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Executive Summary 
This report is the first step in evaluating source water in the Cataraqui Source Protection Area 
(CSPA). It provides base information for the synthesis of a final assessment report which is the 
foundation of the source protection plan for the CSPA. 

The CSPA is located at the eastern end of Lake Ontario and the beginning of the St. Lawrence 
River.  It includes a portion of the Bay of Quinte, Hay Bay, the southern half of the Rideau Canal 
and the Thousand Islands of the St. Lawrence River. It includes 11 municipalities within the 
Cataraqui Region Conservation Authority (CRCA) jurisdiction plus the municipality of 
Frontenac Islands (Howe and Wolfe Islands) and about 1,800 smaller islands in the St. Lawrence 
River (see Figure 1-2). 

The area is characterized by the exposed bedrock, lakes and woodlands of the Canadian Shield 
(Frontenac Axis) in the central part of the area, and the agricultural landscape of the limestone 
and clay plains to the south and east. Urban development is concentrated along the shoreline of 
Lake Ontario and the St. Lawrence River.  

Stakeholders and Partners 

The diversity of the local landscape is reflected in the range of interested stakeholders within our 
watersheds. Our stakeholders and partners include municipalities, federal and provincial 
government agencies, community groups, businesses, residents, and visitors. In addition to 
working closely with our municipalities, we also work with local health units and provincial and 
federal government agencies. A variety of community organizations and individuals representing 
agriculture, cottagers, industry, the environment and recreation help to round out our stakeholder 
organizations and represent the various interests in our area. 

Geology and Soils 

The physical landscape of the CSPA is highly variable, both topographically and geologically. 
The bedrock geology ranges from the Precambrian igneous and metamorphic rocks of the 
Canadian Shield in the central area, to the Middle Ordovician sedimentary rocks in the eastern 
and western portions of the CSPA.  

The surficial geology ranges from clay plain and drumlins in the west, to exposed bedrock in the 
central area, to sand, gravel, till and exposed rock in the east. A large part of the CSPA is 
characterized by shallow soil cover over bedrock. The physiography ranges from limestone plain 
to a rolling rock surface with depressions filled with clay or water. Soils vary between clay and 
loam, with some sand and gravel deposits, and some peat and Muck areas, as well as various 
combinations of these. The major soil types are Lansdowne and Napanee Clay, as well as 
Farmington Loam. 

The largest total land cover in the CSPA is woodland at approximately 46 percent, followed by 
agriculture at approximately 43 percent. 
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The topography of the CSPA ranges in elevation from about 74 m GSC (Geodetic Survey of 
Canada) along the shoreline of Lake Ontario and the St. Lawrence River to about 209 m GSC in 
the central north portion of the region, near Canoe Lake.  

Lakes, Rivers and Streams 

There are 12 major watersheds in the CSPA. The two main rivers, the Cataraqui and the 
Gananoque, flow in southerly directions through the central part of the region to Kingston and 
Gananoque, respectively. The western and eastern sections are drained by several smaller 
streams.  

There are 39 dams and structures currently in operation. These have a significant influence on 
the hydrology of the CSPA. 

Historically, there have been a number of mill dams across the CSPA, dating from as early as the 
1700s. In most cases, these structures have been removed. Some of these historic structures have 
been maintained or re-constructed to form some of the structures we have today.  

Groundwater 

Generally, the groundwater flow follows the topography, flowing south towards Lake Ontario 
and the St. Lawrence River.  

Three recent groundwater studies have been completed in the CSPA, the United Counties of 
Leeds and Grenville Groundwater Management Study (Dillon, 2001), the Western Cataraqui 
Region Groundwater Study (Trow, 2007) and the Frontenac Islands Groundwater and Aquifer 
Characterization Study (CSPA, 2007). All used the Ontario Ministry of the Environment (MOE) 
water well database to determine depth to water table, thickness of geological units, as well as 
groundwater flow direction.  

Additional information such as recharge areas, discharge areas, direction of groundwater flow, 
material composition, properties and depositional environment of aquifers is yet to be included in 
this report, but should be available once the on-going groundwater research is completed. 

At this time, we have limited data on the influence of surface water on groundwater, and vice 
versa. Base flow surveys have been conducted to identify the extent of groundwater discharge to 
streams. There is very little base flow data across the watershed, and this is a significant data gap 
for the SWP program.  

Although most streams in the CSPA are warm water, and many go dry over the summer months, 
indicating a lack of groundwater contribution, there are identified cold water systems (lake and 
stream) in the CSPA. Cold water systems can be an indicator of groundwater contributions.  Part 
of our ongoing research is to identify the recharge areas that contribute groundwater to these 
coldwater systems.  Two years of temperature monitoring in area streams has occurred (i.e. 2006 
and 2007) and some locations have been identified for further investigation, as they may be cold 
water sites. 
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Vegetation 

Wetlands, wooded areas and vegetated buffers can protect drinking water sources by trapping 
sediments and soils, and by altering or reducing contaminants, nutrients and some pathogens 
before input to surface and groundwater sources.  

The CSPA benefits from a relatively high percentage of wetland cover, especially on the 
Frontenac Axis. The overall percentage of wetland cover, based on our review of provincial data, 
is about 5.7 percent.   

About 46 percent of the land is covered by woodlands, based on our review of provincial data. 
The actual coverage varies from about 30 percent in the west, to 60 percent or more on the 
Frontenac Axis, and about 50 percent in the east.  

Work on the Central Cataraqui Region Natural Heritage Study (CRCA, 2006a) found that the 
overall percentage of woodland cover appears to be slowly increasing. The Study applies only to 
the City of Kingston and Loyalist Township; however, similar trends are noted in the balance of 
the CSPA. This overall increasing trend was observed through examination of landsat images 
presented in the Landsat Image Analysis for the Cataraqui Region Conservation Authority Final 
Report (Dendron Resource Surveys Incorporated, 2007). 

Fish and Wildlife 

Fish populations are often used as an indicator of general water quality and temperature. The 
CSPA is known for both warm and cold water fisheries, as well as the associated tourism and 
recreation activities. There are Walleye in Lake Ontario, Muskellunge in the St. Lawrence River, 
and Lake Trout in the cold water lakes of the interior. There are few cold or cool water streams; 
however it is known that Willys Brook in the Gananoque River watershed supports a population 
of brook trout. There is a long tradition of recreational fishing in the area, and there are 
numerous lodges and outfitters to serve this business.  

Aquatic macroinvertebrates are an important indicator of ecosystem health. They are a more 
sensitive indicator of habitat disturbance, such as erosion, or of chemical contamination, than 
standard chemical monitoring. The CRCA now participates in the Ontario Benthos 
Biomonitoring Network. To date, aquatic macroinvertebrate monitoring has been conducted in 
2003, 2004, 2005 and 2007 at various locations. A majority of the sites were found to be 
potentially impaired, based on the species that were present.  

The needs of humans and other animals often clash when wetlands, marshes, shorelines or 
forests are cleared for human habitation. The CSPA is home to 13 endangered or threatened 
species (according to the Species at Risk Act), as well as three species of special concern. Of 
these, six are endangered species — four birds and two plants. The Ministry of Natural 
Resources (MNR) Natural Heritage Information Centre (NHIC) list includes five additional 
endangered species and 12 threatened species or species of concern. 

The CSPA has been affected by a variety of invasive species, ranging from plants such as Purple 
Loosestrife (Lythrum salicaria L.); fish such as the Sea Lamprey (Petromyzon marinus), Round 
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Goby (Neogobius melanostomus) and Common Carp (Cyprinus carpio); and invertebrates such 
as the Zebra mussel (Dreissena polymorpha).  

Population 

According to Statistics Canada, the population of the CSPA was about 199,000 in 2001. The 
majority of people live in the City of Kingston (about 114,000 residents), with the next largest 
centre of Brockville having about 21,000 residents. 

The overall population of the CSPA grew at a rate of about 0.5 percent per year between 1991 
and 2001. The greatest increase was experienced in the Township of South Frontenac, while the 
City of Brockville, the City of Kingston, and the Town of Gananoque experienced the lowest 
population growth during that time. 

The Ontario Ministry of Finance population projections (2004-2031) anticipate overall growth in 
Ontario of about 1.2 percent over the first decade (2004-2014), 1.0 percent during the second 
decade (2015-2024), and 0.8 percent for the balance of the period (2025-2031).  

Combining knowledge from the City of Kingston Urban Growth Strategy (J.L. Richards & 
Associates Ltd.) with Statistics Canada data, it is known that approximately 86,000 residents live 
outside of the City of Kingston in the CSPA. According to Ministry of Finance projections, the 
population outside the City of Kingston can be expected to grow by about 17.8 percent. The City 
of Kingston is expected to grow from 114,000 to 155,000 by 2031 — an increase of 41,000. This 
would see the CSPA as a whole with a population of approximately 256,000 in 2031, which is an 
increase of 57,000 from 2001. 

Land Use 

Land use impacts water in many ways. Depending on the activity on the land, the subsequent 
change in the water may be severe or it may be less noticeable. Careful planning can help to 
reduce the impacts of land use on sources of water.  

All of the municipalities in the CSPA have official plans directing where future development is 
to occur. Most also include policies for protection of wetlands, shorelines and other sensitive 
areas, as well as providing for stormwater management in urban areas. 

Although all land uses have a potential impact on water, brownfields, landfills and resource 
extraction such as mining, pits, quarries, and oil and gas, are of particular concern.  

Nearly all older urban areas have some brownfield sites, but only the City of Kingston has 
prepared a study and a plan for sites in the municipalities.  

In the CSPA we have identified 31 active landfill sites, 16 closed sites, eight junkyards, and one 
incinerator. Additional closed sites may be identified in the future. 

Mining is not a major land use in the CSPA, with only one active mine, extracting graphite near 
Desert Lake and one woolastonite mine currently under development near Seeley’s Bay.  Pits 
and quarries are a more common land use in the area. There are 55 active, 158 inactive, and 69 
abandoned pits in this area, while quarries include 47 active, nine inactive, and 167 abandoned. 
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The materials being extracted include limestone, dolostone, and sandstone, as well as surficial 
materials including sand and gravel.  

Transportation is a potential concern for the protection of source water. Spills can occur when 
substances are being transported. Road salt, from storage and applications, as well as spills of 
various cargo, can find their way into watercourses. The density of the transportation network 
can affect the environmental health of an area, creating barriers for wildlife and affecting streams 
and rivers where they cross. 

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 
main Canadian National Rail line and Highway 401 follow the north shore of Lake Ontario and 
the St. Lawrence River. The St. Lawrence Seaway is a major water transportation route, 
providing shipping along the Great Lakes to the Atlantic Ocean. Recreational boating is also a 
popular pursuit on the Rideau Canal, Lake Ontario, the St. Lawrence River and the numerous 
lakes in the northern part of the area. 

Municipal sewage treatment is provided for the town of Amherstview, the village of Bath, the 
village of Odessa (all three in Loyalist Township), the City of Brockville, the Town of 
Gananoque, the City of Kingston, and the village of Lansdowne (Township of Leeds and the 
Thousand Islands). Corrections Canada also operates sewage treatment facilities at various 
locations. The balance of the area relies mainly on septic systems for sewage treatment. 

Agriculture is found in all areas of the CSPA, including the Canadian Shield. A majority of the 
agricultural land is found close to Lake Ontario and the St. Lawrence River. At the southwest 
end of the region, where the temperature is moderated by Lake Ontario, there are specialty farms 
with apple orchards and berry patches. Agriculture is the primary land use on Amherst Island and 
the Township of Frontenac Islands. The key agricultural products in the CSPA are dairy 
products; fruits and vegetables; grain, including corn; hay; poultry and eggs; beef and beef 
products. 

Recreational activities in the CSPA include boating, hunting, fishing, hiking, outdoor activities, 
and a host of other activities with a range of potential environmental impacts. 

Activities that take place on or near water bodies and watercourses have potential impact on 
source water. Activities involving motorized vehicles, outboard motors, or mechanical devices 
also have a higher potential for source water impacts. Emissions and spills from motors, 
disruption of soil from all terrain vehicles and mountain bikes, and even erosion and compaction 
of soil from hiking activities should all be carefully managed and controlled to lessen the impact 
on the environment and on water sources.  

The CSPA contains a diversity of natural areas that are fairly well represented in number and 
protected at the national, provincial and regional levels. In terms of area, only slightly more than 
three percent of this area is protected.  
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Water Uses and Values 

In addition to providing drinking water, our lakes, water bodies, and aquifers are vital supports 
for the local ecology and economy.  

Drinking water in the CSPA is obtained from a variety of sources. Communities and individuals 
along Lake Ontario and the St. Lawrence River (as well as around inland lakes), which 
represents about 80 percent of the population in the CSPA, draw from the surface water. Most 
inland communities draw from groundwater aquifers, mainly through private wells, and there are 
three municipal residential groundwater supplies.  

The CSPA includes nine municipal residential surface water intakes. One intake is located on an 
inland lake, while six intakes are located along the shoreline of Lake Ontario and two are located 
along the St. Lawrence River. Corrections Canada has an intake on the Cataraqui River at the 
Pittsburgh Institution at Joyceville.  

Many residents in unserviced portions of the region draw their water directly from Lake Ontario, 
the St. Lawrence River, or an inland lake or watercourse. There is little knowledge of the number 
of residences serviced in this manner, the distribution of such intakes, or the extent of water 
treatment that is used.  

In rural settings, particularly in campground areas or trailer parks, water is supplied by a 
communal well. These wells typically provide water resources for hundreds of individuals. 
Communal wells are at this time only known to be in trailer parks and campgrounds. The number 
and location of trailer parks in the CSPA is not known at this time.   

Most of the residents in the rural portions of the CSPA obtain their drinking water from private 
wells. There are approximately 20,000 domestic wells in the CSPA. This includes residents 
living in most of the villages and hamlets. Private wells in some parts of the CSPA are known to 
run dry during extended periods of drought.  

According to Permit to Take Water (PTTW) data from the Ministry of Environment, the largest 
volume of water taken in the CSPA is for industrial cooling from Lake Ontario and the St. 
Lawrence River. When inland water supplies are considered the largest volume of water used is 
that associated with commercial facilities, followed by municipal, industrial and dewatering 
uses. 

Agriculture is an important part of the local economy and culture. Agricultural products take two 
forms: animal and plant. There is limited crop irrigation in the CSPA; therefore agricultural 
water use relates to animal products. Unlike cooling water at industrial facilities the water drawn 
for agricultural uses is consumed (or used up) in the process.  

A majority of the industrial water use in the area occurs along the north shore of Lake Ontario. 
Notable water users include the Ontario Power Generation plant in Napanee, the Lafarge Canada 
Inc. and Koch Industries Inc. facilities in Loyalist Township, and the Invista Canada Inc. 
operation in Kingston.  



Cataraqui Source Protection Area 
Watershed Characterization Report 
March 2008 

 

 

vii 

 

Water Quality 

Water quality data for surface and groundwater in the CSPA comes from a variety of sources 
including. 
Surface Water 

Although long-term water quality data is sparse throughout the CSPA the Provincial Water 
Quality Monitoring Network (PWQMN) dataset included sufficient information to analyze 
several parameters, as well as to perform trend analysis. Key findings were that the chloride 
levels are generally increasing; likely associated with road maintenance practices. Total 
phosphorous levels were found to be high at all monitoring stations, but generally decreasing. 
Also, the Butlers Creek monitoring station displays consistently elevated chloride levels. 

Through analysis of Lake Partner Program data it was found that most of the monitored lakes 
within the CSPA are either meso-trophic or eutrophic. Of the two study areas with the majority 
of the lakes (i.e. Cataraqui River and Gananoque River) the Gananoque River Study Area is the 
most nutrient enriched. 

The raw water quality at municipal residential surface water intakes was generally found to be 
good with elevated colour, temperature and hardness common to the intakes in Lake Ontario and 
the St. Lawrence River. Lake turn-over and high temperatures were also found to have negative 
impacts on the drinking water (i.e. clogged filter media in the treatment facilities and higher 
instances of Taste and Odour {TO} bacteria). The intake located on Sydenham Lake is new, July 
2006, and limited sampling to date has found that dissolved organic carbon, colour and hardness 
are evident. Also a limited sampling program throughout Sydenham Lake in 2007 and 2008 
found that total phosphorous, nitrate, aluminum, iron and tungsten frequently exceeded 
Provincial Water Quality Objectives (PWQO). 

Health Unit bacterial beach count and limited PWQMN data was analyzed to characterize the 
surface water microbiology within the CSPA. It was found that the Butlers Creek PWQMN 
station had consistently elevated levels of  Escherichia coliform (E. coli) and that three drinking 
water treatment plant intakes (i.e. Bath Drinking Water Treatment Plant, James W. Kingston 
Water Treatment Plant and Brockville Drinking Water Treatment) are located in close proximity 
to beaches with relatively high levels of E. coli. 
Groundwater 

It was found that natural groundwater in all aquifers is relatively young in age. It is important to 
note that all considered groundwater quality data in this report is based on background conditions 
(i.e. not from known contaminated sites) and that aquifer type is the primary determinant of 
groundwater quality in the CSPA. 

Four rounds of testing have been conducted under the Provincial Groundwater Monitoring 
Network (PGMN) for the seven wells across the CSPA. Continued annual hydrogeochemical 
monitoring at the seven PGMN wells will provide long-term results and the ability to recognize 
trends in the groundwater chemistry at these sites.  Combined with other data sources, such as 
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groundwater studies and subdivision reports, PGMN data can provide a more comprehensive and 
useful hydrogeochemical data source for the CRCA.   

The raw water from five municipal/communal supply wells in the CSPA was considered since 
data from MOE was provided for them. All were found to exceed the Ontario Drinking Water 
Standards (ODWS) for E. coli and Total Coliforms (TC) at least once. 

Across the watershed, of the 90 wells sampled, E. coli was detected in 13 wells (or 14 percent) 
and TC exceeded the safe level in 36 of 168 wells sampled (or 21 percent). 

There are significant data gaps with respect to groundwater quality within the CRCA. Though 
considerable hydrogeochemical data exists for wells within the CRCA, the data is neither well-
organized nor comprehensive. Steps must be initiated to produce well-organized and 
comprehensive groundwater quality results for the CRCA.  

Additional information from the local Public Health Units, or from landfill monitoring programs 
or other hydrogeological investigations, may be available for use in identifying the general 
groundwater quality across the CSPA. 

Vulnerable Areas 

There are four types of vulnerable areas defined within Ontario’s source water protection 
program: 

• Surface water Intake Protection Zones (IPZs); 

• Groundwater Wellhead Protection Areas (WHPAs); 

• Highly Vulnerable Aquifers (HVAs); and 

• Significant Groundwater Recharge Areas (SGRAs). 

The IPZs and WHPAs are associated with existing or planned municipal residential drinking 
water systems, whereas the HVAs and SGRAs are naturally occurring areas that have been 
identified through research on groundwater resources. 

Each type of vulnerable area is present in the CSPA, although there is only limited information 
at this time about planned municipal residential drinking water systems. 

There are nine surface intakes for municipal residential drinking water systems in the CSPA, 
which together serve almost 155,000 people: 

1. the Town of Greater Napanee (Sandhurst Shores); 

2. the Town of Greater Napanee (main intake);  

3. Loyalist Township (Fairfield);   

4. Loyalist Township (Bath); 

5. the City of Kingston (Kingston West); 

6. the City of Kingston (Beverly Street);  
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7. the Town of Gananoque;  

8. the City of Brockville; and 

9. the community of Sydenham. 

The intake in the Town of Greater Napanee is located in the CSPA but services residents of the 
Quinte Watershed Region. The intakes at Napanee, Loyalist Township, and the City of Kingston 
all use Lake Ontario as a source. The facilities at Gananoque and Brockville draw from the St. 
Lawrence River. A relatively new municipal residential intake is operating in the Township of 
South Frontenac at the village of Sydenham. This new intake draws from Sydenham Lake in the 
Millhaven Creek watershed.  

A WHPA includes the land area that provides recharge to a well. The WHPA is divided into 
capture zones that are based on the expected amount of time for water on the surface to infiltrate 
into the ground and eventually reach the well. This is called the time of travel (TOT). Capture 
zones are normally defined for areas that represent the 2, 5, 10, and 25 year TOT.  

Methods for delineating capture zones range from a simple approach such as establishing an 
arbitrary fixed distance to more complex methods such as analytical and numerical groundwater 
flow models. 

There are three municipal residential drinking water systems that utilize groundwater in the 
CSPA. These are the Cana Subdivision in the City of Kingston, Miller Manor in the Township of 
Front of Yonge, and the village of Lansdowne in the Township of Leeds and the Thousand 
Islands. At the time of writing, only preliminary WHPAs have been identified for Cana and 
Lansdowne; additional research is ongoing at Lansdowne and will likely take place for the Miller 
Manor well supply. 

Two recent regional groundwater studies provide information on the HVAs in the CSPA. These 
are the United Counties of Leeds and Grenville Groundwater Management Study (Dillon 
Consulting Ltd., 2001) and the Western Cataraqui Region Groundwater Study (Trow Associates 
Ltd., 2007). The studies provide information on the HVAs in the SPA, but they used different 
methods to address this topic. As a result, the data from the two studies is not comparable.  This 
will be addressed through the preparation of a Groundwater Vulnerability Analysis Report for 
the Cataraqui area in 2008. 

Basic information about groundwater recharge areas was also provided in the regional 
groundwater studies. The studies suggest that much of the CSPA is subject to recharge, 
particularly in areas with fractured limestone bedrock.  Groundwater recharge will also be 
considered by the Groundwater Vulnerability Analysis Report. 

The CSPA contains about 18 small communities that may eventually need to be serviced by a 
municipal residential drinking water system. These include communities such as Athens, Lyn, 
Glenburnie and Morven. This will depend on the condition of existing private wells/septic 
systems and on future development in these communities. 
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Threats and Issues 

A threat is a land use, activity or condition (past, present or planned) that may adversely affect 
the quality and/or quantity of a drinking water source. Threats to both groundwater and surface 
water are present throughout the CSPA and are in the process of being inventoried. Threats of 
concern involve contaminants (both chemical and pathogen) and the possibility of their release 
into sources of drinking water; through direct introduction, landscape activities, or storage. 
Examples of threats include sewage treatment plant effluent, by-passes, and industrial effluents 
(direct introduction); stormwater management systems, snow storage, cemeteries, landfills, and 
 the application of  road salt, septage, biosolids, manure, fertilizer or pesticide/herbicide 
(landscape activities); and storage of fuels/hydrocarbons, dense non-aqueous phase liquids, 
organic solvents, pesticides, fertilizers and manure (potential contaminants). 
The threat inventory has been commenced with field surveys of the CSPA and interviews with 
municipal staff and local historians. A pattern of positive correlation between population 
densities (cities, towns and hamlets) and threats is already evident. 
 
An issue is the negative effect that a land use or activity that is known to have had, or to be 
currently having on a drinking water source. Issues are identified where concentrations of 
contaminants have exceeded or are approaching water quality standards or guidelines (e.g. 
ODWS or the PWQO), and/or where the quantity of water has been affected. An issue can either 
be caused by a single event or over a prolonged period of time.  Various reports and analysis of 
PWQMN, Lake Partner Program, and PGMN data were reviewed in order to produce a 
preliminary list of issues.   
Issues in the CSPA include (but are not limited to) elevated levels of metals (aluminum and 
copper), nutrients (phosphorus and all forms of nitrogen), chloride, sodium, and fecal 
coliform/bacteria.  Contamination issues have also been identified including the presence of 
hydrocarbons, organic solvents and pesticides.   
  
Work towards threats and issues is ongoing as a stand alone document detailing Threats 
Inventory and Issues Evaluation is anticipated to be published in the Fall of 2008 and is an 
central part of the Assessment Report and the Source Water Protection Plan. 
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Report Organization 
This report is divided into two parts: 

• Volume I: report text and all tables and figures that are not maps or part of an appendix 

• Volume II: map figures and the appendices (including a glossary and acronym definitions).  

Both volumes are split into the five chapters and the Volume II maps are in order as referenced 
in the report text (Volume I). 

Words that are italicized in Volume I are defined in the glossary. The first occurrence of an 
acronym in any particular section is first written in full followed by the acronym in brackets; all 
other references in that specific section use only the acronym.
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Chapter 1 – Watershed Description 

1.0 Introduction 
The government of Ontario passed the Clean Water Act (2006) to support a new drinking water 
source protection initiative across settled areas of the province. The Act was inspired by the 
contaminated water incident at Walkerton in 2000, and by the emergence of drinking water 
issues in other areas of the province. Its purpose is to protect public health and safety by 
maintaining, or in some cases restoring, clean and plentiful sources of drinking water.  

The Act intends that the quality and quantity of drinking water sources be protected through 
actions by all levels of government, conservation authorities, community organizations, and 
individuals. Information about the sources and the risks to them is being recorded in a series of 
watershed-based assessment reports. Examples of potential risks include the overuse of water, 
spill emergencies, and ongoing pollution from a wide range of sources.  

The best course of action to address those risks will be recommended in source protection plans. 
The plans will be approved by the Ministry of the Environment (MOE) and aspects will be 
enforceable. This background report is the first stage in the source protection planning process, 
pulling together and analyzing various types of data for the Cataraqui Source Protection Area 
(CSPA). It is the first step in evaluating source water in the CSPA. It provides base information for 
the synthesis of a final assessment report which is the foundation of the source protection plan for 
the CSPA. 

1.1 Source Water Protection Area 
The CSPA is located at the eastern end of Lake Ontario and the beginning of the St. Lawrence 
River (see Figure 1-1 in Volume II). 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 1000 km of Great Lakes shoreline (Lake Ontario and St. 
Lawrence River, including the islands). Without the islands there is approximately 400 
kilometers of Great Lakes shoreline. It includes the jurisdiction of the Cataraqui Region 
Conservation Authority (CRCA) plus the municipality of Frontenac Islands (Howe and Wolfe 
Islands) and about 1,800 smaller islands in the St. Lawrence River (see Figure 1-2 in Volume 
II). For the Purpose of this report the CSPA has been divided into five study areas (see Figure 1-
3 in Volume II) while the specific watersheds and subwatersheds discussed in this report are 
displayed on Figures 1-3b in Volume II. 

The region is characterized by the exposed bedrock, lakes and woodlands of the Canadian Shield 
(Frontenac Axis) in the central part of the region, and the agricultural landscape of the limestone 
and clay plains to the south and west. Urban development is concentrated in the southern part of 
the region, along the shoreline of Lake Ontario and the St. Lawrence River.  

There are two major urban centres within the region — Kingston and Brockville. Small towns 
and villages such as the southern portion of Napanee, Bath, Odessa, Harrowsmith, Sydenham, 
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Newboro, Gananoque, Lansdowne and Athens, are also important parts of the watershed region. 
In addition, there are a number of smaller communities scattered throughout the CSPA. Cottage 
development is located on the numerous lakes that dot the Canadian Shield, with much of the 
agricultural and rural development in areas off the Shield (see Figure 1-4 in Volume II). 

The watershed region contains 12 major drainage basins, the largest of which are the Cataraqui 
and Gananoque Rivers. Together, these two central drainage basins comprise about 50 percent of 
the CSPA. Six smaller drainage basins flow to Lake Ontario and the Bay of Quinte in the west, 
and four drainage basins flow into the St. Lawrence River in the east. 

In the CSPA, water is not only important for drinking, it is vital to the economy. 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. 

The natural environment is also an important component of the watershed region. Temperature 
and precipitation vary across the region, as a result of its location within the Great Lakes – St. 
Lawrence region which is the transition zone between the Carolinian (southern) and Boreal 
(northern) zones. The species found along Lake Ontario differ from those found in inland areas 
on the Canadian Shield. Large coastal wetlands, such as the Hay Bay, Cataraqui River, and Big 
Sandy Bay 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 people and wildlife. 

1.1.1 Mandate and Vision 
The mandate for all conservation authorities in Ontario is set out in the provincial Conservation 
Authorities Act. Our responsibility and purpose, under section 20 of this Act, is to further the 
conservation, restoration, development and management of natural resources (excluding gas, oil, 
coal and minerals) in our jurisdiction.  

In the early 1990s, the CRCA developed a conservation strategy to direct its future activities and 
programs. This was reviewed in 2000 and a new strategy Cataraqui to 2020 (CRCA, 2001) was 
developed and approved. It contains the following vision statement: 

Our vision is that the natural environment of the Cataraqui Region Conservation Authority 
watersheds will be conserved, that degraded natural resources will be restored, that our regional 
diversity will be valued by the watershed residents, and that the public will understand the role 
that everyone needs to play in resource management and resource enjoyment.  

Cataraqui to 2020 (CRCA, 2001) also sets out a number of goals and objectives, which the 
CRCA works to achieve through its ongoing programs, operations and projects. 

1.1.2 History 
Before European settlement, native people lived, farmed and hunted in all of Ontario. Over the 
course of thousands of years many different bands lived in the area now known as the Cataraqui 
Region. The name Cataraqui is likely a corruption of the native word Katarokon which means 
“in she is clay in the water”. This strange literal interpretation makes reference to a village 
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surrounded by water with huts on clay or on a small point of land. Katarokon appears to have 
been a meeting place rather than a permanent settlement. The native people tended to relocate in 
search of fish and game and also to keep the soils from becoming depleted (Department of 
Resources and Energy Conservation Authorities Branch, 1968) 

The first Europeans in the area were the French. Samuel de Champlain explored the area in the 
early 17th century. A French missionary, Father Simon LeMoine, traveled up the St. Lawrence 
River into Lake Ontario in 1654. In 1663 the French Governor, Count Frontenac, made the same 
trip. Shortly afterwards, he established Fort Frontenac at the mouth of the Cataraqui River. 

The French did not remain in the area. Shortly after the American Revolution, the United Empire 
Loyalists arrived. They needed places to live and land for growing crops. In 1783, Deputy Surveyor 
General John Collins had completed the survey of the first township in Upper Canada — Kingston. 
The Townships of Ernestown, Fredericksburgh and Adolphustown followed shortly afterwards. 

Surveys of the eastern townships of Bastard, Crosby, Kitley, Escott, Leeds and Lansdowne and 
Yonge and Crosby began in 1795.  

Because of the reliance on water power, most of the area’s settlements were located along rivers 
and streams. Communities sprung up around the local saw and grist mills. Many of these mills 
and the dams used to hold back water are still present today. 

Brockville, also a United Empire Loyalist settlement, was first settled in 1785. A mill on Buells 
Creek was one of the early businesses established in the community. Brockville was originally 
named Buells Bay after its founder William Buell Sr., but was renamed after the war of 1812 in 
honour of Major-General Isaac Brock.  

The Rideau Canal was built as a direct result of the War of 1812. It was built to provide a secure 
alternative supply route to the St. Lawrence River for goods being shipped from Montreal to 
Kingston. The project was started in 1826 and the canal opened in 1832, connecting Ottawa to 
Kingston. The 202 km long canal was responsible for opening up the northern part of the CSPA. In 
the 1800s, it was used for shipping and the lumber trade. Nowadays it is a major tourist attraction 
and is extensively used by pleasure boaters. In 2007 the Rideau Canal was designated as a United 
Nations Educational, Scientific and Cultural Organization (UNESCO) World Heritage Site.  

The construction of the St. Lawrence Seaway also had an influence on communities along the 
Great Lakes. Although the St. Lawrence River and the Great Lakes had always been used for 
transportation, the completion of the Seaway in 1959 removed a number of barriers bypassing 
areas of rapids and widening and deepening portions of the river to allow larger ships to navigate 
through the Great Lakes system. 

In addition to water transportation, railways and roads contributed to opening up the CSPA. The 
first roads and railways were in an east-west direction connecting existing settlements along the 
Great Lakes and St. Lawrence River. The Kingston Road from Kingston to York (now Toronto) 
was completed in 1817.  

Gradual opening up of the northern parts of the area resulted in additional road and railway 
construction to serve these communities. Not all of the railways were successful and a number of 
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them have been converted to other uses. The Cataraqui Trail, for example, is a multi-use trail 
established on a former Canadian National Railway line abandoned since the 1980s. 

The road, railway and water transportation corridors that cross the CSPA make this area 
attractive to visitors, as well as businesses, because of its easy access and close proximity to 
larger centres and the US border.  

1.1.3 Key Studies 
The CRCA has undertaken a number of different studies related to watershed management that 
are useful reference material for source water protection work. They include: 

• Gananoque River Watershed Study (Crysler & Lathem, 1981; Cumming Cockburn 
Ltd/Lathem Group, 1982, 1983; Cumming-Cockburn & Associates Ltd., 1985) 

• Little Cataraqui Creek – East Branch Drainage Study (Paine, 1986) 

• Millhaven Creek Low Flow Study (Dillon, 1991) 

• Collins Watershed Study (Dillon, 1993) 

• Upper Highgate Creek Drainage Plan (Gore and Storrie, 1995) 

• Upper Butlers Creek Drainage Plan (J.D. Paine Engineering Inc, 1996) 

• Pittsburgh Township Environmentally Significant Areas Study (Environmental Advisory 
Services Limited, 1996) 

• United Counties of Leeds and Grenville Groundwater Management Study (Dillon, 2001) 

• Central Cataraqui Region Natural Heritage Study (CRCA, 2006a) 

• Western Cataraqui Regional Groundwater Study (Trow, 2007). 

1.1.4 Stakeholders and Partners 
The diversity of the local landscape is also reflected in the diversity of interested stakeholders 
within our watershed. Our stakeholders and partners include municipalities, federal and 
provincial government agencies, community groups, businesses, residents, and visitors. 
1.1.4.1       Municipalities 
All or part of three counties and 12 municipalities fall within the watershed region. 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:  

• The Town of Greater Napanee; 
• Loyalist Township; 
• Township of South Frontenac;  
• City of Kingston; 
• Frontenac Islands; 
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• 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; and 
• City of Brockville. 

1.1.4.2       Provincial Government  
There are a number of provincial agencies that the CRCA works closely with for water 
management. These include: 

• Ministry of Environment; 
• Ministry of Natural Resources; 
• Ministry of Municipal Affairs and Housing; and 
• Ministry of Agriculture, Food, and Rural Affairs. 

In addition, the new Ministry of Health Protection may need to be consulted as part of the source 
water protection planning process. 

The CRCA also works closely with two local health units — the Lanark-Leeds-Grenville District 
Health Unit and Kingston Frontenac Lennox and Addington Public Health. 

Local stewardship councils are also important partners, particularly in landowner contact and the 
delivery of programs to landowners. 

The provincial agencies and health units have worked closely with the CRCA on a number of 
major plans and studies including the Cataraqui Region Conservation Authority Conservation 
Strategy (CRCA, 1993), Collins Watershed Phase I Final Report (MM. Dillon, 1993) as well as 
groundwater studies, natural heritage studies and conservation area master plans. We also work 
together on a number of ongoing stewardship and educational initiatives. These range from buffer 
planting along stream banks to organizing educational seminars on a variety of topics such as tree 
planting and proper well and septic system maintenance. In addition, our Water Response Team, 
which meets during drought conditions, includes representatives from all of these agencies. 

There are also two provincial parks located within the region — Frontenac Provincial Park and 
Charleston Lake Provincial Park. A municipally managed day use area that is also an Area of 
Natural and Scientific Interest (ANSI) is located on Big Sandy Bay on Wolfe Island, and there is 
a Crown Wildlife Management Area near Gananoque. 
1.1.4.3       Federal Government 
The federal government has many interests in the watershed region, including that of landowner. 
Major properties include the Rideau Canal, Canadian Forces Base – Kingston, St. Lawrence 
Islands National Park and several prisons. As a result, we work closely with Parks Canada, 
Canadian Forces Base Kingston, and Corrections Canada. 

Environment Canada (EC), Fisheries and Oceans Canada, and the Canadian Coast Guard are 
other federal departments that we work closely with to manage water and the natural 
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environment. Examples include joint environmental projects and studies through organizations 
such as the Kingston Wetlands Working Group. 

Through the Rideau Waterfront Development Review Team, we review planning and permit 
applications along the Rideau Canal, along with Parks Canada and the Rideau Valley 
Conservation Authority (RVCA).  

Another major joint initiative of the RVCA, CRCA and Parks Canada along the Rideau Canal was 
River Care 2000 (XCG, 1999). Although funding was only available for an initial overview 
report, we are planning to continue some of this work through the source water protection 
process. 
1.1.4.4       First Nations 
There are no organized First Nations lands located within the CSPA. The closest reserve is the 
Tyendinaga Mohawk Territory located within the Quinte Watershed Region. The CRCA has 
worked with the Tyendinaga First Nation on a park development project in Loyalist Township, 
but in general, has minimal ongoing contact with First Nation communities. 
1.1.4.5       Interested Stakeholders, Engaged Public and NGOs 
There are many stakeholders and non-governmental organizations in the watershed region 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. Appendix A includes a list of some of the local stakeholders.  

Many stakeholders in the central part of the region belong to the UNESCO Frontenac Arch 
Biosphere Reserve, which has worked since 2002 to foster sustainable development. The CRCA 
has ongoing interaction with a wide range of stakeholders, including the Biosphere Reserve.  

We work with many community groups on a wide variety of initiatives and projects. Current and 
past project partners include the Kingston Field Naturalists, Rideau Trail Association, Ducks 
Unlimited, cottage associations, agricultural organizations, local fishing and hunting clubs, and 
Friends groups. Projects and initiatives have included: 

• environmental improvements and restoration; 

• surveys, studies and resource inventories; 

• water quality monitoring; 

• trail and facilities development; and 

• landowner and facility user education programs. 

We coordinate our efforts with neighbouring conservation authorities, including the Quinte, Rideau, 
Mississippi, Raisin and South Nation Conservation Authorities, and with Conservation Ontario, our 
provincial organization. Examples of previous and current and previous initiatives include:  

• coordinating environmental planning, regulations and stewardship programs across 
watershed boundaries; 

• communications and education programs; and 
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• sharing expertise and knowledge. 

The CRCA has a long history of working closely with the community. We have many 
community contacts throughout our watershed. We are planning to involve as many members of 
the community as we can, in planning and implementing source water protection. 

1.2 Physical Description 
Physical descriptions of watershed areas contribute to the understanding of surface and 
groundwater systems. The physical landscape of the CSPA is highly variable, both 
topographically and geologically. The bedrock geology ranges from the Precambrian (over 540 
million years ago) igneous and metamorphic rocks of the Canadian Shield in the CSPA central 
watersheds, to the Middle Ordovician (460 million years ago) sedimentary rocks in the eastern 
and western portions of the CSPA. The transitions between the older Precambrian and the 
younger sedimentary rock are evident in outcrops around the region. 

The surficial geology ranges from clay plain and drumlins in the west, to exposed bedrock in the 
central area, to sand and gravel in the eastern portion of the CSPA. These surficial deposits of the 
Pleistocene (10,000 years ago) age have been deposited on top of Paleozoic (250 – 540 million 
years ago) sedimentary rock, with a cover of glacial drift and small scale drumlins. The 
topography ranges in elevation from 74.2 m Geodetic Survey of Canada (GSC) along the 
shoreline of Lake Ontario and the St. Lawrence River to 209.0 m GSC in the central north 
portion of the region, near Canoe Lake.  

The physiography of the CSPA ranges from relatively flat lying limestone plain to an undulating 
Precambrian bedrock surface with the bedrock depressions filled with clay or water. Soils range 
generally between clay and loam, with some sand and gravel deposits, and some peat and Muck 
areas, as well as various combinations of these (see Figures 1-5a and 1-5b in Volume II). 
Typically soil depths are quite thin over the bedrock. 

1.2.1 Bedrock Geology 
There are seven general bedrock types in the CSPA. These are, from oldest to youngest, the 
Precambrian igneous and metamorphic rock of the Canadian Shield, and the sedimentary rock 
of the Nepean (sandstone), March (dolostone and sandstone), Shadow Lake, (limestone), Gull 
River (limestone), Bobcaygeon (limestone), and Verulam (limestone) formations (see Figures 1-6 
and 1-7 in Volume II and Figure 1-8 below).  

The sequence of rocks found in the CSPA covers an enormous geologic time span (CRCA, 
1983). The oldest rocks are of Precambrian age and were formed during the Grenville orogeny. 
The dominant rock types in the area are igneous and metamorphic rock such as marble, gneiss, 
schist, quartzite, granite and diabase.  

Younger rocks of Paleozoic age overlie the Precambrian shield rocks. These more recent 
sedimentary formations are found both east and west of the Frontenac Axis, and are composed of 
limestone, sandstone and conglomerates (see Figure 1-8 below). 
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Figure 1-8 Geological Time Scale and Geological Events in the CRCA 



Cataraqui Source Protection Area 
Watershed Characterization Report 
March 2008 

 

 

9
 

Figure 1-9 below details the general sequence of the bedrock formation that underlies the CSPA. A summary of the lithology and 
occurrence of the major bedrock types in the study area follows this figure.  

 

 
Figure 1-9 Schematic Geological Cross-section of the CRCA 
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Precambrian Rock 
The metamorphic Precambrian rocks of the CSPA were originally deposited as sediments and 
consolidated into sedimentary rocks between approximately 1100 and 950 million years before 
present (Davidson and vanBreeman, 2000; Greggs and Gorman, 1976). Metamorphism occurred 
when these sedimentary rocks were deeply buried under many more layers of sediments and 
sedimentary rocks. During deep burial the rocks were penetrated by magma that produced 
igneous rocks and further deformed the metasediments. Later, andesite and diabase dikes 
intruded both the metasediments and igneous plutons. Erosion later uncovered all the 
metamorphic and igneous rocks and dikes, bringing them to the surface. 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 (Greggs and Gorman, 
1976). 

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 (Greggs and Gorman, 
1976). 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 km in width, and exists 
throughout the entire watershed from the northwest to southeast. Precambrian rock is exposed at 
surface over much of the Cataraqui and Gananoque River watersheds, as well as the northern 
portion of the Millhaven Creek watershed, and large portions of the LaRue and Jones creeks 
watersheds. 

In geologic nomenclature, the Precambrian rocks of the CSPA are part of the Frontenac Terrane 
of the Central Metasedimentary Belt. The metasediments include schist, gneiss, amphibolites, 
quartzite, and marble, while the igneous rocks include quartz monzonites, granites, diorites, 
gabbro, diabase, and andesite. In some places, the intruding igneous plutons created mixtures of 
metamorphic and igneous rocks called migmatites (Greggs and Gorman, 1976; Wilson, 1946). 

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 watershed: Nepean, March, Shadow Lake, Gull River, Bobcaygeon, and 
Verulam. Each formation is discussed in the following sections. 

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. The 
conglomerate beds occur in the lower portion of the formation near the Precambrian/Paleozoic 
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contact, becoming finer grained in the upper reaches of the unit. Iron rich mineral grains found in 
the sandstone unit include pyrite, magnetite, and ilmentite. Dissolution of these minerals and 
their precipitation in the form of iron staining on the sand grains likely contributes to the high 
iron content observed in water produced from this formation. Outcrops can be found north of 
Kingston at the Park of Pillars and east of the Frontenac Axis (Liberty, 1971). 

The Nepean formation underlies the eastern two-thirds of Leeds-Grenville County. It is exposed 
at surface along a one to 10 km wide band between Brockville and Westport (see Figure 1-6 in 
Volume II). The formation’s bedding is somewhat wedged shaped, becoming very thin and 
pinching out along the Precambrian/Nepean formation contact in Leeds County, and increasing 
in thickness to the northeast and southeast.  

March Formation 
Conformably overlying the Nepean formation are the quartz sandstones and dolostones of the 
March formation. Interbedded sandstones decrease in frequency and thickness towards the top of 
the formation. As opposed to the Nepean formation, the quartz sandstones of the March 
formation are cemented by dolomitic material (Greggs and Gorman, 1976). Interbedded 
sandstones decrease in frequency and thickness towards the top of the formation.  

This formation exists as the uppermost bedrock unit over the eastern two thirds of Leeds-
Grenville County and is exposed at surface along a northwest trending belt, located between 
Brockville and Prescott along the St. Lawrence River, and Portland and Smiths Falls along the 
Rideau River.  

Shadow Lake Formation 
The Shadow Lake formation is comprised of limestone beds, is very thin, and lies between the 
Precambrian rock and the Gull River Formation. It is evident at surface in places along the 
interface between the western limestone plain and Precambrian Shield.  

Gull River Formation 
The Gull River Formation is divided into four members, all limestone. The areal extent of this 
formation as the uppermost bedrock unit includes the entire Town of Greater Napanee, Loyalist 
Township (mainland & Amherst Island), most of the City of Kingston (excluding the eastern part 
of the former Pittsburgh Township), and the southern half of South Frontenac Township. The 
upper three members of this formation are fossiliferous. The Gull River Formation lies above the 
Shadow Lake formation, and below the Bobcaygeon Formation. 

Bobcaygeon Formation 
The Bobcaygeon Formation is comprised of an alternation of fine calcarenitic limestone and 
homogeneous limestone. The strata are highly fossiliferous. The extent of this formation as the 
uppermost bedrock unit includes the southwestern quadrant of Loyalist Township and the 
majority of the Town of Greater Napanee. The Bobcaygeon Formation lies above the Gull River 
Formation, and below the Verulam Formation. 
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Verulam Formation 
The Verulam Formation lies above the Bobcaygeon Formation and is typified by the alternation 
of limestone and shale (Liberty, 1971). The Verulam Formation outcrops in the southern portion 
of the Town of Greater Napanee and the southwestern quadrant of Loyalist Township. This is the 
youngest bedrock formation in the area. This formation can also contain many fossils.  

1.2.2 Surficial Geology 
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 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, which covered a large proportion of the CSPA 
east of the Frontenac Axis, was called the Champlain Sea (approximately 13,000 to 10,000 years 
ago) (See Figure 1-10a below). 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, called Lake Iroquois, was formed. This occurred approximately 
13,000 to 10,000 years ago (see Figure 1-10b below). 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 was approximately 30 m 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. 
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Figure 1-10a – Champlain Sea from Chapman and Putnam (1984) 

 
Figure 1-10b – Lake Iroquois from Chapman and Putnam (1984)
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Figure 1-7 in Volume II is a generalized geology map, developed from a compilation of 
overburden geological maps provided by The Ministry of Northern Development and Mines 
(MNDM). A general description of the occurrence of the various surficial geological units is 
presented in the sections below. These vary slightly from Figure 1-7. Comparison between the 
two is given in Table 1-1. 

Table 1 - 1 Surficial Geology Grouping 

Figure 1-7 Surficial Geology Grouping General Text Grouping 

2 - Precambrian Bedrock Precambrian Bedrock 

4 - Paleozoic Bedrock Paleozoic Bedrock 

5 – Undifferentiated Till Till 

6 – Ice-Contact Stratified Deposits Sand and Gravel 

7 – Glaciofluvial Deposits Sand and Gravel 

8 – Fine Textured Glaciolacustrine Deposits Clay 

9 – Coarse –Textured Glaciolacustrine Deposits Sand and Gravel 

10 – Fine Textured Glaciomarine Deposits Clay 

11 – Coarse Textured Glaciomarine Deposits Sand and Gravel 

14 – Coarse-Textured Lacustrine Deposits Sand and Gravel 

17 – Aeolian Deposits Silt 

19 – Modern Alluvial Deposits Alluvium 

20 – Organic Deposits Organic Deposits 

 
1.2.2.1       Precambrian and Paleozoic Bedrock 
The CSPA is underlain by these bedrock types, which are either exposed at surface or have a thin 
and discontinuous soil cover. 
1.2.2.2       Alluvium 
Alluvium deposits are found sporadically along the major watercourses in Leeds-Grenville 
County, including the St. Lawrence River. They consist of silty or sandy organic rich material. 
1.2.2.3       Organic Deposits 
Muck and other organic rich soils are generally limited in coverage but have widespread 
distribution across the CSPA, as a result of poor drainage and/or a shallow water table. 
Thickness of the organic deposits is usually less than a few metres. 
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1.2.2.4       Sand and Gravel 
Coarse sand and gravel deposits are present in several areas, mainly in the north central part of 
the CSPA and locally elsewhere. 

One significant deposit appears just to the east of the CSPA as a semi-linear feature extending 
from east of Kemptville down to Maitland. This deposit consists of a core of sand and gravel, 
flanked by sand and silt. The sand and gravel core formed as a glacial esker. In some areas the 
sand and gravel exist as ice-contact stratified moraines, produced as a result of the development 
of a subglacial outwash fan. The sides of both the eskers and the outwash deposits were 
reworked by wave action of the Champlain Sea resulting in the extension of permeable sands 
outward from the centre of the ridge. 
1.2.2.5       Sands 
Shallow marine sands were deposited as a result of wave reworking of the exposed tills during 
the regression of the Champlain Sea. The result was a discontinuous blanket of surficial sands in 
the eastern part of the region. The thickness of the sand generally increases towards the east. The 
sand plain is punctured in many places by outcroppings of drumlinized till. Other sand deposits 
exist as Aeolian dunes formed by reworking of the exposed marine sands after regression of the 
Champlain Sea.  
1.2.2.6       Clay 
Clay is found across the region. The clay was deposited during the inundation of the area by the 
Champlain Sea causing the deposition of clay and silts in protected locations such as bedrock 
valleys or depressions in the underlying drumlinized terrain. The thickness of the clay is quite 
variable and depends largely upon the depth of the depressions in which the clay was deposited.  

The large area of clay north of Gananoque was deposited in a glaciolacustrine environment 
when that portion of the Precambrian shield was inundated by glacial Lake Iroquois, the 
predecessor of Lake Ontario. Flooding resulted in the deposition of silts and clays between the 
localized exposed highs of the Canadian Shield. Basal sands and gravels are often located at the 
contact between the clay and the underlying shield. Clay thicknesses up to 60 metres have been 
observed in isolated locations. 
1.2.2.7       Till 
Till, in the form of drumlins and ground moraines, is widespread throughout the region. The till 
moraine generally consists of a silty sand to sandy silt matrix, with a small percentage of clay 
and a variable gravel content. It also sometimes includes cobbles and boulders. Till thickness 
ranges from less than one metre to more than 10 metres in some drumlin fields in the west. 
Deposits greater than one metre in thickness are mapped as Till Plain. Reworking of the till 
islands formed as part of a drumlin field provided the development of gravel beaches on the 
west-facing portions of the islands. These beaches have been documented to be up to 15 metres 
thick (Sharpe, 1979). 

The area was subject to glaciation during the Wisconsinan (10,000 years ago) era. Associated 
glacial till deposits (i.e. unconsolidated sediments deposited directly by the glacier) identified at 
surface and elsewhere are interpreted to be overlain by glaciolacustrine deposits of clay, silty 
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clay, and near shore deposits of silt and sand. Notable fine-textured glaciolacustrine deposits 
exist in the eastern half of the City of Kingston and the southern half of the Town of Greater 
Napanee. Based on available data, the major creek and river valleys in the area contain the 
greatest thickness of overburden, characterized primarily by glaciofluvial deposits. These 
sediments (coarse silt to gravel) are well sorted and stratified (Funk, 1977).  

Drumlins are present throughout the Town of Greater Napanee and north of Highway 401 in 
Loyalist Township. These drumlins belong to the Quinte drumlin field. They are characterized 
by their low relief and elongated ridge like nature (Funk, 1977). Two basic types of drumlin are 
present: those composed entirely of till and those with a stratified sand and gravel core. 

1.2.3 Topography 
In the CSPA, elevation generally decreases in the southwestward direction, towards Lake 
Ontario and the St. Lawrence River shoreline (see Figure 1-11 in Volume II and section 1.2.4 
below). Most of the watercourses in the CSPA originate in those elevated areas near the 
Frontenac Axis. The highest elevation in the region occurs in the northwest, near Canoe Lake, at 
around 209.0 m GSC. The stream bed elevation at the stream mouths at the Lake Ontario and St. 
Lawrence River shoreline is around 74.2 m GSC.  

The land surface of the Frontenac Axis itself is rugged, with much rise and fall due to glacial 
scouring. Glacial scarring of the Canadian Shield created depressions that filled with water and 
became lakes.  The two largest watersheds in the CSPA, the Cataraqui and Gananoque Rivers, 
are found on the Canadian Shield, and are largely lake controlled watersheds. 

The limestone plains to the east and west are much flatter, with some gently rolling terrain. The 
western part of the CSPA contains a number of streams with some large wetlands. The central 
part of the CSPA is more rugged, with a number of lakes and the large Gananoque and Cataraqui 
River systems. At the eastern end of the CSPA, the terrain becomes much flatter and gentler, 
with a number of smaller streams. 

The Tri-Islands study area is relatively flat, owing to its geologic origin as part of the bed of the 
predecessor lakes to Lake Ontario. The character of the Thousand Islands, are quite different. 
These islands, located in the St. Lawrence River, get their rugged and rocky character from the 
presence of the Frontenac Axis. 

The land uses and distribution of settlements are directly affected by the topography of the 
CSPA. Most of the population is located along the Lake Ontario-St. Lawrence River shoreline. 
This is where settlement first occurred due to ease of access from the water. The largest 
settlement areas in the CSPA area; Napanee, Kingston, Gananoque, and Brockville, are all 
located at watercourse outlets to Lake Ontario or the St. Lawrence River. Other long-established 
communities are located on or near area rivers and streams because of their early reliance on 
water power. Mill construction commenced in the 1700’s, and many mills were still operating in 
the early 1900’s. 

Active agricultural areas are located on the limestone plains in the eastern and western portions 
of the CSPA. Amherst, Howe and Wolfe Islands also contain a substantial amount of agricultural 
land, their flat terrain being suitable for farming. 
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The more rugged lake country and Thousand Islands areas are popular as cottage and 
recreational destinations. Lake country includes the Rideau Canal system. This area and the St. 
Lawrence River are popular destinations for pleasure boaters and vacationers. 

1.2.4 Physiography 
Chapman and Putnam (1984) identify four separate physiographic regions in the CSPA (Figure 
1-12, inset in Volume II). They are: Smiths Falls Limestone Plain, Leeds Knobs and Flats, 
Algonquin Highlands and Napanee Limestone Plain. 
1.2.4.1       Napanee Limestone Plain 
The Napanee Limestone Plain is similar in composition to the Smith Falls plain (discussed 
below). It encompasses the western side of the City of Kingston, the southwestern corner of 
South Frontenac Township, and Loyalist Township as well as the Town of Greater Napanee. 
This region encompasses approximately 1130 km2 or 32 percent of the total land area. It is 
characterized by very shallow soils, and some alvars, although deeper glacial till does occur in 
some stream valleys, and there are some shallow depressions of stratified clay. 
1.2.4.2       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, encompassing approximately 
740 km2 or 21 percent of the total land area, is characterized by shallow sandy or stony soils, and 
a relatively rugged topography. Bedrock outcrops throughout the region form numerous 
localized topographic highs. This area has the highest elevation (approximately 209.0 m GSC) in 
the CSPA, as measured near Canoe Lake. Numerous large lakes such as Newboro Lake, 
Opinicon Lake and Sand Lake formed in the irregular depressions in the Precambrian bedrock. 
1.2.4.3       Leeds Knobs and Flats 
The Leeds Knobs and Flats region lies in the Leeds and Frontenac geographic counties north of 
the St. Lawrence River and the Thousand Islands (between Gananoque and Brockville and 
extending north to Elgin) 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 Township of Lansdowne.  

The total area of this region is approximately 1080 km2 or 30 percent of the total land area. 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. The elevation of this 
physiographic region usually ranges from 70 to 100 m GSC, but is higher along rock ridges. 
1.2.4.4       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. The Smiths Falls Limestone Plain covers an area of 
approximately 609 km2 or 17 percent of the total land area. The land elevation ranges from 70 to 
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140 m GSC. 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 wetlands, 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 in depressions in the bedrock 
surface.  

The CSPA is divided into three primary physiographic regions based on information from Map 
P2715 (Ontario Geologic Service, 1984) and shown on Figure 1-12 in Volume II. The northeast 
and northwest areas of the region are characterized as limestone plain. The eastern portion of 
South Frontenac, western portion of Rideau Lakes, and northern portion of Leeds and the 
Thousand Islands are characterized by shallow till and rock ridges; with clay plains existing 
along major river valleys in the west (i.e., 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 (see Figure 1-13 in Volume II and Table 1-2 below) 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. 

 

Table 1 - 2 Percentage of Overburden Depth across the CSPA 

Overburden Depth Percentage of CSPA Area 

< 1 metre 61 

1 – 2 metres 12 

2 – 5 metres 16 

5 – 10 metres 8 

10 – 20 metres 3 

> 20 metres < 0.5 

 

Karst  and fractured bedrock are common features in the limestone plain. Fractures in the 
limestone bedrock have been observed by Funk (1977) to generally be oriented in a northeast to 
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southwest direction. They control the drainage in the regional watersheds, guiding the general 
southwest flow pattern. 

1.2.5 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. Based on the County Soil maps created in the 1960s 
and 70s, as well as the Drainage Guide for Ontario (Irwin, 1997), the soils of each watershed are 
detailed below (see Tables 1-3 and 1-4 below, and Figures 1-11 and 1-12 in Volume II). A map 
showing each of the watersheds is provided as Figure 1-3b (Volume II), while their grouping 
into five major study areas is shown in Figure 1-3a (Volume II). 

In general, the areas of clay occur along the Lake Ontario/St. Lawrence River shoreline, as 
depositional materials from the calmer lake/sea areas at the end of the last glaciation period. The 
Frontenac Axis area is predominantly sandy loam, while the Paleozoic geology areas to the east 
and west are predominantly loam.  

Table 1 - 3 Soil Types and Relative Drainage Type 

Soil Series Drainage Issue Drainage Class Hydrologic Soil Class 

Bancroft Sandy Loam GW Well A 
Bondhead Loam GW Well B 
Bookton Sandy Loam SW Well B 
Eastport Sand GW Well A 
Farmington Loam SW Well B 
Gananoque Clay SW Well C 
Grenville Loam GW Well B 
Kars Gravelly Sandy Loam GW Well A 
Monteagle Loam GW Well B 
Newburgh Loam SW Well B 
Otonabee Loam GW Well B 
Rockland Silty Loam GW Well B 
St. Thomas Sandy Loam GW Well A 
Tennyson Loam GW Well B 
Tioga Sandy Loam GW Well A 
Tweed Sandy Loam SW Well B 
Uplands Sandy Loam GW Well A 
Wendigo Sand GW Well A 
White Lake Gravelly Sand GW Well A 
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Table 1 - 4 Soil Types and Relative Drainage Type (continued) 

Soil Series Drainage Issue Drainage Class Hydrologic Soil Class 
Seeley’s Bay Loam SW Mod. Well C 
Waupoos Clay Loam SW Mod. Well C 
Achigan Sandy Loam GW Imperfectly B 
Battersea Loam SW Imperfectly C 
Berrien Loam SW Imperfectly C 
Carp Clay Loam SW Imperfectly C 
Emily Loam GW Imperfectly B 
Guerin Loam GW Imperfectly B 
Lansdowne Clay SW Imperfectly D 
Matilda Loam GW Imperfectly B 
Mountain Sandy Loam SW Imperfectly C 
Picadilly Loam SW Imperfectly D 
Rubicon Sand GW Imperfectly B 
Solmesville Clay SW Imperfectly C 
Allendale Loam SW Poorly C 
Hinchinbrooke Loam GW Poorly C 
Lindsay Clay SW Poorly D 
Lyons Loam GW Poorly C 
Moscow Clay SW Poorly D 
Napanee Clay SW Poorly D 
North Gower Clay Loam SW Poorly D 
Sidney Clay SW Poorly D 
St. Samuel Loam GW Poorly C 
Muck SW Very Poorly D 
Peat SW Very Poorly D 
Rock Outcrop    
Well Drained  - soil moisture does not normally exceed field capacity 
Moderately Well Drained - soil moisture above field capacity for a small amount of time, significant 
Imperfectly Drained  - soil moisture above field capacity for long periods of the year 
Poorly Drained  - soil moisture above field capacity for large part of year 
Very Poorly Drained  - free water within 300 mm of surface most of the year 
SW   - drainage problems related to excess surface water 
GW   - drainage problems related to excess groundwater 
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Table 1 - 5 Watershed Area, and Type of Soil Drainage 

Watershed Drainage Class Area of Drainage (km2/ %) 

Wilton/Spring/Little Creeks Well Drained 172.0 km2 / 41.0 % 
 Mod. Well Drained 1.0 km2 / 0.2 % 
 Imperfectly Drained 91.0 km2 / 21.7 % 
 Poorly Drained 109.3 km2 / 26.1 % 
 Very Poorly Drained 14.9 km2 / 3.6 % 
 Water 0.1 km2 / 0.0 % 
 Unclassified 31.0 km2 / 7.4% 
Millhaven Creek Well Drained 104.7 km2 / 58.5 % 
 Mod. Well Drained 0.2 km2 / 0.0 % 
 Imperfectly Drained 21.4 km2 / 12.0 % 
 Poorly Drained 22.0 km2 / 12.3 % 
 Very Poorly Drained 17.2 km2 / 9.6 % 
 Water 13.1 km2 / 7.3 % 
 Unclassified 0.5 km2 / 0.3% 
Collins Creek Well Drained 98.0 km2 / 60.1 % 
 Mod. Well Drained 0.0 km2 / 0.0 % 
 Imperfectly Drained 36.3 km2 / 22.3 % 
 Poorly Drained 17.5 km2 / 10.7 % 
 Very Poorly Drained 5.3 km2 / 3.3 % 
 Water 5.3 km2 / 3.3 % 
 Unclassified 0.5 km2 / 0.3% 
Little Cataraqui Creek Well Drained 32.8 km2 / 51.8 % 
 Mod. Well Drained 0.3 km2 / 0.5 % 
 Imperfectly Drained 19.4 km2 / 30.6 % 
 Poorly Drained 3.4 km2 / 5.4 % 
 Very Poorly Drained 7.3 km2 / 11.5 % 
 Water 0.0 km2 / 0.0 % 
 Unclassified 0.1 km2 / 0.2% 
 



Cataraqui Source Protection Area 
Watershed Characterization Report 
March 2008 

 

 

22
 

Table 1 - 6 Watershed Area, and Type of Soil Drainage (continued) 

Watershed Drainage Class Area of Drainage (km2/ %) 
Cataraqui River Well Drained 509.6 km2 / 54.3 % 
 Mod. Well Drained 29.5 km2 / 3.1 % 
 Imperfectly Drained 49.9 km2 / 5.3 % 

 Poorly Drained 32.7 km2 / 3.5 % 
 Very Poorly Drained 144.2 km2 / 15.4 % 
 Water 162.8 km2 / 17.3 % 
 Unclassified 10.3 km2 / 1.1 % 
Gananoque River Well Drained 252.9 km2 / 27.2 % 
 Mod. Well Drained 27.0 km2 / 2.9 % 
 Imperfectly Drained 74.2 km2 / 8.0 % 
 Poorly Drained 155.9 km2 / 16.8 % 
 Very Poorly Drained 307.9 km2 / 33.1 % 
 Water 71.6 km2 / 7.7 % 
 Unclassified 40.0 km2 / 4.3 % 
Jones/Lyn/Golden Creeks Well Drained 67.7 km2 / 30.1 % 
 Mod. Well Drained 0.8 km2 / 0.3 % 
 Imperfectly Drained 37.4 km2 / 16.6 % 
 Poorly Drained 34.3 km2 / 15.2 % 
 Very Poorly Drained 81.0 km2 / 36.0 % 
 Water 2.3 km2 / 1.0 % 
 Unclassified 1.8 km2 / 0.8% 
Buells/Butlers Creek Well Drained 28.9 km2 / 54.1 % 
 Mod. Well Drained 0.0 km2 / 0.0 % 
 Imperfectly Drained 3.2 km2 / 6.0 % 
 Poorly Drained 11.1 km2 / 20.8 % 
 Very Poorly Drained 9.1 km2 / 17.0 % 
 Water 0.0 km2 / 0.0 % 
 Unclassified 1.1 km2 / 2.1% 
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1.2.5.1       Lake Ontario Study Area 
Loams are the predominant soil type, particularly in the northern part of the Lake Ontario Study 
Area. Closer to the Lake Ontario shoreline, the soils are mainly clay. Agriculture is a significant 
land use within this study area, mainly owing to the gentle terrain and good soils. This study area 
also contains a number of urban areas, the largest being Kingston.  

Wilton, Spring and Little Creeks 
The Wilton, Spring, Little Creek drainage area is covered by various loams in the upper 
watershed area (attractive to farming), with clay predominating in the lower watershed. 

The upper reaches of Wilton, Spring, and Little Creeks have a combination of Bondhead and 
Farmington Loams, with Muck and marsh occurring along upper Wilton Creek. North of Odessa, 
Guerin Loam appears in the Wilton watershed. Little and Spring Creeks flow through areas of 
Moscow Clay, and Moscow Clay again occurs in mid Loyalist Township. In the north-west 
corner of Loyalist Township, along Little Creek, Guerin Loam occurs again. Near Violet, along 
Wilton Creek, Tioga, Berrien, Bookton, and Newburgh (Sandy) Loams, as well as Guerin and 
Bondhead Loam can be found. Picadilly loam occurs near Morven. In the lower reaches of the 
creeks, (mostly in Napanee, but some portions of western Loyalist) the soil changes to 
predominantly Napanee and Lansdowne Clay, with some remaining Bondhead and Farmington 
Loam. 

Hay Bay/Lake Ontario 
In the most westerly area, Adolphustown, of the Hay Bay drainage area, the soils are a 
combination of clays and loams. On the southern peninsula, Lansdowne Clay occurs along the 
west and south shores, with Napanee Clay covering the interior. Emily, Otonabee, and 
Farmington Loams occur toward Hay Bay itself, with Solmesville Clay along the southern shore 
to the eastern end. 

Along the northern peninsula, Napanee and Lansdowne Clays dominate the southwest shore, 
with Emily, Bondhead, and Farmington Loams in the interior. Also, there is a White Lake 
gravelly-sandy loam deposit in the south west interior. 

Millhaven 
The upper reaches of the Millhaven watershed (Canadian Shield area) have various loam soils 
(Monteagle around Gould and Upper Sydenham Lakes, Newburgh on the eastern end of 
Sydenham Lake, and exposed rock to the eastern end as well); this changes on the limestone 
plain. The western end of Sydenham Lake changes to Bondhead Loam, with Farmington and 
Guerin Loams appearing near Odessa Lake, as well as Muck along the wetland areas between 
Sydenham and Odessa. Along the lower reaches of the creek, near Lennox and Addington 
County Road 4, the soil changes to Napanee Clay, with some Farmington Loam to the west side 
of the creek right at its mouth. 

Collins  
The upper watershed of Collins Creek, south of Inverary Lake, has soils of Battersea (Silty) 
Loam, with Farmington, Bondhead and Guerin Loams covering most of the rest of the lake 
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drainage area. There are some small Napanee Clay areas, and some Lansdowne Clay areas near 
Glenburnie. Farmington Loam dominates the area south of Collins Lake, with some Lyons and 
Guerin Loam to the North. Napanee Clay follows along the creek starting north of Highway 401, 
as well as along Westbrook Creek. Lansdowne Clay occurs in the lower reach along the east side 
of the creek near the mouth, with Farmington Loam to the west. 

Drainage to Lake Ontario West of Kingston 
Napanee and Lansdowne Clays occur near the Kingston Airport, with Farmington Loam to either 
side of Collins Bay, as well as along the shore from the bay to past Amherstview. Napanee Clay 
occurs north of the Loam (with Farmington Loam again occurring north of the clay at Parrott’s 
Bay). 

Little Cataraqui Creek 
Some Lansdowne Clay occurs near the upper Little Cataraqui Creek watershed, as well as some 
Newburgh and Farmington Loam. Gananoque Clay occurs along the creek from the upper 
reaches to the junction of the Main and West branches, with Lansdowne Clay located to either 
side. Farmington Loam is dominant in the upper drainage area of the West branch, with Napanee 
Clay near the lower reaches of the creek. Muck occurs throughout the wetland areas. 

Area Draining to Lake Ontario Between Kingston and Gananoque 
Gananoque Clay occurs along the shoreline in this area (though Farmington Loam occurs close 
to the Cataraqui River). Rockland, Napanee Clay, and Farmington Loam occur further from the 
shoreline, with some areas of Lansdowne Clay as well. 
1.2.5.2       Cataraqui River Study Area 
The northern part of this study area contains a significant number of lakes and rocky terrain, 
much of it unsuitable for farming. In the early days of settlement, there were some logging and 
small-scale mining operations located in this area. Now the predominant land uses are seasonal 
residences (cottages) and recreation.  

From an agricultural perspective, soils improve at the southern end of the study area with pockets 
of loam, silty loam and clay adjacent to the Cataraqui River. Farming in this study area is 
concentrated in these locations.  

The largest urban area in the CSPA, Kingston, is located at the very south end of the study area 
at the mouth of the Cataraqui River. 

Cataraqui River 
The soil cover of the upper watershed of the Cataraqui River in Frontenac County is completely 
Monteagle Loam, with the exception of exposed rock along the east basin of Loughborough Lake 
and around Newboro Lake, and some Battersea (Silty) Loam near Battersea.  

Northeast of Sand Lake this changes, with exposed rock on the north side of the lake, and a large 
area of Farmington Loam near Elgin. Smaller areas of Battersea and Grenville Loam occur 
towards Crosby. Between Crosby and Newboro, along the RVCA border, there are various areas 
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of Farmington, Kars, Matilda, Tennyson, North Gower, and Allendale Loams, Rubicon Sand, 
and Napanee Clay. 

In the lower reaches, near Seeley’s Bay, there is Monteagle Loam to the west, Seeley’s Bay Loam 
to the east, Rockland to the south, with Battersea (Silty) Loam (south of Battersea) to the west 
and Hinchinbrooke Silty Loam and Lyons Loam to the east. North of the Upper River Styx, 
Seeley’s Bay (Silty) Loam occurs, with Farmington Loam and Lansdowne and Napanee Clay on 
the south side. Gananoque Clay occurs on both sides of the lower lake, with Farmington Loam 
further north. Around Colonel By Lake, Napanee and Gananoque Clay occurs, as well as Rock 
Outcrops. Below Kingston Mills, Gananoque Clay occurs on the west side of the river, with 
Lansdowne Clay to the east. 
1.2.5.3       Gananoque River Study Area 
The Gananoque River Study Area has the most variety of soil types within the CSPA. The 
northern part of the study area contains a significant amount of loam, with pockets of clay loam 
and silty loam. The central portion has a large amount of sandy loam and rocky terrain. The 
southern portion of the study area is mainly clay.  

Agriculture is concentrated at the north and south ends of the study area, with cottages and 
recreational uses located mainly in the central part. The Town of Gananoque, the largest urban 
area in the study area, is located at the southernmost point at the mouth of the Gananoque River. 

Gananoque River 
The upper drainage area to the Beverley Lakes is mostly Farmington loam, with some small 
areas of North Gower, Battersea, Grenville, Matilda, Seeley’s Bay, and Picadilly loam from the 
north, and Hinchinbrooke and Seeley’s Bay loam from south into Lower Beverley Lake. 

The drainage to Charleston Lake includes soils of Farmington, Matilda, Lyons, and Grenville 
loam north of Athens, while Farmington, North Gower, Grenville and Tennyson Loam are to the 
immediate north of the lake, and additional Rockland surrounds the lake. 

Below Lyndhurst Lake, and to Black Rapids, the soils are a mix of Rockland, Seeley’s Bay, 
Uplands, Piccadilly, Battersea, and Hinchinbrooke loam, with Lansdowne and Napanee Clay, as 
well as White Lake Gravelly Sand loam. 

The Wiltse Creek bog area below Outlet Dam includes Napanee Clay, Rockland, peat, and small 
areas of Gananoque Clay. 

Drainage from the west to the river below Marble Rock Dam is mainly Napanee and Lansdowne 
clay, with some White Lake Gravelly Sand loam along the watershed border with the Cataraqui 
River. There is Rockland along the river on both sides, with Napanee Clay dominating most of 
the drainage from the east, as well as to the mouth. 
1.2.5.4       St. Lawrence River Study Area 
The St. Lawrence River Study Area extends along the shoreline of the river from just east of 
Kingston to Brockville and includes the Thousand Islands. 
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Much of the shoreline areas and islands are either clay or sandy loam. The islands also contain a 
lot of Rock Outcrops. There is some agriculture in this area, but much of the land use is rural 
residential or recreational. 

In the northeastern portion of the study area, there is Brockville, the second largest urban area in 
the CSPA. Surrounding Brockville, there is a substantial area of loam, with some pockets of 
sandy loam. Agriculture is a significant land use in this part of the study area. 

St. Lawrence Drainage between Gananoque and LaRue Mills 
The soils of this small drainage area are Napanee Clay on the western half, and Rockland on the 
eastern half, with some areas of Lansdowne clay, as well some areas of St. Thomas Sandy Loam 
along the eastern end of the shoreline. 

La Rue Creek 
Napanee Clay occurs along the northwest boundary of the LaRue Creek watershed with the 
Gananoque River, as well as a band north of Highway 401. There is a Lansdowne clay band 
through the centre of the watershed, while the rest is Rockland. 

Jones Creek 
The north end of the Jones Creek watershed is a combination of Farmington, Matilda, and 
Grenville loam, while the middle is Rockland, with Lansdowne clay north of Highway 401. The 
central watershed has areas of Muck, Seeley’s Bay, Battersea, Matilda and Hinchinbrooke loam, 
with some Gananoque and Napanee Clay as well. Achigan loam occurs along the St. Lawrence 
River shoreline west of the creek mouth, while further west along the shore is St. Thomas Sandy 
Loam. 

Lyn Creek 
Above Lees Pond in the Lyn Creek watershed the soils are Farmington, Grenville, and Matilda 
loam, with Napanee Clay along the creek. Hinchinbrooke loam is found in a southwest-northeast 
direction along a small tributary creek towards the village of Lyn. Farmington loam is found 
along the eastern side of the watershed, while the lower watershed has areas of St. Thomas, 
Allendale, Rubicon, North Gower, and Uplands loam.  

Golden Creek 
Farmington loam occurs in northern and central areas of the Golden Creek watershed, with small 
areas of Grenville, Lyons, and Matilda loam. Lyons Loam is located along the creek in the centre 
of the watershed, with Napanee Clay and Muck to the west, and Farmington, Rubicon and 
Matilda loam to the east. Near Lyn, there is Napanee and Kars clay, as well as Rockland. 

Drainage to St. Lawrence between Lyn and Buells 
Along the shoreline and the northern portion of the area draining to the St. Lawrence River 
between Lyn and Brockville, the soil is Farmington loam, with St. Thomas, Achigan, and 
Cheney loam in the central portion of the area. 
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Buells Creek 
The upper watershed of Buells Creek (Mac Johnson Wildlife Area) is mainly Muck, with 
Farmington and Rubicon loam to the north of that. Farmington loam occurs throughout the 
watershed, with Napanee Clay located along the creek to the junction with Butlers Creek. 

Butlers Creek 
Farmington, Lyons, Hinchinbrooke, Rubicon, St. Samuel, and Uplands loam are located in the 
northern part of the Butlers Creek watershed, with Muck in the upper central area, then St. 
Samuel, Farmington, Hinchinbrooke, Grenville, and Achigan loam south of the Muck, with 
Farmington loam covering much of the lower watershed to the junction with Buells Creek. 

St. Lawrence East of Brockville 
The area draining to the St. Lawrence River east of Brockville is Farmington loam in the west, 
with a mix of Grenville, Matilda, and Achigan loam to the east. 
1.2.5.5       Tri-Islands Study Area 
All three islands have mainly clay soils, with some pockets of loam. The predominant land use 
on Wolfe, Howe and Amherst Islands is agriculture, with some rural residential areas. The flat, 
gentle terrain and limited tree cover provide an ideal environment for farming. 

Wolfe Island 
The soils of Wolfe Island are mainly Napanee and Lansdowne (predominant) Clay, with some 
Farmington Loam on the northwest and northeast shorelines, as well as some pockets near 
Marysville. The west end of the island has some peat, with Eastport Sand on Big Sandy Bay. 
Along the south shore of the island, there is some Newburgh Loam, and there is some 
Gananoque Clay on the east end of the island. 

Howe Island 
The west end of the island has a large area of Napanee Clay, while most of the rest of the island 
is a combination of Napanee and Lansdowne Clay, with small areas of Gananoque Clay at the 
very east end and the centre of the island. Farmington Loam occurs along the north and south 
shores, with pockets on the east end as well. 

Amherst Island 
Amherst Island soils are mostly Napanee Clay in the central area, with Farmington Loam to 
either tip (west and east), as well as some strips through the centre in a general northeast-
southwest direction of Farmington, Bondhead and Piccadilly Loams. Lansdowne Clay occurs 
along the north shore as well as the east and west tips of the island, between the Napanee Clay 
and Farmington Loam. 

Figures 1-5a and 1-5b in Volume II show the soil composition across the region, and Figure 1-
14 in Volume II shows the land use across the region. Figure 1-15 in Volume II shows the 
combination of these two factors. Table 1-5 below shows the amalgamation of the Landcover28 
classes for use in this analysis. 
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Table 1 - 7 Landcover28 Combination for Soil/Landcover Comparison  

Figure 1-13 Landcover Grouping Landcover28 Grouping 

Water Water 

Bedrock Bedrock 

Other Mudflats 

Forest Forest – Dense Deciduous 

 Forest – Dense Coniferous 

 Forest Depletion – burns 

 Forest Depletion – cuts 

Swamp Marsh – Intertidal 

 Marsh – Inland 

 Swamp – Deciduous 

 Swamp – Coniferous 

 Fen – Open 

Settlement Settlement and Developed Land 

Agriculture Pasture and Abandoned Fields 

 Cropland 

 

Appendix B shows the general breakdown of land cover and soil type across the CSPA.  

The largest total land cover in the CSPA is woodland at 46 percent, followed by agriculture at 43 
percent.  Relating that to soil type, the largest land cover/soil type is woodlands on sandy loam 
(19 percent) followed by agriculture on shrinking or aggregate clays (17%). Next is agriculture 
on loam at 15 percent and then woodlands on loam at 12 percent. The rest of the land cover/soil 
type comparisons vary below six percent. 

1.3 Hydrology 
There are 12 major watersheds in the CSPA (see Figure 1-3b in Volume II). They include:  

• Wilton, Spring and Little Creeks,  
• Millhaven Creek; 
• Collins Creek; 
• Little Cataraqui Creek;  
• Cataraqui River;  
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• Gananoque River;  
• LaRue Mills Creek; 
• Jones, Lyn and Golden Creeks; 
• Buells and Butlers Creeks; 
• Amherst Island;  
• Wolfe Island; 
• Howe Island; 

These 12 watersheds represent drainage areas larger than 50 km2. All additional watercourses 
have drainage areas smaller than 50 km2, and are grouped together as miscellaneous drainage to 
Lake Ontario and the St. Lawrence River. They include Hay Bay, Bay of Quinte, Bath Creek, 
Parrott’s Creek, Highgate Creek, Grass Creek, Abbey Dawn Creek, and Moore’s Creek. 

Figure 1-3b in Volume II displays subwatersheds to facilitate the discussion in upcoming 
sections. 

The CSPA has also been grouped into five study areas (see Figure 1-3a in Volume II) based on 
the above noted watersheds. Where possible, the following subsections are described in terms of 
the whole CSPA, and then in terms of each of five study areas, as well as the watersheds and 
subwatersheds, where appropriate. The five study areas include Cataraqui River, Gananoque 
River, Lake Ontario, St. Lawrence River and Tri-Islands.  

1.3.1 Surface Water Hydrology 

1.3.1.1       Stream Drainage 
The CSPA has two main rivers, the Cataraqui (see Figure 1-16a in Volume II) and the 
Gananoque (see Figure 1-17a in Volume II), which flow in southerly directions through the 
central part of the region to Kingston and Gananoque, respectively. The remaining westerly (see 
Figure 1-18 in Volume II) and easterly (see Figure 1-19 in Volume II) sectors are drained by 
several smaller streams in a general southwest direction. Each of the islands in the Tri-Island 
area typically drain from the centre of the island to Lake Ontario or the St. Lawrence River 
(Figure 1-20 in Volume II). The general water flow is thought to be directed by the south-
west/north-east faulting of the Paleozoic geology, allowing creeks to flow along these 
discontinuities, and the depressions formed in the Precambrian geology by glacial scour, 
forming lakes. The drainage systems are described in more detail in the following sections.  

Cataraqui Study Area 
The Cataraqui River serves as the Rideau Canal route from the height of land near Newboro to 
the LaSalle Causeway at Kingston. The system is controlled by a series of locks operated during 
the navigation season, as well as dams (water level and power-generation) operated year-round. 

Major subwatersheds that are tributaries to the Cataraqui are the Devil Lake, Buck Lake, and 
Loughborough Lake systems (Figure 1-16a in Volume II). 
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Devil Lake 

The Devil Lake system, with a drainage area of almost 180 km2 is the largest basin tributary to the 
Cataraqui River. The Devil Lake basin is characterized by extensive woodland cover and rolling 
Canadian Shield topography. Three control dams are located on the system, all of which are owned 
and operated by Fortis Properties, a hydroelectric power company. The uppermost dam is at the 
outlet of Canoe Lake. The next dam is located at the outlet of Kingsford Lake; it maintains water 
levels in Knowlton, Holleford, Desert, Birch and Kingsford Lakes and their interconnecting 
channels. Water then flows into Devil Lake which in turn discharges into Loon Lake by means of a 
third control dam at Bedford Mills. 

Buck Lake 

The Buck Lake Dam controls the level of Buck Lake, and drains to Mississauga Creek which flows 
into Indian Lake. The dam controls the drainage from an area of over 50 km2. The Buck Lake basin 
is also characterized by wooded, rolling topography. 

Loughborough Lake 

The headwaters of Loughborough Lake, one of the largest lakes in the drainage area, are less than 
ten kilometres north of Kingston. This lake drains through two control dams, located at Battersea 
(flow south through Millburn Creek to Cranberry Lake) and at the northeast end of the lake (Hart 
Creek). Streamflow is usually regulated through Hart Creek to Opinicon Lake more than 30 
kilometres northeast of Kingston before being allowed to turn south in its journey to Lake Ontario, 
but water can also be discharged at Battersea. 

The upper portion of the Cataraqui River system (above Jones Falls/Morton Creek) historically 
drained to the Gananoque River via Whitefish Creek (now called Morton Creek) (Watson, 2004, 
2005 and 2006). However, this was altered in the early 1800’s when a mill dam was built on 
Whitefish Creek near present day Morton, and a second dam was built near the present day 
Brewer’s Mills lock station. This created a backwater area known as the “Drowned Lands” or 
Cranberry Marsh. The water was then routed both to the lower Cataraqui River via Brewer’s Mills 
and to the Gananoque River via Whitefish Creek. During the construction of the Rideau Canal, 
these two water control structures were rebuilt, and the current drainage pattern was established, 
with flow to the Gananoque River via Morton Creek occurring only for spill purposes. While the 
upper Cataraqui lakes were part of the Gananoque system, Loughborough Lake appears to have 
always drained south through the Cataraqui River. See Figure 1-16b below for a view of water 
flow through the major lakes within the Cataraqui River Study Area and Figure 1-16c below for a 
view of the historical (pre-Rideau Canal) Cataraqui River and Gananoque River watersheds. 

The water level profile for the Rideau Canal from Kingston to Ottawa is shown below on Figure 1-
16d (Department of Energy and Resources Management – Conservation Authorities Branch, 1968). 
The water level profile indicates the elevation in feet and the horizontal distance in miles from the 
confluence to each point along the stream course. Similar data for the rivers and lakes tributary to 
the Cataraqui River and for the streams in the eastern and western sections are shown below in 1-
16e (Department of Energy and Resources Management – Conservation Authorities Branch, 1968). 
The distances and elevations have been interpolated from 1:50,000 topographic maps.



Cataraqui Source Protection Area 
Watershed Characterization Report 
March 2008 

 

 

31
 

  
Figure 1-16b Cataraqui System Schematic 
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Figure 1-16c: Historical Cataraqui River and Gananoque River Watersheds 

(Source: Engineered Landscapes – The Rideau Canal’s Transformation of a Wilderness 
Waterway {Watson, 2006})
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Figure 1-16d Rideau Canal Profile (Department of Resources and Energy Conservation Authorities Branch, 1968)
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Figure 1-16e: CRCA Lakes Profiles (Department of Resources and Energy Conservation Authorities Branch, 1968)   
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Gananoque River Study Area 
The Gananoque River is one of two major rivers in the region and was the subject of the 
Gananoque Watershed Management Study from 1981-83 (Crysler and Lathem, 1981, Cumming 
Cockburn Ltd/Lathem Group, 1982, 1983). The Gananoque River system can be subdivided into 
four subwatersheds: the Beverley Lakes, Charleston Lake, Gananoque Lake, and the Lower 
Gananoque River (Figure 1-17a in Volume II). 

Beverley Lakes 

The two Beverley Lakes, Upper and Lower, are regulated by water control structures that are 
owned and operated by the Ontario Ministry of Natural Resources (MNR) (Kemptville District). 
Upper Beverley Lake is controlled by the Upper Beverley Lake Dam while Lower Beverley 
Lake is controlled by the Lyndhurst Dam. 

The Beverley Lakes are primarily cottage lakes. The majority of the area draining to the lakes is 
Canadian Shield geology, covered in woodlands. 

Lyndhurst Creek flows from the Lyndhurst Dam into Lyndhurst Lake, which then flows into 
Gananoque Lake at Black Rapids. 

As mentioned previously, the upper portion of the Cataraqui River system historically drained to 
the Gananoque River via Morton Creek. At present time, only flow associated with overspill 
during high water conditions goes into the Gananoque River via Morton Creek. 

Charleston Lake 

Charleston Lake is the largest inland lake in the CSPA. It is primarily a cottage lake transitioning 
toward year-round residences.  One-third of the Gananoque River drainage area flows through 
the dam at Outlet, which controls the lake levels. The dam is owned and operated by Fortis 
Properties. 

Drainage from the north into Charleston Lake includes Lake Eloida, which drains through 
Athens, into Wiltse Lake, and then into Charleston Lake through Beales Creek. The other major 
tributary to the lake is the Leeders Creek tributary. The Leeders Creek area includes Temperance 
Lake at the upstream end which flows into Centre Lake then into Graham Lake and finally into  
Leeders Creek and Charleston Lake (see Figure 1-17b below). 

Temperance Lake and Centre Lake are controlled by CRCA owned and operated water control 
structures, the Temperance Lake Dam and Marsh Bridge Dam, respectively. Graham Lake is 
controlled by the MNR owned and operated Graham Lake Dam.  

The majority of the drainage area to Charleston Lake is woodland area of the Frontenac Axis. 

There is a diversion from Centre Lake to Lees Pond on the Lyn Creek system. This was put in 
place in the 1700s when the Fred Grant Dam was built, diverting water into the Lyn system to 
power the many mills located there. The diversion is still in place, but does not divert water until 
a particularly high water level is reached on Centre Lake. Along the same lines, if Lees Pond 
water levels are exceptionally high, water could flow to Centre Lake. 
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Figure 1-17b: Gananoque System Schematic 
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Gananoque Lake 

The Beverley Lakes subwatershed drains to Gananoque Lake from the north via Lyndhurst Lake. 
Charleston Lake drains via Wiltse Creek from the northeast. Gananoque Lake is controlled by 
the Marble Rock Dam, owned by Fortis Properties.  

The drainage area is Canadian Shield forest covered area, with some farmland. 

Lower Gananoque River 

Water drains from the Marble Rock Dam to Gananoque, where it is held in the storage pond 
behind the Gananoque Dam (also owned by Fortis Properties). The river between Marble Rock 
and Gananoque has many small tributaries, mainly municipal drains from the surrounding 
farmland. The drainage area is mostly flat farmland and clay plain. 

Much of the Gananoque River lake system is owned by Fortis Properties, originally deeded the 
water rights in the 1800’s and incorporated as the Gananoque Light and Power Company in 1868 
to construct dams and produce hydro-electric power. 

The drainage basins east and west of the Cataraqui and Gananoque basins range in area from 
about 25 to 250 km2. There are also additional streams having drainage areas less than 25 km2. 

Lake Ontario Study Area  

The streams west of the Cataraqui River generally flow in a southwesterly direction. These 
include Little Cataraqui Creek, Collins/Glenvale/Westbrook and Highgate Creeks, Millhaven 
Creek, and Wilton/Spring/Little Creeks. Their drainage basins do not possess any major lakes 
except for the Millhaven and Collins Creek basins. However, in these two basins the lake area is 
only about five percent of the total basin area. Spring/Little and Wilton Creeks, the most 
westerly streams, empty into Hay Bay with the remaining streams emptying into Lake Ontario 
(see Figure 1-18 in Volume II). 

St. Lawrence River Study Area 

The area east of the Gananoque River is drained by La Rue, Jones/Lyn/Golden, Buells and 
Butlers Creeks and several smaller creeks, all emptying into the St. Lawrence River. La Rue 
Creek flows through a typical Leeds Knobs and Flats area and has many municipal drains as 
tributaries. Jones Creek has a larger drainage area, but exhibits a drainage pattern quite similar to 
La Rue Creek. However unlike La Rue Creek, Jones Creek has two ponds. Lees Pond is the 
headwaters of Lyn Creek and Lambs Pond is the headwaters of Golden Creek. Buells and Butlers 
Creeks flow through a mostly till plain, more characteristic of the area further to the east of the 
CSPA. 

There are water control structures at the Buells Creek Reservoir (Broome-Runciman Dam) on 
Buells Creek north of Brockville and at Lees Pond (Fred Grant Dam) on the Lyn Creek system 
north of Lyn. 

The generally shallow bedrock surface controls drainage. In the west and central portions of the 
watershed, drainage is characterized by numerous lakes and swamps associated with poorly 
drained depressions in the Precambrian rock surface. Towards the east, near the headwaters, the 
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watershed is underlain by generally flat lying and relatively level Paleozoic bedrock. The lack of 
significant depressions in the bedrock has resulted in a decrease in the amount of lakes as 
compared to the western portion of the watershed. However, this imperfectly drained clay plain 
has created numerous riverine wetland areas (see Figure 1-19 in Volume II). 

Tri-Islands Study Area 

Wolfe, Howe, and Amherst Islands typically have small watercourses forming near the centre of 
the island, and flowing towards the outside in a general southwest or northeast direction (see 
Figure 1-20 in Volume II). 
1.3.1.2       Stream Gauges 
There are currently eight active Water Survey of Canada (WSC) stream gauges in operation in 
the CSPA, with one historic station now being operated by the Rideau Canal. One new station 
was constructed in 2005 on Millhaven Creek at the Sydenham. Also, in 2006 the reconstruction 
of an historic station at Lyndhurst on Lynhurst Creek took place. Table 1-6 below shows the 
available data for each stream gauge from EC’s Hydrometric Database (HYDAT) and Figure 1-
21 in Volume II locates each stream gauge. The Wilton, Millhaven, Collins, and Lyn Creek 
stations date back to the late 1960s, while the Little Cataraqui and Buells Creek stations were 
installed in 1989. The Lyndhurst Creek station was originally in operation from 1971 to 1977, 
while the Chaffey’s Lock station on the Rideau Canal operated from 1978 to 1997. 
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Table 1 - 8 CSPA Stream Gauge Periods of Record  

Station HYDAT Period of Record 

 Partial Year Complete Year 

Buells Creek 1989 - 2003 2003 - 2007 (WSC) 

1989 - 2007 (CRCA) 

Cataraqui River at Chaffey’s Lock* 1978, 1984 - 
1997 

1979 – 1983 (WSC) 

1979 - 2007 (Rideau Canal) 

Collins Creek 1969 1970 – 2007 

Little Cataraqui Creek, West 
Branch 

1990 - 2000 1989, 2003 - 2007 (WSC) 

1989 - 2000, 2003 - 2007 (CRCA) 

Lyn Creek 1970,1982, 
1998 

1971 – 1981, 1984 - 1997, 2005 – 2007 
(WSC) 

1970 – 1981, 1984 - 2004, 2005 - 2007 
(CRCA) 

Lyndhurst Creek 1971, 1978 

reconstructed 
2006 

1972-1977(demolished), 2007 

Millhaven Creek at County Road 4 1968, 1969, 
1970, 1986 

1971 – 1985, 1987 - 2007 

Wilton Creek 1965 1966 to 2007 

Millhaven Creek at Sydenham Constructed 
late 2005 

2006-2007 

 (*Operated by Rideau Canal) 

Note: The stream gauge flow data is available through the Water Survey Division of Environment Canada. Corrected flow data is generally 
provided two years after the collection (i.e. 2005 data is available in 2007), but up to date water level data is collected and archived by the CRCA, 
and is available from Environment Canada in almost real-time through a website. The water level data can be converted to rough flow data. 

 

The CSPA Conceptual Water Budget Report (CRCA, 2007) and the CSPA Tier 1 Water Budget 
Report (CRCA, 2008) go into more detail on the specifics of the annual and monthly flow 
variation across the CSPA. In general, flow is very similar across the CSPA with peak flows 
during the spring freshet and minimum flows during August and September.  

In addition to the stream gauges, and the base flow monitoring work being conducted in 2006 
and 2007 (see water budget reports), the water level and log setting records at the structures 
should provide enough information to simulate additional flow data. 
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1.3.1.3       Structures 
Figure 1-22 in Volume II details the location of water control structures within the CSPA. The 
39 structures currently in operation have a significant influence on the hydrology of the CSPA. 

Historically, there have been a number of mill dams across the CSPA, dating from as early as the 
1700s. In most cases, these structures have been removed, or were left in disrepair to the point of 
self-destruction. However, in some cases, these historic structures were maintained, or re-
constructed to form one of the structures we have today. The remains of some of the old mills are 
still visible in some cases. 

Existing structures have an obvious influence on the hydraulics of the watercourses. There are 
also impacts from the historic structures. The structure remains themselves, as well as channel 
alterations from dam construction/destruction affect watercourse hydraulics. Each of the 
structures would have changed the “natural” flow regime of the watercourse, and it is expected 
that it is still altered, though it may have been stable for a hundred years or more. 

There are six agencies who own the larger structures in the CSPA. The CRCA owns seven, and 
operates three (one for Kingston, two for Brockville), the MNR owns three, the Rideau Canal 
owns eight, the power generation company, Fortis Properties, owns 15, the City of Brockville 
owns two (operated/maintained by CRCA), Loyalist Township owns two, and the City of 
Kingston owns five (one operated/maintained by CRCA). These structures are displayed by 
watershed or drainage area in Table 1-7 below. 

Table 1 - 9 Water Control Structures by Watershed or Drainage Area  

Watershed Control Structure Name Owner 

Sydenham Lake Dam CRCA 

Millhaven Dam CRCA 

Potters Dam Loyalist Township 

Millhaven 
Creek 

Babcock Mill Dam Loyalist Township 

Cataraqui West Subdivision Stormwater Retention Pond City of Kingston 

Zanette Stormwater Pond City of Kingston 

Highgate 
Creek 

Highgate Creek Channelization City of Kingston 

Little Cataraqui Creek Dam CRCA 

Stormwater Pond B1S City of Kingston 

Little 
Cataraqui 
Creek 

Lion’s Civic Park Stormwater Pond City of Kingston 

Canoe Lake Dam Fortis Properties 

Kingsford Lake Dam Fortis Properties 

Bedford Mills Fortis Properties 

Cataraqui 
River 

Buck Lake Dam Fortis Properties 
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Table 1 - 10 Water Control Structures by Watershed or Drainage Area (continued)  

Watershed Control Structure Name Owner 

Newboro Locks Rideau Canal 

Newboro Fortis Properties 

Chaffey’s Locks Rideau Canal 

Chaffey’s Fortis Properties 

Davis Locks Rideau Canal 

Jones Falls Dam Rideau Canal 

Jones Falls Locks Rideau Canal 

Jones Falls Generation Fortis Properties 

Morton Spill Fortis Properties 

Loughborough Lake Dam Fortis Properties 

Hart Lake Dam Fortis Properties 

Upper Brewers Mills Locks Rideau Canal 

Upper Brewers Generation Fortis Properties 

Lower Brewers Mills Locks Rideau Canal 

Kingston Mills Generation Fortis Properties 

Cataraqui 
River 

Kingston Mills Locks Rideau Canal 

Upper Beverley Lake Dam MNR 

Lyndhurst Dam MNR 

Temperance Lake Dam CRCA 

Marsh Bridge Dam CRCA 

Graham Lake Dam MNR 

Outlet Dam Fortis Properties 

Marble Rock Dam Fortis Properties 

Gananoque 
River 

Gananoque Dam Fortis Properties 

Lyn Creek Fred Grant Dam CRCA 

Broome-Runciman Dam CRCA 

Buells Creek Detention Basin City of Brockville 

Buells 
Creek 

Booth Falls Channelization City of Brockville 
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In general all the dams are operated in the same fashion. Levels are lowered in the fall to provide 
a stable winter ice level, as well as storage volume for the spring freshet in order to minimize the 
potential for flooding. The levels typically peak in spring, during freshet, and stabilize in late 
spring. As flows start to decline, the discharge is reduced to maintain stable water levels over the 
course of the summer. Then in the fall, the levels are lowered again for the winter. 

The lakes that provide feeder volumes for the operation of the Rideau Canal and Fortis 
Properties power generation deviate slightly from these operations. Once they reach their peak 
water level in the spring, they do not necessarily stabilize over the summer, but rather decline 
consistently over the summer to provide augmented flows to the Canal and power company. 

1.3.2 Groundwater and Hydrogeology 
Generally, the groundwater flow follows the topography, flowing south towards Lake Ontario 
and the St. Lawrence River.  

Two recent groundwater studies have been completed in the CSPA, the United Counties of 
Leeds and Grenville Groundwater Management Study (Dillon, 2001) and the Western Cataraqui 
Region Groundwater Study (Trow, 2007). Both used the MOE water well database to determine 
depth to water table, thickness of geology as well as groundwater flow direction. In addition, a 
groundwater and aquifer characterization study was conducted by CSPA staff for Frontenac 
Islands (CRCA, 2007). There are approximately 25,000 water well records in the CSPA. Dillon 
(2001) used 4,000 records, and Trow (2006) used approximately 13,000 records on which to 
base their analyses. It is important to note that many water well records have poor location detail 
or other information that makes them unusable; therefore, a number of these records have been 
excluded from analysis. The percentage of bedrock wells is consistent across the studies, with 
upwards of 95 percent of wells drilled into bedrock. 

Additional information such as recharge areas, discharge areas, direction of groundwater flow, 
material composition, properties and depositional environment of aquifers is yet to be included in 
the text or maps of this report. This information is being gathered as part of the Cataraqui 
Groundwater Vulnerability Analysis Report (Dillon, Forthcoming). However, in general, it is 
noted that much of the CSPA area could be considered as recharge area, due to the presence of 
shallow soil over fractured bedrock. As was noted above, the general flow of water is considered 
to be in a general southern direction, following topography. 

Also, there is some indication of groundwater inflow into the CSPA from the Napanee River 
watershed (along the northern Loyalist Township boundary and near Harrowsmith) and the 
Rideau River watershed (near Newboro) watersheds from the two recent regional groundwater 
studies. This appears to be consistent with the initial findings of the Cataraqui Groundwater 
Vulnerability Analysis Report (Dillon, Forthcoming). 
1.3.2.1       Fractured Bedrock 
Much of the CSPA is characterized by shallow overburden over fractured bedrock. Bedrock 
geology influences the groundwater quantity because rocks have either large or small fractures 
for water to move through. The larger the spaces are between the rocks, the more is able to 
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move. 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 (e.g. Berkowitz, 2002; Tsang and Neretnieks, 1998). Field scale studies in 
fractured rock hydrogeology are ubiquitous (Oxtobee and Novakowski, 2002, Zanini et al., 2000, 
Yager and Kappel, 1998, Rosenberry and Winter, 1993); however the behavior of groundwater 
flow through fractured rock on regional scale is not well documented (Gleeson, 2007). Field-
scale studies do show, however, that bedrock fractures are difficult to identify and that flow 
through individual fractures is fast (Milloy, 2006; Praamsma, 2006, Zanini et al., 2000). 
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.  

Precambrian rocks become less fractured and more mineralized with increasing depth, which 
makes it difficult to procure sufficient water quality and quantity at great depths. The Paleozoic 
sandstones of the Nepean formation produce very high quality groundwater, where the 
limestones and dolostones of the March, Shadow Lake, Gull River, Bobcaygeon, and Verulam 
Formations are generally good but can have sulphide pockets in the interbedded shale layers that 
give water a “rotten egg” smell. Generally, groundwater in the CSPA is “hard” from calcium and 
magnesium minerals leaching from the bedrock to the water. 

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 water and likewise, contamination. 
1.3.2.2       Provincial Groundwater Monitoring Network Wells 
There are currently seven wells in the CSPA as part of the current Provincial Groundwater 
Monitoring Network (PGMN). Water level data is recorded hourly at each site. This data 
generally spans the period 2002 to 2007, with up-to-date information expected as the project 
progresses. Following is a geologic borehole description of each well starting in the west and 
moving generally east (note: monitoring wells are referred to by their assigned reference number 
– W ###). All wells were cased to at least six metres below ground surface (mbgs) except well 
W 222, for which there was no available well record and therefore, the casing depth is unknown. 
The location of the wells is shown in Figure 1-23 in Volume II. 

W 383 
Well W 383 is located near the Town of Greater Napanee and represents the location where 
depth to bedrock is greatest. The overburden lithologies are low producing, fine-textured, 
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glaciolacustrine units and the well was cased into the Paleozoic limestone bedrock of the 
Verulam Formation. 

W 383 was drilled on September 23, 2003 by Chalk Well Drilling Limited. The well was 
advanced to 17.98 mbgs. A water bearing area was found at 16.15 mbgs and the recommended 
pumping rate was greater than 114 L/min (30 gallons per minute {gpm}). The well was cased 
with 16.61 m of pipe, including stickup. The lithology was recorded as follows:  

 

Table 1 - 11 Well W 383 Lithology and Depth  

Lithology (recorded by driller) Depth (mbgs) 

Brown Clay 0-6.71 

Grey Clay and Sand 6.71-9.14 

Grey Sand and Clay 9.14-15.85 

Brown Shale Limestone 15.85-16.15 

Brown Limestone 16.15-17.98 (End of Hole {EOH}) 

 

W 365  
Well W 365 is located in Loyalist Township and drilled in the low yielding Paleozoic Gull River 
Formation, near the contact of the Bobcaygeon Formation. 

W 365 was drilled on June 25, 2003 by Chalk Well Drilling Limited. The well was advanced to 
19.81 mbgs. A water bearing area was found at 9.14 mbgs and the recommended pumping rate 
was greater than 13 L/min (3.5 gpm). The lithology was recorded as follows:  

 

Table 1 - 12 Well W 365 Lithology and Depth  

Lithology (recorded by driller) Depth (mbgs) 

Brown Clay 0-1.98 

Brown Sand 1.98-2.29 

Grey Limestone 2.29-19.81 (EOH) 

 

W 222  

Well W 222 is located within Frontenac Provincial Park and represents groundwater information 
for a large portion of the watershed that would go otherwise unmonitored. The well is located in 
the Precambrian rocks of the Frontenac Axis. The area has limited soil cover, except a few small 
pockets of gravelly sandy loam (see Figure 1-7 in Volume II) that is well to rapidly drained. 
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There is no well record for W 222. The well depth has been recorded as 22 mbgs by the CRCA 
Environmental Technician. The well is noted to have a low estimated transmissivity. 

W 334  
Well W 334 is located at Sweet’s Corners, near Lyndhurst. It is in an area where little sandy 
overburden overlies the Precambrian rocks of the Frontenac Axis. 

W 334 was drilled on March 7, 2003 by Air Rock Drilling Limited. The well was advanced to 
30.50 mbgs. A water bearing area was found at 24.69 mbgs and the recommended pumping rate 
was 30 L/min (8 gpm). The lithology was recorded as follows:  

 

Table 1 - 13 Well W 334 Lithology and Depth  

Lithology (recorded by Golder & Assoc.) Depth (mbgs) 

Sand 0-1.98 

Granite 1.98-30.50 (EOH) 

 

W 278 
Well W 278 is located near the Cooligan Marsh, which is a significant headwater area that may 
have a large impact of water levels and water quality. David (1985) notes that the lithology and 
folds in the underlying Precambrian rock influence the piezometric levels in the area. Surface 
flow in this area drains towards the Gananoque River watershed. 

W 278 was drilled on January 30, 2003 by Air Rock Drilling Limited. The well was advanced to 
28.37 mbgs. Water bearing areas were found at 15.24 mbgs, 22.86 mbgs, and 26.21 mbgs and 
the recommended pumping rate was 114 L/min (30 gpm). The lithology was recorded as follows:  

 

Table 1 - 14 Well W 272 Lithology and Depth  

Lithology (recorded by Golder & Assoc.) Depth (mbgs) 

Topsoil 0-0.15 

White-grey Limestone 0.15-3.05 

White-grey, sandy Limestone 3.05-6.10 

Grey, sandy Limestone/Dolostone 6.10-9.15 

Grey Quartz Sandstone, with some 
limestone/dolostone 

9.15-28.37 (EOH) 
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W 200  
Well W 200 is located near Athens and was drilled into the Paleozoic March formation. 

W 200 was drilled on September 19, 2003 by Dave’s Well Drilling Limited. The well was 
advanced to 18.29 mbgs. A water bearing area was found at 16.46 mbgs and the recommended 
pumping rate was greater than 23 L/min (6 gpm). The lithology was recorded as follows:  

 

Table 1 - 15 Well W 200 Lithology and Depth  

Lithology (recorded by driller) Depth (mbgs) 

Brown topsoil 0-1.22 

Grey Limestone 1.22-7.01 

Grey Limestone 7.01-18.29 (EOH) 

 

W 279  
Well W 279 is located within the Mac Johnson Wildlife Area, near Brockville at the contact of 
the Paleozoic Nepean and March Formations. There are several pits and quarries in the area, 
along with a wetland complex. 

W 279 was drilled on January 30, 2003 by Air Rock Drilling Limited. The well was advanced to 
18.60 mbgs. Water bearing areas were found at 12.19 mbgs and 13.12 mbgs and the 
recommended pumping rate was 57 L/min (15 gpm). The lithology was recorded as follows:  

 

Table 1 - 16 Well W 279 Lithology and Depth  

Lithology (recorded by Golder & Assoc.) Depth (mbgs) 

Gravelly Topsoil 0-0.46 

Grey, sandy Limestone/Dolostone 0.46-13.10 

Grey interbedded Sandstone/ Limestone/ 
Dolostone 

13.10-18.60 (EOH) 

 

1.3.3 Surface Water-Groundwater Interactions 
This section includes information on the direct influence of surface water on groundwater, and 
vice versa. It details any surface features which are fed directly from aquifers or groundwater. 
There is some general information on surface water and groundwater interactions already known, 
and it is detailed below. 

Groundwater discharge can account for a significant percentage of streamflow (e.g. Sklash and 
Farvolden, 1979; Larkin and Sharp, 1992; Winter 1999; Sophocleous, 2002), especially in a 
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porous media setting. In fractured rock settings, it is less common to find groundwater discharge 
into a stream (Oxtobee and Novakowski, 2002; Praamsma, 2006). Streamflow field discharge 
observations and precipitation records were used to establish possible groundwater discharge 
locations within the CSPA. 

From spring to fall (May to October) 2006 and 2007, streamflow measurements were collected at 
138 sites within the CSPA. Many of the sites were visited more than once. All sites were 
assigned a “lowest” water level distinction of dry, no flow, minimal flow or measured to 
represent their lowest water level condition during the spring-summer field season. “Dry” 
corresponds to a stream site drying up for a period during the field season, “no flow” 
corresponds to stagnant, “minimal flow” means a trickle flow and “measurable” means that 
streamflow measurements were possible throughout the season. These distinctions can assist in 
assessing whether streams were supplied by groundwater at the data collection site. Data from 
streams controlled by dams are omitted as the flow measurements may not necessarily reflect 
that of the stream. These include Millhaven Creek, Lyndhurst Creek, Lyn Creek, Buells Creek, 
and the Gananoque River  

During dry stream flow periods, groundwater discharge can be observed directly on streambeds, 
(Oxtobee and Novakowski, 2002) 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 sites (from summer 2006) were labeled as “dry” for their lowest water level 
distinction. The majority of these sites were labeled 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 
for these sites is likely mostly attributed to direct precipitation rather than groundwater 
discharge. Little Creek and Glenvale Creek are examples of streams that contain bedrock sites 
which became dry during the summer of 2006. Flow did not return to these sites until early fall 
after large amounts of rainfall. Figures 1-24a and 1-24b below illustrate bedrock sites on Little 
Creek during the spring-summer field season 2006. 
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Figure 1-24a: Bedrock Streambed Site, Little Creek, August 2006 

 

 
Figure 1-24b: Stream Site, Little Creek August 8, 2006 (left) and August 23, 2006 (right) 

 

Some streams maintained streamflow throughout the spring-summer field season, suggesting the 
possibility of groundwater discharge. Table 1-14 illustrates possible groundwater discharge 
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stream sites within the CSPA. The data from Table 1-14 indicates that groundwater discharge 
locations are dispersed within CSPA and not concentrated in specific areas. However, there did 
not appear to be any groundwater discharge west of Wilton creek (West portion of Lake Ontario 
watershed) as all stream sites seem to be situated on or east of Wilton Creek. Further 
investigation and additional data from future years will assist in determining whether 
groundwater discharge sites are concentrated in specific areas.  

 

Table 1 - 17 Streams with Possible Groundwater Discharge Sites West to East  

Creek Bottom 
Creek 

Bedrock Porous Media 

Wilton Creek   

Collins Creek   

Highgate Creek   

Little Cataraqui Creek (West Branch)   

Little Cataraqui Creek (Main Branch)   

Moore’s Creek   
Grass Creek   

Stocking Hill Creek   
Farnham Creek   

Cooligan’s Creek   

Plum Hollow Creek   

Foster’s Creek   

North Wiltse Creek    

LaRue Creek   

Jones Creek   

Butler’s Creek   

 

The geology of a streambed can influence the probability of groundwater discharge into streams. 
The geology of streambeds within the CSPA is comprised of Paleozoic and Precambrian 
bedrock, porous media or both. As illustrated above, numerous sites with a porous media 
streambed were flowing during the spring but became dry in August. For the majority of these 
sites, flow measurements were possible following a precipitation event. When the sites became 
dry, it was usually preceded by a period without precipitation (for a week prior to the 
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measurement) or a minimal amount of precipitation (less than five mm in the previous week). 
These sites were disregarded as groundwater discharge sites as they became dry during the 
spring-summer field season.  

There are identified cold water systems (lake and stream) in the CSPA, which usually indicates 
groundwater contributions (see Figure 1-25 in Volume II and Table 1-15 below). Most streams 
in the CSPA are warm water, and many go dry over the summer months, indicating a lack of 
groundwater contribution. In addition to the flow monitoring conducted over the 2006 and 2007 
field seasons, water temperature was also measured periodically at many of these sites. 
Continuous water temperature monitoring was also initiated in areas thought to be candidates for 
groundwater discharge (i.e. those sites with course grained surficial geology). 
1.3.3.1       Lake Ontario Study Area 
Of note in Odessa (Loyalist Township) is the fact that groundwater flows into the sanitary sewer 
network in spring time, overloading the wastewater treatment plant (WWTP). While effort is 
being put forth to remedy this problem, the pressure of the water is so great that it may be 
impossible to solve (J. Guest, personal communication, 2008). During the summertime, the 
section of Millhaven Creek flowing through Odessa between Millhaven Dam and Doyle Road is 
fed only from the Wilton Road Dam, as flow remains essentially constant between the two 
locations (CRCA, 2005). 

The East Branch of Little Cataraqui Creek, just southwest of the Division Street/ McAdoo’s 
Lane intersection in Kingston (south of the entrance to the City of Kingston snow dump), is fed 
by springs.  

Thorpe Creek, a small creek tributary to Wilton Creek has been suspected of being a cold water 
creek, however field measurement in 2006 and 2007 was unable to substantiate this due to failure 
of the temperature sensors. 

The uppermost lake in the Millhaven Creek watershed, Gould Lake, is also a cold water lake. 

Water temperature data gathered over the 2007 field season suggests that Spring Creek could 
also have groundwater discharge areas. 
1.3.3.2       Cataraqui River Study Area 
There are a number of lakes in the Cataraqui River watershed which support cold water fisheries. 
Water temperature data gathered over the 2007 field season suggest that a small creek tributary 
to Brewers Mills Creek may be a groundwater discharge stream. 
1.3.3.3       Gananoque River Study Area 
There are two lakes in the Gananoque River watershed which support cold water fisheries. 

The only confirmed cold water creek in the CSPA is Willys Brook, which drains to South Lake 
on the Gananoque River system.  
1.3.3.4       St. Lawrence River Study Area 
The unnamed stream originating in the centre of the Thousand Islands Casino property north of 
Gananoque is also fed from a spring. This spring stopped flowing during excavations for the 
building and parking lot, but flow resumed post-construction. 
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Table 1 - 18 Cold Waterbodies  

Study Area Water Body Sensitivity 

Lake Ontario Thorpe Creek (Flows into Wilton Creek) Moderately Sensitive

 Gould Lake Moderately Sensitive

Cataraqui River Canoe Lake Moderately Sensitive

 Desert Lake Moderately Sensitive

 Knowlton Lake Highly Sensitive 

 Birch Lake Moderately Sensitive

 Big Clear Lake Moderately Sensitive

 Big Salmon Lake Highly Sensitive 

 Devil Lake Moderately Sensitive

 Buck Lake Moderately Sensitive

 Loughborough Lake (West Basin) Highly Sensitive 

Gananoque River Charleston Lake Moderately Sensitive

 Red Horse Lake Highly Sensitive 

 Willys Brook Highly Sensitive 

Data Source: MOE and MNR, 1992 

Further examination of CSPA lakes, and their depths suggests that the cold water lakes in the 
CSPA may not be due to groundwater discharge, or groundwater discharge alone. It has been 
suggested that perhaps these lakes are cold because they are considerably deeper than most of the 
warm water lakes. As can be seen by the charts (Fig 1-26a and 1-26b), the cold water lakes are 
generally deeper than 30 m, while the warm water lakes are shallower than 30 m. In addition, the 
elevation of the lake and lake bottom specifically, do not appear to effect the cold or warm water 
status of the lake. 
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CSPA Lake Surface and Depths
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Figure 1-26a: CSPA Lake Depth and Surface Elevation (data source: various bathymetric maps) 
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CRCA Lake Depths
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Figure 1-26b: CSPA Lake Depth and Surface Elevation (data source: various bathymetric maps) 
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1.3.4 Climate 
The Interim Watershed Plan (CRCA, 1983), at that time, summarized the broad climatic region 
in which the CSPA is located as a cool, humid climate, moderated by Lake Ontario. The mean 
summertime maximum temperature was 24.1°C in July while the mean wintertime minimum 
temperature was -12.5°C in January. The mean annual precipitation for the watershed fell into 
three bands: the St. Lawrence River shoreline received 910 to 970 millimeters (36 to 38 inches); 
the middle band received 790 to 910 millimeters (31 to 26 inches); and the northern townships 
received 810 to 860 millimeters (32 to 34 inches). 

The Leeds-Grenville Groundwater Management Study (2001) notes that the United Counties of 
Leeds and Grenville have a continental climate, with associated warm summers and cold winters. 
Communities along the St. Lawrence, such as Gananoque and Brockville, experience slightly 
more moderate temperatures as result of their more southerly location and the proximity to the 
buffering effect of Lake Ontario and the St. Lawrence River.  

An assessment of the climate was performed to provide input for the estimation of the amount of 
precipitation available for infiltration into the subsurface to become groundwater. A review of 
historical weather data at Ottawa and Kingston was performed, with the assumption that Ottawa 
would be more typical of weather conditions along the northern, more landlocked portions of the 
United Counties, while Kingston would have a climate similar to the communities in the 
southern half of the study area that are closer to the St. Lawrence. Information was provided 
from two EC weather stations: Ottawa International Airport (1961 to 1990) and Kingston Airport 
(1961 to 1990). 

Normal statistics for the Kingston station showed a daily mean temperature of 6.7°C and an 
annual precipitation of 963.9 mm. Weather data for Ottawa indicates a slightly cooler daily mean 
temperature of 5.8°C and slightly less annual precipitation of 910.5 mm. The warmer average 
temperature in Kingston is attributed to the temperature moderating effects of Lake Ontario. 

More detailed descriptions and up to date climate analyses are available in the CSPA Water 
Budget documents.  

CSPA Conceptual Water Budget Report (CRCA, 2007), used an average precipitation of 953 
mm, and an average annual temperature of 7°C based on work done by McKenney at al. (2006a, 
2006b). The average January and July temperatures are -8°C and 21°C, respectively based on the 
same data set. 

These analyses essentially confirm the general description given above, as well as those 
complied by the Canadian Hydrologic Atlas (1978), MNR (1984) and Moin & Shaw (1985), as 
shown in Figures 1-27a to 1-27c below. 
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Figure 1-27a – Annual Precipitation Map from Hydrologic Atlas of Canada (1978) 

(Not to scale) 

 

 
Figure 1-27b – Annual Precipitation Map from MNR (1984) 
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Figure 1-27c – Annual Precipitation Map from Moin & Shaw (1985) 

(Not to Scale) 

 
1.3.4.1       Climate Stations 
There are 51 historical climate stations in and around the CSPA (Figure 1-28 in Volume II and 
Table 1-16 below), based on the EC archive. These gauges recorded data from as early as 1860 
to the present day. Only six remain in operation as of February, 2008. 

 

Table 1 - 19 Local Environment Canada Climate Stations  

Station Number Period Data Recorded 

Picton Airport 6156535 1956-1961 P, R, S, T, MaT, MiT, SD 

Picton 6156533 1915-1995 P, R, S, T, MaT, MiT, SD 

Deseronto 6152007 1882-1905 P, R, S, T, MaT, MiT 

Glenora RS 6152837 1958-1969 P, R, S, T, MaT, MiT 

Napanee 615NNPL 1987-2001 P, R, S, T, MaT, MiT, SD 

Parma 6156251 1895-1907 P, R, S 

Centreville* 6151309 1985-2008 P, R, S, T, MaT, MiT, SD 
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Table 1 - 20 Local Environment Canada Climate Stations (continued) 

Station Number Period Data Recorded 

Sandhurst 6107434 1993-2002 P, R, S, T, MaT, MiT, SD 

Cressy 61519JM 1966-2002 P, R, S, T, MaT, MiT, SD 

Morven IHD 6155496 1967-1976 P, R, S, T, MaT, MiT 

Bellrock 6100720 1957-1978 P, R, S, T, MaT, MiT 

Wooler 6159652 1895-1912 P, R, S 

Harrowsmith Bracken 6103366 1978-1983 P, R, S, SD 

Hartington IHD* 6103367 1967-2008 P, R, S, T, MaT, MiT, SD 

Hinchinbrooke 6103470 1961-1973 P, R, S 

Stella-Amherst 6158012 1978-1982 P, R, S, T, MaT, MiT 

Godfrey 6102857 1981-2003 P, R, S, T, MaT, MiT, SD 

Cataraqui TS 6101265 1960-1995 P, R, S, T, MaT, MiT, SD 

Crow Lake 6101920 1972-1991 P, R, S, SD 

Kingston Airport** 6104146 YGK 1930-1996 P, R, S, T, MaT, MiT, SD 

Sydenham 6108195 1903-1917 P, R, S 

Kingston N & C Gas 6104160 1965-1977 P, R, S, T, MaT, MiT 

Wolfe Island 6109558 1986-1996 P, R, S, T, MaT, MiT, SD 

Kingston Beverley St. 6104147 1960-1966 P, R, S 

Kingston 6104145 1947-1949 P, R, S, T, MaT, MiT 

Kingston Queen’s U 6104185 1872-1957 P, R, S, T, MaT, MiT 

Kingston Ontario Hydro 6104165 1945-1971 P, R, S, T, MaT, MiT 

Glenburnie 6102808 1972-1999 P, R, S, T, MaT, MiT, SD 

Kingston Pumping 
Station** 

6104175 1960-2007 P, R, S, T, MaT, MiT, SD 

Kingston Marine 6104153 1939-1967 P, R, S, T, MaT, MiT 

Westport 6109458 1895-1920 P, R, S 

Rideau Canal Wolfe Lake 6107119 1954-1961 P, R, S 

Rideau Canal Upper 
Brewers 

6107105 1954-1967 P, R, S 
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Table 1 - 21 Local Environment Canada Climate Stations (continued) 

Station Number Period Data Recorded 

Rideau Canal Narrows 6107087 1954-1969 P, R, S 

Rideau Canal Jones Falls 6107045 1954-1969 P, R, S 

Gananoque 6102662 1969 P, R, S 

Portland 6106677 1953-1958 P, R, S, T, MaT, MiT 

Delta 6101986 1969-1994 P, R, S, SD 

Lyndhurst Shawmere 6104725 1976-2006 P, R, S, T, MaT, MiT, SD 

Outlet 6106123 1969-1970 P, R, S 

Lansdowne (North) 6104347 1895-1910 P, R, S 

Lansdowne (South) 6104348 1965-1967 P, R, S, T, MaT, MiT 

Athens 6100375 1969-1978 P, R, S 

Mallorytown Graham Lake 6104880 1961-1989 P, R, S, SD 

Mallorytown Landing 6104882 1977-1991 P, R, S, T, MaT, MiT, SD 

Grenadier Island*** 6103024 WGH 1997-2008 P, R, S, T, MaT, MiT, SD 

Lyn 6104723 1960-1969 P, R, S 

North Augusta 6105678 1971-1972 P, R, S 

North Augusta Mahoney 6105679 1973-1980 P, R, S, T, MaT, MiT 

Brockville 6100969 1871-1980 P, R, S, T, MaT, MiT, SD 

Brockville PCC* 6100971 1965-2008 P, R, S, T, MaT, MiT, SD 

Maitland 6104840 1953-1954 P, R, S, T, MaT, MiT 
* Active Station, **Active Station, but sporadic collection of data, ***Active Station, but seasonal only. 

P – Precipitation, R-Rain, S-Snowfall, T – Mean Temperature, MaT - Maximum Temperature, MiT – Minimum 
Temperature, SD – Snow Depth 

There are also rain gauges operated by the CRCA at most of these stream gauge station sites. 
These have been in place since the late 1980s and are located at the Wilton Creek, Millhaven 
Creek, Collins Creek, Lyn Creek, and Buells Creek stream gauge stations. In 2006 gauges were 
installed at Sydenham on Millhaven Creek and at Lyndhurst on Lyndhurst Creek. They are 
tipping bucket rain gauges (with the exception of the Lyndhurst Creek gauge, which is a 
weighing gauge), so are not as accurate for longer term precipitation records as the gauges at 
Environment Canada climate stations.  The maintenance and upkeep of the CRCA gauges is also 
not as optimal as it should be, and the locations are too close to obstacles such as trees and 
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buildings.  As such, the data available for the CRCA operated precipitation gauges has large 
periods of suspect information, and has not been used for this analysis. 

In addition to the CRCA stream gauge precipitation gauges, tipping bucket precipitation gauges 
have been added to two of the PGMN well locations.  The Napanee and Colligan’s Creek PGMN 
wells had precipitation gauges added in 2007.  As such, there is not enough data to use in 
comparable fashion to the Environment Canada stations.  
 

Air temperature sensors have been added to the stream gauge sites at Millhaven Creek (both 
sites) and Lyndhurst Creek.  Sensors have also been placed at six of the seven PGMN wells 
(excluding Frontenac Park) as well as the main CRCA Administration Office.  These sensors 
have not been in place long enough to have a good period of record, but can be used to compare 
temperatures across the CSPA. 

1.3.5 Climate and Meteorological Trends 
Section 1.3.4 details the general description of the climate of the CSPA, as do Figures 1-27a to 
1-27c found below. In addition, the CSPA Conceptual Water Budget (CRCA, 2007) provides a 
more detailed description of the possible climate trends across the watershed. 

Zhang et al. (2000) noted that there has been a statistically significant rise in precipitation (12 
percent) in southern Canada (south of 60°N) over the 20th century (that equals 114 mm for the 
CSPA), as did Mekis & Hogg (1999) for the southern Ontario area close to the Great Lakes/St. 
Lawrence River (11 percent). McKenney et al. (2006a, 2006b) found a statistically insignificant 
increase of only 18 mm (that equals two percent for the CSPA) across almost the same area 
(south of 55°N). Zhang et al. (2000) also found statistically significant trends in daily minimum 
temperature which increased slightly (1.5°C), and daily temperature which decreased slightly 
(1°C). McKenney et al. (2006) did not find a statistically significant increase in temperature.  

In particular, these studies found that winter temperatures were rising, while other seasonal 
temperatures were staying closer to normal. This will presumably increase the amount of 
precipitation as rain vs. snow, without necessarily changing the overall annual precipitation 
values. However, the change from snow to rain would mean less water available for runoff 
during spring freshet, which would in turn mean less water in the lakes for discharge through the 
warmer months, and less water available to recharge to groundwater. This is expected to result 
in lower stream and groundwater levels over the warm summer months. 

The MNR has also been looking into climate change scenarios for the next 100 years (MNR, 
2008). The study is based on work by Natural Resources Canada, similar to the climate data used 
in the preceding section. The official report has not yet been published, but the projections are 
available on the website “www.gogreenontario.ca”. The study looked at three time periods, 2011 
to 2040, 2041 to 2070, and 2071 to 2100, and two different climate change scenarios, higher 
greenhouse gases and lower greenhouse gases. The study compares the most recent climate 
normal period (1971 to 2000) to the future scenarios. 

Through examination of maps for the CSPA it is found that precipitation is mostly predicted to 
decrease between zero and ten percent which is considered minimal However, there are some 
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small areas where precipitation is increase, again between zero and ten percent. Statistically 
speaking this precipitation change may be within the uncertainty of the data model and therefore 
be statistically insignificant. It is also noted that the temperature is expected to increase a few 
degrees. A greater rise in temperature is predicted for the winter months and also when the green 
house gas scenario is considered. 

When evapotranspiration (ET) is considered, with the above noted changes in mind, the 
expected outcome is drier summer periods sine ET is greater when temperatures are higher. 

Higher temperatures in the winter translate to there being more rain as opposed to snow. More 
rain will enable greater ET since there will be more liquid water available and higher 
temperatures to drive the process. This in turn means less water is available for runoff (if 
precipitation amounts don’t increase) and for plants. The plants that grow in the CSPA have 
specific water requirements. If there is a reduction in the amount of water made available to 
them, it is possible that there will be a shift in species composition such that plants that can 
tolerate drier conditions will thrive and those needing more water will be eliminated. 

Further, if the amount of precipitation remains the same or decreases, but ET increases due to 
higher temperatures, the additional ET must occur earlier in the year. ET earlier in the year 
would in part use water that would normally replenish aquifers, this there would be a generally 
drier climate and potentially more and longer drought conditions. 

Some cautionary notes with regard to this section are that the data is based on the Canadian 
Global Climate model (CGCM2), which is different than other climate change models 
throughout the world. All the models give slightly different numbers, though the CGCM2 model 
is typically in the mid-range of all global models for temperature and precipitation projections 
(Dove, D., personal communication, 2007). The accuracy of climate change models in general is 
also disputed, and there is no definitive prediction to what the climate of the future may be, as 
too many variables are needed to maintain accuracy. Even further to that, the 1971 to 2000 
period that is being compared happens to include some of the wettest years out of the hundred, 
which will most definitely influence the overall comparisons (Hogg, B., 2007). 

The series climate change predictive maps available from the MNR website are included in 
Appendix C. 

1.4 Naturally Vegetated Areas 
Wetlands, wooded areas and vegetated buffers can protect drinking water sources by trapping 
sediments and soils, and by altering or reducing contaminants, nutrients and some pathogens 
before they reach surface water and groundwater sources. In addition, these naturally vegetated 
areas form part of the water cycle as both groundwater and surface water move through the 
atmosphere and landscape. Healthy watersheds have a good mix of naturally vegetated areas, 
well distributed across the landscape. These more naturally vegetated watersheds are better able 
to keep soil, nutrients, pathogens and contaminants out of groundwater and surface water.  
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1.4.1 Wetlands  
Wetlands are important parts of healthy watersheds. They act as filtering and buffering 
mechanisms as water moves from the headwaters to the mouth of a stream. A high percentage of 
wetlands in a watershed may be an indicator of watershed health, but the quality and distribution 
of those wetlands are also important. 

The CSPA benefits from a relatively high percentage of wetland cover, especially on the 
Frontenac Axis. The overall percentage of wetland cover, based on our review of provincial data, 
is about 5.7 percent. This falls short of the recommended 10 percent needed for ecosystem 
health, but is still above the five percent threshold above which positive benefits to water quality 
are still occurring in the watershed (EC, 2004b). Before European settlement it is estimated that 
wetlands covered between 40 and 80 percent of eastern Ontario (Burns, C. and Wilson P., 2003). 
Although data regarding the amount of wetland cover in general is available, there is no 
information to specific the relative amounts of each type of wetland (i.e. swamp, marsh, bog and 
fen).  

As shown on Figure 1-29 in Volume II, there are coastal wetlands along the shore of Lake 
Ontario and the St. Lawrence River, and inland wetlands on each watercourse. Some wetlands 
have been created or enhanced by the CRCA and other conservation organizations such as Ducks 
Unlimited. 

There are eight existing municipal residential surface water intakes in the CSPA. None of the 
intakes are close to a wetland. Wetlands in the upper part of the Millhaven Creek watershed 
likely improve the water quality of Sydenham Lake, which now has a municipal residential 
surface water intake to meet the needs in that community.  

The following is a breakdown of wetland cover by study area. 
1.4.1.1       Lake Ontario Study Area 
Overall, this study area is seven percent wetland. The Quinte sub-area (which includes the Hay 
Bay wetland) is six percent wetland, while the Lake Ontario sub-area is seven percent wetland.  
1.4.1.2       Cataraqui River Study Area 
Approximately eight percent of the Cataraqui study area is wetland. This includes the Cataraqui 
Marsh, located at the mouth of the Cataraqui River, as well as many smaller wetland pockets in 
lake country in the north part of the Cataraqui watershed. 
1.4.1.3       Gananoque River Study Area 
The Gananoque Study Area is approximately 14 percent wetland. The Wiltse Creek Marsh alone 
accounts for almost two percent of this study area. This study area has the highest percentage of 
wetland of any of the others. The large wetland complexes in this study area are often found 
adjacent to the large lakes, for instance, Gananoque Lake, Lake Eloida, and Wiltse Lake. 
1.4.1.4       St. Lawrence Study Area 
This study area has nine percent of its surface in wetland cover. Large contributions come from 
coastal wetlands on the St. Lawrence River, as well as a large wetland complex on the Buells and 
Butlers creek watershed. 
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1.4.1.5       Tri-Islands Study Area 
This Study Area is approximately six percent wetland, including the marsh at Big Sandy Bay 
(Day use area that has been identified as an environmentally sensitive ANSI). The land surface is 
underlain by very flat limestone on which agriculture is predominant, which may explain the lack 
of wetland in this study area. 

1.4.2 Woodlands and Riparian Areas  
The CSPA has extensive woodlands and riparian areas.  

About 46 percent of the land is covered by woodlands, based on our review of provincial data. 
The actual coverage varies from about 30 percent in the western part of the Region, 60 percent or 
more on the Frontenac Axis, and about 50 percent in the eastern area. This variation is clearly 
evident on Figure 1-30 in Volume II. Further, as may be expected, the lowest woodland cover 
occurs in an urban watershed (Highgate Creek in Kingston at about 13 percent), while the 
highest cover occurs in a rural area (the Devil Lake area of the Cataraqui River watershed at 
about 65 percent).  

Work on the Central Cataraqui Region Natural Heritage Study (CRCA, 2006a) has found that the 
overall percentage of woodland cover appears to be slowly increasing. The increase in woodland 
cover is likely due to natural succession in fallow fields and to tree planting programs, offsetting 
the loss of woodlands from development activity (e.g. roads, housing, industry) in other areas. 
The study applies only to the City of Kingston and Loyalist Township; however, similar trends 
are expected in the balance of the CSPA.  

The CSPA is part of a transition zone between southern and northern climates: “nowhere in 
Canada outside of mountains does the overall pattern of vegetation and flora change so 
intensively over so short distances” (Beschel, 1965). For this reason there is considerable variety 
in the types of tree species that grow along Lake Ontario and the St. Lawrence River (e.g. Pitch 
Pine) and in inland areas (e.g. hemlock).  

Riparian areas in a natural condition have a positive influence on water quality by: controlling 
erosion from overland flow; limiting the sedimentation of surface waters; and reducing the 
concentrations of nutrients, pesticides, and some pathogens. The necessary minimum width of a 
natural riparian area for this purpose varies according to factors such as slope, vegetation type 
and density, soil type and permeability, and the sensitivity of the receiving water body. The 
CRCA normally recommends a minimum riparian buffer width of 30 metres.  

There is limited data at this time to quantify the percentage of watercourses and shorelines in this 
area that have a ‘natural’ riparian area of at least 30 metres in width. In general, it is anticipated 
that riparian cover is greatest in the Frontenac Axis and other wooded areas, and least in 
agricultural/urban areas. A map including delineation of 30 meter buffers along watercourses 
where they exist was not produced for two reasons: 

• A 30 m buffer is not visible at a scale of 1:340,000; and 

• The quality of the data does not allow for differentiation between manicured lawn and 
other more substantial vegetation. 
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There are numerous local conservation programs to improve the quantity and condition of 
woodlands and riparian areas. Two examples are the CRCA tree planting program, which assists 
landowners to plant about 65,000 trees each year, and programs that work with rural landowners 
to fence off and regenerate riparian areas. Municipalities use tools such as site plan control to 
minimize the removal of vegetation near shorelines during development. The City of Kingston 
has recently passed a woodland conservation by-law that would restrict cutting in some 
locations. 

In addition to the above description, it is useful to look at the CSPA by study area. The following 
section provides a more detailed breakdown of wooded areas, with a partial explanation for why 
one study area may have more or less woodland than another.  
1.4.2.1       Lake Ontario Study Area 
This study area is 33 percent woodland, below average for the CSPA, possibly due to the high 
proportion of agriculture and urban and rural settlements in the area. Towards Lake Ontario, 
woodlands decrease due to the presence of dense settlement areas. In lake country the amount of 
woodland is greater, which may partly compensate for the sparsely wooded areas of the south. 
1.4.2.2       Cataraqui River Study Area 
About 61 percent of this study area is wooded. This is the highest percentage woodland of any 
study area in the CSPA, due to the large amount of lake country in the north part, where cottages 
and tourism are the predominant land uses. 
1.4.2.3       Gananoque River Study Area 
The Gananoque study area is 46 percent woodland, about average for the CSPA. Since most of 
this study area is lake country, one would expect a high percentage of woodland, similar to that 
found in the Cataraqui study area. This may in part be due to a high number of larger lakes and 
open water in this area as well as the agricultural uses in the south and eastern portions.  
1.4.2.4       St. Lawrence Study Area 
This area is 50 percent woodland, the second most wooded area in the CSPA. Woodland 
densities decrease towards settlements. This study area has a high proportion of cottages and 
tourism, which may account for the high percentage of woodlands, especially where attempts are 
made by residents to preserve the natural state of their properties. 
1.4.2.5       Tri-Islands Study Area 
About 16 percent of this area is wooded, the lowest percentage woodland of any of the study 
areas in the CSPA. The landscape here is predominantly used for agriculture and the soil is 
shallow clay. These characteristics may partly explain the lower percentage of woodland. 

1.5 Aquatic Ecology 

1.5.1 Fisheries  
Fish populations are often used as an indicator of general water quality and temperature. Figure 
1-30 in Volume II illustrates the temperature of water bodies in the region, and the sensitivity of 
associated fish habitat. 
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The CSPA is known for both warm and coldwater fisheries, as well as the associated tourism and 
recreation sector of its economy. Most notably, there are Walleye in Lake Ontario, Muskellunge 
in the St. Lawrence River, and Lake Trout in the cold water lakes of the interior. There are few 
cold or cool water streams; however it is known that Willys Brook in the Gananoque River 
watershed supports a population of brook trout (Crysler and Lathem, 1981, pp. 5-12; Blythe and 
Associates, 1999). There is a long tradition of recreational fishing in the area, and there are 
numerous lodges and outfitters to serve this business.  

Selected inland lakes in the Region are stocked with Lake Trout by the MNR. Lake trout need 
cool temperatures and dissolved oxygen to prosper, making them a good indicator species. A 
1993 report by the MNR and MOE identified 13 lakes in the CSPA that provide suitable habitat 
for Lake Trout: 

• Big Salmon Lake  

• Buck Lake 

• Charleston Lake 

• Garter Lake 

• Knowlton Lake 

• Loughborough Lake (West Basin) 

• Red Horse Lake 

• Big Clear Lake 

• Birch Lake 

• Canoe Lake 

• Desert Lake 

• Devil Lake 

• Gould Lake 

The lakes are further classified as highly or moderately sensitive to changes in water quality and 
temperature, and the report recommends management approaches for each case. Recent work on 
Lake Trout lakes in the area has found that they are generally under stress due to increasing 
water temperatures and the addition of excess nutrients. For instance, in 2006, Charleston Lake 
was upgraded from moderately to highly sensitive. 

Given the wide variety of lake and river fish habitats, and the fisheries they support, the 
following breakdown by study area of fisheries provides a more detailed description of fish and 
fisheries in the CSPA. 
1.5.1.1       Lake Ontario Study Area 
The fishery of eastern Lake Ontario is considered significant for both recreation and commercial 
purposes, and has undergone significant change over the last forty years. A 1982 report by the 
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MNR indicates that “over 90 percent of the Canadian Lake Ontario commercial fishery takes 
place within the Napanee District” (MNR, 1998). The former Napanee District of the Ministry 
covered the area between Trenton and Kingston, and includes the western part of the CSPA. In 
1997, about $1 million worth of fish were harvested from the eastern part of the lake. Over the 
years, water quality has had a major influence on the health of the lake fishery. During the 1960s 
and 70s poor water quality contributed to the dominance of small fish (e.g. Alewife, Smelt). 
Improvements in the 1980s saw the return of species such as Lake Trout. The introduction of 
Zebra and Quagga mussels in the 1990s led to further change in populations (e.g. an increase in 
Yellow Perch) (MNR, 1998). 

The Lake Ontario study area includes the Bay of Quinte, where young walleye, the most 
important recreational fish in the area, reside year round. After returning to the Bay of Quinte to 
spawn, the older fish migrate to the open waters of Lake Ontario. Walleye have seen a decline in 
numbers since the 1970s, but populations have recently stabilized at lower numbers. There are 
two types of Walleye fishery: the winter ice-fishery, and the open-water fishery. The winter ice-
fishery represents only about a third of the fishing effort, and is slowly declining in popularity 
(Hoyle, 2002). 

Other important recreational fish in this study area include: northern pike, brown bullhead, 
catfish, white perch, rock bass, smallmouth bass, yellow perch, and freshwater drum. These 
fisheries are monitored by both the MNR, and by the fishing community in order to assess 
population health, rates of decline, and identify invasive species that might impact sensitive 
fisheries. Increased water clarity and vegetation have resulted in the decline of walleye and, 
conversely, an increase of species that favor these conditions, such as yellow perch. 

The Lake Ontario study area also includes one cold water, moderately sensitive lake: Gould 
Lake. This lake, located in lake country, includes bass, pike, perch and Lake Trout populations. 
1.5.1.2       Cataraqui River Study Area 
The Cataraqui study area includes five highly sensitive cold water lakes: Knowlton Lake, Buck 
Lake, Big Salmon Lake, Garter Lake and Loughborough Lake. Devil Lake, Canoe Lake, Desert 
Lake, Big Clear Lake, and Birch Lake are all considered moderately sensitive cold water lakes. 
Trout may be found in the cold water lakes of this study area.  

This study area also includes the Rideau Canal, which incorporates the Cataraqui River, Colonel 
By Lake, River Styx, Dog Lake, Cranberry Lake, Whitefish Lake, Sand Lake, Opinicon Lake, 
Indian Lake, Clear Lake, Benson Lake, and Newboro Lake, as well as the watercourses that join 
these lakes. Pike, walleye, and bass fishing are popular in the Rideau Canal.  

Sport fishing is an extremely important part of this study area, since both the lake country with 
its cottages/tourism, as well as the Rideau Canal, attract visitors and seasonal residents from a 
wide geographical area. 
1.5.1.3       Gananoque River Study Area 
Charleston Lake and Red Horse Lake are both cold water, highly sensitive lakes. As such, these 
lakes support populations of Lake Trout. Due to the large number of residents along the shores of 
Charleston and Red Horse Lakes, there is a tension between maintaining the way of life of the 
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cottagers and tourists who flock to this area , and maintaining the conditions necessary to 
maintain sensitive fish populations.  

Other, less sensitive lakes, rivers, and streams contain bass, perch, and a host of other 
recreational fish that attract large numbers of fishing enthusiasts to the area. Willys Brook 
supports a population of brook trout (Crysler and Lathem, 1981, Blythe and Associates, 1999). 
There is a long tradition of recreational fishing in the area, and there are numerous lodges and 
outfitters to serve this business. 
1.5.1.4       St. Lawrence River Study Area 
This is a warm water environment that includes over 80 reported species of fish. In the St. 
Lawrence River specifically the Muskellunge is a highly valued sport fish, attracting both local 
and outside anglers. The popularity of fishing helps to support guide outfitting, lodge, and resort 
operations. Angler diaries and studies based on those diaries are used to track the state of the 
populations of the muskellunge and other popular sport fish, including yellow perch, smallmouth 
bass, and northern pike. Yellow perch and eel have important commercial fisheries. Rock bass, 
brown bullhead, and pumpkinseed are other important species of the St. Lawrence fish 
community. The fishery of the Canadian waters of the St. Lawrence River supported a 
commercial harvest worth about $400,000 in 1997 (MNR, 1998).  

Many important species of the St. Lawrence River have shown a marked decline due to 
environment changes in the river, habitat loss, and fishing. Some populations (e.g. bass and pike) 
have stabilized, though at decreased levels. Other species, such as eel, show evidence of 
continued decline. Further monitoring of these species will be essential for tracking changes in 
populations, and for preventing catastrophic declines in fish numbers (Edwards, Stewart, and 
Mathers, 2002). 
1.5.1.5       Tri-Islands Study Area 
Largemouth bass, smallmouth bass, muskellunge, northern pike, and catfish are popular sport 
fish in this Study Area. Significant fish populations are limited to the Lake Ontario and St. 
Lawrence River offshore parts of this study area, since no major lakes or watercourses can be 
found on the upland portions of these islands. Fishing from the shore is limited to private 
landowners, since virtually all the shore is privately owned and controlled. Fishing from private 
shores is regulated under the MNR regulations. 

Guiding operations, chartering and lodgings for tourists interested in fishing form an important 
part of the local economy. These operations have impacts on fish populations due to fishing 
pressure, and human impact on the environment and habitats of the fish. Therefore, the fisheries 
are monitored by government and local officials as well as by concerned individuals. 

1.5.2 Aquatic Macroinvertebrates  
The CRCA has been collecting benthic macroinvertebrates since 2003. To date monitoring has 
occurred at Millhaven creek sites (August 2003, May and August 2004), 14 active Provincial 
Water Quality Monitoring Network (PWQMN) stations (May and October 2004), and 14 Ontario 
Benthos Biomonitoring Network (OBBN) sites (May and October 2007). Figure 1-31 in Volume 
II illustrates the monitoring locations. Sampling location and frequency irregularity makes 
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drawing conclusions about the watershed health using benthic invertebrates difficult. A baseline 
must be established in order to be able to monitor changing invertebrate populations. Initial 
findings would show sites to be ‘potentially impaired’ but further monitoring is required. Refer 
to Section 2.2.4 more detail regarding the determination of health classifications. Additional 
monitoring is planned for the future. 

Since groundwater recharge is widespread throughout the CSPA a map showing the diversity of 
species within recharge areas has not been produced. A series of maps showing the pollution 
impact classifications at each of the monitored sites was produced and a discussion of the 
findings is in section 2.2.4.  

Because of the importance of these organisms as indicators of stream health, it will be 
worthwhile to continue to study their quantity and distribution throughout the CSPA. A 
breakdown of monitoring activity by study area follows below. 

1.5.3 Species and Habitats at Risk 
The CSPA is home to 13 endangered or threatened species, as well as three species of special 
concern. Degradation and destruction of habitat leads to increased risk to species, and has pushed 
some species to the point of endangerment or extirpation. The interests of many species of birds, 
mammals and fishes in intact ecosystems and sources of water coincide with similar needs in 
humans. However, the needs of humans and other animals often clash when wetlands, marshes, 
shorelines or forests are cleared for human habitation. See below for descriptions of the habitat 
needs of particular species in this region, and their relation to source water protection. The 
species listed under the major headings below are included in the Species at Risk Act (SARA) as 
listed by the MOE (2006). Although a tool exists for searching by location on the SARA website, 
this does not allow for more detailed searching. Therefore, a breakdown by study area has not 
been completed for this section. 
1.5.3.1       Reptiles and Amphibians 
Two species (one reptile and one amphibian) in this category are listed as endangered, 
threatened, or of special concern. 

The Eastern Ratsnake (Elaphe obsolete) is a threatened species of snake whose preferred habitat 
is Upland Deciduous and Carolinian forests. This species is threatened by roads and by 
recreational activities.  

The Stinkpot turtle (Sternotherus odoratus) is a threatened species found within the CSPA. The 
Stinkpot turtle lives in shallow water with no current and with soft earth. Loss of habitat due to 
wetland draining and shoreline development is the main threat to this species. 
1.5.3.2       Birds 
Seven species of birds in the CSPA are listed as endangered, threatened, or of special concern.  

Henslow’s Sparrow (Ammodramus henslowii), an endangered species, prefers open fields. 
Threats to this species include the conversion of grassland or pasture to cropland, as well as 
wetland drainage.  
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The King Rail (Rallus elegans) is an endangered species that lives in marshes with no cattails. 
Threats include cattail abundance and wetland draining.  

The Northern Bobwhite (Colinus virginianus) is endangered. This species prefers grassland or 
cropland with bushy cover. The Northern Bobwhite is harmed by intensive agriculture, 
pesticides, excessive snow, and predatory mammals, including domestic pets.  

The Loggerhead Shrike (Lanius ludovicanus migrans), also an endangered species, lives in open 
areas such as pastures with some trees, and away from fences where predators lurk. The 
Loggerhead Shrike is threatened by declining pastures areas, by roads, by pesticides, as well as 
by reforestation and natural succession.  

The Least Bittern (Ixobrychus exilis) is a threatened species whose habitat is freshwater marshes 
with abundant cattails. Like many other bird species, it too is threatened by wetland draining.  

The Peregrine Falcon (Falco peregrinus anatum) is a well-known threatened species with habitat 
in this region. The Peregrine Falcon’s habitat, which includes cliffs for nesting, and a wide range 
of wetland and forest areas for hunting, is threatened by human presence, and by the use of 
agricultural pesticides.  

Finally, a species of special concern in the Cataraqui area is the Yellow Breasted Chat (Icteria 
virens virens). This species lives in dense thickets in forest openings and riparian areas. Threats 
include reforestation and human development. 
1.5.3.3       Mammals 
Only one mammal species, the Grey Fox (Urocyon cinereoargenteus), is currently known to be 
at risk in the CSPA. This species is classified as threatened under SARA. The Grey Fox’s habitat 
consists of deciduous forests and marshes, as well as urban outskirts. It is threatened by hunting 
and trapping as well as by deforestation.  
1.5.3.4        Fishes 
Two species of fish in the CSPA are listed as endangered, threatened, or of special concern.  

The Bridle Shiner (Notropis bifrenatus) is a species of concern whose habitat is quiet streams of 
non-acidic water. It is tolerant to brackish water, such as might be found near certain industrial 
activities and near saline aquifers (MOE, 2006). It is threatened by habitat loss due to increased 
water turbidity, wetland infilling, and aquatic vegetation removal.  

The Spotted Gar (Lepisosteus oculatus) has a very limited range in Canada, but has been spotted 
in the eastern part of the Bay of Quinte. This threatened species thrives in dense aquatic 
vegetation in quiet bays and backwaters. It is currently at risk due to habitat destruction and 
fishing. 
1.5.3.5       Arthropods 
The only known species at risk in this category is the Monarch butterfly (Danaus plexippus), 
which is considered to be of special concern under SARA. Its habitat includes milkweed and 
wildflower meadows, often in farmlands and on roadsides. The primary threats to the livelihood 
of this species are herbicides and deteriorating environmental conditions. 
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1.5.3.6        Plants 
Three species of plant in the CSPA are listed as endangered, threatened, or of special concern. 

American Ginseng (Panax quinquefolius) is an endangered species with part of its range falling 
within the CSPA. American Ginseng is found in deciduous forests with neutral soil over 
limestone, and it is threatened by its small population size, habitat loss, over harvesting, and 
logging.  

Butternut (Juglans cinerea) also has a range within the CSPA and has been classified as 
endangered. Butternut is found on rich well-drained soils near streams, but very few examples of 
this species are free of the deadly canker fungus. Butternut is also threatened by logging.  

Vaccinium stamineum, or Deerberry, is a threatened species that does well in dry, open woods on 
sandy well-drained soil. In the Cataraqui area this species can be found in the Thousand Islands 
region. The cause for the decline of this species is unknown, though genetic fragmentation due to 
the distance between isolated populations, and disturbance by mowing or other practices, may be 
contributing factors. 

The species described so far have status under the Species at Risk Act (SARA). The MNR 
Natural Heritage Information Centre (NHIC) also includes the following endangered species:  

• Barn Owl (Tyto alba), 

• Pugnose Shiner (Notropis anogenus), 

• Purple Twayblade (Liparis liliifolia), 

• Eastern Prairie Fringed Orchid (Platanthera leucophaea), and  

• Blunt Lobed Woodsia (Woodsia obtusa).  

NHIC threatened species include:  

• Blanding’s Turtle (Emydoidea blandingii), and  

• White Wood Aster (Eurybia divaricata).  

NHIC species of special concern are the:  

• Red Shouldered Hawk (Buteo lineatus), 

• Red Headed Woodpecker (Melanerpes erythrocephalus) 

• Cerulean Warbler (Dendroica cerulea) 

• Louisiana Waterthrush (Seiurus motacilla) 

• Southern Flying Squirrel (Glaucomys volans) 

• Eastern Pondmussel (Ligumia nasuta) 

• Northern Map Turtle (Graptemys geographica), and  

• Five-Lined Skink (Eumeces fasciatus) (MNR, 2006). 
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Two other species of concern in the CSPA are the Pitch Pine (Pinus rigida) and Shining Sumac 
(Rhus copallina var. latifolia) (MNR, 2006). 

As indicated by the state of these species, development and site alteration in riparian areas and in 
wetlands may threaten not only the last remaining examples of rare species, but also other 
species, including humans, as a result of the increased sedimentation, increased peak flows, and 
the habitat loss that these activities often entail. 

1.5.4 Invasive Species 
The CSPA has been affected by a variety of invasive species, ranging from plants such as Purple 
Loosestrife (Lythrum salicaria L.); fish species such as the Sea Lamprey (Petromyzon marinus), 
Round Goby (Neogobius melanostomus) and Common Carp (Cyprinus carpio); and invertebrates 
such as the Spiny Water Flea (Bythotrephes). The MNR notes that “invasive species continue to 
have a very strong influence on the structure and function of Lake Ontario fish communities” 
(MNR, 2005).  

Perhaps the most significant introductions in recent history are the Zebra mussel (Dreissena 
polymorpha) and Quagga mussel (Dreissena bugensis), which were first found in the CSPA in 
the 1990s. The local population of mussels in Lake Ontario and the St. Lawrence River appears 
to have peaked. Colonization of river and stream systems and inland lakes continues, despite 
efforts to minimize the transfer of larvae between areas on boats and trailers (Ontario Federation 
of Anglers and Hunters website, 2005). Since the mussels filter about one litre of water each day, 
there has been a significant increase in water clarity in the upper portion of the St. Lawrence 
River, resulting in a corresponding increase in recreational diving.  

The ecological impacts of the Zebra and Quagga mussels are not fully understood. However, 
according to the Ontario Federation of Anglers and Hunters, “Since zebra mussels invaded … 
there has been a decline in the numbers of Diporeia (a shrimp-like organism) which normally 
make up to 70 percent of the living biomass in a healthy lake bottom.” Furthermore, “species 
such as whitefish and other prey fish including alewife, bloater, smelt and sculpin directly 
depend on Diporeia as a food source. The decline in Diporeia may be linked to declines in 
numbers and the condition of species such as whitefish, sculpin, smelt and young Lake Trout 
from various Great Lakes. This may further have an impact on sport fish such as adult salmon, 
trout and walleye which feed on prey fish” (MNR, 2005).  

The following breakdown by study area of invasive species includes only zebra mussels. The 
distributions of other invasive species are not known at scales fine enough to provide a similar 
breakdown. 
1.5.4.1       Lake Ontario Study Area 
Although not documented by the Ontario Federation of Anglers and Hunters, CRCA staff have 
noted the presence of zebra mussels at the dam on Sydenham Lake.  
1.5.4.2       Cataraqui River Study Area 
Cranberry Lake, Opinicon Lake, and Sand Lake have established colonies of zebra mussels. 
Devil Lake, Buck Lake, and Loughborough Lake have zebra mussel sightings (Ontario 
Federation of Anglers and Hunters, 2003). 
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1.5.4.3       Gananoque River Study Area 
Charleston Lake has an established colony of zebra mussels, while Lower Beverley and 
Gananoque Lakes have zebra mussel sightings (Ontario Federation of Anglers and Hunters, 
2003).  
1.5.4.4       St. Lawrence Study Area 
There are no known colonies of zebra mussel in this study area. 
1.5.4.5       Tri-Islands Study Area 
There are no known colonies of zebra mussel in this study area. 

1.6 Human Characterization  

1.6.1 Population Distribution and Density 
The population of the CSPA was about 199,000 in 2001 (Statistics Canada, 2002). Population 
values are reported by Dissemination Area. The majority of the local population live in the City 
of Kingston (about 114,000 residents), with the next largest centre of Brockville having about 
21,000 residents. 

Appendix D shows population figures at 1991, 1996, and 2001 for each of the municipalities in 
the CSPA. It also shows that the overall population grew at a rate of about 0.5 percent per year 
between 1991 and 2001. Figure 1-32a in Volume II shows the most current Statistics Canada 
(2001) population data for municipalities. Figure 1-32b in Volume II shows the change in 
population between 1996 and 2001 for those municipalities. The greatest increase was 
experienced in the Township of South Frontenac, while the City of Brockville, the City of 
Kingston, and the Town of Gananoque experienced the lowest population growth across the 
period. 

Table 1-17 illustrates the Ministry of Finance (MFIN) population numbers for the Census 
Divisions (Counties) in the CSPA: 

 

Table 1 - 22 Ministry of Finance Population Calculations  

Census Division 
(County) 

1996 
(thousands) 

2004 
(thousands)

% change 

1996-2004 

Frontenac 140.1 147.7 5.4 

Leeds/Grenville 98.9 102.5 3.6 

Lennox/Addington 40.3 41.8 3.7 

Average - - 4.2 
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It is also useful to examine population and population density by study area in order to get a 
clearer picture of population trends for specific watersheds in the CSPA. These figures are 
included in the following sections on study area populations. See Figure 1-32c in Volume II for 
population density by study area. 
1.6.1.1       Lake Ontario Study Area 
The Lake Ontario study area had a population of about 102,000 in 2001. This population 
represents 51.1 percent of the total population of the CSPA. This population includes the 
majority of the area and population of the City of Kingston, which explains why the population 
numbers for this study area are much higher than for all other study areas. This is the most 
populated study area in the CSPA. The population density of this study area is approximately 
110 persons per km2, the highest for any study area in the CSPA. 
1.6.1.2       Cataraqui River Study Area 
The Cataraqui study area had a population of about 41,000 in 2001. This population represents 
20.7 percent of the total population of the CSPA. This study area includes relatively high density 
populations along the Cataraqui River, which explains the high ranking (second most populous) 
of population for this study area. The population density of this study area is about 40 persons 
per square kilometre, the third highest in the CSPA. 
1.6.1.3       Gananoque River Study Area 
The Gananoque study area had a population of about 14,000 in 2001. This population represents 
seven percent of the total population of the CSPA, making the Gananoque study area the fourth 
most populous study area in the CSPA. This study area includes some of the population of the 
Town of Gananoque. The population density of this study area is about 20 persons per square 
kilometre, the second lowest in the CSPA. 
1.6.1.4       Tri-Islands Study Area 
This study area is the least populous in the CSPA. The Tri-Islands study area had a population of 
about 2,000 in 2001, which accounts for only one percent of the CSPA, and makes it the least 
populous study area. The population density of this study area is 10 persons per square 
kilometre, the lowest in the CSPA. 
1.6.1.5       St. Lawrence Study Area 
The St. Lawrence study area had a population of about 40,000 in 2001. This population 
represents 20.1 percent of the total population of the CSPA, and it includes the entire population 
of the City of Brockville, as well as some of the population of the Town of Gananoque. This is 
the third most populous study area in the CSPA. The population density of this study area is 
about 70 persons per square kilometre, the second highest population density in the CSPA. 

Table 1-18 shows a summary of population and population density by study area source 
(GeoSuite, Statistics Canada, 2001). 
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Table 1 - 23 Population and Population Density by Study Area  

Study Area Population % Area 
(km2) 

% Population 
Density 
(Pop/km2) 

Gananoque 14,048 7.0 929 26.0 15 

Cataraqui 41,421 20.7 946 26.5 44 

Lake Ontario 102,132 51.1 903 25.3 113 

Tri-Islands 2,044 1.0 244 6.8 8 

St. Lawrence 40,123 20.1 545 15.3 74 

Total 199,768 100 3,567 100 56 

 

1.6.2 Projected Population  
The MFIN population projections (2004-2031) anticipate overall growth in the province of about 
1.2 percent over the first decade (2004-2014), 1.0 percent during the second decade (2015-2024), 
and 0.8 percent for the balance of the period (2025-2031) (MFIN, 2005). 

Approximately 86,000 residents live outside of the City of Kingston (for which a population 
projection already exists) in the CSPA. This population (living outside the City of Kingston), 
taken as a whole, can be expected to grow by about 17.8 percent (see Table 1-19). This would 
see an additional 15,000 residents added to the CSPA, for a total of 101,000 (outside of the City 
of Kingston). Including the City of Kingston (which is expected to grow from 114,000 to 
155,000 by 2031, an increase of 41,000) would see the CSPA as a whole with a population of 
approximately 256,000 in 2031, which is an increase of 56,000 from 2001 (MFIN, 2005; J.L. 
Richards & Associates Limited, 2004). 

 

Table 1 - 24 Ministry of Finance Projected Population (thousands)  

Census Division 
(County) 

2004 

(thousands)

2031 

(thousands) 

% change 

2004-2031 

Frontenac 147.7 184.2 24.7 

Leeds/Grenville 102.5 117.0 13.9 

Lennox/Addington 41.8 48.0 14.8 

Average County 
Growth Rate 

- - 17.8 
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The following breakdown by study area of population projections is based on various municipal 
official plans, MFIN data (2005), and on Kingston’s Urban Growth Strategy (2004). The figures 
are approximate, but represent the best estimates available at the present time. See Figure 1-33d 
in Volume II for projected population by study area. 
1.6.2.1       Lake Ontario Study Area 
The majority of the population in this study area resides within Frontenac County. Frontenac 
County as a whole is expected to have a 24.7 percent growth rate over the next 25 years. 
Additionally, the majority of the residents of the City of Kingston reside in this study area. The 
City of Kingston alone is expected to grow by approximately 41,000 (to 155,000) residents over 
the next 20 years, representing a growth rate of 36.4 percent (J.L. Richards & Associates 
Limited, 2004).  

Furthermore, Loyalist Township is expected to grow by approximately 6,000 residents over the 
next 15 years, a growth rate of 43 percent.  

Finally, the Town of Greater Napanee is expected to grow, but this growth will be restricted 
mainly to the high population parts closer to downtown Napanee. Therefore percentages are not 
included here, since they do not apply to the portion of the Town of Napanee that falls within the 
CSPA. 

The western portion of this study area (in the Quinte sub-area) will have moderate growth on a 
low population base, while the eastern portion will have high growth rates on a large population 
base. 

Taken as a whole this study area can be expected to have a high growth rate, increasing by 
approximately 30,000 residents in the next 20 to 25 years. This will put the population of the 
Lake Ontario study area at approximately 132,000 by 2031. 
1.6.2.2       Cataraqui River Study Area 
The Cataraqui River study area is expected to be a moderate population growth area, with growth 
coming from people leaving the City of Kingston, south to north migrations of urban residents 
moving to the rural areas north of the city. A growth rate of 24.7 percent applied to 
approximately 41,000 residents means an expected growth of 10,000 residents in this area in the 
next 25 years.  
1.6.2.3       Gananoque River Study Area 
Assuming a growth rate of approximately 13.9 percent (the 25 year growth estimate for Leeds 
and Grenville County) this study area might be expected to grow from approximately 14,000 to 
about 16,000 in the next twenty five years. Qualitatively this represents a low population growth 
rate area. 
1.6.2.4       St. Lawrence Study Area 
The majority of the population in this study area resides within Leeds and Grenville County, and 
more specifically, within the Town of Gananoque and the City of Brockville. Applying the 
overall growth rate of 13.9 percent to that portion of the population within this study area means 
the population should grow from about 40,000 to about 45,500 in the next 25 years. 
Qualitatively, this represents a low population growth rate. 
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1.6.2.5       Tri-Islands Study Area 
Based on past growth rates of about eight percent over 10 years, this area is expected to have a 
low population growth rate. The population of this study area might be expected to grow from 
approximately 1,600 residents to perhaps 1,900 residents by the year 2031. 

1.6.3 Land Use  
Land use planning in the CSPA is generally conducted at the lower tier of municipal governance. 
The only county with a planner on its staff is the United Counties of Leeds and Grenville, but a 
County official plan has not been developed.  

Land use impacts water in diverse ways. Depending on the activity on the land, the subsequent 
change in the water may be severe or it may be less noticeable. Careful planning can help to 
mitigate the impacts of land use on sources of water.  

See Figure 1-33a and Figure 1-33b in Volume II for an overview of the existing land uses 
described in the following sections. Figure 1-33c in Volume II shows land use broken down by 
study area. Figure 1-33d in Volume II shows land use within the lake country area. 
1.6.3.1       Lake Ontario Study Area 
Altogether, this study area is very diverse, with high proportions of both agricultural (56 percent) 
and settled land (4 percent). Lake country comprises 13 percent of this study area.  
1.6.3.2       Cataraqui River Study Area 
This study area has very little settlement (one percent), and a relatively low percentage of 
agriculture (22 percent). It is dominated by lake country which accounts for 87 percent of the 
land area taken as a whole. Some of the areas designated lake country consist of a mix of 
cottage/tourism alongside agricultural land uses.  
1.6.3.3       Gananoque River Study Area 
Agriculture and lake country dominate this area, at 38 percent and 56 percent respectively, 
including overlap between these two land uses. Settlement around the village of Athens accounts 
for less than 0.5 percent of land use. This study area is essentially cut in half by a high lake 
density area of cottage/tourism, straddled by two areas (one in the north and one in the south) of 
intense agriculture. The lake country and its corresponding land uses roughly coincide with 
Frontenac Axis Precambrian rock. 
1.6.3.4       St. Lawrence Study Area 
This area is characterized by the second largest percentage of settlement (2.4 percent) due to the 
presence of the City of Brockville and the Town of Gananoque.  

Agriculture is very important to this study area, with 45 percent of the land cover in agricultural 
use. This study area does not include any lake country, but does include all of the Thousand 
Islands/St. Lawrence cottage and tourism area for a total of 19.3 percent of the St. Lawrence 
study area. 
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1.6.3.5       Tri-Islands Study Area 
Agriculture far outweighs all other categories in this area, accounting for 74 percent of land use. 
The remaining land is divided between woodland, wetland, and scrubland.  

1.6.4 Settlement Areas  
The City of Kingston has identified designated growth areas through the Urban Growth Strategy 
report (J.L. Richards & Associates Ltd., 2004). Six growth alternatives are listed for the City of 
Kingston.  

Alternative 1A includes land adjacent to both the Collins Bay penitentiary, and Little Cataraqui 
Creek. Due to federal government ownership of this land, extensive urban development is not 
expected to occur in these areas in the near future.  

Alternative 1B is located in Kingston East (i.e. former Pittsburgh Township), to the east of the 
Cataraqui River, including some shoreline on Lake Ontario, but this land is not currently 
available for development.  

Alternative 4 is also located in the eastern part of Kingston, with some shorelines on Lake 
Ontario, and a proposed sewage treatment facility.  

The remaining alternatives within the committed development area of the City of Kingston lie in 
northern parts of the city, ranging from west to east. All growth alternatives include sewage 
treatment facilities as well as infrastructural improvements for handling increased demand for 
drinking water, sewage treatment and garbage removal. The general trend for the City of 
Kingston is expanded commercial and residential development starting at the edges of currently 
developed areas, and moving away from the city centre towards the Westbrook area, to areas 
north of Highway  401, and to the far eastern portions of the city.  

Potential threats for source water include development close to Collins Creek, Little Cataraqui 
Creek, and the Lake Ontario shoreline, with effects on those watercourses and waterbodies 
possibly increasing in proportion to the scale of the actual development that occurs in the future. 

The second largest urban concentration, and that with industrial and commercial potential second 
only to Kingston (in the CSPA), is the City of Brockville.  

The growth patterns for the City of Brockville are generally expected to push out toward the city 
limits. Industrial development flourishes near the city limits, on lands owned by both the city and 
private interests. Residential development is also occurring on lands at the extreme north and 
northwestern portions of the City of Brockville.  

It is important to note that much of the recent development has taken place very close to the 
Buells Creek Reservoir and the Mac Johnson Wildlife Area. This may have implications for 
Source Water Protection, since Buells Creek Reservoir is a water source for a host of species 
within the Mac Johnson Wildlife Area and downstream. Wildlife, in some cases, act as indicator 
species for the monitoring of water quality and general ecosystem health. 

Gananoque is the third largest settlement in the CSPA. Development remains fairly well 
confined to the town limits, though north of Highway 401 some recent settlement is apparent, 
mostly residential. The Gananoque Lower Town Study (EDA Collaborative Inc., 2005) indicates 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

77

that the old areas of town need to be rejuvenated for purposes including residential 
condominiums and commercial activity. In addition, there is some subdivision activity to the east 
of the town limits, and further subdivision developments are expected for the future in the 
attractive Thousand Islands area. 

Other areas of expanding growth within the Cataraqui area include subdivisions and housing 
developments and starts in the villages of Bath, Sydenham, Inverary, and Battersea and their 
surrounding areas. Service to these areas in terms of infrastructure and in terms of commercial 
growth may have impacts on source water. See the descriptions of settlements by study area 
below. 
1.6.4.1       Lake Ontario Study Area 
This study area includes Kingston and satellite communities such as Amherstview and Bath. The 
latter two communities are the locations of many housing developments and subdivisions, where 
many former residents of Kingston have relocated.  

Kingston itself continues to grow in terms of population and in terms of housing development, 
especially in the western (Collins Creek) area, and in areas to the north of Highway 401. 
Sydenham and Inverary are both located in this study area, and both are also the location for 
housing developments and subdivisions, especially around Collins and Sydenham Lakes.  

The eastern part of this study area (Quinte sub-area) is sparsely populated and includes less than 
one-half of a percent of its land use as settlement. 
1.6.4.2       Cataraqui River Study Area 
This study area includes approximately one percent settlement area. The main villages and 
hamlets are Perth Road, Battersea, Elgin, Crosby, and Morton. Some of the City of Kingston also 
falls within this watershed, along the valley near the mouth of the Cataraqui River, and in which 
many new housing developments and subdivisions have been constructed. However, the villages 
and hamlets are more characteristic of the settlement patterns for this study area. These 
settlements are not predicted to grow very much in the near future. There will continue to be less 
dense settlement in the form of cottages, but this falls into a different category of land use, and 
will not make a noticeable difference in the statistics for settlement proper. 
1.6.4.3       Gananoque River Study Area 
Gananoque is the third largest settlement in the CSPA. Development remains fairly well 
confined to the town limits, though north of Highway 401 some settlement is apparent, mostly 
residential. The Gananoque Lower Town Study (2005) indicates that the old areas of town need 
to be rejuvenated for purposes including residential condominiums and commercial activity. In 
addition, there is some subdivision activity to the east of the town limits, and further subdivision 
developments are expected for the future in the attractive Thousand Islands area. 
1.6.4.4       St. Lawrence Study Area 
The St. Lawrence River begins at Kingston, and the Thousand Islands cottage and tourism area 
guarantees that settlement will continue to occur in this attractive part of the CSPA. However, 
housing density may be lower than in other areas due to large lot size on the river, and due to 
inaccessibility of many areas between Gananoque and Brockville.  



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

78

Brockville continues to grow towards its city limits in terms of residential and commercial 
activity. There are a number of new housing developments and subdivisions to the west and 
south of Mac Johnson Wildlife Area.  

In the eastern part of the City of Kingston (on the east side of the Cataraqui River) there are 
expanding areas of settlement as developers seek previously undeveloped land for residents 
eager to live in quieter neighbourhoods outside the city centre.  

The north parts of this study area remain mostly agricultural, and as such should remain sparsely 
populated. 
1.6.4.5       Tri-Islands Study Area 
This study area is expected to have low population growth, which will not affect settlement 
patterns. Those patterns are expected to remain rural and low density. 

1.6.5 Brownfields  
The City of Kingston prepared a Brownfields Program document in 2003 and subsequently 
prepared a plan in 2005 for downtown sites near Lake Ontario and the Cataraqui River (City of 
Kingston website, 2005). The City of Kingston Community Improvement Plan (City of 
Kingston, revised 2006) identified goals and objectives for brownfields consistent with the 
general direction of the Provincial Policy Statement (Ministry of Municipal Affairs and Housing, 
2005) and the former City of Kingston Official Plan. This is the only specific delineation of 
brownfields in the area, although they are known to exist in many other locations in the CSPA 
such as Gananoque and Brockville. 

1.6.6 Landfills  
Please refer to Figure 1-35 in Volume II which highlights the major landfills within the CSPA. 
For very clear and direct reasons, landfills are relevant to source water protection. Infiltration of 
leachate into the subsurface and the subsequent potential for surface and groundwater 
contamination make the monitoring and location of existing and future landfills of utmost 
importance. Some natural attenuation of leachate may occur through the degradation of 
contaminants by microorganisms. However natural attenuation cannot be relied upon to eradicate 
all contaminants. Lining and sealing of landfills, both active and closed, is a very important step 
to help prevent ground and surface water contamination. 
1.6.6.1       Lake Ontario Study Area 
There are two identified landfills in this study area. Both landfills are active. They include one 
northwest of Sandhurst and one in the Little Cataraqui Creek watershed . 
1.6.6.2       Cataraqui Study Area 
In this study area there are four landfills. One is active while the other three are inactive The 
active landfill is located to the north of Joyceville, within the City of Kingston boundaries. 
1.6.6.3       Gananoque Study Area 
There are 29 identified landfill sites in this study area. Of these, 17 are active, six are closed and 
one is an incinerator. There are also five auto wrecking yards. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

79

1.6.6.4       St. Lawrence Study Area 
There are 21 identified landfill sites in this study area. Eleven are active, seven are closed, and 
three are auto junkyards.  
1.6.6.5       Tri-Islands Study Area 
Although no landfill sites were found through provincially supplied datasets on the 3 islands that 
make up this study area, it is probable that each island has at least one.  

Based on windshield surveys in 2006 by CSPA staff it was found that there is a landfill located 
in a quarry adjacent to Lake Ontario on the north side of Wolfe Island. Also, until 2002 there was 
an operational sewage lagoon on Wolfe Island that was used for disposal of material pumped 
from septic systems. 

1.6.7 Mining and Aggregate Extraction  
Extraction of materials from surface or near-surface deposits occurs in the CSPA where the costs 
associated with extraction, transportation, and processing of the materials is lowest. Quality of 
the materials is also a factor in terms of the location of these operations. For a map of active and 
closed pits and quarries in the CSPA, see Figure 1-35 in Volume II. 

Provincially supplied data for the CSPA indicates that in the CSPA there is only one active mine 
(i.e. a graphite mine near Desert Lake, 30 abandoned mines, and no inactive mines. In the recent 
future a wollastonite mine may be established near Seeley’s Bay. The CSPA has 24 active piles, 
no inactive piles, and no abandoned piles. There are 55 active, 158 inactive, and 69 abandoned 
pits in this area, while quarries include 47 active, nine inactive, and 167 abandoned. 

In this region, the materials being extracted include limestone, dolostone, and sandstone, as well 
as surficial materials including sand and gravel. The latter materials are remnants of glacial 
deposition in the form of tills and eskers often used for road construction and safety, while the 
former are sedimentary rocks, generally used in building construction. Metasedimentary and 
more deformed rocks form the Frontenac Axis; extraction of these materials is more difficult, 
and the quality of these rocks for economic purposes is low; as a result, these materials are 
usually left in situ. 

Mining and aggregate extraction is relevant to source water protection for three major reasons. 
The first is that extraction activities often strip away vegetative cover and soils. These surface 
features, once gone, no longer provide buffering and filtering functions. In open pits, exposed 
sediments are easily eroded and can be carried into watercourses through dewatering activities. 
The second impact on source water is relates to stream flow since water may be pumped from a 
pit or quarry to a stream thus altering its natural flow regime.  Thirdly, there may also be impacts 
on groundwater, due to pumping to operate below the water table, potentially causing drawdown 
of the water table for some distance beyond the quarry and subsequent effects on groundwater-
dependent ecosystems. 

Both active and closed extraction operations are of concern, since vegetation and soils are very 
slow to return to pits and quarries. Scientists have tracked successional plant growth on quarries, 
but there is no conclusive evidence for or against full regeneration of open pit areas. For these 
reasons, up to date mapping and description of extraction activities is important for source water 
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protection. All mines in the province are subject to the Closure Plan requirements and standards 
of the Mine Rehabilitation Code of the Mining Act. 

The following study area information is based on Ontario Geospatial Data Exchange information 
for pits, quarries and piles. 
1.6.7.1       Lake Ontario Study Area 
In the Lake Ontario study area there are no active or inactive mines while there are five 
abandoned mines. This study area has 13 active piles, no inactive piles, and no abandoned piles. 
There are eight active, 53 inactive, and 25 abandoned pits in this study area, while quarries 
include 15 active, six inactive, and 105 abandoned. 

This study area has the most extraction activity in the entire CSPA. A combination of high 
quality limestone and limestone-derived minerals, as well as easy lake and river access, make this 
area highly attractive for mineral extraction.  
1.6.7.2       Cataraqui River Study Area 
In the Cataraqui study area there is one active mine, one potential future mine, and no inactive or 
abandoned mines. This study area has 3 active piles, no inactive piles, and no abandoned piles. 
There are 15 active, 43 inactive, and 27 abandoned pits in this study area, while quarries include 
11 active, 3 inactive, and 18 abandoned. 
1.6.7.3       Gananoque River Study Area 
In the Gananoque study area there are no active or inactive mines, while there are five 
abandoned mines. This study area has five active piles, no inactive piles, and no abandoned piles. 
There are 17 active, 21 inactive, and nine abandoned pits in this study area, while quarries 
include 12 active, no inactive, and 10 abandoned. There are two locations in this study area of 
high quality granite extraction, for use in table tops, counters, and walls. 
1.6.7.4       St. Lawrence Study Area 
In the St. Lawrence study area there are no active, inactive or abandoned mines. This study area 
has 3 active piles, no inactive piles, and no abandoned piles. There are 10 active, 35 inactive, and 
five abandoned pits in this study area, while quarries include five active, no inactive, and 11 
abandoned. 

Since this area is known more for tourism, there are fewer extraction sites than might be 
expected. Since this area lies mostly within Frontenac Axis Precambrian bedrock, extraction is 
often restricted to surficial, unconsolidated materials of glacial origin. However, in the extreme 
eastern portions of the area, there are high quality limestones, dolostones, and sandstones. 
1.6.7.5       Tri-Islands Study Area 
While this study area is underlain entirely by sedimentary rocks, it does not have a high number 
of extraction sites. There are no active, inactive or abandoned mines, nor are there any active, 
inactive or abandoned piles. There are four active, five inactive, and no abandoned pits in this 
study area, while quarries include three active, no inactive, and 17 abandoned. 
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1.6.8 Oil and Gas  
There are no oil or natural gas reserves or production facilities in the CSPA. However, the 
Region is crossed by several pipelines, including those owned by Trans Northern Pipelines, 
Union Gas, Trans Canada Pipelines, and Interprovincial Pipelines. 

The potential source water and environmental impacts of pipelines include the potential threat of 
leaks, forest fragmentation leading to biological and hydrological degradation, as well as 
increased supply of oil and gas, leading to continued dependency on greenhouse gas producing 
machinery. It is also important to note that these lines are pressure tested using local water that is 
discharged to the surface. These concerns are all relevant to source water, in terms of the water 
cycle and the interdependency of human activities with atmospheric and hydrologic systems. 

1.6.9 Forestry  
Forestry was an important part of the settlement of the CSPA, but is no longer a significant 
industry. The management of woodlots by individual landowners is a common practice, but there 
are no major forestry operations in the area.  

However, as the following section on roads indicates, maintaining unfragmented, intact forest 
ecosystems is essential to source water protection. Therefore, cooperation among landowners 
who remove trees or who are active in forestry would be worthwhile for source water protection. 

1.6.10 Transportation  
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 
main Canadian National Railway line and Highway 401 follow the north shore of Lake Ontario 
and the St. Lawrence River, bisecting the lower portion of each of the mainland watersheds. 
County Roads 2 and 38, Highways 15 and 33, and the Thousand Islands Parkway, are other key 
roads through the area. There are small airports at Kingston and Brockville and a seasonal 
recreational airport north of Gananoque.  

In addition, the St. Lawrence Seaway is a major water transportation route, providing shipping 
along the Great Lakes to the Atlantic Ocean. Although this is not as important as it was during 
the historical development of this area, it is still a widely-used shipping corridor. 

Ferries connect Amherst, Howe and Wolfe Islands to the mainland; Simcoe to Wolfe Island; and 
Wolfe Island to the United States (seasonally). 

Recreational boating is also a popular pursuit on the Rideau Canal, Lake Ontario, the St. 
Lawrence River and the numerous lakes. 

Minimal change in the existing road network is anticipated in the immediate future. The Ministry 
of Transportation recently added passing lanes on Highway 15 and additional lanes and a median 
wall along portions of Highway 401. A majority of municipal road improvements will likely be 
limited to upgrading existing roads; however, it is anticipated that Taylor-Kidd Boulevard will be 
extended through Loyalist Township over the next decade. If high-speed rail service is 
introduced in the Windsor to Montreal corridor, then upgrades may be required to the existing 
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rail infrastructure. See Figure 1-36 in Volume II for an overview of major transportation in the 
CSPA.  

Roads are important to source water protection. The following quote provides a synopsis of the 
effects of increasing road density: 

“Roads provide access for urban and industrial development and to previously 
inaccessible forest areas. Their presence can alter local hydrology, fragment habitat, 
increase road kill, increase recreational use, and create disturbance from both traffic and 
off-road vehicles.” (Roswell, 2004). 
 

The CSPA includes approximately 4,194 km of road. The road density of the CSPA is 
approximately 1.2 km/ km2. This is low in comparison to many watersheds, which can reach 
road densities of up to 12.0 km/ km2 in eastern Ontario urban areas (Roswell, 2004). However, it 
is close to the threshold of having negative consequences for certain species. Note that road 
density statistic for the CSPA is an average for the entire region and that some areas will have 
either higher or lower densities.  

The following breakdown of major transportation by study area is useful in terms of how major 
infrastructural elements may relate to other study area characterizations in this report. 
1.6.10.1      Lake Ontario Study Area 
The major roads of this study area include Highways 401, 33 and 2, and Frontenac County Roads 
38, 10 and 11, all of which pass through the City of Kingston, and most of which pass very close 
to the centre of that city.  

Highway 401 provides internal movement within the CSPA, and connection between the City of 
Kingston, the Town of Gananoque and the City of Brockville. Additionally, Highway 401 is a 
very important link, and provides cross-traffic, between Toronto, Montreal and other points to 
the east and west of the CSPA. This brings economic and tourist activity to this study area, and 
provides access to goods and services from inside and outside the CSPA. Highway 401 runs east-
west, and thus bypasses much that this study area has to offer. This highway provides a great 
deal of benefit to this study area, but impacts to source water are in accordance with those 
associated with any high-volume, divided highway. These impacts might include sedimentation 
and erosion into watercourses at highway crossings; spills and pollution due to the constant 
presence and influx of a large number of vehicles; and coincidental environmental impact due to 
the increased development that occurs around large transportation routes such as Highway 401.  

Highway 33 provides linkages between the City of Kingston and the Bay of Quinte, another 
important tourist destination. This highway also provides direct access to the north channel of the 
Bay of Quinte, with opportunities for recreation, development, industry, and tourism. All of these 
activities have implications for source water protection. Pollution, removal of vegetation, 
effluent, and spills are all potential outcomes of these activities. 

Frontenac County Roads 10 and 11 provide north-south linkages, with access to the smaller 
towns, to parks, and to the lake country that lies in the north part of this study area. Again, as 
tourists and visitors are brought to these regions, there will be impacts on source water. 
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Frontenac/Lennox and Addington County Road 2 runs roughly parallel to Highway 401, but 
offers stops in the smaller villages, hamlets, and towns. Frontenac County Road 38 runs roughly 
northwest to southeast, starting at Kingston, angling towards the northwestern portions of the 
CSPA, and providing access to the northern areas of the adjacent Quinte Conservation Authority. 

The railways here provide an important alternative to Highway 401 in terms of the movements of 
people and goods. These railways are significant in terms of bringing in tourists from across the 
continent, on VIA rail lines, and in terms of the shipment of goods and raw materials into and out 
of the CSPA and this study area. 

This study area includes approximately 1,357 km of road. The road density of this area is 
approximately 1.4 km/ km2. Road density increases forest fragmentation which leads to changes 
in water chemistry and flow (Roswell, 2004).  

Air travel to and from this study area is provided by Kingston Airport. This airport services 
much of the CSPA and surroundings. 
1.6.10.2      Cataraqui River Study Area 
Highway 15 is the most important transportation route in this study area, followed in importance 
by Highway 401, and Frontenac County Roads 10, 11, 12, and 19. Frontenac County Roads 11 
and 12 provide internal east-west access, while Highway 401 provides east-west access to points 
outside this study area and outside the CSPA. Frontenac County Roads 10 and 11, and Highway 
15 provide north-south internal access as well as access to this study area from outside. The latter 
two also provide the main routes to the north of the study area from the City of Kingston. 
Finally, County Road 19 gives access to the west part of this study area, and to Gould Lake 
Conservation Area and Frontenac Provincial Park. 

Highway 15 provides connection between this study area and destinations north, including 
Smiths Falls and the City of Ottawa. Improvements are ongoing, with attempts to improve the 
flow of the high volumes of traffic this highway experiences. Commuters, tourists, and local 
traffic all share the two lanes this highway provides, but upgrades have made portions of the 
highway three-lane, with some passing lanes for higher speed of travel. The outcomes of these 
upgrades are expected to be positive, with increased ability of the highway to handle its peak 
volumes. Drawbacks might include encroachment onto lands surrounding the highway, and the 
potential for an increased number of accidents, as well as increased traffic volumes outweighing 
the increased capacity due to improvements. The impacts on source water might include 
increased number of streams and length of stream channel crossed, as well as removal of 
vegetation leading to stream bank erosion and sedimentation. 

Frontenac County Road 10 goes to Perth, and thus provides another important north-south 
linkage for this study area. This road does not see the volumes of traffic that Highway 15 
experiences, but it is important for cottagers and tourists, and a considerable amount of 
recreational activity is accessed along this route. 

There is no railway access to this study area, other than the small portion of the Canadian 
National Rail line that crosses the Cataraqui River near Kingston. 
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This study area includes approximately 980 km of road. The road density of this area is 
approximately one km/ km2. Road density increases forest fragmentation which leads to changes 
in water chemistry and flow (Roswell, 2004).  
1.6.10.3      Gananoque River Study Area 
Although the majority of Highway 15 lies in the Cataraqui River watershed, a significant length 
of this very important route passes through the Gananoque River watershed, providing access to 
lake country and to points north of the CSPA. United Counties of Leeds and Grenville 3, 5, 32, 
and 34, and Highway 401 is also important to this study area. 

Highway 401 brings traffic into and out of the Town of Gananoque, connecting to points east 
and west both within and outside of the CSPA. United Counties of Leeds and Grenville Road 3 is 
the main route to Charleston Lake Provincial Park from Highway 401 or from Highway 15, and 
people seeking that park from outside will most likely choose this route.  

United Counties of Leeds and Grenville Roads 32 and 34 provide internal routes throughout the 
study area. These roads are important for locals, tourists, and for recreation. United Counties of 
Leeds and Grenville Road 5 connects the Town of Athens to Highway 401, and to Highway 15 
near Otter Lake. 

This study area includes approximately 771 km of road. The road density of this area is 
approximately 0.8 km/ km2. Road density increases forest fragmentation which leads to changes 
in water chemistry and flow (Roswell, 2004).  

Air transportation for this study area is generally provided through the Kingston airport, but the 
Gananoque airport does provide seasonal recreational air travel opportunities. 
1.6.10.4      St. Lawrence Study Area 
This study area, running along the St. Lawrence River, coincides with Highway 401, helping to 
bring in tourists and economic benefits. Goods, services, and people may enter or be accessed 
very easily from the east or the west, with cross-traffic from both Montreal and Toronto. 
Highway 401 provides a great deal of benefit to this study area, with impacts to source water in 
accordance with those associated with a high-volume, four-lane divided highway. These impacts 
might include sedimentation and erosion into watercourses at highway crossings; spills and 
pollution due to the constant presence and influx of a large number of vehicles; and coincidental 
environmental impact due to the increased development that occurs around large transportation 
routes such as Highway 401.  

Major railway lines exist, running roughly parallel to Highway 401, and north-south out of 
Brockville (providing access to the City of Ottawa). In much the same way as the highway, these 
transportation lines bring economic benefit, goods, and people into and through the CSPA. The 
impact on source water of the railways may be less, due to the lower volume of traffic, and the 
regulations associated with railway functions. 

Both the highways and the railways are essential to the internal functioning of the CSPA because 
they connect the three major settlement areas: Brockville, Gananoque, and Kingston, the entirety 
of which (in the case of the first two), or portions of which (in the case of Kingston) lie within 
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this study area. County Roads (i.e. United Counties of Leeds and Grenville 3, 4, 5 and 6) provide 
north-south access into and out of this study area. 

United Counties of Leeds and Grenville Road 2 roughly parallels Highway 401 offering access 
to smaller villages, hamlets, and towns within this study area. 

Another important transportation route of note in this study area is the Thousand Islands 
Parkway. This two lane highway roughly parallels Highway 401, following the St. Lawrence 
River, and providing access to the river for recreation, development, and tourism. Decreased 
vegetation and riparian buffering where development occurs, increased waste due to the 
presence of people and vehicles, and pressures on fish and wildlife due to the presence of 
hunting and angling activities are all enabled by the Parkway. 

This study area includes approximately 869 km of road. The road density of this area is 
approximately 1.6 km/ km2. Road density increases forest fragmentation which leads to changes 
in water chemistry and flow (Roswell, 2004).  

Very limited air travel for this study area is provided by the Brockville airport, though many 
residents will use Kingston’s airport (in the Lake Ontario study area) for provincial or national 
(as opposed to regional) air travel. 
1.6.10.5      Tri-Islands Study Area 
Highways Frontenac Islands County Roads 95 and 96 are the most important transportation 
routes in this study area. Road 96 provides east-west access along the north parts of Wolfe 
Island, passing through Marysville, where the ferry terminal to Kingston is located. Road 95 runs 
roughly north-south, providing a road link between the Cape Vincent ferry terminal (with service 
to the U.S.) and the ferry terminal at Marysville, bringing American tourists to the Kingston area. 
This cross traffic is an important part of Marysville’s economy.  

On Howe Island, Howe Island Drive runs along the south shore for the majority of its length, 
curving to meet the north shore on the west side of Howe Island. This road connects to the Howe 
Island Ferry near Gananoque. 

Amherst Island is connected to the mainland by a ferry at the mouth of Millhaven Creek. A 
number of roads on Amherst Island provide access to both shoreline and interior parts of this 
island. It is worthwhile to note that while each of the three islands in this study area has ferry 
service, there is no ferry service between the islands. 

This study area includes approximately 217 km of road. The road density of this area is 
approximately 1.2 km/ km2. Road density increases forest fragmentation which leads to changes 
in water chemistry and flow (Roswell, 2004).  

1.6.11 Serviced versus Non-serviced areas (Wastewater) 
Municipal wastewater treatment plants exist in the town of Amherstview, the village of Odessa 
(planned to be decommissioned in 2008), the village of Bath (all in Loyalist Township), the City 
of Kingston (two large facilities and a small one at Cana in Kingston Mills), the village of 
Lansdowne (Township of Leeds and the Thousand Islands), the Town of Gananoque, and the 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

86

City of Brockville. Corrections Canada also operates a facility at the Joyceville Penitentiary; and 
Cana Subdivision has wastewater treatment facilities as well. 

In this section the term water pollution control plant is used synonymously with wastewater 
treatment plant (WWTP). See Figure 1-38 in Volume II for a summary of wastewater treatment 
facilities and sanitary sewer services in the CSPA.  
1.6.11.1      Lake Ontario Study Area 
The City of Kingston, Amherstview, Bath, and Odessa (to be closed shortly) all operate water 
pollution control plants as well as sanitary sewage services. Amherstview also has a sewage 
lagoon. See Figure 1-37 in Volume II.  

Taken as a whole, the Lake Ontario study area has the greatest concentration of people and 
therefore the greatest wastewater treatment pressures. Further development in this study area will 
see this trend continued. 
1.6.11.2      Cataraqui River Study Area 
In this study area, only Joyceville/Pittsburgh Penitentiary operates a water pollution control 
plant. Some areas near the mouth of the Cataraqui River lying within the City of Kingston also 
have sanitary sewage services. 
1.6.11.3      Gananoque River Study Area 
The town of Gananoque operates a sewage lagoon north of the town limits. This is the only 
wastewater treatment facility in this study area. 
1.6.11.4      St. Lawrence Study Area 
In this study area, Lansdowne operates a sewage lagoon, while Brockville operates a water 
pollution control plant. At the far western end of the study area, within the boundaries of the City 
of Kingston, is the Ravensview water pollution control plant. Sanitary sewage services also exist 
in the eastern parts of the City of Kingston. 
1.6.11.5      Tri-Islands Study Area 
There are currently no sewage or wastewater treatment facilities in this study area. The 
population density here is low, and sewage issues are dealt with by individual residents. 

1.6.12 Septic Systems and Wastewater Treatment Facilities  
Private septic systems are in use in all areas of the Cataraqui Source Protection Region. There 
are also communal facilities in locations such as trailer parks. Responsibility for approving the 
installation of private and communal systems rests with the Lanark, Leeds and Grenville Health 
Unit in the east, Kingston Frontenac Lennox and Addington Public Health in the west, and with 
the staff of the Township of Rideau Lakes in that municipality.  

The concept of municipal septic re-inspection programs has been a topic of considerable local 
interest in recent years, especially where water quality in lakes is an issue. It is evident that the 
quality and condition of existing septic systems varies from state-of-the-art biofilter systems to 
inadequate cesspools. The re-inspection program could involve a visual survey (with landowner 
permission) as part of a regular inspection cycle. An alternative program would see mandatory 
re-inspections completed when a property is sold from one party to another. A significant issue is 
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whether or not compliance with any required improvements would be mandatory or voluntary. 
Several local municipalities are studying how to implement a program of this type.  

1.6.13 Stormwater Management  
Stormwater is essentially water that flows across impervious surfaces and enters surface water 
sources untreated. This water can come into contact with several contaminants as it moves across the 
ground, including fertilizers, animal waste, hydrocarbons, and sediment. The management of 
stormwater is now a standard practice for a majority of development in the CSPA. Past emphasis on 
providing quantity control to avoid flooding on river and stream systems has evolved to a 
comprehensive approach in which both quantity and quality impacts are considered. The Stormwater 
Management Planning and Design Manual (MOE, 2003a) is the primary design guideline.  

For intensive urban development, the normal practice has been to use large conveyances and 
end-of-pipe facilities such as detention/retention ponds. The generally preferred use of lot-level 
controls (such as porous pavements) or conveyance controls (such as French drains) has been 
hindered by concerns about snow removal, storage and requirements for larger lots and the thin 
soils over fractured bedrock prevalent in the CSPA. Post-development monitoring of the actual 
function of stormwater control facilities has been limited, but is an emerging requirement for 
recent projects.  

The use of temporary erosion and sediment control measures during site alteration by local 
contractors has sometimes been poorly implemented, as it is not yet considered standard practice. 
Often the proper measures are shown on the construction drawings, but then improperly 
installed, or not installed on the site. A greater extent of enforcement by approval authorities may 
be necessary.  

The Interim Watershed Plan for the CSPA found that as of 1983, “at the municipal level there is 
little support for, or awareness of, stormwater management” (CRCA, 1983).  

As of March 2008 12 of the 15 official plans within the CSPA give at least some direction with 
regard to stormwater management. These include: 

• Town of Greater Napanee 

• Loyalist Township 

• Township of Kingston 

• City of Kingston 

• Pittsburgh Township 

• South Frontenac Township 

• Rideau Lakes Township 

• Gananoque 

• Leeds and Thousand Islands Township 

• Front of Yonge 
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• Elizabethtown-Kitley Township 

• City of Brockville 

It should be noted that some municipalities are currently in the process of updating their official 
plans such that there will be one guiding document per municipality. The City of Kingston and 
Athens Township will have new documents, while others will have updates. 

Although the above listed municipalities note stormwater management in their official plans, not 
all provide direction with regard to specific standards and practices that are to be 
met/implemented. Only the Town of Greater Napanee, Loyalist Township, Pittsburgh Township, 
Kingston Township, Rideau Lakes Township and the City of Brockville contain some detail. 

The City of Kingston has initiated a Fish and Frogs Forever Project to educate its residents about 
the need to keep water clean prior to its entry into the storm sewer network (City of Kingston 
website, 2005). The project includes engaging youth to stencil fish and frogs next to sewer 
grates, and community talks about stormwater issues.  

1.6.14 Agricultural Resources  
There are farms in all areas of the watershed region, including the Canadian Shield. A majority 
of the agricultural land is found in proximity to Lake Ontario and the St. Lawrence River. At the 
southwest end of the region, where the temperature is moderated by Lake Ontario, there are 
specialty farms with apple orchards and berry patches. Agriculture is the primary industry on 
Amherst Island and throughout the Township of Frontenac Islands. See Figures 1-33c in 
Volume II and Figure 1-38 in Volume II for a summary of agricultural activities in the CSPA. 

The key agricultural products in the CSPA are: 

• dairy products, 

• fruits and vegetables, 

• grain, including corn, 

• hay and other grasses, 

• poultry and eggs, and 

• beef and beef products. 
1.6.14.1      Lake Ontario Study Area 
This area has strong agricultural production abilities. The soil is good and the terrain is flat. 
Additionally, this area is located close to markets where the goods can be sold. The western 
portion of the Lake Ontario Study Area is primarily agricultural.  

Grains, vegetables, dairy, livestock, and a range of other agricultural products originate in this 
part of the CSPA.  
1.6.14.2      Cataraqui River Study Area 
This area is not renowned for agriculture, given the uneven terrain and relatively poor soils. 
However, pockets of farming do flourish where the terrain and soils make it possible. Fruits, 
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vegetables, and flowers are often grown here, supported by tourism and seasonal residents. 
Villages and hamlets also provide markets for locally grown agricultural products. 
1.6.14.3      Gananoque River Study Area 
Agriculture is concentrated in the southern and northern portions of this study area where soil 
conditions are best.   
1.6.14.4      St. Lawrence Study Area 
Livestock and grain production, poultry and poultry products are important agricultural activities 
in this area. 
1.6.14.5      Tri-Islands Study Area 
Agriculture is the primary industry in this study area. Livestock and grain production are two 
major activities in this area, as is the production of a range of food products for local markets, 
restaurants and tourism. 

1.6.15 Recreation  
There are many areas that are designated to permit various scales of recreational activity in the 
CSPA. Some of these activities include boating, hunting, fishing, hiking, cross-country skiing, 
skating, and a host of other activities with a range of environmental impacts. 

Recreational activities may have effects on Source Water Protection. Activities that take place on 
or near waterbodies and watercourses have potential impact on source water. Also, activities 
involving motorized vehicles, outboard motors, or mechanical devices also have a higher 
potential for source water impacts. Emissions and spills from motors, disruption of soil from all 
terrain vehicles and mountain bikes, and even erosion and compaction of soil from hiking 
activities should all be carefully managed and controlled to lessen the impact on the environment 
and on water sources.  
1.6.15.1      Lake Ontario Study Area 
Golfing, hiking, cycling, boating and fishing are popular activities in this area. Lower impact 
activities include wildlife- and bird-watching, though these tourist activities also require 
motorized vehicles in order to travel to suitable locations. Emissions, spills, and garbage are 
potential impacts of all recreational activities in this area, and care must be taken to minimize 
their effects on source water. The great variety of streams, wetlands, lake, and bay habitats make 
this especially important in this area.  

The City of Kingston is the point of origin of many recreational and tourist travelers in this area 
and therefore must be the site of increased awareness of the potential impacts of recreational 
activities. This might occur at marinas, stores, or government offices where outdoor enthusiasts 
purchase goods and permits for their activities, or it might occur through word of mouth, or the 
distribution of information pamphlets. 
1.6.15.2      Cataraqui River Study Area 
Hunting, fishing, cycling and camping are popular seasonally or year-round in this study area. 
The plethora of lakes and suitable wildlife habitats make this especially attractive for those 
interested in more remote locations.  
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Recreational boating is a major summer activity on the Rideau Canal. This historic canal system 
connects Kingston and Ottawa and is a major tourist attraction for thousands of visitors and 
boaters each year.  

As this area contains much of the headwaters of the CSPA, it is important that the impacts of 
these activities be minimized, while still allowing for the individual recreational user to have as 
full an outdoor experience as possible. 
1.6.15.3      Gananoque River Study Area 
Charleston Lake is the locus of much recreational activity in this area, including boating, 
swimming, fishing and hunting on or around the lake. Some areas remain off limits for 
motorized vehicles.  

It is important to retain a balance of activities in order to minimize potential impacts on the lakes, 
waterbodies, as well as watercourses downstream. The Gananoque River is well-known to canoeists, 
while the northern parts of the watershed are conducive to activities both on water and on land.  
1.6.15.4      St. Lawrence Study Area 
Boating, fishing, golfing, and camping are the main recreational activities in this area. The St. 
Lawrence River is the primary geographical feature of the area, and most recreational activities 
take place on or around the river.  

Many potential impacts of recreational activity may be felt here or downstream of the CSPA. 
These include stress on watercourses and channels due to boating, emissions from motors, 
including car and boat motors, and stresses on water habitats due to fishing. Camping and hiking 
and the impacts generated from these activities including waste and soil compaction, are relevant 
to source water protection concerns.  

Care should be taken by outdoor enthusiasts and recreational managers to minimize impacts for this 
area and for downstream neighbours. The City of Brockville, as the point of origin for many of the 
recreational activities, may also be important as a site of education around responsible recreation. 
1.6.15.5      Tri-Islands Study Area 
Most recreational activities in this study area take place on or near shore and include fishing, 
boating, and swimming. Hiking and hunting activities occur inland though the former is mostly 
restricted to Big Sandy Bay on Wolfe Island and Owl Woods on Amherst Island, while the latter 
occurs mostly on private land.  

Because of the small land area, and the direct impacts onto both Lake Ontario and the St. 
Lawrence River, source water protection remains of high concern for this study area. 

1.6.16 Protected Areas  
The CSPA contains a diversity of natural areas that are fairly well represented in number and 
protected to varying degrees at the national, provincial and regional levels. In terms of area, only 
slightly more than 3 percent of this area is protected through ownership by a government body or 
a conservation authority. See Figure 1-39 in Volume II for an overview of the properties, parks, 
and conservation areas that protect many of the unique natural features of this area. 
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Frontenac Provincial Park is the largest protected area in the CSPA (see Table 1-20). It is 
situated on the southern arm of the Canadian Shield, and contains a semi-wilderness of wetlands, 
lakes and granite outcrops, as well as abundant wildlife. 

Charleston Lake Provincial Park is also situated on Frontenac Axis, Precambrian shield rock. It 
includes coldwater lake fish habitats, as well as abundant forests, wetlands, and other natural 
features. This is the second largest protected area in the CSPA.  

Queen’s University Biological Station, located on Lake Opinicon (also on the Frontenac Axis), 
includes diverse human and natural habitats, as well as varied topography and wildlife species. 
This area is used by various learning institutions within and outside of the CSPA. This area is not 
displayed on Figure 1-39 in Volume II. 

Gould Lake Conservation Area, the headwaters of Millhaven Creek, provides excellent wildlife 
habitat and offers many opportunities for nature appreciation and recreation in all seasons. 

St. Lawrence Islands National Park is the only national park in the CSPA. This park is also 
situated on Precambrian rock, but due to its southerly location, it also contains rare species 
exemplary of the Carolinian forest, as well as Pitch Pine. 

Big Sandy Bay, located on Wolfe Island, is a municipally managed day use area that is also an 
ANSI. It includes wetlands, sand dunes, and forests. 

Table 1 - 25 Large Protected Areas in the CSPA  

Protected Area Municipality Area 
(ha) 

Big Sandy Bay Provincial Park 
Reserve 

Township of Frontenac Islands 404 

Gould Lake Conservation Area Township of South Frontenac 589 

St. Lawrence Islands National 
Park 

City of Kingston 

Town of Gananoque 

Township of Leeds and the Thousand Islands 

Township of Front of Yonge 

900 

Queen’s University Biological 
Station 

Township of South Frontenac 

Township of Rideau Lakes 

2,000 

Charleston Lake Provincial Park Township of Leeds and the Thousand Islands 2,353 

Frontenac Provincial Park  Township of South Frontenac 5,214 

TOTAL  11,460 

 

The following table (Table 1-21) shows the protected areas that are within each study area. 
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Table 1 - 26 Protected Study Areas per Study Area  

Study Area Protected Areas Type of Protected Area 

Gould Lake, Parrot’s Bay, Lemoine 
Point,  Little Cataraqui Creek   

Conservation Area Lake Ontario 

Little Cataraqui Creek Valley Lands, 
Millhaven Wetlands, Clancey Forest 

Conservation Land 

Frontenac Provincial Park Provincial Park – natural environment Cataraqui River 

Queen’s University Biological Centre Research Centre 

Charleston Lake Provincial Park Provincial Park – natural environment Gananoque 
River Marble Rock Forest, Eden Grove Forest, 

Bastard Forest, Three Lakes 
Conservation Land 

St. Lawrence Islands National Park National Park 

Lyn Valley, Mac Johnson Wildlife Area Conservation Area 

St. Lawrence 
River 

Lees Pond, La Rue Mills Forest Conservation Land 

Big Sandy Bay (Wolfe Island) Municipally owned, environmentally 
sensitive day use area – recreation and 
environmental protection 

Tri-Islands 

Owl Woods Conservation Land 

 

Other areas with varying levels of protection exist throughout the CSPA. These include ANSIs, 
environmentally sensitive areas, Provincially Significant Wetlands (PSW), Crown Land, 
conservation easements and municipal and county parks. The ANISs (including PSWs) and 
environmentally sensitive areas are also displayed on Figure 1-39 found in Volume II.  

1.7 Water Uses and Values  

This section is intended to give context to the development of source water protection plans by 
describing the many uses of water in the CSPA. It is evident that in addition to providing 
drinking water our lakes, waterbodies, and aquifers have effects on both the local ecology and 
economy. See Figure 1-41a and Figure 1-41b in Volume II for a view of permit to take water 
locations across the CSPA.  

1.7.1 Drinking Water Sources  
Drinking water in the CSPA is obtained from a variety of sources. Communities and individuals 
along Lake Ontario and the St. Lawrence River, as well as around inland lakes draw from the 
surface water.  
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Most inland communities use groundwater obtained through private wells or one of the three 
designated municipal residential groundwater supplies: Cana Subdivision in the City of 
Kingston, the village of Lansdowne, and Millor Manor retirement home in the Township of the 
Front of Yonge. Individuals from communities such as Sydenham and Charleston, located inland 
and on lakes, draw from both surface and groundwater sources.  
1.7.1.1       Municipal Residential Wells  
There are three municipal residential groundwater supplied systems in the CSPA at: 

• Cana Subdivision (City of Kingston);  

• Village of Lansdowne (the Township of Leeds and the Thousand Islands); and 

• Millor Manor in Mallorytown.  

Utilities Kingston has completed a Class EA process for the Cana Subdivision that includes 
wellhead protection data and recommendations. The CRCA is presently working with MOE and 
the Township of Leeds and the Thousand Islands to prepare a wellhead protection plan for 
Lansdowne.  
1.7.1.2       Communal Wells  
In many rural settings, particularly in campground areas or trailer parks, for example, the chosen 
water supply is a communal well. These wells typically provide water resources for hundreds of 
individuals. Communal wells are, at this time, only known to be in trailer parks and 
campgrounds. While the number of trailer parks in the CSPA is not known with any certainty, 
they are known to exist in rural areas. The locations of municipal residential and public supply 
wells are shown on Figure 3-9 in Volume II. Campgrounds are common, especially in lake 
country, and are sometimes located in close proximity to agriculture. Potential effects on 
campground water supplies due to agricultural or other activities should be assessed and 
monitored. Communal wells should be tested regularly so that clean water is supplied for 
recreational activity and for rural living which will in turn affect economic prosperity by 
bringing recreational and rural enthusiasts to the CSPA. 
1.7.1.3       Private Groundwater Supplies  
A majority of the residents in the rural (unserviced) areas of the CSPA obtain their drinking 
water from private wells. This includes residents living in most of the villages and hamlets. 
Private wells in some areas of the region are known to run dry during extended periods of 
drought. There are approximately 20,000 domestic wells in the CSPA (25,000 wells in total). 

Many residents with private wells do not properly maintain their well and its vicinity, and do not 
undertake regular water quality testing. In addition, some residents may not properly maintain 
treatment systems. The CRCA has worked with the local municipalities and public health units to 
increase awareness of good well practices. This should be supplemented by follow-up activities to 
promote the adoption of and continued adherence to such good practices and procedures. 

About 15 percent of rural municipal water is consumed (or used up in the process). The remainder 
is returned to the environment in the form of wastewater. The watering of lawns and gardens is, in 
many places, the heaviest draw on rural municipal supplies (Coote and Gregorich, 2000). 
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1.7.1.4       Surface Water Intakes  
Municipal Residential Surface Water Intakes 

As shown on Figure 1-42 in Volume II, the CSPA includes nine operating municipal surface 
water intakes (listed from west to east) at: 

1. the Town of Greater Napanee (Sandhurst Shores); 

2. the Town of Greater Napanee (A.L. Dafoe -- main intake);  

3. Loyalist Township (Fairfield);  

4. Loyalist Township (Bath); 

5. the village of Sydenham  

6. the City of Kingston (Kingston West); 

7. the City of Kingston (Central - Beverly Street);  

8. the Town of Gananoque; and  

9. the City of Brockville. 

The intake in the Town of Greater Napanee is located in the CSPA but services residents of the 
Quinte Source Protection Region. The intakes at Napanee, Loyalist Township, and the City of 
Kingston all use Lake Ontario as a source. The facilities at Gananoque and Brockville draw from 
the St. Lawrence River.  

A relatively new municipal residential intake is operating in the Township of South Frontenac at 
the village of Sydenham. It draws water from Sydenham Lake in the Millhaven Creek watershed.  

Other Surface Water Intakes 
Corrections Canada has an intake on the Cataraqui River at the Joyceville/Pittsburgh Institution 
at Joyceville.  

Many residents in unserviced portions of the CSPA draw their water directly from Lake Ontario, 
the St. Lawrence River, or an inland lake or watercourse. There is little knowledge of the number 
of residences serviced in this manner, the distribution of such intakes, or the extent of water 
treatment that is used. This uncertainty highlights the need for source water protection as a key 
health protection measure between the source water and water consumers in our region.  

1.7.2 Recreational Water Use  
Recreation and tourism are an important part of the character and economy of the CSPA. 
Activities such as boating, canoeing and kayaking, fishing, swimming, cottage vacationing, and 
camping are all linked to clean and plentiful water. The waters around Kingston are said to 
provide some of the best freshwater sailing in the world. The Canadian Thousand Islands of the 
St. Lawrence River are also well known as a destination for boating and other types of 
recreation. The importance of water is especially evident in the lake country of the Canadian 
Shield, which local residents and visitors have enjoyed for generations. 
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Ecotourism and agrotourism are both increasingly popular forms of recreation. Ecotourism 
involves tourism for the sake of experiencing relatively wild or pristine areas of wilderness. 
While this form of tourism is not widespread in the CSPA, the presence of a variety of lake and 
forest parks might attract it. Agrotourism involves guest farms and ranches and may allow some 
rural residents to diversify their economic activity. It is important for source waters to remain as 
clean and safe as possible for both of these types of tourism to prosper (Coote and Gregorich, 
2000). 

Clean and safe water will attract tourists and recreational users of all types. The influx of people 
from other areas will boost economic activity and will promote linkages to places and people 
from outside. This should help ensure a level of awareness around the importance of the 
environment to the livelihood of all people.  

1.7.3 Ecological Water Use  
Water not only is a fundamental requirement for the human population, it creates habitat and is 
necessary to sustain all life. The CSPA is fortunate to support a diverse and relatively healthy 
ecosystem, largely due to remaining areas of natural or naturalized habitat. All ecosystems are 
closely linked to water in some way. In the CSPA, for example, the Common Loon relies upon 
clean water in lakes for its diet of fish. The fish, in turn, rely upon healthy aquatic and forest 
areas for inputs into their food and habitat requirements. Insects and woody debris are essential 
for healthy fish populations in streams and lakes. Water free of algae and pollution, with clean 
gravel for spawning is necessary for certain fish to survive. 

Recent droughts have had a noticeable impact on the ecosystems of the CSPA. For example, 
some ponds have gone dry and many trees on slopes have died. However, species such as the 
Bald Eagle appear to be returning to the Thousand Islands of the St. Lawrence River, as DDT 
(Dichloro-Diphenyl-Trichloroethane) and other chemicals are gradually removed from the 
environment.  

Source water protection for human drinking water purposes will have a positive impact on the 
health of the local ecosystem. This will in turn affect the plants and animals that comprise those 
ecosystems, and the people who interact, consume, or study those plants and animals for the 
purposes of enrichment, entertainment, or relaxation. These activities, in turn, support local 
economies by bringing people from outside the CSPA into proximity with local services. 

1.7.4 Agricultural Water Use 
As noted in Section 1.6, agriculture is an important part of the local economy and culture. 
However, of all rural water uses, agriculture consumes the most. Agricultural outputs take two 
forms: animal products and plant products. The former depends on water since the animals need 
to be fed and need to drink while being prepared for market. Animal products include beef, eggs, 
milk, poultry, and wool. Plant products include a wide variety of fruits and vegetables. While 
there is limited crop irrigation in the CSPA, it is a common practice to construct farm ponds for 
the purpose of livestock watering. Both crop irrigation and livestock production will be discussed 
below (Coote and Gregorich, 2000). 
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Crop irrigation affects the quantity of water in the soil. This in turn affects transpiration. 
Transpiration is affected by the amount of soil water available, the capacity of different species 
of plant to draw water out of the soil, and the capacity of the atmosphere to draw water from 
plants and from the soil. Weather conditions and soil texture will affect the amount of water that 
can be drawn from the soil. Sandy soils allow for less water to be drawn by crop plants, while 
clay soils allow for more. Irrigation provides stability and diversity of crop production by 
reducing dependencies upon uneven climatic conditions. During certain times of the year, more 
irrigation will be needed. If winter precipitation has been low, the pressure to irrigate during the 
growing season will be greater (Coote and Gregorich, 2000). 

Water metering, and the use of more efficient sprinkler systems are two ways of controlling the 
amount of water used for irrigation. By controlling irrigation water use, potential unforeseen 
impacts on source water may be avoided, waste of water will be reduced, and pumping costs 
minimized. Monitoring of water quality can help assess agricultural practices. However, some 
issues around agricultural monitoring include the high costs of monitoring, the time lag between 
when chemicals are applied and when they are detected, the difficulty of tracing chemicals to 
non-point sources, and the diversity of soil types and farming practices. The main factors 
contributing the variation and thus difficulty of monitoring agricultural impacts to source water 
are variable methods of irrigation and drainage, as well as tilling and cropping practices that 
affect the soil (Coote and Gregorich, 2000). 

Livestock production also has implications for source water protection. Water is used in 
livestock production for drinking water, for cleaning equipment and facilities, and for diluting 
manure prior to spray application. Livestock drinking water accounts for the majority of those 
listed. The amount of water consumed by livestock depends on the species, the age of the 
animals, whether or not the animals are lactating, and environmental factors. Environmental 
factors include temperature, humidity, activity level, and water content of feed. Dairy cows 
consume the most water, followed by beef cows, pigs, sheep, and chickens. Individual sheep and 
chickens consume very little water compared to other livestock animals. However, their numbers 
are often greater, which may mean their impact is higher than might be expected. Where 
livestock production is intense, source water can be expected to be impacted, and there should be 
close monitoring of water use and efficiency in these areas (Coote and Gregorich, 2000). 

Unlike industrial water use, the water drawn for agricultural uses is largely consumed (or used 
up) in the process. Therefore most agricultural water, once drawn, is no longer available for use 
downstream, nor is it available to other users. This increases the necessity of close monitoring of 
quantity and efficiency of agricultural water use.  

The importance of agriculture to source water protection increases in relation to the scale, 
intensity, and types of agricultural activity taking place in the CSPA. Agriculture in the CSPA is 
very widely dispersed and diverse, increasing the difficulties (mentioned above) associated with 
monitoring. However, this diversity and dispersion may indicate strength insofar as one type of 
agriculture does not dominate. Therefore any adverse affects may be diluted or mitigated by 
mixture with different and even complementary agricultural practices. Finally, source water 
protection will result in good quality water for not only rural and urban residents, but is essential 
as an input to agriculture itself. Livestock and crops rely on clean safe water in order to flourish. 
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1.7.5 Industrial Water Use  
A majority of the industrial water use in the area occurs along the north shore of Lake Ontario. 
Notable water users include the Ontario Power Generation plant in Napanee, the Lafarge Canada 
Inc. and Koch Industries Inc. facilities in Loyalist Township and the Invista Canada Inc. 
operation in Kingston.  

In general, manufacturing draws twice as much water as agriculture (Coote and Gregorich, 
2000). Most of this water is drawn from surface sources, and the majority of the water drawn is 
returned to its source (as opposed to agriculture which consumes most of the water it draws). 
Water that is returned to its source is often treated wastewater, or water that will be taken up 
again and recycled in industrial processes. In this way industry draws much more water, but 
consumes much less than other water users. 

Given the quantities of water drawn, and the potential impacts of industrial effluent it will be 
important to continue monitoring industrial water use. Water quality testing, quantity of water 
use, and water use efficiency will all be important factors on which source water protection 
efforts should focus. It is hoped that through such efforts potential impacts on water users both 
downstream and near to industrial sites will be mitigated. By maintaining clean and efficient 
industries, the image of this area as a whole should improve. This will hopefully affect economic 
investment and continued sustainable industrial and manufacturing development. To the extent 
that people involved in such activities become aware of impacts to source water and effects of 
those impacts on other activities (and make changes accordingly), a more economically attractive 
and sustainable environment will be fostered. 

1.8 Data Knowledge Gaps for Watershed Description 
There is a fair amount of data currently not available, or not existent, which would be helpful for 
Source Water Protection work. This includes: 

• Climate data, particularly evapotranspiration; also data from the centre of the 
watershed; 

• Stream flow. Many streams are not monitored, or only monitored near the bottom of 
the watershed, the way in which flow changes along watercourse is unknown; 

• Base flow data. There is minimal information available. A base flow monitoring 
program was started in 2006, and continued in 2007; 

• Geology/Groundwater. The bedrock is so different, with many small aquifers (till 
depressions on bedrock, or fractures), it’s hard to detail the way it works; 

• Well records are not accurately located and/or do not provide enough detail to 
precisely characterize the groundwater; 

• Surface water-groundwater interactions. There is not enough data to identify what are 
potentially many locations. 

The data gaps are more thoroughly detailed in Appendix E. 
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Chapter 2 – Water Quality 

2.1 Introduction 
Water is crucial for all forms of life on Earth. Water quality involves the measurement of the 
chemical, physical and biological properties of water with a proposed end use in mind (e.g. 
habitat, consumption, recreation).  

The quality of surface water found in lakes, streams and wetlands is affected by precipitation, 
runoff, and groundwater discharge. Water, sometimes called the universal solvent, dissolves and 
carries with it many chemicals and compounds during each phase of the water cycle. Water in 
the air, in the ground, and on the surface of the earth, is rarely, if ever, pure water. Some of the 
chemicals and compounds found in naturally occurring water are necessary for life processes 
while others are harmful. However, it should be noted that it is not only the type of chemical or 
compound that determines whether or not it is detrimental for certain uses, but also its 
concentration.  

2.1.1 The Water Cycle and Water Quality 
Precipitation contains a host of chemicals that can be transported varying distances from their 
point of origin through a process called atmospheric deposition. Acid rain is a form of 
precipitation containing altered forms of sulphur and nitrogen oxide (Bureau of Air Quality, 
2005). Although precipitation is not pure water, “[it] has limited impurities” (Maidment, 1993) 
when compared to that of ground and surface water.  

Once precipitation falls it is immediately impacted by the type of land it flows over and the 
composition of the materials it flows through. Both the velocity and quality of the water flowing 
over the surface of the earth are primarily impacted by land use. For example, in an urban area 
that typically has many hard surfaces (i.e. paved areas), sand and salt are applied for road safety 
and it is common to see oily deposits in parking areas. Since water cannot soak into the hard 
surfaces it flows relatively quickly to storm sewers and water bodies and it takes the salt, sand 
and oil with it.  

Water infiltrates the ground surface to become groundwater in places where that surface is 
permeable. It then moves down gradient until it reaches a point where the sub-terrain is 
saturated. This zone of saturation is called the aquifer and it can be made of either consolidated 
(rock) or unconsolidated (sand and gravel) material. Although groundwater almost never moves 
as quickly as surface water, it does flow. As water moves through the aquifer its chemical 
composition changes as it slowly dissolves the materials it passes through. Eventually the 
groundwater may flow far enough to be discharged into a surface water body or watercourse; 
influencing the quality that water body. The ratio of precipitation and runoff compared to 
groundwater discharge is a large component in characterizing surface water bodies (i.e. streams 
with a high groundwater contributions are generally colder and flow year-round while those with 
less groundwater are warmer and often become dry in the summer). Groundwater is discussed 
further in Section 2.6. 
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2.1.2 Water Quality Section Organization 
This section provides a general assessment of surface and groundwater quality for the Cataraqui 
Source Protection Area (CSPA) and fulfills the following objectives: 

• Outline the current water quality conditions with respect to selected parameters; 

• Present historical trends within Provincial Water Quality Monitoring Network 
(PWQMN) data;  

• Summarize current Total Phosphorous (TP) conditions of lakes through analysis of Lake 
Partner data;  

• Classify stream sites using benthic invertebrate data; 

• Identify any lakes containing fish that are unsafe to eat due to contamination; 

• Assess microbiological quality of surface and groundwater 

• Evaluate and assess existing groundwater data for the watershed;  

• Characterize raw (untreated) water at the nine drinking water intakes and five supply 
wells; and  

• Identify water quality information and knowledge gaps.  

2.2 Surface Water Quality Data, Methods and Results 
This section details available surface water quality data and presents the statistical analysis 
methods used to analyze the information. The following data sets have been considered or will 
be in subsequent reports (i.e. Threats and Issues Evaluation and Surface and Groundwater 
Vulnerability Analysis): 

• Provincial Water Quality Monitoring Network; 

• Lake Partner Program; 

• In-land Watershed Sampling; 

• Benthic Invertebrates;  

• Sport Fish Contamination Database; and 

• Health Unit Beach Counts. 

Other data sources used to characterize raw water at drinking water intakes include the following 
and are specifically outlined in Section 2.3, as they are primarily related to the drinking water 
intakes: 

• Drinking Water Information System (DWIS); 

• Drinking Water Surveillance Program; 

• Municipal/Industrial Strategy for Abatement; 
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• Great Lakes Station Network; and 

• Bay of Quinte Remedial Action Plan (RAP) 

Finally, Bacterial Beach Count Data from our two Health Unit Districts is used to characterize 
the microbiological water quality of the CSPA in conjunction with data from the PWQMN.  

2.2.1 Provincial Water Quality Monitoring Network 
Within the CSPA there is one data source, the PWQMN, which provides long-term water quality 
information suitable for trend analysis. The PWQMN is a water quality sampling program 
operated in a partnership between conservation authorities and the Ontario Ministry of the 
Environment (MOE). Results from the monitoring program are not only used by individual 
conservation authorities to gauge water quality within their jurisdictions, but also to establish 
water quality guidelines and allocate permits (MOE, 2005). Data collection within the CSPA 
began in 1964. Since that time there have been a total of 43 monitoring stations. Upon initial data 
sorting it is evident that the water quality parameters analyzed and the data record length are 
highly variable. Some of the stations were operated for less than one year while others have been 
active for over 30 years. For more information about historical and active PWQMN stations 
please refer to Table F-1: Provincial Water Quality Monitoring Station Data Summary in 
Appendix F. Note that parameter specific data record lengths have only been summarized for 
the 14 currently active PWQMN sites. Figure 2-1 in Volume II displays the distribution of all 
PWQMN stations throughout the CSPA. It should also be noted that inconsistencies are observed 
when current information collection and laboratory analysis methods are compared to current 
standards.  
2.2.1.1       Indicator Parameters for the Provincial Water Quality Monitoring Network 
Certain water quality parameters were selected from this data set based on: 

• Suitability as an indicator of aquatic ecosystem health/pollution associated with land use 
and/or implications exist for human water use; 

• Consistency with recommendations made in the draft Water Sampling and Data Analysis 
Manual (Masskant, et al., 2003), by eastern region conservation authorities as well as 
consideration for the Discussion Paper: Recommendations for Monitoring Ontario’s 
Water Quality (Conservation Ontario, 2003); and 

• Those with greater than 15 percent of data points that exceed the applicable provincial or 
federal water quality guidelines. 

Based on the above criteria 16 parameters were further analyzed for the 14 active PWQMN 
stations (see Table 2-1). These parameters include 10 for general chemistry, five for metals and 
one for bacteria. 
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Table 2 - 1 Selected Indicator Parameters  

General Chemistry Metals Bacteria 

Alkalinity Aluminum Escherichia coli (E. coli) 

Chloride Copper   

Conductivity Iron  

Hardness Manganese  

Nitrate Zinc  

Nitrite   

Total Kjeldahl Nitrogen 
(TKN)  

  

Total phosphorous (TP)   

Sodium; and   

Turbidity   

 

In addition to the fact that the subject 14 monitoring sites are currently active, they have 
relatively long data records (i.e. minimum of 17 years). Table E-2 in Appendix E outlines 
general information on each parameter including a rationale for its selection and presents 
applicable water quality guidelines. 

The 14 currently active monitoring stations within the CSPA are the focus of most of the data 
analysis. Table E-3 (Appendix E) identifies the water quality parameters currently being 
sampled at each of these 14 stations. The majority of active stations are located in downstream 
reaches of Cataraqui Region Conservation Authority (CRCA) Watersheds and their distribution 
heavily favours the Lake Ontario and St. Lawrence study areas, which contain over 70 percent of 
the active stations. Sampling results for 29 inactive monitoring stations throughout the watershed 
also exist and could provide insight into historical water if analyzed.  
2.2.1.2       PWQMN Data Analysis Methods 
Benchmark Comparison 
In Canada and around the world standards and objectives have been developed that indicate what 
amount of certain water quality parameters are acceptable for different water uses (e.g. natural 
environment, drinking water, recreation).  

The Provincial Water Quality Objectives (PWQO) indicate levels of particular parameters that 
are safe for all forms and life stages of aquatic organisms based on continual exposure. The 
PWQO are used to assess ambient water quality conditions (MOE, 1994).  

Similarly the Canadian Water Quality Guidelines for the Protection of Aquatic Life (CWQG 
{AL}) indicate levels that protect against any negative effects in the environment (Environment 
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Canada {EC}, 2004c). Quantitative surface water quality observations in the CSPA are 
compared to the aforementioned guidelines when available.  

When the above noted guidelines do not exist, the Ontario Drinking Water Quality Standards 
(ODWS) or Objectives are used. The ODWS relate specifically to water intended for drinking. If 
any water treatment measures are applied to the source water, the guideline is meant to be 
applied to that treated water. However, in some cases comparison of the ODWS to raw water is 
useful to find how close the raw water quality is to that which would be considered safe for 
drinking. Also since aquatic organisms are generally more sensitive to contamination than 
humans any health related exceedence would likely also be harmful to aquatic life.  

Finally, for bacteria, recreational guidelines (both PWQO and Canadian Water Quality 
Guidelines {CWQG}) are used as benchmarks for comparison of untreated water. 

Comparison of typical ranges to the parameters is also used as a type of benchmark to highlight 
any abnormal concentrations of parameters.  

Finding a document with typical ranges applicable for this area has proved difficult, but 
information for some parameters was found. Note that since the data used to complete this table 
are not specific to the CSPA subwatersheds or even to certain rock, soil, precipitation/base flow 
amounts and land use types the values are likely much broader than actually found within the 
CSPA.    

 

Table 2 - 2 Typical Environmental Ranges for Freshwater Systems (modified from EC, 1979)  

Parameter Typical Value Environmental 
Range 

Units 

Alkalinity (as 
CaCO3) 

Rarely higher 
than 500 

30-500 mg CaCO3/L 

Chloride  8.3 (mean 
concentration in 
natural waters) 

< 10 in humid areas 
and several hundred 
milligrams per liter in 
arid regions 

mg/L 

Specific conductance n/a n/a µS/cm at 25˚C 

Hardness (as CaCO3) Highly 
dependant on 
local geology 
(carbonate rocks 
– very hard 
water, igneous 
rocks – very soft 
water) 

0-30 very soft 

> 180 very hard 

mg CaCO3/L 
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Table 2 - 3 Typical Environmental Ranges for Freshwater Systems (modified from EC, 1979) 
(continued) 

Parameter Typical Value Environmental 
Range 

Units 

Nitrate (NO3-N) Rarely higher 
than 5 and often 
less than 1 

n/a mg/L 

Nitrite (NO2-N) Usually less 
than 0.001 

n/a mg/L 

Total Kjedahl 
Nitrogen 

n/a  0.1-0.5 in surface 
waters not impacted 
by excessive organic 
inputs 

mg/L 

Phosphorus, Total n/a 0.01 in 
uncontaminated  

lakes,             
Maximum desirable 
concentrations: 0.1 in 
flowing water, 0.05 
for water flowing into 
lakes and reservoirs, 
0.025 in lakes and 
reservoirs 

mg/L 

Sodium n/a 1-100000 mg/L 

Turbidity n/a Highly variable n/a 

Aluminum < 1 n/a µg/L 

Copper Up to 0.05 n/a µg/L 

Iron < 0.5 n/a mg/L 

Manganese Rarely higher 
than 1.0 and 
usually less than 
0.2  

n/a mg/L 

Zinc Usually less 
than 0.05 

n/a mg/L 

Escherichia coli n/a  n/a n/a 
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Statistical Analysis 
Primary analysis of all PWQMN data using sample size and number of exceedences occurred in 
order to produce a refined list of relatively consistently monitored parameters and stations to 
focus on for further analysis. From this initial data analysis as well as other considerations noted 
in Section 2.2.1.1 parameters from the 14 primary PWQMN monitoring stations were selected 
for further analysis for both the entire data record and for the time period between 2000 and 
2005. It is important to note that neither all monitoring stations nor parameters were necessarily 
consistently measured throughout the entire data record. This means that in some cases the 
exploratory analysis may appear to suggest that concentrations and possibly exceedences of 
certain parameters in a watershed are decreasing or increasing when in fact the reason may be 
because a particular monitoring station with relatively high or low concentrations is absent for a 
period of time. Also, the laboratory analysis methods and minimum detection limits vary so that 
comparison of the entire data record is affected by these changes. 

The mean, median, minimum, maximum, 25th percentile, 75th percentile, percentage of samples 
exceeding the applicable guideline/standard and the percent of measurements below the 
detection limit (BDL) (where applicable) were calculated for each of the selected indicator 
parameters for the 14 PWQMN stations using Microsoft EXCEL. Tables G-1A to G-16A and 
G-1B to G-16B in Appendix G present these statistics for the full data record and the timeframe 
between for 2000 to 2005, respectively.  

Box and whisker plots for aforementioned time frames and data were also prepared using 
SIGMA PLOT and are located in Appendix G as Tables G-1A to G-16A and Figures G-1B to 
G-16B.  Figure 2-2 below illustrates a typical box plot. 

 

 
Figure 2-2: Schematic diagram of a box and whisker plot. 

 

Discussion of the results of the above analysis is found in section 2.2.1.3. 

Trend Analysis 
Trend analysis was conducted on data from the 14 primary PWQMN stations for the 16 selected 
parameters. A seasonal Mann-Kendall test was applied because it is suited to data sets that are 
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not normally distributed and it also accounts for seasonal variations. Microsoft EXCEL was used 
to perform trend analyses. 

The non-parametric Seasonal Mann-Kendall was used to determine statistically significant 
(p<0.05) trends in the data sets. This test reduces the effect of seasonal difference in the data (i.e. 
changes in concentrations in relation to increased or decreased stream flows). Since monthly data 
are available for all selected parameters the “seasons” selected for the test are the months of the 
year. The null hypothesis is that no trend exists.  

The trend analysis for each of the indicator parameters (excluding E. coli which does not have 
sufficient data for any trend analysis) are discussed in the section 2.2.1.14.  
2.2.1.3       Benchmark and Statistical Data Analysis Results 
Each of selected indicator parameters is discussed in the sections that follow. The parameters are 
grouped into three categories: general chemistry, metals and bacteria.  

Instances of parameter exceedences with respect to certain water quality guidelines, typical 
ranges and any suspected trends are discussed in this section for each of the indicator parameters. 

General Chemistry 
Alkalinity 

Alkalinity is essentially a measurement of water’s ability to accept protons (Manahan, 1994). “It 
acts as a pH buffer and a reservoir for inorganic carbon, thus helping to determine the ability of a 
water body to support algal growth and other aquatic life.” (Manahan,1994). 

The median values for all 14 PWQMN stations fall within the observed range displayed in Table 
2-2. However, the there were 3 instances of measured values greater than 500 mg/L (2 at Grants 
Creek and one at Little Cataraqui Creek 502). Stations in study areas with limestone (calcium 
carbonate) based geology (i.e. Wilton Creek, Millhaven Creek, Collins Creek, Little Cataraqui 
Creek, Lyn Creek, Grants Creek and Butlers Creek) have the higher readings than those located 
in watersheds with igneous rocks (i.e. Great Cataraqui River and Gananoque River).  

When median concentrations of the full data record are compared to those between 2000 and 
2005 it is found that they are very similar. See Tables G-1A and G-1B, as well as Figures G-1A 
and G-1B in Appendix G for a summary of this information.  

Chloride 

Contributions from road salts and de-icing compounds constitute the highest portion of chloride 
inputs to Lake Ontario (MOE, 1999b).  In the Great Lakes, contributions from road salts 
accounted for up to 45 percent of chloride concentrations (Riversides Stewardship Alliance, 
2006). There is no PWQO or CWQG (AL) for chloride. Although there is an Ontario Drinking 
Water Standard Aesthetic Objective (ODWS {AO}) of 250 mg/L available for comparison, it is 
too high to reflect the impacts of chloride on freshwater aquatic life. “In December 2001, a report 
by Environment Canada and Health Canada proposed that road salts be considered “Toxic” and 
added to the List of Toxic Substances in Schedule 1 under the Canadian Environmental 
Protection Act , 1999”(Environmental Commissioner of Ontario, 2007). The protection of 
aquatic organisms is compromised when short-term and long-term exposures exceed 140 mg/L 
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and 35 mg/L, respectively (EC, 2004a). These provincial levels were used to gauge the impact of 
chloride on the aquatic environment at each of the PWQMN stations.  

See Tables G-2A and G-2B, as well as Figures G-2A and G-2B in Appendix G for the 
summary statistics and percent exceedences.  

Many of the PWQMN stations display notable exceedences percentage. Of particular concern are 
Grants Creek, Little Cataraqui Creek (402) and Butlers Creek which display the highest 
percentages of both short and long-term exceedences in both time periods examined. This is 
likely due to their location downstream of urban areas and in the case of Grants downstream 
from a closed landfill. The lowest chloride concentrations were at the Great Cataraqui River and 
Gananoque River stations which are located in relatively undeveloped watersheds and generally 
with hard bedrock types that contribute little chloride. 

When the mean chloride values are compared to Table 2-2 above it is found that that they are all 
above, with some exceeding by only 0.1 mg/L and others by more than 90 mg/L. 

Interestingly, the percent of excedences for long-term exposure increase when the full data 
record is compared to the 2000 to 2005 data set statistics, but not for short-term exposure 
exceedences. It is possible that this observation points to the fact that the occurrence of large 
pulses of chloride inputs (i.e. direct dumping of salt-laden snow into watercourses) are 
decreasing while chronic loading and distribution throughout the watershed continues. See 
Figures 2-3a 2-3b in Volume II for an illustration of this observation. 

Based on this basic analysis it is suspected that there may be an increasing trend in chloride 
concentrations for at least a portion of the PWQMN sites. Trends are further explored in Section 
2.4. 

Specific Conductivity  

Conductivity depends on the concentrations of various ions in solution and the mobility of each 
of these ions.  

As can be expected the stations located on the Gananoque and Cataraqui River systems have the 
lowest conductivity values, likely due to a combination of geology and reduced urban influence. 
As is mentioned above, conductivity is a measurement of the various ions in solution one ion 
with substantial influence in the CSPA is chloride. Any increase in chloride levels without an 
equal decrease of other ions would result in increasing conductivity, as appears to be the case 
(see Tables G-3A and G-3B, and Figures G-3A and G-3B in Appendix G). 

Hardness 

Hardness is the sum of calcium and magnesium ions, and is expressed as the equivalent of 
calcium carbonate (CaCO3). Surface waters vary widely with respect to hardness (Table 2-2), 
with both extremes having implications for use. Hard water can cause scale formations and 
increased soap consumption, whereas soft waters may increase the corrosion of some metals, 
including cadmium, copper and lead. To reflect this, lower PWQOs have been established for 
these metals. Also recent preliminary studies have indicated that hard water may help to reduce 
heart related problems (Brazilay, et al, 1999).  
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The primary sources of hardness in water are sedimentary rocks as well as seepage and runoff 
from soils. The geology of CSPA contributes to the natural hardness of water, principally due to 
the abundance of limestone formations (Health Canada, 1979a). Limestone formations are 
prevalent in the following watersheds: 

• Wilton Creek 

• Millhaven Creek 

• Collins Creek 

• Little Cataraqui Creek 

• Lyn Creek 

• Grants Creek 

• Butlers Creek 

Streams in the CSPA can be characterized as hard (120-180 mg/L) to very hard (>180 mg/L). 
This excludes stations in the Great Cataraqui River Study Area where median hardness values 
for the time period between 2000 and 2005 were between 88 mg/L and 106 mg/L and between 
94 mg/L and 109 mg/L for the full data record.  The hardness medians for the two Gananoque 
River monitoring stations were barely above 120 mg/L. For the remaining stations, more than 98 
percent of the samples during 2000-2005 exceeded the ODWS of 200 mg/L and for those same 
stations for the full data record over 99 percent of the samples were greater than 200 mg/L. A 
maximum hardness value of 436 mg/L was recorded for Little Cataraqui Creek Station (502) 
between 2000 and 2005 and a maximum value of 516 mg/L was observed over the entire period 
of record for Grants Creek. Grants Creek also had the highest median value for both time periods 
(see Tables G-4A and G-4B, and Figures G-4A and G-4B in Appendix G). 

Nitrogen 

Nitrogen is essential for plant growth and is present in the environment as nitrate (NO3), nitrite 
(NO2), ammonia (NH3) and nitrogen gas (N2). Sources in the environment include fertilizers, 
animal waste, wastewater effluent, soils and organic matter. Both nitrite and ammonia can be 
toxic to fish, however, in surface waters nitrite often quickly oxidizes to nitrate, consuming 
dissolved oxygen in the process (Wilkes University Center for Environmental Quality, no date). 
As a result, nitrite concentrations in streams rarely reach levels of concern (McCutcheon et al., 
1993). Commonly reported nitrate values are often less than 1.0 mg/L and rarely above 5.0 mg/L 
(EC, 1979). These values may be significantly increased (up to 10 mg/L) in areas influenced by 
agricultural runoff (McCutcheon et al., 1993), but remain below the recommended maximum 
and 30-day average nitrate levels for exposure to aquatic life of 200 mg/L and 40 mg/L, 
respectively (Nordin and Pommen, 1981).  

Elevated nitrite in drinking water can pose a risk to infants below six months of age. Nitrite binds 
to hemoglobin in the blood forming methaemoglobin, which blocks the absorption of oxygen 
(Nordin and Pommen, 1986). The reduced levels of oxygen in the blood can cause 
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methaemoglobinaemia, or “blue baby syndrome”. Where levels in the water supply are suspected 
to be high, pregnant women and infants should avoid drinking the water.   

Nitrate 

Nitrate is the most oxidized form of nitrogen. Nitrates in water are caused by the decomposition 
of plant and animal matter, inputs from fertilizers and domestic waste and nitrogen compounds 
in geological formations (MOE, 2003b). The CWQG for the protection of aquatic life for 
available nitrate (2.9 mg/L nitrate-nitrogen) is used for comparison since there is no PWQO. 

Nitrate levels throughout the streams in the area were all well below the ODWS of 10 mg/L and 
are also below the applicable CWGQ with the one exception at Millhaven Creek station 402. It is 
possible that this one exceedence is a data entry error since it is over 30 times higher than the 
next highest maximum record value for the rest of the PWQMN stations and the next highest 
recorded value this Millhaven station is 2.3 mg/L.  

Median nitrate concentrations were highest in Grants Creek for both the entire data record and 
for the time period between 2000 and 2005. This station is downstream of a closed landfill and 
receives tile drainage from an agricultural field immediately upstream of the monitoring station. 
Millhaven Creek Station (402) and Wilton Creek (302) had the next highest median 
concentrations for both time frames as well possibly due to agricultural and soil contributions. 
Median nitrate levels for these streams were modestly elevated in comparison to the typical 
concentration of 0.23 mg/L reported by McCutcheon et al.,1993. (See Tables G-5A and G-5B in 
Appendix G).   

It is also important to note that many of the analyzed samples were below the detection limit 
(BDL). The highest percentage of samples BDL for both timeframes was Little Cataraqui Creek 
(802) while the highest was Millhaven Creek (402). Interestingly the other station on Millhaven 
Creek (i.e. 502) ranks the third and fourth for percent of samples BDL for 2000 to 2005 and the 
full data record respectively. Cataraqui River stations (102) and (202) display a similar trend in 
that the downstream station (102) is much “cleaner” than the upstream station (202). In the case 
of the Milhaven Creek stations, the upstream station is located in a wetland which is typically 
nutrient rich and likely the main reason that the nitrate concentrations are higher. For Cataraqui 
River, the downstream station experience mixing and therefore dilution associated with Lake 
Ontario that would explain the lower nitrate concentrations at the outlet (see Tables G-5A andG-
5B, and Figure G-5A and G-5B in Appendix G). 

 Nitrite 

Nitrite is highly perishable due to the fact that it very rapidly oxidizes to become nitrate. The 
nitrite concentrations reported through the PWQMN program are very unlikely to be consistent 
with the concentration present at the time the sample was taken (i.e. a portion of the measured 
nitrate was likely nitrite at the time of collection).  

The PWQMN monitoring station located on Grants Creek (i.e. Grants Creek {102}) exceeded 
the CWQG of 0.06 mg/L most often. The full data record analysis for this parameter revealed 
that there were six exceedences at the Grants Creek station (half the total number of exceedences 
of all 14 of the PWQMN stations). Also, the three recorded exceedences between 2000 and 2005 
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were all associated with this station. A maximum value of 0.485 mg/L (November 11, 1995) at 
this station is more than eight times the guideline with the being 0.009 mg/L. The remaining six 
exceedences over the entire data record include three at Millhaven Creek (402), two at Wilton 
Creek (302) and one at Gananoque River (402).  

The Grants Creek station is located downstream of an industrial park and a closed landfill. Both 
of these land uses are likely factors that contribute to any nitrite exceedences. See Table G-6A 
and G-6B, and Figures G-6A and G-6B in Appendix G) for more detail.  

Total Kjeldahl Nitrogen (TKN) 

TKN, a measurement of organic nitrogen and ammonia, was included as one of the 16 water 
quality parameters because future plans are to determine the degree of nitrogen pollution with 
respect to each of the nitrogen species. This will provide insights into the distance the nitrogen 
may have traveled and to what degree the pollution is (Maidment, 1993). 

Median TKN concentrations throughout the streams have a range of 0.41 to 0.86 mg/L from 
2000 to 2005 and of 0.51 to 0.84 mg/L for the full data record. When these values are compared 
to Table 2-2 it concludes that all the evaluated stream stations have excessive organic inputs. 
Knowledge of the subject monitoring locations makes this conclusion suspect, such that further 
research is required. Grants Creek has the highest maximum values for the two timeframes 
considered; however this station does not have the highest median. Butlers Creek (102) has the 
highest median for the full data record and Little Cataraqui Creek (802) displays the largest 
median more recently. (Tables G-7A and G-7B in Appendix G display the specific values).  

Total Phosphorous 

Elevated levels of TP (often in combination with nitrogen) have lead to excessive plant and algae 
growth in many rivers, lakes and streams. This process, known as eutrophication, decreases the 
availability of oxygen in water bodies, reducing the ability of a system to support aquatic life. 
Recreational impairment to water bodies is a result of increased algae growth and decreased 
water clarity. Excessive algal growth often has implications on the aesthetic quality of drinking 
water, resulting in increased treatment costs and decreased efficiency (Nordin, 1985). The 
Interim Provincial Water Quality Objective (IPWQO) for phosphorus is 0.03 mg/L. This level 
has been set to restrict excessive plant growth in rivers and streams. 

Many of the PWQMN stations displayed frequent IPWQO exceedences. Between 2000 and 2005 
TP values for the CSPA ranged between 0.004 mg/L (Millhaven Creek {402}) and 1.8 mg/L 
(Little Cataraqui Creek {502}). Fifty-four percent of the analyzed samples exceeded the IPWQO 
(Table G-8B in Appendix G). Most notable (> 70 percent exceedence of the IPWQO) are all 
three Little Cataraqui Creek stations and the Lyn and Butlers Creek stations (see Figure G-8B in 
Appendix G). No typical ranges for TP are available to present in Table 2-2 and compare to this 
data. 

When the full data record was considered it was found that greater than 65 percent of all samples 
exceeded the IPWQO. Eight of the 14 PWQMN TP data sets considered had higher TP 
concentrations over the entire data record as compared to the 2000 to 2005 timeframe, 3 were 
essentially unchanged and 3 were lesser.  
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Due to the lower incidence of IPWQO exceedence as well as lesser median values for more than 
half of the recent data sets, there may be a decreasing trend for at least a portion of the 
monitoring stations. This is further explored in Section 2.4 and illustrated on Figure 2-4 in 
Volume II.  

Sodium 

Sodium naturally enters surface waters through contact with salt deposits, igneous rock and 
silicate soils (Health Canada, 1979c).  Industrial sources of sodium chloride come from road salt 
used for de-icing application, use of water softeners (application of lime-soda ash), pulp and 
paper milling, and industrial/domestic effluent (Health Canada, 1979c). Sodium chloride is the 
predominant road salt used in Canada (in 1997/98 applications of sodium chloride accounted for 
over 95 percent of total use) (Riversides Stewardship Alliance, 2006). Due to the high solubility 
of sodium, it is estimated that between 25 and 50 percent of applications eventually make their 
way to the groundwater (Health Canada, 1979c). Sodium levels in Canadian surface waters are 
variable and have been reported to range from one to 300 mg/L (Health Canada, 1979c), with 
EC, 1979 reporting a range of 1-100000 mg/L. There is no PWQO for sodium, however using 
the ODWS (AO) of 200 mg/L it was found sodium concentrations across the watershed were 
well below this guideline. The ODWS (HO) (Health Objective) of 20 mg/L was also compared 
to the reported results.  

During the time period from 2000 to 2005 Bulters Creek (102), Grants Creek (102) and all three 
of the Little Cataraqui Creek Stations exceeded the ODWS (HO) with more than 70 percent of 
the samples taken while only Grants Creek (102) and Little Cataraqui Creek (402) exceeded this 
same guideline for the entire data record. An increasing trend may be present for this parameter 
as with chloride and conductivity at these stations. Further exploration of a trend is discussed in 
Section 2.4. No analyzed results exceeded the Health Canada specified ranges. 

Stations in the Great Cataraqui and Gananoque study areas had the lowest sodium concentrations 
potentially due to the differing bedrock and/or the generally more rural nature of the upstream 
areas.   

See Tables G-9A and G-9B, and Figures G-9A and G-9B in Appendix G) for the statistical 
summaries for sodium at all 14 PWQMN stations. 

Turbidity 

Turbid waters are aesthetically unpleasing and may impair fish hatching and their survival, 
where decreased light penetration potentially leads to reduced fish productivity. It also carries 
pathogens and bacteria and decreases the effectiveness of drinking water treatment processes. 
Runoff carrying soil and organic matter are the main contributors of turbidity in surface water. 
Turbidity in untreated surface waters are highly variable and range from less than one to greater 
than 1000 Nephelometric Turbidity Units (NTU) (Health Canada, 1998). The PWQO for 
turbidity is narrative and states that “suspended matter should not be added to surface water in 
concentrations that will change the natural Secchi disk reading by more than 10 percent” (MOE, 
1994). Since PWQMN results for turbidity for the period of interest are given in Formazin 
turbidity units (FTU), this guideline was not applied. The ODWS Operational Guideline (OG) of 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

111

five NTU and the CWQG for recreational use (50 NTU) are used as the benchmarks. FTU and 
Nephelometric turbidity units can be used interchangeably (Todd, A., personal communication, 
2007).  

From 2000 to 2005 the percentage of samples that exceed both the ODWS and the CWQG were 
highest at Grants Creek, Bulters Creek, all three stations on Little Cataraqui Creek and Wilton 
Creek (Table G-10B in Appendix G). Only Grants Creek and Little Cataraqui Creek (502) 
exceed the CWQG. The maximum recorded value was 116 NTU for Little Cataraqui Creek 
Station (502).  This sampling result is well above all others recorded for this site (i.e. 95th 
percentile of 12 NTU) and may be the result of sampling and/or input error. All remaining values 
recorded for this station were below 13 NTU. In Grants Creek over half of the samples taken 
from 2000 to 2005 exceeded the ODWS and close to six percent exceeded the CWQG (see 
Figure G-10A in Appendix G). In the summer of 2007 a temperature logger was installed at the 
Grants Creek PWQMN station and in the fall it was found to be under at least 10 cm of sediment. 
Land use in the immediate vicinity of the station is a cropped field with tile drainage and no 
riparian buffer so the high turbidity measurements are likely due to land use impacts. 

When the entire data record was considered it was found that all the stations with ODWS 
exceedences for greater than 30 percent of the samples were the same as those between 2000 and 
2005, except for the addition of Wilton Creek (i.e. Wilton Creek had a nine percent higher 
occurrence of exceedences for the entire data record – possible decreasing trend). The high 
turbidity for Butlers and Little Cataraqui Creek are in part a result of urban development and 
associated runoff. Exceptions to this are Little Cataraqui Creek stations (402) and (802) and 
Wilton Creek. The Little Cataraqui Creek station (802) is located in a conservation area 
reservoir near the headwaters of the watercourse and Little Cataraqui Creek station (402) is 
located on the upstream side of this reservoir. The reservoir is shallow with a silty bottom and is 
oriented such that the prevailing winds could cause waves to stir up the bottom and therefore 
increase turbidity. It is uncertain why the most upstream station on Little Cataraqui Creek would 
also have elevated turbidity levels. Wilton Creek watershed has some of the deepest soils within 
the CSPA and contains many farms. Both of these factors could cause turbidity levels to be 
elevated. The noted recent decline in turbidity could be associated with the many livestock 
restriction and buffer planting projects that have been completed in this watershed, one of which 
is immediately upstream of the sampling location. 

Metals 

Aluminum 

Aluminum (Al) is a naturally occurring metal found in minerals (feldspars and micas), soils, 
plant and animal tissue (Health Canada, 1998). Discharges of wastewater effluent from plants 
using alum flocculants can also serve as a source of aluminum to surface waters. In North 
American rivers, aluminum levels have been reported to vary from 12 to 2250 μg/L (Health 
Canada, 1998). Table 2-2 presents a typical concentration of 1000 μg/L. Medians of data from 
five different PWQMN stations are greater than 50 μg/L for both the 2000 to 2005 timeframe 
and for the entire data record. Although there is a PWQO for this metal, it is for clay free 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

112

samples and the PWQMN samples are not filtered; therefore they are not clay-free and this 
PWQO cannot be applied. The CWQG (AL) of 100 μg/L (pH > to 6.5) is used instead. 

Between 2000 and 2005 several PWQMN stations had samples where more than 30 percent 
exceeded the CWQG for this parameter. Aluminum levels in Grants Creek (Table G-11B in 
Appendix G) had both the highest percent of exceedences (70 percent) as well as the largest 
median (141μg/L). Median aluminum levels in Butlers Creek were also slightly elevated in 
comparison to the other stations. A maximum aluminum concentration of 703 μg/L was recorded 
at this station on October 15, 2003. This appears to be an outlier given the majority of samples 
were below 100μg/L. PWQMN stations with greater than 20 percent exceedences are as follows: 
Butlers Creek (102), Little Cataraqui Creek (502), Little Cataraqui Creek (402), Wilton Creek 
(302) and Little Cataraqui Creek (802). These stations are similar to those with elevated turbidity 
pointing to the fact that soil contributions may be a factor in elevated aluminum concentrations. 
Future analysis to determine if turbidity levels significantly affect aluminum concentrations 
should take place. 

When medians for 2000-2005 are compared to those of the full data set it was found that they 
remain relatively consistent with a possible slight decreasing trend (see Table G-11A and 
Figure G-11A in Appendix G). This casually observed decreasing trend also translates to the 
percent of samples exceeding the CWQG. Trend analysis is discussed in Section 2.2.1.4. 

Copper 

Copper (Cu) present in surface water readily accumulates in sediment, causing elevated levels to 
become toxic to plants and aquatic life. The IPWQO for copper is 5μg/L (hardness > 20 mg/L). 
The CWQG for the Protection of Aquatic Life is related to specific hardness ranges (i.e. 2μg/L at 
a hardness of 0-120 mg/L, 3μg/L at a hardness of 120-180 mg/L and 4μg/L at a hardness > 180 
mg/L). Studies between 1980 and 1983 revealed copper levels for Canadian lakes and streams 
generally ranged between one and 80μg/L (Health Canada, 1992). The typical concentration 
given by EC and present in Table 2-2 is high (i.e. up to 50μg/L).  

From 2000 to 2005 with the exception of Butlers Creek, median values for copper were well 
below the IPWQO for all active stations (see Figures G-12A and G-12B in Appendix G) and 
certainly within the ranges specified by Health Canada and EC between 2000 and 2005.  The 
median and mean at the Butlers Creek station were 6.33 μg/L and 12.7 μg/L, respectively. Sixty-
four percent of the samples from Butlers Creek exceeded the PWQO while in the remaining 
creeks less than 10 percent of the samples exceeded the IPWQO.   

 The statistical analysis performed on the full data record revealed results similar to those 
between 2000 and 2005 in that none of the medians for any other monitoring stations other than 
Butlers exceeded the IPWQO. The Butlers Creek station median was double the IPWQO and 
may be associated with a former scrap metal yard in downtown Brockville that is known to have 
affected Butlers Creek (Putlocher, B., personal communication, 2008) 

Iron 

Iron may be naturally present in surface waters as a result of weathering of rocks and soils, or 
may be introduced from industrial processes including steel production, landfill leachate and 
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wastewater effluent (Health Canada, 1978). Typically, iron concentrations in Canada are below 
10000μg/L, with observed values ranging from 1μg/L to 90,000μg/L (Health Canada, 1978). 
Table 2-2 notes that iron concentrations are generally less than 500μg/L. The PWQO for iron is 
300μg/L. The ODWS (AO) for iron is 300μg/L. Above this concentration, iron bacteria may 
form, resulting in changes to colour, taste and odour of the water. Iron present in drinking water 
can cause staining and heavy accumulation of deposits, which is further accelerated by soft 
water. Typical iron concentrations in Canadian drinking water were reported to be less than 
1000μg/L since most insoluble iron is removed during treatment (Health Canada, 1978). Similar 
to aluminum, iron intake is primarily through food, not drinking water. Little evidence of human 
health implications for iron in drinking water were reported in the literature.  

From 2000 to 2005 Grants Creek, Little Cataraqui Creek (502) and Collins Creek had the highest 
percentage of samples exceeding the PWQO at 56 percent, 54 percent and 44 percent, 
respectively (see Table G-13B in Appendix G). None of the other stations exhibited more than 
30 percent exceedences. 

When the analyzed sample results associated with the full data set is considered it was found that 
3 more stations had more than 30 percent exceedences (i.e. Little Cataraqui Creek {402}, Butlers 
Creek and Wilton Creek). Grants Creek had the highest percent of exceedences and the largest 
median for both timeframes. Due to shifts in percent exceedence ranking, overall decrease in the 
number of monitoring stations with greater than 30 percent exceedences and median 
concentration decreases for all but one station a decreasing trend is suspected (see Section 2.4 for 
more detail). 

Manganese 

Manganese occurs naturally in minerals, rocks, and soils and is used in the manufacturing of 
steel and dry cell batteries (Health Canada, 1979b). During anaerobic conditions, manganese is 
present in surface waters (MOE, 2003b), but generally at low concentrations (Health Canada, 
1979b). The ODWS (AO) for manganese in drinking water is 50 μg/L. Similar to iron, 
manganese stains laundry and fixtures and can cause undesirable tastes (MOE, 2003b). This 
generally occurs at concentrations greater than 150 μg/L (Health Canada, 1979b). EC reported 
that concentrations are generally less than 200 μg/L in surface waters.  However, observed 
ranges between 10 and 400 μg/L have been reported for Canadian rivers (Health Canada, 1979). 
Manganese concentrations in groundwater are generally higher due to the reducing conditions 
created by limited oxygen (Health Canada, 1979b). There is no PWQO/IPWQO or CWQG (AL) 
for manganese. 

Using the ODWS as a benchmark, all but one of the PWQMN stations, Cataraqui River 102, had 
greater than 30 percent exceedences and six stations had medians above the ODWS (Table G-
14B in Appendix G) between 2000 and 2005. Manganese concentrations above 1000 μg/L were 
reported for Little Cataraqui Creek stations (402) and (502) and Grants Creek, with a maximum 
value of 2330 μg/L recorded at Collins Creek (Table G-14A in Appendix G). Generally less 
than 20 percent of the samples at these stations exceeded a manganese concentration of 200 
μg/L, with less than half of those exceeding a concentration of 400 μg/L.  
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The long-term data record analysis revealed that half of the 14 PWQMN stations (i.e. seven) 
exhibited greater than 30 percent exceedences, but that one less station than the short term (i.e. 
five) have medians above the ODWS. Also three additional stations (i.e. Millhaven Creek {402}, 
Collins Creek and Little Cataraqui Creek (802) display maximum values above 1000 μg/L. 

Due to the fact that fewer stations in the short term than the long term analysis display 
exceedences over 30 percent there may be a decreasing trend.  This possibility is further explored 
in Section 2.4. The stations located in study areas with limestone and relatively more soil again 
are the ones with the highest concentrations. 

Zinc 

Zinc is an essential element; however, at elevated levels it can be toxic to aquatic life, where 
microscopic organisms are most sensitive to its effects (MOE, 1999a). Zinc concentrations 
across the watershed were generally low for each of the stations sampled. EC (Table 2-2) notes 
that typical zinc concentrations are 50 μg/L which is above the PWQO of 20 μg/L. 

Over the last six years (considered 2000 to 2005), the PWQMN guideline was exceeded in only a 
small percentage of samples (less than 10 percent at all stations). The concentrations at which 
zinc is present across the CSPA are generally below the typical value given by EC, with 
approximately 85 percent of stations below four μg/L (see Table G-15B and Figure G-15B in 
Appendix G). However, all the maximums for both the recent and long-term data sets are very 
high. It is possible that data entry errors have occurred since the 75th percentile does not reflect 
similar concentrations. In the future a potential link to streams flows or other applicable event 
shows be examined.  

Butlers Creek had the highest median zinc concentration for both the recent and long-term 
datasets (7.1μg/L and 9.0 μg/L). Interestingly, the 2000-2005 dataset shows that there was a 20.9 
percent decrease in the number of samples exceeding the PWQO (see Table G-15A and Figure 
G-15A in Appendix G).  

Bacteria 
The presence of coliform bacteria, including E. coli, is an indication of recent fecal 
contamination (Barzilay et al., 1999) and are good indicators for many pathogens.  

Escherichia coliform 

Common sources include agricultural inputs, waterfowl deposits, and domestic wastes. In terms 
of recreational use, E. coli is undesirable in streams, lakes and rivers due to the risk of exposure 
during swimming and the consequential health effects. The most common health effect from 
exposure to E. coli is gastrointestinal upset and this usually lasts for a short period of time. 
However, in vulnerable individuals such as infants and elderly, the effects could be more severe, 
chronic (kidney damage for example) or fatal (Health Canada, 2006). The PWQO, based on a 
geometric mean of at least five samples collected during a 30-day period, is 100 E. coli/100 mL. 
This guideline is not applied to the data since samples are taken on a monthly basis. Bacteria 
sampling is no longer included in the PWQMN Program for stations within the CSPA.  
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As with all other PWQMN selected indicator parameters the statistical summaries are located in 
Appendix G in Tables G-16A and G-16B, and Figures G-16A andG-16B.  

Data from 1988 and 1994-1999 show that E.coli levels in Butlers Creek are much higher than the 
others. This trend continues for the 2000-2002 dataset.  
2.2.1.4       Trend Analysis Results 
The PWQMN dataset was the only one with sufficient information to perform trend analysis. 
Even though exploratory analysis did not indicate a possible trend for all 15 of the indicator 
parameters with sufficient data, each parameter with sufficient data was tested. E. coli is the only 
parameter without enough data (i.e. only approximately 80 measurements over the entire period 
of record from 1988 and 1994 to 2002). 

A summary of trend analysis results can be found in Appendix H in Tables H-1 to H-11.  

It should be noted that inconsistencies exist between parameters and monitoring stations with 
respect to laboratory analysis methods, detection limits and when samples were taken. All of this 
can impact trend identification.  

General Chemistry 
Alkalinity 

No overwhelming trends were observed, but all stations with monthly trends identified are either 
consistently increasing or decreasing. Grants Creek is the only station with greater than or equal 
to 50 percent of the months indicating a trend (i.e. seven months display a decreasing trend). All 
other stations display no more than 3 months with trends. There is an approximately even split 
between decreasing and increasing trends. Cataraqui River station 102 is the only one that does 
not display any trends. 

 A trend for increasing or decreasing alkalinity was not expected at any of the stations since no 
activities such as mining take place that would significantly change this parameter. 

Chloride 

Overall increasing trends for this parameter were found. Only four of the 14 stations display less 
than half the months with increasing trends (i.e. Grants, Lyn, Wilton and Little Cataraqui Creek 
{402}). Cataraqui River (102) is the only station exhibiting a single month with a decreasing 
trend (October); however, it also has five months with increases.  

Chloride ions are conservative; therefore, if activities such as road salting continues, its 
concentration in surface waters can only be expected to increase, as is the case at the vast 
majority of PWQMN stations within the CSPA. Specific reasons some stations have few and in 
the case of Grants no instances of increasing trends is currently unknown. 

Conductivity 

Similar to chloride, the majority of trends identified for conductivity are increasing and many 
trends were identified with six of the 14 monitoring stations having greater than or equal to 50 
percent of the months with an increasing trend. Also similar to chloride are the stations with 
increasing trends (i.e. Grants, Lyn and Wilton). Although the trend results are not identical to 
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that of chloride there are comparable which is expected since any can in the concentration of a 
particular ion in the water would impact its conductivity. 

Hardness 

Some trends were identified, but not to the overwhelming extent of chloride. There are slightly 
more stations with decreasing trend months than increasing ones. April is the month displaying 
all but one of the increasing trends (i.e. Butlers shows an increase for September).  The April 
increases could be associated with reduced spring melt events in recent years and subsequently 
reduced dilution factors. The rest of the trends are decreasing except for one instance on Butlers 
Creek for October.  

Similar to alkalinity this parameter was not expected to have any trend since its primary 
determinant is geology. However, increasing chloride and sodium levels could decrease hardness 
and may be a factor for a station such as Cataraqui River (202) where an increasing trend for 
chloride was found for 12 months and decreasing hardness noted for seven months of the year. 

Nitrate 

With the limited data available only eight stations have enough monthly data (i.e. n > 10) to 
conduct the trend analysis, four stations only for a single month. All months analyzed for trends 
fall between July and November. Only two trends were found present, both in August, for two 
different stations (Cataraqui River {202} is increasing and Little Cataraqui Creek {802} is 
decreasing). Due to the limited information, no discussion of these trends is warranted. 

Nitrite 

As with nitrate, there is limited data. There were seven stations with large enough samples sizes 
and all fell between the months of July and November. Only one trend was identified: an 
increasing trend for October at the Grants Creek station. Possible fall runoff from and increased 
fertilization of the agricultural field in the vicinity of this station are reasons for this lone 
increasing trend. 

Total Kjeldahl Nitrogen (TKN) 

Stations with trends consistently report increases or decreases. Gananoque River (402) and 
Millhaven Creek (502) do not display any trends. Rural stations in the western part of the CSPA 
are show increases in TKN concentrations while eastern stations and urban western station trends 
are decreasing. All increasing trends are only present from May to October while decreasing 
trends occur in all months. Butlers Creek, Grants Creek and Cataraqui River (102) have greater 
than or equal to 50 percent of months with a decreasing trend, while there are no stations with 
that many increasing months 

Total Phosphorus (TP) 

Twelve stations exhibited trends for TP; eight showing only decreasing trends. Stations 
exhibiting any months with increasing trends also have an equal or greater number of months 
with decreasing trends present. Although decreasing trends exist throughout all 12 months, 
increasing trends were only present between May and August for Cataraqui River (202), Collins 
Creek, Little Cataraqui Creek (502), and Wilton Creek. Butlers Creek, Gananoque River (102) 
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and Cataraqui River (102) have more than or equal to 50 percent of the months with decreasing 
trends. No stations of equal magnitude (i.e. > 50 percent months) exist for increasing trends.  

The general decreasing trend could be associated with decreasing acid rain since less TP would 
be leached from the soil. 

Sodium 

The monthly sample size was only large enough for eight stations between August and 
November to be analyzed for trends. All identified trends are increasing, but each of the eight 
stations has only one or two months with trends present. 

The increases noted for this parameter could certainly be tied with increasing chloride levels 
since the two components make up road salt (NaCl). 

Turbidity 

Besides the month of April the limited identified trends are sporadic and for the most part 
decreasing. It is unknown why turbidity levels during the month of April are decreasing. 
However, it could be associated with a variety of factors including improved stormwater control 
measures pre and post development in urban areas. 

Metals 
Aluminum 

Due to the limited data only 10 of the 14 stations from June to November were able to be 
analyzed for the presence of trends. Four single monthly trends were identified for four different 
stations (one increasing and three decreasing). This demonstrates that there is no real change 
over time for this parameter. 

Copper 

Many trends were found and all were decreasing. Nine of the 14 stations, representing five 
(Wilton Creek, Millhaven Creek, Little Cataraqui Creek, Grants Creek and Cataraqui River) of 
the nine watersheds, displayed greater than or equal to 50 percent of months with a decreasing 
trend. The reason for the decreasing trend is unknown. 

Iron 

Several trends were found and every one is decreasing except for one associated with Wilton 
Creek in June.  

Manganese 

Limited data meant that only nine stations from August to November were analyzed. Only a 
single month with an increasing trend was found (Lyn Creek {102} in October) which indicates 
that there is generally no real change overtime. 
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Zinc 

All trends but one are decreasing and most of these trends appear from March to December. 
Collins Creek is the station with the single increasing trend (July) and no months of decreasing 
trends.  
2.2.1.5       Key Findings 
As expected, higher alkalinity and hardness values are common to all PWQMN stations located 
in the limestone bedrock areas. See Figure 1-4 in Volume II for a general illustration of the 
limestone regions.  

Chloride, sodium and specific conductivity are all highest in the limestone dominated study areas 
and generally at those stations impacted by urban development. Chloride concentrations are 
generally increasing as are both sodium and conductivity. All are likely tied to road salting 
practices. 

Decreasing hardness levels at some stations could be tied to chloride inputs. 

All PWQMN stations exhibit high percentages of TP PWQO exceedences. TP concentrations are 
decreasing at all stations and could be a result of reduce acid rain. For the most part all other 
nutrients considered were well within guidelines. The exception to this is nitrite levels at Grants 
Creek. 

Turbidity levels were highest at stations located in watersheds with less forest cover and either 
more agricultural or urban development. Turbidity levels at the Wilton Creek station appear to be 
decreasing and it is possibly linked to riparian stewardship work. 

Elevated aluminum and iron concentrations were found at a number of stations in the limestone 
areas with no other obvious links to land use or land cover. 

Copper levels at the Butlers Creek station are extremely high and possibly associated with a 
former scrap yard located in downtown Brockville.  

Copper iron and zinc concentrations are all decreasing 

2.2.2  Lake Partner Program 
Ontario’s Lake Partner Program (LPP) is a volunteer-based water quality monitoring program 
and a partnership between citizens and the MOE (MOE, 2007b). The collected data is used to 
create a long-term database that is valuable for evaluating the nutrient status of Ontario’s inland 
lakes and tracking water clarity. The Lake Partner volunteers take water samples for TP analysis 
and measure water clarity with a Secchi disk.  

In total 30 waterbodies have at least one Lake Partner site within the CSPA. Twenty-nine lakes 
and one river have TP data and 24 lakes and one river have Secchii disk information. The 
incongruity in these figures points to the fact that not all sites are measured for both TP and 
water clarity.  

It is important to note that the data varies in terms of the number of samples taken at each site, 
the number of sites per water body, the years sampled and the time of the sampling. Another 
consideration is that although standardized data collection methods are used, different volunteers 
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on each lake and possibly between years on the same lake collect the data; therefore, data 
variability is inherent.  
2.2.2.1       Parameters of Consideration 
Total Phosphorous 
Although data for many of the CSPA’s lakes is available as early as 1996, information from 
1996 until 2001 was excluded from analysis. The reason for this exclusion is that the earlier data 
does not have good precision or accuracy (Clark, B., personal communication, 2008). The range 
of reported phosphorus concentrations is +/-0.01 mg/L. When ranges for trophic status are 
considered (Section 2.2.2.2) the pre-2002 data is useless. In 2002 a change in sample bottles and 
laboratory testing resulted in more reliable data (ten times more accurate) which has been 
analyzed in this report. 

Water Clarity 
Water clarity is impacted by a variety of factors other than algal growth, thus making it an 
inappropriate parameter to gauge trophic status. The factors that affect water clarity include time 
of year, dissolved organic carbon concentrations and presence of zebra mussels.  
2.2.2.2       Data Analysis 
Benchmark Comparison 
The phosphorus measurements from 2002 to 2007 were compared to the applicable IPWQO 
(0.02 mg/L for lakes and 0.03 mg/L for rivers) for the ice-free period. Results from this analysis 
are presented in Section 2.2.2.3 with a summary of the results shown in Appendix I. 

Water clarity measurements (Secchi depth readings) were compared to the recreational PWQO 
where a depth of less than 1.2 m is considered poor. Results from this analysis are presented in 
Section 2.2.2.3 with a summary of the results shown in Appendix I. 

Classification 
Methods to determine the trophic status of lakes by using phosphorus concentrations are 
available under the PWQO and the CWQG (AL).  

The IPWQO ranges are used classify lakes as follows by using TP concentrations: 

• Oligotrophic (< 0.01 mg/L ) 

• Mesotrophic (> 0.01 mg/L and < 0.02 mg/L) 

• Eutrophic (> 0.02 mg/L) 

The CWQG (AL) classifies lakes based on phosphorus concentrations into the following 
categories: 

• Ultra-oligotrophic (0 to < 0.004 mg/L) 

• Oligotrophic (> 0.004 to < 0.01 mg/L) 

• Mesotrophic (> 0.01 to < 0.02 mg/L) 
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• Meso-eutrophic (> 0.02 to < 0.035 mg/L) 

• Eutrophic (> 0.035 to < 0.1 mg/L) 

• Hyper-eutrophic (> 0.1 mg/L) 

The results from these classification methods are discussed in Section 2.2.2.3 and presented on 
Table I-A Table I-B in Appendix I. Also, Figure 2-5 in Volume II displays the PWQO 
classifications throughout the CSPA based on 2002 to 2007 TP concentrations. 
2.2.2.3       Data Analysis Results 
In general the lakes within the CSPA are nutrient rich. The only lakes with an oligotrophic 
designation based on the 2002 to 2007 TP data are Desert Lake and Devil Lake which are 
located in the Cataraqui River study area. Lakes that are closer to the headwaters of tributaries in 
the Cataraqui River Study Area were found to be less impacted by nutrients therefore suggesting 
that nutrient inputs collect and concentrate in the downstream lakes. 

The earlier trophic status classifications suggest that the subject lakes within the CSPA were 
impacted by nutrients to a lesser degree from 1996 to 2001, but as is described in section 2.2.2.1 
this data is to be viewed with caution. 

Summary tables have been produced for: 

• 1996 to 2001 TP concentrations, associated trophic status classification under both the 
PWQO and the CWQG (AL) and exceedences of the PWQO; 

• 2002 to 2007 TP concentrations, associated trophic status classification under both the 
PWQO and the CWQG (AL) and exceedences of the PWQO; and 

• 1996 to 2007 Secchi depths and PWQO exceedences. 

These tables can be found in Appendix I and are number Tables I-A to I-C respectively. 

As with findings for the PWQMN data the percent total TP exceedences of the IPWQO is 
generally high (2002-2007). TP levels in the measured lakes are generally high with the median 
percent exceedence for the Cataraqui Study Area being 51 percent and the Gananoque River 
Study Area being 92 percent. Desert Lake, Cataraqui River Study Area, is the only one with less 
than 15 percent exceedences for this timeframe. 

Very few of our lakes have poor water clarity. Only Opinicon, Troy, Dog, Temperance and 
Killenbeck display any exceedences of the PWQO for recreational use and of these lakes only 
Troy, Dog and Temperance have more than two percent exceedences overall. All locations 
where there are exceedences for Troy, Dog and Temperance are in relatively shallow portions of 
the lakes or the entire lake is shallow (i.e. less than five metres). This would account for the high 
proportion of PWQO exceedences since shallow areas in lakes experience more mixing and 
subsequent suspension of sediment. Although the one exceedence on Lake Opinicon is in a 
shallow bay, the exceedences on Killenbeck Lake indicate that the impaired water clarity may be 
associated with algal growth. Development around the perimeter of Killenbeck Lake primarily 
consists of cottages that have been converted to permanent residences and are located close to 
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the shore. It has also been observed by CRCA staff that this water body has yet to be impacted 
by Zebra Mussels, as many of the surrounding lakes are. 
2.2.2.4       Key Findings 

• Most lakes are eutrophic; 

• Gananoque Study area lakes are generally the most nutrient rich; and 

• Water clarity is generally good. 

2.2.3  Inland Watershed Sampling 
In an effort to fill a spatial gap in water chemistry data within the CSPA, three water sampling 
events took place in 2007 at 45 sites (see Figure 2-6 in Volume II). The three events were timed 
to be representative of three stream conditions: 

• Spring melt, 

• Summer low flow; and 

• Fall precipitation. 

The information from this sampling will help to identify where higher concentrations of certain 
parameters originate and begin to provide a more balanced water quality picture of the CSPA. 
2.2.3.1       Parameters of Consideration 
The parameters selected for this sampling are similar to those used for data analysis under the 
PWQMN except that E. coli was excluded and carbonate, ammonia, sulphate, sulphide, boron 
and potassium were added to get a more comprehensive view of water quality conditions. 
2.2.3.2       Data Analysis  
Benchmark Comparison 
When available the data were compared to PWQO and CWQG (AL). 

Statistical Analysis 
Summary statistics were calculated for each of the parameters. Also sites that previously (i.e. 
during the spring or summer sampling events) exceeded standards were flagged. 
2.2.3.3       Data Analysis Results 
Results from the three sampling events and an overall summary including guideline comparisons 
are contained in three tables (Table J-1A, J-1B, J-1C and J-1D) found in Appendix J. Since 
water quality is impacted by land use, stream flow and weather, observations for each of these 
areas were made and are also presented in Appendix J in tables J-2A, J-2B and J-2C. 

Overall the most prevalent water quality issue is TP, with some elevated levels of aluminum, 
iron, pH and a few of nitrate and chloride. 

More than 70 percent of measured sites exceed the IPWQO for TP at least once. The CSPA wide 
nature of elevated phosphorus levels show that the cause is likely something common to all areas 
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and could be associated with the geology. Nitrate is the only other macronutrient with 
exceedences and is confined to agricultural areas. 

The vast majority of any iron exceedences are accompanied by aluminum exceedences (i.e. 10 of 
11) at stations in all study areas except generally in the lake areas of both the Cataraqui and 
Ganaoque River study areas. Besides the lack of these elevated metals in lake samples there 
appear to be no patterns associated land cover or soil/bedrock type. The lower concentrations of 
iron and aluminum at the lake sites are most likely attributed to the facts the samples weren’t 
filtered and the lake environments act as settling basins for the particles containing the iron and 
aluminum, thus reducing their content in the sample water.  

As was expected, the hardest water is located in the limestone areas (i.e. Lake Ontario, St. 
Lawrence River and the Tri-Islands study area) and the softest water is in the Precambrian areas 
(i.e. Cataraqui and Gananoque River study areas).  

pH levels higher than acceptable range for aquatic life are prevalent in the Cataraqui and 
Gananoque River study areas. Increased photosynthesis and subsequent production of hydroxyl 
ions (Massachusetts Water Watch Partnership, 2006) may be a defining factor. Many of the lakes 
in these two study area are nutrient rich therefore a high level of plant productivity is expected.  

There were five instances of chloride levels greater than the long-term exposure limit for aquatic 
organisms generally situated in the southwest portion of the Lake Ontario study area. Both 
bedrock formations and road salt application are thought to be responsible for the higher chloride 
levels. It should be noted that a late fall snow storm occurred only days before the samples were 
collected.  
2.2.3.4       Key Findings 

• TP levels are generally high everywhere (see Figures 2-7a, 2-7b and 2-7c in Volume II); 

• Nitrate exceedences are confined to agricultural areas; 

• Aluminum and iron levels are high in stream environments; 

• pH levels are high in lake environments possibly due to increased photosynthetic 
productivity (see Figure 2-8 in Volume II); and 

• Few high levels of chloride were found, but likely due to high flows and subsequent 
dilution during the one sampling round that included this parameter. 

2.2.4   Aquatic Benthic Macroinvertebrates 
The CRCA collected and analyzed or hired analysis of benthic invertebrates in 2003-2005 and 
2007. All information was gathered under three separate projects (i.e. Establishing Instream 
Environmental Flow Requirements for Millhaven Creek (CRCA, 2005), Stream Flow Indicators 
Report: Cataraqui Region (CRCA 2006b) and the Ontario Benthos Biomonitoring Network 
(OBBN).The locations and vintages of samples are generally as follows and shown on Table K-
1 in Appendix K for this variable dataset: 
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• Millhaven Creek: 2003 August, and 2004 (May and August); 

• PWQMN: 2004 (May and October); 
• All 14 of the currently active PWQMN stations; 

• In-stream Flow Requirements Study: 2005 (June/July); 
• Millhaven Creek, Little Cataraqui Creek West, Little Cataraqui Creek East; and 

Cooligan Creek 

• OBBN: 2007 (May and October {October data not yet analyzed}) 
• Platts Creek, Loyst Creek, Thorpe Creek, Amherst Island Creek, Millhaven Creek, 

Collins Creek, Little Cataraqui Creek West, Paddys Creek, Bear Creek, Sucker Creek, 
Cooligan Creek, La Rue Creek, Golden Creek and Buells Creek. 

2.2.4.1       Data Analysis 
Classification 
The information gathered from the various sites has been analyzed using eight different biotic 
indices including: 

• Hilsenhoff; 
• % Oligochaeta (aquatic worms); 
• % Chironomidae (midges); 
• % Isopoda (sowbugs); 
• % Gastropoda (snails); 
• Number of taxa; 
• Dominant taxa; 
• % EPT (Ephemeroptera {mayflies}, Plecoptera {stoneflies}, Trichoptera {caddisflies}); 

• % Diptera (true flies); and 
• % Insecta. 

Each of the above presented indices supply a result to indicate whether a particular site is 
impaired, potentially impaired or unimpaired based a set of criteria. Each index has its own 
strengths and weaknesses in identifying site impairment. To account for this variation results 
from all the indices are combined using the Overall Aggregate Assessment Method (Citizen’s 
Environment Watch, 2002). The resultant site classification with this method is a more accurate 
determination of whether the aquatic organisms present are indicative of either unimpaired or 
impaired water quality. Section 2.2.4.2 below discusses this information further and Table K-1 
in Appendix K presents the results.  
2.2.4.2       Data Analysis Results 
Although the 2007 data identifies the macroinvertebrates to species, the older data sets only 
identify to the family level; therefore, in order to be consistent the family level was used for all 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

124

datasets. In the future indices classifications based on species will be calculated as the results 
will be a more precise classification. 

A summary table displaying the results of the Overall Aggregate Assessment ordered by 
subwatershed study area and from headwater to outlet for each watercourse is in Appendix K. 
Maps illustrating the information are also available (see Figures 2-9a to 2-9f in Volume II). 

Generally the classification of the benthic invertebrate samples from each of the subwatershed 
study areas resulted in a mix of the three possible classifications (i.e. unimpaired, potentially 
impaired and impaired). It should be noted that only data from August and October of 2004 
display impaired sites. This is not because these particular samples were necessarily more 
indicative of pollution than the other portions of the dataset, but because the classification 
method varies when more than one sample is taken during a year with at least three months 
between the samples. If the expanded method were not used with the August and October 2004 
samples, all the impaired classifications would have appeared as potentially impaired. To review 
the method, please refer to Appendix K. 

Due to the irregularity of sample locations and frequencies it is difficult to note any potential 
patterns or trends with much confidence. However, when the locations are mapped it shows that 
most of the unimpaired sites are located outside of urban areas. 

Physical (e.g. substrate type), chemical (i.e. water quality) and biological (i.e. food webs) factors 
all impact the diversity and richness of macroinvertebrate populations. Some of the benthic 
invertebrate sampling locations are also either PWQMN stations or in-land water quality sites so 
it is possible make some comparisons between chemical water quality and benthic 
macroinvertebrate classifications. Oxygen, pH, alkalinity and nutrients are the most important 
chemical factors for affecting these populations (Voshell, 2002). 

When the above noted water quality parameters are considered at the sites with information it is 
found that the only issues are generally excessive nutrients, and occasional high pH and low 
dissolved oxygen levels. However, no sites are obviously more polluted than others. Millhaven 
PWQMN station 402 appears to have the best water quality, but other sites have a similar benthic 
class with poorer water quality; therefore, with the very limited available data it was not possible 
to link chemical water quality and benthic classification. This is counter intuitive and could very 
well be due to the fact that the water quality measurements are not consistently collected or 
necessarily near enough to the same time as benthic samples were collected.  
2.2.4.3       Key Findings 
Most samples locations indicate potential impairment. 

2.2.5 Sport Fish Contaminant Data 
The Ontario Ministry of the Environment (MOE) in collaboration with the Ontario Ministry of 
Natural Resources (MNR) collect fish for analysis in order to produce the Guide to Eating 
Ontario Sport Fish 2007-2008 edition (Government of Ontario, 2007). Fish tissue samples are 
analyzed for contaminants and the laboratory results are used to provide consumption guidelines 
for the public. These help to guard against impacts associated with consuming contaminated 
sport fish and are based on health protection guidelines from Health Canada (MOE, 2007a).  
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For the CSPA, Sport Fish Contaminant data was provided through the MOE. Information for the 
in-land portion of the CSPA was considered (i.e. data from 17 lakes for a variety of years dating 
back as far as 1977 and as recent as 2004) (See Table L-1 in Appendix L for a summary of 
sport fish contaminant data in the CSPA). Additional data was provided for Lake Ontario and St. 
Lawrence River monitoring areas, but has not yet been considered.  
2.2.5.1       Parameters of Consideration 
The majority of the data for in-land lakes relates to mercury concentrations with some 
information for Polychlorinated Biphenyls (PCBs), Mirex, Photomirex, Toxaphene, Chlordane 
and dioxin-like PCBs. Fish in Lake Ontario and the St. Lawrence River were tested using a more 
comprehensive list of parameters. 
2.2.5.2       Data Analysis 
Data analysis plans included comparison of the point data (i.e. fish tissue contaminant 
concentrations) to the 2007 Zero Consumption Limits from MOE, for both sensitive and general 
populations. It was thought that this basic analysis would provide insight into whether any of the 
considered lakes within the CSPA had a potential fish contamination problem and aid in 
determining if further analysis was warranted.  

Based on correspondence with MOE staff members it was learned that this type of analysis 
would not provide true representation of the level of fish contamination in a water body.  This is 
because neither fish length nor species are accounted for; both key factors in determining levels 
of contamination (Awad, E., personal communication, 2007).  

 In the future, consideration should be given to the value of performing a power regression 
analysis on the sport fish contaminant data for the CSPA such that fish length is considered. 
Currently time constraints do not permit this type of lengthy analysis.  

It should be noted that there are consumption limits in the Guide to Eating Ontario Sport Fish 
2007-2008 edition (Government of Ontario, 2007) for at least some species of fish for all the 
lakes that are part of the dataset for the CSPA. 

2.3 Groundwater Quality Data 
Groundwater quality is affected by a myriad of different factors, including atmospheric 
deposition of ions, decomposition of organic matter, weathering and dissolution of minerals, 
mineral precipitation, ion exchange reactions, and anthropogenic activities (Appelo and Postma, 
1997). At the watershed scale in the CSPA, groundwater quality is strongly affected by 
weathering and dissolution of carbonate rocks and anthropogenic activities such as 
manure/fertilizer application and industrial contaminants. Groundwater quality as related to 
natural processes, such as weathering and dissolution, is discussed in this section. Anthropogenic 
activities that may affect groundwater quality are discussed in detail in section 5.3.1. 

Knowledge of the groundwater quality within the CSPA is quite limited and derived primarily 
from two regional groundwater study reports. The Western Cataraqui Region Groundwater Study 
(Trow, 2007) encompasses the entire western portion of the CSPA, with the exception of the 
Frontenac Islands. The United Counties of Leeds and Grenville Groundwater Management Study 
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(Dillon, 2001) assesses the groundwater conditions that occur in the United Counties of Leeds 
and Grenville, which encompass the eastern portions of the CSPA. The dividing line between the 
two studies is the Frontenac/Leeds County boundary.  A third study, the Frontenac Islands 
Groundwater and Aquifer Characterization Study (CRCA, 2007), completes the CSPA coverage 
of the Frontenac (Howe and Wolfe) Islands. 

The groundwater quality data from the each study are useful, however they lack cohesion. In 
addition, both reports include extraneous information such that it becomes difficult to examine 
the groundwater water quality of the CRCA in its entirety. 

Currently, the groundwater quality section is presented in three parts: within subdivisions of the 
CRCA, the Provincial Groundwater Monitoring Network (PGMN), and the individual 
groundwater studies.  Sections follow discussing select individual parameters and general aquifer 
characteristics. Landfill monitoring information will be added as it becomes available. 

2.3.1 Subdivision Data 
Many subdivisions in the CRCA were required to generate hydrogeological studies that include 
hydrogeochemical information for standard drinking water quality parameters. Results are 
summarized in Table M-1 through Table M-13 in Appendix M. 

Generally, many parameters exceeded the ODWS in all analyzed subdivision reports. In particular, 
hardness always exceeded ODWS; and iron, manganese, sodium, chloride, fluoride, turbidity, and 
Total Coliforms (TC) often exceeded guidelines. Nitrate exceeded guidelines at one location in 
1989. Sulphate exceeded guidelines in two wells drilled through limestone at the same subdivision 
in 1989. At another subdivision, aluminum also exceeded guidelines in two wells in 1992.  

There appears to be little correlation with parameters that exceed the ODWS and the geologic 
features in which the subdivision wells are drilled and therefore, are difficult to map based on 
lithology.  

2.3.2 PGMN Data 
Seven PGMN wells exist within the CRCA that have been sampled for groundwater quality four 
times since 2003. See Figure 1-22 in Volume II to view the location of each well. In 2003, water 
from four of the wells was analyzed for a comprehensive list of general groundwater quality and 
chemical (e.g. solvent) parameters (Appendix N). In 2004, 2006, and 2007 water from all of the 
wells was analyzed for general groundwater quality parameters (Appendix N). 

PGMN wells are generally drilled in areas away from potential, anthropogenic contaminants and 
therefore represent background conditions. Results of the routine monitoring events indicate that 
hardness and reactive silica always exceeded ODWS, while sodium, conductivity, and iron often 
exceed ODWS, and chloride, organic nitrogen, and TDS were exceeded in isolated instances in 
individual wells. A description of the geology of each PGMN well is located in Section 1.3.2. 
The background PGMN results indicate that geochemical conditions are all directly related to the 
geology in which each well is drilled. Only sodium and chloride exceedences could be a result of 
anthropogenic activities, namely road salting. 
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2.3.3 Groundwater Studies 

2.3.3.1       Western Cataraqui Region Groundwater Study 
Water quality information for the Western Cataraqui Region Groundwater Study (Trow, 2007) 
was collected from three primary sources. The first was the MOE Water Well Record Database. 
This database includes a qualitative evaluation of the taste and/or smell of the groundwater at the 
time the well is constructed. The categories for describing the water in the database include, 
“fresh”, “salty”, “sulphur”, “mineral”, or “gas”. The second source of data was water samples 
collected by individual homeowners that were analyzed for bacteria by Ministry of Health and 
Long Term Care Laboratories from April to July 2002. Trow (2006) notes that there are a 
number of potential problems with this data: 

• sampling was conducted by homeowners with various knowledge of data collection; 

• the data set includes samples repeatedly collected at the same, single points; and 

• The data set includes surface water samples and possible water samples from other 
non-ground sources.  

The final source of qualitative data was a “door-to-door” program of sampling private water well 
supplies. This sampling was conducted during October and November of 2002. Water samples 
were collected from 96 residential supply wells throughout the study area. Of the 96 samples 93 
were “raw” and three were treated water samples. Results from the “door-to-door” sampling 
program are outlined in Appendix O). The ODWS outlined as of 2001 were the guidelines used 
for this study.  
2.3.3.2       The United Counties of Leeds and Grenville Groundwater Management Study 
The United Counties of Leeds and Grenville Groundwater Management Study (Dillon, 2001) 
used a number of data sources to conduct the study, such as: MOE Water Well Records, MOE 
groundwater files, consultant reports, school board sampling, and Dillon sampling.  

The data provided by Dillon (2001) is representative of the entire area within the United 
Counties of Leeds and Grenville, where the CSPA represents less than half of the area within 
Leeds and Grenville. The data provided by Dillon has been condensed, such that only the data 
collected within the CSPA is represented within this report; it is located in Appendix P. 
2.3.3.3       Frontenac Islands Groundwater and Aquifer Characterization Study 
The Frontenac Islands Groundwater and Aquifer Characterization Study (CRCA, 2007) used the 
DWIS to glean some knowledge of the water quality of Wolfe and Howe Islands.  

A limited amount of groundwater quality information exists within the Drinking Water Well 
Information System. For each well drilled, the drilled is asked to record whether a well contains 
fresh, salty, sulphurous, mineralized, or gaseous water. The following table shows the water 
quality as described by drillers and the geological formation in which the salty and sulphurous 
wells were drilled. 
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Table 2 - 4 Water Quality Descriptors from the Drinking Water Well Information System 
on Frontenac Islands  

Water Quality Description Number Geological Formation 

Fresh 496 Various 

Salty 16 Bobcaygeon and Gull River 

Sulphurous 45 Bobcaygeon and Gull River 

Mineralized 2  

Gaseous 3  

Unknown 165 Various 

 

It appears that most of the wells that contain salty and sulphurous water are drilled into the Gull 
River and Bobcaygeon Formations, however it is not known in which Formation that the well 
was completed (i.e. what Formation exists at the bottom of the well). It also seems unlikely that 
three wells contain gaseous waters, since the geologic Formations of the Frontenac Islands are 
not generally oil and gas producing. Upon closer inspection, it appears that all three wells were 
drilled by the same driller in July 1977, where no other driller indicated a gaseous well at any 
other time. Thus, these three wells can be considered anomalous.  

Anecdotal information indicates that groundwater quality in drilled wells is usually better towards 
“the foot” of Wolfe Island (the eastern arm of the island), with less salty or sulphurous conditions. 

2.3.4 Individual Parameters 
The following section outlines the water quality of the CSPA based on select parameters chosen 
based on availability of data and relevance to general water quality. Each parameter discussed 
has a corresponding map 
2.3.4.1       Nitrate 
The presence of nitrate is generally associated with the breakdown of human or animal wastes 
and/or the use of fertilizers that percolate downwards through the unconsolidated sediments and 
fractured bedrock. Elevated levels of nitrate can impair the ability of blood to carry oxygen 
(methaemoglobinaemia). Infants, small children and the elderly are most susceptible to 
methaemoglobinaemia (Trow, 2006). 

The Western Cataraqui Region Groundwater Study (Trow, 2006) identifies the following 
background report conducted for the area with regard to nitrate contamination: 

• A study completed by Malroz in January 2002 for the Village of Sydenham concluded that 
“the Village has a widespread nitrate problem in the groundwater supply” (Malroz, 2002). 

The ODWS for nitrate is 10 mg/L as nitrogen (N). Across the western region, nitrate 
concentrations exceeded ODWS in six percent of the residential wells sampled by Trow (2006). 
Although two of the occurrences were located in close proximity to each other in the former 
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Pittsburgh Township, all other elevated results did not seem to occur in any specific area. It is 
important to note that the Trow (2006) sampling occurred during a reasonably wet period, during 
which greater dilution could have occurred, which could result in elevated nitrate concentrations 
possible for drier or more average conditions.  

Dillon (2001) notes that nitrate levels exceeding five mg/L are often used to indicate the 
presence of contamination. The area of the highest nitrate concentration is located around 
Mallorytown, where the regional nitrate concentrations are reported to exceed 3 mg/L as nitrogen 
(N). The Dillon (2001) study notes that the area between Mallorytown and Brockville is a 
location of shallow overburden and is therefore prone to contamination.  

In addition, this area has also been reported to be a location where rapid infiltration of 
groundwater occurs, thus resulting in even less protection of the bedrock aquifer (Dillon, 2001). 
The average nitrate concentration in the eastern study area is 1.8 mg/L as N. Overall, 2.6 percent 
(or 12 of 438) of the samples exceeded the MOE drinking water standard for nitrate of 10 mg/L 
as N. As well, another 42 samples (9.6 percent) are above five mg/L but below 10 mg/L, 
implying a risk of nitrate contamination. 

Figure 2-10 in Volume II shows the groundwater quality for nitrates across the CSPA as 
evaluated by Trow (2006), Dillon (2001), and available subdivision reports. On the amalgamated 
map, nitrate concentrations were generally below six mg/L and only two locations exceeded the 
drinking water objectives for nitrate. Results are located in Appendix P. 

The figure following shows that background nitrate concentrations are well below the ODWS 
standard of 10 mg/L in the PGMN wells between 2003 and 2007. 
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Figure 2-11 Nitrate Concentrations in PGMN Wells 

 
2.3.4.2       Sodium 
Sources of sodium can be natural or anthropogenic. Potential anthropogenic sources include 
septic systems, water softeners and road salt. Sodium can occur naturally in bedrock (Dillon, 
2001; Trow, 2006). Elevated sodium concentrations are a health concern to persons on a sodium 
restricted diets (Trow, 2006). 

The Western Cataraqui Groundwater Study (Trow, 2006) found that sodium concentrations in 
the area are quite variable and concentrations commonly exceed the warning level of 20 mg/L. 
Sodium concentrations ranged from 3.2 to 1,130 mg/L. From the residential wells sampled by 
Trow, 74 percent revealed concentrations in excess of the 20 mg/L. Additionally, eight percent 
of the samples exceeded the aesthetic objective of 200 mg/L.  

Sodium concentrations in the United Counties of Leeds and Grenville Groundwater Management 
Study (Dillon, 2001) area were generally less than 100 mg/L except between Mallorytown and 
Brockville, and near Johnstown were sodium levels were above 200 mg/L.  

Figure 2-12 in Volume II shows the groundwater quality for sodium across the CSPA as 
evaluated by Trow (2006), Dillon (2001), and available subdivision reports. The amalgamated 
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figure shows that sodium concentrations are generally less than 100 mg/L across the entire 
watershed but commonly exceed the warning concentration level of 20 mg/L. 
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Figure 2-13 Sodium Concentrations in PGMN Wells 

 

Sodium results from the PGMN wells (see Figure 2-13) above indicate that elevated conditions 
exist in two wells. Both the wells are completed in the Paleozoic bedrock; W 279 is completed in 
the Gull River Formation at the intersection of the Bobcaygeon Formation while W 365 is 
completed in the Nepean and March formation. In these wells, elevated concentrations can be 
linked to the sedimentary geology. 
2.3.4.3       Iron 
Iron is considered an aesthetic parameter in the ODWS with an objective concentration of 0.3 
mg/L that can cause problems with taste and staining (Trow, 2006). Iron in groundwater is 
primarily derived from the geologic formation in which the groundwater flows. 

Iron concentrations in 18 percent of the wells sampled by Trow exceeded provincial standards. 
Wells with elevated iron concentrations occurred mostly in the area encompassing Harrowsmith, 
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Odessa, Westbrook, Kingston Mills, Elginburg and Sydenham. Additionally, the study found that 
a smaller cluster of wells with elevated iron concentrations also exist near Battersea. 

Figure 2-14 in Volume II shows the groundwater quality for iron across the CSPA as evaluated 
by Trow (2006), Dillon (2001), and available subdivision reports. Of the 391 wells sampled for 
Iron, 97 exceeded the ODWS aesthetic objective (25 percent). 
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Figure 2-15 Iron Concentrations in PGMN Wells  

 

Iron concentrations in the PGMN wells (see Figure 2-15 above) can also be linked to the 
geology in which the well is completed. All three wells that exceed the ODWS guidelines were 
completed in the Paleozoic bedrock. W 278 and 279 were completed in the Nepean/March 
formation and W 365 was completed in the Gull River and Bobcaygeon Formations.  
2.3.4.4       Manganese 
Manganese is also considered an aesthetic parameter in the ODWS with an objective 
concentration of 50 μg/L that can cause problems with taste and staining (Trow, 2006). 
Manganese is derived from several different rock types or some fertilizers. It is also affected by 
reduction/oxidation processes that can cause manganese to remain mobile in groundwater and 
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form complexes with more dangerous elements, such as arsenic (Minnesota Pollution Control 
Agency, 1999). 

Of the wells sampled by Trow, 17 percent exceeded the provincial guidelines for manganese. 
The areas in exceedence for manganese are relatively widespread throughout the western portion 
of the CSPA. 

Figure 2-16 in Volume II shows the groundwater quality for manganese across the CSPA as 
evaluated by Trow (2006), Dillon (2001), and available subdivision reports. Of the 200 samples 
tested for manganese across the watershed, 46 exceeded the aesthetic objective (23 percent). 
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Figure 2-17 Manganese Concentrations in PGMN Wells  

 

In the PGMN wells (see Figure 2-17 above) manganese concentrations were above the ODWS 
guidelines in two wells that were completed in the Nepean/March formations. 
2.3.4.5       Chloride 
Chloride is considered an aesthetic parameter that produces a salty taste in drinking water at 
elevated concentrations (Trow, 2006). Sources of chloride are linked with sodium and are 
presented in Section 2.6.1.5. 
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Trow (2006) found that chloride in drinking water occurs overwhelmingly in the portion of the 
western Cataraqui study area underlain by limestone. There is a higher incidence of “salty wells” 
(as recorded in the MOE Water Well Records), in the areas of Odessa, Westbrook, Elginburg, 
Sydenham, and Harrowsmith. Also, along Highway 2, at the boundary between Loyalist 
Township and the Town of Greater Napanee, there is a second cluster of salty wells. Based upon 
the MOE Water Well Records, the bulk of the salty wells within the limestone area occur at 
depths of 15 to 46 meters, with a greater number of salty wells occurring at a depth of 30 to 45 
meters. Since those wells with a stronger salt taste are deeper, it suggests that the salty taste is 
coming from a natural source. Additionally, a high number of salty wells appear to occur in the 
Verulam and Bobcaygeon Formation Limestone at depths from 15 to 23 meters. Salty taste at this 
depth suggests a surficial and potentially human-made source (Trow, 2006).  

The United Counties of Leeds and Grenville Groundwater Management Study (Dillon, 2001) 
found that chloride concentrations were highly variable across the area of study. There did not 
appear to be any correlation between chloride levels and the elevated sodium levels found 
between Mallorytown and Brockville. Dillon (2006) compared sodium and chloride 
concentration to road salt contamination reports and concluded that the groundwater near 
Brockville has been impacted by road salt. 

Figure 2-18 in Volume II shows the groundwater quality for chloride across the CSPA as 
evaluated by Trow (2006), Dillon (2001), and available subdivision reports. Chloride 
concentrations across the watershed are generally below 100 mg/L and exceeded the aesthetic 
objective of 250 mg/L 61 times of 411 available results (15 percent). In many instances, chloride 
exceeded the objective exponentially. Since the PGMN wells (see Figure 2-19 below) did not 
exceed the aesthetic objective for chloride, except in a well completed in the Gull River 
Formation, it appears that many of the exceedences across the watershed are the result of 
anthropogenic chloride input (e.g. road salt). 
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Figure 2-19 Chloride Concentrations in PGMN Wells  

 
2.3.4.6       Hardness 
Hardness in groundwater is caused by the presence of dissolved metallic ions, principally 
calcium and magnesium. Hard water can form a scale on appliances and water heaters, and can 
cause excessive soap consumption. The ODWS for hardness is an operational guideline set 
between 80 and 100 mg/L as calcium carbonate. While most reference documents consider 
hardness above 200 mg/L to be excessive, it is common for aquifers in Eastern Ontario to have 
hardness values well in excess of this concentration (Trow, 2006).  

The groundwater throughout the entire Western portion of the CSPA is considered to be very 
hard. Only six of the 93 wells sampled by Trow had hardness values of less than 200 mg/L. 
Hardness concentrations were measured in the range of less than1.0 to 1,500 mg/L with an 
average of 399 mg/L. 

Figure 2-20 in Volume II shows the groundwater quality for hardness across the CSPA as 
evaluated by Trow (2006), Dillon (2001), and available subdivision reports. Most wells in the 
CSPA are very hard. Of the 380 wells sampled for hardness, 372 exceeded the operational 
guideline (98 percent). All PGMN wells (see Figure 2-7 below) also consistently exceeded the 
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ODWS guidelines, indicating that the wells are completed in geology that has excessive calcium 
and magnesium ions. 
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Figure 2-21 Hardness (as CaCO3) Concentrations in PGMN Wells  

 
2.3.4.7       Hydrogen Sulphide 
Hydrogen sulfide is an aesthetic parameter that is a byproduct of sulphate reduction, whereby 
bacteria reduces sulphate liberating oxygen for respiration processes. Hydrogen sulfide has a 
distinctive “rotten egg” odour, can cause black stains on laundry and deposits on pipes if soluble 
iron is present (Trow, 2006). 

The Western Cataraqui Region Groundwater Study (Trow, 2006) indicates that hydrogen sulfide 
odor is widespread in areas where limestone stratigraphy exists, at a depth of 15 to 30 meters. In 
the areas underlain by the Verulam and Bobcaygeon limestone formations there were a 
significant number of wells with a sulphurous smell at depths closer to the surface, such as those 
in the six to 15 meter range.  
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2.3.4.8       Magnesium 
There appears to be widespread variation in the reported magnesium concentrations in the United 
Counties of Leeds and Grenville, likely due to the geology in which each well is completed. 
Dolostone is an altered form of limestone, where magnesium replaces one of the calcium ions in 
limestone. The area surrounding Mallorytown appears to have magnesium concentrations that are 
comparably elevated (Dillon, 2001). There is no drinking water guideline for magnesium. 

Most of the PGMN wells (see Figure 2-22 below) have similar magnesium concentrations, with 
the exception of GA 365 that is completed in the Gull River and Bobcaygeon Formations 
suggesting that these limestone formations have a considerable magnesium component. 
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Figure 2-22 Magnesium Concentrations in PGMN Wells  

 
2.3.4.9       Fluoride 
Fluoride is primarily derived from natural sources, including the minerals fluorite and apatite that 
are present in a wide variety of lithologies. Fluoride may also be associated with road salt 
because of the chemical similarities between fluoride and chloride. Elevated concentrations of 
fluoride are most harmful to pregnant women (Dillon, 2001). The ODWS Maximum Acceptable 
Concentration (MAC) for fluoride is 1.5 mg/L. 
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The average fluoride concentration in the Leeds and Grenville study area is 0.3 mg/L. The 
maximum reported concentration was 2.0 mg/L.  

Figure 2-23 in Volume II shows the groundwater quality for fluoride across the CSPA as 
evaluated by Trow (2006), Dillon (2001), and available subdivision reports. Of the 176 wells 
sampled for fluoride, 11 exceeded the MAC (six percent) across the CSPA. Also, results from 
the PGMN wells (see Figure 2-24 below) are well below the ODWS guidelines for fluoride.  
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Figure 2-24 Fluoride Concentrations in PGMN Wells  

 

2.3.5 Aquifer Characteristics 
Groundwater quality data was plotted on Piper Plots (Appendix Q) to show the relative 
abundance of major cations and anions with respect to the uppermost bedrock aquifer. The 
bedrock aquifers were divided into the following units: Precambrian, Nepean formation 
(sandstone unit), and Limestone (includes wells drilled in the Verulum, Bobcaygeon, Gull River, 
March and Oxford Formations). 

Groundwater concentrations were assigned to an aquifer type using the following steps: 
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1. The Universal Transverse Mercator (UTM) coordinates for each well were projected onto 
the bedrock geology map; 

2. The upper most aquifer unit at a particular location was assigned to the well; and 

3. All wells associated with similar aquifer units were analyzed together. 

Piper plots indicate that natural groundwater in all aquifers is relatively young in age, based on 
high carbonate anion concentrations relative to sulphate and chloride. Carbonate was the most 
abundant anion in all aquifers, while no correlation exists between anions for any aquifer. It is 
recommended that a more detailed spatial Piper Plot analyses be completed for the CSPA. This 
should be completed by grouping similar, relative concentrations of anions and cations and 
completing a spatial analysis on these similar groupings.  

2.4 Raw Water Characterization for Intakes and Supply Wells 
There are nine surface water intakes and five wells that supply three municipal residential 
systems in the CSPA. Also data from three wells at two communal systems was supplied and 
analyzed. The location of each municipal residential drinking water system (both surface water 
intakes and groundwater wells) is shown on Figure 1-41 in Volume II. 

The following datasets are useful in characterizing the water quality at the intakes: 

• Drinking Water Information System (DWIS); 

• Ontario Drinking Water Surveillance Program (DWSP); 

• Municipal/Industrial Strategy for Abatement (MISA); 

• Great Lakes Station Network (GLN); and 

• Bay of Quinte Remedial Action Plan (RAP).  

To date the DWIS and DWSP datasets have been analyzed. The MISA, GLN and Bay of Qunite 
RAP data will be considered where useful in future reports such as the Surface Water 
Vulnerability and Issues Evaluation documents. 

In addition to analysis of the above noted information, technical aspects of the intake crib/source 
well, facts gathered during interviews with treatment plant operators and through referencing 
drinking water treatment plant specific reports are also presented to assist in characterizing the 
raw water at the surface water intakes. 

Section 2.3.2 discusses each of the surface water intakes. For the eight intakes located in Lake 
Ontario or the St. Lawrence River the discussion moves the reader from west to east. The last 
intake is for the Village of Sydenham which is located on a small inland lake.  

Section 2.3.3 presents information for the municipal residential supply wells. Only DWIS data 
was available for the wells. 
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2.4.1 Analyzed Datasets 

2.4.1.1       Drinking Water Information System 
Under DWIS there is at least some data for every municipal residential intake within the CSPA. 
Not all intakes have consistent information, but all do have at least E. coli and TC data so that 
some side-by-side comparisons with recognition of data limitations can be made. Table 2-4 
shows a summary of the data available under DWIS.  
 
Table 2 - 5 DWIS General Data Record Lengths  

Drinking Water Treatment Plant General Data Record Length Considered 

Surface Water Intakes 

Sandhurst Shores Spring 2003 to Fall 2006 

A.L. Dafoe Winter 2004 to Fall 2006 

Bath  Spring 2003 to Fall 2006 

Fairfield  Spring 2003 to Fall 2006 

Kingston West  Spring 2003 to Fall 2006 

Kingston Central  Spring 2003 to Fall 2006 

James W. King Spring 2003 to Fall 2006 

Brockville Spring 2003 to Fall 2006 

Groundwater Wells 

Cana Spring 2003 to Fall 2006 

Big Hill Mobile Park Spring 2003 to Summer 2004 

Lansdowne Spring 2003 to Fall 2006 

Valley View Court Apartments Winter 2004 to Fall 2006 

Miller Manor Apartments Spring 2003 to Fall 2006 

 
DWIS Data Analysis Methods 
All raw water data under the DWIS program supplied by the MOE was: 

• Summarized statistically; 
• Compared to any applicable water quality guidelines; and  
• Arranged on a scatter plot to help spot any potential trends or patterns over time. 
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The summary statistics for all parameters with data sets large enough to warrant summation in a 
parameter specific table (i.e. more than six data points per parameter and with more than three 
intakes/wells with applicable information) are included as Appendix R in Tables R-1 to R-3. 
Even though all data are not presented in a summary table a discussion of important information 
about the findings at each intake/well is included in this section. 
2.4.1.2       Drinking Water Surveillance Program 
DWSP data is available for three of the currently active surface water intakes: 

• A.L. Dafoe (1990-2001) 

• Kingston Central (1990-2005) 

• Brockville (1990-2005) 

The information supplied by the province presents annual summary statistics only; therefore, 
direct guideline comparison to individual measurements is not possible for all the data points. 
The method used to assess the raw water quality at each of the intakes for this dataset was to 
select the specific parameters where only one measurement was taken during a given year such 
that the summary statistics were in fact the actual measurement. These values were then 
compared to available guidelines for both the protection of aquatic life, as well as for drinking 
water. The annual maximum values for the rest of the data could also be compared to the 
guidelines in the future in order to get an indication of whether any of the measurements for a 
particular parameter in a given year exceeded. It is important to note that the Minimum Detection 
Limit (MDL) for this data set was only provided for metals. Since many of the parameters (e.g. 
pesticides) have very low guidelines it was common to identify exceedences that were suspect 
(i.e. likely instances where the MDL is larger than the applicable guideline). Highlights are noted 
for each of the applicable drinking water treatment facilities in the sections that follow. 

2.4.2 Drinking Water Treatment Plant Intakes  

2.4.2.1       Town of Greater Napanee 
This municipality operates two drinking water treatment plants, Sandhurst Shores Water 
Treatment and Distribution System and A.L. Dafoe Water Purification Plant and Distribution 
System with intakes located in the Lake Ontario study area. Each of these two plants is discussed 
in the subsections below. 

Todd Harvey, Manager of Operations at the Town of Greater Napanee, expects that source water 
protection will afford a higher level of preparedness and will show the different zones with time 
of travel and hazards shown. 

Sandhurst Shores Water Treatment Plant 
The Sandhurst Shores Water Treatment Plant constructed in 2003 is the most westerly/upstream 
intake in the study area along the shore of Lake Ontario. It draws through a 250 mm diameter 
pipe located approximately 270 m south west of the treatment plant at a depth of about 12 m 
(Town of Greater Napanee staff, personal communication, 2007). Its capacity is about 600 
m3/day (TSH, 2001c). The substrate in this area is exposed limestone.  
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Zebra Mussles are prevented from growing in the intake through dispersion of a chlorine solution 
through a diffuser at the intake crib when temperatures are above 12°C and in the low-lift pump 
wet well the rest of the time (Christy, M., personal communication, 2007) There is a no anchoring 
sign displayed in the vicinity of the intake to protect against direct damage from parked boats. 

During an interview with treatment plant staff it was found that an activated carbon filter is 
continuously used to control and taste and odour (TO) and that when there are high winds 
turbidity in the raw water generally increases. Also, additional water quality data was supplied 
and the results from these tests, as well as other parameters are summarized below. 

It was noted by the plant operator that it is difficult to form flocculent with the raw water since it 
is so clear that it generally meets the ODWS for turbidity before treatment. 

Drinking Water Information System 

E. coli, TC, TC background and heterotrophic plate counts (HPC) are part of the data set. 
However, E. coli and TC were the only two parameters sampled on a regular basis (i.e. generally 
on a weekly basis). The HPC data was found to be parts of whole numbers, so it was considered 
to be unreliable.  

None of the bacterial parameters exceeded the PWQO. Two potential patterns were noted based 
on visual inspection of the specific bacteria counts over time. The first one was that the majority 
(67 percent) of the E. coli counts were found to be in cold weather. Since bacteria usually are 
more plentiful in warm water it is possible that zebra mussel control measures have interfered 
with the data. The 2006 annual report for this drinking water treatment facility indicates that pre-
chlorination measures are applied at the intake when water temperatures rise above 12 ºC and for 
the balance of the time at the low lift pump wet well. If raw water samples are taken during the 
cold weather before the point of pre-chlorination this may explain why more E. coli were present 
during the colder weather. The other data feature of note is that all TC counts greater than or 
equal to 20 appear after August 2004. Both E. coli and TC appear to display a decreasing trend 
over time, but this certainly could be as a result of zebra mussel control interference.  

Municipally Supplied Data 

Data was supplied by Mr. Todd Harvey and a summary of the data supplied can be found in 
Appendix S on Table S-1.  

Based on a side-by-side comparison it doesn’t appear that this dataset is the same as that of the DWIS. 

Through analysis of this data it was found that the water quality is generally good with only 
temperatures exceeding the ODWS (AO) which is typical of bottom temperatures in this portion 
of Lake Ontario during the warmer months. The colour information is presented in Apparent 
Colour Unit (ACU) which is different from the guidelines Total Colour Unit (TCU) so no 
comparisons are made. 
 Sandhurst Shores Water Treatment Plant Engineer’s Report (TSH, 2001c) 

In part this report characterized the raw water quality by comparing it against the ODWS. It was 
found that turbidity, hardness and colour displayed exceedences. Also, the maximum iron 
measurement was at the MAC.  



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

143

A.L. Dafoe Water Treatment Plant 
This facility was originally constructed in the late 1800’s and has been upgraded many times 
(Harvey, T, personal communication, 2007). 

The Town of Napanee is outside of the CSPA, but the intake is within our area. Napanee 
receives its treated water from the A.L. Dafoe Drinking Water Purification Plant which draws 
from a screened intake crib located 50 m offshore in Lake Ontario. A low lift pump pulls the 
water from the lake which discharges into an approximately 16 km long 500 mm diameter 
pipeline to reservoirs near Napanee (TSH, 2001a). Max Christy (personal communication, 2007) 
indicated that the intake is 3.4 meters deep. There is a 53 m long 300 mm diameter intake pipe in 
Adolphustown Reach of Lake Ontario that ends in an intake crib (TSH, 2001a). Based on field 
observation the substrate is exposed limestone. 

When water temperatures are greater than 12°C chlorine is added through a diffuser within the 
intake crib. Once temperatures fall below 12°C chlorine is instead injected into the low lift pump 
discharge pipe (Harvey, T, personal communication, 2007). 

Treatment plant operations staff have noticed that turbidity levels in the raw water increase when 
wind and waves are high. The increase is more pronounced than that of Sandhurst Shores likely 
due to this intake’s shallow depth and close proximity to the shore. However, like Sandhurst 
Shores turbidity levels are usually very low. 

Additional water quality data including, TO compound testing, was supplied through the Town 
of Greater Napanee and is discussed below in this section.  

It should be noted that there is a secondary intake in the Napanee River, outside of the CSPA, 
that is used as a backup when water from Lake Ontario cannot be obtained (TSH, 2001a).  

This treatment plant has water quality data from both DIWS and DWSP. 

Drinking Water Information System 

The DWIS dataset has no measurements for HPC and only one for Fecal coliform (FC). The 
sampling frequency E. coli, TC and TC background is about once per week, but the TC 
background sampling is only for the last portion of 2004.  

Although one single measurement of the TC background samples exceeded the PWQO level, it 
does not count as a true exceedence due to the fact that bacteriological exceedences are 
calculated based on the geometric mean of a series of samples, not a single occurrence. E. coli 
counts are lowest during the summer months which is counter-intuitive and likely a result of 
zebra mussel control measures (implemented year-round) (Christy, M., personal communication, 
2007). TC counts appear to be lower between October and November of each year. It was also 
noted that there are two relatively significant peaks: one occurring between April 4, 2005 and 
August 15, 2005 (n=207); the second occurring between December 12, 2005 and February 15, 
2006 (n=22). When compared to the whole data set, the 75th percentiles of the two data sub-sets 
are 450 percent and 500 percent higher, respectively. TC background counts are lowest between 
December and May for the one year of data available. The only data where trend analysis could 
be useful is for E.coli, but it is affected by zebra mussel controls. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

144

Drinking Water Surveillance Program 

When parameters with only one sample taken per year are considered it is found that there are 
exceedences associated with chlorine which are likely a direct impact of zebra mussel control 
measures. 

One measurement of aluminum exceeded the CWQG (AL) in 1998. 

Two exceedences of the PWQO and the CWQG (AL) were found for 2,4 dichloro phenol and 
several for pesticides and polyaromatic hydrocarbons (PAH). However, it is entirely possible that 
the minimum detection limits for these parameters (not provided with the dataset) are greater 
than the guidelines; therefore, giving a false positive for exceedence.  

Municipally Supplied Data 

As with Sandhurst Shores, Todd Harvey provided water quality and flow information. A 
summary of the data supplied can be found in Appendix S on Table S-1.  

This information also appears different from the DWIS data. However, since the E. coli data 
range is so small variations between this information and the DWIS are difficult to track; 
therefore, this should be confirmed with staff at the treatment plant. 

Several months display average water temperatures above 15°C which is the ODWS (AO). All 
other parameters were well with guidelines; however, colour information is presented in ACU 
which is different for the guidelines (TCU) so no comparisons are made. 

The geosmin and 2-methylisoborneol (MIB) measurements were compared to levels known to 
produce unpleasant smelling and tasting water. A level of four ng/L applies to geosmin while a 
concentration of seven ng/L produces unpleasant water for MIB. It was found that all 
occurrences were in the later part of each calendar year and generally each period of TO 
exceedences began with an increase in temperatures. See Figure 2-25 below for a visual 
representation of this apparent relationship. 
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A.L. Dafoe Taste and Odour Bacteria Compared to Monthly Average Temperature 
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Figure 2-25 A.L. Dafoe Taste and Odour Bacteria  

 

The fact that TO concentrations appear to be at least in part dependant on water temperature was 
also noted by the Ontario Water Works Research Consortium. When this group gathered data 
from Lake Ontario a relationship between temperatures above 20ºC and geosmin concentrations 
was found.  It was also believed that geosmin is produced in the open lake and delivered to the 
near shore area, and that TO events generally coincide with a downwelling event preceded by an 
upwelling event (Ontario Water Works Research Consortium, 2005).  

For the A.L. Dafoe treatment facility the year with the highest number of TO concentrations that 
would pose an aesthetic problem with the drinking water was in 2001. The relative percent of 
measurements over the TO threshold for geosmin (filtered and unfiltered) and MIB (filtered and 
unfiltered) for the entire period of record each year is presented in the table below, but with all 
measurements marked as being potentially unreliable removed. 

A summary of threshold exceedences for both types of TO bacteria can be found in Appendix S 
in Table S-2. 

A.L. Dafoe Water Treatment Plant Engineer’s Report (TSH, 2001a) 

In part this report characterized the raw water quality by comparing it against the ODWS. It was 
found that turbidity and hardness displayed exceedences.  
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Also, there was a range of TC from two to greater than 5,000, E.coli from zero to 510 and 
background bacteria ranges from 140 to greater than 5,000 based on weekly samples of the raw 
water. 
2.4.2.2       Loyalist Township 
Loyalist Township operates two drinking water treatment plants and both draw water from Lake 
Ontario. 

Water conservation is encouraged through the municipalities Peak Management Program which 
restricts watering from May 1st to September 30th by only allowing watering every other day (i.e. 
odd and even numbered houses method). 

MJ Merrit, Utilities Compliance, expects that source water protection will improve spills 
notification and also provide information about any developing water quality problems. 

Bath Drinking Water System 
In 1997 this drinking water treatment facility serving the village of Bath was upgraded. It draws 
water from a small Bay on Lake Ontario just west of Bath Point. A 450 mm diameter steel pipe 
extends south 85 m from the shore in front of the water treatment facility to the intake crib. 
Loyalist Township staff have indicated that the depth of the intake is 3.4 metres.  

Zebra mussels are prevented from colonizing the intake through the application of chlorine when 
water temperatures rise above 12 or 14°C (Merrit, M.J., personal communication, 2007). There 
are no signs prohibiting anchoring in the vicinity of the intake and no buoys mark the structure. 

Since the intake is relatively shallow and the substrate is soft aquatic plants are abundant in the 
vicinity. 

There are generally no complaints of TO issues since an activated carbon filter is part of the 
treatment process. Due to intake location in a shallow bay with storm sewer outfalls, plant staff 
members have noticed that there is an increase in turbidity when it rains. It has also been 
observed that TC counts increase during the summer months.  

Raw water quality data was supplied through the municipality and is discussed later in this 
section. 

Drinking Water Information System 

Measurements for several parameters were included (E. coli, TC, alkalinity, nitrate, nitrite, 
ammonia, TKN, colour, conductivity, hardness, pH, dissolved organic carbon and Aluminum), 
but only TC and FC have enough data points for any analysis other than guideline comparison. 
Of the eight surface water intakes this source has the highest bacteria counts. For E. coli only it 
appears that counts are higher between July and December. For both E. coli and TC there may be 
the beginning of a slight increasing trend but more data is required for statistical testing. All 
other parameters were only measured once and it was found that all were within applicable 
guidelines. 

The higher bacterial counts are likely due to the fact that the intake crib is located in a shallow 
bay. 
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Municipally Supplied Data 

Table S-1 found in Appendix S indicates that data that was made available for this intake.  

Since all the data supplied has already been manipulated from its original form it is not entirely 
appropriate to compare these statistics to standards and guidelines. However, if the averages for 
the majority of the parameters and the maximums for the bacteria results are compared against 
the applicable guidelines there is at least a general indication of whether or not there is a 
potential water quality issue. The ODWS guideline for colour is meant to be compared to the 
treated drinking water; however, comparing it to the untreated water give an indication of how 
close the raw water is to the ideal end product. It was found that the monthly average colour 
measurements exceeded the ODWS guideline frequently.  Water temperatures are also higher 
than is desirable (ODWS {AO}) during June to September. The only other exceedence of note 
found was when the monthly average pH was higher than the PWQO upper limit (December 
2002). 

Bath Water Treatment Plant Engineer’s Report (CH2M Hill, 2001a) 

In part this report characterized the raw water quality by comparing it against the ODWS. It was 
found that all volatile organics, inorganic parameters and pesticides/PCBs were either below the 
minimum diction limits or lower than the ODWS. Only operational parameters including colour, 
turbidity, organic nitrogen, dissolved organic carbon and hardness displayed exceedences.  

Maximum microbiological counts per 100 ml of sample from September 1998 to October 2000 
included TC (n=114) at greater than 200, E.coli (n=113) at 15 and HPC (n=14) at greater than 
200.  

Fairfield Drinking Water System 

This treatment facility built in 2000 supplies water to Amherstview and Odessa with treated 
water from Lake Ontario. The intake crib is a single port is located approximately 134 m 
offshore of the treatment plant, based on points measured in the drawings referenced at the 
treatment plant on June 26, 2007. The 730 mm diameter pipe is a combination of steel and 
polyethylene. The steel portion is subsurface while the polyethylene is along the lake bottom and 
anchored with pipe anchors at 20 m intervals. The intake drawing provided by Loyalist 
Township dated September 1992 shows the intake being 3.6 m deep with respect to a March 3, 
1970 water level which is close to 74.46 IGLD (U.S. Army Corps of Engineers, 2008). With the 
water level fluctuations of the Lake Ontario the intake is an average annual maximum and 
minimum of 3.6 m and 4.2 m underwater in any given year (Department of Fisheries and 
Oceans, 2007). 

Zebra mussels are prevented from colonizing the intake through the application of chlorine when 
water temperatures rise above 12 or 14°C (Merrit, MJ., personal communication, 2007). There 
are no signs prohibiting anchoring in the vicinity of the intake and no buoys mark the structure. 

As with the raw water for Bath, turbidity increases during rain events and in summer TC counts 
rise. 
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Drinking Water Information System 

Besides regular E. coli and TC measurements there are a few measurements for nitrate and 
nitrate (n=4) and one for HPC. There were no exceedences for any of the parameters and both 
the nutrients were below the minimum detection limits. 

There doesn’t appear to be any patterns associated with the bacteria data, but there could be a 
slight increasing trend for both. If the periods of record were longer, and zebra mussel control 
interference wasn’t a factor it would be appropriate to test for a trend. 

Municipally Supplied Data 

Table S-1 found in Appendix S indicates that data that was made available for this intake.  

Since all the data supplied has already been manipulated from its original form it is not entirely 
appropriate to compare these statistics to standards and guidelines. However, if the averages for 
the majority of the parameters and the maximums for the bacteria results are compared against 
the applicable guidelines there is at least a general indication of whether or not there is a 
potential water quality issue. As with the Bath raw water, Fairfield’s water temperatures 
generally exceeded the ODWS (AO) from June to September. The ODWS guideline for colour is 
meant to be compared to the treated drinking water; however, comparing it to the untreated water 
give an indication of how close the raw water is to the ideal end product. It was found that the 
monthly average colour measurements exceeded the ODWS guideline sometimes, but not as 
often as for the Bath raw water. There were four instances when the upper limit for the PWQO 
pH range was tied (August 2000, August 2001, August 2002 and September 2005). Finally there 
were two possible instances of PWQO exceedences for TC (July 2002, greater than 400 
counts/100 mL and July 2006 greater than 200 counts/100 mL). 

Fairfield Water Treatment Plant Engineer’s Report (CH2M Hill, 2001b) 

In part, this report characterized the raw water quality by comparing it against the ODWS. It was 
found that all volatile organics, inorganic parameters, pesticides/PCBs and radiological 
parameters were either below the minimum diction limits or lower than the ODWS. Only 
operational parameters including colour, hardness, temperature and turbidity displayed 
exceedences.  

Maximum microbiological counts per 100 ml of sample from May to December 2000 included 
TC (n=33) at 200, E.coli (n=33) at six and HPC (n=12) at 890.  

 
2.4.2.3       City of Kingston 
The City of Kingston is served by two drinking water treatment plants, Kingston Central and 
Kingston West, both of which draw their raw water from Lake Ontario in areas with firm silty-
clay substrate. 

There is a watering by-law in place and also an incentive program for people to disconnect 
illegal connections to the system. 
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Kevin Riley, Manager of Water and Waste Water – Utilities Kingston, noted that during lake-
turnover it is necessary to increase the volume of coagulant used and water fleas impact the 
system for about three weeks each year; necessitating more frequent backwashing of filters to 
prevent clogging. There is an occasional problem with frazil ice forming on and plugging the 
intake filter. 

Divers inspect the intakes every two to three years. 

Mr. Riley thought that more information about pharmaceuticals and hydrocarbons through 
source water protection would be of help. 

Kingston West Water Treatment Plant 
The City of Kingston’s most westerly drinking water treatment plant is located near the mouth of 
the St. Lawrence River about three km upstream of Cataraqui Bay and it serves the western part 
of Kingston. A 1.2 m diameter pipe extends about 570 m directly south of the treatment plant 
and is at a depth of 17 m. There is a no anchoring sign posted near the treatment plant to 
discourage boaters from potentially damaging the intake crib. 

The intake crib is made of wood and is 1200 mm in diameter. It has a 130,000 m3/day capacity 
and is protected by a coarse bar rack to keep out debris (KMK Consultants Limited, 2001b). 

Chlorine is applied at the intake to control zebra mussels when water temperatures reach 10°C.  

Drinking Water Information System 

E. coli and TC are the only parameters measured on a regular basis (i.e. weekly) for this 
treatment facility and neither parameter displayed any exceedences. However, out of the eight 
surface water intakes in the DWIS data this one had the second highest maximum TC count, but 
ranked sixth out of eight when means are compared. The only other data consists of single 
measurements of HPC, arsenic, lead and sodium. In the case of the HPC there were zero, both of 
the metals were below the MDL and sodium was below both the ODWS and the Canadian 
Drinking Water Quality Guideline (CDWQG).  

During exploratory analysis it was observed that E. coli counts decreased after January 2004 (i.e. 
13 of the 15 counts for the entire data set are before this date). This may coincide with a change 
in pre-treatment operations at the plant. TC peaks appear in the data set from April 26, 2004 to 
October 18, 2004 and from September 23, 2003 to January 6, 004. Both bacteriological data sets 
display a slight decreasing trend, but the Three year period of record and likely interference with 
zebra mussel control measures prohibit trend analysis. 

Any other parameters (arsenic, lead, sodium) were only tested twice. Both arsenic and lead were 
below the MDL and sodium was below applicable guidelines. 

Municipally Supplied Data 

Tables S-3A, S-3B and S-3Ci to S-3Cv: found in Appendix S indicate the data that was made 
available for this intake.  

Data from 2002 and 2003 consist of maximum results for volatile organics, inorganics, pesticides 
and PCBs, and several other non-regulated parameters. In 2002 several by-products of 
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chlorination (i.e. Trihalomethanes, Bromodichloromethane, Chloroform ( g/l) and 
Dibromochloromethane) were detected, but none exceeded the associated ODWS, where 
available. This is not the case in 2003 where all volatile organics were not detected. The only 
parameters found to exceed or tie ODWS in 2002 and 2003 were colour, dissolved organic 
carbon and hardness. 

The 2004 to 2006 dataset includes schedule 13, 23 and 24 parameters, as well as non-regulated 
parameters and microbiological sample results. All data except for the microbiological 
parameters are measured results. As with previous samples, colour and hardness exceed the 
ODWS. Also of note are instances for arsenic, benzo(a)pyrene and lead where the result is listed 
as less than a particular value which happens to be greater than the ODWS. None of these 
parameters come close to exceeding the ODWS specified concentration at any other time during 
the period of consideration. Both TC and E.coli were present in many of the samples, as can be 
expected in raw surface water. However, samples in January and April 2004 are generally higher 
than the remainder of the samples. 

First Engineer’s Report for the Kingston Water Treatment Plant Serving the West Portion of the 
City of Kingston  (KMK Consultants Limited, 2001b) 

In part, this report characterized the raw water quality by comparing it against the ODWS for 
data from 1998 to 2000. “With the exception of a few turbidity spikes, the raw water quality does 
not contain any health related physical/chemical parameters that exceed the OWDS” (KMK 
Consultants Ltd., 2001b). Colour exceeded the ODWS (AO) and even the average hardness 
exceeds the ODWS (AO). 

Only two TC samples were greater than 100 counts/100 ml of sample. All FC and E.coli samples 
had less than 100 counts/100 ml of sample.  

Kingston Central Water Treatment Plant 
This facility is located at the eastern end of Lake Ontario and it serves central and eastern 
Kingston. The intake is located approximately 1km directly south of the treatment plant four 
metres above the substrate and 18 m deep. See Figure 2-26 below for a view of the structure 
prior to installation. 
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Figure 2-26: Kingston Central Intake (Utilities Kingston, 1968) 

 

The four 1200 mm diameter bell mouths shown in the above figure are spaced approximately 
three metres apart from center. These ports as well as the eight-hundred and twenty-four metres 
long 1200 mm diameter intake pipe are made from steel cathodically protected against corrosion. 
The intake pipe has a 250,000 m3/day capacity. (KMK Consultants Limited, 2001a) 

There is a secondary intake pipe that was not in use in 2001. It was installed in 1949 and with a 
diameter of 750 mm this steel pipe’s capacity is only 91,000 m3/day. It extends 366 m into the 
Lake Ontario (KMK Consultants, 2001a). 

Chlorine is applied at the intake to control zebra mussels when water temperatures reach 10°C.  

Drinking Water Information System 

The same parameters were measured at the same frequencies as those at the other treatment 
facility operated by the City of Kingston, except for two measurements of N- 
Nitrosodimethylamine (NMDA). This data is also similar to that of Kingston West because it 
doesn’t display any exceedences and the limited metal measurements are below minimum 
detection limits. 

It appears that higher TC counts occur near August while the lower ones are around March and 
April of each year. There don’t appear to be any seasonal patterns associated with the data and 
because of data record length and pre-treatment interference trend analysis is not applicable.  
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Drinking Water Surveillance Program 

When parameters with only one sample taken per year are considered it is found that there is an 
exceedence associated with temperature (ODWS {AO}) and two for aluminum (CWQG {AL}).  

One exceedences of both the PWQO and the CWQG (AL) was found for 2,4 dichloro phenol and 
several for pesticides. However, it is entirely possible that the minimum detection limits for these 
parameters (not provided with the dataset) are greater than the guidelines; therefore, giving a 
false positive for exceedence.  

Municipally Supplied Data 

Tables S-4A, S-4B and S-4Ci to S-4Cv found in Appendix S indicate the data that was made 
available for this intake. Data from 2002 and 2003 consist of maximum results for volatile 
organics, inorganics, pesticides and PCBs, and several other non-regulated parameters. The only 
parameters exceeding or tying the ODWS were colour and hardness in 2002 and aluminum, 
colour, dissolved organic carbon and hardness in 2003. 

The 2004 to 2006 dataset includes schedule 13, 23 and 24 parameters, as well as non-regulated 
parameters and microbiological sample results. All data except for the microbiological 
parameters are measured results. As with previous samples, hardness exceed the ODWS. Also of 
note are instances for arsenic, benzo(a)pyrene and lead where the result is listed as less than a 
particular value which happens to be greater than the ODWS. None of these parameters come 
close to exceeding the ODWS specified concentration at any other time during the period of 
consideration. Both TC and E.coli were present in many of the samples, as can be expected in 
raw surface water. However, samples in April, July and December 2005 are generally higher 
than the remainder of the samples. 

First Engineers’ Report City of Kingston East/Central Water Purification Plant (KMK Consultants 
Limited, 2001a) 

In part, this report characterized the raw water quality by comparing it against the ODWS for 
data from 1997 to 2000. “With the exception of a few turbidity spikes, the raw water quality does 
not contain any health related physical/chemical parameters that exceed the OWDS” (KMK 
Consultants Ltd., 2001a). Even the average hardness exceeds the ODWS (AO). 

It was found that the majority of the bacteriological measurements were low. More than 85 
percent of the TC counts were less than 101 counts/100 ml of sample and more than 99 percent 
of the fecal coliform/E.coli counts were less than 101 counts/100 ml of sample.  

 
2.4.2.4       Town of Gananoque: James King Water Treatment Plant 
There is one water treatment plant in the Town of Gananoque, James W. King Treatment Plant, 
which serves the town. 

Gananoque’s drinking water source is the St. Lawrence River. The 600 mm diameter drinking 
water intake pipe extends approximately 250 m from a peninsula commonly referred to as the 
berm in the Town of Gananoque or 416 m from the shore at the treatment plant. The intake depth 
provided by staff at the Town of Gananoque is six metres. During a sampling event in the 
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summer of 2007 the water depth at the UTM provided by the town was 8.5 m. No drawing of the 
intake crib design were provided so it is unclear whether the water level was much higher on the 
sampling date and/or that the top of the crib is between two and 2.5 meters off the river bottom. 

In 2003 a chlorine injector was installed inside of the intake pipe to control zebra mussels 
(Ferguson, R., personal communication, 2007). An intake inspection completed by Dundee 
Marine on April 26, 2007 revealed that the exterior of the intake structure was 100 percent 
covered by zebra mussels, but that this growth ceased at the point of chlorine injection. No other 
method of intake protection has been identified. 

Generally odour problems are reported from between September 1st and December 1st of each 
year. Plant staff members add carbon powder to address the problem. It was noted that during the 
last part of May for approximately two to three weeks the filters were becoming blocked such 
that they had to be back-washed two to three times per day. It is not known what causes the 
lengthy period of blockage. 

The Town does have a water conservation by-law, but it has yet to be enacted. 

The plant operator hoped that source water protection would help to address the problem with 
the unknown substance blocking the filters, TO issues and potential contamination from the 
nearby boat line and marina. He also noted that source water protection may be an opportunity to 
create a better communication network among drinking water treatment facility workers. 

Drinking Water Information System 

This drinking water treatment plant data set includes the most parameters of the eight surface 
water intakes that are part of the provided DWIS data set. It includes: 

• E. coli, TC, TC background, HPC, 
• Alkalinity, colour, hardness, pH, turbidity, 
• Nitrate, nitrite and 
• Aluminum, arsenic, copper, iron, lead, manganese, sodium. 

As with the other data sets, bacteria sampling is the most extensive. When each data point for all 
parameters is compared to applicable objectives or guidelines, it was found that the water is 
slightly harder (harness: n=1) than the ODWS operational guideline notes and that there is one 
exceedence of the PWQO for copper (n=1) where the measurement is more than double the 
guideline.  

For TC there appears to be an occurrence of elevated counts from October 18, 2005 generally 
until May 14, 2006. TC background displays lower counts between December and May, total FC 
counts are lower between October and February and HPC is lower between October and May. 

There may be the beginning of a slight decreasing trend for E. coli and a slight increasing trend 
of TC, but there is not enough data to test this and there are zebra mussel control measures that 
affect the data. 
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James W. King Water Treatment Plant Engineer’s Report (TSH, 2001b) 

In part, this report characterized the raw water quality by comparing it against the ODWS. It was 
found that range of observed values for colour, hardness and turbidity exceeded (1998 to 2000).  

Maximum microbiological counts per 100 ml of sample from September 1998 to October 2000 
included TC (n=114) at greater than 200, E.coli (n=113) at 15 and HPC (n=14) at greater than 
200.  
2.4.2.5       Brockville Water Treatment Plant 
The Brockville Water Treatment Plant serves the City of Brockville and the portions of the city 
that are within Elizabethtown-Kitley Township. Water drawn from the St. Lawrence River is the 
raw water source for the plant. The intake and all its components are contained within a water lot 
that is an average of 997 long feet by 100 feet wide. The intake is generally located downstream 
(east) of Smith Island.  

A 914 mm diameter concrete pipe extends 155 m approximately perpendicular to the shoreline 
and then takes a 22° 30’ turn to the east extending another 123 m and ending at the intake crib. 
The maximum depth of the intake pipe was 13.9 m as measured on January 23, 1959. A single 
port housed in a concrete crib is 3.23 m off the bottom of the river is the intake; therefore, 
meaning that the top of the intake was 10.67 m below the surface of the River on January 23, 
1959 as per the as built drawings. With the water level fluctuations of the St. Lawrence River the 
intake is an average annual maximum of 11.26 m and a minimum of 10.71 m deep in any given 
year post water level regulation. These water depths were calculated using water level data from 
the US Army Corps of Engineers. The intake is marked with a yellow spar buoy.  

A concentration not greater than 0.5 mg/L of chlorine is used to protect the intake from 
encrustation by zebra mussels. During yearly intake inspections conducted by a SCUBA diver it 
has been confirmed that although zebra mussels colonize the crib, none have been located in the 
pipe itself. Besides zebra mussel protection, the other method of intake protection is a no 
anchoring sign posted on the shore at the low lift pump house. The spar buoy also likely helps to 
discourage boaters unfamiliar with the area from driving too close to the intake since the marker 
is yellow and could be confused with a shoal marker. 

In the 1950’s dye was released in the river and it was found that water reaching the intake 
location flows passed both the north and south sides of Smith Island (Richardson, D., personal 
communication, 2007). The channel to the north side of the island is much shallower than that of 
the south side. The northern channel borders on mainland and a highly developed residential 
area. The shipping channel for the St. Lawrence River is on the south side of the island.  

The Chief Operator noted that his main concerns with the intake relate to: 

• Pollutant releases from shipping vessels; 
• Recreational boats users and both the passive and active pollutants associated with the 

vessels; 
• Divers that could damage the intake structure; 
• Pollution from islands immediately upstream; and 
• Contaminants from Grants Creek which outlets approximately 1.7 km upstream of the intake. 
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Mr. Richards noted that there has only been one odour breakthrough (geosmin and MIB) since 
1998 when the activated carbon filter was installed. Previous problems were between September 
and October each year. The utility will receive TO complaints when the carbon filter is not 
working properly. The filter is regularly tested in a laboratory to ensure it is functioning 
properly. It was also stated that TO problems have been found to be temperature driven (i.e. they 
are more prevalent when water temperatures are greater than 22°C). 

When there is an eastern storm the turbidity of the raw water increases. Also in the spring for 
about four weeks a gelatinous material blocks the filters and coats the carbon. It was tested twice 
with two differing theories about its composition. At first it was thought to be a freshwater 
sponge, but more recently it was determined to possibly be a species of Bryozoa. Spring algae 
are generally a problem for treatment since the filters become blocked. 

It was thought that source water protection could help with the large spring algae blooms and 
determine if the water flowing from a near upstream tributary is harmful to the drinking water 
supply. 

Due to the nature of the intake location (i.e. adjacent to the shipping channel and at the outlet of 
all the Great Lakes) it is difficult to expect that any local changes for source water protection 
will make a large impact). It is hoped that water currents in the vicinity of the intake will be 
better understood and that there may be a mechanism to control boat traffic in a certain radius 
around the intake. Also, knowledge of any specific threats to drinking water in the area would be 
useful (e.g. land use of the islands immediately upstream). 

Drinking Water Information System 

E. coli, TC, TC background and Trichloro-ethene measurements are included in the data set for 
the Brockville plant. 

Brockville has the highest bacteria counts overall, but this is almost certainly due to the fact that 
pre-chlorination measures are shut off during sampling (pers. comm. Don Richards, Plant 
Operator, August 2, 2007). 

When plotted the data for E. coli and TC appear to be increasing very slightly but with the short 
data set and because the R2 values for E. coli and TC are only 0.0047 and 0.0124 respectively 
trend analysis is not considered worthwhile. For TC background it appears that counts are higher 
in the fall but there are limited data points (n=16) which only span from October 12, 2004 to 
January 25, 2005. 

Drinking Water Surveillance Program 

When parameters with only one sample taken per year are considered it is found that the PWQO 
for chlorine which is likely a direct impact of zebra mussel control measures. 

There were several PWQO and/or CWQG (AL) exceedences for PAHs and pesticides. However, 
it is entirely possible that the minimum detection limits for these parameters (not provided with 
the dataset) are greater than the guidelines; therefore, giving a false positive for exceedence.  
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Municipally Supplied Data 

Data was provided by Don Richards, Plant Operator, through the Watertrax system and is 
summarized in Table S-1 found in Appendix S. 

Although almost all the sample parameters in this data set are the same as that of the DWIS, the 
results are not the same; therefore, it is concluded that different samples are taken under each of 
the programs. 

When the data was compared to available PWQOs it was found that there were no exceedences. 
The one parameter that could be a concern is temperature. Water temperatures above 15°C 
exceed the ODWS (AO). Daily temperatures are above 15°C two-hundred and thirty-seven times 
for the data record. This represents about 32 percent overall. As was discussed for the A.L. 
Dafoe treatment facility higher temperatures often have TO issues. Based on a discussion with 
the plant operator it seems that when temperatures rise above 22°C TO issues are more prevalent. 
For the entire data record there were 77 occurrences (11 percent) of water temperatures above 
are this temperature. 

City of Brockville Engineer’s Report for the Brockville Water Treatment Plant (CH2M Gore and 
Storrie Limited, 2000) 

In 2000 a report titled City of Brockville Engineer’s Report for the Brockville Water Treatment 
Plant was completed. Section three of this document included a characterization of the raw water 
source. Data sources included the Drinking Water Surveillance Program, the Great Lakes Near 
Shore Project No. 10 and the treatment plant lab. All data were compared to the ODWS even 
though the water had yet to receive any treatment, except for possible pre-chlorination associated 
with zebra mussel control. If in fact pre-chlorination had been applied prior to sampling it would 
impact the microbiological parameters as well as the trihalomethanes results. Results from five 
parameter categories are discussed in turn. 

Microbiological: With the caveat that the bacteria results reported maybe artificially low due to 
pre-chlorination, the reported results were low. Turbidity measurements were also low (i.e. less 
than 0.5 NTU); therefore, the small amount of bacteria carrying particulate matter in itself is an 
indication of little bacteriological contamination of the raw water. 

Volatile Organics: Besides total trihalomethanes, a likely by-product pre-chlorination, all 
parameters were below detection levels. Although Trihalomethanes were measured they were 
only 4.5 percent of the MAC. 

Inorganics: All measured inorganic parameters were well below the detection limits. 

Pesticides and PCBs: No concerns were found with pesticides and PCBs. Of all these compounds 
only Atrazine registered above the detection limit, but was still well below the Interim Maximum 
Acceptable Concentration (IMAC). 

Operational: This group includes alkalinity, aluminum, colour, pH and turbidity. All were within 
acceptable ranges including the continuously monitored turbidity reading. Turbidity was always 
below the 1.0 NTU ODWS guideline and consistently below 0.5 NTU over the analyzed period 
January 1998 to August 2000. 
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Radiological: Gross alpha/gross beta radionucleotides. All were found to be either less than the 
most stringent MAC or at trace levels when compared to the ODWS. 

Perfluorinated Alkyl Compounds Survey (MOE, 2006b) 

A Perfluorinated Alkyl Compounds survey was conducted in 2006 under the umbrella of the 
Drinking Water Surveillance Program. Samples were collected at both the highlift and lowlift 
discharges on September 11, and November 21, 2006. The report for the laboratory results were 
missing from the data provided to the CRCA.  

Pharmaceuticals and Personal Care Products Survey (MOE, 2006c) 

Pharmaceuticals and Personal Care Products results for samples collected August 21, September 
11, and October 17, 2006 were provided to the CSPA. As with the Personal Care Products work 
this survey was a special part of the Drinking Water Surveillance Program. Due to detection 
limits the vast majority of sample results were marked “no measurable response” and only one 
was identified as a “measurable trace amount: interpret with caution”. The trace was 15.5 ng/L of 
Perfluoroctanoic Acid (PFOA) at the lowlift discharge on September 11, 2006. This trace 
amount is almost 200 times less than the maximum level of 3,000,000 ng/L for PFOA in surface 
water that was identified by the European Union. 
2.4.2.6       Sydenham Water Treatment Plant  
This new facility came on-line in July 2006 and draws was from a small inland lake, Sydenham 
Lake, in the Millhaven Creek subwatershed. It supplies the hamlet of Sydenham with drinking 
water.  

The intake itself is located 128 m east of the treatment plant and is about seven metres deep 
(Utilities Kingston, 2006). A single 400 mm diameter buried intake pipe brings water to the 
drinking water facility Fluctuating water levels mean that the intake crib is from 7.1 to 7.4 m 
deep under normal conditions and as deep as 8.1 m during flood levels (XCG, 2006). 

Like all the previously discussed intakes, chlorination at the intake is used for zebra mussel 
control. 

No water quality data was supplied by the province for this system since it recently came on-line. 
Water quality information more recent than that of the previously discussed treatment facilities 
was analyzed as part of the on-going Village of Sydenham Intake Protection Zone Study. The 
water quality data is from three sources: 

1. Samples collected by XCG Consultants Ltd. from fall 2006 to Summer 2007; 

2. Samples collected by treatment plant staff and included in the Sydenham Water 
Treatment Plan Annual Summary Report 2006 (Utilities Kingston, 2007); and 

3. Previous sampling from various studies summarized in the draft Threats Inventory and 
Issues Evaluation for the Community of Sydenham Technical Memorandum #2 Update 
(XCG Consultants Ltd., 2007b). 

Results from samples collected by XCG Consultants Ltd. found that TP, unionized ammonia, 
nitrate, aluminum, copper, iron, mercury, tungsten, manganese and zinc exceeded PWQOs at 
least once. The parameters that are bold in the previous sentence exceeded the guideline frequently. 
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Information in the Sydenham Water Treatment Plant Annual Summary Report 2006 (Utilities 
Kingston, 2006) states that the raw water is relatively high in colour, dissolved organic carbon 
and hardness. From May 2006 to February 2007 the range of microbial parameters included 
E.coli counts from zero to two (n=26) and TC counts from zero to 200 (n=26).  

In 1995 MOE conducted a sampling program that showed the lake had acceptable nutrient levels. 

Students at St. Lawrence College conducted two water quality studies on Sydenham Lake. One 
was done in 1976 and the other in 2002. The 1976 study found that the lake was mesotrophic and 
that bacteria levels exceeded PWQOs in the bay immediately east of the intake. 2002 St. 
Lawrence College work focused on dissolved oxygen and temperature profiles as well as limited 
chemical analysis. TP exceedences of the IPWQO for lakes were found. 
2.4.2.7       Surface Water Intake Summary 
Lake Ontario/St. Lawrence River Intakes 
No comparisons can be made between the surface water intake data sub-sets from each of the 
intakes with any confidence since the only parameters that are sampled at all the intakes are 
inconsistently affected by zebra mussel control measures which kill bacteria, therefore resulting 
in inaccurate data. If all the treatment plants turned off precholorinators as with the Brockville 
Drinking Water Treatment Plant this comparison could take place and may point to valuable 
differences between the eight intakes. Since all the intakes draw from essentially the same water 
source (Lake Ontario and the St. Lawrence River) any differences in the data would have to be 
local and would therefore be relatively easy to determine any sources of contamination and make 
recommendations for reducing or eliminating them for the source water.  

Sydenham Water Treatment Plant 
The Sydenham system draws water from a much smaller water body than the other eight intakes 
noted above; as such, the dilution factor for any contaminants is lower and consequently 
parameter concentrations are higher. 

2.4.3 Drinking Water Supply Wells  
The next five sub-sections discuss the DWIS data analysis for municipal residential groundwater 
supplies. As with the surface water intakes, the groundwater systems are ordered from west to 
east. 
2.4.3.1       Cana Well Supply 
The Cana Well Supply is a one well supply system that was drilled in 1954 to approximately 15 
m below ground surface.  This well is apparently constructed through approximately 4.5 to six 
metres of clay followed by six to nine metres of sand. A test well was drilled in 2001 
approximately 100 m north of the existing supply well to test water quality and quantity with the 
intention of replacing the existing supply well (Trow, 2007).  This well is 18.6 m deep and 
encountered 2.43 m of clay, followed by one metre of sand.  Sandstone was encountered from 
3.5 to 7.32.  Granite bedrock was then encountered to the end of the hole (Trow, 2001).  Trow 
(2007) recommends that the existing well supply be upgraded or replaced. 
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The DWIS from July 2003 to July 2004 indicate that water samples from the Cana well supply 
contained more positive bacteriological results than all the groundwater supply systems 
discussed in this section other than the Lansdowne wells. 

Weekly E. coli and TC samples are included in the DWIS data, as well as single measurements 
for nitrate, nitrite and sodium. 

The vast majority of bacteriological ODWS exceedences occurred at the very beginning of the 
data set. 

None of the other parameters exceed any standards or guidelines. 
2.4.3.2       Big Hill Mobile Park 
Big Hill Mobile Park is served by two groundwater wells.  The Phase I well has 10 data points 
for each E. coli, TC and TC background while there are seven data points for Phase II.  

For the Phase I well the first sampling event yielded ODWS exceedences for E. coli and TC.  
This may be due to aquifer disturbance for a recently drilled well or if sampling occurred after 
long periods with little pumping (i.e. standing water in the well).  Unfortunately, the well 
construction date is unknown.  This well also displayed three TC background exceedences. 

Bacteriological counts for the Phase II well are consistently “zero”. 

Both wells also have single measurements for alkalinity, Antimony, Sodium, Fluoride, nitrate, 
nitrite, and Benzo(a)pyrene. None of the lab results exceeded any guidelines and the majority 
was below or near detection limits.  The only exception to this is alkalinity which was at 250 
mg/L and 200 mg/L for the Phase I and II wells respectively. 
2.4.3.3       Lansdowne Well Supply 
Two 50 m deep wells supply the source water for Lansdowne. Both wells are completed in the 
Precambrian Aquifer that first penetrates the Nepean (sandstone) Formation. The wells are 
cased to 3.5 m below grade. 

According to the Lansdowne Well Supply Drinking Water System Inspection Report (MOE, 
2008), both wells had 74 positive TC detections out of 196 samples (34 in Well 1 and 40 in Well 
2) and zero positive E. coli detections between January 1999 and December 2000. Hardness, 
colour and sodium were also elevated throughout the sampling period. 

The following data is from the DWIS from July 2003 to July 2004. Well 1 has more water 
quality data then Well 2 in both variety of parameters and frequency of sampling. 

Well 1 data includes: 

• 182 E. coli and TC 
• 84 TC background 
• 1 HPC 
• 2 nitrate, nitrite 
• 1 phosphorodithioic acid, O,O-diethyl-S-(((1,1-dimethylethyl) thio)methyl)-Ester and 

benzo(a)pyrene 
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Exceedences include two for E. coli (both in late fall early winter of 2004), eight for TC and ten 
for TC background. Besides three outliers there appears to be one incident of generally 
prolonged higher counts for TC background from October 11, 2003 to December 15, 2003. 

Well 2 data include: 

• 65 E. coli and TC 
• 1 TC background 

There was only one ODWS exceedence for TC. 
2.4.3.4       Valley View Court Apartments 
This data set is relatively small. The parameters measured include monthly samples for E. coli 
and TC and one time measurements for nitrate, nitrite, bromodichloromethane, 
chlorobromomethane, trichloromethane, tribromomethane, and trihalomethanes. 

There were six TC exceedences of the ODWS with no obvious seasonal ties. All the other 
parameters were below minimum detection limits. 
2.4.3.5       Miller Manor Apartments 
This data set is also small when compared to either Cana or Lansdowne. The parameters 
measured include monthly samples for E. coli and TC and one time measurements for nitrate, 
nitrite, sodium, bromodichloromethane, chlorobromomethane, trichloromethane, 
tribromomethane, and trihalomethanes. 

Bacteria exceedences of the ODWS include two for E. coli and ten for TC. The TC exceedences 
occur in July, August and September. There appears to be an increasing trend for TC in this well 
water. 

All other parameters except sodium are well within standards and guidelines. The one sodium 
measurement provided exceeds both the Health Objective and the Aesthetic Objective for the 
ODWS. However a qualifier note states that the number reported is actually less than this 
reported value. 
2.4.3.6       Groundwater Supply Well Summary 
Water quality in groundwater can be adversely affected by the geochemical properties of the 
aquifer and anthropogenic activities surrounding the well. Strong indicators of water quality in 
municipal residential systems are bacteriological results that are collected in the form of daily 
water samples. Natural geochemical indicators of the aquifer, such as hardness, will inform the 
water supply operators how to effectively treat the water due to any adverse anthropogenic 
activities. Detailed reports of the geochemical properties of the aquifer will aid both the supply 
operators and the CSPA geoscientist to create a better understanding of the water quality of the 
entire watershed.  

2.4.4 Key Points 

2.4.4.1       Surface Intakes 
Water quality for the eight intakes drawing water from Lake Ontario and the St. Lawrence River 
is very similar and with any quality variations likely as a result of intake depth and substrate 
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type. This raw water source is generally high in colour, classified as hard, and is warmer than the 
ODWS (AO) for temperature during the warmer months.  

All treatment facilities experience seasonal water quality variations tied to lake turnover and 
temperature. In particular the City of Kingston, the Town of Gananoque and the City of 
Brockville all report a gelatinous material blocking filters for a period of time during the spring.  

TO bacteria exceedences appear closely related to water temperature based on comparison of data 
from the A.L. Dafoe intake (see Figure 2-25 in section 2.4.3.1) and interviews with plant operators. 

The concentrations of measured parameters in the raw water for the Sydenham Intake are higher 
than the Great Lakes intakes. Total phosphorous, nitrate, aluminum, iron and tungsten were 
found to exceed their respective PWQO frequently base don samples collected in 2006/07. 
2.4.4.2       Groundwater Supply Wells 
The raw water from each well displayed at least some ODWS exceedences for bacteria. The 
Lansdowne Well Supply Drinking Water System Inspection Report (MOE, 2008) also notes that 
hardness, colour and sodium were found to be elevated. 

Water well records are needed for all supply wells to enable a better understanding of the water 
quality results.  

2.5 Microbiological Water Quality in the CSPA 
Analysis of raw water microbiology at each of the considered intakes and wells can be found in 
section 2.3. This section focuses on microbiology of the CSPA as a whole for both surface and 
groundwater. 

2.5.1 Surface Water  
Data of a CSPA-wide nature for surface water microbiological parameters is sparse and only 
available from two sources (i.e. limited PWQMN and Health Unit Beach Counts). 
2.5.1.1       Provincial Water Quality Monitoring Network Data 
The results of analysis for the data from the PWQMN for this parameter are presented in Section 
2.2.1.3.3 and summary statistics and box and whisker plots can be referenced in Appendix G on 
Tables G-16A and G-16B, and Figures G-16Aand G-16B. Data showed that the station on 
Butlers and had markedly higher E. coli concentrations than the balance of the sites (see Figure 
2-26 in Volume II. Reasons for elevated concentrations at Bulters Creek in particular may be 
associated with the many parks that are along the stream which are frequented by dog-walkers 
and wildlife. The Wilton Creek station was slightly elevated in comparison to other stations and 
may be associated with livestock operations and septic systems. 
2.5.1.2       Health Unit Beach Count Data 
Beach Count data from the Kingston, Frontenac and Lennox and Addington (KFL&A) Public 
Health Unit (district covering the eastern CSPA) was received and analyzed for 2000 and 2002 
to 2007. The Leeds, Grenville, and Lanark (LG&L) Health Unit (district covering the eastern 
CSPA) provided beach count data from 1999 to 2007 for analysis. 
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This beach count data was compared to the recreational PWQO of 100 counts per 100 mL based 
on the geometric mean of at least three samples (typically five) taken within a one month 
timeframe. For the beach monitoring program datasets the geometric mean of the weekly 
samples (i.e. five per site) were compared against the PWQO. A summary of these results can be 
found in Appendix T in Table S-1. Figure 2-27 in Volume II displays the percent exceedence 
of the PWQO for any beaches with a sample size greater than thirty. 

There appears to be enough data to perform trend analysis; however, the information only 
recently became available. Further work on this aspect is required. 

Health Unit Data Benchmark Comparison Results 
For KFL&A it was found that Invista (n=1), Back Bay on Amherst Island (n=3), the Kingston 
Rowing Club (n=42), Rotary Park (n=82), South Crosby Beach (n=11), St. Lawrence Park 
(n=11), Rotary Beach-Gananoque (n=13) and the Bath Filtration Plant (n=69) all had 
exceedences more than 10 percent of the time. It is important to note that three of the beaches 
with high exceedence percentages are immediately adjacent to drinking water intakes (i.e. Bath 
Filtration Plant: Bath Drinking Water Treatment Plant, Rotary Beach-Gananoque: James W. 
Kingston Water Treatment Plant and St. Lawrence Park: Brockville Drinking Water Treatment 
Plant). 
2.5.1.3       Key Microbial Surface Water Findings 

• Butlers Creek has consistently elevated levels of E. coli 

• Three drinking water treatment plant intakes (Bath Drinking Water Treatment Plant, 
James W. King Water Treatment Plant and the Brockville Drinking Water Treatment 
Plant) are close to beaches with relatively high percentages of PWQO exceedences. 

2.5.2 Groundwater  
Bacterial contamination is the most common health-related water quality problem with private 
supply wells. When found in groundwater, it is often related to near surface contaminant sources, 
such as agricultural runoff and septic systems. Inadequate soil cover and improper well grouting 
also act as a path for contaminant transport, such as the transport of bacteria. Health effects for 
bacterial contamination are wide-ranging and depend on the type of bacteria identified. E. coli 
and TC are represented in this dataset. E. coli can cause many health effects, including 
gastrointestinal upset for short term exposure and kidney damage for long term exposure, 
especially in the elderly or persons with compromised immune systems. Though most E. coli 
strains are harmless and part of the normal flora in the human intestinal tract, the serotype 
O157:H7 E. coli bacterium can cause serious food poisoning in humans that can have fatal 
effects, such as the tragic outbreak in Walkerton, Ontario in 2000. 
2.5.2.1       Western Cataraqui Region Groundwater Study 
In the above referenced study Trow (2006) identifies background research, as well as studies 
available concerning bacteria within the area of consideration: 

• A 1985 Well Water Quality Survey was conducted by the MOE on Amherst Island, 
which is part of Loyalist Township. Results of this study indicate that drinking water 
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supply in the town of Stella to be very problematic. The survey tested water from 
drilled and dug wells as well as lake supply. Of the homes that were tested 45 percent 
had drinking water that was contaminated by bacteria and was classified as unsafe for 
drinking.  

• Additionally, in April 2001 Oliver, Mangione, McCalla & Associates completed a 
study regarding groundwater conditions and management of the groundwater 
throughout Loyalist Township. This study indicated that 54 percent of all the 
groundwater samples collected had elevated counts of bacteria, and 31 percent of the 
samples had elevated counts of E. coli.  

In order to analyze bacteriological conditions in groundwater, Trow (2006) analyzed samples 
collected by individual homeowners as well as samples collected by Trow employees. From the 
water samples collected by homeowners, bacteria was detected in 99 percent of the samples, and 
29 percent of the water samples exceeded provincial guidelines. Moreover, 11 percent of the 
samples were found to have E. coli counts that exceeded provincial guidelines. The most E. coli 
exceedences occurred within Loyalist Township, while the Town of Greater Napanee had the 
highest number of exceedences for TC. Across the whole study area, Trow found that the 
coliform counts increased during the sample period of April and July 2002.  
2.5.2.2       United Counties of Leeds and Grenville Groundwater Management Study 
In the United Counties of Leeds and Grenville, the average of TC results submitted to the Health 
Unit was 10.8 counts/100 mL. The Health Unit considers drinking water which contains more 
than five counts/100 mL of TC or the presence of E. coli to potentially be unsafe for drinking 
water. E. coli was detected in 16 percent of the samples, therefore suggesting that these samples 
may be unsafe to drink.   
2.5.2.3       Key Microbial Groundwater Findings 
Figure 2-28 and Figure 2-29 in Volume II show the microbial groundwater quality for E. coli 
and TC, respectively across the CSPA as evaluated by Trow (2006), Dillon (2001), and available 
subdivision reports. Across the watershed, of the 90 wells sampled, E. coli was detected in 13 
wells (or 14 percent) and TC exceeded the safe level in 36 of 168 wells sampled (or 21 percent). 
Results are located in Appendix P 

2.6 Water Quality Data and Knowledge Gaps 

2.6.1 Surface Water 
Although surface water quality data is more abundant than for groundwater, definite data gaps 
exist. The following is a list of data gaps that should be filled in order to enable production of a 
more precise and comprehensive CSPA wide water quality assessment. 

• Long-term water chemistry monitoring in the upper reaches of the subwatersheds; 

• Water quality monitoring of the Tri-Islands study area; 

• Long-term aquatic benthic macroinvertebrate dataset; 
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• Lake water chemistry in addition to the TP and water clarity data contained in the Lake 
Partner Program dataset; 

• Flow and weather information tied to PWQMN samples; 

• Bait fish inventory to be used as an indication of aquatic ecosystem health; and 

• Stream channel characterization and riparian inventory to better understand water quality 
data. 

2.6.2 Groundwater 
There are significant data gaps with respect to groundwater quality within the CRCA. In 
particular there is very little hydrogeological data on the Frontenac Islands. Also little is known 
about groundwater/surface water interactions and how water moves through the highly fractured 
bedrock systems within the CSPA.   

2.7 Recommendations 

2.7.1 Surface Water 

2.7.1.1       Further Data Analysis 
• Consider precipitation events with respect to beach closures. 

• Analyze the Municipal/Industrial Strategy for Abatement (MISA) sampling results to 
determine potential sources of metals and other contaminants to the Lake Ontario and 
the St. Lawrence River subwatersheds and include in the Surface Water Vulnerability 
Analysis Report and the Threats and Issues Evaluation.  

• Gather available water quality information for the Tri-Islands study area. 

• Correlate water quality parameter data at stations with greater than 30 percent 
exceedences of the applicable water quality guideline to flow in order to determine 
loading at these sites. Chloride, phosphorus, aluminum, copper and manganese are all of 
interest at some or all of the PWQMN stations.  

2.7.1.2       Monitoring 
• A water quality sampling program that collects chemical, physical and biological 

information representative of the entire CSPA should be developed and sustained. The 
monitoring locations should cover each watershed and so that there is adequate 
geographic, land use type and stream order coverage. Agencies other than the CRCA that 
include water quality sampling in their mandate(s) should be contacted during program 
development so unnecessary program overlap is avoided.  

• Stream cross-sections should be measured at each of the water quality monitoring sites 
and flow measurements taken each time water samples are collected. At a minimum this 
should be done at the PWQMN sites. 
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• PWQMN sampling should be done 12 months of the year so the results show a complete 
picture of stream health under all conditions. 

• Continued copper sampling by MOE or in conjunction with MOE in addition to that of 
the PWQMN program in Butlers Creek should occur until the source(s) of this metal 
is/are determined.  

• Due to the nature of land uses within the CSPA (i.e. agriculture, golf courses, residential) 
it is possible the pesticides may be present in surface water. It is recommended that 
pesticide monitoring be included in an overall sampling regime to determine if it is an 
issue.  

2.7.1.3       Reporting and Communication 
• To ensure reporting includes all available data and is competed efficiently all water 

quality data should be entered into a centralized database. The database would also 
enable CRCA to establish quality control mechanisms through establishment of 
minimum data standards and data entry procedures.  

• A method to categorize subwatershed water quality (e.g. Canadian Water Quality Index 
and/or Watershed Report Card) should be investigated and incorporated into CSPA 
technical reports and/or publications so that water quality analysis findings are clear, 
concise and easily understood. 

• Liaise with other groups that monitor water quality to learn of other water quality trends 
and issues throughout the CSPA. 

2.7.2 Groundwater 
Information on groundwater contained in landfill and planning reports should be obtained from 
the local MOE office. Initial contact with the office has been made and we are awaiting 
recommendations from Conservation Ontario concerning protocol.  

Environmental Assessments that have been submitted to the MOE should also be obtained to 
search for additional hydrogeochemical data contained within these reports. 

All groundwater data should be organized into a database (such as SiteFx by EarthFx) containing 
all the historical hydrogeochemical data for the CRCA, which would include data from the 
United Counties of Leeds and Grenville Groundwater Management Study (Dillon, 2001), the 
Western Cataraqui Region Groundwater Study (Trow, 2006), PGMN wells, landfill reports, 
planning reports, subdivision reports and data from environmental assessments submitted to the 
MOE. 

Much of historical data does not include geospatial information. In many cases, approximate 
geospatial information can be assigned to the chemistry data (e.g. subdivision data). 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

166

Chapter 3 – Water Quantity 

3.1 Water Use 
Understanding the human uses of water, especially permitted water takings, is important in a 
water budget because of potential significant losses of water from the watershed. Water uses in 
the Cataraqui Source Protection Area (CSPA), as noted in Section 1.7, include domestic, 
industrial, commercial, agricultural, and recreational. 

In general, water use is concentrated in developed areas. In particular, the areas locations such as 
the City of Kingston, City of Brockville, and Town of Gananoque, have clustering of all the 
above mentioned uses. Other smaller settlement areas have domestic and some commercial uses. 
Figure 1-40a in Volume II shows the general water use sectors across the watershed, based on 
Permits to Take Water (PTTW), while Figure 1-40b in Volume II shows the active versus 
expired PTTW in the watershed. 

In the past, run-of-the-river water uses such as mills (grist, saw, etc.) were prevalent across the 
CSPA, though these uses have mostly disappeared in the last 100 years. The remaining uses of 
this type are almost exclusively related to power generation, Rideau Canal lock operation, or 
recreation.  

Based on the PTTW listing (MOE, 2005), the largest portion of water use in the CSPA comes 
from Lake Ontario (82 percent) and the St. Lawrence River (6.2 percent) (see Figure 3-1 below). 
The remaining water use is divided between inland surface water withdrawals (3.4 percent) and 
groundwater withdrawals (8.4 percent). The following Tables (3-1, 3-2, and 3-3) and Figures 
(3-1, 3-2, 3-3, 3-4, 3-5, and 3-6) give a more detailed breakdown of the water use in the CSPA. 
The measured volumes of water used under the PTTW are not available at this time. 

As can be seen below in Table 3-1, the agricultural, industrial, and water supply sectors use 
primarily Lake Ontario water. Miscellaneous and recreational uses are largely supplied by St. 
Lawrence River water. Institutional and commercial uses are predominantly taken from inland 
surface water supplies while dewatering and remediation sectors mainly use groundwater. 
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Table 3 - 1 Sector Water Use: Percentage of Each Source  

Water Use 
Sector 

Lake 
Ontario 

St. Lawrence Inland 
Surface 

Groundwater Total 

Agricultural 99.2 0.0 0.0 0.8 100
Commercial 13.9 3.3 69.4 13.5 100
Dewatering 0.0 0.0 0.0 100.0 100
Industrial 96.3 1.6 0.0 2.1 100
Institutional 0.0 0.0 99.9 0.1 100
Miscellaneous 27.2 72.8 0.0 0.0 100
Recreational 0.0 100.0 0.0 0.0 100
Remediation 0.0 0.0 0.0 100.0 100
Water Supply 70.8 17.4 11.1 0.8 100
*Source Data (MOE, 2005) 
 
Figure 3-1 below shows the breakdown of water volumes from all sources in the CSPA. 
 

Figure 3-1: Water Withdrawal Source in Cataraqui Source Protection Area
Source: MOE, 2005
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As is shown in Table 3-2, the largest sector using Lake Ontario water is industrial, while water 
supply uses withdraw the most St. Lawrence River water, followed by industrial users.  
Commercial users take the most inland surface water, followed closely by water supply uses. The 
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dewatering and industrial sectors use almost the same amount of groundwater, with commercial 
and remediation users coming in third and fourth, also very close together. 
 
Table 3 - 2 Source Water Withdrawal: Percentage of Each Sector  

Water Use Lake Ontario St. Lawrence Inland Surface Groundwater 
Agricultural 0.3 0.0 0.0 0.0 
Commercial 0.6 2.7 55.1 11.4 
Dewatering 0.0 0.0 0.0 36.0 
Industrial 84.7 26.8 0.0 36.8 
Institutional 0.0 0.0 3.2 0.0 
Miscellaneous 0.0 0.3 0.0 0.0 
Recreational 0.0 1.3 0.0 0.0 
Remediation 0.0 0.0 0.0 12.7 
Water Supply 14.4 68.8 41.7 3.2 
Total 100 100 100 100 
*Source Data (MOE, 2005) 
 
Table 3-3 shows that, in total, industrial withdrawals from Lake Ontario are the largest water use 
in the CSPA. This is followed by water supply from Lake Ontario, with water supply from the 
St. Lawrence River, inland surface water, and commercial withdrawals from inland surface 
waters in the same general range. 
 
Table 3 - 3 Water Use: Percentage of Total Use  

Water Use Lake Ontario St. Lawrence Inland Surface Groundwater 
Agricultural 0.2 0.0 0.0 0.0 
Commercial 0.5 0.1 2.6 0.5 
Dewatering 0.0 0.0 0.0 1.6 
Industrial 73.3 1.2 0.0 1.6 
Institutional 0.0 0.0 0.2 0.0 
Miscellaneous 0.0 0.0 0.0 0.0 
Recreational 0.0 0.1 0.0 0.0 
Remediation 0.0 0.0 0.0 0.6 
Water Supply 12.5 3.1 2.0 0.1 
*Source Data (MOE, 2005) 
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Figure 3-2 below shows the breakdown of water use volumes across all sectors in the CSPA. 
 

Figure 3-2: Water Use in the Cataraqui Source Protection Area
Source: MOE, 2005
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Figure 3-3 below shows the percentage water use breakdown per sector for Lake Ontario 
withdrawals. 

Figure 3-3: Lake Ontario Water Use in the Cataraqui Source Protection Area
Source: MOE, 2005
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Figure 3-4 below shows the percentage water use breakdown per sector for St. Lawrence River 
withdrawals. 

Figure 3-4: St. Lawrence River Water Use in the Cataraqui Source Protection 
Area

Source: MOE, 2005
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Figure 3-5 below shows the percentage water use breakdown per sector for Inland surface water 
withdrawals. 

Figure 3-5: Inland Surface Water Use in the Cataraqui Source Protection Area
Source: MOE, 2005
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Figure 3-6 below shows the percentage water use breakdown per sector for Inland groundwater 
withdrawals. 

Figure 3-6: Inland Groundwater Use in the Cataraqui Source Protection Area
Source: MOE, 2005
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Further to the general water use sectors and withdrawal sources, water use by watershed has also 
been explored. With no actual PTTW withdrawal data available, the permitted taking volumes 
are used, as well as consideration for the withdrawal variation season to season, as well as the 
consumptive nature of the water use. 

Three scenarios are considered, to take into account varying conditions. The first scenario is that 
all withdrawals are taking the maximum permitted amount, with total consumption of the 
withdrawal. The second scenario is the same as the first, except that wildlife conservation and 
recreational wetland uses are set to consume no water at all. The third scenario is that all 
withdrawals are taking the maximum permitted amount, and consumptive nature of the sector is 
considered. 

Tables 3-4 to 3-6 below show the variety of water uses in each watershed, per month, based on 
these three scenarios. Water use from the St. Lawrence River and Lake Ontario is ignored. 

As can be seen from the tables, surface water withdrawals are much larger than groundwater 
withdrawals. Also, the size of the watershed does not appear to influence the withdrawal 
volumes, as even small watersheds have very large withdrawal volumes. 

It is also evident that in the CSPA, one of the largest water “uses” is wildlife conservation and 
recreational wetlands, though it’s inclusion in “water use” is debatable. 
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Table 3 - 4 a CSPA PTTW Monthly Water Withdrawals (Surface) Scenario 1  
100% Consumption, Maximum Permitted Taking 

 Monthly PTTW Water Withdrawal (1000 m3) 
Location January February March April May June July August September October November December 

Wilton/Spring/Little Creeks 36331 32816 36331 35159 36331 35159 36331 36331 35159 36331 35159 36331 
Millhaven Creek 491 444 491 476 491 476 491 491 476 491 476 491 
Amherst Island 23398 21133 23398 22643 23398 22643 23398 23398 22643 23398 22643 23398 
Collins Creek 19804 17887 19804 19165 19804 19165 19845 19845 19165 19804 19165 19804 
Little Cataraqui Creek 2259 2041 2259 2186 2259 2186 2259 2259 2186 2259 2186 2259 
Cataraqui River 61248 55321 61248 59273 61248 59296 61272 61272 59296 61248 59273 61248 
Wolfe Island 8101 7317 8101 7840 8101 7897 8161 8161 7897 8101 7840 8101 
Howe Island 0 0 0 0 0 0 0 0 0 0 0 0 
Gananoque River 170483 153985 170483 164984 170483 165006 170507 170507 165006 170483 164984 170483 
LaRue Creek 2 2 2 2 2 2 2 2 2 2 2 2 
Jones/Lyn/Golden Creeks 1744 1575 1744 1688 1744 1688 1744 1744 1688 1744 1688 1744 
Buells Creek 2595 2344 2595 2511 2595 2511 2595 2595 2511 2595 2511 2595 
Miscellaneous Smaller 
Watercourses - Lake 
Ontario 

38521 34793 38521 37278 38521 37664 39224 39224 37664 38521 37278 38521 

Miscellaneous Smaller 
Watercourses - St. 
Lawrence River 

13129 11858 13129 12706 13129 12706 13129 13129 12706 13129 12706 13129 

Lake Ontario 24955 22540 24955 24150 24955 24435 25426 25426 24435 24955 24150 24955 
St. Lawrence River 2693 2432 2693 2606 2693 2638 2726 2726 2638 2693 2606 2693 
*Source Data (MOE, 2005) 
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Table 3 - 4 b CSPA PTTW Monthly Water Withdrawals (Ground) Scenario 1  
100% Consumption, Maximum Permitted Taking 

 Monthly PTTW Water Withdrawal (1000 m3) 
Location January February March April May June July August September October November December 

Wilton/Spring/Little Creeks 15 13 15 14 15 14 15 15 14 15 14 15 
Millhaven Creek 6 5 6 6 6 6 6 6 6 6 6 6 
Amherst Island 0 0 0 0 0 0 0 0 0 0 0 0 
Collins Creek 328 296 328 317 328 598 618 618 598 328 317 328 
Little Cataraqui Creek 4 4 4 4 4 4 4 4 4 4 4 4 
Cataraqui River 199 180 199 193 199 193 199 199 193 199 193 199 
Wolfe Island 7 6 7 6 7 6 7 7 6 7 6 7 
Howe Island 0 0 0 0 0 0 0 0 0 0 0 0 
Gananoque River 614 555 614 594 1102 1066 1108 1108 1066 1102 1066 614 
LaRue Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Jones/Lyn/Golden Creeks 54 48 54 52 54 82 88 88 82 54 52 54 
Buells Creek 4 4 4 4 4 4 4 4 4 4 4 4 
Miscellaneous Smaller Watercourses - 
Lake Ontario 

371 335 371 359 371 359 371 371 359 371 359 371 

Miscellaneous Smaller Watercourses - 
St. Lawrence River 

259 234 259 251 259 251 259 259 251 259 251 259 

*Source Data (MOE, 2005) 
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Table 3 - 4 c CSPA PTTW Monthly Water Withdrawals (Both Surface and Groundwater) Scenario 1  
100% Consumption, Maximum Permitted Taking 

 Monthly PTTW Water Withdrawal (1000 m3) 
Location January February March April May June July August September October November December 

Wilton/Spring/Little Creeks 234 212 234 227 234 227 234 234 227 234 227 234 
Millhaven Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Amherst Island 0 0 0 0 0 0 0 0 0 0 0 0 
Collins Creek 134 121 134 130 134 130 134 134 130 134 130 134 
Little Cataraqui Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Cataraqui River 321 290 321 311 330 320 330 330 320 321 311 321 
Wolfe Island 0 0 0 0 0 0 0 0 0 0 0 0 
Howe Island 2 2 2 2 2 2 2 2 2 2 2 2 
Gananoque River 0 0 0 0 0 0 0 0 0 0 0 0 
LaRue Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Jones/Lyn/Golden Creeks 0 0 0 0 0 0 0 0 0 0 0 0 
Buells Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous Smaller Watercourses - 
Lake Ontario 

435 393 435 421 435 437 451 451 437 435 421 435 

Miscellaneous Smaller Watercourses - 
St. Lawrence River 

11 10 11 10 11 10 11 11 10 11 10 11 

*Source Data (MOE, 2005) 
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Table 3 - 5 a CSPA PTTW Monthly Water Withdrawals (Surface) Scenario 2  
100% Consumption (0% for Wildlife Conservation), Maximum Permitted Taking 

 
 Monthly PTTW Water Withdrawal (1000 m3) 

Location January February March April May June July August September October November December 
Wilton/Spring/Little Creeks 60 54 60 58 60 58 60 60 58 60 58 60 
Millhaven Creek 126 114 126 122 126 122 126 126 122 126 122 126 
Amherst Island 6 5 6 5 6 5 6 6 5 6 5 6 
Collins Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Little Cataraqui Creek 894 808 894 865 894 865 894 894 865 894 865 894 
Cataraqui River 1197 1082 1197 1159 1197 1182 1221 1221 1182 1197 1159 1197 
Wolfe Island 0 0 0 0 0 57 59 59 57 0 0 0 
Howe Island 0 0 0 0 0 0 0 0 0 0 0 0 
Gananoque River 1284 1160 1284 1243 1284 1265 1308 1308 1265 1284 1243 1284 
LaRue Creek 2 2 2 2 2 2 2 2 2 2 2 2 
Jones/Lyn/Golden Creeks 181 164 181 176 181 176 181 181 176 181 176 181 
Buells Creek 769 694 769 744 769 744 769 769 744 769 744 769 
Miscellaneous Smaller 
Watercourses - Lake Ontario 

321 290 321 311 321 696 1024 1024 696 321 311 321 

Miscellaneous Smaller 
Watercourses - St. Lawrence 
River 

168 152 168 162 168 162 168 168 162 168 162 168 

Lake Ontario 24955 22540 24955 24150 24955 24435 25426 25426 24435 24955 24150 24955 
St. Lawrence River 2693 2432 2693 2606 2693 2638 2726 2726 2638 2693 2606 2693 
*Source Data (MOE, 2005) 
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Table 3 - 5 b CSPA PTTW Monthly Water Withdrawals (Ground) Scenario 2  
100% Consumption (0% for Wildlife Conservation), Maximum Permitted Taking 

 Monthly PTTW Water Withdrawal (1000 m3) 
Location January February March April May June July August September October November December 

Wilton/Spring/Little Creeks 15 13 15 14 15 14 15 15 14 15 14 15 
Millhaven Creek 6 5 6 6 6 6 6 6 6 6 6 6 
Amherst Island 0 0 0 0 0 0 0 0 0 0 0 0 
Collins Creek 328 296 328 317 328 598 618 618 598 328 317 328 
Little Cataraqui Creek 4 4 4 4 4 4 4 4 4 4 4 4 
Cataraqui River 199 180 199 193 199 193 199 199 193 199 193 199 
Wolfe Island 7 6 7 6 7 6 7 7 6 7 6 7 
Howe Island 0 0 0 0 0 0 0 0 0 0 0 0 
Gananoque River 45 41 45 44 533 516 539 539 516 533 516 45 
LaRue Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Jones/Lyn/Golden Creeks 54 48 54 52 54 82 88 88 82 54 52 54 
Buells Creek 4 4 4 4 4 4 4 4 4 4 4 4 
Miscellaneous Smaller Watercourses - 
Lake Ontario 

371 335 371 359 371 359 371 371 359 371 359 371 

Miscellaneous Smaller Watercourses - 
St. Lawrence River 

259 234 259 251 259 251 259 259 251 259 251 259 

*Source Data (MOE, 2005) 
 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 

 
 

177

Table 3 - 5 c CSPA PTTW Monthly Water Withdrawals (Both Surface and Groundwater) Scenario 2  
100% Consumption (0% for Wildlife Conservation), Maximum Permitted Taking 

 Monthly PTTW Water Withdrawal (1000 m3) 
Location January February March April May June July August September October November December 

Wilton/Spring/Little Creeks 0 0 0 0 0 0 0 0 0 0 0 0 
Millhaven Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Amherst Island 0 0 0 0 0 0 0 0 0 0 0 0 
Collins Creek 134 121 134 130 134 130 134 134 130 134 130 134 
Little Cataraqui Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Cataraqui River 321 290 321 311 330 320 330 330 320 321 311 321 
Wolfe Island 0 0 0 0 0 0 0 0 0 0 0 0 
Howe Island 2 2 2 2 2 2 2 2 2 2 2 2 
Gananoque River 0 0 0 0 0 0 0 0 0 0 0 0 
LaRue Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Jones/Lyn/Golden Creeks 0 0 0 0 0 0 0 0 0 0 0 0 
Buells Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous Smaller Watercourses - 
Lake Ontario 

435 393 435 421 435 437 451 451 437 435 421 435 

Miscellaneous Smaller Watercourses - 
St. Lawrence River 

11 10 11 10 11 10 11 11 10 11 10 11 

*Source Data (MOE, 2005) 
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Table 3 - 6 a CSPA PTTW Monthly Water Withdrawals (Surface) Scenario 2  
Consumptive Factors Considered, Maximum Permitted Taking 

 
 Monthly PTTW Water Withdrawal (1000 m3) 

Location January February March April May June July August September October November December 
Wilton/Spring/Little Creeks 3674 3318 3674 3555 3674 3555 3674 3674 3555 3674 3555 3674 
Millhaven Creek 67 60 67 65 67 65 67 67 65 67 65 67 
Amherst Island 2340 2114 2340 2265 2340 2265 2340 2340 2265 2340 2265 2340 
Collins Creek 1980 1789 1980 1917 1980 1917 2013 2013 1917 1980 1917 1980 
Little Cataraqui Creek 817 738 817 791 817 791 817 817 791 817 791 817 
Cataraqui River 6413 5793 6413 6206 6413 6222 6430 6430 6222 6413 6206 6413 
Wolfe Island 810 732 810 784 810 824 852 852 824 810 784 810 
Howe Island 0 0 0 0 0 0 0 0 0 0 0 0 
Gananoque River 17215 15549 17215 16660 17215 16676 17231 17231 16676 17215 16660 17215 
LaRue Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Jones/Lyn/Golden Creeks 328 297 328 318 328 318 328 328 318 328 318 328 
Buells Creek 375 339 375 363 375 363 375 375 363 375 363 375 
Miscellaneous Smaller 
Watercourses - Lake Ontario 

3900 3523 3900 3774 3900 4044 4423 4423 4044 3900 3774 3900 

Miscellaneous Smaller 
Watercourses - St. Lawrence 
River 

1343 1213 1343 1299 1343 1299 1343 1343 1299 1343 1299 1343 

Lake Ontario 5981 5402 5981 5788 5981 5988 6328 6328 5988 5981 5788 5981 
St. Lawrence River 558 504 558 540 558 562 580 580 562 558 540 558 
*Source Data (MOE, 2005) 
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Table 3 - 6 b CSPA PTTW Monthly Water Withdrawals (Ground) Scenario 3  
Consumptive Factors Considered, Maximum Permitted Taking 

 Monthly PTTW Water Withdrawal (1000 m3) 
Location January February March April May June July August September October November December 

Wilton/Spring/Little Creeks 15 13 15 14 15 14 15 15 14 15 14 15 
Millhaven Creek 1 1 1 1 1 1 1 1 1 1 1 1 
Amherst Island 0 0 0 0 0 0 0 0 0 0 0 0 
Collins Creek 317 286 317 307 317 503 520 520 503 317 307 317 
Little Cataraqui Creek 1 1 1 1 1 1 1 1 1 1 1 1 
Cataraqui River 94 85 94 91 94 91 94 94 91 94 91 94 
Wolfe Island 2 2 2 2 2 2 2 2 2 2 2 2 
Howe Island 0 0 0 0 0 0 0 0 0 0 0 0 
Gananoque River 72 65 72 70 194 188 200 200 188 194 188 72 
LaRue Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Jones/Lyn/Golden Creeks 42 38 42 41 42 62 67 67 62 42 41 42 
Buells Creek 2 2 2 2 2 2 2 2 2 2 2 2 
Miscellaneous Smaller Watercourses - 
Lake Ontario 

91 82 91 88 91 88 91 91 88 91 88 91 

Miscellaneous Smaller Watercourses - 
St. Lawrence River 

94 85 94 91 94 91 94 94 91 94 91 94 

*Source Data (MOE, 2005) 
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Table 3 - 6 c CSPA PTTW Monthly Water Withdrawals (Both Surface and Groundwater) Scenario 3  
Consumptive Factors Considered, Maximum Permitted Taking 

 Monthly PTTW Water Withdrawal (1000 m3) 
Location January February March April May June July August September October November December 

Wilton/Spring/Little Creeks 23 21 23 23 23 23 23 23 23 23 23 23 
Millhaven Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Amherst Island 0 0 0 0 0 0 0 0 0 0 0 0 
Collins Creek 33 30 33 32 33 32 33 33 32 33 32 33 
Little Cataraqui Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Cataraqui River 80 73 80 78 82 79 82 82 79 80 78 80 
Wolfe Island 0 0 0 0 0 0 0 0 0 0 0 0 
Howe Island 2 2 2 2 2 2 2 2 2 2 2 2 
Gananoque River 0 0 0 0 0 0 0 0 0 0 0 0 
LaRue Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Jones/Lyn/Golden Creeks 0 0 0 0 0 0 0 0 0 0 0 0 
Buells Creek 0 0 0 0 0 0 0 0 0 0 0 0 
Miscellaneous Smaller Watercourses - 
Lake Ontario 

109 98 109 105 109 116 120 120 116 109 105 109 

Miscellaneous Smaller Watercourses - 
St. Lawrence River 

3 2 3 3 3 3 3 3 3 3 3 3 

*Source Data (MOE, 2005) 
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From a groundwater well perspective, there are close to 25,000 wells in the CSPA, with most 
being for primarily domestic uses, though there are also commercial, industrial, agricultural and 
public supply uses, both as the primary use and a secondary use. Tables 3-7 and 3-8 below give 
a general breakdown of primary and secondary use of water wells in the CSPA. 

 
Table 3- 7 Water Well Use Breakdown -- Primary Use  

Primary Use Category Number of Records Percentage 
Domestic 20213 81.3 
Stock 1327 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 1513 6.1 
Total 24855 100.0 
* Source (MOE, 2000) 
 

Table 3- 8 Well Water Use -- Secondary Use  

Secondary Use Category Number of Records Percentage 
Domestic 718 80.8 
Stock 73 8.2 
Irrigation 2 0.2 
Industrial 5 0.6 
Commercial 21 2.4 
Municipal 3 0.3 
Public Supply 10 1.1 
Cooling or A/C 28 3.1 
Not Used 29 3.3 
Total 889 100.0 
* Source (MOE, 2000) 
 
Figure 3-7 in Volume II shows the distribution of wells across the CSPA. Figure 3-8a in 
Volume II shows the domestic wells and Figure 3-8b shows the other sector wells. As can be 
seen, the domestic wells are well spread across the CSPA, though they are clustered along 
roadways, and in settlement areas. The other wells are generally clustered in settlement areas. 

Figure 3-9 in Volume II shows the distribution of public water withdrawals (municipal 
residential intakes included). The municipal residential intakes are typically located on Lake 
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Ontario and the St. Lawrence River, but the public supply sources are scattered across the 
watershed, with some clustering in the settlement areas. 

Figure 3-10 in Volume II and Figure 3-11 in Volume II show the distribution of industrial and 
commercial withdrawals, respectively. These are generally scattered across the watershed, with a 
clustering effect near settlement areas. 

Figure 3-12 in Volume II shows the distribution of agricultural withdrawals, both individual 
wells and permits to take water. In addition, the watersheds and subwatersheds are shaded 
according to the estimated volume of water use by area (deLoe, 2002). These uses are also 
generally scattered across the watershed, with the higher volume of usage occurring in the 
typically agricultural areas. Some new work by deLoe (2005) calls into question this earlier work 
to transfer agricultural water use from census areas to watershed areas. The information shown 
in Figure 3-12 may in fact be flawed, and misrepresentative, as a result. 

The existing water uses are expected to remain, though they will expand with population growth. 
In particular, and as discussed in Section 1.6.1, the urban areas are expected to have the greatest 
increase in population. This will possibly require upgrades to municipal residential water 
treatment plants, as well as Wastewater Treatment Plants (WWTP). This expansion of servicing 
may also mean some of the PTTW or individual well uses will be abandoned, as better quality 
water will be available through the municipal residential system. Abandonment and service 
expansion could also unfortunately come as a result of increased urbanization and pollution, 
which often degrades the quality of the existing wells, thus requiring service extension. This has 
happened on the outskirts of the City of Kingston in the past. Expanded servicing may translate 
to an increase in water withdrawals. However, with proper conservation, better efficiency of the 
system will be realized and a cost reduction will enable utilities to service a greater number of 
individuals while maintaining the same withdrawals and infrastructure. The Great Lakes have a 
finite supply of water for withdrawals before interference with the overall water levels of the 
lakes occurs. 

From an inland settlement perspective, hamlets and villages are also expected to grow and may 
require water treatment systems in the future, from either surface water or groundwater. This is 
discussed in Section 4.3.3. Figure 4-7 in Volume II displays well densities throughout the 
CSPA. The Water Budget exercise is expected to provide some estimates of the required future 
water use. 

3.2 Data and Knowledge Gaps for Water Use 
There are a few large data gaps related to the water use data. Some of them have to do with the 
Permit to Take Water listing, some with the water wells database, and some with the accuracy 
and availability of useful data. 

Permit to Take Water 

• No actual taking information is available yet; 

• Locations are not always accurate; 
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• Source is not always accurate; 

• Expired permits do not necessarily mean that the taking is no longer happening; and 

• There are unpermitted takings, both takings that do not require a permit as they are 
under the minimum volume and takings that do require a permit, but do not have one. 

Water Well Database 

• Location information is not always accurate (or provided); 

• Pumping test data from well driller is not accurate; and 

• There is no data related to volume of use. 

General Data 

• There are a number of uses that fall outside the regulatory boundaries, and therefore 
have no data. This includes shore wells and older dug wells. 

All of this information would have been/will be helpful for the Watershed Characterization and 
the Water Budget, but in many cases there is not a practical way to get it in a timely fashion for 
these documents. Instead, protocols should be changed to allow for the collection of the data 
over time, so it can eventually be compiled for use. Some suggestions include: 

• Every time an existing water well is serviced (replacement pump, valve, etc.) the 
location be confirmed (by Global Positioning System {GPS}) and a pumping test be 
performed to quantify the supply from the well. 

• All new wells should require an accurate location (GPS) as well as a proper pumping 
test, once the well has “settled”. 

• All PTTW holders should be required to keep accurate records of water withdrawals, 
and depending on the source, hourly or daily data. 

• Visits to “expired” PTTW to ensure that the use is no longer taking place. 

• Better estimation of water use from wells, as well as below PTTW requirement 
takings. 

• Better estimation of extent of takings such as shore wells and below PTTW 
requirements. 

 

The full report listing of Data Gaps can be found in Appendix E. 
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Chapter 4 - Description of Vulnerable Areas 

4.1 Introduction 
There are four types of vulnerable areas defined within Ontario’s Drinking Water Source 
protection program: 

• Surface water Intake Protection Zones (IPZs); 

• Groundwater Wellhead Protection Areas (WHPAs); 

• Highly Vulnerable Aquifers (HVAs); and 

• Significant Groundwater Recharge Areas (SGRAs). 

The IPZs and WHPAs are associated with existing or proposed municipal residential drinking 
water systems. The HVAs and SGRAs are naturally occurring areas that have been identified 
through research on groundwater resources and that may or may not be associated with a 
municipal residential drinking water system. 

Each type of vulnerable area is present in the Cataraqui Source Protection Area (CSPA), 
although there is only limited information about them at this time. The purpose of this chapter is 
to briefly describe the vulnerable areas in the CSPA, and to provide an indication of our present 
technical knowledge about these areas. 

Other components of the forthcoming Assessment report for the CSPA will summarize the 
results of our research about vulnerable areas, the vulnerability scoring within each identified 
area, and a hazard rating for identified threats to drinking water. This information will be used in 
a risk assessment that will form the technical basis for the Source Protection Plan. 

4.2 Vulnerable Areas in the CSPA 

4.2.1 Surface Water Intake Protection Zones 
Surface drinking water intakes ultimately draw water from all upstream lands and tributaries. As 
such, watershed and subwatershed boundaries are considered appropriate management units to 
define the catchment area of a drinking water intake for small rivers and inland lake systems. 
Surface water supplies are most vulnerable to contaminants that originate from areas that are 
immediately upstream of the intake, which are identified in a series of concentric IPZs. 

For Great Lakes intakes three zones are delineated. The first zone (IPZ 1) is a fixed radius of one 
kilometer around the intake crib. The second zone (IPZ 2) is based on a minimum Time of 
Travel (TOT) distance “up-current” of the intake and can take into account areas outside the first 
zone that have the potential to directly impact the intake such as streams, rivers or shorelines. In 
delineation of IPZ 2 it is important to understand the hydrodynamic conditions (both temporal 
and spatial mixing patterns of incoming flows around the intake). In addition, water discharges 
of nearby potential point contaminant sources such as WWTP outfalls, stream outlets, industrial 
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discharges, etc., may be considered while delineating this zone. The third zone (IPZ 3) may be 
delineated with the confirmed presence of water quality issues external to IPZ 1 and IPZ 2. IPZ 3 
can include threat sources that could potentially be contributing to the issue. 

Inland lake intakes have IPZ 1 and 2 identical to that of the Great Lakes, but the IPZ 3 differs. 
IPZ 3 is made up of the Total Water Contributing Area (TWCA). 

Water supplies in the zones can be vulnerable to contamination and overuse, both on an acute 
(short-term) and chronic (long-term) basis. Studies about IPZs therefore consider ways to 
prevent and respond to spills, and as well as the gradual contamination of the source by runoff, 
recharge to groundwater and subsequent discharge, or the leaching of contaminants from the 
soil. 

There are nine surface intakes for municipal residential drinking water systems in the CSPA (see 
Figure 4-1 in Volume II), which together serve approximately 155,000 people. One intake is 
located on an inland lake, while six intakes are located along the shoreline of Lake Ontario and 
two are located along the St. Lawrence River. Each system is described in the subsections below. 

At the time of writing, IPZs are still being delineated. The inland system is the subject of the 
ongoing Village of Sydenham Intake Protection Zone Study, and the Great Lakes systems are the 
subject of the ongoing Eastern Lake Ontario – Upper St. Lawrence River Intake Protection Zone 
Study. Both studies are described in Section 4.51. Research to date has identified that the IPZ 2 
(two hour TOT) falls within IPZ 1 (1 kilometer radius) for the Village of Sydenham. However 
IPZ 2 is greater for the balance of the intakes and variable in size depending on location. 

Town of Greater Napanee Utilities owns and operates two municipal residential drinking water 
systems on the Adolphus Reach of the Bay of Quinte (Lake Ontario). A facility at the 
community of Sandhurst Shores services about 250 residents within the CSPA. A second intake 
near the Lennox Generating Station draws water that is piped to the A.L. Dafoe Water Treatment 
Plant in the community of Napanee, which is situated outside of the CSPA in the Quinte area. 
About 8,500 residents are served by this intake. 
4.2.1.1       Loyalist Township 
Loyalist Township owns and operates two municipal residential drinking water systems, both of 
which are located along the shoreline of Lake Ontario. The Fairfield facility services the villages 
of Amherstview and Odessa (about 10,000 residents in total). The distribution network for this 
facility was extended to Odessa in 2000. Odessa had obtained drinking water from Millhaven 
Creek since the 1970s. A second treatment plant provides drinking water to the village of Bath 
(about 2,700 residents). 
4.2.1.2       Village of Sydenham 
The village of Sydenham in the Township of South Frontenac is serviced by a municipal 
residential water treatment plant that opened in 2006. The plant has the capacity to provide 
drinking water to about 270 households, as well as two schools. The facility is owned by the 
Township and is operated on behalf of the municipality by Utilities Kingston. The plant draws 
water from Sydenham Lake (see Figure 4-2 in Volume II). 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

186
 

 

Sydenham Lake is situated in the upper part of the Millhaven Creek watershed, which is about 
5,700 hectares in area. It includes the bedrock geology of both the Canadian Shield (Frontenac 
Axis) and the Napanee limestone plain. It includes Gould Lake (headwaters), Little Long Lake, 
Eel Bay, and the main basin of Sydenham Lake. The predominant land uses include cottages, 
recreation, and forestry in the northern part of the area, agriculture and rural residential 
development in the southern part of the area, and a portion of the village, which includes 
commercial, institutional, and residential uses. 
4.2.1.3       City of Kingston 
There are two municipal residential drinking water systems in the City of Kingston that draw 
from surface water intakes. Both treatment facilities are located on Lake Ontario and are 
operated by Utilities Kingston for the municipality. The Kingston West (Point Pleasant) facility 
services the growing area in the former Township of Kingston (about 44,000 residents). The 
Kingston Central facility services both the core of the settlement area as well as the eastern area 
of the municipality, via a pipe under the Cataraqui River (about 80,000 residents). 
4.2.1.4       Town of Gananoque 
A municipal residential water treatment plant is owned and operated by the Town of Gananoque 
on the St. Lawrence River. It services most of the residences and businesses within the Town 
(about 5,200 persons). 

The Gananoque water treatment plant and intake is located immediately upstream of the 
confluence of the Gananoque River and the St. Lawrence River. It is noted that recent field work 
has identified that a sustained wind from the east could result in the St. Lawrence River flowing 
in a western direction (backwards). 
4.2.1.5       City of Brockville and Township of Elizabethtown-Kitley 
The City of Brockville services about 22,000 residents through its ownership and operation of a 
water treatment plant on the St. Lawrence River. The Brockville system is connected to a 
distribution system that services about 700 additional residents in the Township of 
Elizathbethtown-Kitley. 

4.2.2 Groundwater Wellhead Protection Areas 
A WHPA encompasses the land area that provides recharge to a well. The WHPA is divided into 
capture zones that are based on the expected amount of time for water on the surface to infiltrate 
into the ground and eventually reach the well; or TOT. Capture zones are normally defined for 
areas that represent the 2, 5, 10, and 25 year TOT. 

Methods for delineating capture zones range from a simple approach such as establishing an 
arbitrary fixed distance to more complex methods such as analytical and numerical groundwater 
flow models. Capture zone range delineation has not yet been finalized for three municipal 
residential wells in the CSPA. Mapping of the wellhead protection zones will be completed once 
the capture zones and studies are concluded 
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There are three municipal residential drinking water systems that utilize groundwater in the 
CSPA (see Figure 4-1 in Volume II). At the time of writing, only preliminary WHPAs have 
been identified for Cana and Lansdowne (none for Miller Manor yet), as discussed below. 
4.2.2.1       Cana Subdivision 
The Cana Subdivision is a small residential community that is located in the north central area of 
the City of Kingston. Utilities Kingston operates a municipal residential well and a WWTP that 
provide service to about 32 households in the community. 

The Cana Subdivision was established as a co-op development in the early 1950’s (Trow, 2007). 
It is situated west of Highway 15, east of the Kingston Mills Locks, north of Kingston Mills 
Road. Streets within the subdivision include Marian Crescent, Cana Boulevard and Rochdale 
Drive. 

The existing (1950s) well for the system may soon be replaced by a new one that was drilled in 
2001. Groundwater quality testing (Trow, 2007) at the existing well has identified exceedences 
of Ontario Drinking Water Standards (ODWS), (circa 2000), (Trow, 2007). The parameters with 
exceedences include iron, manganese, sodium, colour, hardness, dissolved solids and turbidity. A 
concurrent survey of the community found that almost 60 percent of the residents surveyed 
found that their water quality ranged from "poor" to "very poor" (Trow, 2005). The testing and 
survey prompted Utilities Kingston to initiate a Municipal Class Environmental Assessment that 
considered various supply options and recommended the use of the 2001 well (Trow, 2005). 

Potential threats to the quality of the Cana Subdivision water supply include Highway 15 and the 
Canadian National Railway mainline, both of which run nearby, as well as nearby commercial 
businesses and private wells and septic systems. 

An initial examination of the WHPA for this system is included in the Western Cataraqui Region 
Groundwater Study (Trow, 2007). As discussed in Section 4.5.2.2 below, there will be a need for 
further research on the WHPA, in order to confirm its extent, assign vulnerability scoring to the 
capture zones, and assign hazard ratings to the identified drinking water threats. 
4.2.2.2       Village of Lansdowne 
The village of Lansdowne in the Township of Leeds and the Thousand Islands is serviced by 
public water and sewage systems that were installed in the 1970s. Both systems are owned by the 
municipality and operated on its behalf by the Ontario Clean Water Agency. About 750 residents 
live within the serviced area. The drinking water system is located in the centre of the village 
(see Figure 4-3 in Volume II). 

Potential threats to the Lansdowne water supply have been identified by the Cataraqui Region 
Conservation Authority (CRCA), including the municipal sewage lagoons (which appear to be 
located within the 10 and 25 year capture zones), contamination of the groundwater through 
uncapped/unused private wells, and bacteriological contamination from agricultural operations. 

An initial examination of the WHPA for this system was completed by Malroz Engineering Inc. 
in 2004. Due to the scarcity of well records in the identified WHPA, the authors indicated a need 
for further research about the geology and hydrogeology of the area, including drilling test wells 
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(Malroz, 2004). They also identified a need to confirm whether or not water from the sewage 
lagoons reaches the supply well. All of this work is presently being completed by Malroz as 
Phase ‘2’ of the study, as described in Section 4.5.1.3 below. 

4.2.3 Highly Vulnerable Aquifers 
The Cataraqui area has been the subject of two regional groundwater studies that were funded by 
the Government of Ontario: 

• The United Counties of Leeds and Grenville Groundwater Management Study 
(Dillon, 2001) covers the eastern portion of the area. 

• The Western Cataraqui Region Groundwater Study (Trow, 2007) covers the western 
portion. 

A third groundwater study covering the Frontenac Islands was completed for the CRCA in 2007 
and is described in more detail below. 

The two regional studies provide information on the HVAs in the CSPA. However, owing to the 
timing of their preparation, they addressed this topic using different methods. The Dillon study 
used the Aquifer Vulnerability Index (AVI) method, while the Trow study used both the 
Groundwater Intrinsic Susceptibility (GwISI) and DRASTIC methods. The GwISI analysis by 
Trow was completed for 8,434 wells, while the DRASTIC analysis was completed for 12,785 
wells. Trow compared the results of these methods and recommended the DRASTIC findings, 
which reflect a greater number of hydrogeologic factors (but possibly a resulting greater margin 
of error) and a greater number of wells. 

Both regional studies found extensive areas in which the groundwater resources are highly 
vulnerable to contamination. Figure 4-4 in Volume II of this report is an amalgamation of Figure 
5.25: Aquifer Vulnerability Index Map (Dillon, 2001) and Figure 78: Final DRASTIC (Trow, 
2007). Figure 4-5 in Volume II is an amalgamation of Figure 5.25: Aquifer Vulnerability Index 
Map (Dillon, 2001) and Figure 59: Groundwater Intrinsic Susceptibility Index (Trow, 2007). 

Using the AVI method, Dillon (2001) found that much of the eastern portion of the Cataraqui 
area has “extremely high” vulnerability to contamination, including areas on the Canadian 
Shield. In contrast, Trow (2007) found low vulnerability towards the eastern area (i.e. the 
Canadian Shield), with higher vulnerability on the limestone plain. This may be explained by the 
combined effect of two factors: 

• The AVI method automatically ranks all bedrock areas as highly vulnerable, while 
DRASTIC weights the hydraulic conductivity of metamorphic and igneous rocks as 
low; and 

• There is limited information for the Canadian Shield, which is needed to weight 
many of the factors in the DRASTIC model (i.e. depth to water, impact of vadose 
zone media). 
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There is a need to revisit the vulnerability assessment in the regional groundwater studies to 
address this discrepancy (see Section 4.5.1.5 below). 

Trow (2007) identified an area northwest of Kingston that is characterized by fractured limestone 
geology that is highly vulnerability to contamination, has a high density of rural residential 
development and hamlets, and includes numerous older wells and septic systems. The specific 
region of concern includes the general area between Kingston Mills (in the City of Kingston), 
Odessa (in Loyalist Township), and Sydenham (in the Township of South Frontenac). In order to 
protect the water supplies of local residents, there is a need to conduct a more detailed 
investigation of the area, which may include additional well water sampling and consideration of 
local management approaches. 

The Frontenac Islands Groundwater and Aquifer Characterization Study (CRCA, 2007) 
summarizes the local geology and groundwater conditions, assesses the groundwater use and 
discusses data gaps that exist throughout the Frontenac Islands. This third groundwater study 
covering Howe and Wolf Islands completes the remaining areas of the CSPA not previously 
covered by the regional studies outline above. Groundwater vulnerability of the Frontenac 
Islands will be assessed and mapped within the Cataraqui Groundwater Vulnerability Analysis 
Report. 

The Cataraqui Groundwater Vulnerability Analysis Report (Dillon, forthcoming) is being 
undertaken currently by Dillon Consulting Limited (with Malroz Engineering Inc.) for the 
CSPA.  It is anticipated to be completed in June of 2008. One of its goals is to combine the 
information of the two groundwater studies outlined above (completed using different standards) 
and unify the information across the entire CSPA. It will also identify HVAs and SGRAs and 
will improve our local knowledge of geology and ground water flow direction (see Section 
4.5.1.5). 

4.2.4 Significant Groundwater Recharge Areas 
Local knowledge about the location and function of groundwater recharge areas was first 
assembled on a widespread basis by the two regional groundwater studies identified above. 
Figure 4-6 is an amalgamation of Figure 5.24: Potential Areas of Significant Groundwater 
Recharge and Discharge (Dillon, 2001) and Figure 5: Groundwater Recharge Potential (Trow, 
2007). It suggests that portions of the CSPA are subject to high volumes of recharge, particularly 
in areas with fractured limestone bedrock. 

“Significant” recharge areas are defined in Ontario to include those areas that contribute 
groundwater to either a municipal residential drinking water system or a cold water ecosystem. 
In the CSPA, this could potentially include areas around Cana Subdivision or Lansdowne 
drinking water systems, and areas that contribute groundwater to a cold water stream or lake (see 
Figure 1-30 in Volume II). 

Our knowledge of high volume and significant groundwater recharge areas will be advanced by 
the ongoing preparation of a Cataraqui Groundwater Vulnerability Analysis Report (see Section 
4.5.1.5).  Mapping of SGRAs cannot be produced without the completion of this report. 
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4.3 Sources for Potential Municipal Residential Drinking 
Water Systems 
There is a need to consider the vulnerable areas associated with potential sources for municipal 
residential drinking water systems. 

4.3.1 Village of Athens 
Over the past few years the Township of Athens has identified a need to consider the installation 
of municipal residential services in the village of Athens, which has a current population of about 
1,000 residents, and which will have a population of about 1,300 residents by 2026 (Totten Sims 
Hubicki, 2005). This need was based on a history of water quality problems in the village, which 
were documented by a survey of non-municipal wells in the 1980s. 

Totten Sims Hubucki Associates Ltd. (TSH) was retained by the Township to consider the issue. 
They considered various possible sources of drinking water for the village, including nearby 
existing systems, Charleston Lake, Wiltse Lake, and groundwater. The Township of Athens 
Village of Athens Water and Sewage Feasibility Study (TSH, 2005) concluded that “…a 
communal groundwater supply is the most feasible option for the Village of Athens”, owing to 
the relatively low vulnerability of groundwater to contamination [when compared with surface 
water]. They also “…assumed a groundwater supply with wells located within, or close to the 
Village. Treatment would include cartridge filtration and disinfection. The system will include an 
elevated water storage tank and would be sized to include fire protection” (TSH, 2005). 
The Township has not yet proceeded with a more detailed Class Environmental Assessment to 
identify a specific well site. Nevertheless, it may be appropriate to consider the vicinity of the 
village of Athens as a location which is likely to supply drinking water to a municipal residential 
system in the future. 

4.3.2 Village of Marysville 
The Township of Frontenac Islands has engaged XCG Consultants Limited to consider options 
for a public water supply in the village of Marysville on Wolfe Island. A short list of four 
potential water supply options were evaluated and discussed regarding cost and funding (Point of 
Entry Water Treatment Systems, construction of a groundwater supply system with distribution, 
and construction of a Surface Water Supply System with distribution). No option was weighed 
more than the others so XCG Consultants Limited will continue to investigate different water 
supply approaches for Marysville and identify possible funding options available that will allow 
the village to move forward with respect to a potential water supply system (XCG, 2007). 

4.3.3 Other Potential Sources 
Sections 8 and 10 of the Clean Water Act (Government of Ontario, 2006) allow municipalities 
and the provincial Minister of the Environment, respectively, to ‘elevate’ the source water for 
other drinking water systems into the scope of work in the proposed Terms of Reference. Within 
the parameters of Ontario Regulation 286/07, these other systems include: (a) clusters of six or 
more private intakes and wells, and (b) those that supply public and private facilities such as 
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schools, community centres, and trailer parks. Users of these systems are protected by the testing 
and treatment requirements of the Ontario Safe Drinking Water Act, (Government of Ontario, 
2002). Without an ‘elevation’, however, the source water that supplies these systems will not be 
considered by the provincial initiative. A recent letter to the source protection committees from 
the Ontario Ministry of the Environment (MOE) promises that more detailed guidance will be 
released in spring 2008. 

A number of communities within the CSPA that obtain potable water via private intakes and 
wells may eventually need to be serviced by a municipal residential drinking water system. 
Communities with private services and a dense development pattern may experience drinking 
water quality problems due to contamination of the ground or surface water. For example, 
contamination of groundwater by pathogens from sewage treatment systems can be a problem. 
Of related interest is the fact that the Ontario Provincial Policy Statement (2005) instructs 
municipalities to direct development to existing settlement areas; therefore, compliance with this 
policy may result in an increasing density of development.  

One indicator of the density of development in a watershed is the density of private intakes and 
wells. Data on well densities are available for the CSPA, and are illustrated on Figure 4-7 in 
Volume II. Unfortunately, data on private intake densities are not readily available at this time. 
Some of the local communities that have a reasonably high private well density and might 
someday require a municipal residential drinking water system are: 

• Battersea; 
• Charleston; 
• Delta; 
• Elgin; 
• Elginburg; 
• Glenburnie; 
• Harrowsmith; 
• Inverary; 
• Lyn; 
• Lyndhurst; 
• Mallorytown; 
• Morven, and the area west along County Road 2; 
• Newboro; 
• Perth Road; 
• Seeleys Bay; 
• Stella; 
• Violet; and 
• Wilton. 
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(The inclusion of a community on the above list does not mean that there are documented 
drinking water problems in that community, nor should it be interpreted that the authors are 
recommending a change to the servicing infrastructure at this time). A majority of these 
communities are in outlying rural areas along the shoreline of a water body or watercourse; they 
might be supplied by new drinking water systems using surface water. Elginburg and Glenburnie 
might be serviced from one or both of the Kingston Central or Pleasant Point systems in the City 
of Kingston. 

There are also numerous intakes and wells across the CSPA that supply facilities (such as 
schools) where members of the public have access to drinking water; the locations of the wells 
that supply these facilities are shown on the map in Figure 4-8 in Volume II. This map 
distinguishes between those facilities that are owned by municipalities, and those that are owned 
by other community organizations such as a service club or a church. 

4.4 Vulnerable Areas by Study Area 

4.4.1 Lake Ontario Study Area 
The Lake Ontario Study Area includes the following identified vulnerable areas: 

• Municipal residential drinking water systems: There are IPZs associated with the 
municipal residential drinking water system intakes at Sandhurst Shores, near the 
Lennox Generating Station, at Bath, in Amherstview, and in the City of Kingston (2). 
Communities that may eventually need to be serviced by a municipal residential 
drinking water system include: Elginburg, Glenburnie, Harrowsmith, Inverary, 
Morven (and the area west along County Road 2), Violet, and Wilton. 

• Highly vulnerable aquifers: The Western Cataraqui Region Groundwater Study 
(Trow, 2007) shows areas of high aquifer vulnerability throughout the study area, 
with the exception of areas on the Frontenac Axis (see Figure 4-4 and Figure 4-5 in 
Volume II). 

• Significant groundwater recharge areas: The Trow study proposes that much of the 
study area has a high recharge potential, with the exception of areas on the Frontenac 
Axis and around the Bay of Quinte, both of which are deemed to have a low recharge 
potential (see Figure 4-6 in Volume II). 

4.4.2 Cataraqui River Study Area 
• Municipal residential drinking water systems: There are no existing municipal 

residential surface water intakes within the study area. However there is an intake for 
the Joyceville/Pittsburgh Penitentiary from the River Styx, which is a portion of the 
Cataraqui River. There is a groundwater WHPA at the Cana Subdivision in the City 
of Kingston. Communities in the Study Area that may eventually need to be serviced 
by a municipal residential drinking water system include Battersea, Elgin, Newboro, 
and Seeleys Bay. 
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• Highly vulnerable aquifers: The Western Cataraqui Region Groundwater Study 
(Trow, 2007) shows small pockets of high aquifer vulnerability in the southern 
portion of the study area, all of which are within the City of Kingston (see Figure 4-4 
and Figure 4-5 in Volume II). 

• Significant groundwater recharge areas:  Dillon (2001) and Trow (2007) both 
illustrate a low recharge potential across most of the study area, with the exception of 
a few pockets in the far northeast (see Figure 4-6 in Volume II). 

4.4.3 Gananoque River Study Area 
• Municipal residential drinking water systems: There are no existing municipal 

residential surface water intakes within the Gananoque River study area. A small 
portion of the draft WHPA for Lansdowne is situated within the Area. Communities 
in the Study Area that may eventually need to be serviced by a municipal residential 
drinking water system include Athens, Charleston, Delta, and Lyndhurst. 

• Highly vulnerable aquifers: The Leeds and Grenville Groundwater Management 
Study (Dillon, 2001) shows extremely high aquifer vulnerability throughout the study 
area (see Figure 4-4 in Volume II and Figure 4-5 in Volume II). 

• Significant groundwater recharge areas: Dillon (2001) shows groundwater recharge 
areas randomly located throughout the study area (see Figure 4-6: in Volume II). 

4.4.4 St. Lawrence Study Area 

• Municipal residential drinking water systems: There are IPZs associated with the 
municipal residential drinking water system surface intakes at Gananoque and 
Brockville. A majority of the draft WHPA for Lansdowne is situated within the St. 
Lawrence study area. The communities that may eventually need to be serviced by a 
municipal residential drinking water system include Mallorytown and the village of 
Lyn. The Miller Manor in the village of Mallorytown is a 17 unit retirement home 
(owned and operated by the United Counties of Leeds and Grenville) that has been 
classified as having a municipal residential drinking water system due to its size and 
public ownership. Drinking water for the Manor is obtained through a well on the 
property. 

• Highly vulnerable aquifers: The United Counties of Leeds and Grenville 
Groundwater Management Study (Dillon, 2001) shows extremely high aquifer 
vulnerability throughout the study area (see Figure 4-4 and Figure in Volume II). 
The Western Cataraqui Region Groundwater Study (Trow, 2007) shows variable 
aquifer vulnerability. 

• Significant groundwater recharge areas: Dillon (2001) shows a number of 
groundwater recharge areas east of Lansdowne within the study area, while Trow 
(2007) shows only low recharge potential in the area (see Figure 4-6 in Volume II). 
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4.4.5 Tri-Islands Study Area 
The Tri-Islands Study Area (which consists of Amherst, Howe, and Wolfe Islands and other 
smaller islands) includes the following identified vulnerable areas: 

• Municipal residential drinking water systems: There are no existing municipal 
residential drinking water systems in the Study Area. Communities that may 
eventually need to be serviced by a municipal residential drinking water system 
include Marysville and Stella. XCG Consultants Ltd. have been investigating 
different water supply approaches for Marysville the Township of Frontenac Islands 
(XCG, 2007a). Options were evaluated regarding cost and funding and further 
investigation is expected to determine the best approach to a municipal residential 
supply system. 

• Highly vulnerable aquifers: The Western Cataraqui Region Groundwater Study 
(Trow, 2007) shows areas of high aquifer vulnerability on all three of the larger 
islands (see Figure 4-4 in Volume II and Figure 4-5 in Volume II) although there is 
only partial data for Wolfe Island. The Frontenac Islands Groundwater and Aquifer 
Characterization Study (CRCA, 2007) found the very shallow overburden over 
fractured rock aquifers created inherently high vulnerability. 

• Significant groundwater recharge areas: Trow (2007) proposes that much of the 
Study Area has a low recharge potential, with the exception of the large wetland 
areas on Amherst and Wolfe Islands, which are deemed to have a high potential (see 
Figure 4-6). 

4.5 Data and Knowledge Gaps 
A majority of the data and knowledge gaps related to vulnerable areas in the CSPA relate to 
groundwater resources. Ongoing and proposed technical research on the surface water IPZs, 
WHPAs, and other groundwater areas are expected to provide sufficient information to support 
source protection planning. 

4.5.1 Ongoing Research 
The ongoing research has been funded through the provincial Source protection Technical 
Studies Grant Program (2005/06 and 2006/07) and other source protection funding. 
4.5.1.1       Village of Sydenham Intake Protection Zone Study 
The CRCA is presently working with the Township of South Frontenac on a Village of 
Sydenham Intake Protection Zone Study. 

The first step will include delineation of three nested IPZs around the municipal residential 
intake, in accordance with the technical guidance documents. The consultant tracked the 
movement of several floating drogues (which resemble buoys) in order to assess how water 
moved down Sydenham Lake towards the intake. 
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Later in the study, scores will be assigned to each of the IPZs in order to quantify the 
vulnerability of specific areas to contamination. A threats inventory and issues evaluation will 
consider existing and potential threats to the quality and quantity of the source water, and 
preferential pathways between the location of the threat and the source water. A hazard rating 
will be assigned to each identified threat. Lastly, a Tier 1 water quality risk assessment will rank 
risks to the source water using the vulnerability scoring and hazard ratings. 

XCG Consultants Ltd. of Kingston has been retained for this study, which is expected to be 
complete by the end of 2008. 
4.5.1.2       Eastern Lake Ontario – Upper St. Lawrence River Intake Protection Zone 
Study 
This study will consider all of the municipal residential intakes in the City of Brockville, the 
Town of Gananoque, the City of Kingston, Loyalist Township, and the Town of Greater 
Napanee. Each municipality is providing in-kind support to the project, which is being 
undertaken by the Queen’s University Centre for Water and the Environment (Kingston), the 
National Water Research Institute (Burlington), and CRCA staff.  

Recent episodes, such as sewage waste washing up on the shoreline near the City of Kingston 
with no definitive source determined, have identified a need to learn more about the complex 
transport pathways from contaminant sources to drinking water intakes.   

As with the Sydenham study, the work will include delineation of IPZs around each of the eight 
municipal residential intakes, as well as vulnerability scoring and a threats inventory and issues 
evaluation within the IPZs. A Tier 1 water quality risk assessment will rank risks to the source 
water using the vulnerability scoring and hazard ratings. 

Preliminary work assessing water movement from Eastern Lake Ontario into the upper portion of 
the St. Lawrence River has found the water is largely wind driven. Easterly winds have the 
ability to push water from the St. Lawrence River into Lake Ontario. The limited research that 
has been completed in the past suggests that there are varied and complex circulation patterns 
that are influenced by wind, bottom bathymetry, numerous islands and the hydraulic flow 
through the River (Tsanis et al, 1991). The previous research used field data from a single 
current meter, whereas the present study will track the movement of several floating drogues, as 
well as current and temperature data gathered at four locations in the water, coupled with land 
based climate data (i.e. precipitation, wind, temperature). The field data will be used to create a 
model of water movement, which will in turn be used to delineate the IPZs. The IPZ delineation 
and vulnerability scoring portion of the risk assessment is anticipated to be complete by fall of 
2008. 
4.5.1.3       Village of Lansdowne Wellhead Protection Area Study Phase ‘2’ 
Malroz Engineering Inc. of Kingston was retained to prepare an initial WHPA study for this 
system (2004). They found significant geologic and hydrogeologic data gaps in the preliminary 
WHPA owing to the lack of private wells in the relevant portion of the village and surrounding 
area. The results of the initial work are therefore not sufficient for source water protection 
purposes.  
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The report included a series of recommendations to:  

• Better define the geology and hydrogeology in the WHPA through the drilling of test 
wells;  

• Confirm the vertical flow gradients as they may have significant impact on the 
capture zones;  

• Assess the potential impact of the sewage lagoons; and 

• Confirm the extent of the capture zones (Malroz, 2004). 

Malroz has been retained for Phase ‘II’ of the study, which is expected to be complete in the 
spring of 2008.  
4.5.1.4       Frontenac Islands Groundwater and Aquifer Characterization Study 
The Township of Frontenac Islands is not part of the normal CRCA jurisdictional area, but is 
part of the CSPA. CRCA staff prepared a scoped groundwater study for the municipality, in 
accordance with the Terms of Reference developed by the MOE (circa 2001). The study was 
completed in spring 2007, and published in October 2007.  

The Township includes two large islands (Howe and Wolfe), and a number of smaller islands 
which are located where Lake Ontario flows into the St. Lawrence River. The islands are home 
to an agricultural community, a growing tourism/recreational community, and the village of 
Marysville. Both ground and surface water are used for drinking purposes. At this time there is 
limited information about water resources, use, and contamination on the islands.  

Recommendations of drilling Provincial Groundwater Monitoring Network (PGMN) wells on 
each of the Frontenac Islands and collecting a comprehensive suite of geochemical samples 
would significantly increase the understanding of the groundwater quality on the Frontenac 
islands. Data gaps are noted to exist in information related to water wells (location, use, and 
water level), permit to take water listings (actual use data, and incomplete records) and water 
budget (data gaps within equation). 
4.5.1.5       Groundwater Vulnerability Analysis Report  
Dillon Consulting Limited (with Malroz Engineering Inc.) has been retained to prepare a 
Cataraqui Groundwater Vulnerability Analysis Report (Dillon, forthcoming) in accordance with 
the technical guidance prepared by provincial staff. The report will provide updated findings on 
aquifer vulnerability and significant groundwater recharge areas for the entire CSPA, including 
the Frontenac Islands. It will also summarize other findings related to WHPAs. It will be 
complete by June 2008.  

As noted in Section 4.2.3 above, there is a need for a consistent data layer for aquifer 
vulnerability across the CSPA. The data will allow the CRCA to define HVAs, to which 
vulnerability scoring may be assigned, and in which threats, issues, and concerns will be 
documented in detail. The provincial Guidance Module 4 for source water protection planning 
indicates that the GwISI method is to be used to assess aquifer vulnerability in most locations 
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(MOE, 2006d). This method was used in the adjacent Mississippi Valley Groundwater 
Management Study (Golder Associates et al, 2002) and Prince Edward - Hastings Groundwater 
Management Study (Dillon, 2004). The CRCA will endeavor to create a consistent layer across 
the CSPA (and with adjacent areas) by applying the GwISI method to the most recent version of 
the provincial water well database. 

As noted in Section 4.2.4 above, there is a need for a consistent data layer for significant 
groundwater recharge areas across the CSPA. Dillon will develop a map of high volume 
recharge areas in accordance with the draft Water Budget Guidance Document, and will then 
work with the CRCA to define “significant” recharge areas that contribute to either a municipal 
residential drinking water system or a cold water ecosystem. At the time of writing they have 
completed cross-sections of the geology that give a better idea of how water moves throughout 
the CSPA. 

4.5.2 Proposed Research 
Proposed research includes the following studies, which may be completed through the source 
protection planning work, or through other research initiatives. However, should the Minister of 
the Environment or a Municipality ‘elevate’ one of the drinking water sources listed (as outlined 
in section 4.3.2), than this would also be included in the scope of proposed research.  

The proposed studies below are listed in the order of priority. 
4.5.2.1       Miller Manor Wellhead Protection Area Study 
The Miller Manor in the village of Mallorytown is classified by the MOE as having a municipal 
residential drinking water system due to its size and public ownership. Mallorytown is located in 
the Township of Front of Yonge near Brockville. The Miller Manor is a 17 unit retirement home 
that is owned and operated by the United Counties of Leeds and Grenville. Drinking water for 
the Manor is obtained through a well on the property. We anticipate that the source for this well 
could be assessed through a small-scale WHPA study by a geoscientist consultant. This work 
will be needed to meet the anticipated standards in the forthcoming Director’s Rules. 
4.5.2.2       Cana Subdivision Wellhead Protection Area Study Phase ‘2’ 
The Cana Subdivision is a small residential neighbourhood in the northeastern part of the City of 
Kingston near Highway 15. The Subdivision is serviced by water and sewage treatment plants, 
both of which are owned and operated by Utilities Kingston. This groundwater system was the 
subject of a preliminary WHPA report in the Western Cataraqui Region Groundwater Study 
(Trow, 2007). Their preliminary work examining this WHPA used a basic method to delineate a 
protection area around the well. 

CRCA staff have recommended that a more detailed modeling method be employed in a Phase 
‘II’ study by a geoscientist consultant, and also that vulnerability scoring be assigned to the 
WHPA. This work will be needed to meet the anticipated standards in the forthcoming Director’s 
Rules. 
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4.5.2.3       Groundwater Vulnerability  
The regional groundwater studies covering the Area and the draft Cataraqui Groundwater 
Vulnerability Analysis Report (Dillon, forthcoming) suggest that much of the Cataraqui can be 
considered a HVA; in other words, a region in which the groundwater is highly susceptible to 
contamination from activities on the surface. As noted above, the Western Cataraqui Region 
Groundwater Study (Trow, 2007) found that about 40 percent of private wells that were sampled 
by the author in the western portion of the Cataraqui area were contaminated by bacteria.  There 
may be an opportunity for additional ‘pilot’ research on this issue in the Cataraqui, working in 
conjunction with the academic community, municipalities, and public health units.  

Improved Groundwater Level Data 
There is a need to collect a comprehensive snapshot of groundwater level data across the CSPA, 
as a supplement to the seven wells in the PGMN. Ideally, data would be collected at least twice 
per year from perhaps 25 additional wells across the area using a manual water level tape and 
Global Positioning System. Precipitation gauges distributed throughout the CSPA coupled with 
the well data would aid in knowing how water enters and leaves the groundwater zone. Using the 
geology and overburden as well as monitoring well levels will give generalizations for the 
geology and overburden. 

This data would be used to produce a more accurate conceptual model, which is the building 
block for an accurate groundwater flow model. The conceptual model would also include an 
accurate snapshot of the groundwater flow direction throughout the entire CSPA and its 12 
component watersheds. Using all of the resulting information, aquifer vulnerability could be 
addressed in a more comprehensive manner. 

Water Table Surface Mapping 
Currently, water table surface maps exist in both the Western Cataraqui Region Groundwater 
Study (Trow, 2007) and the United Counties of Leeds and Grenville Groundwater Management 
Study (Dillon, 2001). There is a need to create a map of the water table surface for the Cataraqui 
area and adjacent areas. The proposed water level data (see Section 4.5.2.3a above), along with 
the existing PGMN data and the most recent provincial water well database, will provide a 
reliable depiction of groundwater flow direction for the entire CSPA. A map of the water table 
cannot be created with our current level of data. The forthcoming Groundwater Vulnerability 
Analysis Report is anticipated to produce the appropriate information to enable the generation of 
a water table map. 

Consideration for Groundwater in Fractured Bedrock 
Much of the Cataraqui area is characterized by shallow overburden and fractured bedrock, 
including karst topography within the Gull River Formation in the western CSPA. As a result of 
this geology, both regional groundwater studies identified extensive areas of high vulnerability to 
contamination. Groundwater flow in these areas is predominantly through fractures in the 
bedrock. As a result, typical field tests used on homogeneous, isotropic aquifers do not provide a 
clear picture of groundwater availability and flow.  
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There is a need to refine our approach to bedrock areas, in order to identify bulk characteristics 
necessary for development of water budgets and the water level data necessary for identifying 
aquifer vulnerability. The study could determine the typical background chemistry and flow 
patterns in the different types of bedrock which are found in this area, and also consider the 
physical extent and influence of Karst topography. There is very little research in this area in 
general, so it is unclear exactly how it could be done. Associates at Queen’s University are 
looking into some research along these lines, but it may take a few years before the data becomes 
practical for our uses. 

The study would make use of a groundwater model that is designed for fractured rock bedrock 
environments. Options include FRAC3DVS, Hydrogeosphere, FRACMAN, FRACTRAN, and 
MODFLOW with a fractured rock subroutine. 

There is ongoing research about groundwater in fractured bedrock at Queen’s University, where 
Dr. Kent Novakowski and his associates are examining sites in the Rideau Valley Conservation 
Authority jurisdiction. Additional research may be completed by researchers at Queen’s, the 
Ontario Geological Survey, or other institutions in the future. 
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Chapter 5 – Threats, Issues and Concerns 
This section is a reflection of the preliminary assessments and data collected as of spring 2007. 
Work towards threats and issues is on-going and a stand alone document detailing Threats 
Inventory and Issues Evaluation is anticipated to be published in the Fall of 2008. 

The focus of the existing inventories is with respect to water quality. Topics relating specifically 
to water quantity are discussed in detail within chapter three of this document and within the 
Cataraqui Source Protection Authority Conceptual Water Budget (CRCA, 2007). 

5.1 Threats 
A threat is a land use, activity or condition (past, present or planned) that may adversely affect 
the quality and/or quantity of a drinking water source. Threats to both groundwater and surface 
water are present throughout the Cataraqui Source Protection Area (CSPA) and are in the process 
of being inventoried. The inventory is to include a list of all the land uses, practices and business 
facilities that exist within the area that may adversely affect the quality, and/or quantity of a 
drinking water source. This includes past land uses, practices and facilities that may have 
contaminated the land, soil, or groundwater, and may still pose a potential threat to drinking 
water sources. 

A breakdown of items to be included in the threats inventory and issues evaluation has been 
included in Appendix U. The first column outlines the categories to serve as a guideline in 
developing the threat inventory. This list is based upon recommendations found in the Draft 
Guidance Module (MOE, 2006d), the Watershed Based Source Protection Planning: 
Implementation Committee Report (Watershed Based Source Protection Implementation 
Committee, 2004a), and the Threats Assessment Framework Technical Experts Committee 
Report (Watershed-Based Source Protection Planning Technical Experts Committee, 2004b). 
Additional columns include further detail of the threats and issues/concerns to be included as 
well as a final column indicating their potential effect on surface, groundwater, or both sources 
of drinking water. 

Data collection methods will include previous reports review, accessing existing relevant 
databases, interviews with municipal staff and local historical societies, visits to the Ontario 
Ministry of the Environment (MOE) – Kingston office, and windshield surveys. 

Collection has begun at this time, and is scheduled to continue through spring of 2008. Some of 
the threats already gathered from provincial data sources have been mapped on Figure 5-1 in 
Volume II. This Potential Threats Key Map includes the known locations of waste water plants, 
landfills, permits to take water, pits, quarries and mines. Certain patterns have already become 
evident. Threats appear to be clustered around population densities (cities, towns and hamlets). 
Threats do not exist exclusively in populated areas, but rather appear to show a positive relation 
with population.  
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5.2 Issues 
An issue is the negative effect of a land use or activity that is known to have had, or to be 
currently having adverse effects on a drinking water source. It is a condition of the drinking 
water source related to its quality substantiated by monitoring or other verification methods. 
Issues are identified where concentrations of contaminants have exceeded or are approaching 
water quality standards or guidelines (e.g. Ontario Drinking Water Quality Standards {ODWS} 
or the Provincial Water Quality Objectives{PWQO}), and/or where the quantity of water has 
been impacted. An issue can either occur as a single event or over a prolonged period of time. 

In order to determine issues affecting the CSPA previous reports studying areas across the 
Cataraqui Conservation Authority (CRCA) watershed were reviewed. The Western Cataraqui 
Regional Groundwater Study conducted by Trow (2007), and the United Counties of Leeds and 
Grenville Groundwater Management Study (Dillon, 2001) enabled coverage of the entire CSPA 
(west and east, respectively) and gave data valuable to issues affecting groundwater. The 
Western Cataraqui Groundwater Study Area included rural areas of the City of Kingston, 
Loyalist Township, the Town of greater Napanee and South Frontenac Township. Geographical 
areas covered by these studies that lie exterior to the CSPA, and water quality observations 
within the parameters of provincial and drinking water standards have been omitted from this 
section. 

Other reports covering smaller geographical regions have also been consulted to identify issues.  

The Gananoque Watershed Management Study: Interim Report- Year I (Crysler & Lathem Ltd., 
1981), Interim Report- Year II (Cumming-Cockburn & Associates Limited, 1982), Final Report, 
(Cumming-Cockburn & Associates Limited 1985) and the Collins Watershed Report (M. M. 
Dillon Limited 1994) were able provide information on both surface and groundwater sources. 

The State of the Environment Report (Kingston, Frontenac and Lennox & Addington Health 
Unit, 1994) and RiverCare2000 (XCG Consultants Limited, 1999) in addition to sources 
referenced by the two groundwater studies mentioned above also provided some insight to 
drinking water sources. 

Some of water quality issues referenced below were observed through review of previous reports 
documenting areas within the CSPA.  It should be noted that watershed wide data analysis and 
planning has been relatively inactive for the last 10 years after the Collins Watershed Study 
(Dillon, 1993), with the exception of the two regional groundwater studies as noted above. 

Analysis of water quality data collected within the CSPA was also used to assess issues.  A 
detailed breakdown of the datasets and analyses used to interpret the data is outlined within 
sections 2.2, 2.3 and 2.5 of the Water Quality Chapter. 

5.2.1 Chloride 
There is no PWQO or Canadian Water Quality Guidelines for the Protection of Aquatic Life 
(CWQG {AL}) for chloride. Although there is an ODWO Aesthetic Objective (AO) of 250 
mg/L, it is too high to reflect the impacts of chloride on freshwater aquatic life. The protection of 
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aquatic organisms is compromised when short-term and long-term exposures exceed 140 mg/L 
and 35 mg/L, respectively (Environment Canada, 2004b).Road salt and de-icing compounds 
contribute significantly to elevated chloride concentrations in both surface and groundwater 
sources. 

• Average chloride concentrations in Collins Creek exceeded 10 mg/L (Dillon, 1993). 

• Nine of 93 (10 percent) private wells sampled in the Western Cataraqui Groundwater 
Study area exhibited concentrations in excess of the aesthetic limit for chloride 
(Trow, 2007) A cluster of wells with elevated chloride concentration is found in the 
area encompassing Odessa, Westbrook, Elginburg, Sydenham and Harrowsmith. 
Another cluster exists along Highway 2 at the boundary between Loyalist Township 
and the Town of Greater Napanee. 

• Elevated chloride concentrations above 200 mg/L are found between Mallorytown 
and Brockville, (Dillon, 2001). 

• Many of the Provincial Water Quality Monitoring Network (PWQMN) stations 
display notable exceedences percentage, including Grants Creek, Little Cataraqui 
Creek 402 and Butlers Creek. High percent of both short (140 mg/L) and long-term 
(35 mg/L) exceedences are noted downstream of urban areas, and in one location 
downstream from a closed landfill. (section 2.2.1.3 of Water Quality). 

5.2.2 Nitrogen  
Nitrogen is a concern in groundwater due to effects on human health, as well as contributing to 
the eutrophication of water bodies affecting aesthetic qualities (Dillon, 2001).  
5.2.2.1       Nitrate 
The ODWQS for nitrate is 10 mg/L. In most situations nitrate does not occur naturally in 
groundwater. Sources to the environment include fertilizers, animal waste, wastewater effluent, 
soils and organic matter. 

Nitrate concentrations exceeding 10 mg/L have been reported in the following areas: 

• 12 percent of wells in Verona had nitrate counts higher than the ODWO in a 
1981study (Kingston, et. al., 1994). 

• The village of Sydenham has an extensive nitrate problem in the groundwater supply 
from individual wells (Malroz, 2002). Note: The village has since been provided with 
a municipal residential water supply system as of July 2006 as a result of elevated 
nitrate levels in combination with other water quality issues such as bacteria. 

• Nitrate concentrations in excess of provincial criteria were detected in six percent (six 
wells) of residential wells sampled by Trow (2006) in the Western Cataraqui Study 
Area. With the exception of two occurrences being located in close proximity to one 
another in the former Pittsburgh Township of the City of Kingston, the elevated 
nitrate occurrences do not occur in any specific area. It is important to note that the 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

203
 

 

sampling program was undertaken during a relatively wet period of the year, during 
which greater dilution should have occurred. Accordingly, higher nitrate 
concentrations are possible during more average, or drier conditions. 

• Collins Creek watershed experienced elevated nitrogen levels caused by septic 
systems (detergents) and agricultural activities due to areas of thin overburden 
(Dillon 1993). 

• 15 percent of 1300 wells tested on farms in Kingston, Frontenac, Lennox & 
Addington, exceeded the Ontario maximum for acceptable concentration of nitrate 
making them unsatisfactory for human consumption. (Kingston et al. 1994). 

5.2.2.2       Nitrite 
The Canadian Water Quality Guideline (CWQG) for Nitrite is of 0.06 mg/L, but due to the 
highly perishable nature of Nitrite (oxidizing to Nitrate) it is likely that the concentration present 
at the time measured was reduced from the amount present at time of collection.  A measured 
exceedence of the guideline is likely to be in greater concentration within the water body. 

• Grants Creek PWQMN station exceeded the CWQG most often (six exceedences), 
followed by Millhaven Creek 402 (three exceedences), Wilton Creek 302 (two 
exceedences), and Gananoque River 402 (single exceedences) for the entire time 
record (section 2.2.1.3 of Water Quality). 

5.2.2.3       Total Kjeldahl Nitrogen (TKN) 
• Collins Creek watershed TKN concentrations regularly exceeded the 0.1 to 0.5 mg/L 

range experienced in other rivers not influenced by excessive organic inputs (Dillon 
1993). 

• Nitrogen levels are highly variable within the Leeds & Grenville study area, with the 
highest concentrations exceeding 3 mg/L occurring around Mallorytown (Dillon, 
2001). 

• Comparison of median TKN concentrations throughout the PWQMN  monitored 
streams shows excessive organic inputs requiring further investigation (section 
2.2.1.3 of Water Quality). 

5.2.3 Total Phosphorus (TP) 
The Interim Provincial Water Quality Objective (IPWQO) for phosphorus is 30 μg/L (MOE, 
1991). This limit was set to eliminate excessive plant growth. Phosphorus can lead to accelerated 
eutrophication which is a detriment to aquatic habitats and aesthetic features. 

Phosphorus levels exceeding 30 μg/L (0.03 mg/L) have been reported in the following areas: 

• Collins Bay had measured phosphorus levels exceeding the guideline with a value as 
high as 0.86 mg/L (Dillon, 1993). 
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• Glenvale Creek phosphorus levels downstream of the Amherstview sewage treatment 
lagoons are double upstream concentrations. This notable change has been attributed 
to effluent from sewage lagoons (Dillon 1993).  

• Portions of Gananoque Lake (and other heavily populated shorelines) were found to 
have high TP concentrations (Gunter, 1983). 

• Grants Creek tributary was found to have exceedences for average TP concentrations 
in four out of five years (1995-2000), and TP concentrations exceeded the PWQO 
every year in at least one sample (Dillon, 2001). 

• Lyn Creek exceeded the guideline in average annual TP concentrations every year 
from 1995 through 2000 (Dillon, 2001). 

• Butlers Creek tributary had average TP concentrations exceeding the guideline from 
1995 through 2000 (Dillon, 2001). 

• Kingston Mills and the Lasalle Causeway exceeded the guideline in average TP 
(XCG, 1999). 

• Inverary Lake and Collins Lakes (north and south) have phosphorus ranges exceeding 
the guideline and are considered eutrophic when compared to the Ontario guidelines 
(Dillon,1993) 

• TP in Millhaven Creek failed to meet the MOE objectives, possibly due to effluent 
from the Odessa sewage treatment plant (Kearney, 1980). 

• Phosphorus in Upper Beverley Lake has contributed to severe aquatic weed growth 
and is believed to have attained problem levels (Crysler & Lathem Ltd, 1981).  

• Many of the PWQMN stations displayed frequent IPWQO exceedences (54 percent 
of the analyzed samples) from 2000 to 2005.  Most notable (> 70 percent exceedence) 
are all three Little Cataraqui Creek stations and the Lyn and Butlers Creek stations. 
When the full data record was considered it was found that greater than 65 percent of 
all samples exceeded the IPWQO (Section 2.2.1.3 of Water Quality). 

• In general the lakes within the CSPA are nutrient rich (eutrophic) based on analysis of 
2002 to 2007 Lake Partner Program TP data. Lakes that are closer to the headwaters 
of tributaries in the Cataraqui River Study Area were found to be less impacted by 
nutrients therefore suggesting that nutrient inputs collect and concentrate in the 
downstream lakes (section 2.2.2.2 of Water Quality). 

Phosphorus levels can be influenced by both natural and human related sources. Common 
sources include detergents (including some industrial cleaners), fertilizers (agricultural, golf 
courses and domestic), manure run off, treated and untreated sewage (human and animal) and 
milk house wastewater.  
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• Land development in areas of thin overburden (Collins Creek watershed) have 
negative impacts on groundwater quality including elevated phosphorus caused by 
septic systems (detergents) and agricultural activities (Dillon 1993). 

• Water quality data gathered in Latimer tributary in the Collins Creek watershed 
showed increased phosphorus levels downstream of a livestock operation of 300 
cattle (Dillon, 1993). 

• Inverary and Collins Lakes exhibit eutrophic behaviour. The major nutrient sources 
feeding the eutrophic state come from natural phosphorus from the land, from 
precipitation and from sewage treatment facilities. In general, the lakes exhibit poorer 
water quality than other lakes examined for comparison (Dillon, 1993). 

• Sucker Brook, Black Creek (agricultural drainage), and Stocking Hill Creek 
(Gananoque sewage lagoon drain), all contribute to elevated nutrient levels of the 
lower reaches of Gananoque River (Crysler & Lathem Ltd, 1981). 

5.2.4 Sodium 
The Ontario Drinking Water Standards (ODWS) specify a health objective of 20 mg/L at which 
the local Medical Officer of Health should be notified. An aesthetic objective of 200 mg/L also 
exists (Trow, 2006). The source of elevated sodium concentrations can be natural or human 
related. Road salt and de-icing compounds contribute significantly to elevated sodium 
concentrations in both surface and groundwater sources.  

• Sodium concentrations in the Western Cataraqui Groundwater Study area are variable 
and commonly exceeded the 200 mg/L recommended warning level. (Trow, 2006). 
From 93 residential wells sampled, 74 percent contained concentrations in excess of 
the provincial criteria. 

• Elevated sodium concentrations above 200 mg/L are found between Mallorytown and 
Brockville (Dillon, 2001). 

• Road salting caused an increase in salt concentrations in the Collins Creek watershed 
(Dillon, 1993). 

• During the period from 2000 to 2005, PWQMN Stations of Bulters Creek (102), 
Grants Creek (102) and all three of the Little Cataraqui Creek Stations exceeded the 
ODWS health objective with more than 70 percent of the samples taken (section 
2.2.1.3 of Water Quality). 

• Only PWQMN stations Grants Creek (102) and Little Cataraqui Creek (402) 
exceeded the health objective (20 mg/L) for the entire data record (section 2.2.1.3 of 
Water Quality) 

• Results from the Provincial Groundwater Monitoring Network (PGMN) wells W 279 
and W 365 indicate elevated sodium conditions (section 2.3.4.2 in Water Quality) 
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5.2.5 Turbidity 
The ODWS specify an Operational Guideline (OG) for turbidity of five Nephelometric Turbidity 
Units (NTU), and the CWQG have a benchmark of 50 NTU for recreational use. 

• Grants Creek, Bulters Creek, all three PWQMN stations on Little Cataraqui Creek, 
Wilton Creek, and  all three stations on Little Cataraqui Creek had the highest 
percentage of samples that exceeded the ODWS (OG) from 2000 to 2005 (Section 
2.2.1.3 of Water Quality). 

• PWQMN stations on Grants Creek and Little Cataraqui Creek (502) exceed the 
CWQG from 2000 to 2005 (Section 2.2.1.3 of Water Quality). 

• When considering the entire PWQMN data record for turbidity exceedences, the same 
locations (as those found for 2000 to 2005) were found to have exceedences in greater 
than 30 percent of the samples, with the addition of Wilton Creek (section 2.2.1.3 of 
Water Quality). 

• High turbidity levels occur at PWQMN stations with lesser forest cover and wither 
more agricultural or urban development (section 2.2.1.5 of Water Quality). 

5.2.6 Aluminum 
Aluminum concentrations greater than 0.1 mg/L are considered to exceed the CWQG (AL) 
standards.  All of the following aluminum exceedences were found with the PWQMN samplings 
and outlined in greater detail in section 2.2.1.3 of Water Quality. 

• Several of the PWQMN stations had samples where more than 30 percent exceeded the 
CWQG between 2000 and 2005. Aluminum levels in Grants Creek had both the highest 
percent of exceedences (70 percent) as well as the largest median (141μg/L).  

• Median aluminum levels in Butlers Creek were also slightly elevated in comparison to 
the other stations.   

• PWQMN stations with greater than 20 percent exceedences are as follows: Butlers Creek 
(102), Little Cataraqui Creek (502), Little Cataraqui Creek (402), Wilton Creek (302) and 
Little Cataraqui Creek (802). 

5.2.7 Copper 
The IPWQO for copper is five μg/L (with a hardness greater than 20 mg/L).  

• Copper levels in Butlers Creek are above IPWQO. Sixty-four percent of the samples 
exceeded the PWQO; with median and mean values of 6.33 μg/L and 12.7 μg/L, 
respectively (section 2.2.1.3 of Water Quality).  

• Copper levels at Butlers Creek are extremely high and possibly associated with a former 
scrap yard located in downtown Brockville (section 2.2.1.5 of Water quality). 
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5.2.8 Fecal Coliform (FC) / Bacteria 
Bacterial and fecal coliforms, including Escherichia coliform (E. coli) can have severe health 
impacts when present in drinking water sources. Contamination usually is due to exposure to 
fecal matter and common sources include agricultural inputs, waterfowl deposits, and domestic 
wastes.  

Drinking water sources containing E. coli in greater levels than five Counts/100 ml are 
considered unsafe by Health Units (Dillon, 1993). Ideally, no E. coli should be detected in 
drinking water. A count of less than 100/100 ml is considered an acceptable limit for recreational 
contact. Pollution at beaches causes closures when counts exceed 100/100 ml. 

The following issues concerning fecal coliforms and bacteria were identified within the CSPA: 

• Groundwater quality issues in Collins watershed caused by land development in areas 
of thin overburden include elevated bacteria caused by septic system impact (Dillon 
1993). 

• 34 percent (50/210) of Harrowsmith wells sampled in 1981 were considered to have 
unsatisfactory water quality – most commonly due to inadequate separation from 
septic tank and tile beds or well contamination from inadequate casing depths 
(Kingston, et al., 1994). 

• 64 percent of the 50 wells studied in the village of Sydenham in 1983 had bacterial 
contamination (Kingston et al. 1994). 

• 42 percent of the residential wells sampled within the Western Cataraqui Study Area 
(Trow, 2006) had bacteria counts in excess of the provincial criteria. Distribution of 
the contaminated wells was not restricted to any areas nor displayed distinct patterns 
(Trow, 2006). 

• Concentrations of E. coli, fecal coliforms and total coliforms in excess of provincial 
criteria were detected in 18 percent (17), 35 percent (36) and 35 percent (36) of 
residential wells (respectively) sampled by Trow (2006) in the Western Cataraqui 
Study Area.  

• 45 percent of the wells (drilled, dug and lake supply) studied on Amherst Island (i.e. 
Loyalist Township) in Stella, were found to have unsafe drinking water due to 
bacteriological contamination (MOE, 1985). 

• A township wide hydrogeological study of groundwater in Loyalist Township found 
54 percent of wells had elevated counts of bacteria, and 31 percent had elevated 
counts of E. coli (OMM, 2001). 

• The average total coliform count of samples submitted to the Leeds & Grenville 
Health Unit was 10.8 counts/100 ml (Dillon 1993). 

• Leeds & Grenville had E. coli detected in 16 percent of the drinking water sources 
analyzed, determining them unsafe for consumption (Dillon 1993). 
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• 25 percent of 1300 wells tested on farms in Kingston, Frontenac, Lennox & 
Addington, had presence of FC bacteria making them unsatisfactory for human 
consumption. (Kingston et al. 1994). 

• E. coli concentrations at Grants Creek tributary have exceeded the PWQOs in both 
yearly average concentrations and maximum concentrations (Dillon, 2001). 

• E. coli concentrations at Butlers Creek have greatly exceeded the PWQO in both 
yearly average concentrations and maximum concentrations (Dillon, 2001). 

• Bacterial counts (fecal and total coliforms) in Collins Bay regularly exceed the 
PWQO during the summer recreation season (Dillon, 1993). 

• The yearly maximum E. coli concentrations at Lyn Creek exceeded 100 counts/100 
ml in four out of five years (Dillon, 1993). 

• Bacterial counts at Millhaven Creek exceeded 100/100 ml in all but two samples, and 
continue to increase in abundance (Kearney, 1980). 

• PWQMN data collected showed elevated instances of E. coli counts in Butlers Creek 
and Grants Creek but due to the low number of samples (n < 23) the data should be 
interpreted with caution (refer to section 2.5.1.3 of Water Quality). 

• Butlers Creek has consistently elevated levels of E. coli (section 2.5.1.3 of Water 
Quality) 

• Three drinking water treatment plant intakes (Bath Drinking Water Treatment Plant, 
James W. King Water Treatment Plant and the Brockville Drinking Water Treatment 
Plant) are close to beaches with relatively high percentages of PWQO exceedences 
(section 2.5.1.3 of Water Quality) 

5.2.9 Hydrocarbons 
Hydrocarbons are found in gasoline and other refined petroleum products and contain 
compounds such as benzene, toluene and xylenes which have been shown to have carcinogenic 
properties. Hydrocarbons cause objectionable taste and odour in water and discourage 
consumption. 

• Groundwater quality issues in Collins Creek watershed caused by land development 
in areas of thin overburden include elevated hydrocarbons caused by leaking storage 
tanks (Dillon 1993). 

• A service centre north of the community of Westbrook, adjacent to Highway 401, 
experienced a spill of 11350 L of gasoline resulting 15 months later in the 
contamination of wells located approximately 600 m from the spill (Golder, 1990). 

• The Odessa service station (3745 Highway 401 E) experienced a spill of 
approximately 62,000 L of fuel contaminating wells within close proximity to a 
station (MOE, 2006a). 
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5.2.10 Organic Solvents 
There are a number of organic solvents that are sited within the ODWQS including 
Dichloromethane, Ethylbenzene Monochlorobenzene or Chlorobenzene, Tetrachloroethylene, 
and Xylenes. Some compounds have odour and taste related aesthetic objectives, while others 
have been found to have carcinogenic effects in animals and humans. These compounds are not 
occur naturally but have been found in ground water, primarily after improper disposal or dumping 
of cleaning solvents. 

• Groundwater quality issues in Collins Creek watershed caused by land development 
include elevated organic solvents caused by septic tank cleansers (Dillon 1993). 

5.2.11 Pesticides 
There are many varieties of pesticides, with each classification having different effects on animals 
including humans. Many substances are toxic and persistent. Drinking water should be free of 
pesticides and every effort should be made to prevent pesticides from entering raw water sources. 

• 12 percent of 1300 wells tested on farms in Kingston, Frontenac and Lennox & 
Addington, had detectable levels of pesticides, two wells with concentrations 
exceeding Ontario maximum limits making them unsatisfactory for human 
consumption. (Kingston et al. 1994). 

5.2.12 Thin Overburden 
In multiple areas, lack of adequate soil cover (thin overburden) can contribute to increased risk 
of contamination. This was noted in particular to Mallorytown exhibiting elevated levels of salt, 
nitrate and nitrogen concentrations (Dillon, 2001), and Collins Creek (Dillon, 1993) experiencing 
impact on both quality (elevated phosphorus, nitrate, bacteria, salt, hydrocarbons, and organic 
solvents), and quantity (shallow wells fluctuate with variation in precipitation). The geology of 
the area is discussed in detail in Chapter 1 (Watershed Description) of this report. 

Regional trends are difficult to discern without more detailed and ongoing research. A more 
detailed investigation of specific areas of concern, as well as areas noted to be at greater risk 
would be beneficial to outlining further issues to the CSPA.  

Further examination of the issues and surrounding geographical areas for threat sources is 
expected to determine the origins of contamination. Sources contributing to contamination 
continue to be investigated. 
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Summary 
This report does not include information to cover every recommendation in the Assessment 
Report: Draft Guidance Module 1 Watershed Characterization (Ontario Ministry of the 
Environment, October 2006); however, it does reflect analyses of the best available data at the 
time of writing. It is also important to note that some of the recommended components in the 
guidance are not applicable to the Cataraqui Source Protection Area. This is because the 
following features (and combinations thereof):  

• Many separate watersheds; 

• Widespread recharge; 

• Highly fractured bedrock with shallow overburden (widespread vulnerability); and 

• Large islands; and 

• Great Lake and St. Lawrence River shoreline. 

This watershed characterization report contains the base information for the synthesis of several 
future source protection reports (listed below). Some identified data and knowledge gaps for the 
watershed characterization report will be filled via their production.  

Surface Vulnerability Analysis Report; 

• Groundwater Vulnerability Analysis Report; 

• Threats and Issues Evaluation; 

• Water Quality Risk Assessment; 

• Water Quantity Risk Assessment; and  

• Assessment Report.  

Each of the above reference reports will contribute to the development of the Assessment Report 
scheduled for draft completion at the end of 2009.  

It is the intention of the CRCA to fill identified data and knowledge gaps as opportunities arise. 
It is important to note that some gaps will likely be filled but groups other than the CRCA that 
are better suited to certain projects. In these cases, the role of the CRCA may be to interest 
appropriate partners in the work. 

This watershed characterization report is a living document, and as such will be updated and 
improved upon on a continual basis. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

211
 

 

References 
Akile, S. 1978. The Impact of Watershed Land Use Activities on Nutrient Loading to Wilton 

Creek and Hay Bay. 

 
Appelo, C. A. J. and Postma, D. 1997. Geochemistry, Groundwater and Pollution. Rotterdam, 

Netherlands: A.A. Balkema Publishers. 
 

Awad, E. 2008. Personal Communication. Sport Fish Contaminant Specialist Ontario Ministry of 
the Environment 

Barzilay, J.I.; E.G. Weinberg; and J.W. Eley. 1999. The Water We Drink. London: Rutgers 
University Press. 

 

Berkowitz, B. 2002. “Characterizing Flow and Transport in Fractured Geological Media: A 
Review.” Advances in Water Resources. Vol. 25. No. 8-12. 861-884. 

 

Department of Environmental Protection Bureau of Air Quality Sate of Maine. 2005. “Acid 
Rain.” Maine, USA: Maine Government. http://maine.gov/dep/air/acidrain (Accessed 
January 23, 2008. 

Burns, C. and Wilson, P. 2003. Eastern Ontario Wetland Valuation System: A First 
Approximation. Eastern Ontario Natural Heritage Group. 

CBC. 2005. “In Depth: Aboriginal Canadians, Kashechewan: Water Crisis in Northern Ontario.” 
Canada: CBC News Online. http://www.cbc.ca/news/background/walkerton/timeline.html 
(Accessed November 8, 2006). 

 

CBC. 2004a. “In Depth: Inside Walkerton, Timeline.” Canada: CBC News Online. 
http://www.cbc.ca/news/background/walkerton/timeline.html (Accessed November 8, 
2006). 

 

CBC. 2004b. “In Depth: Health, Cryptosporidium.” Canada: CBC News Online.  

http://www.cbc.ca/news/background/health/cryptosporidium.html (Accessed November 8, 
2006). 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

212
 

 

 

CH2M Gore and Storrie Limited. 2000. City of Brockville Engineer’s Report for the Brockville 
Water Treatment Plant. Toronto Ontario: CH2M Gore and Storrie Limited 

 

CH2M Hill Canada. 2001a. Loyalist Township Engineer’s Report on Water Works – Bath Water 
Treatment Plant.  Unknown location: CH2M Hill Canada 

 

CH2M Hill Canada. 2001b. Loyalist Township Engineer’s Report on Water Works – Fairfield 
Water Treatment Plant. Unknown location: CH2M Hill Canada. 

 

Canada Department of Agriculture. 1968. Soil Survey of Leeds County (Report #41 of the 
Ontario Soil Survey). Ottawa, Ontario: Department of Agriculture. 

 

Canada Department of Agriculture. 1966. Soil Survey of Frontenac County (Report #39 of the 
Ontario Soil Survey). Ottawa, Ontario: Department of Agriculture. 

 

Canada Department of Agriculture. 1963. Soil Survey of Lennox and Addington County (Report 
#36 of the Ontario Soil Survey). Ottawa, Ontario: Department of Agriculture. 

Canadian Council of Ministers of the Environment. 1999. Candian Environmental Quality 
Guidleines. Environmental Quality Guidelines. Winnipeg: Canadian Council of Ministers of the 
Environment. 

Cataraqui Region Conservation Authority. 2008. Source Water Protection Water Budget Tier 1. 
Glenburnie, Ontario: Cataraqui Region Conservation Authority. 

 

Cataraqui Region Conservation Authority. 2007. Source Water Protection Water Budget 
Conceptual Report. Glenburnie, Ontario: Cataraqui Region Conservation Authority. 

 

Cataraqui Region Conservation Authority. 2006a. Central Cataraqui Region Natural Heritage 
Study. Glenburnie, Ontario: Cataraqui Region Conservation Authority.  

 

Cataraqui Region Conservation Authority. 2006b. Ontario Low Water Response Streamflow 
Indicators. Phase 2 Report. Glenburnie, Ontario: Cataraqui Region Conservation 
Authority. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

213
 

 

 

Cataraqui Region Conservation Authority. 2005. Instream Flow Requirements Pilot Project: 
Millhaven Creek. Glenburnie, Ontario: Conservation Ontario/ Ontario Ministry of 
Environment. 

 

Cataraqui Region Conservation Authority. 2001. Cataraqui to 2020. Glenburnie, Ontario: 
Cataraqui Region Conservation Authority 

 

Cataraqui Region Conservation Authority. 1983. Interim Watershed Plan. Glenburnie, Ontario: 
Cataraqui Region Conservation Authority. 

 

Cataraqui Source Protection Authority. 2007. Frontenac Islands Groundwater and Aquifer 
Characterization Study. Glenburine, Ontario: Cataraqui Region Conservation Authority  

 

Chapman, L.J., and D.F. Putnam. 1984. The Physiography of Southern Ontario, Third Edition. 
Ontario: Ontario Ministry of Natural Resources. 

 

Citizen’s Environment Watch. 2002. Benthic Macroinvertebrate Data Analysis. Toronto, 
Ontario: Citizen’s Environment Watch. 

 

City of Brockville. 2008. “City of Brockville – History”. Brockville, Ontario: Corporation of the 
City of Brockville http://www.brockville.com/master.cfm?ID=84 (Accessed February 15, 
2008). 

 

City of Kingston. 2006 (revised). City of Kingston Community Improvement Plan. Kingston: 
City of Kingston. 

 

Clark, B. 2008. Personal Communication. Lake Partner Program Coordinator. 

 

Coote, D.R. and L.J. Gregorich (eds.). 2000. The Health of Our Water: Towards Sustainable 
Agriculture in Canada. Ottawa, Ontario: Minister of Public Works and Government 
Services Canada. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

214
 

 

 

Crysler & Lathem. 1981. Gananoque Watershed Management Study – Year One. Glenburnie, 
Ontario: Cataraqui Region Conservation Authority. 

 

Cumming Cockburn, Ltd. 2001. Water Budget Analysis on a Watershed Basis. Ontario: The 
Watershed Management Committee. 

 

Cumming-Cockburn & Associates Ltd. 1985. Gananoque Watershed Management Study: Final 
Report Year Three. Willowdale: Cumming-Cockburn & Associates Ltd. 

 

Cumming Cockburn Ltd/Lathem Group. 1983. Gananoque Watershed Management Study – 
Year Three. Glenburnie, Ontario: Cataraqui Region Conservation Authority. 

 

Cumming Cockburn Ltd/Lathem Group. 1982. Gananoque Watershed Management Study – 
Year Two. Glenburnie, Ontario: Cataraqui Region Conservation Authority. 

 

Government of Ontario. 2006. Clean Water Act, 2006 (S.O. 2006), Chapter 22. 

 

Graham, D. August 1985. Aspects of Groundwater Flow in the Cataraqui Region 

Conservation Authority Watershed. Glenburnie, Ontario: Cataraqui Region Conservation 
Authority. 

 

Davidson, A. and O. vanBreeman.  2000.  Age and extent of the Frontenac plutonic suite in the 
Central metasedimentary belt, Grenville Province, Southeastern Ontario. Geological 
Survey of Canada, Current Research 2000-F4; Radiogenic Age and Isotopic Studies, 
Report 13.  Geologic Survey of Canada, Sudbury, ON 

 

de Loe, R. 2002. Agricultural Water Use in Ontario by Watershed: Estimates for 2001. 
Peterborough, ON: Ontario Ministry of Natural Resources.  

 

Dendron Resource Surveys Incorporated. 2007. Landsat Image Analysis for the Cataraqui 
Region Conservation Authority Final Report. Ottawa, Ontario: Dendron Resource Surveys 
Incorporated. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

215
 

 

 

Department of Energy and Resources Management. 1968. Cataraqui Region Conservation 
Report. Toronto, Ontario: Department of Energy and Resources Management 

 

Dillon Consulting Limited, Forthcoming. Cataraqui Groundwater Vulnerability Analysis Report.  
Kingston, Ontario. Dillon Consulting Limited. 

 

Dillon Consulting Limited. 2004. Prince Edward - Hastings Groundwater Management Study.
 Belleville, Ontario: Quinte Conservation.  

 

Dillon Consulting Limited; Golder Associates; J.L. Richards Limited. 2002. Mississippi Valley 
Groundwater Management Study. Lanark, Ontario: Mississippi Valley Conservation 

 

Dillon Consulting Limited. 2001. United Counties of Leeds and Grenville Groundwater 
Management Study Final Report Volumes 1 and 2. Ottawa: Dillon Consulting Limited. 

 

Dillon Consulting Limited. April 1991. Millhaven Creek Low Flow Study. Toronto, Ontario: 
Dillon Consulting Limited 

Dove, D. 2007. Personal Communication. former Ontario Ministry of Natural Resources 
employee – climate change. 

EDA Collaborative Inc. 2005. Gananoque Lower Town Study. Gananoque, Ontario: EDA 
Collaborative Inc. http://gananoque.ihostez.com/contentengine/launch.asp?ID=94 

 (Accessed November 7, 2006). 

 

Edwards, P.A.; T.J Stewart.; and A. Mathers. 2002. Lake Ontario Fish Communities and 
Fisheries: 2001 Annual Report of the Lake Ontario Management Unit. 

  “Chapter 4: St. Lawrence River Fish Community.” Ontario: Queen’s Printer for Ontario. 
http://www.glfc.org/lakecom/loc/mgmt_unit/01_ch4.pdf. (Accessed November 7, 2006). 

 

Environment Canada. 2006. Species At Risk. Ottawa, Ontario: Minister of Public Works and 
Government Services Canada. 

http://www.speciesatrisk.ec.gc.ca/map/default_e.cfm. (Accessed November 7, 2006). 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

216
 

 

 

Environment Canada. 2004a. Code of Practice for the Environmental Management of Road 
Salts. Ottawa, Ontario: Minister of Public Works and Government Services Canada. 
http://www.ec.gc.ca/nopp/roadsalt/cop/en/annex_a.htm (Accessed November 8, 2006). 

 

Environment Canada. 2004b. How Much Habitat Is Enough? A Framework for Guiding Habitat 
Rehabilitation in Great Lakes Areas of Concern (Second Edition). Ottawa, Ontario: 
Minister of Public Works and Government Services Canada. 

 

Environment Canada. 2004c. The Canadian Council of Ministers of the Environment (CCME). 
Ottawa, Ontario: Minister of Public Works and Government Services Canada. 
http://www.ec.gc.ca/ceqg-rcqe/English/ccme/default.cfm. (Link no longer works). 

 

Environment Canada. 2004d. Water Survey of Canada. Ottawa, Ontario: Minister of Public 
Works and Government Services Canada. http://www.wsc.ec.gc.ca (Accessed November 
8, 2006). 

 

Environment Canada. 2003a. Canadian Daily Climate Data: Temperature and Precipitation, 
Eastern Canada. Ottawa, Ontario: Minister of Public Works and Government Services 
Canada. 

 

Environment Canada. 2003b. HYDAT Database. Ottawa, Ontario: Minister of Public Works and 
Government Services Canada. 

 

Environment Canada. 1981. The Hydrogeology of the IFYGL Moira River, Wilton Creek and 
Thousand Islands Regions. Ottawa, Ontario: Minister of Public Works and Government 
Services Canada. 

 

Environment Canada. 1979. Water Quality Sourcebook. Ottawa, Ontario: Minister of Public 
Works and Government Services Canada. 

 

Environmental Advisory Services Limited. 1996. Pittsburgh Township Environmentally 
Significant Areas Study. Guelph, Ontario: Environmental Advisory Services Limited 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

217
 

 

Envionmental Commissioner of Ontario. 2007. Reconciling our Priorities Annual Report 2006-
2007. Tornoto, Ontario:  Envionmental Commissioner of Ontario 

Environmental Protection Branch. 1997. Surface Water Quality Objectives Regina. Ottawa, 
Ontario: Minister of Public Works and Government Services Canada. 

http://www.se.gov.sk.ca/environment/protection/water/MB110_Surface_Water_Quality_O
bjectives_b.pdf (Accessed November 8, 2006). 

 

Fawcett, C. 2003. Bayview Bog Water Quality Study. Kingston, Ontario: St. Lawrence College, 
Civil Engineering Technology.  

 

Fetter, C.W. 2001. Applied Hydrogeology, Fourth Edition.Upper Saddle River, New Jersey: 
Prentice Hall. 

 

Fisheries and Oceans Canada, Ontario Ministry of Natural Resources. No date. A simple Method 
to Determine the Thermal Stability of Southern Ontario Trout Streams – Action Plan on 
Fish Habitat Ontario Codes of Practice – Habitat Management Series. Canada: Fisheries 
and Oceans Canada and Ontario Ministry of Natural Resources. 

 

Fletcher, T. 2005. Introduction to Ecological Standards Presentation Notes.  

 

Freeze, R. and J. Cherry. 1979. Groundwater. Englewood Cliffs, New Jersey: Prentice Hall Inc.  

 

Friends of Big Sandy Bay, 2007. “History of Big Sandy Bay Management Area.”Canada: 
Friends of Big Sandy Bay. www.bigsandybay.ca/about_big_sandy_bay/bsb_history.php . 
(Accesses February 27, 2008) 

 

Funk, G. 1977. Geology and Ground Water Resources of the Wilton Creek IHD 

Representative Drainage Basin. Ontario Ministry of the Environment Water Resources 

Branch (Water Resource Report 7) 

 

Geological Survey of Canada. 1970a. Bath, Ontario. (Map 19-1970, Scale 1:50,000). Canada: 
Geological Survey of Canada. 

 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

218
 

 

Geological Survey of Canada. 1970b. Sydenham, Ontario. (Map 17-1970, Scale 1:50,000). 
Canada: Geological Survey of Canada. 

 

Gleeson, T. 2007. Personal Communication. Fractured Rock Researcher. 

 

Golder Associates. 2004. Surface Water Investigations West of the Former City Landfill, 
Township of Elizabethtown, Ontario. Brockville, Ontario: Golder Associates.  

 

Golder Associates. March 1990. Hydrogeological Study, Township of Kingston, Ontario. 
Ottawa: Golder Associates Ltd. 

 

Gore and Storrie. 1995. Upper Highgate Creek Drainage Plan. Kingston, Ontario: Gore and 
Storrie. 

 

Grand River Conservation Authority. 2005. Water Quality in the Grand River: A Summary of 
2004 Conditions and Long Term Trends Draft Report. Cambridge, Ontario: Grand River 
Conservation Authority. 

 

Grand River Conservation. 2002. Draft Water Budget Modules. Canada: Ontario Ministry of 
Environment/Ontario Ministry of Natural Resources 

 

Greggs, R.G. and W.A. Gorman. 1976. Geology of the Thousand Islands. Parks Canada. 

Guest, J. 2008. Personal Communication. Director of Public Works Town of Gananoque (former 
Loyalist Township employee)  

Gunter, A. 1983. Gananoque Watershed Management Study Environmental Section. 

Government of Ontario. 2003 (revised 2006). Technical Support Document for Ontario Drinking 
Water Standards, Objectives and Guidelines.  

Government of Ontario. 1990. Wells, R.R.O. 1990, Regulation 903 (Ontario Water Resources 
Act). 

Health Canada. 2006. “Environmental and Workplace Health “Guidelines for Canadian Drinking 
Water Quality – Supporting Documents – Escherichia coli.” Canada: Health Canada. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

219
 

 

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/doc_sup-
appui/escherichia_coli/guideline-recommandation_e.html#24 

 

Health Canada. 1998. “Environmental and Workplace Health Guidelines For Canadian Drinking 
Water Quality – Supporting Documents – Aluminum.” Canada: Health Canada.  

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/doc_sup-appui/aluminum/index_e.html 
(Accessed November 8, 2006). 

 

Health Canada. 1992. “Environmental and Workplace Health Guidelines For Canadian Drinking 
Water Quality – Supporting Documents – Copper.” Canada: Health Canada.  

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/doc_sup-appui/copper-
cuivre/index_e.html (Accessed November 8, 2006). 

 

Health Canada. 1979a. (Reprinted 1995). “Environmental and Workplace Health Guidelines for 
Canadian Drinking Water Quality – Supporting Documents – Hardness.” Canada: Health 
Canada. 

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/doc_sup-appui/hardness-
durete/index_e.html#2 (Accessed November 8, 2006). 

 

Health Canada. 1979b. (Updated 1987). “Environmental and Workplace Health Guidelines for 
Canadian Drinking Water Quality – Supporting Documents –Manganese.” Canada: Health 
Canada.  

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/doc_sup-appui/manganese/index_e.html 
(Accessed November 8, 2006). 

 

Health Canada. 1979c. “Environmental and Workplace Health Guidelines for Canadian Drinking 
Water Quality – Supporting Documents – Sodium.” Canada: Health Canada.  

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/doc_sup-appui/sodium/index_e.html 
(Accessed November 8, 2006). 

 

Health Canada. 1978. “Environmental and Workplace Health Guidelines For Canadian Drinking 
Water Quality – Supporting Documents – Iron.” Canada: Health Canada. 

http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/doc_sup-appui/iron-fer/index_e.html 
(Accessed November 8, 2006). 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

220
 

 

 

Hoyle, J.A. 2002. “Lake Ontario Fish Communities and Fisheries: 2001 Annual Report of the 
Lake Ontario Management - Chapter 7: Bay of Quinte Recreational Fishery.” Ontario: 
Queen’s Printer for Ontario. 

 http://www.glfc.org/lakecom/loc/mgmt_unit/01_ch4.pdf. (Accessed November 7, 2006). 

 

Irwin, R.W. 1997. Publication 29: Drainage Guide for Ontario. Canada: Ontario Ministry of 
Agriculture, Food and Rural Affairs. 

 

J.D. Paine Engineering Inc. 1986. East Branch Drainage Study Little Cataraqui Creek. Kingston, 
Ontario: J.D. Paine Engineering Inc. 

 

J.D. Paine Engineering Inc. 1996. Upper Butlers Creek Drainage Study. Westbrook, Ontario: 
J.D. Paine Engineering Inc. 

 

J.L. Richards & Associates Ltd. 2004. City of Kingston Urban Growth Strategy. Kingston, 
Ontario: J.L. Richards & Associates Ltd.  

 

KMK Consultants Limited. 2001a.  First Engineers’ Report City of Kingston East/Central Water 
Purification Plant. Brampton, Ontario: KMK Consultants Limited.   

 

KMK Consultants Limited. 2001b.  First Engineer’s Report for the Kingston Water Treatment 
Plant Serving the West Portion of the City of Kingston. Brampton, Ontario: KMK 
Consultants Limited.   

 

Kearney, Daniel R. 1980. The 1979 Millhaven Creek Water Quality Survey. Kingston: St. 
Lawrence College of Applied Arts and Technology. 

 

Kingston, Frontenac, and Lennox & Addington Health Unit. 1994. State of the Environment 
Report. Kingston, Ontario: Kingston, Frontenac, and Lennox & Addington Health Unit. 

 

Lacey, R.F. and Cole, J.A. 2003. “Estimating Water Pollution Risks Arising From Road and 
Railway Accidents.” Quarterly Journal of Engineering Geology and Hydrogeology. Vol. 
36. 185-192. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

221
 

 

 

Larkin, R.G. and J.J.M. Sharp. 1992. “On the Relationship Between River-Basin 

Geomorphology, Aquifer Hydraulics, and Ground-Water Flow Direction in Alluvial 
Aquifers.” Geological Society of America Bulletin. Vol. 104. No. 12. 1608-1620. 

 

Liberty, B. A. 1971. Paleozoic Geology of Wolfe Island, Bath, Sydenham and 

Gananoque Map Areas, Ontario. Geological Survey of Canada, Paper #70-35. 

 

Liberty, B. A. 1967. Paleozoic Geology of the Kingston Area, Ontario; Geological 

Association of Canada – Mineral Association of Canada Guidebook. In guidebook, 
Geology of Parts of Eastern Ontario and Western Quebec, Kingston meeting. 

 

M. M. Dillon Limited. 1993. Collins Watershed Phase I Final Report. Toronto: M. M. Dillon 
Limited. 

 

Maaskant, K., M. Nicol, A. Todd, and I. Wilcox. 2003. Water Sampling and Data Analysis 
Manual for Partners in the Ontario Provincial Water Quality Monitoring Network Draft 
Document.  

 

Maidment, David R. (ed.). 1993. Handbook of Hydrology. New York: McGraw-Hill, Inc. 

 

Malroz Engineering Inc. 2004. Village of Lansdowne Preliminary Wellhead Protection Area 
Study. Glenburnie, Ontario: Cataraqui Region Conservation Authority. 

 

Malroz. January 2002. Test Drilling Program Village of Sydenham. Glenburnie, Ontario: 
Cataraqui Region Conservation Authority. 

 

Massachusetts Water Watch Partnership. 2006. “Fact Sheets – Chloride, High pH, Nitrogen, 
Phosphorous.” Massachusetts: Massachusetts Water Watch Partnership. 
http://www.umass.edu/tei/mwwp/factsheets.html (Accessed February 15, 2008). 

 

McKenney, D.W., P. Papadopal, K. Campbell, K. Lawrence, and M. Hutchinson. 2006a. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

222
 

 

“Spatial Models of Canada and North America-wide 1971/2000 Minimum and Maximum 
Temperature, Total Precipitation and Derived Bioclimatic Variables.” Frontline Forestry 
Research Applications: Technical Note 106. Canadian Forestry Service, Sault Ste. Marie, 
ON. 

 

McKenney, D.W., J.H. Pedlar, P. Papadopal, and M. Hutchinson. 2006b. “The 

Development of 1901–2000 Historical Monthly Climate Models for Canada and the 
United States.” Agricultural and Forest Meteorology. Vol. 138. 69-81. 

 

Mekis, E. and W.D. Hogg. 1999. “Rehabilitation and Analysis of Canadian Daily 

Precipitation Time Series.” Atmosphere-Ocean. Vol. 37. No. 1. 53-85. 

 

Milloy, C. 2006. Measurement of Hydraulic Head in the Evaluation of Groundwater 

Recharge to Discrete Fracture Zones in a Crystalline Bedrock Aquifer. M.Sc. Thesis, 
Queen's University, Kingston, Ontario. 

 

Minnesota Pollution Control Agency, 1999. http://www.pca.state.mn.us/water/groundwater/ 

 

Nagpal, N.K. February 1997. Water Quality Guidelines for Zinc. Victoria, British Columbia. 

 

Natural Resources Canada. 2008. “Urban Geology of the National Capital Area 

Paleozoic formations.” Canada: Natural Resources Canada. 

http://gsc.nrcan.gc.ca/urbgeo/natcap/his_paleozoic_e.php. (Accessed April 2, 2008). 

 

Nature Conservancy of Canada, 2006. “Alvars of Ontario.” Canada: Nature Conservancy of 
Canada. 
http://www.natureconservancy.ca/site/News2?abbr=on_ncc_&id=5961&page=NewsArti
cle . (Accessed March 19, 2208).  

 

Nordin, R.N. October 17, 1985. Water Quality Criteria for Nutrients and Algae. Victoria, British 
Columbia. 

 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

223
 

 

Nordin, R.N. and L.W. Pommen. 12 November 1981. Water Quality Criteria for Nitrogen 
(Nitrate, Nitrite and Ammonia). Victoria, British Columbia. 

 

Oliver, Mangione, McCalla, & Associates (Trow consulting engineers). 2001. Groundwater 
Management Study & Protection Plan, Loyalist Township, count of Lennox & Addington.  

 

Ontario Federation of Anglers and Hunters. 2003. “Zebra Mussel Distribution Map.” Ontario: 
Ontario Federation of Anglers and Hunters. 

http://www.invadingspecies.com/Downloads/Zebra_DistMap.pdf. (Accessed November 7, 
2006). 

Ontario Ministry of Natural Resources. 2005. “Natural Heritage Information Centre – Natural 
Areas Report: More Hill Road Cut.” Ontario: Ontario Ministry of Natural Resources. 
http://nhic.mnr.gov.on.ca/areas/areas_report.cfm?areaid=4251 (Accessed April 2, 2008).  

 

Ontario Ministry of Natural Resources. 1993. Ontario Wetland Evaluation System. Ontario: 
Ontario Ministry of Natural Resources. 

 

Ontario Ministry of the Environment. 2008. Lansdowne Well Supply Drinking Water System 
Inspection Report. Ontario: Ontario Ministry of the Environment 

 

Ontario Ministry of the Environment. 2007a. Guide to Eating Ontario Sport Fish 2007-2007 
edition. Ontario: Queen’s Printer for Ontario. 

 

Ontario Ministry of the Envionment. 2007b. “Welcome to Ontario’s Lake Partner Website.” 
Ontario: Ontario Ministry of the Environment. 
http://www.ene.gov.on.ca/envision/water/lake_partner (Accessed January 21, 2008). 

 

Ontario Ministry of the Environment. 2006a. “Imperial Oil Limited Fined $375,000 for Fuel 
Leak. Ontario”: Ontario Ministry of the Environment News Release. 
http://www.ene.gov.on.ca/envision/news/2006/121401.htm (Accessed February 6, 2007). 

 

Ontario Ministry of the Environment. 2006b. Perfluorinated Alkyl Compounds Survey. 
Etobicoke, Ontario: Ontario Ministry of the Environment. 

 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

224
 

 

Ontario Ministry o the Environment: 2006c. Pharmaceuticals and Personal Care Products 
Survey. Etobicoke, Toronto: Ontario Ministry of the Environment. 

 

Ontario Ministry of the Environment. 2006d. Source Water Protection Guidance Modules. 
Ontario: Ontario Ministry of Environment. 

 

Ontario Ministry of the Environment. 2005.  Permit to Take Water Listing. Kingston, Ontario: 
Ontario Ministry of Environment. 

 

Ontario Ministry of the Environment. 2003a. Stormwater Management Planning and Design 
Manual. Ontario: Queen’s Printer for Ontario. 

 

Ontario Ministry of the Environment. 2003b. Technical Support Document for Ontario Drinking 
Water Standards, Objectives and Guidelines. Ontario: Ontario Ministry of the 
Environment. 

 

Ontario Ministry of the Environment. 2001. Groundwater Studies 2001/02 Technical Terms of 
Reference. Toronto, Ontario: Queen’s Printer for Ontario 

 

Ontario Ministry of the Environment. 2000. Drinking Water in Ontario Summary Report 1993-
1997. Ontario: Queen’s Printer for Ontario. 

 

Ontario Ministry of the Environment, Lands and Parks. 1999. Ambient Water Quality Guidelines 
for Zinc. Victoria, B.C.: Legislative Library.  

 

Ontario Ministry of the Environment, Lands and Parks. 1999a. Ambient Water Quality 
Guidelines for Zinc. Victoria, B.C.: Legislative Library.  

 

Ontario Ministry of the Environment. 1999b. Surface Water Monitoring and Assessment 1997 
Lake Ontario Report. Ontario: Environmental Monitoring Branch. 

 

Ontario Ministry of the Environment. 1994 (reprinted 1999). Water Management: Policies, 
Guidelines, Provincial Water Quality Objectives. Ontario: Queen’s Printer for Ontario. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

225
 

 

 

Ontario Ministry of the Environment and Ministry of Natural Resources. 1992. Inland Lake 
Trout Management in Southeastern Ontario – January 1993. Ontario Canada: Queen’s 
Printer for Ontario 

 

Ontario Ministry of the Environment. 1991. Provincial water Quality Objectives and Guidelines 
– July 1991. Ontario: Ontario Ministry of the Environment. 

 

Ontario Ministry of the Environment. 1985. Well Water Survey, Stella, Amherst Island. 

 

Ontario Ministry of the Environment. 1977. Geology and Groundwater Resources of the Wilton 
Creek IHD Representative Drainage Basin (Report #7). Ontario: Ontario Ministry of the 
Environment. 

 

Ontatio Ministry of Municipal Affairs and Housing. 2005. Provincial Policy Statement. Toronto, 
Ontario: Ontatio Ministry of Municipal Affairs and Housing 

 

Ontario Water Works Consortium, 2005. “T&O Research.”, Ontario: Ontario Water Works 
Consortium. http://www.owwrc.com/TOobjectives.htm . (Accessed February 14, 2007). 

 

Oregon Trout. 2003. “Aquatic Macroinvertebrates Field Manual.” Portland, Oregon: Oregon 
Trout. 
http://www.ortrout.org/images/4education/images/volpacketforms/aquatic%20macroinvere
brates.pdf. (Accessed November 7, 2006). 

 

Oxtobee, J., and K. Novakowski. 2002. A field investigation of groundwater/surface 

water interaction in a fractured bedrock environment. Journal of Hydrology. Vol. 269. 
169-193. 

 

Parks Canada. 2007. “St. Lawrence Islands National Park of Canada National Wonders and 
Cultural Treasures Frontenac Arch Bioshpere Reserve.” Canada: Parks Canada. 
http://www.pc.gc.ca/pn-np/on/lawren/natcul/natcul5_e.asp (Accessed April 1, 2008). 

 

Poulton, D.J. 1987. 1985 Bacteriological Water Quality at Kingston, Lake Ontario. Ontario: Her 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

226
 

 

Majesty the Queen in Right of Ontario.  

 

Praamsma, T. 2006. Complex Groundwater-Surface water Interaction in a Gneissic 

Terrain. M.Sc. Thesis, Queen's University, Kingston, Ontario. 

 

Proctor & Redfern Ltd, Gartner Lee & Associates Ltd. 1975. Geological Inventory Mineral 
Aggregate Study: Part of Eastern Ontario Region. Ontario: Ontario Ministry of Natural 
Resources. 

 

Riversides Stewardship Alliance. 2006. “Municipal Low Salt Diet.” Toronto, Ontario: Riversides 
Stewardship Alliance. 
http://www.riversides.org/websitefiles/riversides_road_salts_report_final.pdf (Accessed 
November 8, 2006). 

 

Rosenberry, D.O. and Winter, T.C. 1993. “The Significance of Fracture Flow to the Water 
Balance of a Lake in Fractured Crystalline Rock Terrane.” in B. S and B. D (Eds.). 
Hydrogeology of hard rocks, Memoirs of the XXIVth Congress of the International 
Association of Hydrogeologists, Oslo, Norway. pp. 967-977. 

 

Roswell, M. 2004. “Monitoring and Reporting on the State of Eastern Ontario’s Forests: Road 
Density (1998-2003).” Ontario: Eastern Ontario Forest Group. 

  http://www.eomf.on.ca/ (Accessed November 7, 2006). 

 

Royal Military College – Environmental Sciences Group. June 2000. Sediment and Water 
Quality Study of Little Cataraqui Creek Kingston, Ontario RMC-CCE-ES-00-10. 
Kingston, Ontario: Royal Military College. 

 

Sharpe, D.R. 1979. Quaternary Geology of the Merrickville Area, Southern Ontario; Ontario 
Geological Survey, Report 180. Accompanied by Maps 2387,2388, Scale 1:50,000. Ontario 
Geological Survey, Sudbury, ON. 

 

Singer, S.N.; C.K. Cheng; and M.G. Scafe. 2003. The Hydrogeology of Southern Ontario, 
Second Edition. Ontario: Ministry of the Environment. 

 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

227
 

 

Singh, Vijay P. 1992. Elementary Hydrology. New York: Prentice-Hall. 

 

Sklash, M.G. and R.N. Farvolden. 1979. “The Role of Groundwater in Storm Runoff.” Journal of 
Hydrology. Vol. 43. No. 1-4. 45-65. 

 

Sophocleous, M. 2002. “Interactions Between Groundwater and Surface Water: The State of the 
Science.” Hydrogeology Journal. Vol. 10. 52-67. 

 

Statistics Canada. 2002. GeoSuite, 2001 Census (Geography Products: Geographic Data 
Products). Statistics Canada Catalogue no. 92F0150XCB. Ottawa. March 12. CD-ROM. 

 

Stephenson, K. Summer 2001. Water Quality and Trend Analysis. 

 

TSH Associates Limited. 2001a. A.L. Dafoe Water Treatment Plant Engineer’s Report. 

 

TSH Associates Limited. 2001b. James W. King Water Treatment Plant Engineer’s Report. 
Whitby, Ontario: TSH Associates Limited. 

 

TSH Associates Limited. 2001c. Sandhurst Shores Water Treatment Plant Engineer’s Report.  

 

 

Thompson, R.; J. Turk. 1992. Earth Science and the Environment. United States of America: 
Saunders College Publishing 

 

Todd, A. 2007. Personal Communication. Stream Monitroing Networks Coordinator Ontario 
Ministry of the Environment. 

 

Totten Sims Hubicki Associates. 2005. Township of Athens Village of Athens Water and 
Sewage Feasibility Study. Kingston: Totten Sims Hubicki Associates. 

 

Trow Associates Inc. 2007. Western Cataraqui Region Groundwater Study. Kingston: Trow 
Associated Inc. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

228
 

 

  

Trow Associates Ltd. 2005. Environmental Study Report - Cana Subdivision Water Supply. 
Kingston, Ontario: Utilities Kingston. 

 

Trow Consulting Engineers Limited. 2001. Preliminary Water Quantity and Quality Testing, 
New Well, Cana Subdivision, Kingsotn, Ontario. Kingston, Ontario: Trow Consulting 
Engineers Limited. 

 

Trow Consulting Engineers Ltd. 2002. Ground & Surface Water Monitoring Report, January 
2001 – December 2001, Kingston West Landfill Site (Former McAdoo Landfill Site). 
Kingston, Ontario: Trow Consulting Engineers Ltd. 

 

Tsang, C.F. and Neretnieks, I. 1998. “Flow channeling in heterogeneous fractured rocks.” 

Reviews of Geophysics. Vol. 36. No. 2. 275-298. 

 

Tsanis, I.K.; A. Masse; C.R. Murthy; and K. Miners. 1991. “Summer circulation in the Kingston 
Basin, Lake Ontario.” Journal of Great Lakes Research. Vol. 17. 57-73. 

 

USGS. 2007. “Glossary of Selected Glacier and Related Terminology.” United States of 
America: USGS.  http://vulcan.wr.usgs.gov/Glossary/Glaciers/glacier_terminology.html 
(Accessed April 1, 2008) 

 

United States Department of Agriculture. Natural Resources Conservation Service. No date. 
“NSSH Part 618 Soil Properties and Qualities.” United States of America:  United States 
Department of Agriculture. 
http://soils.usda.gov/technical/handbook/contents/part618.html (Accessed April 1, 2008). 

 

Utilities Kingston. 2007. Sydenham Water Treatment Plan Annual Summary Report 2006. 
Kinston, Ontario: Utilities Kingston. 

 

Viessman, Warren, Jr., and Gary L. Lewis. 1996. Introduction to Hydrology, Fourth Edition. 
New York: HarperCollins. 

 

Voshell, R. 2002. A Guide to Common Freshwater Invertebrates of North America. Blacksburg, 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

229
 

 

Virginia: McDonald & Woodward Publishing Company. 

 

Watershed Based Source Protection Implementation Committee. 2004a. Watershed Based 
Source Protection: Implementation Committee Report to the Minister of the Environment. 
Ontario: Ontario Ministry of the Environment. 

Watershed-Based Source Protection Planning Technical Experts Committee. 2004b. Watershed-
Based Source Protection Planning Science-based Decision making for Protecting Ontario 
Drinking Water Resources: A Threats Assessment Framework Technical Experts 
Committee Report to the Ministry of the Environment. Ontario: Ontario Ministry of the 
Environment. 

 

Waterworth, A. 1984. Water Quality and Trend Analysis. 

 

Watson, Ken. 2006. Engineered Landscapes The Rideau Canal’s Transformation of a Wilderness 
Waterway. Kingston: Ken W. Watson.  

 

Watson, Ken. 2005. “A Brief History of the Landscape at Jones Falls” Rideau Reflections, 
Newsletter of the Friends of the Rideau. Winter/Spring 2005 Edition. 

http://www.rideaufriends.com/reflections-spring2005.html (Accessed November 8, 2006). 

 

Watson, Ken. 2004. “Rideau Canal Waterway, History of the Lockstations.” Smith Falls, 
Ontario: Friends of the Rideau. http://www.rideau-info.com/canal/history/locks/h43-44-
upperbrewers.html (Accessed November 8, 2006). 

 

Watson, Ken. 1997-2008. “Rideau Canal Waterway - History of the Rideau Canal.” Smiths Falls, 
Ontario: Friends of the Rideau Canal http://www.rideau-info.com/canal/history/hist-
canal.html (Accessed February 15, 2008) 

 

Watt, W.E. (ed.). 1992. Hydrology of Floods in Canada: A Guide to Planning and Design. 
National Research Council Canada. 

 

Weste, Kelly. February 2000. Cataraqui Trail Master Plan. Glenburnie, Ontario: Cataraqui Trail 
Management Board, Cataraqui Region Conservation Authority. 

 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

230
 

 

Wikipedia. 2008. “Brockville, Ontario – Wikipedia, the free encyclopedia” 
http://en.wikipedia.org/w/index.php?title=Brockville%2C_Ontario&printable=yes 
(Accessed February 15, 2008) 

 

Wilkes University Center for Environmental Quality, no date. Nitrates and Nitrites in Drinking 
Water. http://www.water_research.net/nitrate.htm (Link no longer works). 

 

Wilson, A.E. 1946. Geology of the Ottawa-St. Lawrence Lowland, Ontario and Quebec. 
Geological Survey of Canada Memoir 241. Geologic Survey of Canada, Sudbury, ON. 

 

Winter, T.C. 1999. “Relation of streams, lakes, and wetlands to groundwater flow 

systems.” Hydrogeology Journal. Vol. 7. 28-45. 

 

World Health Organization. 2004. Guidelines for Drinking-Water Quality Third Edition. San 
Fung, China: World Health Organization. 

 

XCG Consultants Ltd., 2007a. Scoping Study for Drinking Water Systems in Marysville, Wolfe 
Island. Kingston, Ontario: XCG Consultants Ltd. 

 

XCG Consultants Limited. 2007b. Threats Inventory and Issues Evaluation for the Community 
of Sydenham Technical Memorandum #2 Update. Kingston, Ontario: XCG Consultants 
Limited. 

 
XCG Consultants Limited. 2006. Technical Memorandum #1 Intake Protection Zone Study for 

the Community of Sydenham. Kingston, Ontario: XCG Consultants Limited. 

 

XCG Consultants Limited. 2000. City of Kingston Pollution Control Plan Update Project Report. 
Kingston: XCG Consultants Limited.  

 

XCG Consultants Limited. 1999. RiverCare2000: Review of River Water Quality Data for the 
Rideau River and Cataraqui River Watersheds. Kingston: XCG Consultants Limited. 

 

Yager, R.M. and Kappel, W.M. 1998. “Infiltration and hydraulic connections from the Niagara 
River to a fractured-dolomite aquifer in Niagara Falls, New York.” Journal of Hydrology. 



Cataraqui Source Protection Area 
Watershed Characterization Report  
March 2008 

 
 

231
 

 

Vol. 206. Nos. 1-2. 84-97.  

 

Zhang, X., L.A. Vincent, W.D. Hogg, and A. Niitsoo.   2000.  Temperature and Precipitation 
Trends in Canada During the 20th Century.   Atmosphere-Ocean, 38(3):395-429. 

 

Zanini, L. et al. 2000. “Ground water flow in a fractured carbonate aquifer inferred from 
combined hydrogeological and geochemical measurements.” Ground Water. Vol. 38. No. 
3. 350-360. 


