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EXECUTIVE SUMMARY 

The Kettle Creek Source Protection Area Assessment Report was submitted to the 
Ministry of the Environment, Conservation and Parks on May 7, 2010, and received 
approval on October 7, 2010. Additional updates have been made to the assessment 
report following the October 2010 approval. These recent amendments are included in 
the Kettle Creek Assessment Report which was posted for a 35-day public consultation 
period form April 5 to May 9, 2023. No comments were received during the most recent 
public consultation period. Detailed public consultation comments and how they were 
addressed for previous iterations of the Kettle Creek Assessment Report are available 
upon request. 

The Assessment Report summarizes the technical studies undertaken in the Kettle 
Creek Source Protection Area (watershed) to delineate areas around municipal drinking 
water sources that are most vulnerable to contamination and overuse. Within these 
vulnerable areas, historical, existing and possible future land use activities were 
identified that could pose a threat to municipal water sources. Technical studies include 
a characterization of the human and physical geography of the watershed, a water 
budget and water quantity stress assessment, an assessment of groundwater and 
surface water vulnerability, a land use activity inventory, and an evaluation of existing 
water quality contamination Issues. 

The Assessment Report provides an introduction to the Source Protection Planning 
process, and the roles and responsibilities of the Lake Erie Region Source Protection 
Committee, municipalities and conservation authorities. Section 2 of the Assessment 
Report provides a summary of the human and physical geography of the Kettle Creek 
watershed, while Section 3 summarizes the water budget and stress assessment 
findings. Section 4 summarizes both surface water and groundwater vulnerability, 
including Intake Protection Zones, Highly Vulnerable Aquifers, Significant Recharge 
Areas and Wellhead Protection Areas. Section 4 also provides a summary of the threats 
enumeration and Issues evaluation undertaken in each vulnerable area. 

Sections 5 and 6 provide information on how climate change in the area may affect the 
results of the Assessment Report and how Great Lakes agreements were considered 
as part of the work undertaken. Section 7 summarizes the findings in the Assessment 
Report and provides an outline of the next steps in developing a source protection plan 
for the Kettle Creek Source Protection Area. 

Kettle Creek watershed contains two municipal drinking water systems. The village of 
Belmont draws water from two groundwater wells operated by the Municipality of 
Central Elgin. The system serves approximately 1,900 people. The wells are located in 
an area of low vulnerability, which results in medium to low vulnerability scores in most 
of the wellhead protection area, and an area of high vulnerability within the 100-metre 
area around the wells. To date, no significant drinking water threat has been identified in 
the wellhead protection area surrounding the Belmont wells. No drinking water Issues 
have been identified to date. 
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The Elgin Area Water Board operates a municipal surface water intake in Lake Erie 
near the town of Port Stanley. The Elgin Area Water Supply System serves 
approximately 100,000 people in several municipalities in the area. The vulnerability of 
the surface water within Intake Protection Zones 1, 2 is considered to be low; therefore, 
no significant drinking water threats have been identified using the threats based 
approach. No Issues have been identified in the Intake Protection Zones to date.  

Additional studies were undertaken in 2010 and 2012 to gather more detailed 
information on the Elgin Area Water Supply intake. The results of the events based 
threats investigations include the identification of the handling and storage of 5,000 m3 
or more of commercial fertilizer and of 6,000 Litres or more of fuel have been identified 
as potential significant drinking water threats. In recent years, the bulk storage tanks of 
fertilizer have been removed and the lands are being rezoned as part of the Secondary 
Plan for the Port Stanley Harbour area. The Events Based Area and associated IPZ-3 
for the Urea Ammonium Nitrate (UAN) fertilizer threat have been removed as part of the 
2024 assessment report update. 

The findings of the water budget and stress assessment studies indicate that the 
groundwater subwatershed within which the Belmont wells are located has a low 
potential for stress. As such, no water quantity threats have been identified. 

The results of the technical studies were used to develop policies to protect sources of 
municipal drinking water. Policies have been developed by municipalities, conservation 
authorities, property and business owners, farmers, industry, health officials, community 
groups and others working together to develop a fair, practical and implementable 
Source Protection Plan. Public input and consultation have played a significant role 
throughout the process.  

In 2024, updates were approved for the watershed characterization section, water 
quality risk assessment, and the state of climate change research in Lake Erie Region. 
The Assessment Report also includes minor administrative and editorial updates. 

The public could submit comments on the draft Assessment Report by email or by 
regular mail.  

Any comments received during this comment period were considered prior to the 
submission of the assessment report to the Ministry of the Environment, Conservation 
and Parks for review and approval. 
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Note: New and former names of Provincial Ministries are used within this document. 
Name changes are documented as follows:  

Ministry of Environment, Conservation and Parks (MECP) 

Date Name  
Pre-2014 Ministry of the Environment (MOE) 
2014 Ministry of Environment and Climate Change (MOECC) 
2018 Ministry of the Environment, Conservation and Parks (MECP) 

 
Ministry of Natural Resources (MNR) 

Date Name  
Pre-2014 Ministry of Natural Resources (MNR) 
2014 Ministry of Natural Resources and Forestry (MNRF) 
2021 Ministry of Northern Development, Mines, Natural Resources and 

Forestry (NDMNRF) 
2022  Ministry of Natural Resources and Forestry (MNRF) 
2024 Ministry of Natural Resources (MNR) 

 
Ministry of Agriculture, Food and Agribusiness (OMAFA) and Ministry of Rural Affairs 
(OMRA) 

Date Name  
Pre-2024 Ministry of Agriculture, Food and Rural Affairs (OMAFRA) 
2024 Ministry of Agriculture, Food and Agribusiness (OMAFA) and Ministry of 

Rural Affairs (OMRA)  
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each of the four Source Protection Areas in the Lake Erie Region. The list of current and 
past members is published on the Lake Erie Source Protection Region website.  

Message from the Committee 

The overall objective of the Lake Erie Region Source Protection Committee, in 
partnership with local communities and the Ontario government, is to direct the 
development of source protection plans that protect the quality and quantity of present 
and future sources of municipal drinking water in the Lake Erie Source Protection 
Region. We will work with others to gather technical and traditional (local and aboriginal) 
knowledge on which well-informed, consensus-based decisions can be made in an 
open and consultative manner. In developing the Source Protection Plan, the Lake Erie 
Region Source Protection Committee intends to propose policies that are 
environmentally protective, effective, economical, and fair to local communities. 

The committee will strive to develop policies that are practical and implementable, and 
that focus limited resources on areas that net the greatest benefit, while recognizing that 
the plan must address significant threats so that they cease to be significant. Where 
possible, the committee will strive to develop policies and programs that also provide a 
benefit to broader protection of water quality and quantity. The process to assess 
drinking water threats and Issues will be based on the best available science, and 
where there is uncertainty, we will strive to follow the precautionary approach. 

In December 2008, the Committee submitted to the Minister of the Environment their 
Terms of Reference for the Kettle Creek Source Protection Area Assessment Report 
and Source Protection Plan. The Terms of Reference sets out the work plan for 
completing both the Assessment Report and Source Protection Plan and received 
Ministerial approval on May 11, 2009. A copy of the Kettle Creek Region Source 
Protection Area Terms of Reference can be found on the Lake Erie Source Protection 
website. 

1.4 Framework of the Assessment Report  

The Kettle Creek Source Protection Area Assessment Report was completed in 
compliance with Ontario Regulation 287/07 (General) under the Clean Water Act, 2006, 
which sets out the minimum requirements for Assessment Reports. In addition, the 
technical work summarized in this Assessment Report was completed in conformance 
with the Technical Rules: Assessment Report under O. Reg. 287/07. The technical work 
was undertaken by local municipalities and conservation authorities. Funding to 
complete the technical studies for the Assessment Report was provided by the Province 
of Ontario. 

Within the Kettle Creek Source Protection Area (SPA), there are two municipal drinking 
water sources: The Belmont Water System serving the Village of Belmont in the 
Municipality of Central Elgin; and the Elgin Area Water Supply System serving several 
communities in Elgin County and the City of London. The Belmont drinking water supply 
draws water from two groundwater wells. The Elgin Area Water Supply draws water 

http://www.sourcewater.ca/
http://www.sourcewater.ca/
http://www.sourcewater.ca/
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from a surface water intake in Lake Erie located offshore of the town of Port Stanley in 
the Kettle Creek SPA. 

The Clean Water Act, 2006 focuses on the protection of municipal drinking water 
supplies; however, the Act allows for other water systems to be considered, including 
clusters of private wells, communal systems, and other non-municipal supplies. Only 
municipalities within which the supplies are located or the Minister of the Environment, 
Conservation and Parks have the power to add additional non-municipal systems. To 
date, no municipalities in the Kettle Creek Source Protection Area have designated non-
municipal drinking water supplies under the Clean Water Act, 2006. 

The technical studies summarized in this Assessment Report start with information at 
the watershed scale, and then move to the municipal drinking water system scale. The 
document is organized into the following sections: Watershed Characterization; Water 
Budget and Water Quantity Stress Assessment; Water Quality Risk Assessment; and 
Conclusions. 

The descriptions of the technical work provided in the Assessment Report are 
summaries of more detailed technical reports. In order to find more detail on any of the 
components of the Assessment Report, the reader is encouraged to view the technical 
studies and background reports available on the Lake Erie Source Protection Region 
website. 

1.5 Continuous Improvement  

The findings of this Assessment Report are based on the best available information. It is 
recognized that new information that informs the findings of this Assessment Report will 
become available in the future. Beyond the completion of this Assessment Report, 
Municipalities and Conservation Authorities will continue to refine and improve the 
findings and attempt to address the data gaps documented in the Report. As new or 
improved information becomes available, the relevant components of the Assessment 
Report will be amended as required. Opportunities for input and review of amended 
Assessment Reports will be made available to those affected by the proposed changes. 

1.6 Public Consultation  

Updates to the assessment report require one formal round of consultation with the 
public and stakeholders.  

During each period of public consultation, members of the public, municipalities or other 
interested bodies were able to submit comments to the Source Protection Committee. 
The Committee in turn considers these comments following each period of public 
consultation.  

The Kettle Creek Assessment Report was posted for a 35-day public consultation 
period between April 5 and May 9, 2023. The public was invited to review the 
assessment report online, at the Central Elgin municipal office, or at the Kettle Creek 
Conservation Authority where hard copies were made available.  

http://www.sourcewater.ca/
http://www.sourcewater.ca/
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1. The distribution, variability, quality and relevance of data used in the preparation 
of the assessment report.  

2. The ability of the methods and models used to accurately reflect the flow 
processes in the hydrological system.  

3. The quality assurance and quality control procedures applied.  

4. The extent and level of calibration and validation achieved for models used or 
calculations or general assessments completed.  

5. The accuracy to which the groundwater vulnerability categories effectively assess 
the relative vulnerability of the underlying hydrogeological features.  

6. The accuracy to which the area vulnerability factor and the source vulnerability 
factor effectively assesses the relative vulnerability of the hydrological features. 

Surface Water  

Some municipalities rely on surface water to supply drinking water to their residents. 
Surface water is transported through an intake pipe directly from the lake or river into a 
water treatment system. Protecting the area around a surface water intake means 
protecting the surrounding water and, in most cases, the land that surrounds the water. 
This area of water and land is known as an intake protection zone, or IPZ. 

Intake Protection Zone 

The IPZ is the primary vulnerable area to be delineated to ensure the protection of the 
municipal surface water supply. For each drinking water system, an IPZ-1, IPZ-2 and 
IPZ-3 can be delineated.  

Intake Protection Zone 1 (IPZ-1) is the area immediately adjacent to the intake. This 
zone is considered the most vulnerable area for surface water intakes due to its 
proximity to the intake. Contaminants of concern entering this area would experience 
little to no dilution before reaching the intake.  

Intake Protection Zone 2 (IPZ-2) acts as a secondary protective zone that generally 
extends upstream of the IPZ-1. The IPZ-2 is defined as the area within and around the 
surface water body that may contribute water to an intake within a 2 hour time of travel. 

Intake Protection Zone 3 (IPZ-3) includes parts of the watershed that may be impacted 
by extreme events such as storms, strong winds, or high waves. The IPZ-3 includes the 
area within each surface water body that may contribute water to the intake and where 
this area abuts land. The IPZ-3 also includes the portion of land within the Conservation 
Authority Regulation Limit or 120 m, whichever is greater. Additionally, IPZ-3s are 
delineated to capture all water courses / bodies that contribute water to the sources.  

The Technical Rules classify surface water intakes according to their location, with 
slightly different rules for delineating the Intake Protection Zone and Vulnerability Score 
for the four different classifications.  

The four classifications are: 
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Table 1-3 lists the activities that are prescribed drinking water threats. Listed beside the 
prescribed drinking water threats are the typical land use activities that are associated 
with the threat. 
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2.0 WATERSHED CHARACTERIZATION  

Understanding the human and physical characteristics of the watershed is important to 
protecting and managing water. Interactions between surface water, groundwater and 
potential sources of contamination require an understanding of the physical 
characteristics of the bedrock and surficial geology, physiographic regions, climate and 
significant natural features within the watershed. Additionally, how the people of the 
watershed interact with these physical characteristics plays an ever-increasing role in 
determining overall health of the ecosystem. The following sections are intended to 
provide information on the physical and human characteristics of the Kettle Creek 
watershed.  

2.1 Lake Erie Source Protection Region  

In an effort to share knowledge and resources for the purposes of developing source 
protection plans, a partnership was formed in 2004 between the Grand River, Long 
Point Region, Catfish Creek and Kettle Creek Conservation Authorities to form the Lake 
Erie Source Protection Region. The partnership was formalized in 2007 by Ontario 
Regulation 284/07 (Source Protection Areas and Regions) under the Clean Water Act, 
2006. The Grand River Conservation Authority, referred to in the regulation as the 
Grand River Source Protection Authority, acts as the lead source protection authority for 
the region. Map 2-1 shows the territory covered by the Lake Erie Region, including 
municipal boundaries and main rivers and tributaries. The four Source Protection 
Authorities agreed to jointly undertake research, public education, and watershed 
planning and management for the advancement of drinking water source protection for 
the respective watersheds. The watersheds have a long history of partnership and 
cooperation, and have a natural association by containing the majority of inland rivers 
and streams flowing from Ontario directly into Lake Erie. 

Combined, the Source Protection Region represents a diverse area, ranging from 
intense agricultural production to large, and rapidly expanding urban areas. The region 
spans an area from the City of St. Thomas in the west, to Halton Hills on the east, and 
as far north as Dundalk. The area includes, in whole or in part, 49 upper, lower and 
single tier municipalities, as well as two First Nations communities. 

2.2 Kettle Creek Source Protection Area  

The Kettle Creek Watershed is situated in the heart of the Carolinian Life Zone on the 
north shore of Lake Erie. As shown on Map 2-2, the watershed area is hourglass in 
shape and drains 520 km2 of land, which includes the south-central portion of Middlesex 
County/City of London and the central portion of Elgin County, including the City of St. 
Thomas. There are four upper-tier and single-tier municipalities in the Kettle Creek 
Source Protection Area: Elgin County, City of St. Thomas, County of Middlesex, and 
City of London. Elgin County has three lower-tier municipalities: Townships of 
Southwold, Malahide and Municipality of Central Elgin; County of Middlesex has two 
lower-tier municipalities: Townships of Middlesex Centre and Thames Centre. 
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The tributaries to Kettle Creek include Dodd Creek, Upper Kettle Creek and Lower 
Kettle Creek. Kettle Creek originates at Lake Whittaker, a kettle lake in the northeastern 
portion of the watershed. The upper portion of Kettle Creek flows in a southwesterly 
direction to the City of St. Thomas where it is joined by Dodd Creek, a major tributary 
flowing from the northwest part of the watershed: Kettle Creek then flows predominately 
southward towards Lake Erie being joined by the tributaries of Beaver and Mill Creeks 
before emptying into Lake Erie at Port Stanley. The total drainage area of Kettle Creek 
at the outlet to Lake Erie is about 440 km2. Numerous small watercourses bordering 
Kettle Creek along the Lake Erie shoreline drain directly into Lake Erie. They drain a 
total area of approximately 80 km2 with the largest draining 11.5 km2 (KCCA, 2008). The 
primary agricultural land use is cash crop, and a moderate amount of specialty cropping 
also exists. According to the Kettle Creek Conservation Authority (2021), the population 
of the Kettle Creek Source Protection Area is approximately 83,595 people.  
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Map 2-1: Lake Erie Source Protection Region Boundary 
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Map 2-2: Kettle Creek Watershed Boundary 
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Map 2-3: Physiography of Kettle Creek Watershed 
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Map 2-4: Hummocky Topography of Kettle Creek Watershed 
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Map 2-5: Ground Surface Topography of Kettle Creek Watershed 
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Map 2-6: Bedrock Topography of Kettle Creek Watershed 
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2.5 Geology  

The watershed is underlain by a series of gently dipping Paleozoic sedimentary rocks 
consisting of deep-water shales interbedded with shallow water carbonates and 
sandstone. These rocks are overlain by unconsolidated Quaternary-aged sediments of 
variable thickness that were laid down after the last glaciation. Dundee Formation 
dolostone and limestone underlie the northern portion of the watershed, with Marcellus 
Formation shales situated throughout the south of the watershed along the north shore 
of Lake Erie.  

2.5.1 Bedrock Geology 

The bedrock geology within the watershed consists of Middle Devonian Michigan Basin 
(Dundee Formation) and Appalachian Basin (Marcellus Formation) sedimentary rocks. 
Bedrock is not exposed at surface as a thick layer of Quaternary sediment (30 m to 140 
m) covers the entire watershed. The bedrock geology presented in Map 2-7 was 
assembled by the Ontario Geological Survey (OGS) in 2001. 

The Dundee Formation is the oldest bedrock unit in the watershed and subcrops 
throughout most of the northern portions of the watershed. The formation is 
characterized as a fossiliferous limestone with bituminous partings and chert nodules 
(Johnson et al., 1992). In Ontario, the average thickness of the Dundee Formation 
ranges from 35 to 45 m. Both Singer et al. (2003) and MacRitchie et al. (1994) identified 
the Dundee Formation as a major hydrogeologic unit stretching across Ontario. As a 
regional aquifer, well yields depend on secondary permeability, created through 
enhanced porosity resulting from features such as fracturing, dissolution, and 
dolomitization. Relatively high well yields observed in the top 1.5 m of the Dundee 
Formation suggest that flow is confined to joint and fracture zones developed as a result 
of differential glacial stresses (Schwartz, 1974).  

The Marcellus Formation, which conformably overlays the Dundee Formation, subcrops 
throughout the southern portion of the watershed between the town of Aylmer and the 
Lake Erie shoreline. The Marcellus Formation within southwestern Ontario has been 
characterized as a black, organic-rich shale with grey shale interbeds and sparse 
fossils. The Formation was deposited in a marine environment with a stratified water 
column and can range up to 12 m in thickness (Dillon and Golder, 2004; Johnson et al., 
1992).  

2.5.2 Quaternary Geology 

Quaternary-aged overburden sediments within the watershed provide a detailed record 
of glacial and interglacial events that took place throughout the most recent 
Wisconsinan Glaciation. During the Late Wisconsinan stage, glacial ice advanced and 
retreated into the lower Great Lakes region. The three primary advances (stades) were 
the Nissouri, Port Bruce, and Port Huron Stades. These stades were separated by two 
periods of temporary ice retreat (interstades; the Erie and Mackinaw Interstades).  
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Table 2-1 presents a list of the Quaternary sediments identified in the watershed, their 
distribution, and the general time period in which the deposits were laid down. Map 2-8, 
shows the spatial distribution of these units at surface across the watersheds.  

Table 2-1: Quaternary Deposits Located Within the Kettle Creek Source 
Protection Study Area  

Age 
(y.b.p)* Glacial Stage Substage Glacial Stade/ 

Interstade 
Associated 

Deposits 

5000- 
11,500 Wisconsinan 

Late 
Wisconsinan Holocene/ Recent 

Modern alluvium, 
organic deposits, 
Long Point spit,  

Eolian sand dunes 

11,500- 
12,000 

Wisconsinan Late 
Wisconsinan 

Twocreekean 
Interstade 

Shoreline Formation 
Glaciolacustrine 

Deposition 

12,000- 
13,200 Wisconsinan 

Late 
Wisconsinan Port Huron Stade 

Wentworth Till,  
Norfolk Sand Plain,  

Haldimand Clay 
Plain 

13,200- 
14,000 Wisconsinan 

Late 
Wisconsinan Mackinaw Interstade Paris/ Galt Moraines 

14,000- 
15,500 

Wisconsinan Late 
Wisconsinan 

Port Bruce Stade 
Port Stanley Till,  
Glaciolacustrine 

Deposits 

15,500- 
18,000 Wisconsinan 

Late 
Wisconsinan Erie Interstade 

Glaciolacustrine 
Deposits 

18,000- 
25,000 Wisconsinan 

Late 
Wisconsinan Nissouri Stade Catfish Creek Till 

25,000- 
53,000 

Middle 
Wisconsinan 

Middle 
Wisconsinan 

Undifferentiated 
tills and deposits 

Undifferentiated 
tills and deposits 

* y.b.p. represents number of years before present 

The most extensive subglacial till sheet in southern Ontario is the Catfish Creek Till 
(deVries and Dreimanis, 1960; Barnett, 1978; 1992; 1993). The till is composed of 
stacked layers of subglacial lodgement till as well as stratified glaciofluvial and 
glaciolacustrine sediments and supraglacial till layers and lenses (Dreimanis, 1982; 
Barnett, 1992). The till is described as a highly calcareous, gritty, sandy silt till. It is often 
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described as hardpan in water well drillers' records because of its stoniness and 
hardness (Barnett, 1978; 1982; 1992). The till occurs primarily as a buried till plain 
across the Kettle Creek watershed, but it outcrops near the community of Sparta and 
within the Lake Erie bluffs near Port Talbot.  

Catfish Creek Till and the overlying Port Stanley Till are separated by a discontinuous 
layer of glaciolacustrine sediments that are up to 4 m thick and texturally vary from well-
sorted sand to clay (Schwartz, 1974). The Port Stanley Till is described as a silt to 
clayey silt till with few clasts (Barnett, 1982). Within the watershed, the `till complex' 
consists of up to 5 layers of subglacial till separated by glaciolacustrine sediments 
resulting from glacial lake level fluctuations within the Lake Erie basin (Barnett, 1982; 
1992). Within the northern portions of the Kettle Creek watershed, the Port Stanley Till 
is the prevailing surficial unit. The younger overlying till units were deposited during 
retreat cycles of the Erie ice lobe. This generated a depositional environment of 
subaquatic flow in glaciolacustrine conditions and produced lacustrine silt and sand 
interbeds within the Port Stanley Till (Dillon and Golder, 2004). 

The Wentworth Till is the youngest till within the watershed, and is commonly buried 
beneath glaciolacustrine sediments (Barnett, 1982). Glacial Lake Whittlesey followed by 
Glacial Lake Warren, each flooded a large portion of the watershed throughout the Port 
Huron Stade (Barnett, 1992). The Ekfrid Clay Plain was laid down under calm 
conditions where the fine-grained suspended sediment settled out onto the floor of 
glacial Lakes Whittlesey and Warren.   
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Map 2-7: Bedrock Geology of Kettle Creek Watershed 
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Map 2-8: Quaternary Geology of Kettle Creek Watershed 
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confined overburden aquifers, generally located at depths of greater than 20 m, are 
found within the central parts of the watershed as discontinuous sand and gravel lenses 
within the Port Stanley Till. The Dundee Formation forms the bedrock aquifer in the 
watershed; however, it is largely untapped as a result of adequate groundwater 
resources within the overburden. These hydrostratigraphic units were defined through 
work completed by Strynatka et al. (2006), Dillon and Golder (2004), and Waterloo 
Hydrogeologic Inc. et al. (2003).  
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Map 2-9: Overburden Thickness of Kettle Creek Watershed 
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2.6.2 Shallow Overburden Aquifer 

A water table surface represents groundwater conditions within the shallow aquifer 
under unconfined conditions. Within the Kettle Creek Watershed, the water table was 
generated using the static water level elevations of overburden wells completed less 
than 20 m below ground surface (Map 2-10). 

Map 2-10 indicates that shallow wells are generally associated with the surficial sand 
deposits located throughout the Kettle Creek Watershed, particularly between St. 
Thomas and Lake Erie. There are few shallow wells in the central portion of the 
watershed and along the boundary with the Catfish Creek Watershed to the east as the 
upper primary aquifer is absent.  

Water table elevations vary from approximately 280 m asl across the north of the 
watershed to 180 m asl along Kettle Creek and the Lake Erie shoreline. Shallow 
groundwater flow is predominantly from the north, flowing south towards Lake Erie. 
Flow is influenced by Kettle Creek with local shallow groundwater flow directed towards 
the main branch of the creek. 

2.6.3 Deeper Overburden Aquifer 

Static groundwater elevations within the deep overburden sediments were used to 
generate a potentiometric surface for the deep overburden aquifer unit. Map 2-11 
illustrates the position of the deeper overburden potentiometric surface. The deep 
overburden unit is semi-confined to confined and consists of thin (less than five metres) 
discontinuous sand and gravel lenses within the Port Stanley and underlying Catfish 
Creek Tills. Groundwater flow directions in this deep unit are similar to the water table 
surface with groundwater flow occurring primarily from the north to the south towards 
Lake Erie. Groundwater flow within the southern portions of the watershed is locally 
influenced by Kettle Creek. The overburden potentiometric surface varies from 290 masl 
across the north of the watershed to 150 masl along Kettle Creek and the Lake Erie 
shoreline. 

2.6.4 Bedrock Aquifer 

Static groundwater elevations measured within the bedrock water wells were used to 
develop the bedrock potentiometric surface. Within the Kettle Creek watershed, the 
bedrock potentiometric surface was generated using the static water levels for all water 
wells terminating in bedrock (Map 2-12). The bedrock potentiometric surface is similar 
to the overburden potentiometric surfaces, and groundwater flow is from the northeast 
towards the Lake Erie shoreline in the south. Surface water features do not appear to 
have a significant impact on the bedrock groundwater flow directions. Bedrock 
groundwater elevations range from approximately 270 m asl in the northeast to 170 to 
190 m asl along the Lake Erie shoreline. 

2.6.5 Groundwater Monitoring 

Groundwater conditions are primarily monitored in the Kettle Creek watershed through 
the Provincial Groundwater Monitoring Network (PGMN), a network of wells distributed 
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throughout the province that provide insight on long-term ambient trends and conditions 
(Glauser et al., 2008). The monitors are typically sited to be reflective of broad 
hydrogeologic conditions, away from areas where pumping or contamination may 
impact the data collected. The Ministry of the Environment, Conservation and Parks 
owns the monitoring infrastructure and manages the data gathered through the 
program, but in many cases the program is locally administered by conservation 
authorities. 
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Map 2-10: Water Table Surface of Kettle Creek Watershed 
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Map 2-11: Overburden Potentiometric Surface of Kettle Creek Watershed 
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Map 2-12: Bedrock Potentiometric Surface of Kettle Creek Watershed 
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Map 2-13: Provincial Groundwater Monitoring Well Locations in the Kettle Creek 
Watershed 
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Map 2-14: Land Cover of Kettle Creek Watershed 
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including: Lake Margaret, Mill Creek Pond, Corners Pond, and Sandam Pond. 
Approximately 27 other dams and associated reservoirs can be found throughout the 
watershed that were constructed to collect and retain surface water flows. 

2.11 Surface Water Qual ity  

Surface water moves through the Kettle Creek watershed, before reaching Lake Erie at 
Port Stanley, a source of drinking water for 138,000 residents. Surface water quality 
reflects both the natural features (e.g., soil characteristics, tree cover) and land use of a 
watershed and is likely variable as a result of significant rainfall and snowmelt events. 
Low forest cover, intensive agricultural activities, and urbanization are conditions that 
can lead to impaired surface water quality. In addition, human activities on the land can 
negatively impact surface water quality through the use and/or application of fertilizers, 
pesticides, heavy metals, petroleum products and chemicals. 
 
Although the predominant land use is rural / agricultural, historical data analysis 
suggests that urban stormwater and municipal wastewater discharge originating from 
the City of St. Thomas has had a significant influence on the water quality of the Lower 
Kettle Creek subwatershed. In addition, agricultural land-use within the watershed such 
as row cropping and tile drainage also contributes to high nutrient concentrations seen 
in Kettle Creek and its tributaries. 
 
Phosphorus loading is a key issue facing surface water quality in the Kettle Creek 
watershed and the nearshore of Lake Erie. Phosphorus samples collected across the 
Kettle Creek watershed consistently exceed the Provincial Water Quality Objective.  
 
Total Phosphorus is a nutrient that binds to soil particles and is an indicator of 
sedimentation, erosion and contaminants that are carried to the stream through surface 
runoff. Phosphorus is crucial to many aquatic life cycles; however, high concentrations 
of phosphorus can lead to low oxygen levels (anoxia), excessive algae blooms and 
impaired aesthetics. Domestic and industrial effluents (soaps, cleaning products) and 
urban and agricultural inputs (fertilizers, pesticides) are the main anthropogenic sources 
of phosphorus in the KCCA watershed. 
 
Surface water samples are collected monthly during the ice-free period typically from 
March to November at 10 locations across the watershed and are analyzed for a suite 
of parameters depending on the site. The ten sites are made up of four Provincial Water 
Quality Monitoring Network (PWQMN) sites and six Source Water Protection sites 
chosen to target specific long-term monitoring locations such as the outlet of a sewage 
treatment plant or downstream of a landfill or urban centre (Map 2-16). Samples are 
collected across all three subwatersheds: Dodd Creek, Upper Kettle Creek and Lower 
Kettle Creek. Effort is made to collect the monthly samples from a variety of flow 
conditions (i.e., normal conditions, spring freshet, summer low flow, and peak flows after 
a high-water event or flood event). 

Water quality typically decreases in areas that have more human activity, such as 
agriculture. The highest land use in the Kettle Creek watershed is agriculture at 80%. 
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Generally, nutrient loading and a lack of natural vegetative cover along watercourses 
are contributing to poor overall surface water quality.  
 
Beaver Creek, located in the southeastern portion of the Lower Kettle Creek 
subwatershed, primarily drains a small segment of the Norfolk Sand Plain. This 
difference in physiography makes Beaver Creek a very different system than either 
Kettle Creek or Dodd Creek. Beaver Creek remains one of the few cool to cold water 
systems in the watershed. As a result, several stewardship projects in partnership with 
local organizations have been successfully completed over the last 15 years to protect 
and enhance this significant aquatic habitat.  

In general, surface water quality within the watershed is heavily influenced by erosion 
and sedimentation, flashy high-water events and decreasing summer base flows. Lower 
Kettle Creek and Dodd Creek subwatersheds are the most impaired regions within the 
watershed. Water quality appears to progressively deteriorate from upstream to 
downstream. Located on the Norfolk Sand Plain, Beaver Creek was found to be the 
least impaired region within the watershed. This is likely due to the natural 
characteristics of that sub-basin, primarily the sandy soils, natural vegetation cover and 
groundwater-sourced stream baseflow. 
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Map 2-15: Surface Water Control Structures in the Kettle Creek Watershed 
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Map 2-16: Provincial Water Quality Monitoring Network Sites in the Kettle Creek 
Watershed 
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2.11.2 Water Quality Conditions Specific to the Dodd Creek Sub-basin 

The Dodd Creek sub-basin is in the northwest quadrant of the watershed and drains 
over the Mount Elgin Ridges, a clayey till plain. Land-use across this region is mainly 
agriculture except for a few industrial sites north of Talbotville.  

Dodd Creek drains a clay plain; therefore, the bottom substrates are composed mainly 
of silts with some sand and little gravel. Approximately 80% of the stream reaches in the 
watershed have been significantly altered, with many being straightened and 
channelized for drainage purposes. The areas near Paynes Mills are predominantly in a 
natural state and are considered the most stable with erosion being limited to natural 
processes. 

Dodd Creek is Kettle Creek's largest tributary, with a drainage area of 131 km2. The 
subwatershed is characterized by high runoff and very little groundwater recharge, 
which contributes to the low water levels and baseflow. Historically, wetlands likely 
contributed the bulk of the summer flows to Dodd Creek, but through settlement and the 
clearing of land for agriculture, few of these wetlands exist today, leading to many areas 
of the subwatershed drying up annually. 

Due to the high proportion of agricultural land use of the subwatershed, combined with 
the predominantly clay soils, the priority subwatershed issues include drainage, erosion 
and "keeping the water on the land". The vast network of municipal drains that 
crisscross the subwatershed cause surface water to be immediately washed away, 
leading to increased sedimentation and erosion and negatively impacting groundwater 
recharge. 

Stewardship efforts across the subwatershed focus on tree planting and creating 
windbreaks and riparian buffer strips do mitigate erosion and sedimentation. In addition, 
protecting and maintaining the remaining existing wetlands, while creating new wetland 
habitats in the subwatershed is a priority. These important habitats enhance water 
storage on the land to improve baseflows and act as sponges to prevent erosion and 
sedimentation downstream and function as a water filtering mechanism for improved 
water quality. 

2.11.3 Water Quality Conditions Specific to the Lower Kettle Creek Sub-basin 

The Lower Kettle Creek subwatershed drains an area of 185 km2. Lower Kettle Creek 
begins at the confluence of Dodd Creek and Upper Kettle Creek at St. Thomas and 
flows into Lake Erie at Port Stanley. There are three main tributaries in the 
subwatershed: Mill Creek, Beaver Creek and Little Creek, all of which can support a 
cool water fishery.  

The Lower Kettle Creek sub-basin drains two distinct physiographic regions. The lower 
portion of Kettle Creek drains over the Ekfrid Clay Plain while Beaver Creek, a tributary 
to the east of the Lower Kettle, drains primarily over the Norfolk Sand Plain. These two 
physiographic regions differ dramatically in soil composition which can influence the 
inherent water quality found.  
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Map 2-17: Aquatic Habitat in the Kettle Creek Watershed 
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As part of the Municipal Drain Classification project in partnership with Fisheries and 
Oceans Canada, fish and flow surveys have been conducted over the last seven years 
to classify municipal drains throughout the watershed.  

The Dodd Creek subwatershed, including Dodd Creek and its many tributaries and 
drains supports a warmwater fish community. In the last 10 years, a total of 20 warm 
water community fish species have been identified in the Dodd Creek subwatershed 
including White Sucker, Least Darter, Green Sunfish and Fathead Minnow.  

The Upper Kettle Creek subwatershed supports a diverse warmwater fishery throughout 
most of the subwatershed with Salt Creek supporting some cooler species. In the last 
10 years, a total of 28 fish species have been identified in the Upper Kettle Creek 
subwatershed including Smallmouth Bass, Northern Hogsucker, Stonecat and one 
sensitive species, the Golden Redhorse. The Dalewood Dam is a major barrier to fish 
passage from the Lower Kettle Creek watershed into the Upper Kettle Creek watershed. 

The Lower Kettle Creek subwatershed, including the main branch of Kettle Creek, 
Beaver Creek, Mill Creek and many tributaries supports a mixed warmwater/coolwater 
fish community. In the last 10 years, a total of 30 fish species have been identified in the 
Lower Kettle Creek subwatershed including Rainbow Trout, Golden Shiner, Golden 
Redhorse and Logperch. 

While no intensive freshwater mussel surveys have been conducted within the Kettle 
Creek watershed, field observations over the last 10 years of live mussels and mussel 
shells have identified five species of mussel including White Heelsplitter, Fatmucket, 
Giant Floater, Pink Heelsplitter and Flutedshell. 

Benthic macroinvertebrate monitoring is undertaken annually throughout the watershed. 
There are 10 baseline sites that are sampled every fall using the OBBN method and 15 
Areas of Concern (AoC) sites that are divided by subwatershed and sampled on a 
three-year rotation cycle.  

According to the 2018 Watershed Report Card, the Upper Kettle Creek subwatershed 
surface water quality degraded slightly from an overall grade of C achieved in 2013 
(fair), to D (poor). This change in the surface water quality conditions was due to an 
increase in E. coli concentrations, and higher benthic Family Biotic Index (FBI) scores 
which suggests an increase in organic pollution in the long-term monitoring sites at the 
time of sampling (between 2013-2017). These results, combined with nutrient loading, 
low base flows, high water temperatures and a lack of natural vegetative cover along 
watercourses contribute to poor surface water quality. 

Pollution present in creeks and streams can reduce the number of benthic invertebrate 
species in the system (i.e., species diversity), while frequently creating an environment 
that is favorable to a few species (i.e. pollution tolerant species). 

A stream inventory completed in 1993 inventoried the following streams as being cold 
water systems: Little Creek, Beaver Creek, Salt Creek; cool water: Mill Creek, Spring 
Creek; and warm water: Pinafore Creek, Dodd Creek, Vessie Creek. 
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2.14 Interactions  between  Human and Physical Geography  

Land use practices in the watershed can have an increased risk to ground and surface 
water depending on the geology of the area. The geology can determine the infiltration, 
runoff and recharge rate of precipitation which corresponds to how fast and easily 
contaminants may be able to move and infiltrate the ground and surface water. The mix 
of clay and till materials covering most of the Kettle Creek Watershed drives much of 
the precipitation to run off into the creek and its tributaries. Clearing and draining of land 
for agricultural use throughout the watershed has increased the rate of runoff and 
created a flushing effect where soils and contaminants are carried overland and 
downstream to the outlet of the creek into Lake Erie.  

Conversely, the tight till and clay deposits in the northern portion of the watershed 
provide significant protection from land uses to the groundwater sources for both the 
municipal supply for the Village of Belmont and private wells. The clay and till materials 
of the Ekfird Clay Plain and Mount Elgin Ridges reduces infiltration of surface water and 
contaminants to the drinking water supply aquifer. 

Surface water quality within the Kettle Creek watershed appears to be negatively 
affected by increasing summer temperatures, decreasing baseflows, potentially low 
levels of dissolved oxygen, and extensive nutrient and sediment concentrations. 
Generally high phosphorus concentrations are seen in areas that drain highly intensive 
agricultural lands situated on till or clay plains, which is the case for both Dodd and 
Kettle Creek. However, there are also urban sources entering the creek, such as 
wastewater treatment plant effluent, that could also be elevating phosphorus levels 
found below St. Thomas (Evans and Lanthier, 2006). 

Both the nutrient and sediment issues within the Kettle Creek watershed are primarily 
the result of runoff and erosion. These conditions are amplified by land-use practices, 
such as agriculture and urbanization, and the dramatic elevation change within the 
watershed (Evans and Lanthier, 2006). 

2.15 Summary of Watershed Characterization Peer Review  

In 2022, as part of the Section 36 Update to the Kettle Creek Assessment Report, 
revisions were made to the Kettle Creek watershed characterization section using the 
2018 Kettle Creek Watershed Report Card and Background Report (Dow, 2018), where 
information was available.  

The descriptions in this section of the Assessment Report are excerpts or summaries 
taken from the Kettle Creek Watershed Characterization Report (KCCA, 2008). The 
Characterization Report is based on the best available information on the watershed at 
the time of writing. The components of the Characterization Report were based on the 
requirements of technical guidance documents provided by the Ministry of the 
Environment (Module 1, the Watershed Characterization Technical Guidance, April 
2006). 
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3.2 Water Use  

Water use is expressed in two ways: the amount of water pumped, and the amount of 
water consumed. Consumed water is the amount of water pumped and not returned to 
the source from which it was pumped.  

The amount of water pumped was determined by contacting municipalities for 
information on public water supplies, surveying non-agricultural Permit-To-Take-Water 
holders, utilizing Statistics Canada data to estimate rural domestic and agricultural 
water use, reviewing Permit-To-Take-Water information from the Ministry of the 
Environment including the Permit-To-Take-Water database and Permit-To-Take-Water 
paper records at the Ministry of the Environment offices, and running an irrigation 
demand model. The seasonality of a water taking sector was considered when 
estimating the annual volume of extracted water. 

The amount of water consumed was determined by applying a consumptive factor to 
each taking based on the specific purpose of the taking, while taking into account the 
source of water and the return of waste water. Specific consumptive use factors are 
based on work by AquaResource (2005) with modifications to agricultural water use 
based on Isidoro et. Al. (2004) and comments from the peer review committee. 

There are seven water use sectors active within Kettle Creek Watershed. Table 3-1 
ranks the seven sectors by their proportion of total demand.   
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Map 3-1: Municipal Water Wells in the Kettle Creek Watershed 
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Map 3-2: Surface Water Intakes in the Kettle Creek Watershed 
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Map 3-3: Domestic Bedrock Wells in the Kettle Creek Watershed 
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Map 3-4: Domestic Overburden Wells in the Kettle Creek Watershed 
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