are likely naturally elevated, the result of local geology 

and not human impacts in the area. 

For more detailed information about natural and human-source drinking water issues, please see 

Appendix ‘E-2’, Table 2. Drinking water issues for all municipal residential drinking water 

systems are summarized in Appendix ‘E-2’, Table 1. 

Delineation of Issue Contributing Areas 

There is not enough information to delineate the issue contributing area at this time. A detailed 

work plan for gathering this information is included in Appendix ‘E-3’.  

5.2.2.5 Threat Assessment  

Two of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location: the issues approach and the threats approach. Only the 

threats approach has been applied at this time.  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in a WHPA with a vulnerability score of eight or higher with the 

exception of the handling, storage or transportation of DNAPLs; where a vulnerability score of 

two or higher can produce a significant threat. Therefore, a significant threat pertaining to 

DNAPLs can occur in all WHPA zones.  

However, it is important to note that the predominant significant threat locations for the Cana 

subdivision occur within WHPAs ‘A’ and ‘B’ and portions of ‘C’. It is in these zones where the 

vulnerability scores of eight or higher could numerically produce a significantly scored threat 

(see Map 5-14). Please refer to Table 4-1 in Chapter 4 for a more detailed list of the activities 

that could produce a significant threat.  

The areas where significant, moderate and low drinking water threats related to chemicals, 

pathogens and DNAPLs are shown on Maps 5-15, 5-16 and 5-17, respectively. Similarly, areas 

where conditions may result in significant, moderate or low threats are shown in Map 5-18. 

Historical and Existing Activities  

The Cana subdivision is a hamlet that was historically an agricultural area. For this report, the 

Cana WHPA was surveyed for existing activities using the threats approach. Further research 

will be required to confirm whether or not any conditions exist.  

Existing activities that are found within the WHPA include a water pumping facility, a sewage 

treatment plant, a gas station, a roads management work yard, industrial facilities and private 

residences. These are situated over 45 parcels of land.  
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Prescribed types of drinking water threats that are associated with these existing activities could 

include:  

 the establishment, operation or maintenance of a waste disposal site within the meaning 

of Part V of the Ontario Environmental Protection Act 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of road salt 

 the handling and storage of road salt 

 the handling and storage of fuel  

 the handling and storage of a dense non-aqueous phase liquid (DNAPL) 

 the handling and storage of an organic solvent 

 the use of a water softener 

 the transportation of specified substances along corridors.  

Transportation Corridors  

Transportation corridors for the Cana WHPA are shown on Map 5-19 and include local 

roadways, provincial highways and railways. Please refer to Appendix ‘I’ for a detailed list of 

transportation corridors within the Cana WHPA. 

The main corridors within the Cana WHPA along which specified substances (chemicals) are or 

could be transported include:  

 the Canadian National Railway 

 Highway 15, Highway 401 

 Kingston Mills Road, John F. Scott Road. 

Investigation of Drinking Water Threat Activities  

Investigation of the drinking water threat activities within the vulnerable areas of WHPAs ‘A’ 

through ‘D’ was conducted through research and landowner contact.  Site visits to the Cana 

subdivision confirmed a total of 13 significant, 24 moderate and two low threats, respectively.  

The prescribed threats associated with the 13 significant parcels include the establishment, 

operation or maintenance of a system that collects, stores, transmits, treats or disposes of sewage 

(one parcel), and the handling and storage of fuel (seven parcels, with three parcels having both 

activities). The remaining two parcels with significant threats represent one land activity 

spanning both parcels. The threats occurring on the two parcels (in addition to the threats listed 

above) include the handling and storage of a DNAPL and the handling and storage of an organic 

solvent. 

Of the twenty-four  parcels with moderate threats, the threat activities associated with the land 

parcels include the establishment, operation or maintenance of a system that collects, stores, 
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transmits, treats or disposes of sewage (three land parcels, the handling and storage of fuel (14 

parcels). An additional seven parcels include both of the above threats.  

Low threat activities were found to occur on two parcels of land (one parcel associated with the 

handling and storage of fuel, and another parcel with land activities that include the storage of 

road salt, the handling and storage of fuel, the handling and storage of a DNAPL and the storage 

of an organic solvent). 

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors and sanitary sewer networks also contribute to the number of threats in 

the vulnerable area. The application of road salt on local and provincial roads contributes to six 

moderate and four low threats (dependant on the location of each road within the WHPA).  

The transportation of specified substances along corridors contributes to nine significant, 14 

moderate and three low threats, respectively. The transportation of specified substances includes 

fuel (ten moderate and one low threat), pesticides (two significant, two moderate and one low 

threat), DNAPLs (five significant threats) and organic solvents (two significant, two moderate 

and one low threat).  

The sewer network also contributes one additional significant threat.  

Table 5-7 below provides an enumeration summary of drinking water threats present for the 

Cana Well Supply.  The table provides the total number of assessed parcels, total threats present 

and the ranking for each threat circumstance: significant (S), moderate (M) or low (L). Table 5-

8, provides an expanded list of the threat activities and their occurrence within the Cana WHPA. 

For a more detailed outline of the threats and circumstances occurring within the Cana WHPA, 

please refer to Table 1 of Appendix ‘H’. 

Table 5-7: Cana Well Supply Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water Threats 
Total Number of 

Parcels 

Total Number of 

Threats within Parcels 

Threat 

Classification 

WHPA 

"A" 

WHPA 

“B” 

WHPA 

"C" 

WHPA 

"D" 
S M L  S  M L 

Significant (S) 8 14 0 1 23   30   

Moderate (M) 8 35 1 0  44   52  

Low (L) 0 3 0 6   9   13 

Total Number of 

Parcels  
16 52 1 7 76  

Total Number of 

Threats Present** 
17 66 2 10  95 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt 

on roads and sewer main line threats are enumerated within the total threat count. 
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Table 5-8: Threat Type and Occurrence in Cana WHPA 

DWT 

No Drinking Water Threat Total 
Total Ranked 

Significant 

2 

Septic system, holding tank or other treatment 14 3 
Wastewater collection facility (sewer mainline & connections; 

does not include storage tanks or bypasses) 
1 1 

Wastewater treatment facility (sewage treatment) 1 1 
12 The application of road salt 2 - 
15 The handling and storage of fuel 35 12 
16 The handling and storage of  DNAPLs 3 2 
17 The handling and storage of an organic solvent 3 2 

Corridor Related Threats  

12 Application of road salt on roads 10 - 
local Transportation of fuel 11 - 
local Transportation of pesticides 5 2 
local The transportation of a DNAPL 5 5 
local Transportation of an organic solvent 5 2 

Total  95 30 

Future Activities  

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009d) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader. 

The Cana WHPA is located in the City of Kingston. WHPA ‘A’ is characterized by residential 

uses (City of Kingston, 2009; Township of Pittsburgh, 2008). WHPAs ‘B’, ‘C’ and ‘D’ contain 

residential, commercial, institutional, industrial and other rural permitted uses that are associated 

with prescribed drinking water threats. All of the non-residential designations and zones that 

permit these uses are associated with prescribed drinking water threats will need to be reviewed. 

A review will help determine if changes to the permitted uses in general or to specific properties 

should be recommended as part of the source protection plan.  

The City of Kingston is in the process of preparing a zoning by-law to implement the recently 

adopted official plan. This process will provide an opportunity to flag certain zones and/or 

permitted land uses for further analysis prior to the completion of the source protection plan. 
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5.2.2.6 Conclusions and Next Steps  

Golder Associates Ltd. (2009a) completed a study of the Cana drinking water system to delineate 

a WHPA around the supply well. A corresponding drinking water issues evaluation and a threats 

assessment were conducted by the CRCA. These efforts have investigated the areas from where 

the groundwater potentially travels to reach the supply well, and have also evaluated potential 

activities and conditions which can affect the groundwater quality. 

From the WHPA delineation exercise, Golder Associates Ltd. (2009a) indicated where additional 

information would improve the findings. In particular, the certainty of the groundwater flow 

direction in the vicinity of the Cana Well Supply would be improved through the installation of 

at least three monitoring wells (and may result in the delineation of a smaller WHPA). The 

proposed monitoring wells may be useful for the delineation of an issue contributing area (as 

discussed above). Golder Associates Ltd. also recommends that future bacteriological results 

from the supply well should be monitored. If total coliform counts are persistent then a GUDI 

designation might be recommended (Golder Associates Ltd., 2009a).  

Peer review of the study by Golder Associates Ltd. (2009a) was completed by XCG Consultants 

Ltd. Comments were integrated into the final report. Generally, peer review indicated that 

limitations exist in methodologies used and uncertainty must be acknowledged, however the 

work was well done and insightful within the confines of the data. 

An uncertainty analysis was completed on the hydrogeological model to account for limited 

knowledge of recharge and hydraulic conductivity values. These scenarios were integrated into 

the final delineation of the WHPA. The uncertainty, as per Technical Rules 13 and 14, with 

respect to these WHPAs is considered to be low. The details of the uncertainty analyses are 

provided in the Cana Subdivision Wellhead Area Protection Study by Golder Associates Ltd. 

(Appendix ‘L-9’). 

5.2.3  Lansdowne Well Supply 

5.2.3.1 The Drinking Water System and Its Context  

The community of Lansdowne is situated on the Frontenac Arch of the Canadian Shield and is 

located in the Township of Leeds and the Thousand Islands between Gananoque and 

Mallorytown, north of Highway 401 and County Road 2. Within Lansdowne, County Road 3 

(Prince Street/Outlet Road) runs north-south and County Road 34 runs east-west with the 

Canadian National Railway intercepting the south portion of the village. The municipal 

groundwater system supplies drinking water and sanitary services to approximately 735 people 

within the village of Lansdowne. 

Raw groundwater is collected from two supply wells that were drilled in 1974, located in the 

northern part of the village. The first well is 50 metres deep. It was drilled through 2.5 metres of 

clay, 16 metres of sandstone, and 31.5 metres of granitic gneiss. Both well casings extend to a 

3.5 metre depth. The second well is also 50 metres deep. It was drilled through two metres of 

clay, 15 metres of sandstone, and 33 metres of granitic gneiss.  

The raw groundwater is treated using an on-site treatment system operated by the Ontario Clean 

Water Agency (OCWA). Treatment upgrades were completed in 2010. Prior to the upgrades, the 
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raw water coming into the Lansdowne well supply was disinfected only by sodium hypochlorite 

injection (chlorination) using the appropriate contact time. Following the upgrades, a three filter 

(coarse, medium, fine) system and an ultraviolet light disinfectant system were added to treat the  

raw water prior to the chlorination process (MOE, 2010).  

There is no water softening treatment methods present at this time.  

A regional groundwater study was conducted for the United Counties of Leeds and Grenville 

area in 2001; it provides general information about the vulnerability of aquifers in the area to 

contamination (Dillon Consulting Ltd., 2001).  

Two preliminary WHPA studies were conducted by Malroz Engineering Inc. (2004, 2008) for 

the CRCA to delineate well capture zones around the Lansdowne well supply and to provide 

detailed information about aquifer vulnerability in those zones. Malroz Engineering Inc. (2008) 

describes the surface geology, bedrock geology, hydrogeology and physiography of the area 

surrounding the community of Lansdowne. 

A peer review evaluation by Golder Associates (2008) indicated that further evaluation of the 

WHPA would be required to more accurately delineate the WHPA. A third WHPA study 

completed by Geofirma Engineering Ltd. (2011) (formerly Intera Engineering Ltd.) provides the 

basis for the wellhead protection areas in this Assessment Report (see Appendix ‘L-6’). 

5.2.3.2 Delineation of the Wellhead Protection Area 

Geofirma Engineering Ltd. (2011) completed the Lansdowne Wellhead Protection Area Study 

using the following methods:  

 a field component included six to eight  hour pumping tests on two monitoring wells, 

straddle packer testing on one monitoring well to establish hydraulic conductivity values 

for the geological model, groundwater sampling and chemical analysis, a private well 

survey and transport pathway mapping 

 a conceptual model describing the geological and hydrogeological system was developed 

through synthesis of existing data 

 the well capture zones were delineated using calibrated three-dimensional numerical 

models with reverse particle tracking. The models were developed using MODFLOW 

(McDonald and Harbaugh, 1988)  

 WHPA ‘A’, ‘B’, ‘C’ and ‘D’ were delineated using a weighted scenario approach 

 WHPA ‘E’ was delineated to account for a “potentially groundwater under the direct 

influence of surface water (GUDI)” designation  

 groundwater vulnerability mapping was performed using the ISI method  

 vulnerability scores were calculated.  

The results of the WHPA delineation are summarized herein. The vulnerability mapping and 

scoring, drinking water issue evaluation and threat assessment are described below.  
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Three hydrogeological units were represented in the MODFLOW model to differentiate between 

the sandstone weathered and non-weathered Precambrian aquifers. 

A calibrated base case numerical model (foundation model) was developed to simulate the 

observed groundwater elevations, inferred from the WWIS. Two additional scenarios were used 

to account for the uncertainty of some variables; the groundwater recharge rates and the 

hydraulic conductivity of the sandstone (vertical and horizontal) Precambrian bedrock aquifers 

(Geofirma Engineering Ltd., 2011). Reverse-particle tracking (particles released in the supply 

well and their locations traced backwards through time) was conducted to determine the well 

capture zones (zero to two years, two to five years and five to 25 years) for each of the modeled 

scenarios.  

WHPA ‘A’ was delineated at a radius of 100 metres from the supply well. WHPAs ‘B’, ‘C’ and 

‘D’ were then mapped by drawing smooth polygons around the appropriate delineated capture 

zones. Professional judgment was used to determine the weighting of the capture zones from 

each of the three simulated scenarios to the final delineation of the WHPAs.  

A limited GUDI assessment of the supply well was conducted, which resulted in a designation of 

potentially GUDI (Geofirma Engineering Ltd., 2011). The assessment was based on a review of 

existing data and previous research on the supply well, with reference to the GUDI criteria 

defined in Ontario Regulation 170/03 and the Terms of Reference for the Hydrogeological Study 

to Examine Groundwater Sources Potentially Under the Direct Influence of Surface Water 

(MOE, 2001).  

The GUDI designation for the Lansdowne municipal wells was based on the following factors: 

 continued positive detection of total coliforms in the raw water 

 the shallow depth of the wells and; 

 the reported ponding of water on the surface near the wells.  

As discussed earlier in this chapter, cascading water has also been reported in the supply wells at 

a depth of six metres below ground surface at a rate of 45 litres per minute (Malroz Engineering 

Inc., 2003).  It is suspected that this fracture represents a direct pathway from ground surface to 

the well. 

As the Lansdowne municipal wells are considered to be “potentially GUDI”, a WHPA ‘E’ was 

subsequently required. The delineation of WHPA ‘E’ was determined by (Geofirma Engineering 

Ltd., (2011). According to the Technical Rules: Assessment Report (MOE, 2009a), WHPA ‘E’ is 

delineated based on the “point of interaction” between the municipal groundwater capture zone 

and the surface water influencing this groundwater supply. In the case of Lansdowne, no surface 

water body exists; therefore, for the purpose of delineating WHPA ‘E’, the “point of interaction” 

is defined as the municipal well location (where the municipal well intersects the surface water). 

According to the Technical Rules: Assessment Report (MOE, 2009a), a WHPA ‘E’ comprises 

two parts:  
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 The area within the surface water body where the time of travel is equal or less than the 

time that is sufficient to allow the operator of the system to respond to an adverse 

condition in the quality of the surface water (minimum of two hours)  

 A maximum 120 metre setback onto land if the area within the surface water body abuts 

land.  

For the Lansdowne municipal wells where there is no surface water body identified. Part 1 of 

WHPA ‘E’ was not delineated and therefore, the WHPA ‘E’ was defined entirely as a 120 metre 

radius around each well. 

If deemed necessary in future work, a WHPA ‘F’ will be delineated in conjunction with the 

delineation of an issue contributing area, as discussed in Section 5.2.3.4 below. 

The capture zones for the WHPA are shown on Map 5-20. The area is based on the combination 

of the capture zones for both supply wells. The total area of WHPA‘D’ is  60.8 hectares 

(approximately 150 acres) 4.5 kilometres, the total width is approximately 1.1 kilometres, and is 

oriented to the northeast to southwest of the pumping wells. The shape of the WHPAs is based 

on the groundwater flow direction, water velocities, gradient, and hydraulic properties of the soil 

and rock. 

5.2.3.3 Vulnerability Scoring 

A local assessment of groundwater vulnerability was completed for the Lansdowne area, 

supplementing the Cataraqui-wide assessment that is discussed above. Geofirma Engineering 

Ltd. (2011) used two steps to assign vulnerability scoring for the Lansdowne WHPA.  

First, the ISI protocol was used to conduct vulnerability mapping in WHPAs ‘A’ through ‘D’. 

This method uses the thickness and type of soil overlaying the aquifer to determine the degree of 

protection the soil provides. To conduct the ISI calculation, Geofirma Engineering Ltd. 

considered the total thickness of the overburden and bedrock above the water table. The 

overburden was assigned a K-Factor of three for weathered clay while the bedrock was assigned 

a K-Factor of one. In supplementing the Cataraqui-wide assessment of groundwater 

vulnerability, Geofirma Engineering Ltd. determined that it was appropriate to assume that water 

moves relatively slowly through the bedrock underneath Lansdowne. The results of these 

calculations are shown on Maps 5-21.  

Second, Geofirma Engineering Ltd. considered the effect of transport pathways on the ISI 

results. Although several types of transport pathway were identified in the WHPAs, their 

presence did not warrant the adjustment of the vulnerability ratings. The rationale for not 

adjusting the vulnerability ratings was because the entire area was already deemed to be highly 

vulnerable to contamination from the surface. 

Using the results of the vulnerability mapping, the vulnerability scores were calculated for 

WHPA ‘A’, ‘B’, ‘C’, and ‘D’ (see Map 5-22) in accordance to the Technical Rules: Assessment 

Report (MOE, 2009a). The vulnerability scores range from six to ten (Geofirma Engineering 

Ltd., 2011), with the highest score (ten) located within a 100 metre radius of the wellhead and 

the two year time of travel and the lowest score (six) in the area furthest away in WHPA ‘D’.  
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WHPA ‘A’ is assigned a high vulnerability score despite the depth of the wells. As noted above, 

the wells at Lansdowne are 50 metres in depth and extend through both Paleozoic and 

Precambrian rock. The wells are cased to 3.5 metres below ground surface. Despite the overall 

depth of the wells, there is evidence to suggest that a direct connection exists from the ground 

surface to the supply.   

Similar to the vulnerability calculations for WHPAs ‘A’ through ‘D’, WHPA ‘E’ was calculated 

based on the Technical Rules: Assessment Report (MOE, 2009a). The WHPA ‘E’ vulnerability 

score for Lansdowne is nine (the highest score possible for WHPA ‘E’). Geofirma Engineering 

Ltd. (2011) has classified the wells as potentially GUDI, even though there are no adjacent water 

bodies. The factors for the vulnerability score and the potential GUDI classification relate to: 

 continued positive bacteriological results in the supply wells 

 cascading water in both supply wells observed by Geofirma Engineering Ltd. 2009, as 

well as being earlier reported by Malroz Engineering Inc., 2003 (at a depth of six metres 

below the ground surface at a rate of 45 litres per minute)  

 potential poor well seals around the wells and/or fractures in the rock may create direct 

pathways from the ground surface to the well.  

5.2.3.4 Drinking Water Issue Evaluation 

Water Quality in the Supply Wells 

Raw water was characterized in the January 2001 Engineer’s Report, referenced in Lansdowne 

Well Supply Drinking Water System Inspection Reports by the Ontario Ministry of the 

Environment (2004 - 2007). In samples collected between 1999 and 2000, low levels of total 

coliform were detected. The groundwater also had high hardness, sodium and total colour. Both 

samples collected from Lansdowne as part of the United Counties of Leeds and Grenville 

Groundwater Management Study (Dillon Consulting Ltd., 2001) had elevated sodium and 

hardness.  

Between 2003 and 2008, well # 1 was sampled more frequently and for more water quality 

parameters than well # 2 under the provincial Drinking Water Information System. Results show 

that both total coliform and Escherichia coli occurred at low concentrations in both wells during 

that period. Lansdowne Water Treatment Plant Annual Reports from 2007 and 2008 also show 

low concentration bacterial events in raw water and a single event where sodium concentrations 

exceeded 20 milligrams per litre (the benchmark for drinking water issue evaluation). 

A Lansdowne Well Supply Drinking Water System Inspection Report produced by the Ontario 

Ministry of the Environment for the 2008-2009 sampling period indicates that Well # 2 had been 

taken off line in September 2008 and was to remain offline until bacterial drinking water issues 

are addressed. With the upgrades to the drinking water system complete, both wells were in 

regular use by December 2010 (Ontario Clean Water Agency, 2011).   

There is no evidence of radiological or health-related parameters in excess of the Ontario 

Drinking Water Quality Standards in the treated water. Raw water data are not available for this 
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well source. Because of this well’s location, there is no information available for monitoring 

sites. 

Drinking Water Issues 

Based on the above information, the protocol outlined in Appendix ‘E-1’ and the tests in rule 

114 of the Technical Rules: Assessment Report (MOE, 2009a), the following parameters are 

considered as drinking water issues with potential human sources in the raw, untreated water for 

this drinking water system: 

 Escherichia coli 

 total coliform. 

The remainder of the drinking water issues discussed above are considered to be natural 

characteristics of the source water for this system. 

For more detailed information about natural and human source drinking water issues, please see 

Appendix ‘E-2’, Table 3. Drinking water issues for all municipal residential drinking water 

systems are summarized in Appendix ‘E-2’, Table 1. 

Delineation of Issue Contributing Areas 

There is not enough information to delineate the issue contributing area (and wellhead 

protection area ‘F’) at this time. A detailed work plan for gathering this information is included 

in Appendix ‘E-3’.  

5.2.3.5 Threat Assessment 

Two of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location: the issues approach and the threats approach. Only the 

threats approach has been applied at this time.  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in a WHPA with a vulnerability score of eight or higher with the 

exception of the handling, storage or transportation of DNAPLs; where a vulnerability score of 

two or higher can produce a significant threat. Therefore, a significant threat pertaining to 

DNAPLs can occur in all WHPA zones.  

However, it is important to note that the predominant significant threat locations for Lansdowne 

occur within WHPAs ‘A’, ‘B’ and ‘C’. It is in these zones where the vulnerability scores of eight 

or higher could numerically produce a significantly scored threat (see Map 5-22). Please refer to 

Table 4-1 in Chapter 4 for a more detailed list of the activities that could produce a significant 

threat.  

The areas where significant, moderate and low drinking water threats related to chemicals, 

pathogens, DNAPLs could occur are shown Maps 5-23, 5-24 and 5-25, respectively. Similarly, 

areas where conditions may result in significant, moderate or low threats are shown in Map 5-

26. 
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Historical and Existing Activities 

Lansdowne is a village that historically serviced the surrounding agricultural community. For 

this report, Lansdowne WHPA was surveyed for only for existing activities using the threats 

approach. Further research will be required to confirm whether or not any conditions exist.  

Existing activities that are found within the WHPA include wells, sewage treatment (lagoons), 

private residences, a public works garage (road salt building) and municipal office, retail, 

grocery and hardware stores, restaurants, an elementary school, community hall and library, 

storage facilities, agricultural and livestock related activities, and are situated over a total of 

approximately 245 parcels of land. 

Prescribed types of drinking water threats that are associated with these existing activities could 

include:  

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of agricultural source material to land 

 the storage of agricultural source material 

 the handling and storage of non-agricultural source material  

 the application of commercial fertilizer to land 

 the handling and storage of commercial fertilizer 

 the application of pesticide to land 

 the handling and storage of pesticide 

 the application of road salt 

 the handling and storage of road salt 

 the handling and storage of fuel  

 the handling and storage of a dense non-aqueous phase liquid (DNAPL) 

 the handling and storage of an organic solvent 

 the use of land as livestock grazing or pasturing land, an outdoor confinement area or a 

farm-animal yard 

 the use of a water softener 

 the transportation of specified substances along corridors. 

Transportation Corridors  

Transportation corridors for the Lansdowne WHPA are shown on Map 5-27 and include county 

roads and several local roadways. The Canadian National Railway runs southeast through 

Lansdowne and is just outside of the Lansdowne WHPA. Please refer to Appendix ‘I’ for a 

detailed list of transportation corridors within the Lansdowne WHPA. 
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The main corridors within the Lansdowne WHPA along which specified substances (chemicals) 

are or could be transported include:  

 County Road 3 (Prince Street/Outlet Road) 

 Eden Grove Road. 
 

Investigation of Drinking Water Threat Activities  

Investigation of the drinking water threats through research and landowner contact confirmed 

that there are 64 significant, 106 moderate and 41 low threat activities associated with land 

parcels within the Lansdowne WHPA.  

Of the 64 parcels with significant threats, 58 relate to significant activities on individual parcels 

of land. Seven parcels have two or more significant threats (with five parcels with four to nine 

significant threats). The main significant threats in Lansdowne include the establishment, 

operation or maintenance of a system that collects, stores, transmits, treats or disposes of sewage, 

the application and storage of agricultural source material to land, the handling and storage of 

commercial fertilizer, the application of pesticide to land, the handling and storage of fuel (49 

parcels) and the handling and storage of a DNAPL. 

As well as the significant threats, there are also 86 parcels with moderate drinking water threats 

and 27 with low drinking water threats, respectively. Similar to the significant threats, the 

majority of moderate and low threats relate to the use of a septic system, the handling and 

storage of fuel and agricultural related activities.  

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors and sanitary sewer networks also contribute to the number of threats in 

the vulnerable area. The application of road salt contributes to five moderate and eleven low 

(dependant on the location of each road within the WHPA).  

The transportation of specified substances along corridors contributes to six significant, 15 

moderate and three low threats, respectively. The transportation of specified substances includes 

fuel (15 moderate and three low threats); pesticides (two significant threats); DNAPLs (two 

significant threats); and of organic solvents (two significant threats).  

The sewer network also contributes one additional significant threat. 

Table 5-9 below provides an enumeration summary of drinking water threats present for the 

Lansdowne Well Supply.  The table provides the total number of assessed parcels, total threats 

present and the ranking for each threat circumstance: significant (S), moderate (M) or low (L). 

Table 5-10, provides an expanded list of the threat activities and their occurrence within the 

Lansdowne WHPA. For a more detailed outline of the threats and circumstances occurring 

within the Lansdowne WHPA, please refer to Table 2 of Appendix ‘H’. 
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Table 5-9: Lansdowne Well Supply Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water Threats 
Total Number of 

Parcels 

Total Number of 

Threats within Parcel 

Threat 

Classification 

WHPA 

"A" 

WHPA 

“B” 

WHPA 

"C" 

WHPA 

"D" 
S M L  S  M L 

Significant (S) 4 60 0 0 64   77   

Moderate (M) 0 26 80 0  106   127  

Low (L) 0 8 2 31   41   52 

Total Number of 

Parcels  
4 94 82 31 211  

Total Number of 

Threats Present** 
11 106 100 39  256 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is assumed that each 

private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt on roads and 

sewer main line threats are enumerated within the total threat count. 

Table 5-10: Threat Type and Occurrence in the Lansdowne WHPA 

DWT No Drinking Water Threat Total Total Ranked Significant 

2 

Septic system, holding tank or other treatment 5 3 

Wastewater collection facility (sewer mainline 

& connections; does not include storage tanks or 

bypasses) 

1 1 

Wastewater treatment facility (lagoons) 1 - 

3 Application of agricultural source material to 

land 
12 4 

4 Storage of agricultural source material to land 2 2 

7 Handling and storage of non-agricultural source 

material  
1 - 

8 Application of commercial fertilizer to land 12 4 

9 Handling and storage of commercial fertilizer 1 - 

10 Application of pesticide to land  12 4 

13  Storage of road salt 1 - 

15 Handling and storage of fuel 160 49 

16 Handling and storage of  a DNAPL 2 2 

17 Handling and storage of an organic solvent 2 - 

21 
Livestock grazing, pasturing and/or outdoor 

confinement, farm-animal yard 
4 2 

Corridor Related Threats 

12 Application of road salt on roads 16 - 
local Transportation of fuel 18 - 
local Transportation of pesticides 2 2 
local The transportation of a DNAPL 2 2 
local Transportation of an organic solvent 2 2 

Total  256 77 
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Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009d) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader.  

The Lansdowne WHPA is located in the Township of Leeds and the Thousand Islands. The 

applicable designations and zones allow a variety of residential, commercial, institutional and 

agricultural uses that could be associated with prescribed drinking water threats (J.L. Richards & 

Associates Limited for Township of Leeds and the Thousand Islands, 2006 and 2007). The 

relevant designations and zones that permit these uses will need to be reviewed to determine if 

changes to the permitted uses in general or to specific properties should be recommended as part 

of the source protection plan. 

5.2.3.6 Conclusions and Next Steps 

Malroz Engineering Inc. (2004, 2008) completed two preliminary phase studies of the 

Lansdowne drinking water system to delineate a WHPA around the supply wells. A third phase 

WHPA study has been completed by Geofirma Engineering Ltd. (2011). A corresponding 

drinking water issues evaluation and a threats assessment were conducted by the CRCA. These 

efforts have investigated the areas from where the groundwater potentially travels to reach the 

supply well, and have also evaluated potential activities and conditions which can affect the 

groundwater quality. 

Peer review of the study by was completed by Golder Associates Ltd. (2011). Comments were 

integrated into the final report.  

An uncertainty analysis was completed on the hydrogeological model to account for limited 

knowledge of recharge and hydraulic conductivity values. These scenarios were integrated into 

the final delineation of the WHPA. The uncertainty, as per Technical Rules 13 and 14, with 

respect to the delineation and the vulnerability scoring of this WHPA is considered to be:  

 Low for WHPA ‘A’ and ‘E’, since they have a specified radius around the wells 

 Low for WHPA ‘D’, based on confidence in the direction of groundwater flow and 

geology 

 High for WHPA ‘B’ and ‘C’, based on uncertainty in the bedrock porosity and resultant 

hydraulic conductivity. 

The details of the uncertainty analyses are provided in the Geofirma Engineering Ltd. (2011) 

report (Appendix ‘L-6’). 
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5.2.4 Miller Manor Apartments Well Supply, Mallorytown 

5.2.4.1 The Drinking Water System and its Context  

The Miller Manor Apartments is located at 3 Miller Drive (north of County Road 2 and west of 

County Road 5) in the village of Mallorytown in the Township of Front of Yonge. It is a two- 

storey building with 17 one-bedroom units that is owned and operated by the United Counties of 

Leeds and Grenville.  

Drinking water for the Miller Manor Apartments is obtained from a groundwater well on the 

property. The facility is also serviced by an on-site sewage (septic) treatment system. Because of 

its location where the vulnerability score is ten, the septic system has been enumerated as a 

significant drinking water threat to this drinking water system. At this time the United Counties 

of Leeds and Grenville are working to make substantial improvements to the septic system.     

The Miller Manor Apartments supply well (36.3 metres deep) was drilled and commissioned for 

use in July 2007. According to the MOE well record, the well has 6.6 metres of steel casing. In 

order of increasing depth, the geologic materials above the granite include 4.8 metres of clay, 1.8 

metres of limestone, and 29.7 metres of granite. At the time of drilling, the static water level was 

measured to be 5.9 metres below the surface of the ground, and a water-bearing zone was 

encountered at 33 metres below the surface of the ground. The previous supply well was 

decommissioned in July 2007. 

The raw groundwater is treated for the drinking water system using an on-site treatment system 

for disinfection (formerly by chlorine, now by ultraviolet light) and water softening. The 

drinking water system is operated by A.J.’s Water Treatment (based in Mallorytown). The Miller 

Manor Apartments is classified by the MOE as having a municipal residential drinking water 

system due to its size and public ownership. 

A regional groundwater study was conducted for the United Counties of Leeds and Grenville 

area in 2001; it provides general information about the vulnerability of aquifers in the area to 

contamination (Dillon Consulting Ltd., 2001). A more focused WHPA study was conducted by 

Golder Associates Ltd. for the CRCA (2009b) to delineate well capture zones around the Miller 

Manor Apartments well supply and to provide detailed information about aquifer vulnerability in 

those zones. The study report is included in Appendix ‘L-10’. 

Golder Associates Ltd. (2009b) describes the surface geology, bedrock geology, hydrogeology 

and physiography of the area surrounding the Miller Manor Apartments. 

5.2.4.2 Delineation of the Wellhead Protection Area  

Golder Associates Ltd. (2009b) completed the Miller Manor Apartments Wellhead Protection 

Area Study using the following methods:  

 a field component included a private well survey and transport pathway mapping 

 a pumping test (6.9 hours duration) was conducted to determine the transmissivity of the 

aquifer (how easily the water is transmitted below the surface of the ground) surrounding 

the supply well  
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 a conceptual model describing the geological and hydrogeological system was developed 

through synthesis of existing data 

 the well capture zones were delineated using calibrated three-dimensional numerical 

models with reverse particle tracking. The models were developed using MODFLOW 

(McDonald and Harbaugh, 1988) 

 WHPA ‘A’, ‘B’, ‘C’ and ‘D’ were delineated using a weighted scenario approach 

 a limited groundwater under the direct influence of surface water (GUDI) assessment 

was conducted 

 groundwater vulnerability mapping was performed using the Intrinsic Susceptibility 

Index protocol  

 vulnerability scores were calculated. 

The results of the WHPA delineation are summarized herein, and the vulnerability mapping and 

scoring, drinking water issue evaluation and threat assessment are outlined below. 

During the conceptual model development, hydrogeological and geological information from the 

WWIS was used to create northeast-southwest and northwest-southeast cross-sections (Golder 

Associates Ltd., 2009b). Three hydrogeological units were represented:  

 clay (at the ground surface)  

 weathered Precambrian bedrock and  

 un-weathered Precambrian bedrock.  

Contours of groundwater elevation were also inferred from the WWIS dataset. Groundwater 

recharge and discharge were assumed to occur at local uplands and lowlands (wetlands, ditches 

and streams), respectively (Golder Associates Ltd., 2009b). 

A calibrated base case numerical model was developed to simulate the observed groundwater 

elevations (inferred from the WWIS). Two additional scenarios were used to account for the 

uncertainty of some variables (the hydraulic conductivity of the weathered Precambrian bedrock, 

and the recharge rate applied to the exposed bedrock in close proximity to the Miller Manor 

Apartments Well Supply) (Golder Associates Ltd., 2009b).  

The models were run with the supply well pumping at ten per cent greater than historical rates, to 

simulate any future increased water usage (there is no plan to add additional apartment units to 

the building). According to Golder Associates Ltd. (2009b), a pumping at a rate of 0.72 cubic 

metres per day was also incorporated into the models at each of the domestic wells (located in 

Mallorytown) to account for the possibility that their pumping could significantly influence the 

groundwater flow direction in the vicinity of the Miller Manor Apartments Well Supply. 

Reverse-particle tracking (particles released in the supply well and their locations traced 

backwards through time) was conducted to determine the well capture zones (zero to two years, 

two to five years and five to 25 years) for each of the modeled scenarios.  

WHPA ‘A’ was delineated at a radius of 100 metres from the supply well. WHPAs ‘B’, ‘C’ and 

‘D’ were then mapped by drawing smooth polygons around the appropriate delineated capture 
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zones. The WHPA boundaries fully include all the simulated particle traces, and an equal 

weighting was given to the three different scenarios (Golder Associates Ltd., 2009b). 

Based on a limited GUDI assessment, it was interpreted that the Miller Manor Apartments 

supply well may be considered as non GUDI. The assessment was based on a review of existing 

data and previous research on the supply well, with reference to the GUDI criteria defined in the 

Ontario Regulation 170/03 and the Terms of Reference for the Hydrological Study to Examine 

Groundwater Sources Potentially Under the Direct Influence of Surface Water (MOE, 2001). 

Golder Associates Ltd. (2009b) found that no apparent connectivity exists between the water-

bearing zone and surface water features, and that the groundwater quality data does not indicate 

surface water contamination. 

The final delineated WHPA for the Miller Manor Apartments supply well is shown on Map 5-

28. The total length of the WHPA is approximately one kilometre, and is oriented from the well 

towards the north-northeast. According to Golder Associates Ltd. (2009b), private residences 

(with wells and septic tanks), commercial areas, a school, natural/undeveloped areas, 

transportation corridors, recreational areas and agricultural areas are within the delineated 

WHPA.  

Golder Associates Ltd. (2009b) assigned a high uncertainty rating to WHPAs ‘A’ through ‘D’. 

This high uncertainty rating arises since the hydraulic conductivity (which strongly controls the 

size and shape of the WHPA) of the weathered Precambrian bedrock aquifer is not known with 

certainty. 

5.2.4.3 Vulnerability Scoring  

A local assessment of groundwater vulnerability was completed for the vicinity of the Miller 

Manor Apartments Well Supply, supplementing the Cataraqui-wide assessment that is discussed 

above. Golder Associates Ltd. (2009b) used two steps to assign vulnerability scoring for the 

Miller Manor Apartments WHPA.  

First, the ISI protocol was used to conduct vulnerability mapping in WHPAs ‘A’ through ‘D’ 

(see Map 5-29). The ISI was calculated on the basis of the thickness of the clay layer and a K-

Factor of six, which resulted in zones of medium and high vulnerability (Golder Associates Ltd., 

2009b). The method is consistent with the Cataraqui-wide assessment of aquifer vulnerability 

that is described in Section 5.1.2. Two areas of medium vulnerability were identified where the 

overburden thickness is between five and ten metres. 

Second, Golder Associates Ltd. considered the effect of transport pathways on the ISI results. 

Potential transport pathways in the vicinity of the Miller Manor Apartments supply well were 

identified during the private well survey, during an additional transport pathways survey and 

during the pumping test. According to Golder Associates Ltd. (2009b), 34 groundwater supply 

wells are located at houses and buildings throughout the WHPA (with up to an estimated 35 

additional wells that could not be observed from the road during the survey, based on the 

assumption that there is a well at each house or building).  

To account for these potential transport pathways (specifically the wells and utility trenches), the 

ISI vulnerability mapping was adjusted from medium to high within parts of the WHPA, where 

supply wells and buried utility trenches exist. Storm sewers are also present in the area. These 
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areas are enclosed with a dashed line on Map 5-29. Golder Associates Ltd. (2009b) assigned a 

low uncertainty rating to the vulnerability mapping, as the thickness of the soil (clay layer) is 

reasonably well defined. 

Bedrock outcrops are not recognized transport pathways and therefore, are not accounted for 

when determining vulnerability. However, rock outcrops are still important to consider as a 

component of the intrinsic groundwater vulnerability, similar to the presence of thin soils. In the 

Miller Manor WHPA, bedrock outcrops are present along the south side of County Road 2 near 

Miller Drive and east of Quabbin Road as well as along the north side of Quabbin Road.  

Using the results of the modified vulnerability mapping, the vulnerability scores were calculated 

for WHPAs ‘A’ through ‘D’ (see Map 5-30). The scores range from four to ten (Golder 

Associates Ltd., 2009b) where the highest score (ten) is located within a 100 metre radius of the 

wellhead and the two year time of travel and the lowest score (four) is located within the 25 year 

time of travel.  

5.2.4.4 Drinking Water Issue Evaluation  

Water Quality in the Supply Well 

There is limited water quality information available for Miller Manor due to the recent 

commissioning of the current drinking water well. The Drinking Water Information System does 

however reveal multiple positive results for total coliform. In the Annual Summary for Miller 

Manor submitted by AJ’s Water Treatment (2007), elevated levels of uranium were detected. 

More monitoring carried out over the 2008 reporting period showed that uranium was present 

atup to 0.014 milligrams per litre, most likely owing to the weathering of natural deposits in the 

area and not from human sources.  

The Miller Manor Apartments Engineer’s Report for Water Works, reporting on the drinking 

water well that was decommissioned in 2007, shows that the source had multiple positive results 

for Escherichia coli and total coliform, and exceeded aesthetic objectives for chloride and 

sodium in 2003 monitoring results (Eastern Engineering Group Inc., 2004 in Miller Manor 

Apartments Well Supply Drinking Water System Inspection Report (MOE, 2007)). The source 

also had high hardness and elevated nitrate concentrations (detailed information in Appendix 

‘E-2’, Table 4).  

Similarly, bacterial occurrences were reported under the Drinking Water Information System 

(MOE, 2003-2007). The monitoring carried out has revealed regular bacterial events in the 

untreated water (total coliform and, to a lesser extent, Escherichia coli).  

Water Quality at Monitoring Sites  

Groundwater data from a grouping of five wells in Zone ‘D’ of the Miller Manor Apartments 

WHPA was compiled in the United Counties of Leeds and Grenville Groundwater Management 

Study (Dillon Consulting Ltd., 2001). At these monitoring sites, concentrations of chloride, 

hardness, sodium and nitrate exceeded benchmark values for drinking water issue evaluation 

when they were tested in 1989-1990.  
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Drinking Water Issues 

Based on the above information, the protocol provided in Appendix ‘E-1’ and the tests in rule 

114 of the Technical Rules: Assessment Report (MOE, 2009a), the following parameters are 

considered drinking water issues with potential human sources in the raw, untreated water for 

this system: 

 Escherichia coli 

 total coliform 

 chloride 

 sodium 

 nitrate.  

The remainder of the drinking water issues discussed above are considered to be natural 

characteristics of the source water for this system.  

For more detailed information about natural and human source drinking water issues, please see 

Appendix ‘E-2’, Table 4. Drinking water issues for all municipal residential drinking water 

systems are summarized in Appendix ‘E-2’, Table 1. 

Delineation of Issue Contributing Areas 

There is not enough information to delineate the issue contributing area at this time. A detailed 

work plan for gathering this information is included in Appendix ‘E-3’.  

5.2.4.5 Threat Assessment 

Two of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location: the issues approach and the threats approach. Only the 

approach has been applied at this time.  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in a WHPA with a vulnerability score of eight or higher with the 

exception of the handling, storage or transportation of DNAPLs; where a vulnerability score of 

two or higher can produce a significant threat. Therefore, a significant threat pertaining to 

DNAPLs can occur in all WHPA zones.  

However, it is important to note that the predominant significant threat locations for Miller 

Manor occur within WHPAs ‘A’ and ‘B’. It is in these zones where the vulnerability scores of 

eight or higher could numerically produce a significantly scored threat (see Map 5-30). Please 

refer to Table 4-1 in Chapter 4 for a more detailed list of the activities that could produce a 

significant threat.  

The areas where significant, moderate and low drinking water threats related to chemicals, 

pathogens and DNAPLs could occur are shown Maps 5-31, 5-32 and 5-33, respectively. 

Similarly, areas where conditions may result in significant, moderate or low threats are shown in 

Map 5-34. 
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Historical and Existing Activities  

Mallorytown is a village that has serviced the surrounding agricultural community for over 100 

years. However, for this report, the Miller Manor Apartments WHPA was surveyed for existing 

activities only using the threats approach. Further research will be required to confirm whether 

or not any conditions exist.  

Existing activities that are found within the WHPA include an apartment complex, a retail store, 

an elementary school, a restaurant, a municipal fire station, agricultural and livestock related 

activities, and private residences. These are situated over a total of approximately 110 parcels of 

land.  

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of road salt 

 the handling and storage of road salt 

 the handling and storage of fuel  

 the handling and storage of an organic solvent 

 the use of land as livestock grazing or pasturing land, and outdoor confinement area or a 

farm-animal yard 

 the use of a water softener 

 the transportation of specified substances along corridors. 

Transportation Corridors 

Transportation corridors for the Miller Manor WHPA are shown on Map 5-35 and include local 

roadways, provincial highways and railways. Please refer to Appendix ‘I’ for a detailed list of 

transportation corridors within the Miller WHPA. 

The main corridors within the Miller Manor WHPA along which specified substances 

(chemicals) are or could be transported include:  

 County Road 2 

 Quabbin Road (County Road 4). 

Investigation of Drinking Water Threat Activities  

Investigation of the drinking water threats through research and landowner contact confirmed 

that there are 17 significant, 16 moderate and 71 low threat activities associated with land 

parcels within the Miller Manor WHPA. 

Of the 17 parcels where significant threats were found, all parcels had significant threats 

classified as the establishment, operation or maintenance of a system that collects, stores, 

transmits, treats or disposes of sewage. Five of the parcels also had significant threats classified 
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as the handling and storage of fuel with one parcel producing an additional significant threat for 

the use of land as livestock grazing or pasturing land and/or as an outdoor confinement area for 

one or more animals. 

Similar to land activities that produce significant drinking water threats, the presence of sewage 

systems (septic systems and holding tanks), the handling and storage of fuel and agricultural 

related activities also produce 16 moderate and 71 low threats within the WHPA zones.  

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors also contribute to the number of threats in the vulnerable area. The 

application of road salt, results in two moderate and five low threats (dependant on the location 

of each road within the WHPA).   

The transportation of specified substance along corridors contributes to three significant, five 

moderate and two low threats. The transportation of fuel contributes five moderate and two low 

threats; and the transportation of pesticides, DNAPLs and organic solvents each contribute one 

significant threat, respectively. 

Table 5-11 below provides an enumeration summary of drinking water threats present for the 

Miller Manor Apartments Well Supply.  The table provides the total number of assessed parcels, 

total threats present and the ranking for each threat circumstance: significant (S), moderate (M) 

or low (L). Table 5-12, provides an expanded list of the threat activities and their occurrence 

within the Miller Manor WHPA. For a more detailed outline of the threats and circumstances 

occurring within the Miller Manor WHPA, please refer to Table 3 of Appendix ‘H’. 

 

Table 5-11: Miller Manor Well Supply Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water Threats 
Total Number of 

Parcels 

Total Number of 

Threats within Parcels 

Threat 

Classification 

WHPA 

"A" 

WHPA 

“B” 

WHPA 

"C" 

WHPA 

"D" 
S M L  S  M L 

Significant (S) 17 3 0 0 20   26   

Moderate (M) 4 0 18 0  22   34  

Low (L) 0 0 2 77   79   125 

Total Number of 

Parcels  
21 3 20 77 121  

Total Number of 

Threats Present** 
28 7 28 122  185 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt 

on roads and sewer main line threats are enumerated within the total threat count. 
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Table 5-12: Threat Type and Occurrence in the Miller Manor WHPA 

DWT 

No Drinking Water Threat Total 
Total Ranked 

Significant 

2 Septic system, holding tank or other treatment 102 17 
3 Application of agricultural source material to land 2 - 

4 Storage of agricultural source material to land 1 - 

8 Application of commercial fertilizer to land 2 - 

10 Application of pesticide to land 2 - 

13  Storage of road salt 1 - 

15 Handling and storage of fuel 56 5 

17 Handling and storage of an organic solvent 1 - 

21 Livestock pasturing, outdoor confinement, farm-animal yard 1 1 

Corridor Related Threats 

12 Application of road salt on roads 7 - 
local Transportation of fuel 7 - 
local Transportation of pesticides 1 1 
local The transportation of a DNAPL 1 1 
local Transportation of an organic solvent 1 1 

Total  185 26 

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009d) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader. 

The Miller Manor Apartments WHPA is located in the community of Mallorytown in the 

Township of Front of Yonge. The predominant permitted land uses are residential and 

commercial uses that could be associated with prescribed drinking water threats (Novatech 

Engineering Consultants Ltd. for Township of Front of Yonge, 2006 and 2008). All of the non-

residential designations and zones that permit these uses are associated with prescribed drinking 

water threats will need to be reviewed. A review will determine if changes to the permitted uses 

in general, or to specific properties should be recommended as part of the source protection plan. 

5.2.4.6 Conclusions and Next Steps  

Golder Associates Ltd. (2009b) completed a study of the Miller Manor Apartments drinking 

water system to delineate a WHPA around the supply well. A corresponding drinking water 

issues evaluation and a threats assessment were conducted by the CRCA. These efforts have 
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investigated the areas from where the groundwater potentially travels to reach the supply well, 

and have also evaluated activities and conditions which can affect the groundwater quality. 

Golder Associates Ltd. (2009b) identified the following topics for which additional information 

would improve this WHPA study:  

 In the area of the exposed bedrock south of the Miller Manor, the groundwater elevations 

are unknown (this could be remedied by the installation of monitoring wells in that 

specific area)  

 The movement of water in the bedrock aquifer (outside the radius of influence of the 

pumping test) is uncertain (this could be determined with longer-duration pumping tests).  

The additional information could perhaps result in a smaller WHPA (Golder Associates Ltd., 

2009b).  

Peer review of the study by Golder Associates Ltd. (2009b) was completed by XCG Consultants 

Ltd. Comments were integrated into the final report. Generally, peer review indicated that 

limitations exist in methodologies used and uncertainty must be acknowledged, however the 

work was well done and insightful within the confines of the data. 

An uncertainty analysis was completed on the hydrogeological model to account for limited 

knowledge of recharge and hydraulic conductivity values. These scenarios were integrated into 

the final delineation of the WHPA. The uncertainty, as per Technical Rules 13 and 14, with 

respect to these WHPAs is considered to be high. The details of the uncertainty analyses are 

provided in the Golder Associates Ltd. report (Appendix ‘L-10’). 

5.2.5 Westport Well Supply 

5.2.5.1 The Drinking Water System and Its Context  

The Village of Westport is located 50 kilometres north of Kingston and lies within the Rideau 

Valley Conservation Authority (RVCA) jurisdiction. The reader is invited to review the 

Assessment Report for the Mississippi-Rideau Source Protection Region for more information 

about this vulnerable area. 

Water is supplied to 650 people in the Village of Westport. The WHPA study, completed by 

Malroz Engineering Inc. (2009), provides delineated well capture zones and provides 

vulnerability mapping. A report on transport pathways was completed by Dillon Consulting Ltd.  

(2009) as a supplement to the WHPA report. The Village of Westport Wellhead Protection Area 

Study is included in this Assessment Report because Malroz Engineering Inc. (2009) determined 

that the WHPA extends into the CSPA. 

The drinking water source for the Village of Westport consists of two wells that draw 

groundwater from a sandstone aquifer. There is also a monitoring well. The first supply well was 

constructed in 1969 and is 34 metres deep. It was drilled through ten metres of clay with sand 

and silt, one metre of limestone and 19 metres of sandstone. The well casing extends to ten 

metres depth. The second supply well was constructed in 2003 and is 40 metres deep. It was 

drilled through 20 metres of clay with sand and gravel, 16 metres of sandstone and four metres 

of quartz conglomerate. The well casing extends to 21 metres depth.  
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The wells are permitted to take 532 and 900 cubic metres per day; however the average 

collection rate in 2007/2008 was 327 and 46.9 cubic metres per day, respectively. Water from 

these two wells is disinfected and pumped to a water tower for distribution. A phosphate-based 

additive is used to prevent corrosion in the water tower and distribution system. 

The surficial geology, bedrock geology, hydrogeology and physiography of the area surrounding 

the Westport drinking water system are described in Malroz Engineering Inc. (2009). 

5.2.5.2 Delineation of the Wellhead Protection Area 

The Village of Westport Wellhead Protection Area Study was completed by Malroz Engineering 

Inc. (2009). The methods used for the delineation of the WHPA are described in the Assessment 

Report for the Mississippi-Rideau Source Protection Region (2010).  

The results of the WHPA delineation are summarized herein. The vulnerability mapping and 

scoring, drinking water issue evaluation, and threat assessment are described below.  

WHPA ‘A’ was delineated at a radius of 100 metres from the supply well. WHPAs ‘B’, ‘C’ and 

‘D’ were then mapped by drawing smooth polygons around the appropriate delineated capture 

zones. Professional judgment was used to determine the weighting of the capture zones from 

each of the three simulated scenarios to the final delineation of the WHPAs.  

A stable isotope study of groundwater and surface water samples indicated that the supply wells 

are not under the influence of surface water. The supply wells, therefore, do not require a WHPA 

‘E’ or ‘F’. 

The final delineation of the WHPA for the Village of Westport supply wells is shown on Map 5-

36. The total length of the WHPA is approximately 3.2 kilometres, and is oriented from the well 

towards the southwest. Most of the WHPA is located within the Mississippi Rideau Source 

Protection Region, but approximately 0.5 kilometres of the total length (WHPA ‘D’) enters the 

CSPA. 

5.2.5.3 Vulnerability Scoring  

A local assessment of groundwater vulnerability was completed for the vicinity of the Westport 

Well Supply, supplementing the area-wide assessments in the Cataraqui Source Protection Area 

and the Mississippi-Rideau Source Protection Region. Malroz Engineering Inc. (2009) used the 

ISI method to conduct vulnerability mapping in WHPAs ‘A’ through ‘D’ (see Map 5-37). This 

method uses the thickness and type of soil overlaying the aquifer (clay) to determine the degree 

of protection the soil provides. The ISI calculation resulted in areas of medium and high 

vulnerability (Malroz Engineering Inc., 2009). 

Transport pathways were mapped by Dillon Consulting Ltd. (2009). Transport pathways 

considered present, or potentially present, within the WHPA consisted of wells, sewers, septic 

systems, sand/gravel pits and bedrock quarries.  

Using the results of the vulnerability mapping, the vulnerability scores were calculated for 

WHPAs ‘A’ through ‘D’ (see Map 5-38). The scores range from two to ten (Malroz Engineering 

Inc., 2009).  
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5.2.5.4 Drinking Water Issue Evaluation 

Water Quality in the Supply Well 

The evaluation of water quality at the Westport well supply was completed by Dillon Consulting 

Ltd.(2009) and focused on water quality from the supply wells. No water quality data from 

within the Cataraqui Source Protection Area was evaluated. For a review of the source water 

quality information available for the Westport well supply, please refer to the Assessment Report 

for the Mississippi-Rideau Source Protection Region (2010, forthcoming).  

Drinking Water Issues 

The Mississippi-Rideau Source Protection Committee has not identified any drinking water 

issues related to the Westport supply well.  

For detailed information about source water quality for the Westport well supply, please see the 

Assessment Report for the Mississippi-Rideau Source Protection Region (2010, forthcoming).  

5.2.5.5 Threat Assessment  

Two of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location: the issues approach and the threats approach. Only the 

threats approach has been applied at this time; the issues approach may be applied in the future, 

pending the delineation of the issue contributing area.  

Existing Activities 

Only a portion of the Westport WHPA ‘D’ falls within the CSPA and was surveyed for existing 

activities using the threats approach. Further research will be required to confirm whether or not 

any conditions exist.  

The highest vulnerability score in Westport WHPA ‘D’ is six out of ten; therefore, any threats 

found within this area cannot numerically be ranked as significant (see Map 5-38). For detailed 

list of the activities that could produce a significant threat, please see Table 4-1 in Chapter 4.  

The areas where significant, moderate and low drinking water threats related to chemicals, 

pathogens, DNAPLs and conditions could occur within the Westport WHPA are shown on Maps 

5-39, 5-40 and 5-41. Similarly, areas where conditions may result in significant, moderate and 

low threats are shown on Map 5-42. 

The portion of WHPA ‘D’ that falls within the CSPA consists of only two parcels of land. 

Existing activities that are found on these parcels of land include agricultural related activities. 

Given the vulnerability scores of four and six, it is impossible for the above threat to be 

significant in the portion of WHPA ‘D’ that extends into the CSPA.  

No transportation corridors exist within the portion of the WHPA ‘D’ that falls within the CSPA 

(see Map 5-43) and therefore, there is no corridors present for the transport of specified 

substances (chemicals).  

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 
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 the application of agricultural source material to land 

 the application of commercial fertilizer to land 

 the application of pesticide to land. 

Table 5-13 below provides a summary of drinking water threats present for the Westport 

drinking water system in WHPA “D”.  The table provides the total number of assessed parcels, 

total threats present and the ranking for each threat circumstance: significant (S), moderate (M) 

or low (L). Refer to Table 4 of Appendix ‘H’ for a more detailed list of the threats and 

circumstances for each of the parcels occurring within both the Westport WHPA and the 

Cataraqui Source Protection Area.  

Table 5-13: Westport Well Supply Drinking Water Threats Summary 

Summary of Parcels with Identified Drinking Water Threats 
Total Number of 

Parcels 

Total Number of 

Threats  

Threat Classification WHPA "D" S M L  

Significant (S) 0 0   0 

Moderate (M) 0  0  0 

Low (L) 1   1 3 

Total Number of Parcels  1 1  

Total Number of Threats Present* 3  3 

*Note: A parcel can have multiple threats  

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009d) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader. 

The predominant permitted land uses are residential and agricultural uses that are associated 

prescribed drinking water threats (Novatech Engineering Consultants Ltd. for Township of 

Rideau Lakes, 2004 and 2005). The rural designation and zone permit uses that are associated 

with prescribed drinking water threats will need to be reviewed to determine if changes to the 

permitted uses in general or to specific properties should be recommended as part of the source 

protection plan. 

5.2.5.6 Conclusions and Next Steps  

Malroz Engineering Inc. (2009) completed a study of the Westport drinking water system to 

delineate a WHPA around the supply well. A corresponding drinking water issues evaluation and 
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a threats assessment were conducted for the Mississippi-Rideau Source Protection Region. These 

efforts have investigated the areas from where the groundwater potentially travels to reach the 

supply well and have also evaluated potential activities and conditions which can affect the 

groundwater quality. 
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Chapter 6 – Surface Water Sources 

Purpose 

Chapter 6 discusses the work in the Cataraqui Source Protection Area (CSPA) on the mapping of 

intake protection zones (IPZs) around the surface water intakes of municipal residential drinking 

water systems. Section 6.1 explains what an IPZ is, and some of the details of how it is defined 

and delineated. Section 6.2 provides specific findings for the eight intakes in the Eastern Lake 

Ontario / Upper St. Lawrence River IPZ study area, including IPZ delineation, vulnerability, 

drinking water issues and threats. Section 6.3 discusses the Picton intake, since part of its IPZ 

extends from the Quinte Source Protection Region into the CSPA. Section 6.4 provides details, 

for the inland surface water intake at Sydenham. All of these findings have been completed in 

accordance with the Technical Rules: Assessment Report (MOE, 2009j)(see Appendix ‘L-1’) 

using the methods that are described in Chapter 4.  

6.1 What is an Intake Protection Zone? 

The purpose of an IPZ is to delineate an area of potential vulnerability around a surface water 

intake. Each intake may have three IPZs: IPZ 1, 2 and 3. There are variations in delineation 

requirements, depending on the type of intake, as defined in the Technical Rules: Assessment 

Report (MOE, 2009j). Each zone provides opportunity for the source protection committee or 

municipality to apply different levels of protective measures on activities planned or existing 

within the zone.  

The delineation of IPZs is independent of specific chemical, biological or physical contaminant 

properties. The IPZ is the area where potential contaminants can be transported to the intake. 

Land use activities or open water activities have associated risks to our sources of drinking 

water; some are more risky than others, having a potential to release large volumes of chemicals 

or pathogens into our drinking water supplies. The IPZs are prepared following a method 

intended to be repeatable across the province to highlight areas of greatest vulnerability to 

contaminants.  

The establishment of the zones must take into account the hydrologic setting of the intake. Four 

different intake classifications are used; these are called Types ‘A’, ‘B’, ‘C’, and ‘D’ intakes and 

they affect the way IPZs are determined. The four classifications have been provincially 

determined and may not all be present within a given source protection area. The intake types 

for the intakes noted in this chapter are given in Table 6-1 below. 
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Table 6-1: CSPA Intake Type 

Intake Intake Type Location 

Brockville Type ‘B’ St. Lawrence River 

Gananoque (James King) Type ‘B’ St. Lawrence River 

Kingston Central Type ‘A’ Lake Ontario 

Kingston West (Point Pleasant) Type ‘A’ Lake Ontario 

Amherstview (Fairfield) Type ‘A’ Lake Ontario 

Bath Type ‘A’ Lake Ontario 

Napanee (A.L. Dafoe) Type ‘A’ Lake Ontario 

Sandhurst Shores Type ‘A’ Lake Ontario 

Picton* Type ‘D’ Bay of Quinte 

Sydenham Type ‘D’ Sydenham Lake 

* Note: the Picton intake is located outside of the CSPA, but the associated draft IPZs extend into the area.  

 

IPZ 1 is a set area around the intake. It is prescribed by the Technical Rules: Assessment Report 

(MOE, 2009j), and is not directly associated with water movement in the area of the intake. The 

generic IPZ 1 requirements for each intake type are detailed in Table 6-2. These areas may be 

modified to reflect local information about how water flows around the intake. 

 

Table 6-2: IPZ 1 Dimensions 

Intake Type Location 
General 

Area Shape 
Generic Area Dimension 

‘A’ Great Lakes Circle One kilometre radius 

‘B’ Connecting 

Channels 

Semi-Circle/ 

Rectangle 

One kilometre radius upstream of intake, 

rectangle two kilometres long and 100 metres 

wide downstream 

‘C’ Rivers Semi-Circle/ 

Rectangle 

200 metres radius upstream of intake, rectangle 

400 metres long and ten metres wide 

downstream 

‘D’ Other Circle One kilometre radius 
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IPZ 2 is defined by the movement of water (hydrodynamics), and is sized to encompass a 

specific period of time for water to travel (minimum of two hours, longer may be used) from 

contaminant release to arrival at the intake. This zone is defined using a hydrodynamic model 

that takes into account data such as water velocity, water temperature, water depth, wind speed, 

wind direction, and water level that may move the contaminant plume to the intake. 

The method for defining IPZ 3 varies depending on the type of intake. For the Type ‘A’ and ‘B’ 

intakes on Lake Ontario and the St. Lawrence River, IPZ 3 is an area of special interest. Within 

IPZ 3, significant drinking water threats may be defined if it can be shown that the release of a 

pollutant from one or more locations in IPZ 3 can directly travel to the intake in a reasonable 

time, during an extreme weather event, and harm the raw source water at the plant. For the 

purpose of the work in the CSPA, the extreme weather event has been defined as the one in 100 

year storm (or more precisely, a one per cent probability wind condition).  

For the Type ‘D’ intakes at Picton and Sydenham, IPZ 3 is defined based on the lakes and 

streams that contribute water to the intake.  

Each IPZ continues on land up to the maximum limit of the Conservation Authority regulatory 

limit or 120 metres from the high water mark, whichever is greater. The regulatory limit is 

defined under the Ontario Conservation Authorities Act to define areas of potential flooding and 

erosion. There is allowance for transport pathways such as storm-sewers, ditches and streams, to 

extend the IPZ further on land. Pathway extension may increase the risk of contaminant release 

into the IPZ. Examples of IPZ delineation methods for the CSPA are shown in Figures 6-1, 6-2, 

6-3 and 6-4. 
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Figure 6-1: Great Lakes (Type ‘A’ Intake) IPZ Delineation Example  

       (MOE, 2006a)  
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Figure 6-2: Great Lakes (Type ‘A’ Intake) IPZ Transport Pathway Delineation Example  

(MOE, 2009d) 

 

 

 

Figure 6-3: Connecting Channel (Type ‘B’ Intake) IPZ Delineation Example  

(MOE, 2006a) 
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Figure 6-4: Inland Lakes (Type ‘D’ Intake) IPZ Delineation Example  

(MOE, 2009d) 

 

Once the zones have been determined following principles of science and minimum distance 

stipulations, the objective is to establish the vulnerability of the intake to contamination. 

Vulnerability is calculated in each zone following a scoring system that takes into account the 

geometry of the intake (distance from shore, depth below surface) as well as the intake type. This 

produces a vulnerability score that is used later to determine the risk of certain activities within 

each of the zones. 

IPZs were delineated for nine municipal residential drinking water intakes in the Cataraqui area. 

The classification, number of residents served and locations of the municipal residential drinking 

water intakes in our area are given in Table 6-3. The IPZ for the Picton water treatment plant 

(WTP) also extends into the Cataraqui area from the Quinte Source Protection Region. For 

information about the Picton WTP please refer to that region’s Assessment Report. 
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Table 6-3: Drinking Water System Information 

Drinking Water System DWS Information 

City of Brockville Water Treatment Plant (DWS# 220001263) 
 Location City of Brockville 

 Population Served 22,350 people (1)  

 Area Served 28.08 km2 

 Classification (O.Reg. 170/03) Large municipal residential (2)  

 Supply Well Location Lot 15, Concession I, Elizabethtown 

 Average Annual Volume (m3) 5,342,688 (3) 

 Average Monthly Volume (m3) 452,376 (3) 

 Monitoring Well Locations n/a 

James W King Water Treatment Plant (DWS# 220001254) 
 Location Gananoque, Town of Gananoque 

 Population Served 5,209 people (4)  

 Area Served 4.43 km2 

 Classification (O.Reg. 170/03) Large municipal residential (4)  

 Supply Well Location Lot 13, Broken Front, Leeds  

 Average Annual Volume (m3) 1,460,000 (5) 

 Average Monthly Volume (m3) n/a 

 Monitoring Well Locations n/a 

Kingston Central Water Treatment (DWS# 220001860) 
 Location Kingston, City of Kingston 

 Population Served 80,000 people (6)  

 Area Served 34.99 km2 

 Classification (O.Reg. 170/03) Large municipal residential (7)  

 Supply Well Location Lot 22, Broken Front, Kingston 

 Average Annual Volume (m3) 21,274,252 (8) 

 Average Monthly Volume (m3) 1,772,854 (8) 

 Monitoring Well Locations n/a 

Point Pleasant Water Treatment Plant (DWS# 220001851) 
 Location Kingston, City of Kingston 

 Population Served 44,000 people (9)  

 Area Served 32.42 km2 

 Classification (O.Reg. 170/03) Large municipal residential (10) 

 Supply Well Location Lot 10, Broken Front Kingston 

 Average Annual Volume (m3) 7,892,503 (8) 

 Average Monthly Volume (m3) 658,563 (8) 

 Monitoring Well Locations n/a 

Fairfield Water Treatment Plant (DWS# 220009229) 
 Location Amherstview, Loyalist Township 

 Population Served 8,377 people (11)  

 Area Served 3.85 km2 

 Classification (O.Reg. 170/03) Large municipal residential (11)  

 Supply Well Location Lot 41, Broken Front, Ernestown 

 Average Annual Volume (m3) 1,654,013 (3) 

 Average Monthly Volume (m3) 125,931 (3) 

 Monitoring Well Locations n/a 
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Table 6-3: Drinking Water System Information (continued) 

Drinking Water System DWS Information 

Bath Water Treatment Plant (DWS# 220002217) 
 Location Bath, Loyalist Township 

 Population Served 2,441 people (12)  

 Area Served 4.83 km2 

 Classification (O.Reg. 170/03) Large municipal residential (12)  

 Supply Well Location Lot 11, Broken Front, Ernestown 

 Average Annual Volume (m3) 640,400(12) 

 Average Monthly Volume (m3) n/a 

 Monitoring Well Locations n/a 

A.L. Dafoe Water Treatment Plant (DWS# 220002226) 
 Location Napanee, Town of Greater Napanee 

 Population Served 8,500 people (13) in Quinte Source Protection Region 

 Area Served 6.21 km2 

 Classification (O.Reg. 170/03) Large municipal residential (14)  

 Supply Well Location Lot 17, Concession I, Fredericksburgh 

 Average Annual Volume (m3) 2,478,320 (3) 

 Average Monthly Volume (m3) 214,453 (3) 

 Monitoring Well Locations n/a 

Sandhurst Shores Water Treatment Plant (DWS# 220003877) 
 Location Sandhurst Shores, Town of Greater Napanee 

 Population Served 230 people (15)  

 Area Served 0.38 km2 

 Classification (O.Reg. 170/03) Small municipal residential (15)  

 Supply Well Location Lot 9, Concession I, Fredericksburgh 

 Average Annual Volume (m3) 25,091 (3) 

 Average Monthly Volume (m3) 2116 (3) 

 Monitoring Well Locations n/a 

Sydenham Water Treatment Plant (DWS# 260069290) 
 Location Sydenham, South Frontenac Township 

 Population Served 1187 people (16)  

 Area Served 1.44 km2 

 Classification (O.Reg. 170/03) Large municipal residential (16, 17)  

 Supply Well Location Southern Parts of Lot 4 and 5, Concession V, Loughborough 

 Average Annual Volume (m3) 72,188 (8) 

 Average Monthly Volume (m3) 11,077 (8) 

 Monitoring Well Locations n/a 
1. City of Brockville Drinking Water System – 2009 Annual Water Quality Report, City of Brockville 

2. Brockville Water Treatment Plant – Drinking Water System Inspection Report, Ontario Ministry of the Environment, February 4, 2009. 

3. Ontario Ministry of the Environment Permit to Take Water reporting database. 

4. James W King Water Treatment Plant – Drinking Water System Inspection Report, Ontario Ministry of the Environment, August 19, 2009 

5. Environment Canada water use data. 

6. Utilities Kingston 2009 Annual Report – King Street Water Treatment Plant, Utilities Kingston, December 31, 2009 

7. King Street Water Treatment Plant – Drinking Water Inspection Report, Ontario Ministry of the Environment, July 23, 2009 

8. Utilities Kingston data. 

9. Utilities Kingston 2009 Annual Report – Point Pleasant Water Treatment Plant, Utilities Kingston, December 31, 2009 

10. Point Pleasant Water Treatment Plant – Drinking Water Inspection Report, Ontario Ministry of the Environment, June 25, 2009 

11. Fairfield Water Treatment Plant – Drinking Water System Inspection Report, Ontario Ministry of the Environment, December 8, 2009 

12. Bath Water Treatment Plant – Drinking Water System Inspection Report, Ontario Ministry of the Environment, July 21, 2009 

13. A.L. Dafoe Water Treatment Plant – Drinking Water System Inspection Report, Ontario Ministry of the Environment, January 26, 2010 

14. A.L. Dafoe Water Treatment Plant – Drinking Water System Inspection Report, Ontario Ministry of the Environment (2008) 

15. Sandhurst Shores Water Treatment Plant – Drinking Water Inspection Report, Ontario Ministry of the Environment, July 3, 2008 

16. Sydenham Water Treatment Plant – Drinking Water Inspection Report, Ontario Ministry of the Environment, January 29, 2009 

17. Utilities Kingston 2009 Annual Report – Sydenham Water Treatment, Utilities Kingston, December 31, 2009 
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6.2 Eastern Lake Ontario/Upper St. Lawrence River Intakes 

There are eight municipal residential drinking water system intakes along the Lake Ontario and 

St. Lawrence River shoreline in the CSPA (see Map 2-10). They are (from east to west): 

 Brockville (serving the City of Brockville and the Township of Elizabethtown-Kitley)  

 James W. King (Gananoque) 

 Kingston Central 

 Point Pleasant (Kingston West) 

 Fairfield (serving Amherstview and Odessa) 

 Bath 

 A. L. Dafoe (Napanee) 

 Sandhurst Shores. 

A study was conducted by the Centre for Water and the Environment at Queen’s University 

(2009) to delineate an IPZ for each of the eight Cataraqui area intakes. The delineation of the 

IPZs was completed using a validated hydrodynamic model. For more information please refer 

the Delineation of Intake Protection Zones in the CRCA jurisdiction – Modelling Approach in 

Appendix ‘L-11a’. 

The study was overseen by a Technical Advisory Group that included representatives from each 

of the five municipalities that have intakes that are part of the study (the City of Brockville, the 

Town of Gananoque, the City of Kingston, Loyalist Township, and the Town of Greater 

Napanee). The modelling work was peer-reviewed by four experts in Canada and the United 

States, each of whom provided helpful suggestions.  

During the field seasons of 2006 and 2007, data were gathered through a partnership between the 

Centre for Water and the Environment and Environment Canada at the Canadian Centre for 

Inland Waters. The data gathered included wind, air and water temperature, current velocity, as 

well as some specific current studies by tracking drogues. 

There were to be two models created for this study, the first was to be a full Lake Ontario model 

in a two kilometre by two kilometre grid. This model would then be coupled to a finer grid model 

for the CSPA area (300 metre by 300 metre grid). The models were both validated using surface 

data such as temperature and water levels. Each model validated well with the field data on its 

own, and therefore the coupling of the two models was not needed. The CSPA area model alone 

was used for the IPZ delineation (CWE, 2009).  

Once the models were validated to 2006 field data, work on the delineation of the IPZs was able 

to commence. It appeared that the best way to delineate an IPZ (pertaining to IPZ 2 as IPZ 1 is 

predetermined by the Technical Rules, as discussed below) was to use the wind speed, as wind is 

the predominant generator of currents in the study area.  

The recorded wind in 2006 and 2007 did not reach the expected extreme conditions that were 

required for the study, so the recorded winds at the field stations were related to the winds 
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recorded at the Kingston Airport Climate station (6104146 YGK). In turn, recorded winds were 

then prorated to the historical wind record for the airport and increased to the ten year and 100 

year return period condition. This process is also detailed in Delineation of Intake Protection 

Zones in the CRCA Jurisdiction – Modeling Approach (CWE, 2009). 

The resulting wind conditions (and seasonal conditions) were then used to drive the 

hydrodynamic model, and estimate the current velocities at the eight intakes.  

It had been earlier decided by the Technical Advisory Group that the minimum requirement of 

two hours time of travel would be used to delineate the IPZ 2. Knowing what the current profile 

in various directions can be over the season, these maximum currents can then be assumed to be 

maintained for two hours, which will give the distance a contaminant can travel (at the water 

surface) in that time.  

With the current directions, and the time of travel known, a shape around each intake could be 

delineated as IPZ 2. These delineations are further discussed in Section 6.2.1.  

Some initial IPZ 3 modeling work has been completed by the Queen’s University Department of 

Civil Engineering and the Cataraqui Region Conservation Authority (CRCA); the initial findings 

are included below. 

6.2.1 Delineation of the Intake Protection Zones 

As discussed above, each of the IPZs for the intakes in the Cataraqui area have been delineated 

using data prepared by the Centre for Water and the Environment (2009) study.  

6.2.1.1 Intake Protection Zone 1 

IPZ 1 has been mapped based on the Technical Rules: Assessment Report (MOE, 2009j) (Table 

6-2). For the six Lake Ontario intakes, IPZ 1 was delineated as a circle around the intake, with an 

appropriate setback on land. For the St. Lawrence River intakes, IPZ 1 was delineated as a half-

circle in the upstream direction around the intake (one kilometre), with a rectangle in the 

downstream direction (100 metres). A combination of the regulation limit and a 120 metre high 

water mark setback is used for the IPZ 1 setbacks on land, in accordance with the Technical 

Rules.  

6.2.1.2 Intake Protection Zone 2 

IPZ 2 has been delineated using a two hour time of travel during a wind event that has a one in 

ten chance (ten per cent probability) of happening in any year, as detailed in Delineation of 

Intake Protection Zones in the CRCA Jurisdiction – Modeling Approach (CWE, 2009). The 

portion of the IPZ 2 zone that falls in the water reflects the anticipated movement of water 

towards the intake.  

Modeling by Queen’s University researchers shows that water can move from downstream to 

upstream in sustained east wind conditions. This occurs in much of the water column, in 

particular in the St. Lawrence River, from the surface of the water down to the bed of the river. 

This is seen in the model, and has been confirmed anecdotally by local residents, specifically 

along the shoreline in Brockville. This is the reason that IPZ 2 extends a considerable distance in 

the downstream direction from the intakes. 
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In most locations it was decided to not adjust the computer-generated zone boundaries by hand 

(for example, by extending them to the nearest shore) but instead to rely upon the already 

conservative outcome of the model. 

Where the in-water portion of one of the zones meets the shoreline, a combination of the 

regulation limit and a 120 metre setback from the high water mark is used to extend it inland, in 

accordance with the Technical Rules.  

In the opinion of the authors at Queen’s University: “the modeled flow structure agrees well 

quantitatively and qualitatively with field observations” (CWE, 2009).  This opinion was 

supported by the peer reviewers. The model that was used to delineate the zones was one of the 

best available at the time of the study.  However, the study was limited by the lack of long-term 

field data from different seasons of the year, and by the fact that the available hydrologic models 

do not reflect the winter months in which portions of the Lake and River are covered by ice. 

Based on these factors, an uncertainty level of low is assigned to the IPZ delineations. 

The portions of IPZ 2 that extend further inland were generated from two sources:  

 Storm sewer networks that contribute water to the IPZ (within the two hour time of 

travel). CRCA staff used sanitary and storm sewer network maps provided by the 

municipalities and assumed full flowing pipes (worst case scenario) to add these portions. 

All time of travel calculations were done using Manning’s equation. Manning’s equation 

is used to calculate the velocity of flow in the pipe.  Knowing the velocity, the distance of 

travel in the pipe for a give time period can be estimated.  While pipe diameters and pipe 

slopes were typically not available for the storm sewer networks in the CSPA, sensitivity 

analyses showed that any outlets into a delineated IPZ 2 would include the entire 

upstream storm sewer network within the two hour time of travel to the intake.   

 Transport pathways that contribute water to the IPZ were also assessed. Transport 

pathways can be ditches, pipelines, tile drains or other man-made features where water 

and other substances can potentially flow. When delineating the extent of IPZ 2, all 

transport pathways known on the landscape were considered for each system within Lake 

Ontario and the St. Lawrence River. It is important to note that only the length of the 

transport pathway that is expected to be within a two hour time of travel of the intake is 

captured in the extent of the IPZ 2 delineation.  

In the case of ditches, most have been included as part of the area of the storm sewer network 

that drains to an IPZ 2, as they are well within the two hour time of travel. In one case, a ditch 

was added along a steep road that runs perpendicular, down a steep slope, to the location of an 

intake.   

The extent of streams included in IPZ 2 is intended to include only the length of stream that is 

expected to be within a two hour time of travel of the intake. The extent of the stream included 

was decided by estimating the cross-section and slope of the stream, and assuming bankfull flow. 

All time of travel calculations were done using Manning’s equation, as noted above. In most 

cases, simple calculations showed that the entire stream was within the two hour time of travel to 

the intake. In some cases, where data was available, the velocity information in the HEC-2 or 
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HEC-RAS models of the creeks were used to estimate the distance upstream from the mouth that 

was contained in the two hour time of travel to the intake.  

Tile drainage was also used to delineate the inland portion of IPZ 2 at some locations (see 

below). Information was gathered from existing databases, site inspections and interviews with 

landowners. Where a field with tile drainage was found to flow directly into a waterbody (for 

example: a stream) within the zone, the entire portion of the field that drained to that location 

was added to the zone.  

Table 6-4 below indicates whether or not transport pathways and watercourses were used in the 

IPZ delineations at each intake. The extent of the surface pathways included was decided by 

estimating the cross-section of streams and ditches, and assuming bankfull flow. All time of 

travel calculations were done using Manning’s equation.  

Table 6-4: Transport Pathways & Watercourses in IPZs 

Intake 

Transport Pathways Watercourses 

Ditches 
Tile 

Drains  

Storm-

sewers 
Streams Rivers 

Brockville      

James W. King (Gananoque)      

Kingston Central      

Point Pleasant (Kingston West)      

Fairfield (Amherstview)      

Bath      

A.L. Dafoe (Napanee)      

Sandhurst Shores      

 

Maps 6-1, 6-9, 6-16, 6-23, 6-30, 6-37, 6-44 and 6-51 show the delineated IPZ 1 and IPZ 2 for 

the eight Lake Ontario and St. Lawrence River intakes in the CSPA. Map 6-2 shows the 

calculated IPZ 1 and IPZ 2 at Brockville, including the portions that extend into the United 

States of America (New York State). 

6.2.1.3 Intake Protection Zone 3 

The CWE (2009) report includes some initial findings for IPZ 3 around the eight municipal 

residential drinking water system intakes that draw from either Lake Ontario or the St. Lawrence 

River within the CSPA. The area that could contribute water to the intakes during 2006 

conditions (gathered field data) has been modelled and delineated, as described below.  
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Map 6-58 shows the combined IPZ 3 for the eight CSPA intakes on the Great Lakes. It was 

delineated by running the hydrodynamic model for 29 specific sites of interest. Each discharge 

point was assigned a concentration of one (two of the 29 sites had actual concentration data from 

events in 2006). The discharge rates used for each discharge point were a mix of actual field 

data, estimated and pro-rated data.  The hydrodynamic model was then run three times (ten 

discharge locations each) and the extent of the spread (and relative concentration isolines) of the 

discharge was mapped for each of the 29 discharge points.  These 29 maps were then overlain to 

form the overall IPZ 3. 

For instance, if a contaminant storage site was identified to be modeled, the location was added 

into the model. In turn, the model was run to see whether a release from the site could directly 

reach the intake during 2006 conditions. These data were used in lieu of an extreme event (the 

one in 100 year storm, or more precisely, a one per cent probability wind condition) which was 

deemed less critical for the modeling work. 

In addition to the extent of the discharge concentration map, the concentration over the 2006 

model year from each discharge point (six hour intervals) at each intake was recorded, as was the 

maximum value seen over the 2006 model year. 

Using this modeling approach, it was found that the entire shoreline of the CSPA has the 

potential to contribute contaminants to the water at the CSPA intakes during 2006 conditions. 

The boundary of the combined IPZ 3 is based on the sum of the computer model runs for the 29 

sites. Its extent is roughly coincident with areas of water in the lake and river that have a depth of 

30 metres or less. This finding is consistent with work at the Credit-Toronto-Central Lake 

Ontario Source Protection Region, which identified that the water withdrawn at the intakes of 

Lake Ontario comes almost exclusively from areas shallower than 30 metres (Snodgrass, 2009).  

Further to the delineation of IPZ 3, additional work relating specific discharge locations and 

intakes was undertaken by CRCA staff.  Consideration was given to looking at various discharge 

scenarios (concentration, volume, etc.), and whether they may create a significant threat for the 

intakes.  However, very little data (almost none) for the discharge points was available for this 

work, and attempting to run various scenarios through a network of 232 (29 discharges, eight 

intakes) potential relations did not appear to be a worthwhile task, given all the assumptions and 

uncertainties associated with that kind of work. 

An attempt to back track from existing issues at the intakes to a discharge point also proved 

difficult, without any real information on which discharge locations, if any, had or could 

discharge a compound found at the intakes. 

At this time, the information available to reliably identify significant threats to the intakes using 

modeling of the IPZ 3 zone is not available, and therefore no significant threats can be identified 

through this method. For more information regarding the IPZ 3 modeling, please refer to Intake 

Protection Zone 3 Discharge Concentration Modeling Report for Consideration of Significant 

Threats (Watt, 2010) in Appendix ‘11b’. 

Although the initial findings for IPZ 3 are insightful, it is clear that further research is warranted 

such as analyses related to the identification of significant drinking water threats (via the event-

based approach outlined in Chapter 4). Another area of interest is the presence of large industrial 
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facilities along the shoreline of Lake Ontario and the St. Lawrence River. There are several 

facilities in close proximity to the municipal intakes and therefore provide locations where 

further modelling regarding drinking water threats are needed. Recommendations for future 

work on this approach to identifying threats and modeling with reference to industrial facilities 

are discussed in Chapter 8. 

It is worth noting that contaminants from outside the delineated IPZ 3 may affect the intakes. It 

has been seen that activities along the north shore of the main basin of Lake Ontario can travel 

long distances in a reasonably short period of time.  In 1992, a tritium spill from the Pickering 

nuclear power plant travelled in a westerly direction and evidence of the spill was seen at water 

treatment plant intakes to the western extent of Lake Ontario.  Had the wind been easterly, there 

has been suggestion that the spill could have potentially reached the Cataraqui area. The Credit-

Toronto-Central Lake Ontario Source Protection Region has been conducting modeling to further 

examine the potential of contaminant movement in the lake.  Previous monitoring work has 

shown evidence of above background levels of tritium along the north shore of Lake Ontario at 

water treatment plant intakes east of Pickering (though not as far east as the Cataraqui area) (L. 

Moore, 2010). 

6.2.2 Vulnerability Scoring 

As described in Chapter 4, vulnerability scoring is a measure of how sensitive the waters and 

land around an intake are to contamination. The vulnerability scoring for each of the eight Lake 

Ontario and St. Lawrence River intakes is detailed in Appendix ‘J’.  

To summarize, the vulnerability score is a multiplication of two factors, the area vulnerability 

factor (Vfa) and the source vulnerability factor (Vfs) (MOE, 2009j). 

V = Vfa x Vfs 

The criteria for assigning Vfa and Vfs are laid out in the Technical Rules: Assessment Report 

(MOE, 2009j).  

The area vulnerability factor (Vfa) is based on: 

 the percentage of the area that is composed of land 

 the land cover, soil type, permeability, and the slope of setbacks 

 the hydrological and hydrogeological conditions in the area that contributes water 

through transport pathways, and 

 the proximity of the area to the intake (in the case of IPZ 3). 

Vfa varies depending on intake zone. IPZ 1 receives a score of ten and, IPZ 2 can range from 

seven to nine. IPZ 3 is not assigned a vulnerability score for the Great Lake and connecting 

channel intakes.  

Maximum scores for the area vulnerability factor were given to the Type ‘A’ intakes in Fairfield 

(Amherstview) and Bath and the Type ‘B’ intakes in Brockville and James W. King 

(Gananaoque) due to the above conditions (please refer to Table 6-6 below and Appendix ‘J’, 
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Tables 1 to 4 for more detail relating the specific factors above for each intake). All areas are 

subject to hydrogeological impacts of fractured bedrock where the release of a contaminant on 

the surface can very easily penetrate into the bedrock, and therefore all the CSPA intakes will 

have a higher vulnerability. 

The score vulnerability factor (Vfs) applies to the location of the intake and is determined in 

relation to: 

 the depth of the intake 

 the distance of the intake from land, and  

 the number of recorded drinking water issues related to the intake. 

Vfs varies depending on the whether the intake is located on a Great Lake (such as Lake Ontario) 

or a connecting channel (such as the St. Lawrence River).  For Type ‘A’ intakes on the Great 

Lakes, the vulnerability scoring can range from 0.5 to 0.7. For Type ‘B’ intakes on connecting 

channels, it can range from 0.7 to 0.9.  

Generally, the intakes are shallow and close to shore. To account for the lack of temperature 

stratification (increased mixing potential), Vfs values have been maximized in most locations. 

The type B intakes represented by the Brockville and James W. King (Gananoque) IPZs are 

given the maximum score of 0.9 to account for their close proximity to the shore as well as 

shallow depth. The maximum score of 0.7 similarly has been assigned to the Type ‘A’ intakes of 

Fairfield (Amherstview), Bath, A.L. Dafoe (Napanee) and Sandhurst Shores, that are also very 

close to the shore and shallow in depth. As the Kingston intakes (Kingston Central and Point 

Pleasant) are deeper and further from shore, a moderate score was assigned. 

The final vulnerability, ‘V’, ranges for IPZ 1 and IPZ 2 are shown in Table 6-5. 

Table 6-5: Allowable Vulnerability Score Ranges, Lake Ontario & St. Lawrence River 

Intakes 

Type of Intake IPZ 1 Range IPZ 2 Range 

Type ‘A’ (Lake Ontario) 5 – 7 3.5 – 6.3 

Type ‘B’ (St. Lawrence 

River) 

7 – 9 4.9 – 8.1 

 

Maps 6-3, 6-10, 6-17, 6-24, 6-31, 6-38, 6-44 and 6-52 show the vulnerability scoring for IPZ 1 

and IPZ 2 for the eight Lake Ontario and St. Lawrence River intakes in the CSPA. The 

vulnerability scoring is further illustrated by: 

 Maps 6-4, 6-11, 6-18, 6-25, 6-32, 6-39, 6-46 and 6-53 which show areas that can result 

in significant, moderate and low drinking water threats related to chemicals  

 Maps 6--5, 6-12, 6-19, 6-26, 6-33, 6-40, 6-47 and 6-54 which show areas that can result 

in significant, moderate and low drinking water threats related to pathogens 
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 Maps 6-6, 6-13, 6-20, 6-27, 6-34, 6-41, 6-48 and 6-55 which show areas that can result 

in significant, moderate and low drinking water threats related to DNAPLs 

 Maps 6-7, 6-14, 6-21, 6-28, 6-35, 6-42, 6-49 and 6-56 which show areas that can result 

in significant, moderate and low drinking water threats related to conditions. 

The IPZ delineation work was reviewed by a number of experts in this type of modeling work 

from across North America. Their review was very positive and felt the work was completed 

using reasonable methods. They did recommend some modifications to the report itself, for 

clarity. 

The uncertainty associated with the vulnerability scoring for these IPZs is considered to be low, 

as per Technical Rules 13 and 14 and the fact the intakes are generally shallow in depth (lack of 

temperature stratification) and close to the shore.  

Table 6-6 shows the vulnerability scores for the intakes and provides a summary of the rationale 

used to assign those scores. Further information on the rationale for each score is provided in 

Appendix ‘J’. 
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Table 6-6: Overall Vulnerability Scores (Vfa x Vfs = V), Lake Ontario & St. Lawrence 

River Intakes 

Intake 
Vulnerability 

Score 
Range Rationale 

Brockville IPZ is roughly 50% land; urban area; 

moderately permeable soil over fractured 

bedrock; slope of land high; Type ‘B’ intake; 

moderate depth and distance from shore. 

 IPZ 1 10 x 0.9 = 9 7 – 9  

 IPZ 2 9 x 0.9 = 8.1 4.9 – 8.1  

James W. King (Gananoque) IPZ is mostly land; urban area; moderately 

permeable soil over fractured bedrock; slope 

of land medium; shallow Type ‘B’ intake with 

moderate distance to shore. 

 IPZ 1 10 x 0.9 = 9 7 – 9  

 IPZ 2 9 x 0.9 = 8.1 4.9 – 8.1  

Kingston Central IPZ is mostly water; urban area; low 

permeability soil over fractured bedrock; 

slope of land medium; deep Type ‘A’ intake 

far from shore. 

 IPZ 1 10 x 0.6 = 6 5 – 7  

 IPZ 2 8 x 0.6 = 4.8 3.5 – 6.3  

Point Pleasant (Kingston West) IPZ is mostly water; urban area; low 

permeability soil over fractured bedrock; 

slope of land low; deep Type ‘A’ intake far 

from shore. 

 IPZ 1 10 x 0.6 = 6 5 – 7  

 IPZ 2 7 x 0.6 = 4.2 3.5 – 6.3  

Fairfield (Amherstview) IPZ is mostly land; urban area; moderately 

permeable soil over fractured bedrock; slope 

of land low; shallow Type ‘A’ intake close to 

shore. 

 IPZ 1 10 x 0.7 = 7 5 – 7  

 IPZ 2 9 x 0.7 = 6.3 3.5 – 6.3  

Bath IPZ is mostly land; urban and agricultural 

area; low permeability soil over fractured 

bedrock; moderate slope; shallow Type ‘A’ 

intake close to shore. 

 IPZ 1 10 x 0.7 = 7 5 – 7  

 IPZ 2 9 x 0.7 = 6.3 3.5 – 6.3  

A.L. Dafoe (Napanee) IPZ is mostly water; agricultural area; low 

permeability soil over fractured bedrock; 

slope of land low; shallow Type ‘A’ intake 

close to shore. 

 IPZ 1 10 x 0.7 = 7 5 – 7  

 IPZ 2 8 x 0.7 = 5.6 3.5 – 6.3  

Sandhurst Shores IPZ is roughly 50% land; agricultural area; 

low permeability soil over fractured bedrock; 

slope of land is low; shallow Type ‘A’ intake 

moderate distance from shore. 

 IPZ 1 10 x 0.7 = 7 5 – 7  

 IPZ 2 8 x 0.7 = 5.6 3.5 – 6.3  

6.2.3 Water Treatment Plants 

The following sections include specific information on the WTPs, as well as details on the 

drinking water issues evaluation and threats assessment work. 
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6.2.3.1 Water Withdrawals for WTP 

Table 6-7 gives an idea of the volume of water withdrawn by the WTPs (the volume of treated 

water is slightly less). These estimated numbers are based on what has been presented in the First 

Engineer’s Reports and Drinking Water Inspection Reports for the WTPs. Not all the reports 

give comparable data (period of record, years of data) so the numbers in the table are estimated 

based on this data. 

Table 6-7: WTP Raw Water Withdrawal Volumes 

Municipal WTP 

PTTW 

Allowed 

Volume 
(m3/day) 

Estimated 

Annual 

Volume     
(m3) 

Estimated 

Average 

Monthly 

Volume 
(m3/day) 

Estimated 

Average 

Daily 

Volume 
(m3/day) 

Estimated 

Maximum 

Daily 

Volume 
(m3/day) 

Brockville 36,400 5,307,830 436,260 14,542 24,423 
James W. King 

(Gananoque) 10,220 1,499,785 123,270 4,109 5,360 

Kingston Central 118,000 20,756,729 1,706,033 56,868 73,659 
Point Pleasant 

(Kingston West) 45,460 8,156,290 670,380 22,346 32,617 
Fairfield 

(Amherstview) 9,000 1,849,911 152,048 5,068 6,476 

Bath 6,000 628,074 51,623 1,721 3,381 
A.L. Dafoe 

(Napanee) 10,450 2,204,381 181,182 6,039 8,184 

Sandhurst Shores 600 24,869 2,044 68 297 

 

The following sections give specific information for each of the WTPs. This information comes 

from the First Engineer’s Reports, Drinking Water Inspection Reports, interviews with municipal 

staff, and field work.  

6.2.4 Brockville Water Treatment Plant 

The City of Brockville is the most eastern city and intake in the Cataraqui Source Protection 

Area and is home to approximately 23,000 people. Brockville is situated on the shores of the St. 

Lawrence River and is a favourite tourist destination being located in the Thousand Islands. 

Brockville is located on three of Ontario’s busiest transportation routes including Highway 401, 

the Canadian National Railway and the St. Lawrence Seaway.  

The Brockville WTP is operated by the City of Brockville and serves the City of Brockville and 

portions of the Township of Elizabethtown-Kitley. The Brockville WTP is a direct filtration 

facility. Treatment consists of coagulation-flocculation by polyaluminum chloride addition 
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followed by filtration through sand, gravel and granular activated carbon. Filtered water is then 

disinfected through a combination of chlorine injection and ultraviolet radiation. 

 withdrawal source: St. Lawrence River 

 serviced population and municipality: 22,000 residents of the City of Brockville and 

1,000 residents in Elizabethtown-Kitley Township 

 date constructed: 1958 (main building), 1978 (filter building) 

 intake depth: 10.5 metres 

 intake pipe length (offshore): 294 metres 

 intake pipe diameter: 900 millimetres. 

In the 1950’s dye was released in the river and it was found that water reaching the intake 

location flows past both the north and south sides of Smith Island (the largest island off of 

Brockville, located slightly south and west of the intake) (Richardson, 2007). The channel to the 

north side of the island is much shallower than that of the south side. The northern channel 

borders on the mainland and a highly developed residential area. The shipping channel for the St. 

Lawrence Seaway is on the south side of the island.  

The official intake protection zones for Brockville end at the International Boundary between 

Canada and the United States of America (see Map 6-1). However, it is worth noting that the 

modeled intake protection zones for Brockville extend past the International Boundary into New 

York State waters (see Map 6-2). The vulnerability scoring for Brockville (see Table 6-3) was 

assessed based on the official zones within Canada.  

Drinking Water Issue Evaluation 

Water Quality at the Intake 

The Brockville WTP participates in the Drinking Water Surveillance Program. As such, the 

water at the intake is characterized. High hardness was reported under the provincial Drinking 

Water Surveillance Program (data set spanning from 1990-2007). High hardness occurs naturally 

in the CSPA and may cause incrustations and increase soap consumption, but is not a drinking 

water health risk.  

In a special project under the Drinking Water Surveillance Program, water at the Brockville 

WTP was examined for the presence of perfluorinated alkyl compounds (PFCs), pharmaceuticals 

and personal care products in the untreated and treated water. All results were below detection or 

no data were available, except for perfluorooctanoic acid, which was detected at a concentration 

below any benchmark. 

The City of Brockville Engineer’s Report for the Brockville Water Treatment Plant (CH2M Gore 

and Storrie Ltd., 2000) includes a characterization of the untreated water at the Plant, 

summarizing available data. No parameters exceeded the benchmark value for drinking water 

issue evaluation.  
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Similarly, Annual Drinking Water Compliance Reports (City of Brockville, 2006, 2007, and 

2009) show that average alkalinity, turbidity and pH were within the acceptable range (where 

data exist). Temperature is seasonally elevated between June and October and temperature 

ranges throughout the year from 0 to 25 degrees Celsius. Both Escherichia coli and total 

coliform bacteria occur in raw water at the Brockville WTP, as would be expected for a surface 

water intake; however, levels were not sufficient to be listed as a drinking water issue. Adverse 

Water Quality Incidents for total coliform in treated water were reported September 6, December 

8 and December 31, 2008. For each of the noted incidents, repeated testing was carried out and 

results showed no contamination. 

In the Brockville Water Treatment Plant Drinking Water Inspection Reports (MOE, 2005b, 

2007c, 2008c, and 2009c), all chemical and microbiological parameters tested in treated and raw 

water were found to be within the desired ranges. Occasional peaks were however reported for 

total coliform in untreated water of up to 462 colonies per 100 millilitres reported under the 

provincial Drinking Water Information System (data set spanning from 2003 to 2008) and 361 

colonies per 100 millilitres reported under the provincial Drinking Water Surveillance Program 

(with data spanning from 1990 to 2007).  

Water Quality at Monitoring Sites 

At the time this report was written, only one Provincial Water Quality Monitoring Station in 

Buells Creek was within the delineated IPZs for Brockville (see Map 2-7). The data show that 

levels of bacteria (Escherichia coli, fecal coliform, monitored between 1975 and 2002) were 

above the drinking water issue benchmark. Although any substance in Buells Creek can be 

expected to be strongly diluted once it empties into the St. Lawrence River, this information may 

provide an early indication of potential sources of current or future problems.  

Drinking Water Issues 

Based on all of the information sources discussed above, the protocol given in Appendix ‘E-1’ 

and the tests in rule 114 of the Technical Rules: Assessment Report (MOE, 2009a), the following 

substances are considered drinking water issues with potential human sources in the raw, 

untreated water for this system:  

 Escherichia coli. 

The remainder of the drinking water issues discussed above are considered to be natural 

characteristics of the source water for this system. 

For more detailed information about natural and human source drinking water issues, please see 

Appendix ‘E-2’, Table 6. Drinking water issues for all WTPs are summarized in Appendix ‘E-

2’, Table 1. 

Issue Contributing Areas 

There is not enough information to delineate the issue contributing area at this time. A detailed 

work plan for gathering this information is included in Appendix ‘E-3’.  
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Threat Assessment 

All three of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location. Only the threats approach has been applied at this time. 

Further research will be required to confirm whether or not any significant drinking water threats 

would result from applying the event-based (IPZ 3) approach to this intake.  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in an IPZ with a vulnerability score of eight or higher. The 

Brockville IPZ 1 has a score of nine, and IPZ 2 has a score of 8.1 (Map 6-1); therefore activities 

occurring in IPZ 1 and IPZ 2 have the potential to be significant threats. Please refer to Table 4-

2 in Chapter 4 for activities that could produce a significant threat in an IPZ.  

Maps 6-3, 6-4, 6-5 and 6-6 show the areas that can result in significant, moderate and low 

drinking water threats relating to chemicals, pathogens and DNAPLs. Similarly, areas where 

conditions may be significant, moderate or low threats are shown in Map 6-7. 

Historical and Existing Activities  

Industrial activities were historically situated along the St. Lawrence River in the City of 

Brockville. For example, there once was an electric light works on a property in IPZ 1. Past 

activities on parcels located within and just outside IPZ 2 include mills, factories, tanneries, 

foundries, oil tank farms/fuel depots, laundries, coal yards, rail yards, auto services, and dry 

cleaners. Some past activities may have the potential to contaminate rock, soil and water and are 

termed conditions. 

However, for this report, the Brockville IPZs were surveyed only for existing activities using the 

threats approach. Further research will be required to confirm whether or not any conditions 

exist.  

Existing activities that are found within the IPZ include a water treatment facility, golf course, 

garage (automotive services), retail stores, hardware stores, gas station, marina, agricultural and 

livestock related activities, and private residences. These are situated over a total of 

approximately 170 parcels of land. 

Prescribed types of drinking water threats that are associated with these existing activities could 

include:  

 the establishment, operation or maintenance of a waste disposal site within the meaning 

of Part V of the Ontario Environmental Protection Act 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of agricultural source material to land 

 the storage of agricultural source material 

 the application of commercial fertilizer to land 

 the handling and storage of commercial fertilizer 
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 the application of pesticide to land 

 the handling and storage of pesticide 

 the application of road salt 

 the handling and storage of road salt 

 the handling and storage of fuel 

 the handling and storage of a dense non-aqueous phase liquid (DNAPLs) 

 the handling and storage of an organic solvent 

 the use of land as livestock grazing or pasturing land, and outdoor confinement area or a 

farm-animal yard 

 the use of a water softener 

 the transportation of specified substances along corridors. 

Transportation Corridors 

Transportation corridors are shown on Map 6-8 and include local roadways and navigation 

channels. Please refer to Appendix ‘I’ for a detailed list of transportation corridors within the 

Brockville IPZ. 

The main corridors within the Brockville IPZ along which specified substances (chemicals) are 

or could be transported include:  

 County Road 2 (King Street)  

 County Road 42 (Lyn Road) 

 St. Lawrence River. 

Investigation of Drinking Water Threat Activities  

Investigation of the drinking water threats through research and landowner contact confirmed 

three parcels of land to have significant threats. The significant threats occurring on the three 

land parcels relate to agricultural and recreational activities including the application of 

agricultural source material to land, the storage of agricultural source material, the application 

of pesticides and the use of land as livestock grazing or pasturing land, an outdoor confinement 

area or a farm-animal yard.  

Moderate and low threats have been enumerated for the area and result in 165 moderate parcels 

of land with drinking water threats. No parcels were found to represent a low drinking water 

threat.  Of the 165 moderate parcels, the dominant drinking water threat was the establishment, 

operation or maintenance of a system that collects, stores, transmits, treats or disposes of sewage 

(septic systems or holding tanks on 158 land parcels, including island parcels). The remaining 

moderate threats were enumerated for the handling and storage of fuel, DNAPLs or organic 

solvents.  

Threat Activities along Transportation Corridors 
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In addition to the threats associated with individual parcels of land, road salt application and 

sanitary and storm sewer networks, also contribute to the number of threats in the vulnerable 

area. The application of road salt contributes 55 moderate and eight low threats (dependant on 

the location of each road within the IPZ). 

The transportation of specified substances along corridors contributes to 73 moderate threats. 

The transportation of fuel contributes 64 moderate threats; and the transportation of pesticides, 

DNAPLs and organic solvents each contribute three moderate threats, respectively.  

The sanitary and storm sewer network also contributes one additional moderate threat.  

Table 6-8 below provides an enumeration summary of drinking water threats present for the 

Brockville drinking water system.  The table provides the total number of assessed parcels, total 

threats present and the ranking for each threat circumstance: significant (S), moderate (M) or 

low (L). Table 6-9, provides an expanded list of the threat activities and their occurrence within 

the Brockville IPZ. For a more detailed outline of the threats and circumstances occurring within 

the Brockville’s IPZs, please refer to Table 5 of Appendix ‘H’. 

Table 6-8: Brockville WTP Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water 

Threats 

Total Number of 

Parcels 

Total Number of 

Threats within Parcels 

Threat Classification IPZ 1 IPZ 2 S M L  S  M L 

Significant (S) 0 3 3   9   

Moderate (M) 44 249  293   303  

Low (L) 0 8   8   8 

Total Number of Parcels 44 260 304  

Total Number of Threats 

Present** 
45 311  356 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt 

on roads and sewer main line threats are enumerated within the total threat count. 
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Table 6-9: Threat Type and Occurrence in the Brockville IPZ 

DWT 

No Drinking Water Threat Total 
Total Ranked 

Significant 

2 

Septic system, holding tank or other treatment 166 - 

Stormwater management 1 - 

Wastewater collection facility (sewer mainline & connections; 

does not include storage tanks or bypasses) 
2 - 

3 Application of agricultural source material to land 2 2 

4 Storage of agricultural source material to land 2 2 

8 Application of commercial fertilizer to land 4 - 

9 Handling and storage of commercial fertilizer 5 - 

10 Application of pesticide to land  4 3 

11 Handling and storage of pesticide 2 - 

13  Storage of road salt 3 - 

15 Handling and storage of fuel 11 - 

16 Handling of a dense non-aqueous phase liquid (DNAPL) 7 - 

17 Handling and storage of an organic solvent 9 - 

21 
Livestock pasturing or grazing and/or outdoor confinement, 

farm-animal yard 
2 2 

Corridor Related Threats 

12 Application of road salt on roads 63 - 
local Transportation of fuel 64 - 
local Transportation of pesticides 3 - 
local The transportation of a DNAPL 3 - 
local Transportation of an organic solvent 3 - 

Total  356 9 

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader. 
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The Brockville IPZ 1 and IPZ 2 zones are located in the City of Brockville and the Township of 

Elizabethtown-Kitley. The predominant permitted land use in IPZ 1 and IPZ 2 is residential (City 

of Brockville, 2001 and 2008a; Novatech Engineering Consultants Ltd. for Township of 

Elizabethtown-Kitley, 2006; Township of Elizabethtown, 1996). Commercial uses are 

concentrated in downtown Brockville within IPZ 2. All of the non-residential designations and 

zone permit uses that are associated with prescribed drinking water threats will need to be 

reviewed. A review will help to determine if changes to the permitted uses in general, or to 

specific properties should be recommended as part of the source protection plan.  

The City of Brockville is in the process of updating its official plan and the Township of 

Elizabethtown-Kitley is preparing a new zoning by-law. These processes will provide an 

opportunity to flag certain designations, zones and/or permitted land uses for further analysis 

prior to the completion of the source protection plan. 

6.2.5 James W. King (Gananoque) Water Treatment Plant 

The Town of Gananoque is located approximately 30 kilometres east of Kingston in Leeds and 

Grenville County. Known as the Gateway to the Thousand Islands, Gananoque has a vibrant 

tourist sector and is a popular fishing local for many national and international visitors. The 

Gananoque area is also part of the Frontenac Arch (or Axis), a geographic area that links habitats 

from the Carolinian forests to the south to the habitats of the Canadian Shield in the Algonquin 

Highlands. This area is not only unique for its landform diversity, but is also supports a high 

diversity of rare species (NCC, 2011). 

The town of Gananoque is also rich in history and culture and is situated on three of Ontario’s 

busiest transportation routes including Highway 401, the Canadian National Railway, the St. 

Lawrence Seaway as well as being close to the Thousand Island International Bridge to the 

United States (New York).   

The WTP servicing the Town of Gananoque is named the James W. King WTP. The James W. 

King WTP is a direct treatment facility, combining flocculation with filtration. Flocculation is 

achieved using aluminum sulphate (alum). Granular activated carbon is used to help control taste 

and odour and chlorine is used for both Zebra Mussel control and disinfection (primary and 

secondary). 

 withdrawal source: St. Lawrence River 

 serviced population and municipality: 5,200 residents of the Town of Gananoque 

 date constructed: not available 

 intake depth: six metres 

 intake pipe length (offshore): 396 metres 

 intake pipe diameter: 600 millimetres. 
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Drinking Water Issue Evaluation  

Water Quality at the Intake 

The untreated water at the Plant was described in the James W. King Water Treatment Plant 

Engineer’s Report (TSH, 2001b). The reported range for colour, hardness, and turbidity was 

found to exceed the benchmark for drinking water issue evaluation (1998-2000). Annual 

Drinking Water Compliance Reports (Town of Gananoque, 2004, 2005, 2006, 2007) also note 

exceedances in the level of colour and seasonal elevations in temperatures above the Ontario 

Drinking Water Quality Standard. 

The Drinking Water Information System (MOE) provides data spanning from 2003 to 2008. No 

exceedances of any guideline were noted for this source. Data from the Drinking Water 

Surveillance Program (MOE) reveals high levels of hardness (pervasive in the CSPA), colour, 

and turbidity.  

Sampling carried out by the CRCA in 2007 also revealed high hardness levels in samples 

collected near the intake pipe. These samples coincided with low water events and east wind 

events.  

Communications with WTP operators (as cited in the Watershed Characterization Report: 

Cataraqui Source Protection Area (CRCA, 2008) indicate that taste and odour problems occur 

annually from September to December at Gananoque. These problems are not known to cause 

harm to human health.  

Water Quality at Monitoring Sites 

Data were examined from a Provincial Water Quality Monitoring Network (PWQMN) site in the 

Gananoque River, just upstream of the River’s confluence with the St. Lawrence River. At this 

location, total coliform, fecal coliform and Escherichia coli bacteria are noted at high levels, but 

no data are available beyond 1985, 1994 and 2002, respectively. Iron concentrations were also 

found to exceed the benchmark for drinking water issue evaluation. For other exceedances, 

please see Appendix ‘E-2’, Table 7. These substances are expected to be strongly diluted upon 

entry to the St. Lawrence River, but this information may provide an indication of potential 

sources of current or future drinking water issues. 

Drinking Water Issues 

Based on all of the information sources discussed above, the protocol given in Appendix ‘F-1’ 

and the tests in rule 114 of the Technical Rules (MOE, 2009j), there are no substances 

considered as drinking water issues with possible human sources in the raw, untreated water for 

this system.  

For more detailed information about natural and human source drinking water issues, please see 

Appendix ‘E-2’, Table 7. Drinking water issues for all WTPs are summarized in Appendix ‘E-

2’, Table 1. 

Threat Assessment 

Two of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location: the event-based (IPZ 3) approach and the threats 
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approach. Only the threats approach has been applied at this time. Further research will be 

required to confirm whether or not any significant drinking water threats would result from 

applying the event-based (IPZ 3) approach to this intake. 

Vulnerability Scoring and Threat Locations  

 Significant threats can occur in an IPZ with a vulnerability score of eight or higher. The James 

W. King IPZ 1 has a score of nine, and IPZ 2 has a score of 8.1 (Map 6-9); therefore activities 

occurring in IPZ 1 and IPZ 2 have the potential to be significant threats.  

Please refer to Table 4-2 in Chapter 4 for activities that could produce a significant threat in an 

IPZ. Maps 6-10, 6-11, 6-12 and 6-13 show the areas that can result in significant, moderate and 

low drinking water threats relating to chemicals, pathogens and DNAPLs. Similarly, areas where 

conditions may be significant, moderate or low threats are shown on Map 6-14. 

Historical and Existing Activities  

Historically, industrial activities were situated along the St. Lawrence River and Gananoque 

River shorelines in the Town of Gananoque. For example, in IPZ 1 there were coal yards, fuel 

depots, factories, wharves and rail yards. IPZ 2 contained numerous activities including mills, 

foundries, factories, a tannery, a gas station, garages and a dry cleaner. Some past activities may 

have the potential to contaminate rock, soil and water and are termed conditions.  

However, for this report, the James W. King IPZs were surveyed based on existing activities 

using the threats approach. Further research will be required to confirm whether or not any 

conditions exist.  

Existing activities that are found within the IPZ include marinas, garages (automotive services), 

a funeral home, dry-cleaning services, photographic services, recreation facilities, hardware 

stores, a gas station, natural gas pipeline stations and private residences. These are situated over a 

total approximately 80 parcels of land. 

Prescribed types of drinking water threats that are associated with these existing activities could 

include:  

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of agricultural source material to land 

 the storage of agricultural source material 

 the application of commercial fertilizer to land  

 the handling and storage of commercial fertilizer 

 the application of pesticide to land 

 the handling and storage of pesticide 

 the application of road salt 

 the handling and storage of road salt 
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 the handling and storage of fuel 

 the handling and storage of a dense non-aqueous phase liquid (DNAPLs) 

 the handling and storage of an organic solvent 

 the use of land as livestock grazing or pasturing land, and outdoor confinement area or a 

farm-animal yard 

 the use of a water softener 

 the transportation of specified substances along corridors. 

Transportation Corridors 

Transportation corridors are shown on Map 6-15 and listed in Appendix ‘I’. The transportation 

corridors in the Gananoque IPZ include local roadways and navigation channels.  The main 

corridors within the Gananoque IPZ on which specified substances (chemicals) are or could be 

transported include: 

 County Road 2 (King Street) 

 Charles Street North, Fourth Street, Stone Street North, Victoria Avenue 

 St. Lawrence River and Gananoque River navigation channels. 

Investigation of Drinking Water Threat Activities  

Investigation of the drinking water threats through research and landowner contact confirmed 

one parcel of land to have a significant threat. The significant threats occurring on this land 

parcel relate to agricultural activities including the application of agricultural source material to 

land, the storage of agricultural source material, the application of pesticides and the use of land 

as livestock grazing or pasturing land, an outdoor confinement area or a farm-animal yard.   

Moderate and low threats have been enumerated for the area and result in 57 parcels with 

moderate drinking water threats (multiple threats per parcel) and one parcel with a low drinking 

water threat. Twenty-eight of the parcels with moderate drinking water threats are on islands 

falling within IPZ 1 and IPZ 2 and are assumed to have either septic systems or holding tanks 

(classified as the establishment, operation or maintenance of a system that collects, stores, 

transmits, treats or disposes of sewage). 

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors and sanitary sewer networks also contribute to the number of threats in 

the vulnerable area. The application of road salt contributes to 41 moderate, and 11 low 

additional threats (dependant on the location of each road within the IPZ).  

The transportation of specified substances along corridors contributes 68 moderate threats. The 

transportation of fuel contributes 53 moderate threats; and the transportation of pesticides, 

DNAPLs and organic solvents each contribute five moderate threats, respectively.  

The sanitary sewer network also contributes one additional moderate threat. 
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Table 6-10 below provides an enumeration summary of drinking water threats present for the 

James W. King (Gananoque) drinking water system.  The table provides the total number of 

assessed parcels, total threats present and the ranking for each threat circumstance: significant 

(S), moderate (M) or low (L). ). Table 6-11, provides an expanded list of the threat activities and 

their occurrence within the James W. King IPZ (Gananoque). For a more detailed outline of the 

threats and circumstances occurring within the James W. King IPZs, please refer to Table 6 of 

Appendix ‘H’. 

Table 6-10: James W. King (Gananoque) WTP Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water 

Threats 

Total Number of 

Parcels 

Total Number of 

Threats in Parcels 

Threat Classification IPZ 1 IPZ 2 S M L  S  M L 

Significant (S) 0 1 1   4   

Moderate (M) 58 108  166   196  

Low (L) 0 12   12   29 

Total Number of Parcels 58 121 179  

Total Number of Threats 

Present** 
65 164  229 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt 

on roads and sewer main line threats are enumerated within the total threat count. 
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Table 6-11: Threat Type and Occurrence in James W. King (Gananoque) IPZ 

DWT 

No Drinking Water Threat Total 
Total Ranked 

Significant 

2 
Septic system, holding tank or other treatment 45 - 

Wastewater collection facility (sewer mainline & connections; 

does not include storage tanks or bypasses) 
5 - 

3 Application of agricultural source material to land 1 1 

4 Storage of agricultural source material to land 1 1 

8 Application of commercial fertilizer to land 1 - 

9 Handling and storage of commercial fertilizer 2 - 

10 Application of pesticide to land  1 1 

11 Handling and storage of pesticide 1 - 

13  Storage of road salt 2 - 

15 Handling and storage of fuel 24 - 

16 Handling of dense non-aqueous phase liquid (DNAPL) 11 - 

17 Handling and storage of an organic solvent 14 - 

21 Livestock grazing or pasturing, outdoor confinement,        

farm-animal yard 

1 1 

Corridor Related Threats 

12 Application of road salt on roads 52 - 

local Transportation of fuel 53 - 

local Transportation of pesticides 5 - 

local The transportation of a DNAPL 5 - 

local Transportation of an organic solvent 5 - 

Total  229 4 

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the vulnerable 

area; partial findings are provided below for the information of the reader. 

The James W. King IPZ 1 and IPZ 2 zones are located in the Town of Gananoque and the Township 

of Leeds and the Thousand Islands. The predominant permitted land use in IPZ 1 and IPZ 2 is 

residential, with some pockets of commercial and industrial uses that may be associated with 

prescribed drinking water threats (J.L. Richards, 2006 and 2007; Proctor & Redfern Ltd., 1993 
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and 2007). All of the non-residential designations and zones will need to be reviewed to determine 

if changes to the permitted uses in general or to specific properties should be recommended as part 

of the source protection plan.  

The Town of Gananoque is in the process of updating its official plan. This process will provide 

an opportunity to flag certain designations, zones and/or permitted land uses for further analysis 

prior to the completion of the source protection plan. 

6.2.6 City of Kingston Water Treatment Plants 

The City of Kingston is located at the mouth of Lake Ontario, at the gateway to the Thousand 

Islands in Frontenac County. Often named the ‘Limestone City’, Kingston is home to over     

117, 000 residents and is a well known tourist location due to its vibrant history and culture. 

Kingston is also the location of a designated United Nations Educational, Scientific and Cultural 

Organization (UNESCO) World Heritage site of the Rideau Canal. Due to its location halfway 

between Toronto and Montreal, Kingston is a major transportation corridor for highway, railway 

and water travel. 

The City of Kingston is served by two drinking WTPs, one in the central part of the city 

(Beverley Street) and one in the western part (Point Pleasant), both of which draw their raw 

water from Lake Ontario (see Maps 6-17a or 6-24a). 

6.2.6.1 Kingston Central Water Treatment Plant 

The WTP services the downtown area of the City of Kingston (pre-amalgamation City of 

Kingston) and the eastern area of the City (pre-amalgamation Pittsburgh Township). This plant is 

also sometimes referred to as the Beverley Street WTP, as it is located at the southern end of 

Beverley Street. Drinking water is treated at Kingston Central by screening, coagulation-

flocculation using aluminum sulphate, sedimentation, filtration and disinfection. Granular 

activated carbon is also used for taste and odour control.  

 withdrawal source: Lake Ontario 

 serviced population and municipality: 80,000 residents of the City of Kingston 

 date constructed: 1952, with an expansion in 1970 

 intake depth: 18 metres 

 intake pipe length (offshore): 824 metres (existing installed in 1970), backup 366 metres 

(original installed in 1949) 

 intake pipe diameter: 1200 millimetres (existing), 750 millimetres (original/backup). 

Drinking Water Issue Evaluation 

Water Quality at the Intake 

The First Engineer’s Report City of Kingston East/Central Water Purification Plant (KMK 

Consultants Ltd., 2001a) summarizes water quality data for the years of 1997 to 2000. These data 

indicate that the untreated water is high in hardness, exceeding 100 milligrams per litre (as 
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calcium carbonate). Turbidity was found to spike up to five nephelometric turbidity units (NTU) 

from time to time and total coliform exceeded the drinking water issue evaluation benchmark in 

ten per cent of samples. 

Because of their participation in the provincial Drinking Water Surveillance Program, the quality 

of untreated water at the Kingston Central WTP is more consistently monitored than at most 

other intakes in the area. Like the Drinking Water Information System and Annual Drinking 

Water Compliance Report (MOE, 2004c, 2005e, 2006e, 2007f, 2008f, 2009f), the Drinking 

Water Surveillance Program monitoring results from 1986 to 2008 show that hardness and 

temperature (seasonal) are high and exceed the benchmark value for drinking water issue 

evaluation. The Program also showed that total colour in untreated water was occasionally high 

during those years.  

Total coliform, aluminum, temperature and hardness were also occasionally detected at 

excessive levels in treated water (MOE Drinking Water Surveillance Program; data spanning 

1986 to 2008). Aluminum is likely a result of the treatment process (from the aluminum sulphate 

that is used to remove particles from the water).  

Drinking Water Issues 

Based on all of the information sources discussed above, the protocol given in Appendix E-1 

and the tests in rule 114 of the Technical Rules (MOE, 2009j), there are no substances 

considered drinking water issues with potential human sources in the raw, untreated water for 

this system.  

For more detailed information about natural and human source drinking water issues, please see 

Appendix ‘E-2’, Table 8. Drinking water issues for all WTPs are summarized in Appendix ‘E-

2’, Table 1. 

Threat Assessment 

Two of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location: the event-based (IPZ 3) approach and the threats 

approach. Only the threats approach has been applied at this time. Further research will be 

required to confirm whether or not any significant drinking water threats would result from 

applying the event-based (IPZ 3) approach to this intake.  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in an IPZ with a vulnerability score of eight or higher. The 

Kingston Central IPZ 1 has a score of six and IPZ 2 has a score of 4.8 (Map 6-16); therefore 

threats cannot be significant. Please refer to Table 4-2 in Chapter 4 for activities that could 

produce a significant threat in an IPZ and the corresponding vulnerability scores.  

Maps 6-17, 6-18, 6-19 and 6-20 show the areas that can result in significant, moderate and low 

drinking water threats relating to chemicals, pathogens and DNAPLs. Similarly, areas where 

conditions may be significant, moderate or low threats are shown in Map 6-21.  
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Historical and Existing Activities  

Similar to other waterfront towns and cities, industrial activities were historically situated along 

the Lake Ontario shoreline and the western shore of the Cataraqui River in the City of Kingston. 

The majority of properties along the waterfront contained stores of coal. In addition to residential 

use and storage of coal, activities in IPZ 1 included an ordnance redoubt, paint and metal 

factories, a brewery, boat builders and laboratories.  

Sites in IPZ 2 were historically used as coal yards, breweries, foundries, boat builders, grain 

elevators, a tannery, a carpet and furnace cleaning company, and a gas station. The area between 

Lower Union Street and the LaSalle Causeway, which is part of IPZ 3, contains historical 

activities such as foundries, freight yards, locomotive factories, grain elevators and mills, 

wharves, ship yards, and auto servicing. The inner harbour (between the LaSalle Causeway and 

Belle Park) was also a busy area historically with the presence of past ship building yards, freight 

yards, foundries, oil tank farms and fuel depots, tanneries, and dry cleaners. Some of these past 

activities may have the potential to contaminate rock, soil and water and are termed conditions. 

However, for this report, the Kingston Central IPZs were surveyed only for existing activities 

using the threats approach. Further research will be required to confirm whether or not any 

conditions exist.  

Existing activities that are found within the IPZ include a WTP, garages (automotive services), 

gasoline stations, laundry services, funeral home, hospitals, universities, correctional services, 

marinas, recreation facilities, hardware stores, garden centres, and marinas. These are situated 

over a total of 31 parcels of land. 

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of commercial fertilizer to land  

 the handling and storage of commercial fertilizer 

 the application of pesticide to land 

 the handling and storage of pesticide 

 the application of road salt 

 the handling and storage of fuel  

 the handling and storage of a dense non-aqueous phase liquid (DNAPL) 

 the handling and storage of an organic solvent  

 the transportation of specified substances along corridors. 
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Transportation Corridors 

Transportation corridors are shown on Map 6-22 and listed in Appendix ‘I’. The transportation 

corridors in the Kingston Central IPZ include local roadways, provincial highways and 

navigation channels.  The main corridors within the Kingston Central IPZ along which specified 

substances (chemicals) are or could be transported include: 

 Brock Street, Division Street, Johnson Street, King Street, Lower University Avenue, 

Portsmouth Avenue, Princess Street, Sir John A. MacDonald Boulevard, Union Street, 

University Avenue 

 Wolfe Island Ferry (provincial highway) 

 Lake Ontario navigation channels. 

Investigation of Drinking Water Threat Activities 

Enumeration of drinking water threats resulted in no parcels of land with significant threats. 

However, 18 parcels with low drinking water threats were identified where the majority of the 

threats relate to the handling and storage of a dense non-aqueous phase liquid (DNAPLs).  

Of the 18 parcels with low threats, three of these parcels have three threats pertaining to the 

handling and storage of fuel, the handling and storage of a DNAPL, and the handling and storage 

of an organic solvent. Five parcels have drinking water threats consisting of the handling and 

storage of a DNAPL, and the handling and storage of an organic solvent and ten parcels have the 

single threat activity of the handling and storage of a DNAPL. 

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors and sanitary and storm sewer networks also contribute to the number of 

threats in the vulnerable area. The application of road salt results in 50 low threats (dependant 

on the location of each road within the IPZ).                                                                               

The transportation of specified substances along corridors contributes to 33 low threats. The 

transportation of fuels contributes to seven low threats; the transportation of DNAPLs and 

organic solvents each contribute to 13 threats, respectively.  

The sanitary and storm sewer network results in one additional moderate threat. 

Table 6-12 below provides an enumeration summary of drinking water threats present for the 

Kingston Central drinking water system.  The table provides the total number of assessed 

parcels, total threats present and the ranking for each threat circumstance: significant (S), 

moderate (M) or low (L). Table 6-13, provides an expanded list of the threat activities and their 

occurrence within the Kingston Central IPZ. For a more detailed outline of the threats and 

circumstances occurring within the Kingston Central IPZs, please refer to Table 7 of Appendix 

‘H’.  

Table 6-12: Kingston Central WTP Drinking Water Threats Summary 

Summary of Parcels with Identified Drinking Water 

Threats 

Total Number of 

Parcels 

Total Number of 

Threats  
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Threat Classification IPZ 1 IPZ 2 S M L  S  M L 

Significant (S) 0 0 0   0   

Moderate (M) 1 0  1   1  

Low (L) 21 80   101   112 

Total Number of Parcels 22 80 102  

Total Number of Threats 

Present* 
25 88  113 

*Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt     

on roads and sewer main line threats are enumerated within the total threat count. 

Table 6-13: Threat Type and Occurrence in Kingston Central IPZ* 

DWT 

No Drinking Water Threat Total 

2 Wastewater collection facility (combined sewer network) 1 

15 Handling and storage of fuel 3 

16 Handling and storage of a dense non-aqueous phase liquid (DNAPLs) 18 
17 Handling and storage of an organic solvent 8 

Corridor Related Threats 

12 Application of road salt on roads 50 

local Transportation of fuel 7 

local The transportation of a DNAPL 13 

local Transportation of an organic solvent 13 

Total  113 

*No significant drinking water threats are present for the Kingston Central IPZ.  

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader.  

The Kingston Central IPZ 1 and IPZ 2 zones are located in the City of Kingston, with a small 

portion of IPZ 2 in the Township of the Frontenac Islands. The predominant permitted land uses 

in IPZ 1 and IPZ 2 are residential and institutional (City of Kingston, 2008a, 2008b and 2009; 

Clark Consulting Services for Township of Frontenac Islands, 2003a and 2003b). The 

institutional uses include federal penitentiaries, universities and hospitals. Commercial uses are 

concentrated in downtown Kingston in IPZ 2. All of the non-residential designations and zones 

that permit these uses are associated with prescribed drinking water threats will need to be 
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reviewed. A review will help to determine if changes to the permitted uses in general, or to 

specific properties should be recommended as part of the source protection plan.  

The City of Kingston is in the process of preparing a zoning by-law to implement the recently 

adopted official plan. This process will provide an opportunity to flag certain zones and/or 

permitted land uses for further analysis prior to the completion of the source protection plan. 

6.2.6.2 Point Pleasant (Kingston West) Water Treatment Plant 

The WTP services the western area of the City of Kingston (pre-amalgamation Kingston 

Township). The plant is located on Point Pleasant, just west of Cataraqui Bay. Point Pleasant is a 

direct filtration facility. The water treatment process includes screening, chlorination and 

coagulation-flocculation using polyaluminum chloride (PAC1). This is followed by sand 

filtration, granular activated carbon and disinfection.  

 withdrawal source: Lake Ontario 

 serviced population and municipality: 44,000 residents of the City of Kingston 

 date constructed: 1976, expansion in 1987, currently planning to expand again 

 intake depth: 17 metres 

 intake pipe length (offshore): 475 metres 

 intake pipe diameter: 1220 millimetres. 

Drinking Water Issues Evaluation 

Water Quality at the Intake 

The First Engineer’s Report for the Kingston Water Treatment Plant Serving the West Portion of 

the City of Kingston (KMK Consultants Limited, 2001b) gives data from 1998-2000. When the 

maximum reported range for the parameters tested was compared to the drinking water issue 

benchmark value only colour and hardness were found to exceed the benchmark. High hardness 

is also shown in the Annual Drinking Water Compliance Reports (Utilities Kingston, 2003-

2008). High levels of hardness are a common and natural characteristic of surface in the CSPA. 

The Annual Drinking Water Compliance Reports (Utilities Kingston 2004b, 2005b, 2006b, 

2007b, 2008b, 2009b) and Drinking Water Information System (MOE 2004d, 2005f, 2006f, 

2007g, and 2008) data also indicate occasional elevations in the total coliform concentrations. 

Elevations in the level of hardness were found to be associated with rain events during sampling 

carried out by the CRCA in 2007.  

In treated water, elevated aluminum concentrations were noted in the Kingston West Water 

Treatment Plant Drinking Water System Inspection Report (MOE). This is most likely a result of 

the treatment process, from the compounds used to remove particles from the water. A single 

occurrence of total coliform (one colony forming unit/100 millilitres) in treated water was also 

reported. 
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Drinking Water Issues 

Based on all of the information sources discussed above, the protocol given in Appendix ‘E-1’ 

and the tests in rule 114 of the Technical Rules (MOE, 2009j), there are no substances 

considered drinking water issues with human sources in the raw, untreated water for this system.  

For more detailed information about human and natural source drinking water issues, please see 

Appendix ‘E-2’, Table 9. Drinking water issues for all WTPs are summarized in Appendix ‘E-

2’, Table 1. 

Threat Assessment 

Two of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location: the event-based (IPZ 3) approach and the threats 

approach. Only the threats approach has been applied at this time. Further research will be 

required to confirm whether or not any significant drinking water threats would result from 

applying the event-based (IPZ 3) approach to this intake.  

Historical and Existing Activities 

Kingston West was historically an agricultural area that was not developed until after World War 

II. For this report, the Point Pleasant (Kingston West) IPZs were surveyed only for existing 

activities using the threats approach. Further research will be required to confirm whether or not 

any conditions exist.  

Significant threats can occur in an IPZ with a vulnerability score of eight or higher. The Point 

Pleasant IPZ 1 has a score of six and IPZ 2 has a score of 4.2 (Map 6-23); therefore threats 

cannot be numerically significant. Please refer to Table 4-2 in Chapter 4 for activities that could 

produce a significant threat in an IPZ and the corresponding vulnerability scores.  

Maps 6-24, 6-25, 6-26 and 6-27 show areas that can result in significant, moderate and low 

drinking water threats relating to chemicals, pathogens, DNAPLs. Similarly, areas where 

conditions may be significant, moderate or low threats are shown in Map 6-28. 

Existing activities that are found within the IPZ include a WTP, the Norman Rogers Airport, 

garages (automotive services), recreation facility, and industrial facilities. These are situated over 

a total of nine parcels of land. Norman Rogers Airport has been included in this evaluation 

because a small section of the parcel on which it is situated was included in IPZ 2 (see Map 6-

23).  

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 

 the establishment, operation or maintenance of a waste disposal site within the meaning 

of Part V of the Ontario Environmental Protection Act 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of road salt 

 the handling and storage of road salt 
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 the storage of snow 

 the handling and storage of fuel  

 the handling and storage of a dense non-aqueous phase liquid (DNAPL) 

 the handling and storage of an organic solvent  

 the management of runoff that contains chemicals used in the de-icing of aircraft 

 the transportation of specified substances along corridors.  

Transportation Corridors 

Transportation corridors are shown on Map 6-29 and listed in Appendix ‘I’.  The transportation 

corridors in the Point Pleasant IPZ include local roadways and Lake Ontario navigation channels. 

The main corridors within the Point Pleasant IPZ along which specified substances (chemicals) 

are or could be transported include: 

 Bayridge Drive, Day’s Road and Front Road 

 Lake Ontario navigation channels. 

Investigation of Drinking Water Threat Activities  

No parcels of land had activities that could be classified as significant or moderate drinking 

water threats. Two parcels were identified with low threats based on worst case scenario 

assumptions of land activities. Three threats where identified within the two parcels (the 

handling and storage of fuel, the handling and storage of a DNAPL, and the handling and storage 

of an organic solvent). As mentioned above, a small portion of IPZ 2 is situated on the eastern 

parcel of the Norman Rogers airport. All possible threats pertaining to the airport were 

negligible where activities did not score high enough to warrant even a low-ranking threat.  

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors and sanitary and storm sewer networks also contribute to the number of 

threats in the vulnerable area. The application of road salt results in three low threats (dependant 

on the location of each road within the IPZ).  

The transportation of fuel along corridors contributes to four low threats and the sanitary and 

storm sewer network results in one additional low threat. 

Table 6-14 below provides an enumeration summary of drinking water threats present for the 

Point Pleasant drinking water system.  The table provides the total number of assessed parcels, 

total threats present and the ranking for each threat circumstance: significant (S), moderate (M) 

or low (L). Table 6-15, provides an expanded list of the threat activities and their occurrence 

within the Point Pleasant IPZ. For a more detailed outline of the threats and circumstances 

occurring within the Point Pleasant IPZs, please refer to Table 8 of Appendix ‘H’. 

Table 6-14: Point Pleasant (Kingston West) WTP Drinking Water Threats Summary 
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Summary of Parcels with Identified Drinking Water 

Threats 

Total Number of 

Parcels 

Total Number of 

Threats  

Threat Classification IPZ 1 IPZ 2 S M L  S  M L 

Significant (S) 0 0 0   0   

Moderate (M) 0 0  0   0  

Low (L) 10 0   10   14 

Total Number of Parcels 10 0 10  

Total Number of Threats 

Present* 
14 0  14 

*Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt on 

roads and sewer main line threats are enumerated within the total threat count. 

Table 6-15: Threat Type and Occurrence in Point Pleasant (Kingston West) IPZ* 

DWT 

No Drinking Water Threat Total 

2 
Wastewater collection facility (sewer mainline & connections; does 

not include storage tanks or bypasses) 
1 

15 Handling and storage of fuel 2 

16 Handling and storage of a dense non-aqueous phase liquid (DNAPLs) 2 

17 Handling and storage of an organic solvent 2 

Corridor Related Threats 

12 Application of road salt on roads 3 
local Transportation of fuel 4 

Total  14 

*No significant drinking water threats are present for the Point Pleasant IPZ.  

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader.  

The Point Pleasant IPZs are located in the City of Kingston. The predominant permitted land use 

in IPZ 1 and IPZ 2 is residential with a pocket of commercial and institutional uses that may be 

associated with prescribed drinking water threats (City of Kingston, 2009; Township of 

Kingston, 2006). There is also a large tract of vacant industrial land that could be used for 

activities that are associated with prescribed drinking water threats. All of the non-residential 

designations and zones, and permit uses that are associated with prescribed drinking water 
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threats, will need to be reviewed. This will determine if changes to the permitted uses in general, 

or to specific properties should be recommended as part of the source protection plan.  

The City of Kingston is in the process of preparing a zoning by-law to implement the recently 

adopted official plan. This process will provide an opportunity to flag certain zones and/or 

permitted land uses for further analysis prior to the completion of the source protection plan. 

6.2.7 Loyalist Township Water Treatment Plants 

Loyalist Township is located west of Kingston and boarders the northeastern shore of Lake 

Ontario. Loyalist is home to small hamlets and communities including Amherstview, Bath, 

Odessa and the island community of Amherst Island. Rich in history, the area was first settled by 

the United Empire Loyalists to which the Loyalist Parkway, a stretch of Highway 33, is 

dedicated. The area is a mix of rural and urban areas where its picturesque scenery is enjoyed by 

tourists and residents alike. 

Loyalist Township operates two water treatments (WTPs); one at Amherstview that services the 

communities of Amherstview, Odessa, Harewood and Brooklands and one at Bath that services 

the community of Bath. 

6.2.7.1 Fairfield (Amherstview) Water Treatment Plant 

The WTP located in Amherstview is officially named the Fairfield WTP. Drinking water 

treatment at Fairfield WTP is carried out via membrane ultra filtration, followed by granular 

activated carbon to control taste and odour of treated water and disinfection in a chlorine contact 

chamber. The treatment works were constructed in 2000 and were most recently upgraded in 

2007. 

 withdrawal source: Lake Ontario, North Channel 

 serviced population and municipality: 8,620 residents of Loyalist Township in 

Amherstview, Odessa, Harewood and Brooklands 

 date constructed: existing facility was constructed in 2000, but the original intake was 

installed in 1970 

 intake depth: 3.6 metres 

 intake pipe length (offshore): 120 metres 

 intake pipe diameter: 600 millimetres. 

Drinking Water Issue Evaluation 

Water Quality at the Intake 

In the Fairfield Water Treatment Plant Engineer’s Report (CH2M Hill, 2001b), total coliform 

and Escherichia coli concentrations were generally low. Maximum values for temperature, 

colour and hardness exceed acceptable levels in 1999-2000 data, supporting the identification of 

these parameters as drinking water issues at the Fairfield WTP. Although no data exist, granular 

activated carbon is used to control taste and odour at the Fairfield WTP. 
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The Drinking Water Information System data reveal elevated total coliform concentrations, 

reaching up to 1480 colonies per 100 millilitres of untreated water. Escherichia coli was also 

found, but at lower concentrations (MOE, 2005c, 2006c, 2007c, 2008d, 2009e). An apparent 

increasing trend is observed for total coliform, with the majority of benchmark exceedances 

occurring between July and October 2008 (Appendix ‘E-2’, Figure 1).  

No exceedances of the drinking water issue benchmark values were identified for parameters 

tested in the Lake near the Fairfield WTP intake during sampling carried out by the CRCA in 

2007. 

Drinking Water Issues 

Based on all of the information sources discussed above, the protocol given in Appendix ‘E-1’ 

and the tests in rule 114 of the Technical Rules (MOE, 2009j), the following are considered 

drinking water issues with possible human sources in the raw, untreated water for this system:  

 total coliform. 

The remainder of the drinking water issues discussed above are considered to be natural 

characteristics of the source water for this system. 

For more detailed information on natural and human source drinking water issues, please see 

Appendix ‘E-2’, Table 10. Drinking water issue for all WTPs are summarized in Appendix ‘E-

2’, Table 1. 

Issue Contributing Areas 

There is not enough information to delineate the issue contributing area at this time. A detailed 

work plan for gathering this information is included in Appendix ‘E-3’.  

Threat Assessment 

All three of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location. Only the threats approach has been applied at this time. 

Further research will be required to confirm whether or not any significant drinking water threats 

would result from applying the event-based (IPZ 3) approach to this intake.  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in an IPZ with a vulnerability score of eight or higher. The Fairfield 

IPZ 1 has a score of seven, and IPZ 2 has a score of 6.3 (Map 6-30); therefore threats cannot be 

significant numerically. Please refer to Table 4-2 for activities that could produce a significant 

threat in an IPZ and the corresponding vulnerability scores.  

Maps 6-31, 6-32, 6-33 and 6-34 show areas that can result in significant, moderate and low 

drinking water threats relating to chemicals, pathogens and DNAPLs. Similarly, areas where 

conditions may be significant, moderate or low threats are shown in Map 6-35. 

Historical and Existing Activities 

Fairfield was historically an agricultural area that was not developed until after World War II. 

For this report, the Fairfield (Amherstview) IPZs were surveyed only for existing activities using 
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the threats approach. Further research will be required to confirm whether or not any conditions 

exist.  

Existing activities that are found within the IPZ include a gas station, dry cleaning/laundry 

services, agricultural and livestock related activities, storm water retention ponds, a recreation 

facility, two elementary schools, a senior’s residence, a golf course and private residences. These 

are situated over approximately 70 parcels of land.  

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of agricultural source material to land  

 the storage of agricultural source material 

 the application of commercial fertilizer to land  

 the handling and storage of commercial fertilizer 

 the application of pesticide to land 

 the handling and storage of pesticide 

 the application of road salt 

 the handling and storage of fuel  

 the handling and storage of a dense non-aqueous phase liquid (DNAPL)  

 the handling and storage of an organic solvent 

 the use of land as livestock grazing or pasturing land, an outdoor confinement area or a 

farm-animal yard 

 the use of a water softener 

 the transportation of specified substances along corridors. 

Transportation Corridors 

Transportation corridors are shown on Map 6-36 and listed in Appendix ‘I’.  The transportation 

corridors in the Fairfield IPZ include local roadways, provincial highways, railways and 

navigation channels. The main corridors within the Fairfield IPZ along which specified 

substances (chemicals) are or could be transported include: 

 Highway 33 (Bath Road) 

 County Road 6, Amherst Drive, Coronation Boulevard 

 the Canadian National Railway 

 Lake Ontario navigation channels. 
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Investigation of Drinking Water Threat Activities  

No parcels of land had activities that could give rise to significant threats. Moderate and low 

threats have been enumerated for the area and result in three moderate and 69 low drinking 

water threats, respectively.  

Most activities identified have multiple threats per parcel, however, the majority of threats 

within the Fairfield IPZ relate to the establishment, operation or maintenance of a system that 

collects, stores, transmits, treats or disposes of sewage (septic systems), the handling and storage 

of fuel and agricultural-related activities.  

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors and sanitary and storm sewer networks also contribute to the number of 

threats in the vulnerable area. The application of road salt results in 46 additional low threats.  

The transportation of specified substances along corridors contributes to four moderate and 58 

low threats. The transportation of fuels contributes to 47 low threats; the transportation of 

pesticides contribute to five low threats and the transportation of DNAPLs and organic solvents 

each contribute to two moderate and three low threats, respectively.  

The sanitary and storm sewer network also results in one additional low threat. 

Table 6-16 below provides an enumeration summary of drinking water threats present for the 

Fairfield drinking water system.  The table provides the total number of assessed parcels, total 

threats present and the ranking for each threat circumstance: significant (S), moderate (M) or 

low (L). Table 6-17, provides an expanded list of the threat activities and their occurrence within 

the Fairfield IPZ. For a more detailed outline of the threats and circumstances occurring within 

the Fairfield IPZs, please refer to Table 9 of Appendix ‘H’.   

Table 6-16: Fairfield (Amherstview) WTP Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water 

Threats 

Total Number of 

Parcels 

Total Number of 

Threats within Parcels 

Threat Classification IPZ 1 IPZ 2 S M L  S  M L 

Significant (S) 0 0 0   0   

Moderate (M) 5 2  7   12  

Low (L) 37 136   173   211 

Total Number of Parcels 42 138 180  

Total Number of Threats Present** 55 168  223 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt 

on roads and sewer main line threats are enumerated within the total threat count. 
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Table 6-17: Threat Type and Occurrence in Fairfield IPZ* 

DWT 

No Drinking Water Threat Total 

2 

Septic system, holding tank or other treatment 62 

Stormwater management 3 

Wastewater collection facility (sewer mainline & connections)       1 

3 Application of agricultural source material to land 2 

4 Storage of agricultural source material to land 2 

8 Application of commercial fertilizer to land 1 

9 Handling and storage of commercial fertilizer 1 

10 Application of pesticide to land  1 

11 Handling and storage of a pesticide 1 

12 Application of road salt 11 

13  Storage of road salt 1 

15 Handling and storage of fuel 21 

16 Handling and storage of a DNAPLS 1 

17 Handling and storage of an organic solvent 5 

21 Livestock pasturing and/or outdoor confinement, farm-animal yard 2 

Corridor Related Threats 

12 Application of road salt on roads 46 
local Transportation of fuel 47 
local Transportation of pesticides 5 
local The transportation of a DNAPL 5 
local Transportation of an organic solvent 5 

Total  223 
Note: There are no significant drinking water threats for the Fairfield IPZ. 

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader. 

The Fairfield IPZ 1 and IPZ 2 zones are located in Loyalist Township, with a small portion of 

IPZ 1 and IPZ 2 in the City of Kingston. The predominant permitted land use in IPZ 1 and IPZ 2 

is residential (City of Kingston, 2009; Cumming Cockburn Limited, 2005 and 2008; Township 

of Kingston, 2006). There are pockets of permitted commercial, community facility and open 

space uses that could be associated with prescribed drinking water threats. All of the 
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designations and zone permit uses that are associated with prescribed drinking water threats will 

need to be reviewed. A review will determine if changes to the permitted uses in general, or to 

specific properties should be recommended as part of the source protection plan.  

The City of Kingston is in the process of preparing a zoning by-law to implement the recently 

adopted official plan. This process will provide an opportunity to flag certain zones and/or 

permitted land uses for further analysis prior to the completion of the source protection plan. 

6.2.7.2 Bath Water Treatment Plant 

The treatment process at the Bath WTP was upgraded in 1997 and now includes pre-chlorination 

at the intake crib, screening, flocculation using aluminum sulphate, rough filtration and filtration 

through sand, gravel and granular activated carbon and disinfection. 

 withdrawal source: Lake Ontario 

 serviced population and municipality: 1,800 residents of the community of Bath in 

Loyalist Township, as well as approximately 550 inmates at the Millhaven and Bath 

Institutions (Correctional Service Canada). 

 date constructed: 1966, with an expansion in 1997 

 intake depth: 3.4 metres 

 intake pipe length (offshore): 137 metres 

 intake pipe diameter: 450 millimetres. 

Drinking Water Issue Evaluation 

Water Quality at the Intake 

The raw (untreated) water for the Bath drinking WTP was characterized in the Bath Water 

Treatment Plant Engineer’s Report (CH2M Hill, 2001a). This report revealed high levels of 

turbidity, hardness, dissolved organic carbon and organic nitrogen. Volatile organics, pesticides 

and polychlorinated biphenyls (PCBs) were not detectable in the untreated water and inorganic 

and radiological substances were present at low or undetectable combinations.  

Taste and odour problems at the Bath drinking WTP have been reported (CRCA, 2008). The 

cause of the problem is unclear, but two possible contributors are organic nitrogen in the raw 

water and compounds produced by algae. Data does not exist for concentrations of algal taste 

and odour compounds at Bath, but these compounds have been detected at noticeable 

concentrations at the A.L. Dafoe drinking WTP to the west of the Bath intake (MOE, 2001-

2006). Granular activated carbon was incorporated to the filter media at Bath to help control the 

reported taste and odour problems. 

Annual Drinking Water Compliance Reports (Loyalist Township 2007a, 2008a, 2009a) indicate 

that colour, temperature and pH often exceed the benchmark levels for drinking water issue 

evaluation. Both Escherichia coli and total coliform are often present in raw water, according the 

Drinking Water Information System data for the Bath Drinking WTP (MOE, 2004a, 2005a, 

2006b, 2007b, 2008b, 2009b). Escherichia coli exceeds 100 colonies per 100 millilitres only 
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once from 2000-2007 (Annual Drinking Water Compliance Reports). Additionally, there appears 

to be a slight trend of increasing concentration for total coliform, but extrapolations show that the 

average concentration will not likely exceed the 1000 CFU/100 millilitre benchmark within the 

next 50 years. Bath Water Treatment Plant Drinking Water Inspection Reports (MOE, 2004a, 

2005a, 2006b, 2007b, 2008b, 2009b) indicate that total coliform have been detected in treated 

water only once over the examined period (occurrence was in April 2007). Re-sampling results 

however indicated that total coliform were no longer present. 

Sampling carried out in 2007 by the CRCA indicated that rain events coincided with elevated 

hardness levels at Bath. At the time of sampling, background fecal coliform levels were within 

the acceptable range.  

Drinking Water Issues 

Based on all of the information sources discussed above, the protocol given in Appendix ‘E-1’ 

and the tests in rule 114 of the Technical Rules (MOE, 2009j), the following substances are 

considered drinking water issues with possible human sources in the raw, untreated water for this 

system: 

 organic nitrogen 

 Escherichia coli. 

The remainder of the drinking water issues discussed above are considered to be natural 

characteristics of the source water for this system.  

For more detailed information on natural and human source drinking water issues, please see 

Appendix ‘E-2’, Table 11. Drinking water issues with possible human sources at all WTPs are 

summarized in Appendix ‘E-2’, Table 1. 

Issue Contributing Areas 

There is not enough information to delineate the issue contributing area at this time. A detailed 

work plan for gathering this information is included in Appendix ‘E-3’.  

Threat Assessment 

All three of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location. Only the threats approach has been applied at this time. 

Further research will be required to confirm whether or not any significant drinking water threats 

would result from applying the event-based (IPZ 3) approach to this intake.  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in an IPZ with a vulnerability score of eight or higher. The Bath 

IPZ 1 has a score of seven and IPZ 2 has a score of 6.3 (Map 6-37); therefore threats cannot be 

numerically significant. Please refer to Table 4-2 in Chapter 4 for activities that could produce a 

significant threat in an IPZ and the corresponding vulnerability scores.  

Maps 6-38, 6-39, 6-40 and 6-41 show the areas that can result in significant, moderate and low 

drinking water threats relating to chemicals, pathogens and DNAPLs. Similarly, areas where 

conditions may be significant, moderate or low threats are shown in Map 6-42. 
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Existing Activities 

Similar to other waterfront towns situated along the Lake Ontario shoreline, the historical 

activities in Bath consisted of factory and agriculture related activities. For example, in IPZ 1 

there were mills, warehouses, a tannery and a foundry, among other industrial activities. In more 

recent history, there are at least two former gasoline stations in IPZ 2 as well as a significant 

volume of fill in a former wetland east of Fairfield Street.  

It is important to note that past activities may have the potential to contaminate rock, soil and 

water and are termed conditions. However, for the purposes of this report, the Bath IPZs were 

surveyed only for existing activities using the threats approach. Further research will be required 

to confirm whether or not any conditions exist.  

Existing land activities that are found within the IPZ include a WTP, a large industrial facility, a 

federal penitentiary, marina, gasoline stations, private residences, agricultural and livestock 

related activities. These are situated over a total of 46 parcels of land. 

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 

 the establishment, operation or maintenance of a waste disposal site within the meaning 

of Part V of the Ontario Environmental Protection Act 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of agricultural source material to land  

 the storage of agricultural source material 

 the application of non-agricultural source material to land 

 the handling and storage of non-agricultural source material 

 the application of commercial fertilizer to land  

 the handling and storage of commercial fertilizer 

 the handling and storage of road salt 

 the application of road salt 

 the application of pesticide to land 

 the handling and storage of pesticide 

 the handling and storage of fuel 

 the handling and storage of a dense non-aqueous phase liquid (DNAPL)  

 the handling and storage of an organic solvent 

 the use of a water softener 

 the transportation of specified substances along corridors. 
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Transportation Corridors 

Transportation corridors are shown on Map 6-43 and listed in Appendix ‘I’. The transportation 

corridors in the Bath IPZ include local roadways, provincial highways, railways and navigation 

channels.   The main corridors within the Bath IPZ along which specified substances (chemicals) 

are or could be transported include: 

 Highway 33 (Bath Road) 

 County Road 7 (Church Street), County Road 22  

 Canadian National Railway and associated industry spurlines 

 Lake Ontario navigation channels. 

Investigation of Drinking Water Threat Activities  

Enumeration of drinking water threats found no parcels of land with land activities that could 

give rise to significant threats. Moderate and low threats have been enumerated for the area and 

result in 30 moderate and 15 low drinking water threats, respectively. Most activities identified 

have multiple associated threats per parcel, however, the majority of threats within the Bath IPZ 

relate to the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage (septic systems), the handling and storage of fuel and agricultural-

related activities.  

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors and sanitary and storm sewer networks also contribute to the number of 

threats in the vulnerable area. The application of road salt gives rise to 29 low threats.  

The transportation of specified substances along corridors contributes to four moderate and 37 

low threats. The transportation of fuel contributes to 29 low threats; the transportation of 

pesticides contributes to four low threats; and the transportation of DNAPLs and organic 

solvents each contributes two moderate and two low threats, respectively.  

The sanitary and storm sewer network also gives rise to one low threat. 

Table 6-18 below provides an enumeration summary of drinking water threats present for the 

Bath drinking water system. The table provides the total number of assessed parcels, total threats 

present and the ranking for each threat circumstance: significant (S), moderate (M) or low (L). 

Table 6-19, provides an expanded list of the threat activities and their occurrence within the Bath 

IPZs. For a more detailed outline of the threats and circumstances occurring within the Bath 

IPZs, please refer to Table 10 of Appendix ‘H’.  
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Table 6-18: Bath WTP Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water 

Threats 

Total Number of 

Parcels 

Total Number of 

Threats within Parcels 

Threat Classification IPZ 1 IPZ 2 S M L  S  M L 

Significant (S) 0 0 0   0   

Moderate (M) 5 29  34   64  

Low (L) 23 59   82   245 

Total Number of Parcels 28 88 116  

Total Number of Threats 

Present** 
32 277  309 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt 

on roads and sewer main line threats are enumerated within the total threat count. 
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Table 6-19: Threat Type and Occurrence in Bath IPZ* 

DWT 

No Drinking Water Threat Total 

1 Waste (industrial, commercial and/or hazardous) 1 

2 

Septic system, holding tank or other treatment 27 

Stormwater management 6 

Wastewater collection facility (sewer mainline & connections; does not 

include storage tanks or bypasses) 
3 

3 Application of agricultural source material to land 29 

4 Storage of agricultural source material to land 14 

6 Application of non-agricultural source material to land 3 

8 Application of commercial fertilizer to land 33 

9 Handling and storage of commercial fertilizer 14 

10 Application of pesticide to land  33 

11 Handling and storage of a pesticide 1 

12 Application of road salt 6 

13  Storage of road salt 1 

15 Handling and storage of fuel 34 

16 Handling and storage of a DNAPLS 3 

17 Handling and storage of an organic solvent 18 

21 Livestock pasturing and/or outdoor confinement, farm-animal yard 13 

Corridor Related Threats 

12 Application of road salt on roads 29 

local Transportation of fuel 29 

local Transportation of pesticides 4 

local The transportation of a DNAPL 4 

local Transportation of an organic solvent 4 

Total  309 

Note: There are no significant drinking water threats for the Bath IPZ. 

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader.  



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

167 

The Bath IPZ 1 and IPZ 2 zones are located in Loyalist Township, with a small portion of IPZ 2 

in the Town of Greater Napanee. The predominant permitted land uses in IPZ 1 are residential 

and commercial uses that could be associated with prescribed drinking water threats (Cumming 

Cockburn Ltd., 2002, 2005 and 2008; IBI Group, 2007). The IPZ 2 consists of residential and 

commercial uses as well as aggregate and agricultural uses that are associated with prescribed 

drinking water threats. All of the designations and zones that permit these uses are associated 

with prescribed drinking water threats will need to be reviewed. A review will help determine if 

changes to the permitted uses in general, or to specific properties should be recommended as part 

of the source protection plan.  

The Town of Greater Napanee is in the process of reviewing and updating its official plan. 

Changes to the plan could impact activities occurring in the portion of IPZ 2 that falls within the 

Town of Greater Napanee. This process will provide an opportunity to flag certain designations, 

zones and/or permitted land uses for further analysis prior to the completion of the source 

protection plan.   

6.2.8 Town of Greater Napanee Water Treatment Plants 

There are two WTPs operating in the Town of Greater Napanee that withdraw water within the 

CSPA, the main intake for the community of Napanee WTP, and an intake for the Sandhurst 

Shores subdivision (see Maps 6-45a or 6-52a). 

The two intakes above are located west of Bath and south of Napanee in an area that is 

dominated by rural and agricultural activities such as orchards, vineyards, poultry and cattle 

farming. The region is popular among tourists who enjoy the picturesque scenery of the northeast 

shore of Lake Ontario along the Kingston/Picton corridor of Highway 33.  

6.2.8.1 A.L. Dafoe (Napanee) Water Treatment Plant 

The WTP is officially named the A.L. Dafoe WTP and as mentioned above, the intake provides 

the drinking water for residents in the Town of Napanee, approximately 17 kilometres to the 

north. Drinking water is treated at the A.L. Dafoe WTP via flocculation by liquid aluminum 

sulphate (alum) injection, mixing, settling, sand and granular activated carbon filtration and 

disinfection. 

 withdrawal Source: Lake Ontario (backup in Napanee River, outside CSPA) 

 serviced population and municipality: 10,000 residents of the Town of Napanee 

 date constructed: 1890, with the most recent expansion in 1962 

 intake depth: 3.4 metres 

 intake pipe length (offshore): 53 metres 

 intake pipe diameter: 300 millimetres. 
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Drinking Water Issue Evaluation 

Water Quality at the Intake 

The A.L. Dafoe Water Treatment Plant Engineer’s Report (TSH, 2001a) assessed a variety of 

water quality parameters. At the time of sampling, colour and hardness exceeded desirable 

levels. Escherichia coli and total coliform were also found at levels that exceeded the benchmark 

for drinking water issue evaluation, but this exceedance is not supported in other data sources. 

Temperature has also been reported to be high, reaching up to 24 degrees Celsius between July 

and September in the recent Annual Drinking Water Compliance Reports for the A.L. Dafoe 

drinking water system (Greater Napanee Utilities, 2006a, 2007a, 2008a, 2009a). 

One adverse water quality incident was reported for this intake during the period between 2005 

and 2008: in October 2008 there was a single detection of one colony per 100 millilitres total 

coliform in the treated water.  

The Provincial Drinking Water Surveillance Program data spanning from 1991-2001 were 

evaluated for drinking water issue identification. Occasional elevations in hardness, temperature, 

turbidity and colour were found throughout the data set. In treated water, colour, hardness and 

temperature remained at elevated concentrations in those years. Aluminum, chloroform and 

trihalomethanes also exceeded the Ontario Drinking Water Quality Standards in treated water 

over the ten year duration that this dataset covers. 

Additional tests carried out under the umbrella of the provincial Drinking Water Surveillance 

Program identified taste and odour problems at the A.L. Dafoe WTP. The concentration of 2-

methylisoborneol and geosmin were found to exceed the perceptible levels (the concentration at 

which the average person will detect an off flavour and/or smell in the water) seasonally, 

coinciding with peaks in water temperature. These problems are not known to cause harm to 

human health. 

Water quality sampling by the CRCA in 2007 indicated that rain and west wind events coincided 

with elevated hardness at the location of the A.L. Dafoe water treatment plants’ primary intake. 

Drinking Water Issues 

Based on all of the information sources discussed above, the protocol given in Appendix ‘E-

1’and the tests in rule 114 of the Technical Rules (MOE, 2009j), there are no substances 

considered to be drinking water issues with possible human sources in the raw, untreated water 

for this system. 

Because this intake ceased to participate in the Drinking Water Surveillance Program after 2001, 

recent raw water quality data are limited. For more detailed information about natural and 

human source drinking water issues, please see Appendix ‘E-2’, Table 12. Drinking water 

issues with possible human sources for all WTPs are summarized in Appendix ‘E-2’, Table 1. 

Threat Assessment 

Two of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location: the event-based (IPZ 3) approach and the threats 

approach. Only the threats approach has been applied at this time. Further research will be 
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required to confirm whether or not any significant drinking water threats would result from 

applying the event-based (IPZ 3) approach to this intake.  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in an IPZ with a vulnerability score of eight or higher. The A. L. 

Dafoe IPZ 1 has a score of seven and IPZ 2 has a score of 5.6 (Map 6-44); therefore threats 

cannot be numerically significant. Please refer to Table 4-2 in Chapter 4 for activities that could 

produce a significant threat in an IPZ and the corresponding vulnerability scores.  

Maps 6-45, 6-46, 6-47 and 6-48 show the areas that can result in significant, moderate and low 

drinking water threats relating to chemicals, pathogens and DNAPLs. Similarly, areas where 

conditions may be significant, moderate or low threats are shown in Map 6-49. 

Historic and Existing Activities 

The A.L. Dafoe (Napanee) IPZ area was historically dominated by agricultural related activities. 

The A. L. Dafoe IPZs were surveyed only for existing activities using the threats approach. 

Further research will be required to confirm whether or not any conditions exist.  

Existing land activities that are found within the IPZ include a water pumping station, an 

industrial (power generation) facility, private residences and agricultural and livestock related 

activities. These are situated over a total of 15 parcels of land.  

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 

 the establishment, operation or maintenance of a waste disposal site within the meaning 

of Part V of the Ontario Environmental Protection Act 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of agricultural source material to land  

 the storage of agricultural source material 

 the application of non-agricultural source material to land 

 the handling and storage of non-agricultural source material 

 the application of commercial fertilizer to land  

 the handling and storage of commercial fertilizer 

 the application of pesticide to land 

 the handling and storage of pesticide 

 the handling and storage of road salt 

 the application of road salt 

 the handling and storage of fuel  
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 the handling and storage of a dense non-aqueous phase liquid (DNAPL) 

 the handling and storage of an organic solvent 

 the use of land as livestock grazing or pasturing land, an outdoor confinement area or a 

farm-animal yard  

 the use of a water softener 

 the transportation of specified substances along corridors. 

Transportation Corridors 

Transportation corridors are shown on Map 6-50 and listed in Appendix ‘I’. The transportation 

corridors in the A.L. Dafoe IPZ include local roadways, provincial highways, railways and 

navigation channels.   The main corridors within the A.L. Dafoe IPZ along which specified 

substances (chemicals) are or could be transported include: 

 Highway 33  

 County Road 21 

 a Canadian National Railway spurline 

 Lake Ontario navigation channels. 

Investigation of Drinking Water Threat Activities 

No parcels of land had land activities capable of producing significant threats within the A.L. 

Dafoe (Napanee) IPZ. Moderate and low threats have been enumerated for the area and result in 

two moderate and ten low drinking water threats, respectively. Most activities identified have 

multiple associated threats per parcel, however, the majority of threats within the A.L. Dafoe 

(Napanee) IPZ relate to the establishment, operation or maintenance of a system that collects, 

stores, transmits, treats or disposes of sewage (septic systems), the handling and storage of fuel 

and agricultural activities.  

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors also contribute to the number of threats in the vulnerable area. The 

application of road salt gives rise to two additional low threats.  

The transportation of specified substances along corridors contributes to four moderate and nine 

low threats. The transportation of fuel contributes to four low threats; the transportation of 

pesticides contributes to three low threats; and the transportation of DNAPLs and organic 

solvents each contributes two moderate and one low threat, respectively.  

Table 6-20 below provides an enumeration summary of drinking water threats present for the 

A.L. Dafoe (Napanee) drinking water system.  The table provides the total number of assessed 

parcels, total threats present and the ranking for each threat circumstance: significant (S), 

moderate (M) or low (L). Table 6-21, provides an expanded list of the threat activities and their 
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occurrence within the A.L. Dafoe IPZs. For a more detailed outline of the threats and 

circumstances occurring within the A.L. Dafoe IPZs, please refer to Table 11 of Appendix ‘H’.  

 

Table 6-20: A.L. Dafoe (Napanee) WTP Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water 

Threats 

Total Number of 

Parcels 

Total Number of 

Threats  

Threat Classification IPZ 1 IPZ 2 S M L  S  M L 

Significant (S) 0 0 0   0   

Moderate (M) 6 0  6   17  

Low (L) 14 7   21   49 

Total Number of Parcels 20 7 27  

Total Number of Threats 

Present** 
46 20  66 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors and threats related to 

the application of salt on roads are enumerated within the total threat count. 
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Table 6-21: Threat Type and Occurrence in A.L. Dafoe IPZ* 

DWT 

No Drinking Water Threat Total 

1 Waste (industrial, commercial and/or hazardous) 1 

2 
Septic system, holding tank or other treatment 11 

Wastewater collection facility (does not include storage tanks or bypasses) 1 

3 Application of agricultural source material to land 3 

4 Storage of agricultural source material to land 3 

6 Application of non-agricultural source material to land 1 

8 Application of commercial fertilizer to land 3 

9 Handling and storage of commercial fertilizer 2 

10 Application of pesticide to land  3 

11 Handling and storage of a pesticide 1 

12 Application of road salt 1 

13  Storage of road salt 1 

15 Handling and storage of fuel 12 

16 Handling and storage of a DNAPLS 1 

17 Handling and storage of an organic solvent 4 

21 Livestock pasturing and/or outdoor confinement, farm-animal yard 3 

Corridor Related Threats 

12 Application of road salt on roads 2 

local Transportation of fuel 4 

local Transportation of pesticides 3 

local The transportation of a DNAPL 3 

local Transportation of an organic solvent 3 

Total  66 

Note: There are no significant drinking water threats for the A.L. Dafoe IPZ. 

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 
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Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader.  

The A.L. Dafoe IPZ 1 and IPZ 2 zones are located in the Town of Greater Napanee and consist 

of industrial and agricultural permitted uses that are associated with prescribed drinking water 

threats (Cumming Cockburn Ltd., 2002; IBI Group, 2007). The relevant designations and zones 

that permit these uses will need to be reviewed to determine if changes to the permitted uses in 

general or to specific properties should be recommended as part of the source protection plan.  

The Town of Greater Napanee is in the process of reviewing and updating its official plan. This 

process will provide an opportunity to flag certain designations, zones and/or permitted land uses 

for further analysis prior to the completion of the source protection plan. 

6.2.8.2 Sandhurst Shores Water Treatment Plant 

The Sandhurst Shores WTP is a package treatment plant which incorporates coagulation, 

flocculation, sedimentation and filtration (with granular activated carbon) in one large partitioned 

steel tank. Chlorine injection is the final disinfection step as the water reaches the clearwell.  

 withdrawal source: Lake Ontario (Adolphus Reach) 

 serviced population and municipality: 230 residents (93 residences) in the Sandhurst 

Shores subdivision in the Town of Greater Napanee 

 date constructed: 2003 (earliest date noted in reports) 

 intake depth: 12 metres 

 intake pipe length (offshore): 285 metres 

 intake pipe diameter: 250 millimetres. 

Drinking Water Issue Evaluation 

Water Quality at the Intake 

Data from the Drinking Water Information System shows that total coliform counts are generally 

low. Annual Drinking Water Compliance Reports for this drinking water system cite seasonal 

elevations in colour, pH and temperature (Greater Napanee Utilities, 2006b, 2007b, 2008b, and 

2009b).  

High levels of hardness, iron and colour were identified in the Sandhurst Shores Water 

Treatment Plant Engineer’s Report (TSH, 2001c). Water quality sampling in Lake Ontario by the 

CRCA in 2007 found that hardness was reported to be higher immediately following rain events.  

Drinking Water Issues 

Based on all of the information sources discussed above, the protocol outlined in Appendix ‘E-

1’ and the tests in rule 114 of the Technical Rules (MOE, 2009j), there are no substances 

considered drinking water issues with possible human sources in the raw, untreated water for this 
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system. Raw water quality data are, however, limited and other possible drinking water issues 

cannot be ruled out.  

For more detailed information about the natural and human source drinking water issues, please 

see Appendix ‘E-2’, Table 13. Drinking water issues with possible human sources for all WTPs 

are summarized in Appendix ‘E-2’, Table 1. 

Threat Assessment 

Two of the approaches that are outlined in Chapter 4 for the identification of drinking water 

threats are applicable to this location: the event-based (IPZ 3) approach and the threats 

approach. Only the threats approach has been applied at this time. Further research will be 

required to confirm whether or not any significant drinking water threats would result from 

applying the event-based (IPZ 3) approach to this intake.  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in an IPZ with a vulnerability score of eight or higher. The 

Sandhurst Shores IPZ 1 has a score of seven (Map 6-51); therefore threats cannot be 

numerically significant. Please refer to Table 4-2 in Chapter 4 for activities that could produce a 

significant threat in an IPZ and the corresponding vulnerability scores.  

Maps 6-52, 6-53, 6-54 and 6-55 show the areas that could result in significant, moderate and low 

drinking water threats related to chemicals, pathogens and DNAPLs. Similarly, areas where 

conditions may be significant, moderate or low threats are shown in Map 6-56. 

Historic and Existing Activities 

The Sandhurst Shores area was historically dominated by agricultural related activities. 

Originally, the Sandhurst area was developed as a planned village to service the surrounding 

agricultural community, but it was never fully realized.  

For this report, Sandhurst Shores (Napanee) IPZs were surveyed for existing activities only using 

the threats approach. Further research will be required to confirm whether or not any conditions 

exist. 

Existing activities that are found within the IPZ include a water treatment plant, private 

residences and agricultural and livestock related activities. These are situated on 160 parcels of 

land.  

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of agricultural source material to land  

 the storage of agricultural source material 

 the application of non-agricultural source material to land 

 the handling and storage of non-agricultural source material 
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 the application of commercial fertilizer to land  

 the handling and storage of commercial fertilizer 

 the application of pesticide to land 

 the application of road salt 

 the handling and storage of fuel 

 the handling and storage of an organic solvent 

 the use of land as livestock grazing or pasturing land, an outdoor confinement area or a 

farm-animal yard 

 the use of a water softener 

 the transportation of specified substances along corridors. 

Transportation Corridors 

Transportation corridors are shown on Map 6-57 and listed in Appendix ‘I’. The transportation 

corridors in the Sandhurst Shores IPZ include local roadways, provincial highways, railways and 

navigation channels.   The main corridors within the Sandhurst Shores IPZ along which specified 

substances (chemicals) are or could be transported include: 

 Highway 33  

 County Road Number 1 South 

 Lake Ontario navigation channels. 

Investigation of Drinking Water Threat Activities  

No parcels of land had land activities that could give rise to significant threats. Moderate and 

low drinking water threats for the Sandhurst Shores IPZ account for seven moderate and 151 

low threats, respectively. Most activities identified have multiple associated threats per parcel, 

however, the majority of threats within the Sandhurst Shores IPZ relate to the establishment, 

operation or maintenance of a system that collects, stores, transmits, treats or disposes of sewage 

(septic systems), the handling and storage of fuel and agricultural-related activities. 

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors also contribute to the number of threats in the vulnerable area. The 

application of road salt gives rise to 12 additional low threats.  

The transportation of specified substances along corridors contributes to 16 low threats. The 

transportation of fuel contributes to 13 low threats; the transportation of pesticides, DNAPLs and 

organic solvents each contribute one low threat, respectively.  

Table 6-22 below provides an enumeration summary of the drinking water threats present for 

the Sandhurst Shores drinking water system.  The table provides the total number of assessed 

parcels, total threats present and the ranking for each threat circumstance: significant (S), 
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moderate (M) or low (L). Table 6-23, provides an expanded list of the threat activities and their 

occurrence within the Sandhurst Shores IPZ. For a more detailed outline of the threats and 

circumstances occurring within the Sandhurst, please refer to Table 12 of Appendix ‘H’. 

Table 6-22: Sandhurst Shores WTP Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water 

Threats 

Total Number of 

Parcels 

Total Number of 

Threats  

Threat Classification IPZ 1 IPZ 2 S M L  S  M L 

Significant (S) 0 0 0   0   

Moderate (M) 7 0  7   23  

Low (L) 49 130   179   321 

Total Number of Parcels 56 130 186  

Total Number of Threats 

Present** 
103 241  344 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors and threats related to 

the application of salt on roads are enumerated within the total threat count. 

Table 6-23: Threat Type and Occurrence in Sandhurst Shores IPZ* 

DWT 

No Drinking Water Threat Total 

2 Septic system, holding tank or other treatment 141 
3 Application of agricultural source material to land 25 

4 Storage of agricultural source material to land 9 

6 Application of non-agricultural source material to land 1 

8 Application of commercial fertilizer to land 25 

9 Handling and storage of commercial fertilizer 6 

10 Application of pesticide to land  25 

15 Handling and storage of fuel 70 

17 Handling and storage of an organic solvent 5 

21 Livestock pasturing and/or outdoor confinement, farm-animal yard 9 

Corridor Related Threats 

12 Application of road salt on roads 12 
local Transportation of fuel 13 
local Transportation of pesticides 1 
local The transportation of a DNAPL 1 
local Transportation of an organic solvent 1 

Total  344 
Note: There are no significant drinking water threats for the Sandhurst Shores IPZ. 
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Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader. 

The Sandhurst Shores IPZ 1 and IPZ 2 zones are located in the Town of Greater Napanee. The 

hamlet permits a variety of residential, commercial and community facilities that could be 

associated with prescribed drinking water threats (Cumming Cockburn Ltd., 2002; IBI Group, 

2007). Permitted agricultural land uses also surround the hamlet. The relevant designations and 

zones that permit these uses will need to be reviewed. This review will help determine if changes 

to the permitted uses in general, or to specific properties should be recommended as part of the 

source protection plan.  

The Town of Greater Napanee is in the process of reviewing and updating its official plan. This 

process will provide an opportunity to flag certain designations, zones and/or permitted land uses 

for further analysis prior to the completion of the source protection plan. 

6.2.9 Conclusions and Next Steps 

Intake protection zones 1, 2 and 3 have been delineated for the eight intakes in the Cataraqui area 

that draw from either Lake Ontario or the St. Lawrence River with a “low” uncertainty. 

Vulnerability scoring has been assigned to each zone in accordance with the Technical Rules, 

also with a “low” uncertainty. Drinking water issues have been identified at three of the intakes 

and existing drinking water threats (activities) have been counted within the IPZs. Opportunities 

to improve these findings in the future are described in Chapter 8. 

Given the lack of available data, no significant drinking water threats have yet been identified 

through modeling in the IPZ 3. 

The next steps in technical work for these intakes include: (1) to assess whether or not there are 

any significant drinking water threats in IPZ 3 through related modeling work, and (2) to execute 

the plans for the delineation of issue contributing areas that are included in Appendix ‘E’.  

6.3 Picton Intake 

The intake for the Picton WTP is located in the Quinte Source Protection Region and the IPZ 

delineated for this intake extends into the CSPA. 

6.3.1 Picton Water Treatment Plant  

6.3.1.1 Background  

The Picton WTP intake is located west of the CSPA in the Bay of Quinte. The intake supplies a 

municipal residential drinking water system to residents in the communities of Picton and 
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Bloomfield. The associated IPZ 1 and IPZ 2 are located entirely within the Quinte Source 

Protection Region; however, the IPZ 3 for the plant is partially located within the CSPA (see 

Map 6-59). The reader is invited to review the Assessment Report for the Quinte Source 

Protection Region for more information about this vulnerable area. 

 withdrawal source: Picton Bay, Bay of Quinte 

 serviced population and municipality: 5,905 residents in the community of Picton and 

643 residents in the community of Bloomfield in Prince Edward County 

 date constructed: 2005 upgrade 

 intake depth: 3.3 metres (both intakes) 

 intake pipe length (offshore): 91 metres (south intake), 305 metres (north intake – not 

used) 

 intake pipe diameter: 400 millimetres (south intake), 400 millimetres (north intake – not 

used). 

6.3.2 Delineation of Intake Protection Zones 

The delineation of the IPZ for the Picton WTP was completed by XCG Consultants Ltd. for 

Quinte Conservation (XCG Consultants Ltd., 2009a). The Picton intake is classified as a Type 

‘D’ intake in the Bay of Quinte. The intake protection zone 3b that enters the Cataraqui Source 

Protection Area was assigned a “low vulnerability”. For a detailed description of the methods 

used for IPZ delineation, please see the Quinte Source Protection Region Assessment Report.  

Only IPZ 3b for the Picton intake extends into the CSPA (Map 6-59). The IPZ was delineated by 

identifying all contributing watercourses west of the Glenora Ferry crossing and north to the 

Belleville IPZ 2. Where the in-water portion of the zone meets the shoreline, a combination of 

the regulation limit and a 120 metre setback from the high water mark is used to extend it inland, 

in accordance with the Technical Rules. The uncertainty assigned to this delineation was low.  

6.3.3 Vulnerability Scoring 

The vulnerability of the IPZ for the Picton intake is shown on Map 6-60. Vulnerability was 

assessed based on the characteristics of the intake and the characteristics of the zone. Zone 

characteristics considered include runoff generation potential, preferential pathways, distances to 

threat sources and raw water characteristics. The vulnerability scores for the delineated Picton 

IPZs are as follows: IPZ 1 has a vulnerability score of ten, IPZ 2 receives a score of nine and IPZ 

3a is scored an eight, respectively. Within the Cataraqui area, the Picton IPZ 3b is assigned a 

vulnerability score of six with a low uncertainty.  

6.3.3.1 Drinking Water Issue Evaluation 

Water Quality at the Intake 

The evaluation of drinking water issues for the Picton WTP is being completed by XCG 

Consultants Ltd. for Quinte Conservation. The discussion below is taken from the Technical 



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

179 

Memorandum # 2: Quinte Source Protection Region Water Quality Issues Evaluation for Picton 

Drinking Water System (XCG Consultants Ltd., 2009a).  

Various water quality data were reviewed for the evaluation of drinking water issues. None of 

these data relate directly to the portion of the IPZ that extends into the CSPA. 

Drinking Water Issues 

At the time this report was written, there are no substances that were considered as drinking 

water issues with possible human sources in the raw, untreated water for this system. For more 

information please refer to the Quinte Source Protection Region Assessment Report. 

6.3.3.2 Threat Assessment 

Only a portion of the Picton IPZ 3b falls within the CSPA and was surveyed for existing 

activities using the threats approach. Further research will be required to confirm whether or not 

any conditions exist.  

The Picton IPZ 3b has a score of six therefore any threats found within this zone cannot be 

numerically significant. For detailed list of the activities that could produce a significant threat, 

please see Table 4-2 in Chapter 4. Maps 6-61, 6-62 and 6-63 show the areas where significant, 

moderate and low drinking water threats related to chemicals, pathogens and DNAPLs could 

occur. Similarly, areas where conditions may be significant, moderate or low threats are shown 

in Map 6-64. 

Data from preliminary watershed surveys was used to identify land activities within the CSPA of 

the Picton IPZ 3, and is not considered a comprehensive list. For a more inclusive description of 

the threats found within IPZ 1, 2 and 3, please refer to the Quinte Source Protection Region 

Assessment Report. 

Existing Activities  

Existing activities that are found within the Picton IPZ 3b include agricultural and livestock 

related activities, recreational areas, landfills, gasoline stations, garage and automotive services, 

and a manufacturing facility.  

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 

 the establishment, operation or maintenance of a waste disposal site within the meaning 

of Part V of the Environmental Protection Act 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage. 

 the application of agricultural source material to land  

 the storage of agricultural source material 

 the application of non-agricultural source material to land 

 the handling and storage of non-agricultural source material 
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 the application of commercial fertilizer to land  

 the handling and storage of commercial fertilizer 

 the application of pesticide to land 

 the handling and storage of pesticide 

 the handling and storage of road salt 

 the application of road salt 

 the handling and storage of fuel 

 the handling and storage of a dense non-aqueous phase liquid (DNAPL) 

 the handling and storage of an organic solvent 

 the use of land as livestock grazing or pasturing land, an outdoor confinement area or a 

farm-animal yard 

 the use of a water softener 

 the transportation of specified substances along corridors. 

Transportation Corridors  

Transportation corridors are shown on Map 6-65 and listed in Appendix ‘I’. The transportation 

corridors in the Picton IPZ 3 include local roadways, provincial highways, railways and 

navigation channels. The main corridors along which specified substances (chemicals) are or 

could be transported include: 

 Highway 401, Highway 33 (Bath Road), Highway 38 (Sydenham Road) 

 Glenora Ferry (provincial highway) 

 County Road 1 (Yarker Road), County Road Number 1, County Road 2, County Road 6, 

County Road 7, County Road 8, County Road 21 and County Road 22  

 Canadian National Railway and associated industry spurlines 

 Lake Ontario, Bay of Quinte and Hay Bay navigation channels. 

Investigation of Drinking Water Threat Activities  

No parcels of land had land activities that could give rise to significant threats and thus no 

further investigation was required. Eleven parcels with moderate and 24 parcels with low 

drinking water threats were identified using worst case scenario assumptions of the land 

activities. Most activities identified have multiple associated threats per parcel. 

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors also contribute to the number of threats in the vulnerable area. Due to 

the large area covered, the vast number of roads contained, and the fact that these activities can, 

at worst, produce only moderate threats in Picton’s IPZ 3b, neither the application of road salt 
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nor the transportation of fuel, pesticides, DNAPLs or organic solvents were enumerated for this 

IPZ. 

Table 6-24 below provides an enumeration summary of drinking water threats present for the 

Picton drinking water system for IPZ 3b.  The table provides the total number of assessed 

parcels, total threats present and the ranking for each threat circumstance: significant (S), 

moderate (M) or low (L). Table 6-25, provides an expanded list of the threat activities and their 

occurrence within the Picton  IPZ 3b. For a more detailed outline of the threats and 

circumstances occurring within Picton’s IPZ 3b, please refer to Table 13 of Appendix ‘H’.  

Table 6-24: Picton IPZ 3b WTP Drinking Water Threats Summary* 

Summary of Parcels with Drinking Water Threats 
Total Number of 

Parcels 

Total Number of 

Threats within Parcels 

Threat Classification IPZ 3 S M L  S  M L 

Significant (S) 0 0   0   

Moderate (M) 11  11   21  

Low (L) 24   24   151 

Total Number of Parcels  35 35  

Total Number of Threats 

Present** 
172  172 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt 

on roads are enumerated within the total threat count. 

Table 6-25: Threat Type and Occurrence in Picton IPZ* 

DWT 

No 
Drinking Water Threat Total 

1 Waste (industrial, commercial and/or hazardous) 3 
2 Septic system, holding tank or other treatment 16 

3 Application of agricultural source material to land 10 

4 Storage of agricultural source material to land 10 

8 Application of commercial fertilizer to land 10 

9 Handling and storage of commercial fertilizer 10 

10 Application of pesticide to land  10 

15 Handling and storage of fuel 30 

16 Handling and storage of a DNAPLS 30 

17 Handling and storage of an organic solvent 30 

21 Livestock pasturing and/or outdoor confinement, farm-animal yard 11 

Total  172 
Note: There are no significant drinking water threats for the Picton IPZ.  
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Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader.  

The Picton IPZ 3 zone extends into the CSPA along Wilton Creek into the Town of Greater 

Napanee, Loyalist Township, the City of Kingston and the Township of South Frontenac. 

The predominant permitted land uses in the IPZ 3 in the Town of Greater Napanee are 

environmental protection, residential and agricultural, with pockets of aggregate uses (Cumming 

Cockburn Ltd., 2002; IBI Group, 2007).  

The predominant permitted land uses in the IPZ 3 in Loyalist Township are environmental 

protection, agricultural and residential, particularly in hamlets (Cumming Cockburn Limited, 

2005 and 2008). There are also pockets of aggregate uses.  

In the City of Kingston, the IPZ 3 is dominated by agricultural land uses (City of Kingston, 

2009; Township of Kingston, 2006).  

Within the Township of South Frontenac, the IPZ 3 is dominated by rural permitted land uses 

(Ainley Graham & Associates Limited for Township of South Frontenac, 2003a and 2003b).  

These land use designations and zones allow a wide range of permitted uses that are associated 

with prescribed drinking water threats will need to be reviewed. A review will determine if 

changes to the permitted uses in general, or to specific properties should be recommended as part 

of the source protection plan. 

6.3.4 Conclusions  

Intake protection zones 1, 2 and 3 have been delineated for the Picton intake by the Quinte 

Source Protection Committee; with a low uncertainty assigned to the IPZ 3b that enters the 

Cataraqui area. Vulnerability scoring has been assigned to each zone in accordance with the 

Technical Rules, also with a low uncertainty. Drinking water issues have been identified and 

existing drinking water threats (activities) have been counted within the IPZs. 

6.4 Inland Intakes 

There is only one inland municipal drinking water system intake in the CSPA, the intake for 

Sydenham. The village of Sydenham is located approximately 20 kilometres northwest of 

Kingston in the Township South Frontenac. The village itself is located on the west end of 

Sydenham Lake that drains into Millhaven Creek. Sydenham is a unique area geologically as it 

lies on the boundary between the St. Lawrence Lowlands (dominated by limestone) and the 

Canadian Shield (dominated by granite). 
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6.4.1 Sydenham Water Treatment Plant 

6.4.1.1 Background  

This relatively new facility came on-line in July 2006. 

 withdrawal source: Sydenham Lake 

 serviced population and municipality: 940 residents of the Village of Sydenham in South 

Frontenac Township, just over 50 per cent (145) of the 273 service connections were 

connected as of fall 2008 

 date constructed: 2006 

 intake depth: seven metres 

 intake pipe length (offshore): 128 metres 

 intake pipe diameter: 400 millimetres. 

6.4.1.2 Water Withdrawal for the Water Treatment Plant 

The Sydenham WTP received its Permit to Take Water in 2004. The Permit to Take Water 

allows for a withdrawal of 1290 cubic metres per day. However, as of fall 2008, only 50 per cent 

of the expected service connections have been connected, meaning the plant is taking less than 

half of its allowable withdrawal. This is reflected in the estimated withdrawal values, which 

come from the First Engineer’s Report and Drinking Water Inspection Reports for the WTP. 

Table 6-26 below shows the estimates of water withdrawals from the Sydenham WTP (MOE, 

2008i). 

Table 6-26: WTP Raw Water Withdrawal Volumes, Sydenham 

Municipal 

Water 

Treatment 

Plant 

Permit to Take 

Water Allowed 

Volume        

(m3/ day) 

Estimated 

Annual 

Volume    

(m3/ day)  

Estimated 

Average Monthly 

Volume           

(m3/ day)  

Estimated 

Average 

Daily Volume 

(m3/ day) 

Estimated 

Maximum 

Daily Volume 

(m3/ day)  

Sydenham 1,290 83,950 6,900 230 609 

 

6.4.2 Delineation of the Intake Protection Zones 

The Sydenham Lake intake is classified as a Type ‘D’ intake, as per the Technical Rules: 

Assessment Report (MOE, 2009j). The Sydenham Lake IPZ delineations were completed by 

XCG Consultants Ltd. (see Appendix ‘L-12’). The work included delineating IPZ 1, 2 and 3, 

and it used a hydrodynamic model built from field data. The model inputs included wind 

conditions, bathymetry, and water levels, as well as field conditions from drogue tracking 

exercises. 
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The full details of the Sydenham study can be found in XCG Consultants Ltd. (2009b). A “low” 

uncertainty rating was assigned to these findings. 

The IPZ delineations for the Sydenham WTP are shown on Map 6-66.  

 IPZ 1 is one kilometre in radius, within the watershed that flows to Sydenham Lake, with 

a 120 metre high water mark setback on land. 

 IPZ 2 is delineated based on a two hour time of travel to the intake, but is entirely within 

IPZ 1 within the body of the lake. The IPZ 2 was modeled using the US Environmental 

Protection Agency’s Environmental Fluid Dynamics Code software (XCG Consultants 

Ltd., 2009b). A 20 metre by 20 metre grid was used for the modeling. Existing 

bathymetric (lake depth) and lake outlet flow data were used. Field studies using tracking 

drogues (in-water sails) were completed under three different wind conditions (south, 

west and northeast) during the fall of 2006. This work gathered additional data about the 

movement of water in Sydenham Lake. The finding of the modeling was that within the 

lake, the two hour time-of-travel would be contained (and likely exceeded) within the one 

kilometre radius of IPZ 1. Transport pathways (storm sewers, ditches and streams) are 

also included in the time-of-travel and they extend IPZ 2 over land southwards from the 

intake.  

 IPZ 3 includes all the water bodies contributing to Sydenham Lake (see Map 6-66). 

Where the in-water portion of the zone meets the shoreline, a combination of the 

regulation limit and a 120 metre setback is used to extend it inland, in accordance with 

the Technical Rules. IPZ 3 is broken into two parts (3a and 3b) to reflect their proximity 

to the intake and the varying character of the landscape (IPZ 3a is on the agricultural 

limestone plain to the south; IPZ 3b is on the forested Canadian Shield to the north, 

further away from the community).  

The full details of the Sydenham study can be found in XCG Consultants Ltd. (2009b). In the 

opinion of the consultant, “...there is low uncertainty associated with the drogue study results and 

model verification runs, allowing for a high level of confidence in the delineation” (XCG 

Consultants Ltd., 2009b).  This opinion was supported by the peer reviewers. An uncertainty 

level of low is assigned to the IPZ delineations. 

As with the work on the Great Lakes, the study was limited by the lack of long-term field data, 

and by the fact that the available hydrologic models do not reflect the winter months in which 

Sydenham Lake is covered by ice.  

6.4.3 Vulnerability Scoring 

The vulnerability of the Sydenham IPZ is shown on Map 6-67. The vulnerability scoring for the 

Sydenham IPZ is determined similar to the other IPZs where the overall vulnerability score is the 

result of multiplying the area vulnerability factor (Vfa) with the source vulnerability factor (Vfs). 

This score can range from 0.8 to 10 depending on the zone with higher values representing 

greater risk of contamination. 

In reference to the Technical Rules: Assessment Report (MOE, 2009j) and work conducted by 

XCG Consultants Ltd., the area vulnerability factor considers: 



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

185 

 the percentage of the area that is composed of land 

 the land cover, soil type, permeability, and the slope of setbacks 

 the hydrological and hydrogeological conditions in the area that contributes water 

through transport pathways, and 

 the proximity of the area to the intake (in the case of IPZ 3). 

In turn, the score vulnerability factor applies to the location of the intake and is determined in 

relation to: 

 the depth of the intake 

 the distance of the intake from land, and  

 the number of recorded drinking water issues related to the intake. 

Each factor and the combined vulnerability scores for the Sydenham IPZs are given in Table 6-

27 below.   As is permitted by Technical Rule # 90, the vulnerability scoring for IPZ 3 has been 

divided into (a) and (b) parts to reflect the character of the landscape (as described in Section 

6.4.2 above). A low uncertainty rating was assigned to these findings. 

Table 6-27: Vulnerability scoring for Sydenham Intake Protection Zones 

Zone IPZ 1 IPZ 2 IPZ 3a IPZ 3b 

(Vfa) 10 9 7 4 

(Vfs) 0.9 0.9 0.9 0.9 

Vulnerability 

Score 
9.0 8.1 6.3 3.6 

 

More details on the vulnerability scoring are included in Community of Sydenham Intake 

Protection Zone Study (XCG Consultants Ltd., 2009b) (see Appendix ‘L-12’). 

6.4.3.1 Drinking Water Issue Evaluation 

Water Quality at the Intake 

Drinking water issues were identified by XCG Consultants Ltd. as part of the Community of 

Sydenham Intake Protection Zone Study (XCG Consultants Ltd., 2009b).  

Annual Reports, the pre-design report and pilot study for the Sydenham WTP were examined by 

XCG Consultants Ltd. (Utilities Kingston, 2006, 2007, 2008 and reviewed in MOE, 2007i, 

2008i). Drinking water issues identified from this review include colour, dissolved organic 

carbon, hardness, pH, and turbidity. Sampling carried out by XCG Consultants Ltd. also 

indicated drinking water issues with hardness, pH, and temperature. 
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Drinking Water Issues 

Based on all of the information sources discussed above, the protocol outlined in Appendix ‘E-

1’ and the tests in rule 114 of the Technical Rules (MOE, 2009j), the following substance is 

considered a drinking water issue with possible human sources in the raw, untreated water for 

this system:  

 dissolved organic carbon. 

The balance is considered to be natural characteristics of the source water for this system. For 

more detailed information about the natural and human source drinking water issues, please see 

Appendix ‘E-2’, Table 15. Drinking water issues with possible human sources for all WTPs are 

summarized in Appendix ‘E-2’, Table 1. 

Issue Contributing Areas 

Because dissolved organic carbon is not a listed as a contaminant of concern for any of the 

Tables of Drinking Water Threats (MOE, 2009k), no issue contributing area will be identified. 

6.4.3.2 Threats Assessment 

Data contained within this section is provided in part by XCG Consultants Ltd. (2009b).  

Only the threats approach that is outlined in Chapter 4 for the identification of drinking water 

threats is applicable to this location. The event-based (IPZ 3) approach is not applicable since the 

drinking water system has been defined as a Type ‘D’ location (see Table 6-1).  

Vulnerability Scoring and Threat Locations  

Significant threats can occur in an IPZ with a vulnerability score of eight or higher. The 

Sydenham IPZ 1 has a score of nine, and IPZ 2 has a score of 8.1 (Map 6-67); therefore 

activities occurring in IPZ 1 and IPZ 2 have the potential to be significant threats. Please refer to 

Table 4-2 in Chapter 4 for activities that could produce a significant threat in an IPZ.  

Areas where significant, moderate, and low drinking water threats related to chemicals, 

pathogens and DNAPLs are shown as Maps 6-68, 6-69, 6-70. Similarly, areas where conditions 

may be significant, moderate or low threats are shown in Map 6-71. 

Historical and Existing Activities 

Historically, Sydenham was a small village home to small industry including three mills on 

Millhaven Creek (IPZ 1) and wagon and harness shops in the village (IPZ 2). For the purposes of 

this report, the Sydenham IPZs were surveyed only for existing activities using the threats 

approach. Further research will be required to confirm whether or not any conditions exist. 

The enumeration of significant threats in these areas was completed by XCG Consultants Ltd., 

while the enumeration of moderate and low threats and identification of transportation corridors 

was completed by the CRCA.  

Existing activities that are found within the IPZ include a water treatment facility, hardware and 

grocery stores and other commercial properties, medical offices, education facilities, a private 

camp, municipal parkland with a closed landfill site, agricultural and livestock related activities 
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and private residences (assumed to have septic systems and heating fuel tanks). These are 

situated over a total of 129 parcels of land. 

Prescribed types of drinking water threats that are associated with these existing activities could 

include: 

 the establishment, operation or maintenance of a waste disposal site within the meaning 

of Part V of the Ontario Environmental Protection Act 

 the establishment, operation or maintenance of a system that collects, stores, transmits, 

treats or disposes of sewage 

 the application of agricultural source material to land 

 the application of commercial fertilizer to land 

 the handling and storage of commercial fertilizer 

 the application of pesticide to land 

 the handling and storage of pesticide 

 the application of road salt 

 the handling and storage of road salt 

 the handling and storage of fuel 

 the handling and storage of a dense non-aqueous phase liquid (DNAPL) 

 the handling and storage of an organic solvent 

 the use of land as livestock grazing or pasturing land, and outdoor confinement area or a 

farm-animal yard 

 the use of a water softener 

 the transportation of specified substances along corridors. 

Transportation Corridors 

Transportation corridors are shown on Map 6-72 and listed in Appendix ‘I’. The transportation 

corridors in the Sydenham IPZ include local roadways, provincial highways, railways and 

navigation channels. The main corridors along which specified substances (chemicals) are or 

could be transported include: 

 George Street, Mill Street, Portland Avenue and Wheatley Street 

 County Road 5 (Rutledge Road), County Road 10 (Perth Road) and County Road 19 

(Bedford Rd). 

Investigation of Drinking Water Threat Activities 

Investigation of the drinking water threats through research and landowner contact confirmed a 

total of three significant, 134 moderate, and one low drinking water threats in this IPZ. The 
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majority of threats within the Sydenham IPZ relate to the establishment, operation or 

maintenance of a system that collects, stores, transmits, treats or disposes of sewage (septic 

systems), the handling and storage of fuel and agricultural-related activities.  

 

Threat Activities along Transportation Corridors 

In addition to the threats associated with individual parcels of land, activities along 

transportation corridors also contribute to the number of threats in the vulnerable area. The 

application of road salt gives rise to ten moderate and four low threats.  

The transportation of specified substances along corridors contributes to 24 moderate threats. 

The transportation of fuel contributes to 15 moderate threats; the transportation of pesticides, 

DNAPLs and organic solvents each contributes three moderate, respectively.  

Table 6-28 below provides an enumeration summary of drinking water threats present for the 

Sydenham drinking water system.  The table provides the total number of assessed parcels, total 

threats present and the ranking for each threat circumstance: significant (S), moderate (M) or 

low (L). Table 6-29, provides an expanded list of the threat activities and their occurrence within 

the Sydenham IPZ. For a more detailed outline of the threats and circumstances occurring within 

the Sydenham, please refer to Table 14 of Appendix ‘H’. 

Table 6-28: Sydenham WTP Drinking Water Threats Summary* 

Summary of Parcels with Identified Drinking Water 

Threats 

Total Number of 

Parcels 

Total Number of 

Threats within Parcels 

Threat Classification IPZ 1 IPZ 2 S M L  S  M L 

Significant (S) 1 2 3   12   

Moderate (M) 89 79  168   253  

Low (L) 1 4   5   83 

Total Number of Parcels 91 85 176  

Total Number of Threats 

Present** 
175 173  348 

*The local drinking water threat of the use of water softeners is not included in the above summary table. It is 

assumed that each private well owner is using a water softener. 

**Note: A parcel can have multiple threats. The transportation of chemicals along corridors, the application of salt 

on roads are enumerated within the total threat count. 
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Table 6-29: Threat Type and Occurrence in Sydenham IPZ* 

DWT 

No Drinking Water Threat Total 
Total Ranked 

Significant 

2 

Septic system, holding tank or other treatment 139 - 

Wastewater collection facility                                                 

(does not include storage tanks or bypasses) 1 - 

3 Application of agricultural source material to land 3 3 

4 Storage of agricultural source material to land 3 3 

8 Application of commercial fertilizer to land 3 - 

9 Handling and storage of commercial fertilizer 2 - 

10 Application of pesticide to land  5 3 

11 Handling and storage of pesticide 1 - 

12 Application of road salt 5 - 

13  Storage of road salt 3 - 

15 Handling and storage of fuel 141 - 

17 Handling and storage of an organic solvent 1 - 

21 
Livestock pasturing or grazing and/or outdoor confinement, 

farm-animal yard 3 3 

Corridor Related Threats 

12 Application of road salt on roads 14 - 
local Transportation of fuel 15 - 
local Transportation of pesticides 3 - 
local The transportation of a DNAPL 3 - 
local Transportation of an organic solvent 3 - 

Total  348 12 

Future Activities 

As explained in Section 4.3, an activity that emerges in the future would be ranked as a threat to 

the source water if the underlying vulnerability score is high enough for it to be listed in the 

Tables of Drinking Water Threats (MOE, 2009k) as a significant, moderate, or low threat. 

Land uses associated with activities that would be threats may or may not be permitted in the 

current municipal official plan and zoning by-law. An initial review of the relevant planning 

documents has been completed to assess which land uses are currently permitted in the 

vulnerable area; partial findings are provided below for the information of the reader.  

The Sydenham IPZ 1, IPZ 2 and IPZ 3 zones are located in the Township of South Frontenac. 

Although the predominant permitted land use in the IPZ 1 and IPZ 2 zones is residential, there is 

wide range of other permitted uses that are associated with prescribed drinking water threats 

(Ainley Graham & Associates Ltd., 2003a and 2003b). The IPZ 3 zone consists of rural and 

residential land uses and environmental protection areas. The designations and zones that permit 
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these uses will need to be reviewed to determine if changes to the permitted uses in general or to 

specific properties should be recommended as part of the source protection plan. 

6.4.4 Conclusions  

Intake protection zones 1, 2 and 3 have been delineated for the Sydenham intake with a low 

uncertainty. Vulnerability scoring has been assigned to each zone in accordance with the 

Technical Rules, also with a low uncertainty. Drinking water issues have been identified and 

existing drinking water threats (activities) have been counted within the IPZs.  

Peer review was carried out by AECOM. It was found that the methods used were appropriate 

and in compliance with the Technical Rules. 
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Chapter 7 – Climate Change and Source 

Protection 

Consideration of climate change is important within the context of the water budget, as well as 

other components of drinking water source protection. Some of the eastern Ontario source 

protection regions/areas have prepared climate change reports for their specific jurisdictions: 

Cataraqui (Watt, 2009) (see Appendix ‘L-13’), Mississippi-Rideau (Oblak, 2009) and Trent 

Conservation (Trent Conservation Coalition, 2009). The reports summarize a number of other 

climate change reports and studies, and present some potential water quantity and water quality 

impacts due to climate change, as well as some mitigation and adaptation considerations. 

This chapter intends to provide a further summary of the above noted work. Section 7.1 provides 

a short summary of previous studies, Section 7.2 provides a listing of potential impacts on water 

quantity in the CSPA, Section 7.3 provides a listing of potential impacts on water quality in the 

CSPA, Section 7.4 provides potential impacts on the delineations of vulnerable areas, Section 

7.5 provides some information on monitoring of climate change variables and Section 7.6 

provides some possible mitigation and adaptation solutions.  

It must be noted that there is a high uncertainty associated with climate change around the globe. 

It is very clear that our climate is changing, but which aspects of our climate, and how much they 

may change in the future, it is very unclear. None of the potential impacts presented here are 

definitive. 

7.1 Research to Date for Southeastern Ontario 

Climate change impacts occur on a regional scale (eastern Ontario, eastern North America) 

rather than by city or town. Much of the research done to date, and the reports that discuss 

climate change, are structured in this way and look at areas as large as eastern Ontario, or eastern 

Canada and the northeastern United States. In fact, there is minimal research specific to 

southeastern Ontario with regards to climate change. However, most of the studies do come to 

the same general conclusions about potential climate change in our area. 

The United Nations Intergovernmental Panel on Climate Change (IPCC, 2007a, 2007b) reports 

summarize potential climate change across the globe, looking at both global variability, as well 

as smaller areas such as eastern North America. The reports synthesize results from 21 global 

Climate change models. For our area, the reports predict: 

 an increase in temperature, specifically winter minimum temperatures and summer 

maximum temperatures 

 more winter precipitation, with changes in summer precipitation being less certain 

 small increases in runoff (may not be statistically significant) 

 more frequent heavy precipitation events. 
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The specific impacts of these changes are interpreted to be: 

 increased temperature resulting in increased potential evapotranspiration (actual 

evapotranspiration may not change over the summer months unless there is water 

available to evaporate, such as in lakes and wetlands), which could mean less water for 

runoff to streams (and storage in lakes) or recharge to groundwater  

 increased temperature means more precipitation will fall as rain than snow, which means 

less snowpack in the winter and earlier spring freshets in streams  

 more frequent heavy precipitation may mean more flooding and more erosion of streams. 

It has also been seen, since the IPCC report was published, that the predictions it contains are 

actually occurring faster than expected (Richardson et al., 2009; UNEP, 2009). 

Also in 2007, the Ontario Ministry of Natural Resources (MNR) produced a report and mapping 

considering “Climate Change in Ontario” (Colombo et al., 2007). They used Canadian data 

provided by Natural Resources Canada. Specifically, this study looked at the relative change in 

temperature and precipitation for three 30 year periods (2011-2040, 2041-2070, 2071-2100), 

compared to the 1971-2000 period. It must be noted that the 1971-2000 period happens to be one 

of the wettest periods in recent history (Hogg, 2007) based on the analyses of climate data 

conducted by Mekis and Hogg (1999). The MNR study predicts: 

 a precipitation decrease from zero to ten per cent in most areas of the CSPA, though 

some areas show an increase of zero to ten per cent (neither of these represent a 

statistically significant change)  

 a temperature increase of a few degrees, more in the winter months than summer months. 

The specific impacts of these potential changes are the same as noted for the IPCC predictions. 

In addition to the IPCC and MNR studies, numerous other studies and reports have been 

completed that provide similar predictions and conclusions. Some of these other reports include 

predictions such as: 

 a decrease in the number of cold events 

 an increase in the number of warm events 

 an increase in night time temperatures 

 a decrease in snow depth in many areas, but an increase in eastern Ontario 

 an increase in the number of days of precipitation, specifically rain 

 a decrease in length of dry spells 

 less ice cover on the Great Lakes (thinner and shorter ice-in season) and 

 a drop in Great Lake levels (predicted one metre for Lake Ontario). 

Some of the predictions presented are contradictory, which reflects the large uncertainties 

associated with climate change models. This must be taken into account when considering 



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

193 

potential climate change, there is not enough information to predict the results with absolute 

certainty. 

7.2 Potential Impacts on Water Quantity 

The potential impacts of climate change to water quantity vary greatly, depending on what 

climate variables actually change. Watt (2009) provides more detailed information on potential 

impacts to water quantity, but the following provides a summary. 

If climate change produces a decrease in precipitation and an increase in temperature, then we 

can expect that potential evapotranspiration will also increase (during the summer months, 

potential evapotranspiration is typically higher than the amount of water available for 

evapotranspiration, so the term actual evapotranspiration is used instead). However, during the 

summer months, actual evapotranspiration may not increase, as there will still be minimal water 

available for evapotranspiration, other than in lakes and wetlands, where water levels may fall 

faster due to losses via evapotranspiration. Higher temperatures during the fall, winter and spring 

may increase actual evapotranspiration in these seasons, as more water is available for 

evapotranspiration. In general, this change could mean: 

 less water available for surface storage (lakes and wetlands), flow augmentation and 

consequently less supply for drinking water 

 further, the demand is expected to increase, given the longer warm and dry periods 

 lower lake levels in summer, wetlands dry up, possible constraints to recreational 

activities (boating, swimming), possible constraints to transportation/shipping 

 less water recharging into the ground, lower groundwater levels, dry wells, dry 

groundwater fed streams/lakes 

 more rain versus snow, earlier freshet, less water to ground during snow melt, but more 

during traditional winter periods. 

If instead we see an increase in precipitation and an increase in temperature, we would expect to 

have much the same impacts as above, but could see even higher evapotranspiration, as there 

will be more water available to allow actual evapotranspiration to be closer to potential 

evapotranspiration. 

If heavy precipitation events become more frequent, but the annual precipitation does not 

increase, we can expect more flooding potential due to heavy precipitation. But, we would then 

also expect longer periods of dry weather, with streamflows falling very low or drying up 

altogether, as well as lower groundwater levels, since heavy precipitation typically results in 

more runoff and less recharge into the ground. 

7.3 Potential Impacts on Water Quality 

Similar to water quantity, the impacts to water quality due to climate change will also vary 

depending on what actually changes. 
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If we see higher temperatures we can expect: 

 warmer winters, possibly allowing the overwintering of pests/invasive species (CCSP, 

2008; UNEP, 2009)  

 warmer winters/waters may also allow new pests to migrate (CCSP, 2008; UNEP, 2009), 

causing fouling of intakes similar to current zebra mussel problems  

 warmer winter temperatures could mean less snow and ice, leading to less salt and sand 

application. However, more freezing rain may develop, meaning more salt and sand 

needed 

 less snow may mean less toxic runoff into surface water as snow melts 

 reduced streamflows, with the same amount of contaminant, means an increase in 

contaminant concentration, potentially leading to effects not normally experienced 

 warmer surface water, which will foster more (and earlier) algal growth, leading to more 

frequent fouling of intakes and require increased treatment at water treatment plants 

 higher temperatures, more sunny days, and increased nutrient runoff into surface waters 

have the potential to increase the initial appearance of and increase the existing extent of 

Cyanobacteria (blue-green algae) blooms, some of which could be toxic to fish and/or 

other organisms (Davis et al, 2009, Dupuis and Hann, 2009, Wagner and Adrian, 2009). 

However, some other research has seen that with multiple parameters changing due to 

climate change, not just temperature, these changes may cancel out increased drivers of 

cyanobacteria growth (Howard and Easthope, 2002, Feuchtmayr et al, 2009). 

If we see higher precipitation, or more intense precipitation, more contaminants may be washed 

off the surface and into the water. A link has been found between heavy precipitation and water- 

borne disease outbreaks (CCSP, 2008). We would also expect to see more erosion due to heavy 

precipitation, which could also increase the loading of sediment-bound contaminants into 

streams and the groundwater. 

7.4 Potential Impacts to Vulnerable Area Delineations 

Climate change may also mean changes to the extent of the vulnerable areas that are described 

in Chapters 5 and 6. The following are some interpretations of the potential impacts to 

vulnerable areas: 

Significant Groundwater Recharge Areas (SGRAs) 

 SGRAs are based on the composition of the soil and rock, so the identification of the 

areas will probably not change  

 the vulnerability of the SGRAs may increase due to increased precipitation, as noted for 

WHPAs below. 
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Wellhead Protection Areas (WHPAs) 

 more precipitation may mean more impact due to transport pathways, which will 

increase the vulnerability of the WHPAs  

 Less recharge may mean less water available in the existing WHPA, so the area of 

influence must increase to maintain supply, therefore the WHPA will be larger. Less 

recharge may mean overall flow rates are lower, therefore WHPAs will be larger. 

Intake Protection Zones (IPZs) 

 more frequent heavy precipitation may mean the potential for more contaminants washed 

into the water, which could result in the need to increase vulnerability of the zones due to 

increased hydrological or hydrogeological condition of the transport pathways 

 more frequent heavy precipitation could also mean increased streamflow, which would 

increase the size of some IPZs 

 higher temperature may mean lower water levels due to increased evapotranspiration, 

which could expose some intakes to the surface, or surface impacts  

 warmer temperatures resulting in a shorter ice cover period may make additional 

activities subject to consideration (for example: increased shipping), and given that winds 

are generally stronger in the winter, this would require an increase in the size of wind-

derived IPZs. 

7.5 Considerations for Monitoring Climate Change 

Most authors agree that the current monitoring of climate is not properly suited to capturing the 

right data or locations to properly identify what variables might change, and how they might 

change. Basically, more monitoring is needed, as identified by a number of sources. Specific 

recommendations on monitoring are not appropriate for this document, but it should be 

conducted through partnerships between all levels of government (federal, provincial, 

municipal), as well as scientific/research organizations such as conservation authorities and 

universities. 

In particular, some of the variables that should be monitored include: precipitation (rain, snow), 

evapotranspiration, solar radiation, water and air temperature, and water use, among others. 

In addition, consideration should be given to the changes in the data that have taken place due to 

development, and climate change since monitoring began, as well as the changes that will 

continue (Milly et al., 2008). The CRCA has prepared a document for Conservation Ontario 

(Watt, 2010) that details potential improvements to the existing monitoring networks in the 

CSPA to improve climate change monitoring, as well as adaptation monitoring. 

7.6 Mitigation / Adaptation to Climate Change 

The climate is changing. Knowing this is important so that aside from efforts to correct the 

causes, we can try to mitigate the effects and prepare to adapt to the changes. Some of the 

mitigation/adaptation measures we should consider include: 
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 water conservation measures to ensure that reduction in water storage can be 

accommodated via reduced use 

 promoting water conservation and reuse methods such as rainwater harvesting and grey 

water systems 

 monitoring of groundwater levels, groundwater recharge and discharge, groundwater 

movement, streamflow (particularly low flows), precipitation, evaporation, and solar 

radiation, to name a few. These types of monitoring data will help to identify what 

variables are changing, and how they are changing, allowing for mitigation and/or 

adaptation. Modeling requirements, and results, are made much more useful by having 

actual data for model calibration and validation (Silberstein, 2006). As he states, “we 

cannot manage what we do not measure.” 

 the Climate Change Science Program (CCSP, 2008) also recommends continued analysis 

of existing data by multiple independent experts to improve our confidence in detecting 

past changes 

 research on groundwater recharge and the movement of water in fractured bedrock 

geology will help to identify where the source water is coming from, as well as how to 

maintain the supply with respect to climate change, research will also help to identify 

when changes to the landscape, and climate variables, could influence both recharge and 

movement 

 delineating recharge areas (both existing and future due to climate change) with respect 

to wells so that these areas can be protected and the volume of recharge can be 

maintained 

 protecting the recharge areas to minimize possible contamination of the groundwater 

that is the source for the wells 

 reducing climate change by minimizing greenhouse gas emissions and changing other 

problem activities that may also be contributing to climate change. 



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

197 

Chapter 8 - Topics for Additional Research 

8.1 Summary of Data Gaps  

This Assessment Report represents our use of the best available information at this time. 

Research for the report was constrained by data gaps that are described in detail by Appendix 

‘K-1’. Data gaps exist where it was not possible to fulfil a requirement of the Technical Rules: 

Assessment Report (MOE, 2009a) (see Appendix ‘L-1’) in this edition of the report. They can 

be sorted into three general categories: 

 topics for which data may exist but are not currently accessible  

 topics for which there are no existing data, and where data will likely need to be collected 

by others 

 topics for which there are no existing data, but data could be collected in the future by the 

Cataraqui Region Conservation Authority (CRCA) and its partners in eastern Ontario. 

The Cataraqui Source Protection Committee and CRCA will work with the Province of Ontario 

to fill as many of the gaps as possible over the coming years. In the interim, the Committee will 

be mindful of the precautionary approach when addressing topics for which there is uncertainty.  

8.2 Anticipated Improvements for Subsequent Assessment 

Reports 

The science of drinking water source protection will continue to improve over time. There will 

be opportunities in subsequent versions of this report to improve the volume and certainty of the 

findings. The following sections and Appendix ‘K-2’ describe potential improvements related to 

the collection and analysis of data, within the existing scope of the Technical Rules. 

8.2.1 Water Budget 

In some cases, there were not enough data to fully account for some variables of the water 

budget. More data particularly for precipitation, evapotranspiration and groundwater water 

levels would improve the water budget results. These data would also be helpful for identifying 

and mapping significant groundwater recharge areas (SGRA), highly vulnerable aquifers 

(HVA) and wellhead protection areas (WHPA). 

8.2.2 Significant Groundwater Recharge Areas & Highly Vulnerable 
Aquifers 

A majority of the improvements for SGRA delineations would come through field work. It 

would include confirmation of recharge and discharge areas. This could be done through a 

variety of methods. It could encompass taking specific location samples with a soil auger to 

confirm the surficial materials within the SGRAs that are identified in Chapter 5. Similar 

information could be used to confirm highly vulnerable aquifers, as the depth of the material is 

an important input for making that designation. 
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An additional possibility that appears to provide worthwhile results for groundwater discharge is 

radon testing of the water. Work along these lines has been conducted by researchers at Queen’s 

University in the Tay River watershed (Gleeson et al., 2009) in the Mississippi-Rideau Source 

Protection Region. Some work has also been conducted by CRCA staff in conjunction with 

Queen’s researchers at a few locations in the CSPA. This method of discharge testing appears to 

be a reasonable option for field validation of groundwater discharge in streams, and could be 

used to pinpoint specific discharge locations. 

There is a challenge with one of the most important data sets used for both SGRA and HVA 

mapping, the Water Well Information System (WWIS). The precise geographic location of some 

of the wells in this database is known to be uncertain, and there are inconsistencies in the 

descriptions of the soil and rock materials in the well logs.  

Both of these aspects could be improved over time. If there is a requirement to update the 

location of the well whenever work is done on the well (for example; pump maintenance), this 

could be added to the database to provide much better location information of all wells across the 

province. A pilot project in the Quinte Conservation area (XCG Consultants Ltd., 2003) made 

this recommendation, and estimated that if this practice were adopted, within ten years all active 

wells in the province would have updated location information. The remaining wells lacking 

updated information could then be inventoried; as they may be unused, or have long ago been 

abandoned or decommissioned.  

With respect to the well log material, this problem might never be completely solved. However, 

guidelines could be established for the material descriptions used by well drillers, and training 

could be made available on the appearance and behaviour of particular materials. In addition, 

down-hole video footage of selected wells could be helpful to confirm the soils, rock, and 

fractures that they pass through. 

8.2.3 Wellhead Protection Areas 

The WHPA delineation work completed as part of the drinking water source protection initiative, 

and prior to it, has some of the same constraints as the regional-scale groundwater research, 

including the challenges associated with the WWIS data.  

Specifically, more work on the soil depth, and the soil make-up in the vicinity of the WHPA will 

help with recharge estimates, and with the assessment of potential vulnerability. Two of the most 

important parts of a WHPA model are the permeability and transmissivity estimates. These can 

be estimated using multiple pumping/packer tests on the monitoring wells of the area. The 

variability of these values, especially in fractured bedrock, can make a substantial difference to 

the overall model, and the area the water comes from to supply the wells. 

Having longer term records of the water level in wells (Provincial Groundwater Monitoring 

Network, supply, and monitoring), and how they change with time, and with climate 

(precipitation events, season) will make a substantial difference in how the WHPA model is 

prepared, and the results. 



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

199 

Similar to the SGRAs and HVAs, the location of recharge areas is also very important to the 

WHPA model. Improvements to our knowledge of those areas would therefore also benefit the 

WHPAs.  

8.2.4 Intake Protection Zones 

The delineation of intake protection zones (IPZ) would also benefit from additional data and 

further research. For recommendations related to IPZ 3 on Lake Ontario and the St. Lawrence 

River, see Section 8.2.5.2 below. 

Having extensive field data over a long period of record improves the accuracy of the models 

that are used to delineate IPZ. For the work on eastern Lake Ontario and the upper St. Lawrence 

River in Chapter 6, two years of field data were used. These data were used to extrapolate to a 

range of field conditions; greater certainty would be achieved with additional data. A more 

detailed model would also help to refine the IPZ delineations, but the existing model used the 

maximum available computing power. 

Further field monitoring with respect to discharge locations (concentrations, flow rate) and raw 

water intakes (concentrations) would allow further work to try to connect drinking water issues 

to specific locations, allowing the confirmation of significant drinking water threats. 

Long term water current and wind monitoring would also provide WTP operators with real time 

information during a spill event, and how vulnerable their intakes are to contamination. 

Transport pathways were estimated using mapping of pipe, stream and ditch locations. In the 

future, more complete pipe data (particularly diameter and slope) could be used to more 

accurately calculate the extent of transport pathways, as it can be used to estimate flow velocity 

in the pipes. The same type of information could be used for streams and ditches to estimate how 

far up a stream a transport pathway should be considered, given the time for a spill to travel to 

the intake. 

In addition to the field data, additional consideration of the time between a spill occurring and it 

being reported could be included in future IPZ work. Consideration for the storage time in the 

system (hours or days of water available), and the time needed to fill that storage, would be 

useful for the emergency management coordinators at each municipality. This knowledge would 

aid in the response time and for determining what steps should be taken if a spill were to occur 

near an intake, and whether the intake would need to be shut off. 

The existing IPZ work on the Lake Ontario and St. Lawrence River intakes in the CSPA was 

based on field data collected during ice free situations. The findings therefore do not fully 

address the ice cover situations, which occur in most years. The researchers at Queen’s 

University who completed the IPZ modeling for these intakes are working on a modified method 

that accounts for ice cover. Once it is ready, additional IPZ work could be conducted for the 

Cataraqui intakes. It is expected that the delineated IPZs (under ice cover) might be smaller than 

those delineated in ice free situations, and also that they may extend in different geographic 

directions. 
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8.2.5 Source Water Quality Issues and Threats 

8.2.5.1 Additional Research on Issues 

There currently is minimal information on raw water quality at the water treatment plants. Raw 

water testing is only required a few times a year, and the samples are only analysed for a short 

list of parameters. Additional testing, with more frequent scheduled testing throughout the year, 

and extra sampling sites would allow for more complete raw water analyses. Sampling the raw 

water at the intake, prior to chlorination, would also help to identify bacterial/pathogenic 

drinking water issues. 

As discussed in Chapters 5 and 6, efforts to target sources of a contaminant contributing to a 

drinking water issue would be aided with up-gradient and upstream sampling for contaminant 

concentrations (this could lead to the delineation of issue contributing areas). 

With respect to watershed-wide water quality information, the monitoring and analysis of 

groundwater quality has been relatively inactive over the past decade. A sampling program, with 

emphasis on identified vulnerable areas, would assist in the identification of drinking water 

issues on the landscape. This sampling program could include water quality sampling at private 

wells or the establishment of monitoring wells for water quality analysis.  

8.2.5.2 Additional Research on Threats 

Conditions 

As noted in Chapter 4, further research on conditions is warranted. The lack of available data to 

demonstrate where contamination has actually occurred (and has not been cleaned up) has 

prevented the identification of conditions in this report.  

The occurrence of locations that might reasonably be expected to include conditions has been 

investigated by the Cataraqui Region Conservation Authority on a preliminary basis. The 

following data sets were reviewed: Occurrence Reporting and Information System, National 

Analysis of Trends in Emergencies System, National Environmental Emergencies System, 

National Pollutant Release Inventory, Contaminated Sites on Federal Land, and Ontario Spills 

databases. Historical atlases, municipal insurance plans and maps were also reviewed.  

An extensive list of locations of interest was prepared in 2009; it covered each intake protection 

zone and wellhead protection area.  Numerous historic activities were documented for which no 

specific locations were recorded.  

A scoping analysis was later completed in 2010 on the portions of the list for those zones and 

areas where the vulnerability score was eight or greater, thereby resulting in identified conditions 

being potentially significant drinking water threats. The relevant vulnerable areas are the intake 

protection zones (1 and 2) for Brockville, James W. King (Gananoque) and Sydenham, and the 

wellhead protection areas for Cana, Lansdowne and the Miller Manor.  

The scoping analysis removed those locations from the original list where it was unlikely that the 

past activity was associated with one or more of the tests in Technical Rule 126 or an identified 

drinking water issue within the vulnerable area. About 450 locations of interest remain on the list 

for the relevant vulnerable areas.   



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

201 

Future research on this topic could include: 

 Research in collaboration with the Ontario Ministry of the Environment on spills that 

have occurred in the vulnerable areas     

 Consultation with one or more experts in contaminated sites, who would review the 

locations of interest and advise on the probability and potential volume and extent of 

contamination   

 Additional scoping of those portions of the list that relate to moderate or low drinking 

water threats 

 Application of the event-based (IPZ 3) approach to threat enumeration to locations of 

interest along the Lake Ontario and St. Lawrence River shorelines. This work would 

assess whether or not an extreme event outlined in the IPZ 3 modeling would result in 

contaminants from locations with a condition moving into the intake protection zones and 

deteriorating the raw water quality at the intake.  

It is anticipated that sampling would be required to determine if past activities did in fact result 

in conditions that meet the criteria in Technical Rule 126, which generally describe certain 

quantities or volumes of contamination necessary for a condition to occur. Depending on the 

location and past activity, sampling data could come from existing brownfield monitoring 

programs or may require targeted sampling. 

Event-Based (IPZ 3) Approach 

As discussed in Chapter 6, a map of consolidated intake protection zone 3 was prepared for the   

eight municipal residential drinking water system intakes that draw water from either Lake 

Ontario or the St. Lawrence River within the CSPA. Further to this delineation, additional work 

relating to specific discharge locations and intakes was undertaken by the Cataraqui Region 

Conservation Authority in 2010 (CRCA, 2011) (see Appendix ‘L-11b’).   

Consideration was given to looking at various discharge scenarios (concentration, volume, etc.), 

and whether they may create a significant drinking water threat at the intakes.  However, very 

few data for the discharge points were available for this work, resulting in a high level of 

uncertainty. 

At this time, the information available to reliably identify significant threats to the intakes using 

the event-based approach is not available.  However, further water quality monitoring at the 

intakes is recommended, and monitoring of selected discharge points (flow, concentration, etc.) 

should be considered.  A further analysis based on these additional data would allow discharge 

points to be confirmed or disregarded as threats.  

As more information is required in the identification of significant threats along the intakes, 

similarly, more information and modelling is required of the effect of large industry. As 

discussed in Chapter 6, there are several industrial facilities along the shoreline of Lake Ontario 

and the St. Lawrence River, many in very close proximity to the municipal intakes. As the 

intakes provide the source of our raw drinking water, more research and modelling is warranted 

to determine the effect, if any, by the activities of these large industries.   
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8.2.6 Imagery Analysis/Mapping 

This Assessment Report uses Digital Raster Acquisition Project for the East (DRAPE) imagery 

from 2008. However, no comprehensive analyses of the imagery have been completed to date. 

For the purposes of Technical Rule 16 (mapping of managed lands and impervious surfaces) 

(MOE, 2009a) in particular, land cover classification/analysis of the imagery would provide 

better estimates of impervious surface, and would improve estimates of managed lands. 
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Chapter 9 – Key Findings  

9.1 Key Findings in this Assessment Report 

This Assessment Report represents the culmination of five years of research about sources of 

drinking water in the Cataraqui Source Protection Area (CSPA). The following are some of the 

key findings by Cataraqui Region Conservation Authority (CRCA) staff and consultants. 

9.1.1 Water Quality 

 The quality of surface water in the CSPA varies between the 12 major watersheds. As 

discussed in Chapter 2, some standards have been exceeded due to natural causes, while 

the presence of excess nutrients is mainly due to human activities on the landscape. There 

are limited data by which to assess groundwater quality. However, the available data 

suggest problems with bacteriological contamination from the surface. As discussed in 

Chapter 7, climate change may further degrade the quality of our water resources. 

 The raw (source) water quality for the 12 municipal residential drinking water systems is 

generally good and only a limited number of drinking water issues were identified in 

Chapters 5 and 6.  

9.1.2 Water Quantity 

 As reported in Chapter 3, the Tier 1 Water Budget for the CSPA found that some 

subwatersheds may not always have enough available water for all users during the 

summer months. This information will be helpful for both government and non-

government organizations that care for local subwatersheds. 

 The Tier 2 Water Budget work at the municipal wells at Lansdowne found that while the 

water level in the wells appears to be falling, the pumps are not in danger of being 

exposed in the near future, and therefore the stress is low. Additional work in the future 

to consider the falling water levels is recommended (such as monitoring water levels), but 

the work will not continue on to Tier 3 at this time.  

 The Tier 2 exercise for the upper Millhaven Creek subwatershed at Sydenham found that 

the existing and future demand could put significant stress on the water supply; however, 

it should be noted that the prescribed methods at Tier 2 did not allow consideration for 

the presence of Sydenham Lake (see Section 3.4.1 for more information).  

As the Tier 2 exercise resulted in a significant stress, it moved to a Tier 3 consideration. 

The Tier 3 work was able to consider the presence of Sydenham Lake and the whether 

the withdrawal amount could be met in regular as well as drought conditions. The Tier 3 

findings assign a low risk level as all simulated scenarios of water use and loss for 

Sydenham Lake never fell below the critical level. Sufficient water supply is expected for 

the Sydenham area. 

 As discussed in Chapter 7, climate change may reduce the quantity of water that is 

available to all users. 
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9.1.3 Groundwater Sources 

 The Cataraqui area and adjacent parts of eastern Ontario are characterized by shallow 

soils and fractured bedrock. The movement of groundwater through this geology is 

unpredictable and is governed by the number, size and orientation of the fractures in the 

rock. Unlike other parts of the province, it is difficult to identify distinct aquifers that are 

separate from their surroundings.  

 Due to the geology noted above, a majority of the entire CSPA is considered as a highly 

vulnerable aquifer (see Chapter 5). Site specific investigations may confirm the presence 

of soil and bedrock conditions that reduce the vulnerability of the groundwater. Once 

groundwater is contaminated, it can be very difficult and expensive to clean up, and 

sometimes it can no longer be used as a source of potable water. For these reasons, the 

vulnerability of the groundwater in eastern Ontario is an important challenge that requires 

careful attention. We need to ensure that our groundwater resources can be used in the 

future.  

 Significant groundwater recharge areas (SGRA) have been identified in Chapter 5 based 

on the relatively high rate of infiltration of surface water into the ground in those areas, 

per Technical Rule # 44(1). Recharge occurs in all parts of the Cataraqui area, through 

the fractures in the bedrock noted above. Further research will be required to confirm the 

extent of the significant areas.  

 Wellhead protection areas (WHPA) have been identified around the three groundwater-

based municipal residential drinking water systems in the CSPA, with an acceptable level 

of certainty (see Chapter 5). Further research (such as tests on monitoring wells) has been 

recommended to improve our understanding of the groundwater that supplies the Cana 

well supply, the community of Lansdowne and the Miller Manor Apartments. Further 

work on the Lansdowne wells to identify the source of contamination, and to improve the 

pumping wells to meet Reg. 903 is also recommended. 

 Technical work in the adjacent Mississippi-Rideau Source Protection Area found that a 

small portion of the WHPA ‘D’ for the Westport Water Treatment Plant (WTP) extends 

into the CSPA. 

9.1.4 Surface Water 

 The movement of water in the eastern end of Lake Ontario and the upper part of the St. 

Lawrence River is affected both by the prevailing current towards the Atlantic Ocean and 

by wind conditions. This means that pollution in the lake and river could flow towards 

the west under some wind conditions. There is the potential for pollution to move through 

the water across the entire area within a few days. 

 Research in the Quinte Source Protection Region found that intake protection zone 3 for 

the Picton WTP extends into the CSPA. Owing to its sheltered location on the Bay of 

Quinte, this intake is not classified as a Great Lake intake. The IPZ 3 was therefore 

defined by the Quinte Source Protection Committee based on the total area that directly 

contributes water to the intake.  
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9.1.5 Other Key Findings 

 Application of the three prescribed methods for defining a drinking water threat (see Chapter 

4) resulted in relatively few existing activities being identified (Table 9-1). A total of 114 

parcels with significant drinking water threats were identified in the ten intake protection 

zones and four WHPAs. A review of the provincial Tables of Drinking Water Threats (MOE, 

2009) found that other drinking water threats could emerge in the future. Some of these 

activities may be permitted by the current municipal official plans and zoning by-laws. 

Table 9-2a (significant threats) and Table 9-2b (significant, moderate and low threats) provide 

an expanded list of the type and occurrence of threat activities that are occurring in each 

vulnerable area within the CSPA. Threat activities present in the tables reflect significant, 

moderate and low parcels enumerated from Appendix ‘H’. 

Table 9-1: Parcels with Drinking Water Threats Identified within the CSPA 

System Significant Moderate Low Total Parcels Total Threats 

Cana 23 44 9 76 95 

Lansdowne 64 106 41 211 256 

Miller Manor 

Apartments 20 22 79 121 185 

Brockville 3 293 8 304 356 

James W. King 

(Gananoque) 1 166 12 179 229 

Kingston Central 0 1 101 102 113 

Point Pleasant 

(Kingston West) 0 0 10 10 14 

Fairfield 

(Amherstview) 0 7 173 180 223 

Bath 0 34 82 116 309 

A.L. Dafoe 

(Napanee) 0 6 21 27 66 

Sandhurst Shores 0 7 179 186 344 

Sydenham 3 168 5 176 348 

TOTAL 114 854 720 1,688 2,538 

 Please refer to Chapter 5 and 6 for Westport and Picton threat activities   
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1 Waste management  - - - - - - - - - - - - 0

Septic system, holding tank 3 3 17 - - - - - - - - - 23

Stormwater management - - - - - - - - - - - - 0

Wastewater collection facility 

(including sewer mainlines; does not 

include storage tanks)

1 1 - - - - - - - - - - 2

Wastewater treatment (e.g. lagoons) 1 - - - - - - - - - - - 1

3
Application of agricultural source 

material to land
- 4 - 2 1 - - - - - - 3 10

4 Storage of agricultural source material - 2 - 2 1 - - - - - - 3 8

6
Application of non-agricultural source 

material to land
- - - - - - - - - - - - 0

7
Handling and storage of non-agricultural 

source material
- - - - - - - - - - - - 0

8
Application of commercial fertilizer to 

land
- 4 - - - - - - - - - - 4

9
Handling and storage of commercial 

fertilizer
- - - - - - - - - - - - 0

10 Application of pesticide to land - 4 - 3 1 - - - - - - 3 11

11 Handling and storage of pesticide - - - - - - - - - - - - 0

12 Application of road salt - - - - - - - - - - - - 0

13 Handling and storage of road salt - - - - - - - - - - - - 0

15 Handling and storage of fuel 12 49 5 - - - - - - - - - 66

16 Handling and storage of DNAPLS 2 2 - - - - - - - - - - 4

17 Handling and storage of solvents 2 - - - - - - - - - - - 2

21
Livestock pasturing land, outdoor 

confinement, farm-animal yard  
- 2 1 2 1 - - - - - - 3 9

12 Application of road salt on roads - - - - - - - - - - - - 0

local Transportation of fuel - - - - - - - - - - - - 0

local Transportation of pesticides 2 2 1 - - - - - - - - - 5

local Transportation of DNAPLs 5 2 1 - - - - - - - - - 8

local Transportation of organic solvents 2 2 1 - - - - - - - - - 5

30 77 26 9 4 0 0 0 0 0 0 12

Corridor Related Threats

2

Table 9-2a Type and Occurrence of Significant Threat* Activities 

TOTAL

OVERALL TOTAL 158  
* Multiple significant threats can occur in a land parcel (there are 114 land parcels with significant threats in the CSPA representing 158       

significant threats within these parcels).  
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1 Waste management  - - - - - - - - 1 1 - - 2

Septic system, holding tank 14 5 102 166 45 - - 62 27 11 141 139 712

Stormwater management - - - 1 - - - 3 6 - - - 10

Wastewater collection facility 

(including sewer mainlines; does not 

include storage tanks)

1 1 - 2 5 1** 1 1 3 - - 1 16

Wastewater treatment (e.g. lagoons) 1 1 - - - - - - - 1 - - 3

3
Application of agricultural source 

material to land
- 12 2 2 1 - - 2 29 3 25 3 79

4 Storage of agricultural source material - 2 1 2 1 - - 2 14 3 9 3 37

6
Application of non-agricultural source 

material to land
- - - - - - - - 3 1 1 - 5

7
Handling and storage of non-agricultural 

source material
- 1 - - - - - - - - - - 1

8
Application of commercial fertilizer to 

land
- 12 2 4 1 - - 1 33 3 25 3 84

9
Handling and storage of commercial 

fertilizer
- 1 - 5 2 - - 1 14 2 6 2 33

10 Application of pesticide to land - 12 2 4 1 - - 1 33 3 25 5 86

11 Handling and storage of pesticide - - - 2 1 - - 1 1 1 - 1 7

12 Application of road salt 2 - - - - - - 11 6 1 - 5 25

13 Handling and storage of road salt - 1 1 3 2 - - 1 1 1 - 3 13

15 Handling and storage of fuel 35 160 56 11 24 3 2 21 34 12 70 141 569

16 Handling and storage of DNAPLS 3 2 - 7 11 18 2 1 3 1 - - 48

17 Handling and storage of solvents 3 2 1 9 14 8 2 5 18 4 5 1 72

21
Livestock pasturing land, outdoor 

confinement, farm-animal yard  
- 4 1 2 1 - - 2 13 3 9 3 38

12 Application of road salt on roads 10 16 7 63 52 50 3 46 29 2 12 14 304

local Transportation of fuel 11 18 7 64 53 7 4 47 29 4 13 15 272

local Transportation of pesticides 5 2 1 3 5 - - 5 4 3 1 3 32

local Transportation of DNAPLs 5 2 1 3 5 13 - 5 4 3 1 3 45

local Transportation of organic solvents 5 2 1 3 5 13 - 5 4 3 1 3 45

95 256 185 356 229 113 14 223 309 66 344 348

Corridor Related Threats

2

Table 9-2b Type and Occurrence of Significant, Moderate and Low Threat* Activities 

TOTAL

OVERALL TOTAL 2,538
*Multiple threats can occur in a land parcel. ** A combined sewer network exists for the Kingston Central IPZ 
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 The evaluation of available source water quality information identified naturally 

occurring drinking water issues such as hardness at all drinking water systems, but very 

few issues potentially related to human activities (Table 9-3).  

 

Table 9-3: Drinking Water Issues related to Human Activities 

System 
Drinking Water Issues with Possible Link                              

to Human Activities 

Cana Chloride, sodium 

Lansdowne Total coliform, Escherichia coli 

Miller Manor Apartments Chloride, sodium, nitrate, total coliform, Escherichia coli 

Brockville Escherichia coli 

James W. King (Gananoque) -- 

Kingston Central -- 

Point Pleasant (Kingston West) -- 

Fairfield (Amherstview) Total coliform 

Bath Organic nitrogen, Escherichia coli 

A.L. Dafoe (Napanee) -- 

Sandhurst Shores -- 

Sydenham Dissolved organic carbon 

 

Research for this Assessment Report was constrained by data gaps described in detail in 

Appendix ‘K-1’. Data gaps exist where it was not possible to fulfil a requirement of the 

Technical Rules: Assessment Report (MOE, 2009a) in this edition of the report. The primary 

solution for filling these gaps is additional field monitoring, both on a short-term project basis 

and on a longer-term program (network) basis. As outlined in Appendix ‘K-2’, there are also 

opportunities for the broader improvement of the document through additional information 

gathering and analyses.   
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Glossary of Terms 

Activity(ies) 

One or a series of related processes, natural or human, that occur within a geographical area and 

may be related to a particular land use. 

Agricultural source material 

Any of the following treated or untreated materials, other than a commercial fertilizer or compost 

that meets the guidelines entitled Interim Guidelines for the Production and Use of Aerobic 

Compost in Ontario prepared by the Ministry of the Environment and dated November 2004, if 

they are capable of being applied to land as nutrients: 

 Manure produced by farm animals, including associated bedding materials. 

 Runoff from farm-animal yards and manure storages. 

 Wash-waters from agricultural operations that have not been mixed with human waste. 

 Organic materials produced by intermediate operations that process materials described 

in paragraph 1, 2 or 3. 

 Anaerobic digestion output, if, i. the anaerobic digestion materials were treated in a 

mixed anaerobic digestion facility, and ii. at least 50 per cent, by volume, of the total 

amount of anaerobic digestion materials were on-farm anaerobic digestion materials. 

Alvar(s) 

Naturally open habitats with either a thin covering of soil or no soil over a base of limestone or 

dolostone. 

Ambient water quality and quantity 

Natural concentration of water quality constituents prior to mixing of either point or non-point 

source load of contaminants (ambient water quality) or natural water levels (ambient water 

quantity). 

Aquifer 

From the Latin for "water carrier", a geological formation (typically porous material, such as 

sand or gravel, or fractured rock) that stores and is capable of transmitting water in sufficient 

quantities to serve as a sustainable source of water supply.  

Assessment report(s) 

A technical document that is prepared by a source protection committee under Section 15 of the 

Ontario Clean Water Act, 2006 to record its knowledge of a source protection area, and to rank 

risks to drinking water within that area. Each report is approved by the Ontario Ministry of the 

Environment. 
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Bedrock 

The solid rock underlying soil or water. 

Bedrock geology 

The study of the solid rock underlying soil. Also refers to description of bedrock types. 

Benthic 

Occurring at the bottom of bodies of water including lakes, rivers and streams. 

Bobcaygeon Formation 

The rock formation is divided into two (2) members: the lower member, which is about 4.5 to 5.5 

metres thick; and, the upper member, which is only 1.5 to 3 metres thick. The lower member is 

reported by Liberty (1967) to be more resistant. It is comprised of an alternation of fine 

calcarenitic limestone and sublithographic limestone in 0.06 to 0.1 metres thick beds. The unit is 

predominately grey to brownish grey and weathers bluish grey. The strata are highly 

fossiliferous; thin dark shale partings are present in the lowest zone. The upper member is 

equally fossiliferous, however, reportedly less resistant and thinner; only 1.5 to 3 metres 

(Liberty, 1967). The bedding is much thicker and can be massive. Bluish grey weathered, grey, 

sublithographic limestone dominates, and weathers to an irregular pitted surface. This is based 

on the stratigraphic sequence as defined by Liberty (1971). 

Canadian Shield 

Is made up of some of the planet's oldest rock, largely granite and gneiss. The shield is mostly 

thin soil lying on top of bedrock, with many bare outcrops and thousands of lakes. This was 

caused during the last ice age, when glaciers covered the area and scraped the rock clean as they 

moved.  

Capture zone(s) 

The area surrounding a well that will supply groundwater to that well when pumped at a 

specified rate for a specified period of time.  

Chair(s) 

The Chair of the Cataraqui Source Protection Committee as appointed by the Ontario Minister of 

the Environment. 

Chemical(s) 

A substance used in conjunction with, or associated with, a land use activity or a particular 

entity, and with the potential to adversely affect water quality. 

Climate 

The average weather conditions of a place or region throughout the seasons. 

Coagulation 

When a solution reacts with elements causing it to thicken into a coherent mass. 



Cataraqui Source Protection Area 
Assessment Report 
(June 2011, revised June 2017) 

  

 

233 

Conceptual Water Budget 

A written description of the overall flow system dynamics for each watershed in the source 

protection area taking into consideration surface water and groundwater features, land cover 

(e.g. proportion of urban vs. rural uses), human-made structures (e.g. dams, channel diversions, 

water crossings), and water takings. 

Condition 

Contamination of rock, soil or water that may have resulted from a past activities.  

Conductivity 

The amount of electricity that water can conduct. Measured in parts per million (ppm) or 

microSiemens per centimetre (μS/cm). In water quality terms, conductivity is the amount of ionic 

material dissolved in the water (salts for example). There is no water quality standard for 

conductivity; generally, a higher conductivity indicates that more material is dissolved within the 

water, which may be more contaminants. Road salt application, fertilizer and rain water can 

influence the conductivity in water. 

Connecting channel(s) 

Means the St. Lawrence River, St Mary’s River, St Clair River, Detroit River, Niagara River and 

the Welland Canal 

Contaminant(s) 

A substance which, once in the water, may pose a threat to the ecosystem and/or human health, 

as well as uses such as water supply, recreation, and aesthetic conditions. 

Contaminant of concern 

A chemical or pathogen that is or may be discharged from a drinking water threat. 

Contamination 

The mixing of harmful elements, compounds or microorganisms with surface or groundwater. 

Contamination can occur naturally (example: an aquifer flowing through mineral deposits that 

contain heavy metals) or through human activity (example: sewer water flowing into a river). 

Nutrients, such as nitrogen and phosphorus, can also cause water contamination when they are 

present in excessive amounts. 

Contributing area 

(a) in respect of a surface water intake or group of intakes, the drainage area that contributes 

surface water to the intakes and the area that would contribute groundwater discharge to that 

drainage area; and (b) in respect of a well or group of wells, the area that contributes 

groundwater to the wells when the wells are pumped at a rate equivalent to the allocated quantity 

of water for the well or group of wells under state conditions. 

Data concern 

Topics where the quality or accuracy of the data is substandard or unrepresentative. 
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Data gaps 

A situation in which there is no existing data about a topic or where data may exist but are not 

currently accessible to the Cataraqui Source Protection Committee and Cataraqui Region 

Conservation Authority, such that one or more of the Technical Rules: Assessment Report 

(MOE, 2009a) cannot be met in the Assessment Report. 

Discharge 

The volume of water that passes a given location within a given period of time. 

Discharge area 

An area where water leaves the saturated zone across the water table surface. 

DNAPLs 

Dense Non-Aqueous Phase Liquids that are chemicals or a mixture of chemicals that are denser 

then water and do not mix with water. Once spilled, they can sink and contaminate groundwater 

aquifers and surface water bodies.  DNAPLS are very difficult to impossible to remove once they 

have entered a water source.  Many of these liquids are suspected or proven to be carcinogenic 

(cancer-causing).  Examples of DNAPLs include, but not limited to, furniture stripper, nail 

polish, dry cleaning fluid, aerosols, coolants, polychlorinated biphenyls (PCBs), creosote and 

degreasers. Depending on its chemical structure, a DNAPL can also be classified as an organic 

solvent. 

Dolostone  

Term used for the sedimentary rock dolomite, in order to avoid confusion with the mineral of the 

same name. 

Drainage 

The natural or artificial removal of surface and subsurface water from an area of land to a stream, 

river or lake. The area from which water is being drained may be referred to as a drainage area, 

drainage basin, catchment area, watershed, or river basin.  

Drained 

A condition in which the level or volume of groundwater or surface water has been reduced or 

eliminated from an area by artificial means. 

Drinking water  

(a) water intended for human consumption or (b) water that is required by an Act, regulation, 

order, municipal by-law or other document issued under the authority of an Act, (i) to be potable, 

or (ii) to meet or exceed the requirements of the prescribed drinking water quality standards.  

Drinking water issue 

An issue is a problem with the quality of the source water for a water treatment plant that could 

affect the normal operation and effectiveness of that system and/or harm the health of people 

who consume the treated water.  

http://en.mimi.hu/environment/water.html
http://en.mimi.hu/environment/river.html
http://en.mimi.hu/environment/catchment.html
http://en.mimi.hu/environment/watershed.html
http://en.mimi.hu/environment/river_basin.html
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Drinking water system 

A system of works that is established for the purpose of providing users of the system with 

drinking water. It includes, (a) anything used for the collection, production, treatment, storage, 

supply or distribution of water, (b) anything related to the management of residue from the 

treatment process or the management of the discharge of a substance into the natural 

environment from the treatment system, and (c) a well or intake that serves as the source or entry 

point of raw water supply for the system. 

Drinking water threat 

An activity or condition that adversely affects or has the potential to adversely affect the quality 

or quantity of any water that is or may be used as a source of drinking water, and includes an 

activity or condition that is prescribed by the regulations as drinking water threat. 

A significant drinking water threat is a drinking water threat that, according to the risk 

assessment, poses or has potential to pose a significant risk.  

A moderate drinking water threat that, according to a risk assessment, poses or has the potential 

to pose a moderate risk. 

A low drinking water threat that, according to a risk assessment, poses or has the potential to 

pose a low risk. 

Drumlin 

Glacial till material that has been formed into oval hills with smooth convex contours. In any 

area the drumlins all point in the same direction which is considered to be the direction of 

movement of the glacier which formed them 

Ecological 

Relating to the totality or pattern relations between organisms and their environment. 

Ecosystem 

A natural community of plants and animals within a particular physical environment, which is 

linked by a flow of materials throughout the non-living (abiotic) as well as the living (biotic) 

section of the system. 

Endangered  

A wildlife or plant species facing imminent extinction. 

Eskers  

A knobby, crooked ridge of coarse gravel and sand deposited by meltwater in crevasses and 

tunnels near the front of a glacier.  

Erosion 

The wearing away of the land by the action of water, wind or glacial ice. 
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Escherichia coli (E. coli) 

Bacteria found in human and animal waste. Their presence in water indicates fecal 

contamination. 

Eutrophic 

Characterized by the abundant accumulation of nutrients that support a dense growth of algae 

and other organisms, the decay of which depletes oxygen in shallow water in summer. 

Determined within the Interim Provincial Water Quality Objectives as total phosphorus 

concentrations being greater than or equal to 0.02 milligrams per litre. In accordance to the 

Canadian Water Quality Guidelines, eutrophic water bodies contain 0.035 to less than 0.1 

milligrams per litre total phosphorus. 

Evapotranspiration  

A combination of the evaporation from surface water bodies/soil and the transpiration of water 

moisture from plants. 

Exposure 

The extent to which a contaminant or pathogen reaches a water resource. Exposure, like a 

drinking water threat, can be quantified based on the intensity, frequency, duration and scale. 

The degree of exposure will differ from that of a drinking water threat dependent on the nature of 

the pathway or barrier between the source (threat) and the target (receptor) and is largely 

dependent on the vulnerability of the resource. 

Extreme Event 

A period of heavy precipitation or winds up to a 100 year storm event; a freshet; or a surface 

water body exceeding its high water mark.  This may result from the one in 100 year storm, or 

more precisely, a one per cent probability wind condition. 

Flocculation  

Is a process where a solute comes out of solution in the form of floc or flakes. The action differs 

from precipitation in that the solute coming out of solution does so at a concentration generally 

below its solubility limit in the liquid. 

Freshet 

A sudden overflow of a stream resulting from a heavy rain or a spring thaw; a freshet can 

sometimes last several weeks on large river systems 

Frontenac Axis (or Arch) 

A large wedge of Precambrian rocks which separates the Paleozoic rocks of the Lake Ontario 

Basin from those of the Ottawa and St. Lawrence Valleys. The axis lies just east of Kingston, in  

Frontenac Axis  

the Thousand Islands, Gananoque areas. It is an eco-region of the Mixedwood Plains. It also 

separates the Canadian Shield and the Lowlands. 

http://en.wikipedia.org/wiki/Ecoregion
http://en.wikipedia.org/wiki/Mixedwood_Plains
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Geology 

The science of the composition, structure and history of the Earth. It thus includes the study of 

the material of which the Earth is made, the forces which act upon these materials and the 

resulting structures. 

Glacial  

Pertaining to glaciers. 

Glacial drift  

The loose and unsorted rock debris distributed by glaciers and glacial melt waters. 

Glaciation 

The covering of an area or the action on that area, by an ice sheet or by glaciers. 

Glaciofluvial  

Pertaining to glacial melt water streams. 

Glaciolacustrine  

Sediments deposited into lakes that have come from glaciers. These lakes include ice margin 

lakes or other types formed from glacial erosion or deposition. 

Gneiss 

A foliated rock with banded appearance formed by regional metamorphism. 

Gradient 

The rate or regular graded ascent or descent. 

Granite  

A medium to coarse-grained igneous rock composed of orthoclase and albite feldspars and of 

quartz, with lesser amounts of one or more of other minerals as mica, hornblende or augite. 

Granite is one of the most common rocks in the crust of continents, and is formed by the slow, 

underground cooling of magma. 

Great Lakes connecting channels 

The large rivers that connect the Great Lakes (St. Clair River, St. Lawrence 

River, Ottawa River). 

Groundwater discharge 

The function of the ground below the surface to accept subsurface water and hold it for release 

over long periods of time through an aquifer. 

Groundwater recharge 

The addition of water to a groundwater system by natural or artificial processes. In most cases, 

recharge is derived from the component of precipitation that infiltrates to the water table i.e. that 

http://en.wikipedia.org/wiki/Sediments
http://en.wikipedia.org/wiki/Lakes
http://en.wikipedia.org/wiki/Glaciers
http://en.wikipedia.org/wiki/Aquifer
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component of precipitation that neither evapotranspirates nor runs off as overland flow, or by 

surface water exfiltration. 

Groundwater recharge area 

The area where an aquifer is replenished from (a) natural processes, such as the infiltration of 

rainfall and snowmelt and the seepage of surface water from lakes, streams and wetlands. (b) 

from human interventions, such as the use of storm water management systems, and (c) whose 

recharge rate exceeds a threshold specified in the regulations. The Director’s rules will specify 

the acceptable methodologies to determine groundwater recharge rates i.e. what qualifies as 

significant. 

Groundwater under direct influence of surface water (GUDI) 

A location in which water quality can be altered by the   travel of pathogens and organic debris 

from nearby surface water to the groundwater.  Groundwater characteristics such as turbidity, 

conductivity, pH and temperature can also change when surface water mixes with a groundwater 

source (well, spring, sinkhole). 

Hardness 

Water that contains more minerals than ordinary water; most commonly calcium and magnesium 

(although iron, manganese and aluminum can also contribute to water hardness). Hardness is not 

a drinking water health risk but may cause incrustations and increase soap consumption. 

Hazard 

In the context of this guidance, a hazard is equivalent to a contaminant and pathogen threat. 

Hazard rating 

The numeric value which represents the relative potential for a contaminant of concern to impact 

drinking water sources at concentrations significant enough to cause human illness. This numeric 

value is determined for each contaminant of concern in the threat assessment and issues 

evaluation within the Assessment Report. 

Heavy water 

Water containing a substantial proportion of deuterium atoms, used in nuclear reactors. 

Highly vulnerable aquifer (HVA) 

An aquifer that is or is likely to be significantly and adversely affected from external sources, 

and includes the land above the aquifer. 

Hilsenhoff Biotic Index 

A biomonitoring assessment of aquatic insects used to determine water quality and the degree of 

organic pollution within a watercourse. Some species are pollution tolerant while others are  
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Hilsenhoff Biotic Index (continued) 

extremely pollutant sensitive. The Hilsenhoff Biotic Index classifies tolerance values in a range 

of 0-10; where 10 indicates severe organic pollution/very poor water quality to 0 indicating 

excellent water quality/no apparent organic pollution.  

Hydraulic conductivity  

A variable expressing the ability of a geologic medium to transmit fluids with dimension of 

length per unit time.  

Hydraulic gradient 

The rate of change in total head per unit of distance in the direction of flow. The slope on a water 

surface such as the water table or potentiometric surface. 

Hydrogeology 

Hydrogeology is the study of the movement and interactions of groundwater in geological 

materials. 

Hydrology 

The study of the Earth's water, particularly of water on and under the ground before it reaches the 

ocean or before it evaporates into the air. 

Igneous  

Rock that solidified from magma. 

Inland lake 

An inland body of standing water, usually fresh water, larger than a pool or pond or a body of 

water filling a depression in the earth’s surface. 

Infiltration 

The movement of water into soil pores or rock fissures from the ground surface by means of 

rainfall, snowmelt or irrigation. 

Intake protection zone (IPZ)  

The area of land and water that contributes source water to a drinking water system intake within 

a specified distance, period of flow time (for example, two hours), and/or watershed area. 

Interbedded 

Occurring between beds, or lying in a bed parallel to other beds of a different material. 

Impact 

Often considered the consequence or effect, the impact should be measurable and based on an 

agreed set of indicators. In the case of drinking water source protection, the parameters may be 

an acceptable list of standards which identify a maximum raw water levels of contaminants and  
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Impact (continued) 

pathogens of concern. In the case of water quantity, the levels may relate to a minimum annual 

flow, piezometric head or lake level. 

Issue 

See drinking water issue.  

Kame  

A small mound or ridge of layered sediment deposited by a stream that flows on top of, within, 

or beneath a glacier. 

Karst 

Terrain made up of porous, irregular limestone or dolomite in which erosion (through rock 

solubility) can produce fissures, sinkholes, underground streams, and caverns.   

Land cover 

The physical and biological cover on the land, including vegetation and anthropogenic features. 

Liaison member 

Are those individuals who fulfill the intent of Section 19 of Ontario Reg. 288/07 to act as a 

liaison between the Committee and other bodies. 

Limestone  

A sedimentary rock consisting chiefly of calcium carbonate. 

LNAPLs 

Light non-aqueous phase liquids which include all hydrocarbons, like oil and gas. Similar to 

DNAPLs, these liquids do not generally mix with water.  LNAPLs are less dense then water and 

therefore will float on the surface of water (where DNAPLs will sink).  LNAPL contaminants 

include benzene, toluene, ethylbenzene and xylenes. 

Loam 

Soil that contains a mixture of sand, clay, and silt and a generous amount of organic matter. 

Local area 

Specific area around a wellhead or surface water intake as determined through the Tier 2 analysis 

and within which a Tier 3 analysis is undertaken. This area must encompass a drinking water 

system and surrounding potential quantity threats. 

Macroinvertebrates 

Animals lacking a spinal column that are visible with the unaided eye. 
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March formation  

A rock formation that consists of interbedded sandstones and dolostones, with boulder-and 

cobble-sized interclasts of quartzite where the unit is in contact with Precambrian rocks. 

Marsh 

Marshes are wet areas with standing or slowly moving water. They are characterized by 

emergent plants as well as anchored floating plants and submergents.  

Member  

Is the Chair and an Individual appointed by Cataraqui Source Protection Authority under Section 

7(3) of the Ontario Clean Water Act, 2006. 

Mesotrophic 

Reservoirs and lakes which contain moderate quantities of nutrients and are moderately 

productive in terms of aquatic animal and plant life. Characterized through total phosphorus 

concentrations of 0.01 milligrams per litre to less than 0.02 milligrams per litre as expressed in 

the Interim Provincial Water Quality Objectives and the Canadian Water Quality Guidelines. 

Metamorphic rock  

A rock formed when igneous, sedimentary, or other metamorphic rocks re-crystallize in response 

to changes in temperature, pressure, chemical conditions, and/or deformation. 

Meteoric water  

Groundwater of recent atmospheric origin reaching the zone of saturation from above, either as 

rainfall or as seepage from surface-water bodies. 

Model, Modeling 

An assembly of concepts in the form of mathematical equations or statistical terms that portrays 

a behaviour of an object, process or natural phenomenon. 

Model calibration, Model validation 

A model is calibrated by adjusting the parameters of the model to fit with a set of measured data.  

A model is validated by taking the calibrated model and checking to see whether the output can 

match further sets of measured data.   

For instance, in a groundwater model, where the desired results are an estimate of direction of 

groundwater flow, and estimated water levels in wells, the model will typically be calibrated by 

modifying parameters such as porosity, thickness or permeability of the geology so that the 

model results of water levels in a set of wells match the measured water levels.  A validation of 

the model would include comparing the simulated versus observed water levels statistically, as 

well as using another set of water level measurements, to ensure that they also match the model 

results. 

Monitoring 

Periodic evaluation of a site to determine success in achieving goals. 
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Moraine  

A mound or ridge of till deposited directly by glacial ice. 

Municipal residential drinking water system 

A drinking water system or part of a drinking water system, (a) that is owned by a municipality 

or by a municipal service board established under the Municipal Act, 2001 or a city board 

established under the City of Toronto Act, 2006, (b) that is owned by a corporation established 

under sections 9, 10 and 11 of the Municipal Act, 2001 in accordance with section 203 of that 

Act or under sections 7 and 8 of the City of Toronto Act, 2006 in accordance with sections 148 

and 154 of that Act, (c) from which a municipality obtains or will obtain water under the terms 

of a contract between the municipality and the owner of the system, or (d) that is in a prescribed 

class. 

Nepean formation  

A rock formation that consists of fine-to coarse-grained quartz sandstone of marine and 

terrestrial origin, indicating fluctuations of the sea level. The upper part of the formation contains 

dolomitic beds which are characteristic of marine transgression (increase in water level) 

Non-agricultural source material  

Any of the following materials, other than compost that meets the Compost Guidelines, or a 

commercial fertilizer, if the materials are intended to be applied to land as nutrients: 

 pulp and paper biosolids 

 sewage biosolids 

 anaerobic digestion output, if less than 50 per cent, by volume, of the total amount of 

anaerobic digestion materials that were treated in the mixed anaerobic digestion facility 

were on-farm anaerobic digestion materials 

 any other material that is not from an agricultural source and that is capable of being 

applied to land as a nutrient. 

Nutrient 

Something that nourishes and promotes growth. It is possible to have too many nutrients in an 

ecosystem, which can result in an unhealthy imbalance or overgrowth of certain species. 

Nutrient Unit (NU) 

developed to ensure the same comparison (apples to apples) of nutrient values generated by 

different livestock operation types. A common unit is required because different farm animals 

produce different quantities and qualities of manure. It describes the amount of nutrients that 

give the fertilizer replacement value of the lower of 43 kg of nitrogen or 55 kg of phosphate as 

nutrient as established by reference to the Nutrient Management protocol (e.g., one beef cow and 

calf generate one NU in a year). 
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Oligotrophic 

Refers to a body of water which is poor in dissolved nutrients and usually rich in dissolved 

oxygen. The Interim Provincial Water Quality Objectives determines oligotrophic waterbodies 

containing less than 0.01 milligrams per litre of total phosphorus. The Canadian Water Quality 

Guidelines for total phosphorus ranges between 0.004 milligrams per litre to less than 0.01 

milligrams per litre.  

Organic Solvents 

Compounds that contain carbon atoms able to dissolve solids, gases and liquids. Examples 

include methyl alcohol, benzene, acetone and ether. Some organic solvents are flammable and 

pose a risk to human health. Depending on their physical properties, organic solvents can also be 

classified as dense non-aqueous phase liquids (DNAPLs). 

Overburden  

Any loose unconsolidated material which rests upon solid rock. 

Paleozoic 

Of, belonging to, or designating the era of geologic time that includes the Cambrian, Ordovician, 

Silurian, Devonian, Mississippian, Pennsylvanian, and Permian periods and is characterized by 

the appearance of marine invertebrates, primitive fishes, land plants, and primitive reptiles. 

Pathogen 

A disease causing organism. 

Peat  

A loose, unconsolidated, brownish mass of partially decayed plant matter; a precursor to coal 

Permeability  

The degree to which soils and rock are interconnected, depends upon size and shape of pores; 

size and shape of interconnections and their extent. 

Permit to Take Water (PTTW) 

A normal permit issued by the Ontario Ministry of the Environment under section 34 of the 

Ontario Water Resources Act (R.R.O. 1990) to provide permission for an individual or company 

to take more than 50,000 litres of water in one day. 

Pesticide 

Any organism, substance or thing that is manufactured, represented, sold or used as a means of 

directly or indirectly controlling, preventing, destroying, mitigating, attracting or repelling any 

pest or of altering the growth, development or characteristics of any plant life that is not a pest 

and includes any organism, substance or thing registered under the Pest Control Products Act 

(Canada). 
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pH 

The pH is the measure of acidity or basicity of a solution. It is measured on a scale running up 

from 1 to 14. The pH shows whether a substance is acid (pH 1-6), neutral (pH 7) or basic (pH 8-

14). The number of hydrogen atoms in the substance determines the pH. The more hydrogen 

atoms a substance contains, the lower the pH will be. A substance that contains many hydrogen 

atoms is acid.  

Phosphorus 

A non-toxic pollutant that is an essential nutrient. In excessive amounts it leads to eutrophication 

of a water system. Phosphorus accumulates along the entire length of a river or lake from a 

variety of point and non-point sources. 

Physiography 

The study or description of landforms. 

Porosity 

Volume of voids per given volume of rock. 

Precambrian 

Of or belonging to the geologic time period between Hadean Time and the Cambrian Period, 

often subdivided into the Archean and Proterozoic eras, comprising most of the earth's history 

and marked by the appearance of primitive forms of life. 

Precipitation 

The deposits of water in either liquid or solid form which reach the Earth from the atmosphere. It 

includes rain, sleet, snow and hail. 

Project Manager 

An individual hired by the Cataraqui Region Conservation Authority to lead efforts by 

Conservation Authority staff in support of the work of the Authority and the Committee. 

Raw water 

Water that is in a drinking-water system or in plumbing that has not been treated in accordance 

with, (a) the prescribed standards and requirements that apply to the system, or (b) such 

additional treatment requirements that are imposed by the license or approval for the system. 

Recharge  

Recharge is the process by which water moves from the ground surface, through the unsaturated 

zone, to arrive at the water table. 

Recharge area 

An area where water enters a saturated zone at the water table surface. 
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Return period 

is an estimate of the probability derived interval of time between events like an earthquake, flood 

or river discharge flow of a certain intensity or size. It is a statistical estimate denoting the 

average statistical recurrence interval over an extended period of time.  The term 100 year 

flood/rain/storm-event is often used, but can be confusing.  It does not mean an event which  

happens every 100 years.  It actually means an event which has a one per cent probability of 

happening in any given year.  It is sometimes referred to as having a one in 100 chance of 

happening in any given year (termed a 100 year event).  It could in fact happen twice in one year, 

or once in 150 years.  It is a statistical estimate of the severity of the event.   

 

The return period event is used for design purposes to make sure culverts are large enough to 

pass flows, stormwater ponds are large enough to contain the runoff from rain events, and houses 

are set back an appropriate distance from rivers and lakes to ensure no flooding of the structures.   

 

Other common terms along these lines include: 

 

 two year return period: represents a 50 per cent chance of an event happening in any 

given year 

 ten year return period: represents a ten per cent chance of an event happening in any 

given year 

 50 year return period: represents a two per cent chance of an event happening in any 

given year. 

Restoration 

Changing existing function and structure of wetland habitat so that it is similar to historical 

conditions. 

Risk 

The likelihood of a drinking water threat causing a drinking water source to become impaired, 

unusable or unsustainable, or compromising the effectiveness of a drinking water treatment 

process, resulting in the potential adverse human health effects. 

Risk assessment 

An assessment of risks prepared in accordance with the regulations and the rules. 

River 

Includes a creek, stream, brook and any similar watercourse but does not include a connecting 

channel as defined by the Technical Rules: Assessment Report (MOE, 2009a). See connecting 

channel. 

Rules 

Are the rules made by the Director under section 107. 
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Runoff 

Water that moves over land rather than being absorbed into the ground. Runoff is greatest after 

heavy rains or snowmelts, and can pick up and transport contaminants from landfills, farms, 

sewers, industry and other sources. 

Sandstone  

Clastic sedimentary rock comprised primarily of lithified sand. 

Scale 

A graduated series or scheme of rank or order. 

Sediment 

Material deposited by water, wind or glaciers. 

Sedimentary rock 

Rock formed of mechanical, chemical or organic sediment such as rock formed from sediment 

transported from elsewhere, by chemical precipitation from solution or from inorganic remains 

of living organisms. 

Shadow Lake formation  

This rock formation is comprised of deeply weathered red, black, and green shales and arkose. 

Thin (up to 0.45 m) beds of black shale, a maximum of six metres grey sandstone and up to 12 m 

this beds of arkose occur. 

Shale  

A fine-grained clastic sedimentary rock with finely layered structure composed predominantly of 

clay minerals. 

Significant groundwater recharge area (SGRA) 

An area in which there is a volume of water moving from the surface into the ground and 

groundwater serves either as source water or the water that supplies a coldwater ecosystem such 

as a brook trout stream. 

Slope 

Ground that forms a natural or artificial incline. 

Special concern  

A wildlife species that may become a threatened or an endangered species because of a 

combination of biological characteristics and identified threats. 

Source protection 

A program of education, stewardship, planning, infrastructure, and regulation activities that 

together serve to help prevent the contamination or overuse of source water. 
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Source protection area  

Those lands and waters that have been defined under Ontario Regulation 284/07 as the “study 

area” for an assessment report and a source protection plan under the Ontario Clean Water Act, 

2006. 

Source protection authority  

A conservation authority or other person or body that is required to exercise powers and duties 

under the Ontario Clean Water Act, 2006.  

Source protection committee 

 A group of individuals who have been appointed under the Ontario Clean Water Act, 2006 by a 

source protection authority to coordinate source protection activities for a source protection area.  

Source protection plan  

A document that is prepared by a source protection committee under Section 22 of the Ontario 

Clean Water Act, 2006 to direct source protection activities in a source protection area. Each 

plan is approved by the Ontario Ministry of the Environment. 

Source protection region 

Two or more source protection areas that have been grouped together under Ontario Regulation 

284/07. 

Source water 

Untreated water that is found in groundwater aquifers and surface water lakes and rivers that is 

used to supply a drinking water system. 

Static water level 

The level of water in a well that is not affected by pumping. 

Stream 

A body of running water flowing on the surface of the Earth. 

Subwatershed 

Topographic perimeter of the catchment area of a stream tributary. 

Surface water  

Water that is present on the earth’s surface and may occur as rivers, lakes, wetlands, ponds, etc. 

Surficial geology 

Deals with the study and description of the forms on the outer layer of the Earth. 

Swamp 

Wooded wetlands with 25 per cent cover or more of trees or tall shrubs.  

http://en.mimi.hu/environment/catchment.html
http://en.mimi.hu/environment/tributary.html
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Tables of Drinking Water Threats 

An Ontario Ministry of the Environment publication of that name from 2009 (as amended). 

Terms of reference (ToR) 

The work plan and budget for development of the source protection plan that is subject to public 

comment and approval by the Ontario Minster of the Environment. 

Terrane 

A series of related rock formations. A crustal block or fragment that preserves a distinctive 

geologic history that is different from the surrounding areas and that is usually bounded by 

faults.  

Threat 

See drinking water threat. 

Threatened  

A wildlife species likely to become endangered if limiting factors are not reversed 

Till  

Sediment deposited directly by glacial ice and that has not been re-sorted by a stream 

Time of travel  

An estimate of the time required for a particle in the water to move from a specific point into a 

well or intake.  

Tolerance of a Water Supply System 

A measure of the ability to sustain required pumping levels even during exposure events. 

Topography 

A detailed description or representation of the features, both natural and artificial, or an area. 

Also the physical and natural features of an area, and their structural relationships. 

Tracking drogue 

Something attached to a body to create friction and slow it down, especially something towed 

behind a boat to gather data from the path in which the boat travels. 

Transmissivity  

The property of an aquifer which defines the rate at which water moves through it. 

Transport pathways 

These can be natural routes but are typically human-made passages where water can flow on its 

way to a drinking water intake or well. Examples include: sewer discharge pipes, drainage 

ditches or swales, utility trenches, and transportation crossings, small tributary channels, and 

sand lenses. Although fractures within rock (rock outcrops) can be considered transport  
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Transport Pathways (continued) 

pathways and therefore contribute to the intrinsic groundwater vulnerability; for the context of 

this report, transport pathways are defined by more anthropogenic features. 

Trihalomethanes 

One of a family of organic compounds, including chloroform that forms as a by-product of 

chlorination of drinking water that contains organic material. Trihalomethanes are thought to be 

carcinogenic. 

Tritium 

A radioactive isotope of hydrogen; atoms of tritium have three times the mass of ordinary 

hydrogen atoms. Tritium can pose a health risk when inhaled, ingested (within food or water) or 

when absorbed through the skin. 

Turbidity 

Turbidity is a measure of water clarity. Turbidity is measured by quantifying the degree to which 

light traveling through a water column is scattered by the suspended particles. The more total 

suspended solids in the water, the murkier it seems and the higher the turbidity. Turbidity is 

expressed in nephelometric turbidity units (NTU). The aesthetic limit for drinking water is no 

more than 5 NTU, and should ideally be below 1 NTU. High turbidity can interfere with 

disinfection processes. 

UNESCO World Heritage Site 

As defined by the United Nations Educational, Scientific and Cultural Organization (UNESCO), 

is an area that is seen to have outstanding universal value, in terms of natural, ecological or 

cultural importance. Areas are determined by the UNESCO World Heritage Committee under 

the Convention Concerning the Protection of World Cultural and Natural Heritage. 

Validation 

See model calibration/model validation. 

Verulam formation  

is a rock formation estimated by Liberty (1971) to be about 105 metres. It is characterized by 

alternating bands of limestone “hardbands” and shale. The limestone “hardbands” range from 8 

to 23 cm in thickness, and are a very even, fine and medium crystalline texture, fossiliferous 

limestone. The alternating shale is typically a weathered calcareous claystone. In the middle of 

the formation, bluish weathering, dark grey and blue, sublithographic, fossiliferous limestone 

may dominate. Soft argillaceous, brown limestone comprises the lowest member; this unit is 

fossiliferous. 

Vulnerable area 

(a) a significant groundwater recharge area, (b) a highly vulnerable aquifer, (c) a surface water 

intake protection zone, or (d) a wellhead protection area. 
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Water budget  

A description and analysis of the overall movement of water within each watershed in the source 

protection area taking into consideration surface water and groundwater features, land cover 

(example: proportion of urban versus rural uses), human-made structures (example: dams, 

channel diversions, water crossings), and water takings. 

Water control structure 

A structure designed to hold back water at a planned level by directing, limiting, reducing or 

containing the flow of surface water. 

Watershed  

An area of land from which surface runoff, including water, sediments, nutrients and 

contaminants, drains into a common water body, such as a lake, river, stream, creek or estuary. 

Water table 

The elevation of the water in an unconfined aquifer where the groundwater pressure is equal to 

atmospheric pressure. It is indicated by the level at which water stands in a well. 

Weathering 

The disintegration of the Earth crust by exposure to the atmosphere, most importantly, rain. 

Well capture zone 

The area in the aquifer that will contribute water to a well in a certain time period. Often 

measured in days and years. Area at the ground surface is also included if the time period chosen 

is longer than the travel time for water in the aquifer and the groundwater recharge area is 

incorporated. 

Wellhead protection area (WHPA) 

An area of land surrounding a well, where human activities may need to be regulated to protect 

the quality and quantity of ground water that supplies that well. 

Well yield 

The maximum amount of water that can be withdrawn from a water supply well. This value is 

typically based on a six hour to 72 hour aquifer/pumping test, extrapolated to determine long 

term drawdown.  

Wetlands 

Land such as a swamp, marsh, bog or fen that is seasonally or permanently covered by shallow 

water or has the water table close to or at the surface, and that has hydric soils and vegetation 

dominated by water-tolerant plants.  

 




