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TRENT CONSERVATION COALITION SOURCE PROTECTION REGION

The Trent Conservation Coalition Source Protection Region extends across the Trent and Ganaraska
River watersheds, covering a 14,500 square kilometre area stretching from Algonquin Park to the Bay
of Quinte and Lake Ontario. Five conservation authorities within this region have worked with the
source protection committee, local municipalities, and other stakeholders to facilitate the

development of the Trent and Ganaraska Source Protection Plans.
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PREFACE

This Assessment Report was prepared to satisfy the requirements of the Clean Water Act on behalf of the Trent
Conservation Coalition Source Protection Committee. The Report is made up of three volumes: Volume | (Text),
Volume 2 (Appendices), and Volume 3 (Maps). While some figures have been included in the text for illustrative
purposes, the complete map set is in Volume 3.

This Assessment Report applies to four of the five source protection areas in the Trent Conservation Coalition
Source Protection Region — Crowe Valley, Kawartha-Haliburton, Lower Trent, and Otonabee-Peterborough —
referred to collectively as the “Trent source protection areas.” A separate Assessment Report has been prepared
for the Ganaraska Region Source Protection Area. The water budget for a small portion of the Ganaraska Region
Source Protection Area that flows into the Trent River system is also discussed in this report.

The purpose of the Assessment Report is to assess the quality and quantity of municipal drinking water supplies
across the applicable source protection areas. The Assessment Report identifies significant threats including
potential future threats that could impact drinking water sources.

The Assessment Report was developed from a number of

background reports (see Appendix F) prepared by Conservation Technical Rules

Authorities, municipalities, and consultants that have been The Technical Rules sets out the
requirements for the Assessment Report.
These rules are referred to throughout this
available data. The requirements for preparing the technical report. The Technical Rules is available on the
reports and the Assessment Report content are set out in detail in Ministry of the Environment and Climate
Change website:
www.ene.gov.on.ca/en/water/cleanwater

completed in accordance with the Clean Water Act using the best

the Technical Rules: Assessment Report, which was developed by
the Ministry of the Environment and Climate Change.

Public Consultation

The draft Proposed Assessment Report was made available for public consultation from June 2 to July 9, 2010. It
was posted on the Trent Conservation Coalition website (www.trentsourceprotection.on.ca), and public
meetings were held in each of the source protection areas in order to seek input from the public. The comments
received from the public were considered by the Source Protection Committee, and the draft Proposed
Assessment Report was revised as appropriate. Following the revisions, the Proposed Assessment Report was
posted for a second round of public consultation (September 10 to October 10, 2010) and submitted to the
Source Protection Authorities established under the Clean Water Act. The Source Protection Authorities were
responsible for submitting the Proposed Assessment Report to the Ministry of the Environment and Climate
Change for review. The Proposed Trent Assessment Report was submitted on October 29, 2010.

During the winter of 2010-11, the document was updated to address data gaps and to reflect new information
received since the October submission. Further, comments were received from the Ministry of the Environment
and Climate Change in April 2011, which were addressed in the document. The Draft Amended Proposed Trent
Assessment Report was submitted for public consultation from May 3 to June 4, 2011. Comments received were
considered by the Source Protection Committee. The Amended Proposed Trent Assessment Report was
submitted to the Source Protection Authorities for the Trent Source Protection Areas and then forwarded to the



Ministry of the Environment and Climate Change for review and consideration in June 2011. The Trent
Assessment Report was approved by the Ministry of the Environment and Climate Change in October 2011.

In 2013, technical studies were carried out to update the wellhead protection area delineation, vulnerability
assessment, and threats enumeration for the Keene Heights municipal drinking water system to account for the
presence of a newly constructed municipal well. The Trent Assessment Report was updated to reflect the results
of those technical studies and the updated document was submitted for public consultation from January 13 to
February 14, 2014, including a public meeting in Keene Heights on January 30, 2014.

This Assessment Report will be used as a foundation for preparing the Trent Source Protection Plan. The
purpose of the Trent Source Protection Plan is to eliminate or manage the significant threats to municipal
drinking water sources that are identified in the Assessment Report. The plan can apply various types of policies
including outreach and education, incentive programs, risk management plans, or even prohibition of certain
activities.



EXECUTIVE SUMMARY

The Assessment Report is a summary of the technical studies undertaken in the Trent source protection areas —
Crowe Valley, Kawartha-Haliburton, Lower Trent, and Otonabee-Peterborough — to meet the requirements of
the Clean Water Act, 2006 and associated Technical Rules.

The report includes the following elements: SRR eEtion Area

A source protection area is an area
e A watershed characterization for each source protection area that established under the Clean Water
Act and generally is the same as the
area over which a conservation
authority has jurisdiction under the
quality Conservation Authorities Act. The
e A water budget and water quantity stress assessment Ministry of the Environment and
Climate Change can expand or create
a source protection area to include
e An evaluation of existing source water quality issues associated parts of Ontario that are not included
with municipal drinking water systems in Conservation Authority
jurisdiction. O. Reg. 284/07, made
under the Clean Water Act,
establishes source protection areas
e Potential climate change implications across Ontario.

characterizes its human and physical geography, drinking water
systems, terrestrial and aquatic characteristics, and regional water

e An assessment of groundwater and surface water vulnerability

e A water quality threats assessment
e Great Lakes considerations

e Adiscussion of cross-boundary considerations (with other source
protection areas and regions)
o Alist of data gaps and next steps.

The main findings of the Assessment Report are summarized below.

WATERSHED CHARACTERIZATION

The Trent source protection areas cover approximately 12,900 square kilometres (km?) and encompass the
entire Trent River watershed (except for about 114 km? of the Rice Lake watershed that is located in the
Ganaraska Region Source Protection Area) and a small area that drains directly into Lake Ontario and the Bay of
Quinte. Many of the major watercourses in the area form the navigation channel of the Trent-Severn Waterway.

The Trent source protection areas include a variety of physiographic regions that can generally be separated into
two distinct areas based on the underlying bedrock. The north is covered with rocky landscapes associated with
the Canadian Shield, and the south is underlain by limestone bedrock covered with various depths of
overburden. The overburden was shaped by glacial activity into a variety of physiographic features including
drumlins, eskers, and limestone plains. The largest physiographic regions in the watershed by area include (from
north to south) the Algonquin Highlands, Georgian Bay Fringe, Dummer Moraines, and Peterborough Drumlin
Field; together these four regions cover over 80% of the Trent source protection areas. Also of note is the
presence of the Oak Ridges Moraine in the south; this is a unique physiographic feature that is the source of
many streams in the watershed and is an important groundwater recharge area.

Natural vegetative cover in the Trent source protection areas includes about 7,500 km? of wetlands and 1,100
km? of woodlands. Vegetated riparian areas (including vegetated lands within 120 metres (m) of lakes, wetlands,
and woodlands) cover about 5,300 km?.



The total population of the Trent source protection areas is approximately 317,000. This total is made up of all
or part of 36 municipalities and 7 First Nations reserves. The most populated settlements include Peterborough,
Trenton, and Lindsay.

WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

Water budget and water quantity stress assessment analyses were completed for the Trent River watershed.
The results of this chapter provide insight into how water moves in the watershed and are useful for the
management of water quantity. The study area included the four Trent source protection areas and the portion
of the Ganaraska Source Protection Area that is located in the Trent River watershed.

Guidelines provided by the Province required a tiered approach to

. . Water Budget
develop an understanding of groundwater and surface water quantities, A water budget quantifies the
flows, and stresses. This analysis included a Conceptual water budget, a components of the hydrologic cycle
Tier 1 water budget, and a Tier 2 water budget for selected including precipitation,

evapotranspiration and human use
of water. They are developed to
evaluate the amount of water used
included a description of the physical setting of the area. The Tier 1 versus the amount of water

water budget expanded on the findings of the Conceptual water budget available in a watershed. If a
detailed water budget indicates

that a municipal system is stressed,
risks to water quantity are
The uncertainty associated with the Tier 1 water budget and water identified.

subwatersheds. The Conceptual water budget provided an initial
overview of water movement through the area at a broad scale and

by calculating water budgets at a smaller scale and by evaluating the
level of stress on water quantity in each subwatershed in the study area.

guantity stress levels was also evaluated.

Most of the subwatersheds were found to have a low stress level in the Tier 1 water budget. The subwatersheds
with municipal wells or intakes found to have a moderate or significant stress level were the following:

e Lindsay (includes all subwatersheds upstream of the Lindsay intake)

e Crowe 4 (subwatershed associated with Havelock municipal wells)

e Lake Ontario 1 (subwatershed associated with Colborne municipal wells)
e Lake Ontario 3 (subwatershed associated with Brighton municipal wells).

Tier 2 water budgets were prepared for these four subwatersheds using complex numerical models to confirm
or negate the stress levels assigned in the Tier 1 analysis. All four of the subwatersheds were assigned a low
stress level (with low uncertainty) in the Tier 2 analysis. As a result, no Tier 3 analyses are required and no water
guantity threats are identified in the Trent River watershed.

VULNERABILITY ASSESSMENT

Groundwater Systems
There are 31 municipal well systems and 1 planned system in the Trent source protection areas:

e Crowe Valley Source Protection Area: 3 municipal well systems
e Kawartha-Haliburton Source Protection Area: 16 municipal well systems



e Lower Trent Source Protection Area: 4 municipal well systems

e Otonabee-Peterborough Source Protection Area: 8 municipal well systems and 1 planned system.
The wellhead protection area was delineated for each of the existing systems ]
W P ! W ! XISting sy Wellhead Protection Area

A wellhead protection area is
(MODFLOW). The wellhead protection area for the planned system was the surface and subsurface
delineated using the uniform flow method. The vulnerability of the aquifers area surrounding a well that
supplies a drinking water
system. Contaminants can
move through a wellhead
methods. Vulnerability scores were assigned to each area in a wellhead protection area and
protection area based on its time of travel and vulnerability. Wellhead eventually reach the well.

protection areas and their vulnerability scores are illustrated on a series of maps

using a computer based three-dimensional groundwater flow model

related to the municipal wells was assessed using index methods (Intrinsic
Susceptibility Index and Aquifer Vulnerability Index) and advective transport

in Volume 2.

Surface Water Systems
There are 15 municipal surface water intakes in the Trent source protection areas:

e Crowe Valley Source Protection Area: 1 municipal surface water system

e Kawartha-Haliburton Source Protection Area: 6 municipal surface water systems

e Lower Trent Source Protection Area: 5 municipal surface water systems

e Otonabee-Peterborough Source Protection Area: 3 municipal surface water systems.

The surface water intakes in the Trent source protection areas are all located in )
Intake Protection Zone

An intake protection zone is an

area in and adjacent to a lake
delineated for each municipal surface water system. Intake Protection Zones 1 or river, where contaminants

inland rivers, streams, and lakes and were treated as Type C and Type D intakes
(per the Clean Water Act definitions). Intake Protection Zones 1, 2, and 3 were

and 3 were delineated using linear calculations, and Intake Protection Zone 2 can quickly reach a drinking
was delineated based on a 2-hour time of travel that was evaluated using a e

combination of dye studies, drogue studies, modeling, and extrapolation approaches.

Since the Trent River watershed is so large and all of the municipal surface water intakes are located upstream
or downstream of one or more of the other intakes, the Intake Protection Zone 3 for each system was truncated
at the downstream boundary of the Intake Protection Zone 1 of the upstream intake. The Intake Protection Zone
3 for the Bayside intake includes all of the Intake Protection Zones and extends to the northernmost part of the
watershed.

Vulnerability scores were assigned to each Intake Protection Zone based on the intake type and an area
vulnerability factor that reflects the physical setting of the zone. Vulnerability scores are highest in Intake
Protection Zones 1 and 2. Intake Protection Zones and their vulnerability scores are illustrated on a series of
maps in Volume 2.



LANDSCAPE-SCALE GROUNDWATER ANALYSES

Groundwater Vulnerability

Groundwater vulnerability was assessed at a landscape scale in the Trent source protection areas. The analysis

focused on the uppermost aquifer from which the majority of domestic

Aquifer

An aquifer is a subsurface area of
porous, permeable soil or rock —

almost like a sponge — that can
VIEWLOG (a borehole data management and visualization software store and transmit significant

wells draw their water. The analysis was based on databases of well
records that included spatial and geological data for thousands of wells
in the source protection region. The analysis was performed using

package) and a geographic information system. Because of the amounts of groundwater.

significant variation in groundwater vulnerability and data availability

across the source protection region, a combination of the Intrinsic Susceptibility Index and Aquifer Vulnerability
Index methods was used to assign the vulnerability. In general, the aquifers in the Precambrian area (north)
were found to be highly vulnerable, and the vulnerability of the aquifers in the Paleozoic (south) was more
variable. Maps of the landscape-scale vulnerability and highly vulnerable aquifers (areas with a vulnerability
score of 6) are provided in Volume 2.

Significant Groundwater Recharge Areas

Significant groundwater recharge areas in the source protection region
Significant Groundwater

Recharge Area
A Significant Groundwater

Recharge Area is an area where a
estimation of recharge rates, and calculation of the water budget surplus large amount of water moves

and threshold recharge volume. Further, for subwatersheds subject to a downward from the surface to
recharge an aquifer.

were delineated using the water budget surplus method (areas where the
annual recharge volume is at least 55% of the annual water budget
surplus). The delineation process consisted of an analysis of climate,

Tier 2 water budget, the significant groundwater recharge areas were
updated using a subwatershed-based threshold recharge method (using
data from the computer models developed for the Tier 2). Significant groundwater recharge areas were assigned
a vulnerability score of 6, 4, or 2 using the landscape-scale groundwater vulnerability analysis discussed above.

A higher vulnerability score means that the aquifer is more susceptible to contamination. Maps of the significant
groundwater recharge areas and vulnerability scores are provided in Volume 2.

DRINKING WATER ISSUES

Drinking water issues exist where the concentration of a contaminant at a surface water intake or well related to
a drinking water system may indicate a deterioration of the quality of the water for use as a source of drinking
water. Only issues that are the result of anthropogenic (human) activity are of significance under the Clean
Water Act. The following drinking water issue was identified in the Trent source protection areas:

e E. coliat the Stirling well system (Lower Trent Source Protection Area).

Issue contributing areas were identified for the Blackstock and Stirling systems. Activities in the contributing
area that could contribute to the drinking water issue were identified as significant threats.



One additional concern was identified in the issues evaluation process: Microcystin-LR was identified as a
potential issue at the Bayside surface water system (Lower Trent Source Protection Area), but additional water
quality data is required to confirm that it is an issue. If confirmed, research would be required to determine the
factors contributing to the issue.

DRINKING WATER THREATS

Areas in each vulnerable area and the relevant circumstances where
an activity or condition is or would be a significant, moderate, or low Significant Drinking Water Threat

drinking water threat are illustrated on a series of maps in Volume 2. 4 yinking water threat is an activity or

The number of parcels at which a person is engaging in an activity condition that adversely affects or has
that is or would be a significant drinking water threat at each the potential to adversely affect the
municipal drinking water system is summarized in Table 1 for surface quality or quantity of any water that is
water threats and Table 2 for groundwater threats. In total, 1,662 or may be used as a source of drinking
prescribed drinking water threats have been identified on 1,006 water. Those activities that pose the

parcels. A local threat, added by the Source Protection Committee B etined “Significant

with the approval of the Ministry of the Environment and Climate Qe carer Threats.
Change (see Appendix A), occurs on three additional properties.

More specific details are provided in the table below.

No conditions resulting from past activities were identified as significant drinking water threats.



Table 1: Summary of Significant Drinking Water Threats for Surface Water Systems in the Trent Source Protection Areas

Source Protection Area
Drinking Water Threats Kawartha- Otonabee- TOTAL
Haliburton Peterborough SR RvEILY Lower Trent
No. | Prescribed Drinking Water Threats
1 The establishment, operation or maintenance of a waste disposal site 1 3 0 3 7
within the meaning of Part V of the Environmental Protection Act
) The establishment, operatioh or maintenance of a system that collects, 148 34 17 6 205
stores, transmits, treats or disposes of sewage
3 | The application of agricultural source material to land 8 33 1 63 105
4 | The storage of agricultural source material 2 11 0 28 41
5 | The management of agricultural source material 0 0 0 0 0
6 | The application of non-agricultural source material to land 0 0 0 0 0
7 | The handling and storage of non-agricultural source material 0 0 0 0 0
8 | The application of commercial fertilizer to land 0 0 0 0 0
9 | The handling and storage of commercial fertilizer 0 0 0 0 0
10 | The application of pesticide to land 8 14 0 42 64
11 | The handling and storage of pesticide 1 5 0 8 14
12 | The application of road salt 30 7 1 12 50
13 | The handling and storage of road salt 0 0 0 0 0
14 | The storage of snow 0 0 0 1 1
15 | The handling and storage of fuel 3 3 0 6 12
16 | The handling and storage of a dense non-aqueous phase liquid 0 0 0 0 0
17 | The handling and storage of an organic solvent 0 0 0 0 0
18 ;r;i:finagement of runoff that contains chemicals used in the de-icing of 0 0 0 0 0
D e o e e 1 oo ; : 1 o "
Total No. Significant Prescribed Drinking Water Threats 204 142 20 229 595
Total No. Parcels Affected by Significant Prescribed Drinking Water Threats 167 83 18 108 374
Local Drinking Water Threats
Maintaining open areas of mown grass for recreational activities that promote
the congregation of waterfow! within or near surface water bodies 0 3 0 0 3
Total No. Significant Local Drinking Water Threats 0 3 0 0 3
Total No. Parcels Affected by Significant Local Drinking Water Threats 0 3 0 0 3
TOTAL (All Significant Drinking Water Threats)
Total No. Significant Drinking Water Threats 204 145 20 211 598
Total No. Parcels Affected by Significant Drinking Water Threats 167 86 17 108 377

*Note: The total number of affected parcels is less than the total number of drinking water threats because more than one threat occurs on some parcels.



Table 2: Summary of Significant Drinking Water Threats for Groundwater Systems in the Trent Source Protection Areas

Source Protection Area

Significant Drinking Water Threats

Drinking Water Threats Kawartha- Otonabee- TOTAL
Haliburton Peterborough S RvERy Lower Trent
No. | Prescribed Drinking Water Threats
The establishment, operation or maintenance of a waste disposal site
1 L . . . 1 0 1 0 2
within the meaning of Part V of the Environmental Protection Act
) The establishment, operatioh or maintenance of a system that collects, 274 166 23 7 470
stores, transmits, treats or disposes of sewage
3 | The application of agricultural source material to land 26 7 1 41 75
4 | The storage of agricultural source material 6 1 0 7 14
5 | The management of agricultural source material 0 0 0 0 0
6 | The application of non-agricultural source material to land 1 0 0 0 1
7 | The handling and storage of non-agricultural source material 0 0 0 0 0
8 | The application of commercial fertilizer to land 72 0 0 0 72
9 |The handling and storage of commercial fertilizer 4 0 0 0 4
10 | The application of pesticide to land 20 6 2 3 31
11 |The handling and storage of pesticide 3 0 0 0 3
12 | The application of road salt 0 0 0 0 0
13 | The handling and storage of road salt 0 0 0 0 0
14 | The storage of snow 0 0 0 0 0
15 | The handling and storage of fuel 195 93 22 23 333
16 | The handling and storage of a dense non-aqueous phase liquid 3 0 9 0 12
17 | The handling and storage of an organic solvent 1 0 0 0 1
18 The management of runoff that contains chemicals used in the de-icing of 0 0 0 0 0
aircraft
2 The ste of land as livestock graz'ing or pasturing land, an outdoor 3 3 0 35 6
confinement area, or a farm-animal yard
Total No. Significant Prescribed
Drinking Water Threats 614 276 >8 116 1064
Total No. Parcels Affected by Significant
Prescribed Drinking Water Threats 325 196 37 71 629
Local Drinking Water Threats
None 0
TOTAL (All Significant Drinking Water Threats)
Total No. Significant Drinking Water Threats 614 276 58 116 1064
Total No. Parcels Affected by 375 196 37 71 629

*Note: The total number of affected parcels is less than the total number of drinking water threats because more than one threat occurs on some parcels.




ADDITIONAL CONTENT

Great Lakes Considerations

A discussion is included on how the Assessment Report considered the Great Lakes Water Quality Agreement,
the Canada-Ontario Agreement Respecting the Great Lakes Basin Ecosystem, and the Great Lakes Charter. The
Clean Water Act allows for the Minister of the Environment and Climate Change to establish targets relating to
the use of the Great Lakes as a source of drinking water for any of the source protection areas that contribute
water to the Great Lakes. If targets are set, policies and steps would need to be established to achieve these
targets. No targets have been set to date.

Potential Climate Change Implications

Contents of this Assessment Report that include projections or analyses of historical climate data have the
potential to be affected by climate change. Secondary impacts are expected as a result of the changes in climate
(e.g., a decrease in surplus water due to an increase in evapotranspiration). The potential impacts of climate
change on the findings of this Assessment Report in the next 25 years include increases in the size of some of
the vulnerability zones, increases in numbers of significant water quality threats, and increases in water quantity
stress levels.

Cross-Boundary Considerations

The Assessment Report identifies a number of matters that affect other source protection areas and regions.
These include wellhead protection areas that are located in both the Lake Simcoe Source Protection Area and
the Kawartha-Haliburton Source Protection Area, and Intake Protection Zones that are located in both the Lower
Trent Source Protection Area and the Quinte Source Protection Region. In addition, regional mapping of areas
such as significant groundwater recharge areas and highly vulnerable aquifers are matters that need to be
considered in consultation with the neighbouring source protection regions.

NEXT STEPS

The Assessment Report will be used as a foundation for preparing the local Source Protection Plan. The purpose
of the Source Protection Plan is to eliminate or manage significant threats to municipal drinking water sources
that are identified in the Assessment Report. The plan will be developed by the Source Protection Committee in
consultation with municipalities, Conservation Authorities, property and business owners, farmers, industry,
health officials, community groups, First Nations, and others working together to develop a fair, practical, and
implementable Source Protection Plan. The plan could use various types of policies ranging from outreach and
education to incentive programs to risk management plans, or even prohibition of certain activities. Public input
and consultation will play a significant role throughout the process.

The Source Protection Plan must be submitted to the Minister of the Environment and Climate Change by
August 20, 2012.
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Chapter 1: Introduction

CHAPTER 1: INTRODUCTION

This Assessment Report has been prepared as a component of the source protection planning process for the
Trent Conservation Coalition Source Protection Region by its Source Protection Committee in accordance with
the Ontario Clean Water Act, 2006 S.15 (1).

1.1 CLEAN WATER ACT, 2006

The Clean Water Act was passed by the Ontario government

to establish a framework for drinking water source protection
across the province. Source protection planning is the first
line of defense in a multi-barrier approach to the provision of
safe drinking water (Figure 1-1) that aims to prevent the
contamination and overuse of lakes, rivers, and groundwater.
This is achieved by evaluating threats to these water sources
and establishing policies to prevent, minimize, or eliminate
them. The Act mandates existing Conservation Authorities to
perform the powers of Source Protection Authorities for the
purpose of source protection planning in a source protection
area. The Act assigns responsibilities, prescribes research and
technical studies, and provides regulations in support of the
development and implementation of Source Protection Plans.

Regulations under the Act include Service of Documents

(Ontario Regulation (O. Reg.) 231/07), Source Protection Areas dThi multi-barr ierl "gp’ oach to the provision of safe
, . rinking water includes source protection, treatment,

and Regions (0. Reg. 284/07), General Regulations (O. Reg. distribution, and testing

287/07), and Source Protection Committees (O. Reg. 288/07).

1.1.1 SOURCE PROTECTION AUTHORITIES

Source Protection Authorities are administrative bodies mandated to satisfy the requirements of the Actin a
source protection area. They are generally composed of the Conservation Authority boards of directors that are
made up of representatives appointed by councils of the municipalities in the Conservation Authority. Where
the jurisdiction of a Source Protection Authority has been expanded to include areas outside of the jurisdiction
of a Conservation Authority, the Source Protection Authority includes additional representation from the
municipalities included by the boundary expansion.

1.1.2 SOURCE PROTECTION AREAS AND REGIONS

Source protection areas are the area of focus for a Source Protection Authority and are defined in O. Reg.
284/07 of the Act. In most cases, a source protection area is the same as the Conservation Authority jurisdiction
as defined in the Conservation Authorities Act. However, where desirable for the purpose of source protection,
watersheds located outside of Conservation Authority jurisdiction have been included in adjacent source
protection areas or established as independent source protection areas. In some parts of the province, the Act
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has consolidated several adjacent source protection areas into source protection regions. Within these
consolidated areas, the administration of the source protection planning process is centralized with a lead
Source Protection Authority, subject to an agreement among the Source Protection Authorities in the region.

1.2 TRENT CONSERVATION COALITION SOURCE PROTECTION REGION

The Trent Conservation Coalition Source Protection Region (hereafter, the Region) has been established in
accordance with the Act as a partnership among the Kawartha-Haliburton, Otonabee-Peterborough, Crowe
Valley, and Ganaraska Region Source Protection Authorities, with the Lower Trent as the lead Source Protection
Authority. The Region covers an area of approximately 14,500 square kilometres (km?) and includes the entire
Trent River watershed and two additional watersheds: the Ganaraska Region Source Protection Area, which
drains into Lake Ontario (except for a small portion that drains into Rice Lake), and the southern portion of the
Lower Trent Source Protection Area, which drains into both Lake Ontario and the Bay of Quinte. The Region also
includes land outside of Conservation Authority jurisdiction. The boundaries of the Region and its source
protection areas are shown on Map 1-1.

1.2.1 LANDS OUTSIDE OF CONSERVATION AUTHORITY JURISDICTION

The Kawartha-Haliburton, Otonabee-Peterborough, and Lower Trent Source Protection Areas have been defined
by O. Reg. 284/07 of the Act to include areas outside of Conservation Authority jurisdiction. Specifically, the
Kawartha Region and Otonabee Region Conservation Authority boundaries have been expanded for purposes of
source protection planning to include the headwaters of the Trent River, which includes parts of Haliburton and

Peterborough Counties. The Lower Trent Source Protection ) ? T
Area encompasses a small portion of the Township of

Havelock-Belmont-Methuen, which is not within the
jurisdiction of any Conservation Authority.

1.2.2 TRENT-SEVERN WATERWAY

The Trent-Severn Waterway is a system of rivers, lakes,
canals, locks, and water control structures that forms a
navigable route through the Region and the adjacent South
Georgian Bay Lake Simcoe Source Protection Region. It
extends from Georgian Bay at Port Severn to the Bay of
Quinte at Trenton and is a central feature of both source
protection regions. Many of the major watercourses in the
Region form the navigation channel of the waterway; others
act as reservoirs helping to regulate water supply. The

waterway is owned and operated by Parks Canada and their
management decisions can have a significant impact on

water flows and levels throughout the Region.

The five Source Protection Areas that make up the
Trent Conservation Coalition Source Protection
Region (see also Map 1-1)
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1.3 OVERVIEW OF SOURCE PROTECTION PLANNING PROCESS

Source protection planning under the Act requires the development of a Terms of Reference, Assessment
Report, and Source Protection Plan. The Terms of Reference outlines the work plan, timeline, and
responsibilities for the development of the Assessment Report and lists the drinking water systems that are
within its scope. A Terms of Reference for each source protection area in the Region has been completed,
publicly reviewed, approved by the Minister of the Environment and Climate Change, and is available on the
Trent Conservation Coalition website. The Assessment Report is a technical document developed in accordance
with the Terms of Reference that identifies and evaluates threats to drinking water quality and quantity. The
Assessment Report accomplishes this by compiling all relevant data on the applicable source protection areas
and by applying scientific methodologies to assess the vulnerability of the municipal drinking water systems that
are located in the areas. The Act also contains provisions to include non-municipal drinking water systems in
prescribed circumstances.

The Source Protection Plan will build on the findings of the Assessment Report by establishing policies to reduce
or eliminate significant threats to water quality or quantity and will identify who is responsible to take action,
set timelines, and establish performance measures for plan implementation. Where possible, the Source
Protection Plan will build on work currently underway and will recognize or reinforce existing management
practices relevant to drinking water source protection.

1.4 SCOPE AND PURPOSE OF THE ASSESSMENT REPORT

This Assessment Report has been developed for the

Kawartha-Haliburton, Otonabee-Peterborough, Crowe
Valley, and Lower Trent source protection areas. These
source protection areas have been grouped into a single
Assessment Report to maintain a focus on the Trent River
watershed and to preserve linkages to the Trent-Severn
Waterway. A separate Assessment Report has been
developed for the Ganaraska Region Source Protection Area.
Where technical studies performed in fulfillment of the Act
have considered all five source protection areas, the
Ganaraska Assessment Report will be cross-referenced as
appropriate. The source protection areas that are the subject
of this report are illustrated on Map 1-2.

This report has been prepared in accordance with O. Reg.
287/07 of the Act, the Technical Rules published by the
Ministry of the Environment and Climate Change, and the

Terms of Reference for each of the four applicable source
protection areas. The Technical Rules and O. Reg. 287/07
identify the specific contents of the Assessment Report and The four source protection areas that are the subject
establish standards for technical work undertaken in of this Assessment Report (see also Map 1-2)
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fulfillment of the Act. This report will bring together the results of the technical studies required by the Act and
the Technical Rules, including watershed characterizations, water budgets, vulnerability assessments, issues
identification, and threats assessments; it will provide a scientific basis for the development of policies in a
Source Protection Plan.

1.5 PARTICIPANTS IN THE PROCESS

Source protection planning is a multi-stakeholder process that seeks to involve everyone that may be affected
by the Source Protection Plan. Participants include the provincial government, Conservation Authorities,
municipalities, First Nations, landowners, businesses, the public, and other stakeholders. Participants in the
process are represented by the Source Protection Committee. The public has multiple opportunities to provide
input through a public consultation process.

1.5.1 SOURCE PROTECTION COMMITTEE

The Act assigns the responsibility for developing the Assessment Report and Source Protection Plan to a Source
Protection Committee made up of individuals selected to represent municipal, economic, general public, and
First Nations interests across the Region. The composition and operation of the Committee are prescribed under
O. Reg. 288/07 of the Act. The chair was appointed by the Minister of the Environment and Climate Change on
August 20, 2007 and the Committee was established in November 2007 following an open public process. In
addition to the chair, there are twenty-four members: seven municipal representatives, seven representatives
from the economic/industrial sector, seven members representing other interests, and three First Nations
representatives. Three non-voting liaison members also sit on the Committee to represent the Ministry of the
Environment and Climate Change, Source Protection Authorities in the Region, and Health Units/Departments.

1.5.2 PUBLIC CONSULTATION

The Source Protection Committee is required to consult broadly across the watershed at three key stages during
the preparation of the Terms of Reference, Assessment Report, and Source Protection Plan.

Consultation on the Trent Assessment Report occurred between June 2 and July 9, 2010 upon the completion of
the Draft Proposed Trent Assessment Report and again in September and October 2010 when the Proposed
Trent Assessment Report was submitted to the source protection authorities. Public consultation on the Draft
Amended Proposed Trent Assessment Report occurred in May and June 2011 prior to submission to the source
protection authorities and the Ministry of the Environment and Climate Change in June 2011.

Further public consultation occurred between January 13 and February 14, 2014 regarding updates to the Trent
Assessment Report to include a newly drilled well for the Keene Heights drinking water system.

1.6 PROJECT TIMELINE

The Act establishes timelines for the source protection planning process. The Assessment Report is to be
submitted to the Ministry of the Environment and Climate Change within one year of the approval of the Terms
of Reference. The Source Protection Plan is to be submitted to the Minister of the Environment and Climate
Change within five years of the appointment of the Source Protection Committee chair. Since the Terms of
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Reference for the source protection areas in the Region were approved in early 2009, the Act requires the
Proposed Assessment Reports to be submitted by early 2010. However, an extension to October 29, 2010 was
granted by the Ministry of the Environment and Climate Change (see Appendix A). This deadline extension does
not affect the August 20, 2012 deadline for the submission of the Source Protection Plan.

After submission of the Proposed Assessment Report, a work plan was accepted by the Ministry of the
Environment and Climate Change detailing tasks to be completed in a future update/amendment to the
Proposed Assessment Report. This Amended Proposed Assessment Report was submitted to the Ministry in
June 2011. The Trent Conservation Coalition Source Protection Committee received notice from the Ministry of
the Environment and Climate Change in October 2011 advising that the Trent Assessment Report was approved.
The approval process was considered complete with the posting of an Information Notice on the Environmental
Bill of Rights Registry in January 2012, as required under Section 18 of the Clean Water Act. The timeline for the
completion of the components of the source protection planning process is illustrated in Table 1.

Table 1-1: Timeline for Source Protection Products

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012

v

Watershed Studies
Municipal Technical Studies

v

Terms of Reference —_—

v

Assessment Reports

Source Protection Plans

v

Clean Water Act, 2006
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CHAPTER 2: WATERSHED CHARACTERIZATION

2.1 INTRODUCTION

A watershed is the area of land that drains to a waterbody. A watershed characterization is an overview of a
watershed that includes a description of its geography and natural features, a summary of the drinking water
systems, and a characterization of its water quality (based on the available data). This chapter includes the
water characterizations for the four Trent source protection areas.

2.1.1 OVERVIEW

This section describes the main headings used in the watershed characterizations for the four Trent source
protection areas and summarizes the watershed characterization for the Trent River watershed and the portions
of the Lower Trent Source Protection Area that flow directly into Lake Ontario and the Bay of Quinte. The
detailed watershed characterizations for each of the four source protection areas are provided in Sections 2.2 to
2.5.

1.0 Overview of Source Protection Area [Technical Rules 16(1) & 16(2a)]
This section describes the watershed and subwatershed boundaries and provides a general overview of the
source protection area. Maps are provided for watershed and subwatershed boundaries.

Summary for the Trent River Watershed

The Trent source protection areas include the Crowe Valley, Otonabee-Peterborough, Kawartha-
Haliburton, and Lower Trent Source Protection Areas. Together these areas cover a total of about
12,900 km? and they encompass the entire Trent River watershed (except for about 114 km? of the Rice
Lake watershed that is located in the Ganaraska Region Source Protection Area). Many of the major
watercourses in the area form the navigation channel of the Trent-Severn Waterway.

2.0 Human and Physical Geography [Technical Rules 16(2a-e); 16(9)-16(11); 17; O. Reg. 287/07 5.13(1)(1)]

This section addresses the Technical Rules related to human geography (areas of settlement and the boundaries
and populations of municipalities and First Nations reserves) and physical geography. Maps are provided for all
of these features.

Summary for the Trent River Watershed

The Trent source protection areas include a variety of physiographic regions that can generally be
separated into two distinct areas based on the underlying bedrock: the north is covered with rocky
landscapes associated with the Canadian Shield and the south is underlain by limestone bedrock
covered with various depths of overburden. The overburden was shaped by glacial activity into a variety
of physiographic features (including drumlins, eskers, and limestone plains). The largest physiographic
regions in the watershed by area include (from north to south) the Algonquin Highlands, Georgian Bay
Fringe, Dummer Moraines, and Peterborough Drumlin Field; together these four regions cover over 80%
of the Trent source protection areas. Also of note is the presence of the Oak Ridges Moraine in the
south; this unique physiographic feature is the source of many streams in the watershed and is an
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important area for groundwater functions. The coverage of physiographic regions in the Trent source
protection areas is summarized in Table 2.1-1.

Table 2.1-1: Physiographic Regions in the Trent Source Protection Areas

Physiographic Region Area (km?) % Total
Algonquin Highlands 3387 26.3
Peterborough Drumlin Field 3230 25.1
Georgian Bay Fringe 2390 18.6
Dummer Moraines 1583 12.3
Iroquois Plain 1069 8.3
Schomberg Clay Plains 418 3.2
Oak Ridges Moraine 261 2.0
Carden Plain 232 1.8
South Slope 208 1.6
Napanee Plain 79 0.6
Prince Edward Peninsula 9 0.1

The total population of the Trent source protection areas is approximately 317,000. This total is made
up of all or part of 36 municipalities and seven First Nations reserves. The most populated settlements
include Peterborough, Trenton, and Lindsay. An estimate of the population in each source protection
area is listed in Table 2.1-2. Federal lands in the Trent source protection areas include Canadian Forces
Base Trenton and lands along the Trent-Severn Waterway.

Table 2.1-2: Approximate Population of the Trent Source Protection Areas

Source Protection Area Approximate Population % Total
Otonabee-Peterborough 129,299 40.8
Kawartha-Haliburton 99,021 31.2
Lower Trent 78,457 24.7
Crowe Valley 10,490 3.3

3.0 Overview of Drinking Water Systems [Technical Rules 16(3)(a-e)]

This section of the watershed characterization identifies the drinking water systems in the source protection
area, their classifications in accordance with the Drinking Water Systems Regulation (O. Reg. 170/03), their
average pumping rates, and the location of monitoring wells related to these systems. Maps are provided for
municipal residential drinking water systems and for other drinking water systems.

Summary for the Trent River Watershed

Drinking water systems in the Trent source protection areas include municipal and non-municipal
systems of various sizes that draw raw water from both groundwater and surface water sources.
Drinking water systems are divided into eight classifications by the Drinking Water Systems Regulation
(0. Reg. 170/03) under the Safe Drinking Water Act, 2002 based on ownership, number of users, flow
rate, annual operating period, and type of facility served. The number of drinking water systems of each
classification is listed by source protection area in Table 2.1-3. About 43% of the population of the Trent
source protection areas are served by 47 municipal residential drinking water systems (including the
“large municipal residential” and “small municipal residential” classifications); this includes 31
groundwater systems and 16 surface water systems.
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Table 2.1-3: Drinking Water Systems in the Trent Source Protection Areas

. e Number of Drinking Water Systems
Safe Drinking Water Act Classification ORCA LTSPA KHSPA CVSPA Total
Large municipal residential 10 10 16 3 39
Small municipal residential 0 6 1 8
Large municipal non-residential* 1 0 0 0 1
Small municipal non-residential* 33 0 39 11 83
Non-municipal year-round residential* 12 18 18 3 51
Non-municipal seasonal residential* 30 29 29 6 94
Large non-municipal non-residential* 1 0 0 0 1
Small non-municipal non-residential* 98 130 130 12 370

*Estimated from Ministry of the Environment and Climate Change Drinking Water Information System database

4.0 Terrestrial and Aquatic Characteristics [Technical Rules 16(4)-16(7)]

This section of the watershed characterization describes the natural vegetative cover (including wetlands,
woodlands, and vegetated riparian areas) and aquatic habitats (including the fisheries and macroinvertebrate
communities) in the source protection area. Maps are provided for wetlands and woodlands, vegetated riparian
areas, stream temperature, Simpson’s species diversity index, and Hilsenhoff water quality index.

Summary for the Trent River Watershed

Natural vegetative cover in the Trent source protection areas includes about 7,500 km? of wetlands and
1,100 km? of woodlands. Vegetated riparian areas (including vegetated lands within 120 metres (m) of
lakes, wetlands, and woodlands) cover about 5,300 km?. The coverage of wetlands, woodlands, and
vegetated riparian areas is indicated in Table 2.1-4.

Table 2.1-4: Natural Vegetative Cover in the Trent Source Protection Areas

Natural Vegetative Cover Type et (L)
OPSPA KHSPA LTSPA CVSPA Total
Wetlands 346 343 217 192 1,098
Woodlands 1,674 3,537 715 1,548 7,474
Vegetated Riparian Areas 1,362 2,188 625 1,115 5,290

5.0 Surface Water and Groundwater Quality [Technical Rules 16(8)-16(9) & 18]

This section of the watershed characterization summarizes the available surface water and groundwater quality
data in the source protection area. The most comprehensive sources of data are the Provincial Water Quality
Monitoring Network (for surface water) and the Provincial Groundwater Quality Monitoring Network (for
groundwater). Data tables are provided that summarize the data from both of these sources. Maps are provided
for the locations of surface water and groundwater quality monitoring network stations. Other miscellaneous
sources of data are also summarized, including the Drinking Water Information System database, sampling data
from municipal water treatment plants, and regional groundwater quality studies.

2.1.2 INFORMATION TO SUPPORT CONTINUAL IMPROVEMENT

Available information was used to complete the characterization of the source protection areas as required by
the Technical Rules. Improvements to the characterization could be made with more data.
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Ecological Land Classification

Mapping of land cover could be improved if ecological land classification mapping was completed for all source
protection areas in the region.

Non-Municipal Drinking Water Systems

The list of non-municipal drinking water systems is incomplete and should be revised when the provincial data
set is updated. Additional information on locations of wells, pumping rates, number of users served, and
locations of monitoring wells related to these systems would provide a more comprehensive overview.

Locations and Types of Aquatic Habitats

There are limited data available that indicate the locations and types of aquatic habitats in the source protection
areas. Stream temperature, Simpson’s Diversity Index, and Hilsenhoff’s Water Quality Index were used as an
indicator to identify the potential locations of aquatic habitats. As more information becomes available through
provincial or local watershed studies, the report and mapping should be updated.

Surface Water Quality Data

The amount and quality of data available to characterize the surface water quality of the source protection areas
vary. In some cases only historical data are available; sampling at these sites has been discontinued. In some
areas only recent data are available. A long-term sampling program needs to be established and maintained for
all source protection areas in the region.

Continuation of the benthic macroinvertebrate surveys conducted by Conservation Authorities will provide data
that can be used to assess long-term water quality.
Groundwater Quality Data

Little data are available on groundwater quality. The Provincial Groundwater Monitoring Program was recently
established to fill this gap. Continuation of this program will provide data to characterize the groundwater in the
future.
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2.2 KAWARTHA-HALIBURTON SOURCE PROTECTION AREA

A watershed is the area of land that drains to a particular body of water. A watershed characterization is a

documentation of various aspects of a watershed for the purpose of obtaining a general understanding of its
features and functions. This is the watershed characterization of the Kawartha-Haliburton Source Protection
Area, and it has been prepared in accordance with the Clean Water Act, 2006, O. Reg. 287/07, and Part Il of the
Technical Rules. This watershed characterization draws from earlier documents prepared before the publication
of the Technical Rules and has expanded on them where required to satisfy the legislation. The reports were
prepared in 2008 by Kawartha Conservation and are entitled:

e  Watershed Characterization Report: Kawartha-Haliburton Source Protection Area (Kawartha
Conservation Watershed)

e  Watershed Characterization Report: Kawartha-Haliburton Source Protection Area (Burnt & Gull River
Watersheds).

2.2.1 OVERVIEW OF SOURCE PROTECTION AREA

The Kawartha-Haliburton Source Protection Area covers an area of 5,406 km? and is located within the
southcentral region of Ontario, fringing on the Greater Toronto Area to the south and Algonquin Park to the
north. The west-east extent stretches from Lake Simcoe to Pigeon Lake. The source protection area is divided
into two physically distinct areas by geologic features: the Precambrian Shield in the north and the Paleozoic
limestone plateau in the south. The northern portion is characterized by Precambrian Shield features such as
faults, dips, and complex folds that originated during a mountain building phase about 550 million years ago.
The Precambrian bedrock that is visually apparent in this region disappears from view in the southwesterly
direction and is overlain by younger sedimentary rocks in the south that were deposited by a large ocean that
existed during the Ordovician period about 480-460 Million years ago (Turnstone Geological Services Ltd., 2008).
The boundary between these two different bedrock formations is approximately marked by the northern
shorelines of the Kawartha Lakes. The Kawartha-Haliburton Source Protection Area and its subwatersheds are
shown on Maps 2-1(KH) and 2-2(KH), respectively.

2.2.2 GEOGRAPHY AND LAND USE

2.2.2.1 PHYSICAL GEOGRAPHY

The current landscape of the source protection area owes its character to approximately 800,000 years of glacial
activity that occurred during the Pleistocene epoch; this glacial activity shaped a highly variable landscape.
Massive ice sheets that covered the area and the meltwaters of retreating glaciers shaped many of the present
surface features found in the Kawartha-Haliburton Source Protection Area. The recession of the most recent
Wisconsinan glaciation, particularly the recession of the Lake Simcoe ice lobe, greatly affected the landscape of
the source protection area by leaving behind moraines, eskers, drumlins, and other glacial features. The source
protection area is divided into several different physiographic regions including the Oak Ridges Moraine,
Peterborough Drumlin Field, Schomberg Clay Plain, Carden Plain, Dummer Moraine, Georgian Bay Fringe, and
Algonquin Highlands. Physiographic regions in the source protection area are shown on Map 2-3(KH), and the
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percent coverage of each physiographic feature is identified in Table 2.2-1. Physical characteristics of
subwatersheds are summarized in Table 2.2-2.

The Oak Ridges Moraine is one of the key landforms in the Kawartha-Haliburton Source Protection Area,
supporting many of the best groundwater-fed headwater systems in the area that flow into streams in the
southern portion of the source protection area. The Oak Ridges Moraine is classified as an interlobate moraine
in which sediments were deposited between two oscillating ice sheets about 12,000 years ago. The moraine is
composed of differing till deposits that vary in silt, sand, and clay content.

To the north of the Oak Ridges Moraine is the Peterborough Drumlin Field, where three to four thousand
drumlins are present in the overall physiographic region (Chapman & Putman, 1984; Jalava et. al, 2001).
Drumlins typical to this area are elongated, low-lying hills. They are composed of highly calcareous glacial till
that consists of sands and gravels, and their general orientation is from northeast to southwest.

The Schomberg Clay Plain is a relatively flat, dish-shaped area, bound by the Peterborough Drumlin Field to the
west, north, and east, and by the Oak Ridges Moraine to the south, that was created by the deposition of clay
and silt sediments of glacial Lake Schomberg (Singer, S.N., Cheng, C., & Scafe, M., 2003). The majority of the clay
and silt deposits measure an average depth of 5 metres in thickness, however in some locations, the thickness
reaches up to 8 metres.

The Carden Plain is located between Lake Simcoe and Balsam Lake north of the Peterborough Drumlin Field. The
Carden Plain supports an alvar community, which indicates an open habitat environment situated on a
limestone plain with a thin layer of soil. The landscape is distinctly unique and is comprised primarily of grass,
shrubs, and wildflowers that provide habitat for many species such as butterflies, dragonflies, and birds.

The Algonquin Highlands is a subdivision of the Precambrian Canadian Shield physiographic region. A thin layer
of soil overlies the Precambrian bedrock that is fractured by several faults. These fracture lines are often
covered by lakes and rivers. The Gull River, for example, runs along a fault line for most of its length.

The Georgian Bay Fringe physiographic region is located between the Algonquin Highlands and the Carden Plain.
It is characterized by bare rock knobs, ridges, scanty drift coverings and shallow soil (Singer et al., 2003). Thin
overburden (less than 10 metres in depth) was eroded during glaciations; this exposed the underlying limestone
at various locations. The grinding and abrasive activity of the moving ice scoured depressions into the bedrock
and resulted in the numerous lakes and wetlands that exist today ( Adams, P. & Taylor, C., 1992). This
physiographic region contains granites and gneisses that give a rugged appearance to the landscape associated
with the Precambrian Shield. There are also some areas with limited amounts of fine sand, silt, and clay loams
(Chapman & Putnam, 1984).

The Dummer Moraine occupies the southern portion of the Burnt River subwatershed between the Georgian
Bay Fringe (to the north) and the Carden Plain (to the west). A limestone plain mostly overlain with shallow
overburden characterizes this physiographic region. The Dummer Moraine is an area of jagged stony land
running along the southern border of the Canadian Shield from the Kawartha Lakes eastward to Kingston
(Chapman & Putman, 1984). The till is composed of coarse boulders and sandy materials, and several bedrock
outcrops occur throughout the area north of the Kawartha Lakes. Both Paleozoic and Precambrian rock
fragments are found in the till, and the area is generally characterized by rough topography with low moraine
ridges that are comprised of stony soil.
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Table 2.2-1: Physiographic Regions in the Kawartha-Haliburton Source Protection Area

Physiographic Region Area (km?) Land Coverage (%)
Algonquin Highlands 2,100.8 38.9
Carden Plain 231.7 4.3
Dummer Moraine 321.5 5.9
Oak Ridges Moraine 102.0 1.9
Schomberg Clay Plain 417.8 7.7
Georgian Bay Fringe 742.8 13.7
Peterborough Drumlin Field 1,489.4 27.6

Data Source: Calculated using data supplied under license by members of the Ontario Geospatial Data Exchange

2.2.3 HUMAN GEOGRAPHY: POPULATION AND LAND USE

2.2.3.1 AREAS OF SETTLEMENT

The Places to Grow Act, 2005 provides a legislative framework for the development of growth plans in
designated growth areas. The Act provides the following definition for areas of settlement: “area(s] of land
designated in an official plan for urban uses, including urban areas, urban policy areas, towns, villages, hamlets,
rural clusters, rural settlement areas, urban systems, rural service centres or future urban use areas, or as
otherwise prescribed.” Areas of settlement in the Kawartha-Haliburton Source Protection Area are shown on
Map 2-4(KH).

2.2.3.2 MUNICIPALITIES

There are eleven municipalities located within or partially within the Kawartha-Haliburton Source Protection
Area. The total population of these municipalities is 140,580 (Statistics Canada, 2006), and about 99,021 of them
are located within the source protection area boundary. Population is typically concentrated in the larger urban
developments in the southern part of the Kawartha-Haliburton Source Protection Area such as Port Perry,
Lindsay, Fenelon Falls, and Bobcaygeon. The majority (2,826 km?) of the source protection area has a population
density of less than 25 people per square kilometre. There is a seasonal increase of population of about 50% in
the portion of the source protection area located in Haliburton County during the summer months.
Municipalities located in the source protection area, their total population and area, and the portion of their
population and area located in the source protection area are listed in Table 2.2-3. Municipal boundaries,
populations, and population densities in the source protection area are shown on Maps 2-5(KH), 2-6(KH), and 2-
7(KH), respectively.

2.2.3.3 FIRST NATIONS

The Mississaugas of Scugog Island First Nation, located at the northern tip of Scugog Island, is the only First
Nation reserve in the Kawartha-Haliburton Source Protection Area. The population of the reserve is 72 (Statistics
Canada, 2006) and its population density is about 30 people per square kilometre. The reserve is shown on Map
2-8(KH).
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Table 2.2-2: Physical Characteristics of Kawartha-Haliburton Source Protection Area Subwatersheds

Drainage | Channel | Total SELI Percent Land Cover
Subwatershed Average . . .
Name Area Length Fall Slope Physiographic Region(s)
(km?) (km) (m) (%) Wetlands Lakes Woodland
Gull River
Upper Gull River 564.51 73.92 | 150.64 0.20 2.36 15.89 76.30 Algonquin Highlands
Redstone River 235.47 50.19 | 147.96 0.29 2.09 11.83 82.34 Algonquin Highlands
East Gull River 272.62 44.21 71.10 0.16 2.30 12.42 81.38 Algonquin Highlands
Lower Gull River 274.19 36.71 16.30 0.04 5.51 12.71 70.45 Georgian Bay Fringe
Burnt River
Drag River 304.28 45.48 | 132.56 0.29 3.91 10.89 81.92 Algonquin Highlands
Burnt River 516.65 92.76 | 111.18 0.12 5.69 4.62 79.26 Algonquin Highlands
Irondale River 526.68 71.43 88.32 0.12 3.13 6.67 82.70 Algonquin Highlands; Georgian Bay Fringe
Union Creek 146.64 43.38 57.84 0.13 14.08 1.51 69.74 Georgian Bay Fringe; Dummer Moraine
Balsam Lake 157.85 N/A N/A N/A 5.62 30.42 32.52 Carden Plain
Staples River 48.24 18.47 16.27 0.09 7.61 0 14.84 Peterborough Drumlin Field
Corben Creek 68.38 23.54 36.44 0.15 6.81 11.52 56.61 Carden Plain
Cameron Lake 40.02 N/A N/A N/A 6.82 38.88 16.92 Peterborough Drumlin Field
Pearns Creek 43.84 17.77 23.5 0.13 6.20 0.41 23.43 Peterborough Drumlin Field
Martin Creek S. 41.87 12.41 1.63 0.01 14.90 0 29.42 Peterborough Drumlin Field
Scugog River
Scugog River 61.98 13.44 2.51 0.02 5.47 231 4.73 Peterborough Drumlin Field
Mariposa Brook 233.20 39.89 22.61 0.06 8.99 0.39 13.67 Peterborough Drumlin Field; Schomberg Clay Plain
East Cross Creek 211.93 39.79 30.42 0.08 13.38 0.59 27.27 Peterborough Drumlin Field; Schomberg Clay Plain
Sturgeon Lake 375.42 N/A N/A N/A 8.18 12.51 32.22 Peterborough Drumlin Field
Emily Creek 160.63 27.13 14.9 0.05 17.80 2.20 15.74 Peterborough Drumlin Field
Pigeon Lake 102.06 N/A N/A N/A 8.68 23.92 23.72 Peterborough Drumlin Field
Pigeon River 296.50 53.65 58.05 0.11 10.08 1.64 27.27 Oak Ridges Moraine; Peterborough Drumlin Field
Nogies Creek 186.64 32.25 55.09 0.17 11.92 7.03 77.35 Dummer Moraine; Georgian Bay Fringe
Lake Scugog 340.59 N/A N/A N/A 10.65 19.99 15.32 Schomberg Clay Plain
Nonquon River 195.70 34.23 45.92 0.13 12.70 0.66 19.41 | Oak Ridges Moraine;Peterborough Drumlin Field; Schomberg Clay Plain

Data Source: Calculated using data supplied under license by members of the Ontario Geospatial Data Exchange
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Table 2.2-3: Municipal Populations in the Kawartha-Haliburton Source Protection Area

Municipality Portion Within SPA Entire Municipality
Area (km?) Population Area (km?) Population
City of Kawartha Lakes 2,104 64,184 3,332 74,561
United Townships of Dysart et al 1,027 4,587 1,680 5,526
Township of Minden Hills 678 5,247 949 5,556
Municipality of Highlands East 469 1,689 758 3,089
Township of Scugog 443 20,133 519 21,439
Township of Galway-Cavendish and Harvey 346 1,153 970 5,284
Township of Algonquin Highlands 260 1,288 1,180 1,976
Township of Brock 36 609 421 11,979
Township of Cavan Monaghan 8 127 308 8,828
Township of North Kawartha* 2 4 844 2,342

*Located only marginally within the Source Protection Area
Data Source: Calculated from Statistics Canada, GeoSuite, 92-150-XCB, 2006 Census

2.2.3.4 INTERACTIONS BETWEEN HUMAN AND PHYSICAL GEOGRAPHY

The first signs of human activity in the Kawartha-Haliburton Source Protection Area can be traced back to about
2,100 years ago when the Hopewellian mound-builders, a semi-nomadic hunter-gatherer culture, occupied this
area and engaged in agricultural practices on a small scale compared to current practices. The Hopewellians
were displaced by the Iroquois about 1,000 years ago who in turn were driven south beyond Lake Ontario by the
Algonquin and Huron peoples. By 1649, coinciding with the destruction of the Huron peoples, the area was
largely vacated, and by the end of the century the Mississauga, a sub-tribe of the Ojibwa of the Algonquin
people, began to move into the region (Edmison, 1978).

The Mississauga still occupied the area a century later when the first Europeans arrived (Francis, 1980). Early
European interests in the area focused primarily on the fur trade. The Kawartha-Haliburton Source Protection
Area, possessing over 250 rivers and lakes, was an ideal location for trapping beaver and trading with the First
Nations communities in the area. These early explorers and fur traders paved the way for the settlers that were
soon to follow. During the early 1800s, European settlers moved progressively north from Lake Ontario. Early
settlement revolved around two activities: agriculture and forestry. Settlers, once having purchased land, were
eager to clear the forests and begin agricultural practices. Clearing of the land for agriculture was often
indiscriminate and wasteful of the timber resources. Clearing of lands was followed by an increased need for
gristmills and timber mills. In 1825, William Cottingham built a mill on Pigeon River and founded the town that is
now Omemee. In 1828, William Purdy dammed a rapid on the Scugog River and established Lindsay.
Bobcaygeon resulted from the construction of a mill by Thomas Need in 1833, and in 1841 Messrs. Wallis and
Jamieson erected a mill in Fenelon Falls (Kirkconnell, 1920). Thus began the era of timber harvesting and
settlement that was to shape not only the communities but also the landscape of the Kawartha Region.

The increased demand for transportation of timber to mills and the markets beyond was the impetus behind the
construction of the Trent-Severn Waterway and the building of railways. In 1857 the first railway from Port Hope
to Lindsay was constructed and in 1871 it was extended to Beaverton. In 1872 the Victoria Railway was
proposed, which was meant to run from Lindsay through Haliburton to join the Canada Pacific Railway (CPR)
transcontinental railway at Mattawa, but the project was subject to the political and fiscal realities of the day
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and the terminus, completed in 1876, never extended beyond Haliburton. Railway construction continued in the
latter half of the nineteenth century with the extension of the Whitby-Port Perry line through Manilla and into
Lindsay in 1877. In 1886 the Irondale Bancroft Branch was constructed, and finally the Manilla-Whitby line was
connected at Blackwater to the Toronto-Nipissing line creating, with the construction of a bridge over the
Scugog River, a through service from Port Hope to Toronto via Lindsay and Blackwater (Kirkconnell, 2008).

The extension of rail service had the unexpected yet significant benefit of opening the Kawartha Lakes region to
tourists, athletes, and summer vacationers. The Trent-Severn Waterway provided access to shoreline areas that
became dotted with cottages and resort hotels that catered to the influx of summer vacationers.

Today, agriculture, urban development, recreation, and tourism are still the major activities in the Kawartha-
Haliburton Source Protection Area. The rapid clearing of the forested landscape for agricultural land use
practices resulted in a diminishment of forest areas and an increase in fragmentation that is especially evident in
the southern part of the Kawartha-Haliburton Source Protection Area. Larger forested areas can still be found in
the Precambrian Shield in the northern part of the watershed and in the Oak Ridges Moraine in the south.

2.2.3.5 FEDERAL LANDS

In the Kawartha-Haliburton Source Protection Area, lands that are under the jurisdiction of the Government of
Canada include lands along the Trent-Severn Waterway (including lands located at the bottom of lakes on the
waterway), managed by Parks Canada. Federal lands in the watershed are shown on Map 2-9(KH).

2.2.4 OVERVIEW OF DRINKING WATER SYSTEMS

Drinking water systems in the Kawartha-Haliburton Source

Protection Area include municipal and non-municipal systems of Municipal Residential

various sizes that draw raw water from both groundwater and Drinking Water Systems

Municipal residential drinking water
. . o ) systems are drinking water systems that
eight classifications by the Drinking-Water Systems Regulation (O. serve major residential developments.
Reg. 170/03) under the Safe Drinking Water Act, 2002 based on Small municipal residential systems
ownership, number of users, flow rate, annual operating period, serve fewer than 101 private residences,
and large municipal residential systems
serve more than 100 private residences.

surface water sources. Drinking water systems are divided into

and type of facility served. Source protection planning under the
Clean Water Act is focused on municipal residential drinking water
systems, which include the “large municipal residential” and “small municipal residential” classifications. The
remaining six classifications include non-municipal and non-residential drinking water systems. About half of the
population of the source protection area relies on private wells and lake sources, which are not regulated under
the Safe Drinking Water Act.

2.2.4.1 MUNICIPAL RESIDENTIAL DRINKING WATER SYSTEMS

About 45% of the population in the Kawartha-Haliburton Source Protection Area (38,050 people) obtains their
drinking water from 22 municipal residential drinking water systems. These systems are discussed in more detail
below, and their locations and approximate service areas are shown on Map 2-10(KH).
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2.2.4.1.1 Surface Water Systems

There are six existing municipal residential drinking water systems in the source protection area that obtain their
water from surface water sources. These systems serve about 22,350 people. Under the Drinking-Water Systems
Regulation (O. Reg. 170/03), four of these systems are classified as large municipal residential systems and the
remaining two are classified as small municipal residential systems. These systems are discussed in detail in
Chapter 4.

2.2.4.1.2 Groundwater Systems

There are 16 existing municipal residential drinking water systems in the source protection area that obtain their
water from groundwater sources. These systems serve about 15,700 people. Under the Drinking-Water Systems
Regulation (0. Reg. 170/03), half of these systems are classified as large municipal residential systems and the
other half are classified as small municipal residential systems. These systems are discussed in detail in Chapter 5.

F f th f | of eigh lIs th
our of these systems draw water from a total of eight wells that are GUDI Wells

considered to be groundwater under the direct influence (GUDI) of surface .
The Drinking-Water Systems

water. All three wells in the Canadiana Shores supply system and one well of
the Sonya supply system have been identified as GUDI wells without effective
in-situ filtration (i.e., soils do not adequately remove microorganisms) as a
result of a GUDI assessment. Both wells of the Manorview supply system are
considered GUDI as a result of a hydrological appraisal that suggested that
minor pathways may exist between the system and a surface waterbody. The
two Pleasant Point supply system wells have been classified as GUDI because
of a lack of documentation of well sealing and grouting procedures.

2.2.4.2 OTHER DRINKING WATER SYSTEMS

There are about 216 drinking water systems in the Kawartha-Haliburton
Source Protection Area that are classified as non-municipal or non-residential

Regulation (O. Reg. 170/03)
under the Safe Drinking Water
Act defines specific
circumstances under which a
groundwater supply is
considered to be groundwater
under the direct influence of
surface water. These wells are
more susceptible to
contamination than non-GUDI
wells because they can be
affected by short-term water
quality issues associated with
surface water sources.

systems under the Drinking-Water Systems Regulation (O. Reg. 170/03) (e.g., trailer parks, campgrounds,

subdivisions, community centres, schools, and public buildings). Estimates of the number of systems of each

non-municipal and non-residential classification is given in Table 2.2-4A. Details for many of these systems are

given in Appendix B, and their locations are shown on Map 2-11(KH). (Note that these systems were identified

from the Drinking Water Information System database, which only provides a partial listing of these systems; it

is expected that the total number of non-municipal and non-residential systems is significantly greater.)

2.2.4.3 FIRST NATIONS SYSTEMS

All residents of the Mississaugas of Scugog Island First Nation are served by private wells. Systems that are

owned and operated by the First Nation are listed in Table 2.2-4B; these are not classified under the Provincial

Drinking-Water Systems Regulation (O. Reg. 170/03).
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Table 2.2-4A: Other Drinking Water Systems in the Kawartha-Haliburton SPA

Safe Drinking Water Act Classification Estimated No. Systems
Large municipal non-residential 0
Small municipal non-residential 39
Non-municipal year-round residential 18
Non-municipal seasonal residential 29
Large non-municipal non-residential 0
Small non-municipal non-residential 130

Data Sources: Ministry of the Environment and Climate Change Drinking Water Information System
(March 19, 2009); Durham Region Water Bill Accounts (2008); Annual Drinking Water Reports (2008)

Table 2.2-4B: Mississaugas of Scugog Island First Nation Drinking Water Systems

System Users Served (approximate)
Administration Building 18
Health & Resource Centre 10

Average 1000

Great Blue Heron Charity Casino — Staff and patrons Max Cap 2500

2.2.5 TERRESTRIAL AND AQUATIC CHARACTERISTICS

2.2.5.1 NATURAL VEGETATIVE COVER

Healthy watersheds include a variety of vegetation types and communities that are well distributed across the
landscape. Wetlands, wooded areas, and riparian areas can protect drinking water sources by trapping
sediments and soils and altering or reducing contaminants, nutrients, and some pathogens, before contributing
to surface and groundwater sources. Naturally vegetated watersheds are better able to keep soil, nutrients,
pathogens, and contaminants on the landscape and out of drinking water sources. Natural vegetative cover in
the source protection area is summarized in Table 2.2-5. Wetlands and woodlands are shown on Map 2-12(KH)
and vegetated riparian areas are shown on Map 2-13(KH).

Table 2.2-5: Natural Vegetative Cover in the Kawartha-Haliburton Source Protection Area

Physiographic Region Area (km2) % Total Area
Wetland 324.23 6
Woodland 2902.49 54
Vegetated Riparian Area? 2188.18 40

Vegetated riparian areas include vegetated lands located within 120 m of lakes, wetlands, and watercourses
Data Sources: Ministry of Natural Resources and Forestry (MNRF); Ecological Land Classification data from Kawartha Region Conservation Authority (KRCA)

Wetlands

Wetlands found in the Kawartha-Haliburton Source Protection Area include a variety of swamps, bogs, and
marshes. Wetlands perform a significant role in improving water quality by contributing to groundwater
recharge and discharge, augmenting low flows, and attenuating floods. Wetland vegetation traps and removes
nutrients and pollutants from the water that flows through them. Wetlands also provide important habitat for
many fish and wildlife species.
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Wetlands cover about 6% of the source protection area (324 km?), which includes 4.8% Provincially Significant
Wetlands that cover 259.18 km?. In the northern portion of the source protection area, a large number of small
wetlands are interspersed along the length of most watercourses due to the rough topography of the Canadian
Shield. As a result of the sluggish nature of watercourses, poor infiltration conditions, and high water tables,
large wetlands still exist in the southern portion of the source protection area despite the employment of
draining practices used to increase the land available for agricultural purposes. These wetlands typically occur
among the Peterborough Drumlin Fields, Schomberg Clay Plain, and Dummer Moraine areas. Smaller, isolated
wetlands are located in the headwaters of streams throughout the southern portion of the source protection
area. Wetlands in the source protection area are shown on Map 2-12(KH).

Woodlands

Woodland cover in the Kawartha-Haliburton Source Protection Area includes successional and climax forests,
such as coniferous or deciduous hardwood forests, hedgerows, and plantations. Woodland vegetation prevents
erosion by stabilizing soils and acting as a natural shelterbelt. This protects water quality by preventing
sedimentation of watercourses. Woodlands cover most (65.4%) of the Kawartha-Haliburton Source Protection
Area. In the southern portion of the Kawartha-Haliburton Source Protection Area, much of the woodland cover
is located in the low-lying, marginal lands adjacent to watercourses or on the steep slopes of the Oak Ridges
Moraine. Similar to wetland drainage, woodlands were cleared in the past to facilitate agricultural activities; this
resulted in their fragmentation into isolated patches of varying sizes and shapes. Due to the limited overburden
in the Canadian Shield and, as a result, its limited agricultural capacity, the upper half of the source protection
area is almost entirely covered by woodlands. Woodland cover in the source protection area is shown on Map 2-
12(KH).

Riparian Areas

Riparian areas are the transitional zones between aquatic and terrestrial habitats that are found along
watercourses and waterbodies. Healthy riparian areas are vegetated and they provide bank stability, reduce
erosion, provide the shade necessary to moderate water temperature, and improve water quality by filtering
out contaminants from runoff. Riparian areas also provide important habitat for many species of fish, mammals,
birds, reptiles, amphibians, and insects, particularly during the early stages of their lifecycles. Healthy riparian
areas provide multiple benefits with respect to surface water health and ecological diversity. Vegetated riparian
areas in the watershed were delineated as vegetated lands located within 120 m of lakes, wetlands, and
watercourses. Riparian areas in the watershed are shown on Map 2-13(KH).

2.2.5.2 AQUATIC HABITATS

Aquatic habitats are the areas inhabited by aquatic species. The health and composition of aquatic communities
depend on the availability of adequate food, shelter, water, and space to provide their required habitats.
Aquatic species, including fish and macroinvertebrates, are often used as indicators of water quality because
they have specific requirements and tolerances to various elements known to exist in water. The location and
types of aquatic habitats in the Kawartha-Haliburton Source Protection Area are discussed in the following
sections.
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2.2.5.2.1 Fisheries

Location of Habitats

There are limited data available that indicate the confirmed location of aquatic habitats in the watershed,
however stream temperature can be used as an indicator to identify the potential locations of aquatic habitats.
Water temperature is a key factor contributing to the health of fish populations, as every fish species has a
specific range of tolerance beyond which its health and survivability are threatened. As a result of this
dependence on water temperature, thermal classifications of watercourses or waterbodies are often indicative
of the types of species likely to inhabit a given aquatic habitat. Based on these thermal classifications, individual
fish species may be categorized as cold water (<19°C), cool water (19°C to 25°C), or warm water (>25°C)
(Department of Fisheries and Oceans, 2009). Stream temperatures in the Kawartha-Haliburton Source
Protection Area are shown on Map 2-14(KH).

Generally, lakes in the southern portion of the source protection area support warm water fish species whereas
lakes located in the northern part support cool water or cold water fisheries. This is largely due to the fact that
lakes to the south of the Canadian Shield are shallow (less than 10 m), and the development of distinct
stratification is prevented as the wind sufficiently mixes the water. Warm water fish species such as Largemouth
and Smallmouth Bass, Muskellunge, Walleye, Pumpkinseed, Minnows, Yellow perch, Bluegill, Common Carp,
White Sucker, and Central Mudminnow are common to Lake Scugog, Pigeon Lake, Sturgeon Lake, Cameron Lake,
and their connecting rivers. In contrast, lakes in the northern portion of the Kawartha-Haliburton Source
Protection Area are often extremely deep and thus develop significant layering that provides cold temperatures
throughout the year. Cold water habitats support species such as Brook Trout, Lake Trout, Rainbow Trout,

Sculpin, Lake Whitefish, Burbot, and Smelt.

Cold water habitats in streams in the source protection area are localized to headwater streams originating on
or in close proximity to the Oak Ridges Moraine or to small, isolated tributaries such as Martin, Potash, and
Emily Creeks, where groundwater is the main contributor to stream flow.

Species such as Brook Trout and Mottled Sculpin are the dominant fish species within the small cold water
tributaries. In contrast, warm water streams are ubiquitous and dominated by various species of Minnows
(Ministry of Natural Resources and Forestry, 2005).

Impacts of Development on Fish Habitat

Land development can have a dramatic impact on aquatic habitats. Some of the changes that result from
development include increased storm water runoff. This can lead to erosion, increased water temperatures, and
entering of pollutants into waterways, all of which may result in habitat loss. Impacts on riparian cover, such as
the removal of forest and plants, can compromise cold water fish habitats by increasing stream temperatures
and runoff.

The northern portion of the Kawartha-Haliburton Source Protection Area experiences less pressure in regard to
urbanization and agricultural activities, and much of the natural vegetative cover adjacent to rivers, lakes, and
wetlands remains intact.
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The southern portion of the Kawartha-Haliburton Source Water Protection Area contains larger urban centres,
rural development, and large areas of intensive agriculture, which have resulted in the loss of lake-associated
wetlands, important spawning areas, and riparian habitat. Increased boat traffic and fluctuating water levels and
flows also have a negative impact on aquatic habitat due to increased pollution by boaters and disruption of the
natural flow.

2.2.5.2.2 Aquatic Macroinvertebrates

Location of Habitats

Aguatic macroinvertebrates, commonly referred to as benthic macroinvertebrates, are the bugs that live in the
bottom of watercourses. They serve many functions in the aquatic ecosystem including acting as both
decomposers and as food for larger macroinvertebrates, birds, and fish. They are excellent indicators of aquatic
health and can be used to assess long-term water quality. The Hilsenhoff Water Quality Index provides an
indication of water quality and the likelihood of organic pollution based on the presence or absence of benthic
macroinvertebrate species with specific pollution tolerances. The location of benthic macroinvertebrate
sampling sites and the Hilsenhoff Index value for each location are shown on Map 2-15(KH). The Simpson’s
Diversity Index indicates the diversity of the benthic macroinvertebrate community. The location of benthic
macroinvertebrate sampling sites and the Simpson’s Diversity Index value at each site are shown on Map 2-
16(KH).

Impacts of Development on Benthic Habitats

Analysis of benthic macroinvertebrate communities across the Kawartha-Haliburton Source Protection Area
indicated a range of water quality conditions and species diversity. Sites with good water quality are dominated
by pollution-intolerant species of the taxa Ephemeroptera, Trichoptera, and Plecoptera, and demonstrate
species diversity and abundance. Such sites are typically found in the northern portion of the watershed and in
the vicinity of the Oak Ridges Moraine where development is limited and population density is very low. Sites
with moderate water quality are dominated by the presence of pollution-tolerant benthic macroinvertebrates.
Sites with poor water quality are dominated by pollution-tolerant species of the taxa Chironomidae, Simuliidae,
and Isopoda, and show limited diversity and abundance.

2.2.6 SURFACE WATER QUALITY

This section is a summary of the available data that is suitable for a watershed-scale analysis of surface water
guality in the Kawartha-Haliburton Source Protection Area. Surface water quality data specific to individual
drinking water systems were analyzed during the evaluation of drinking water issues (see Section 4.3). Surface
water quality data for the watershed are available from the Provincial Water Quality Monitoring Network, the
Lake Partner Program operated by the Ministry of the Environment and Climate Change, the Lake Scugog
Environmental Management Plan, and the Kawartha Water Watch program.

The Provincial Water Quality Monitoring Network has records from 11 monitoring stations across the watershed
and has water quality records going back as far as 1966; most stations, however, have records going back to the
1970s. The Lake Partner Program monitors water quality at 25 sampling sites and, since 2004, phosphorus and
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nitrogen data are available for 14 stations in the Lake Scugog Environmental Management Plan monitoring

network. In addition, Kawartha Water Watch samples water quality parameters at 26 stations. Each monitoring

network has data on various water quality parameters. The data available from the provincial and non-provincial

water quality networks are summarized in Tables 2.2-6 and 2.2-7, respectively. Surface water quality monitoring

stations are shown on Map 2-17(KH).

Table 2.2-6: Provincial Water Quality Monitoring Network Stations and Available Data

Subwatershed Station Name Station ID Data Record

Balsam Lake Balsam Lake Outlet at Rosedale dam, Rosedale 17002105402 | 1971-2008

Burnt River Burnt River at 11th Line Somerville, 5 km S of Kinmount 17002107502 | 1972-2008

Cameron Lake Cameron Lake Outlet at Victoria Cnty Rd. 121, Fenelon Falls | 17002102302 | 1966-2008

Lower Gull River | Gull River at Hwy. 35, Coboconk 17002102502 | 1966-2008

Mariposa Brook | Mariposa Brook at Valentia Rd., E of Little Britain 17002111902 | 1982-1990; 2004-2008
Nonquon River Nonquon River at River St., Seagrave 17002113602 | 1970-1994; 2004-2008
Pigeon River Pigeon River at Victoria Cnty Rd. 14, N of Omemee 17002107402 | 1972-2008

Scugog River Scugog River downstream of Lindsay lagoons 17002104102 | 1970-2008

Scugog River Scugog River at Hwy. 7/35, upstream of Lindsay 17002113002 | 1978-1990; 1996-2008
Sturgeon Lake Sturgeon Lake Outlet at Hwy. 36, Bobcaygeon 17002102102 | 1966-2008

Lake Scugog Blackstock Creek at R.Rd. 57, N of Blackstock 17002113702 | 2004-2008

Data Source: Provincial Water Quality Monitoring Network

Table 2.2-7: Kawartha-Haliburton Regional Water Quality Monitoring Network Stations and Available Data

Subwatershed Program No. Stations Data Record

Balsam Lake LPP 3 | 2002 - 2008

Burnt River KWW 5] 1998 — 2008

Cameron Lake KWW, LPP 6,1 | 1998 —2008; 2002-2008
Lower Gull River -- - | -

Mariposa Brook KWW 5 [ 1998 — 2008

Nonquon River LSEMP 3 | 2004 - 2008

Pigeon River -- - | -

Scugog River KWW, LSEMP 4,1 | 1998 - 2008; 2004-2008
Sturgeon Lake LPP 3| 2002 - 2008

Lake Scugog LPP, LSEMP 2,10 | 1998 —2008; 2002-2008; 2004-2008
East Cross Creek KWW 2 | 1998 — 2008

Pigeon Lake LPP 7 | 2002 - 2008

Pearns Creek KWW 1| 1998 -2008

Staples River KWW 1| 1998 -2008

Corben Creek LPP 1| 2002 - 2008

Nogies Creek LPP 1| 2002 - 2008

Data Sources: Kawartha Region Water Quality Monitoring Network; Lake Scugog Environmental Management Program; Lake Partner Program
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Chapter 2: Watershed Characterization

2.2.6.1 INDICATOR PARAMETERS

There are many water quality parameters that can be used to characterize the quality of a water source. A small
group of parameters is often used to provide a representative overview of water quality in an area of interest.
Eight indicator parameters have been selected for analysis. Indicator parameters reflect a range of land uses and
aid in determining the relative watershed health. Indicator parameters and their associated standards or
guidelines, sources, and potential health and environmental impacts are identified in Table 2.2-8.

2.2.6.2 SUMMARY OF PROVINCIAL WATER QUALITY MONITORING NETWORK DATA

The following subsections summarize the surface water quality data available from the Provincial Water Quality
Monitoring Network stations in the Kawartha-Haliburton Source Protection Area. Each subsection includes a
brief discussion of the sampling results for the indicator parameters identified above and provides a table that
summarizes the historical exceedances and trends for all data on record. It also includes a statistical summary
(including minimum, median, maximum, and percentiles) of the data available at each station for the period of
2004 to 2008, where available.

Analyzed parameters are listed with the corresponding Provincial Water Quality Objective (PWQQ). If the PWQO
is not available, the Canadian Environmental Quality Guidelines (CEQG) is used. PWQOs and CEQGs presented
are based on raw water and toxicity levels to aquatic organisms. However, even though a limit of concentration
is given, this does not mean that water quality should be allowed to degrade to the particular objective or
guideline. It must also be noted that during data analysis Ontario Drinking Water Quality Standards is not used
to describe or classify stream water quality characteristics.
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Table 2.2-8: Surface Water Indicator Parameters

Standards
Parameter Source Effects
PWQO?! CEQG?
Naturally occurring salts, sodium chloride (road salts), calcium Toxic (acute and chronic) to aquatic organisms (depending
. " chloride (industry and wastewater treatment, road salts), potassium on concentration)
Chloride (CT) 250 mg/L chloride (fertilizers and road salts) and magnesium chloride (de-icing
agent) (Mayer et al., 1999).
Natural sources include dissolution from rocks and ores. Toxic to aquatic organisms (depending on pH of water)
Aluminum (Al) 75 ug/L Anthropogenic sources incl.u(‘:le industrial we.Jstes and discha.rge from (Environment Canada, 1987).
water treatment plants (Ministry of the Environment and Climate
Change, 1991).
Naturally present in small quantities in air, water, and soil. Cadmium Toxic to aquatic organisms in very low concentrations. It can
0.1ug/L can be released into the air when household or industrial waste, coal, | bio accumulate in mussels and fish.
Cadmium (Cd) (<100 mg/L CaC03) or oil is burned. Cadmium also can be released from car exhaust,
0.5 pg/L metal processing industries, battery and paint manufacturing, and

(>100 mg/L CaCO3)

waste hauling and disposal activities. Higher levels of cadmium may
be found in water near industrial areas or hazardous waste sites.

Naturally present in nickel-bearing laterite and nickel-copper
sulphides deposits, and sedimentary copper deposits. Municipal and

Cause reproductive effects in some invertebrates; health
effects on humans, especially children and the elderly when

Cobalt (Co) 0.9 pg/L industrial wastes and effluents are primary sources of anthropogenic | given to administer anemia (National Academy of Science,
cobalt in the environment and are also associated with industrialized USA, 1977).
or mining areas.
5 ug/L Inputs of lead into the environment increased during the industrial Toxic at relatively low concentrations affecting the central
(> 80mg/L CaCO3) revolution because of the combustion of fossil fuels. In the 1970s, nervous system of organisms.
lead was removed as a gasoline additive, decreasing its
Lead (Pb) (30?8L(;gn/1l-g/L) environmental inputs (Wetzel, 2001).
1ug/L
(<30 mg/L CaCO3)
. Anthropogenic sources are associated with urbanized and industrial An important micronutrient for cell function (Wetzel, 2001),
Zinc (Zn) 20 pg/L . . ) . .
areas. but at high concentrations can be toxic to aquatic organisms.
Incidental input or physical methods (e.g. erosion) (Sharpley et al., Essential to life processes but, in excess, can cause increased
1996). Sources include fertilizers (organic and synthetic) and septic aquatic vegetative growth, including toxic cyanobacteria,
Total Phosphorus (P) 0.03 mg/L systems. and can cause anoxic conditions when vegetation

decomposes. As a result, phosphorous can be indirectly toxic
to humans and aquatic organisms (Carpenter et al., 1998).

Nitrate (NO3’) 2.9 mg/L

Wastewater, septic systems, agricultural land use, and atmospheric
deposition.

The most stable and usable form of nitrogen, but can be
toxic in high concentrations and cause rapid growth of
aquatic vegetation.

Provincial Water Quality Objective
2Canadian Environmental Quality Guideline
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2.2.6.2.1 Chloride

Chloride concentrations in the Kawartha-Haliburton Source Protection Area significantly increased in the
majority of the streams that are monitored in the Provincial Water Quality Network program. Chloride
concentration varied from as low as 4.1 milligrams per litre (mg/L) in the northern, more rural portion to as high
as 73.8 mg/L in the more urbanized, southern portion of the watershed. Urbanization and the interrelationship
with the application of road salts have been recognized in many studies (Howard, K. W. F. & Taylor, L. C., 1998;
Environment Canada & Health Canada, 2001). At present the benchmark of 250 mg/L has not been reached,
however, given the steady increase of chloride concentration since the 1970s, it may be fair to say that this
parameter will be of concern in some of the surface water stations such as the Scugog River downstream,
Mariposa Brook, and Blackstock Creek in the near future. The highest concentration was measured at the
Scugog River downstream station with 73.8 mg/L. Mid-range or inter-quartile values at this station vary from
29.1 to 43.5 mg/L, resulting in the greatest dispersion of chloride concentrations compared to the lowest inter-
quartile values at the Gull River station ranging from 4.7 to 5.8 mg/L. Chloride data from the Provincial Water
Quality Monitoring Network are summarized in Table 2.2-9.

2.2.6.2.2 Metals

Cadmium and lead concentrations are the parameters of highest concern in the Kawartha-Haliburton Source
Protection Area. The Provincial Water Quality Monitoring Network shows a significant increasing trend in
cadmium concentrations at all stations. Almost half of the samples taken exceed the Provincial Water Quality
Objective at Cameron Lake and Sturgeon Lake (47.5% and 45.8%, respectively). Although the highest
concentration of cadmium was detected at the Pigeon River location (2.25 micrograms per litre (ug/L)),
cadmium concentrations are least often exceeded at this sample location.

Increasing trends of lead concentrations are noticeable in nine of the eleven Provincial Water Quality
Monitoring Network stations, while the remaining two stations show a significant decreasing trend. The highest
concentration of lead was detected at Pigeon River with 11.8 pg/L followed closely by Mariposa Brook station
with a concentration of 11.1 pg/L. Gull River station exceeded most often the suggested provincial guideline
with 18.4% (48/261), out of all samples taken. Increased cadmium and lead concentrations in the northern part
of the Kawartha-Haliburton Source Protection Area are likely a reflection of the natural weathering processes of
the Precambrian rocks prevailing in this region. Increased trends of cadmium and lead in the southern portion of
the watershed require more detailed sampling in order to prove or disprove the observed trends, but are likely
related to human activities. Cadmium and lead data from the Provincial Water Quality Monitoring Network are
summarized in Tables 2.2-10 and 2.2-11, respectively.

Other parameters that exceeded the corresponding guidelines include aluminum, cobalt, iron, and zinc (Tables
2.2-12 to 2.2-15). Generally aluminum concentrations across the watershed stay well below the Provincial Water
Quality Objectives and display a decreasing trend. The only increasing trend could be observed at the Gull River
station. The highest aluminum concentration was observed at Mariposa Brook station (262 pg/L).

Cobalt concentrations across the Kawartha-Haliburton Source Protection Area show an increasing trend and
exceedances are observed at all provincial monitoring stations. The highest result was detected at Nonquon
River station, however, concentrations exceeded the Provincial Water Quality Objective most often (13.5% of all
samples) at Mariposa Brook.
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Overall iron levels do not exceed the provincial guidelines on a regular basis across the watershed and show a
declining trend, however they may be of concern at Burnt River. Almost half of all samples taken at this station
(92/223) exceed the suggested provincial guideline of 300 pg/L. The Nonquon River station also displays
elevated levels of iron and 35.4% of all samples taken from this location exceed the provincial objective.
Mariposa Brook displays with a value of 1,690 pug/L show the highest iron concentration in the watershed.

Zinc concentrations are generally well below the Provincial Water Quality Objective and display a decrease in
concentrations at most stations. Zinc concentrations are most frequently exceeded at Sturgeon Lake (11/266).
However, samples taken during the period from 2004 to 2008 show no irregularities and are of no concern.
Aluminum, cobalt, iron, and zinc sampling data at Provincial Water Quality Monitoring Network stations are
summarized in Tables 2.2-12 to 2.2-15.
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Table 2.2-9: Summary of Chloride Sampling Data at Provincial Water Quality Monitoring Network Stations

GCDWQ Descriptive Statistics (mg/L)
Station N station ID y Record S NO'I Exceedances? Trend bercentiles
ation Name ation ears on Recor ona?ep‘):j:d (250mg/L) A:aelayl;sed a i ncafen R
% # Direction p? 25th | 75th
Balsam Lake Outlet 17002105402 | 71-79; 81-94; 96-08 337 0 0 4 0.01 04-08 38 5.10 6.15 7.60 5.70 6.06
Burnt River at 11th Line 17002107502 | 72-93; 96-08 308 0 0 4 0.01 04-08 38 4.60 6.90 9.10 6.40 7.50
Cameron Lake Outlet 17002102302 | 66-94; 96-08 405 0 0 4 0.01 04-08 38 5.90 6.80 8.60 6.60 7.48
Gull River at Hwy. 35 17002102502 | 66-94; 96-08 412 0 0 4 0.01 04-08 38 4.10 5.30 8.60 4.70 5.83
Mariposa Brook 17002111902 | 82-90; 04-08 122 0 0 4 0.01 04-08 37 16.00 28.50 54.40 | 25.40 | 37.10
Nonquon River 17002113602 | 70-94; 04-08 274 0 0 4 0.01 04-08 37 17.10 26.00 49.40 | 22.90 | 30.10
Pigeon River 17002107402 | 72-94; 96-08 314 0 0 4 0.01 04-08 38 10.80 13.60 18.50 | 12.53 | 15.28
Scugog River downstream Lindsay | 17002104102 | 70-94; 96-08 310 0 0 4 0.01 04-08 38 17.80 31.80 73.80 | 29.10 | 43.50
Scugog River upstream Lindsay 17002113002 | 70-94; 96-08 314 0 0 4 0.01 04-08 38 14.60 26.10 31.50 | 24.50 | 27.80
Sturgeon Lake Outlet 17002102102 | 66-94; 96-08 421 0 0 4 0.01 04-08 38 8.60 11.95 20.60 | 10.35 | 13.08
Blackstock Creek 17002113702 | 04-08 37 0 0 4 NS 04-08 38 25.10 35.90 46.00 | 31.00 | 38.80
!Indicates the quantity of all samples on record that exceeded the Guidelines for Canadian Drinking Water Quality (aesthetic guideline)
2Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends were considered statistically significant where p<0.05)
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Table 2.2-10: Summary of Cadmium Sampling Data at Provincial Water Quality Monitoring Network Stations

PWQO Descriptive Statistics (ug/L)
. ; Years on No. Samples Exceedances? Trend .
Station Name Station ID Record on Recoprd (0.1/0.5pg/L) vears n min | median | max Percentiles
% # Direction p? AT 25th | 75th
Balsam Lake Outlet 17002105402 | 96-08 120 37.5* 45 4 0.01 04-08 38 0.000 0.185 | 1.020 | 0.000 | 0.564
Burnt River at 11th Line 17002107502 | 96-08 106 38.7* 41 4 0.01 04-08 38 0.000 0.305 | 1.230 | 0.000 | 0.568
Cameron Lake Outlet 17002102302 | 94; 96-08 118 47.5% 56 4 0.01 04-08 38 0.000 0.271 | 1.020 | 0.000 | 0.539
Gull River at Hwy. 35 17002102502 | 96-08 107 40.2* 43 4 0.01 04-08 38 0.000 0.341 | 1.140 | 0.000 | 0.648
Mariposa Brook 17002111902 | 04-08 37 29.7 11 4 0.01 04-08 37 0.000 0.222 | 0.959 | 0.000 | 0.691
Nonquon River 17002113602 | 04-08 37 40.5 15 4 0.05 04-08 37 0.000 0.185 | 1.320 | 0.005 | 0.856
Pigeon River 17002107402 | 94; 96-08 110 12.7 14 4 0.01 04-08 38 0.000 0.377 | 2.250 | 0.000 | 0.642
Scugog River downstream Lindsay | 17002104102 | 94; 96-08 98 18.4 18 4 0.05 04-08 38 0.000 0.274 | 1.150 | 0.000 | 0.720
Scugog River upstream Lindsay 17002113002 | 96-08 118 14.4 17 4 0.01 04-08 38 0.000 0.217 | 1.430 | 0.000 | 0.758
Sturgeon Lake Outlet 17002102102 | 94; 96-08 120 45.8% 55 4 0.01 04-08 38 0.000 0.264 | 1.090 | 0.000 | 0.497
Blackstock Creek 17002113702 | 04-08 37 40.5 15 4 0.05 04-08 38 0.000 0.248 | 1.320 | 0.096 | 0.706
!Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
%Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends were considered statistically significant where p<0.05)
*Indicates 0.1 pg/L benchmark
Table 2.2-11: Summary of Lead Sampling Data at Provincial Water Quality Monitoring Network Stations
e PWQO . Descriptive Statistics (ug/L)
Station Name Station ID Years on Record Samples Exceedances Trend Years . . Percentiles
on Record (5/3/1pg/L) e ] n min | median | max
% # Direction p? Y 25th | 75th
Balsam Lake Outlet 17002105402 | 81-94; 96-08 257 10.2 26 4 0.01 04-08 38 0.00 0.00 6.92 0.00 0.24
Burnt River at 11th Line 17002107502 | 81-94; 96-08 224 5.8 13* 4 0.01 04-08 38 0.00 0.00 8.50 0.00 1.84
Cameron Lake Outlet 17002102302 | 81-94; 96-08 261 8.04 21 4 0.01 04-08 38 0.00 0.10 4.45 0.00 1.99
Gull River at Hwy. 35 17002102502 | 81-94; 96-08 261 18.4 48%** 4 NS 04-08 38 0.00 0.25 8.87 0.00 2.04
Mariposa Brook 17002111902 | 82-90; 04-08 122 8.2 10* 4 0.01 04-08 37 0.00 1.05 | 11.10 0.00 3.22
Nonquon River 17002113602 | 81-94; 04-08 164 3.0 5 v 0.01 04-08 37 0.00 0.00 9.76 0.00 1.06
Pigeon River 17002107402 | 81-94; 96-08 232 5.6 13 4 0.01 04-08 38 0.00 0.04 | 11.80 0.00 1.33
Scugog River downstream Lindsay | 17002104102 | 81-94; 96-08 232 2.2 5* v 0.01 04-08 38 0.00 0.00 7.49 0.00 1.49
Scugog River upstream Lindsay 17002113002 | 96-08 111 6.3 7* 4 NS 04-08 38 0.00 0.00 6.77 0.00 1.85
Sturgeon Lake Outlet 17002102102 | 81-94; 96-08 267 3.4 9* 4 0.01 04-08 38 0.00 0.00 5.85 0.00 2.13
Blackstock Creek 17002113702 | 04-08 37 13.5 5* 4 NS 04-08 38 0.00 0.25 7.06 0.00 2.52
!Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
?Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends were considered statistically significant where p<0.05)
*Indicates 5 pg/L benchmark
** Indicates 1 pg/L benchmark
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Table 2.2-12: Summary of Aluminum Sampling Data at Provincial Water Quality Monitoring Network Stations

PWQO . Descriptive Statistics (ug/L)
; . No. Samples Exceedances .
Station Name Station ID Years on Record on Rec:rd (75ug/L) Trend? Years N - madian max Percentiles
% # Analyzed 25th 75th
Balsam Lake Outlet 17002105402 96-08 117 0.0 0 v 04-08 38 0.00 7.29 18.10 4.11 10.82
Burnt River at 11th Line 17002107502 96-08 106 5.7 6 v 04-08 38 9.52 22.85 207.00 16.25 31.70
Cameron Lake Outlet 17002102302 96-08 115 0.0 0 4 04-08 38 0.00 8.52 59.10 4.23 14.03
Gull River at Hwy. 35 17002102502 96-08 114 0.0 0 4 04-08 38 2.76 9.64 41.90 5.95 15.18
Mariposa Brook 17002111902 04-08 37 43.2 16 v 04-08 37 16.60 63.00 262.00 38.8 100.00
Nonquon River 17002113602 04-08 38 2.6 1 v 04-08 37 2.95 28.30 106.00 16.10 49.50
Pigeon River 17002107402 96-08 106 0.0 0 v 04-08 38 0.00 6.25 59.20 331 8.38
Scugog River downstream Lindsay | 17002104102 96-08 98 34.7 34 4 04-08 38 7.70 35.60 162.00 23.80 47.50
Scugog River upstream Lindsay 17002113002 96-08 111 3.6 v 04-08 38 2.04 18.25 43.10 12.28 27.13
Sturgeon Lake Outlet 17002102102 96-08 116 1.7 v 04-08 38 0.63 9.65 80.40 5.90 15.00
Blackstock Creek 17002113702 04-08 37 2.7 v 04-08 38 4.20 18.40 143.00 11.50 30.60
!Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
Trend observed but not statistically validated
Table 2.2-13: Summary of Cobalt Sampling Data at Provincial Water Quality Monitoring Network Stations
PWQO ) Descriptive Statistics (ug/L)
Exceedances
Station Name Station ID Years on Record N:r'] iaer:grljs (0.9ug/L) Trend? Years N - madian max Percentiles
% # AL 25th | 75th
Balsam Lake Outlet 17002105402 96-08 117 6.0 7 4 04-08 38 0.000 0.214 1.260 0.005 0.452
Burnt River at 11th Line 17002107502 96-08 106 7.5 8 4 04-08 38 0.000 0.131 1.340 0.000 0.537
Cameron Lake Outlet 17002102302 96-08 115 2.6 3 4 04-08 38 0.000 0.000 1.710 0.000 0.493
Gull River at Hwy. 35 17002102502 96-08 114 3.5 4 4 04-08 38 0.000 0.330 1.300 0.000 0.650
Mariposa Brook 17002111902 04-08 37 13.5 5 4 04-08 37 0.000 0.349 2.190 0.000 0.731
Nonquon River 17002113602 94, 04-08 37 5.4 2 4 04-08 37 0.000 0.357 7.290 0.000 0.519
Pigeon River 17002107402 96-08 106 4.7 5 4 04-08 38 0.000 0.065 1.810 0.000 0.267
Scugog River downstream Lindsay | 17002104102 96-08 98 8.2 8 4 04-08 38 0.000 0.334 2.060 0.005 0.797
Scugog River upstream Lindsay 17002113002 96-08 111 8.1 9 4 04-08 38 0.000 0.151 1.660 0.000 0.585
Sturgeon Lake Outlet 17002102102 96-08 116 4.3 5 4 04-08 38 0.000 0.184 1.440 0.000 0.673
Blackstock Creek 17002113702 04-08 37 10.8 4 4 04-08 38 0.000 0.250 2.140 0.000 0.590
!Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
Trend observed but not statistically validated
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Table 2.2-14: Summary of Iron Sampling Data at Provincial Water Quality Monitoring Network Stations

PWQO Descriptive Statistics (ug/L)
No. 1
. . Exceedances
Station Name Station ID Years on Record Samples (300ug/L) Trend? Years . . Percentiles
on Record He Analvzed n min median max
% # nalyze 25th 75th
Balsam Lake Outlet 17002105402 71-72; 81-94; 96-08 287 1.0 3 v 04-08 38 19.30 31.60 61.10 27.77 40.37
Burnt River at 11th Line 17002107502 72; 81-93; 96-08 223 41.3 92 v 04-08 38 | 130.00 302.50 643.00 238.50 372.50
Cameron Lake Outlet 17002102302 66-72; 81-94; 96-08 258 0.4 1 v 04-08 38 24.10 66.60 168.00 44.90 85.40
Gull River at Hwy. 35 17002102502 66-94; 96-08 307 1.6 5 \4 04-08 38 29.40 66.45 150.00 54.95 79.65
Mariposa Brook 17002111902 04-08 37 2.7 1 \4 04-08 37 40.50 124.00 | 1690.00 91.00 172.00
Nonquon River 17002113602 70-72; 94; 04-08 48 35.4 17 v 04-08 37 73.40 205.00 707.00 154.00 260.00
Pigeon River 17002107402 72;86; 94; 96-08 113 0.0 0 v 04-08 38 8.41 19.35 93.20 14.20 24.88
Scugog River downstream Lindsay | 17002104102 70-08 110 1.8 2 v 04-08 38 5.10 39.60 122.00 30.20 55.50
Scugog River upstream Lindsay 17002113002 96-08 111 0.0 0 \4 04-08 38 15.70 40.90 88.20 34.35 53.98
Sturgeon Lake Outlet 17002102102 66-72; 81-08 312 1.3 4 \4 04-08 38 16.50 26.60 117.00 24.03 39.58
Blackstock Creek 17002113702 04-08 37 5.4 2 4 04-08 38 50.70 129.00 366.00 89.30 180.00
!Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
Trend observed but not statistically validated
Table 2.2-15: Summary of Zinc Sampling Data at Provincial Water Quality Monitoring Network Stations
PWQO Descriptive Statistics (ug/L)
No. 1
. . Exceedances .
Station Name Station ID Years on Record Samples (20ug/L) Trend? Years ) . Percentiles
on Record HE Analvzed n min median max
% # ¥ 25th 75th
Balsam Lake Outlet 17002105402 81-94; 96-08 257 1.6 4 \4 04-08 38 0.00 1.07 9.89 0.40 1.67
Burnt River at 11th Line 17002107502 81-93; 96-08 224 0.9 2 v 04-08 38 0.15 1.73 7.08 1.07 2.77
Cameron Lake Outlet 17002102302 81-94; 96-08 259 3.5 9 v 04-08 38 0.00 0.61 1.87 0.36 1.07
Gull River at Hwy. 35 17002102502 81-94; 96-08 261 2.3 6 v 04-08 38 0.30 1.48 9.91 0.76 2.17
Mariposa Brook 17002111902 82-90; 04-08 122 3.3 4 \4 04-08 37 0.00 2.98 42.80 1.19 4.82
Nonquon River 17002113602 81-94; 04-08 161 1.9 3 \4 04-08 37 0.00 0.87 13.10 0.35 2.18
Pigeon River 17002107402 81-94; 96-08 232 3.4 8 4 04-08 38 0.00 0.65 72.50 0.16 2.46
Scugog River downstream Lindsay | 17002104102 81-94; 96-08 208 2.4 5 v 04-08 38 0.00 1.07 6.25 0.60 1.69
Scugog River upstream Lindsay 17002113002 96-08 111 1.8 2 v 04-08 38 0.00 1.37 17.40 0.00 2.81
Sturgeon Lake Outlet 17002102102 81-94; 96-08 266 4.1 11 4 04-08 38 0.00 0.48 40.60 0.28 1.12
Blackstock Creek 17002113702 04-08 37 0.0 0 4 04-08 38 0.00 0.55 4.63 0.15 1.10
!Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
2Trend observed but not statistically validated
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2.2.6.2.3 Nutrients

Total Phosphorus

Total phosphorus is a measure of all forms of phosphorus present in water. Total phosphorus concentrations in
the watershed frequently exceed the Provincial Water Quality Objective at all Provincial Water Quality
Monitoring Network stations with the exception of Gull River station. The stations showing the most frequent
exceedances of total phosphorus are Scugog River (downstream of Lindsay) and Nonquon River (74.5% and
70.6%, respectively). The high concentrations of phosphorus observed at these stations may be a result of
intensive agricultural land use in this area. Significant trends in total phosphorus concentrations are detected at
eight Provincial Water Quality Monitoring Network stations. These stations show a decline in total phosphorus
concentrations since the beginning of the sampling period in the 1970s and 1980s. In contrast, Gull River station
displays an increasing trend in phosphorus concentrations, which may be related to growing cottage
development. Total phosphorus data from the Provincial Water Quality Monitoring Network are summarized in
Table 2.2-16.

Nitrate Nitrogen

Nitrate nitrogen is the concentration of nitrogen present in water in the form of the nitrate ion (NOs7). Nitrate
nitrogen concentrations in the watershed have been increasing at three Provincial Water Quality Monitoring
Network stations: Gull River, Scugog River downstream of Lindsay, and Mariposa Brook. Because there is no
Provincial Water Quality Objective for nitrate nitrogen, this analysis employs the Canadian Environmental
Quality Guidelines as a standard for nitrate nitrogen exceedances. Provincial Water Quality Monitoring Network
data indicate that nitrate nitrogen has exceeded the Canadian Environmental Quality Guideline at Mariposa
Brook (8.1%) and Blackstock Creek (5.3 %). Nitrate nitrogen data from the Provincial Water Quality Monitoring
Network are summarized in Table 2.2-17.
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Table 2.2-16: Summary of Phosphorus Sampling Data at Provincial Water Quality Monitoring Network Stations

PWQO Descriptive Statistics (mg/L)
Years on No. Exceedances? Trend i
Station Name Station ID Record Samples (0.03/0.02mg/L) Years . . madian max Percentiles
on Record ™/ # Direction | p* (RS 25th | 75th

Balsam Lake Outlet 17002105402 | 71-93; 96-08 377 9.5 36 \ 4 0.01 04-08 38 0.006 0.009 | 0.064 0.008 0.011
Burnt River at 11th Line 17002107502 | 72-93; 96-08 311 9.3 29 v 0.01 04-08 38 0.005 0.009 | 0.046 0.007 0.013
Cameron Lake Outlet 17002102302 | 66-94; 96-08 429 14.2 61 v 0.01 04-08 38 0.005 0.009 | 0.046 0.007 0.012
Gull River at Hwy. 35 17002102502 | 96-08 44 0 0 4 NS 04-08 38 0.004 0.008 | 0.018 0.006 0.011
Mariposa Brook 17002111902 | 82-90; 04-08 122 45.1 55 v 0.05 04-08 37 0.026 0.026 | 0.150 0.019 0.032
Nonquon River 17002113602 | 70-94; 04-08 279 70.6 197 \ 4 0.01 04-08 37 0.009 0.034 | 0.870 0.025 0.049
Pigeon River 17002107402 | 72-94; 96-08 320 36.3 116 v 0.01 04-08 38 0.005 0.015 | 0.041 0.012 0.017
Scugog River downstream Lindsay | 17002104102 | 70-94; 96-08 318 74.5 237 v 0.01 04-08 38 0.013 0.021 | 0.055 0.018 0.029
Scugog River upstream Lindsay 17002113002 | 96-08 111 33.3 37 v NS 04-08 38 0.011 0.024 | 0.050 0.018 0.030
Sturgeon Lake Outlet 17002102102 | 66-93; 96-88 442 46.6 206 \ 4 0.01 04-08 38 0.008 0.014 | 0.024 0.011 0.019
Blackstock Creek 17002113702 | 04-08 38 68.4 26 \ 4 NS 04-08 38 0.016 0.044 | 0.111 0.025 0.080

!Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective

%Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends were considered statistically significant where p<0.05)

Table 2.2-17: Summary of Nitrate Nitrogen Sampling Data at Provincial Water Quality Monitoring Network Stations

CEQG Descriptive Statistics (mg/L)
Years on No. Exceedances? Trend .
Station Name Station ID Record Samples (2.9mg/L) Years N - median max Percentiles
on Record ™, # Direction | p* [ 25th | 75th

Balsam Lake Outlet 17002105402 | 96-08 118 0 0 4 0.01 04-08 38 0.005 0.005 0.064 0.005 0.013
Burnt River at 11th Line 17002107502 | 96-08 108 0 0 v 0.05 04-08 38 0.005 0.033 0.521 0.018 0.050
Cameron Lake Outlet 17002102302 | 96-08 116 0 0 v 0.01 04-08 38 | 0.005 0.008 | 0.521 0.005 | 0.024
Gull River at Hwy. 35 17002102502 | 96-08 79 0 0 4 0.05 04-08 38 0.005 0.007 0.532 0.005 0.030
Mariposa Brook 17002111902 | 04-08 37 8.1 3 4 NS 04-08 37 0.015 1.500 3.760 0.997 2.260
Nonquon River 17002113602 | 81-94; 96-08 166 0 0 v NS 04-08 37 0.005 0.162 1.260 0.036 0.390
Pigeon River 17002107402 | 96-08 107 0 0 v NS 04-08 38 0.005 0.007 0.223 0.005 0.025
Scugog River downstream Lindsay | 17002104102 | 96-08 101 0 0 4 NS 04-08 38 0.005 0.251 2.490 0.072 0.660
Scugog River upstream Lindsay 17002113002 | 96-08 111 0 0 4 0.01 04-08 38 0.005 0.061 1.760 0.014 | 0.291
Sturgeon Lake Outlet 17002102102 | 96-08 117 0 0 4 0.05 04-08 38 0.005 0.021 | 0.578 0.010 | 0.111
Blackstock Creek 17002113702 | 04-08 38 5.3 2 v NS 04-08 38 0.175 0.863 3.680 0.490 1.390

!Indicates the quantity of all samples on record that exceeded the Canadian Environmental Quality Guidelines for the Protection of Aquatic Life

%Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends were considered statistically significant where p<0.05)
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2.2.7 GROUNDWATER QUALITY

This section is a summary of the available data that are suitable for a watershed-scale analysis of groundwater
quality in the Kawartha-Haliburton Source Protection Area. Groundwater quality data specific to individual
drinking water systems were analyzed during the evaluation of drinking water issues (see Section 5.3). The
available data include limited groundwater quality data from the Provincial Groundwater Monitoring Network,
the Drinking Water Surveillance Program, Ministry of the Environment and Climate Change Water Well Records
Database, sampling data from municipalities and Health Units, and several regional groundwater studies.
Monitoring programs associated with municipal groundwater drinking water supply systems include data on
microbiological indicators, metals, and other parameters. Generally, there are limited groundwater quality data
available to allow for comprehensive analysis across the source protection area.

2.2.7.1 SUMMARY OF GROUNDWATER QUALITY

Overall, groundwater in the southern portion of the Kawartha-Haliburton Source Protection Area is
characterized by low chloride, sulphate, and heavy metal concentrations. Similar to the north, water quality
concerns are mainly associated with elevated hardness, iron, and manganese concentrations. Periodically other
parameters, such as sodium, exceed the Ontario Drinking Water Quality Standards. Concurrently, elevated levels
of nitrates are a widespread problem across the southern part of the Kawartha-Haliburton Source Protection
Area as these concentrations are likely related to intensive agricultural land use. Wells in the Oak Ridges
Moraine generally show good water quality.

Groundwater in the northern part of the Kawartha-Haliburton Source Protection Area is characterized by low
chloride, nitrate, and heavy metal concentrations. Iron and manganese occasionally exceed the Ontario Drinking
Water Quality Standards, because of weathering processes in the bedrock and soils, and are thus naturally
occurring. Water quality concerns in the northern portion of the source protection area are usually associated
with elevated hardness, iron, and manganese concentrations. In general, these common constituents are not
considered harmful to human health although some components can affect the taste, smell, or clarity of water.
Overall, deeper wells tend to have better water quality.

2.2.7.2 INDICATOR PARAMETERS

There are many water quality parameters that can be used to characterize the quality of a groundwater source.
A small group of parameters is often used to provide a representative overview of water quality in an area of
interest. Parameters normally analyzed for groundwater quality include general chemical parameters such as
pH, conductivity, hardness, alkalinity, total organic carbon, anions such as chloride and sulphate, nutrients such
as ammonia and nitrate, microbiology, pesticides, herbicides, and metals such as cadmium, lead, and iron.
Indicator parameters used in the analysis of Provincial Groundwater Monitoring Network data are described in
Table 2.2-18.

2.2.7.3 PROVINCIAL GROUNDWATER MONITORING NETWORK

The Provincial Groundwater Monitoring Network was established in 2002 to provide data to characterize
groundwater quantity and quality across the province. Ten monitoring wells were established in the Kawartha-
Haliburton Source Protection Area as part of the overall network; these wells generally represent the regional

Trent Assessment Report 2-27



Chapter 2: Watershed Characterization

aquifers across the watershed. Provincial Groundwater Monitoring Network wells in the Kawartha-Haliburton
Source Protection Area are described in Table 2.2-19 and their locations are shown on Map 2-18(KH).

Provincial Groundwater Quality Monitoring Network wells in the Kawartha-Haliburton Source Protection Area
watersheds were sampled in 2002, 2004, 2006, 2007, and 2008 and tested for most parameters in the Ontario
Drinking Water Quality Standards (O. Reg. 169/03). The number of samples analyzed at each monitoring station
and the range of sampling results up to 2008 are listed in Table 2.2-20. Since sampling through this network
started recently (2002), there are insufficient data to make observations regarding trends in groundwater
quality.

2.2.7.4 MINISTRY OF THE ENVIRONMENT AND CLIMATE CHANGE WATER WELL
RECORDS DATABASE

Qualitative information about groundwater quality is available from the Ministry of the Environment and
Climate Change Water Well Records Database. The database contains well records provided by well drillers that
include subjective comments about water quality encountered at wells such as “fresh”, “salty”, or “sulphurous.”
The subjective nature of the observations decreases the usefulness of the Water Well Records Database for
determining the suitability of groundwater as a drinking water source.

2.2.7.5 REGIONAL GROUNDWATER STUDIES

Municipal Groundwater Study (Morrison Environmental Ltd., 2004)

In May 1999, the Ministry of the Environment and Climate Change initiated a series of studies designed to map
the groundwater resources and delineate wellhead protection areas in municipalities across the province. The
Trent Conservation Coalition Municipal Groundwater Study was completed by Morrison Environmental Ltd.
(2004). The Aquifer Characterization component of the study (Volume 1) uses the Water Well Records Database
(discussed above) to evaluate groundwater quality in bedrock and overburden wells across most of the Trent
Conservation Coalition Source Protection Region, with the exception of Durham Region.

Results from this study indicate that regional groundwater quality in both the overburden and the bedrock is
reportedly good in the Kawartha-Haliburton Source Protection Area. Some areas, generally along the
Paleozoic/Precambrian contact, showed salty, sulphurous, and mineralized water (particularly in the area west
of Pigeon Lake). The occurrence of sulphurous water may be attributed to the high organic content of the rock
not the presence of evaporates (Morrison Environmental Ltd., 2004).

The Hydrogeology of Southern Ontario (Singer et al., 2003)

Singer et al. (2003) provided information related to the quality of groundwater in the Simcoe Group
hydrogeologic unit, which underlies the southern portion of the Kawartha-Haliburton Source Protection Area.
The parameters considered in the report include sodium, iron, chloride, sulphate, nitrate, total hardness, and
total dissolved solids. The report indicated that most bedrock wells drilled in the Simcoe Group hydrogeologic
unit usually yield fresh water, but they occasionally yield water with natural water quality problems such as high
chloride, sulphate, and hardness, or they may contain gas.
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Table 2.2-18: Groundwater Indicator Parameters

Parameter Source(s) Guidelines?® Effects

Chloride Chloride is common in nature, generally as sodium chloride (NaCl), Chloride is not usually harmful to humans. At concentrations above the aesthetic objective

(cr) potassium chloride (KCl), and magnesium chloride. Sources include 250 mg/L (AO) of 250 mg/L, chloride and sodium chloride impart undesirable tastes to water and may
rocks, road salting, agricultural runoff, industrial wastewater, and cause corrosion in water distribution systems. Calcium or magnesium chlorides are not
wastewater treatment plants. Chloride is a highly soluble and mobile usually detected by taste until levels of 1,000 mg/L are reached.
ion which does not biodegrade, volatilize, easily precipitate, nor does it
significantly absorb onto mineral surfaces. It travels readily through
soils, enters groundwater, and eventually discharges into surface water.

Hardness Water hardness is caused by dissolved polyvalent metal ions. In fresh Hard water does not have major health effects. On heating, hard water has a tendency to
waters the principal hardness-causing ions are calcium and magnesium. | 80-100 mg/L form scale deposits and can cause excessive scum with regular soaps. However, certain
Other ions such as strontium, iron, barium, and manganese ions can (0G) detergents are largely unaffected by hardness. Conversely, soft water may result in
also contribute groundwater hardness. accelerated corrosion of water pipes. The operational guideline for hardness provides an

acceptable balance between corrosion and scaling of pipes. Water supplies with hardness
greater than 200 mg/L are considered poor but tolerable; more than 500 mg/L is
unacceptable for domestic purposes.

Sulphate Sulphates are commonly discharged into the aquatic environment in The presence of sulphate above 150 mg/L may result in a noticeable taste. The taste

(S04%) wastes from industries that use sulphates and sulphuric acid, such as 500 mg/L (AO) threshold concentration depends on the associated metals present in the water. Above the
mining and smelting operations, pulp and paper mills, textile mills and aesthetic objective of 500 mg/L, sulphate can have a laxative effect, however, regular users
tanneries. Natural sources include decomposing vegetation and rock or adapt and problems are usually only experienced by new consumers. High levels of
soil containing gypsum, barite, or other minerals. sulphate may be associated with calcium, which is a major component of scale in boilers

and heat exchangers. In addition, sulphate can be converted into sulphide by anaerobic
bacteria creating odour problems and potentially accelerating corrosion. Sulphates can also
form strong acids, which change the pH of water.

Iron Iron is the fourth most abundant element, by weight, in the Earth's Generally, there is a minimal taste of iron in drinking water at concentrations below 0.3
crust. Iron in groundwater is normally present in the ferrous or bivalent | 0.3 mg/L (AO) mg/L. At concentrations above 0.3 mg/L, iron can stain laundry and plumbing fixtures and
form [Fe?*] which is soluble. It is easily oxidized to ferric iron [Fe3*] or produce a bitter, strong taste in water and beverages. The precipitation of excessive iron
insoluble iron when exposed to air. Ferrous (Fe?*) and ferric (Fe3*) ions imparts a reddish-brown colour to water. Iron may also promote the growth of certain
are the primary forms of concern in the aquatic environment. Other microorganisms, leading to the deposition of a slimy coating in water distribution pipes.
forms may be present in either organic or inorganic wastewater. The Iron based coagulants such as ferric sulfate can be highly effective at removing particles
ferrous form can persist in water void of dissolved oxygen and usually from water, leaving very little residual iron in the treated water.
originates from groundwater or mines that are pumped or drained.

Sodium Sodium is the most abundant of the alkali elements and constitutes The taste of drinking water is generally considered offensive at sodium concentrations
2.6% of the Earth’s crust. Compounds of sodium are widely distributed 200 mg/L (AO) above the aesthetic objective of 200 mg/L. To maintain a total daily sodium intake of 500
in nature. Weathering of salt deposits and contact of water with mg, as is widely prescribed for persons on a sodium restricted diet, a sodium concentration
igneous rock provide natural sources of sodium in groundwater 20 mg/L (MAC)? in drinking water no higher than 20 mg/L is required. Reduction of sodium content with
regimes. current technologies to this level would be expensive. It is therefore recommended that

sodium be included in routine monitoring programs, because levels may be of interest to
those on a sodium reduced diet (2.
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Parameter

Source(s)

Guidelines!

Effects

Nitrate, and

The most common contaminant identified in groundwater is dissolved

Dissolved nitrogen in the form of nitrate is becoming increasingly widespread because of

Nitrite nitrogen in the form of nitrate (NOs"). Although nitrate is the main form NO, =1 mg/L agricultural activities and disposable of sewage on or beneath the land surface. Its presence
in which nitrogen occurs in groundwater, dissolved nitrogen also occurs | (as nitrogen) in undesirable concentrations is threatening large numbers of aquifers. Nitrites can react
in the form of ammonium (NH4*), ammonia (NH3), nitrite (NO;’), (MAC) with hemoglobin in the blood of warm-blooded animals to produce methemoglobin; this
nitrogen (N3), nitrous oxide (N,0), and organic nitrogen. Nitrate (NOs’) destroys the ability of red blood cells to transport oxygen. This condition is serious in babies
and nitrite (NO;") are naturally occurring ions that are ubiquitous in the NOs = 10 mg/L under three months, causing methemoglobinemia or "blue baby" syndrome. Nitrates can
environment. Both are products of the oxidation of nitrogen (which (as nitrogen) also cause digestive problems. High concentrations of nitrate can be toxic to fish and other
comprises roughly 78% of the atmosphere) by microorganisms in (MAC) organisms.
plants, soil, or water and, to a lesser extent, by electrical discharges
such as lightning. Nitrite is fairly rapidly oxidized to nitrate and is NO,+NO3=10
therefore seldom present in water in significant concentrations. Nitrite mg/L (as
may occur in groundwater, however if chlorination is practised, the nitrogen)
nitrite will usually be oxidized to nitrate. In groundwater that is strongly | (MAC)
oxidizing, nitrate is always the most stable form of dissolved nitrogen.
Nitrogen can enter groundwater through municipal and industrial
wastewater effluent, septic leachate, animal waste, and runoff from
fertilized agricultural fields and lawns. Elevated concentrations of
nitrate, particularly those greater than 3 mg/L, are usually the result of
human activity.
Organic Organic nitrogen is the nitrogen that is incorporated in organic Organic nitrogen compounds frequently contain amine groups which can react with
Nitrogen substances. Organic nitrogen is calculated by the difference between 0.15 mg/L (OG) chlorine and severely reduce its disinfectant power. Certain chlorinated organic nitrogen
the total Kjeldahl nitrogen and ammonia nitrogen. A high level of compounds may be responsible for taste problems that are associated with chlorophenol.
organic nitrogen in groundwater indicates that contamination may be Taste and odour problems are common with organic nitrogen levels greater than 0.15
caused by septic tank leakage, septic failure, or sewage effluent mg/L.
contamination. This form of contamination in drinking water is often
associated with some types of chlorine- worsened taste problems.
Dissolved Dissolved organic carbon (DOC) is present in all ecosystems. It occurs in In water systems, a high concentration of dissolved organic carbon (DOC) is an indicator of
Organic forms that range in size from simple amino acids to complex high- 5 mg/L (AO) possible water quality deterioration during storage and/or distribution due to the carbon
Carbon (DOC) | molecular- weight DOC. Dissolved organic matter frequently measured being a growth nutrient for biofilm dwelling bacteria. In addition, high DOC concentration in
as DOC, is an important component of the organic energy budget of water supply and distribution systems would be considered as an indicator of potential
temperate ecosystems. Storms are a primary mechanism of DOC above chlorination by-product problems. Coagulant treatment or high pressure membrane
ground mobility and intrusion into groundwater because they produce treatment can be used to reduce DOC in drinking water systems.
increases in both DOC concentration and discharge. Nitrate
concentrations in groundwater can decrease due to reduction if that
groundwater contains a high concentration of dissolved organic carbon.
Total Total Dissolved Solids (TDS) are the total amount of mobile charged The presence of dissolved solids in water may affect its taste. The effects of TDS on drinking
Dissolved ions, including inorganic substances such as minerals, salts, or metals 500 mg/L (AO) water quality depend on the levels of the individual components. Excessive hardness, taste,
Solids (TDS) dissolved in a given sample of water. The principal constituents of TDS mineral deposition, or corrosion are common properties of highly mineralized water. TDS

are usually the cations calcium, magnesium, sodium, and potassium and
the anions carbonate, bicarbonate, chloride, and sulphate.

above 500 mg/L can result in excessive scaling in water pipes, water heaters, boilers, and
household appliances such as tea kettles and steam irons. Drinking water supplies with TDS
levels greater than 1,200 mg/L are unpalatable. The palatability of drinking water with a
TDS level less than 500 mg/L is generally considered to be good. Drinking water with
extremely low concentrations may also be unacceptable because of its flat, dull taste.

Data Sources: Ministry of the Environment and Climate Change (2003)
!Maximum Acceptable Concentration (MAC) values and Aesthetic Objective (AO) / Operational Guideline (OG) values as per Ontario’s Regulation 169/03 made under Safe Drinking Water Act (amended to O. Reg. 327/08)
The aesthetic objective for sodium in drinking water is 200 mg/L. As per the Ontario Drinking Water Standards, Objectives and Guidelines (June 2006), the local Medical Officer of Health should be notified when the
sodium concentration exceeds 20 mg/L so that this information may be communicated to local physicians for their use with patients on sodium restricted diets.
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Table 2.2-19: Provincial Groundwater Monitoring Wells in the Kawartha-Haliburton Source Protection Area

Welllildentlflcatlon Casing Inside Well Depth Static Water Aquifer (relative Numper of Wa.ter
umbers SEE RIS Diameter (in) (m) Level (m) location) Vel BRIl
MOECC! ID Well ID Events
BH00-2B W115-2 Mariposa Brook 1.25 6.36 2.72 Shallow 5
BHO00-2A W115-3 Mariposa Brook 2 15 2.14 Shallow 5
6414902 W117-2 Pigeon River 2 54.34 42.59 Deep 5
262146 W386 Nonquon River 3 27.92 11.75 Middle 5
262144 w387 Lake Scugog Tributary 3 33.7 17.92 Middle 5
A004265 W432 Sturgeon River 6.25 11.51 3.72 Shallow 5
A004272 W433* Sturgeon Lake 6.25 14.89 4.09 Shallow 2
A069874 W483 East Cross Creek 4.00 45.00 31.6 Deep 1
A069873 w484 East Cross Creek 4.00 16.52 6.18 Shallow 1
W0000310% | GA310 Irondale River 6.1 18.9 4.9 Shallow 0

Data source: Kawartha Region Conservation Authority
IMinistry of the Environment and Climate Change

2Well is located in the Kawartha-Haliburton Source Protection Area but is monitored by Crowe Valley Conservation

*Decommissioned Dec. 21, 2006

Table 2.2-20: Summary of Provincial Groundwater Monitoring Network data in the Kawartha-Haliburton Source Protection Area

Range of Water Quality Sampling Results
Well ID Sarl:lgles Y:::Z%n Hardness Sodium Iron Sulfate Chloride Nitrate I\ﬁifc?;; DOC DS (mg/L)
(mg/L) (mg/L) (ug/L) (mg/L) (mg/L) (mg/L) (me/L) (mg/L)
W115-2 5 02; 06-08 455.0-961.0 205.0-330.0 | 3030.0-15000.0 11.0-21.0 | 420.0-760.0 | <0.008-0.557 0.19-0.31 1.6-3.8 1080.0
W115-3 5 02; 06-08 294.0-382.0 | 169.0 - >300.0 6.0-86.0 1.2-16.0 | 296.0-584.0 <0.008-1.29 0.06-0.44 0.6-0.8 1260.0
W386 5 04; 06-08 247.0-366.0 5.96-24.6 6.0-20.0 11.0-13.3 7.9-131.0 0.04-0.845 0.03-0.07 0.9-1.2 359.0
w387 5 04; 06-08 164.0-188.0 3.4-4.4 96.0-140.0 24.0-28.4 1.8-2.3 <0.008-0.05 0.00-0.04 0.2-1.3 219.0
W388 5 04; 06-08 327.0-362.4 >90.0-124.0 2880.0-3840.0 0.5-0.6 54.0-160.0 | <0.008-0.718 0.61-1.08 11.1-13.4 723.0
w432 5 04; 06-08 242.0-281.5 66.0- >115.0 15.0-221.0 20.5-21.0 | 82.0-190.0 <0.008-0.05 0.03-0.26 | 0.09-<1.0 272.0
W433* 2 04; 06 355.0-475.9 17.2-33.0 210.0-770.0 15.9-26.0 52.3-121.0 <0.008-0.05 0.07-0.19 1.6-1.8 433.0
ECF-Parking Lot 1 08 178.0 3.71 <0.01 19.0 19 0.1 0.08 no reading no reading
ECF-North 1 08 216.0 2.2 <0.01 12.0 1.4 2.7 <0.04 | noreading | noreading
*Decommissioned Dec. 21, 2006
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2.3 OTONABEE-PETERBOROUGH SOURCE PROTECTION AREA

A watershed is the area of land that drains to a particular body of water. A watershed characterization is a

documentation of various aspects of a watershed for the purpose of obtaining a general understanding of its
features and functions. This is a watershed characterization of the Otonabee-Peterborough Source Protection
Area prepared in accordance with the Clean Water Act, 2006, O. Reg. 287/07, and Part |l of the Technical Rules.

This watershed characterization draws from an earlier document prepared before the publication of the
Technical Rules and has expanded on it where required to satisfy the legislation. The report was prepared in
2008 by Otonabee Conservation and is entitled: Watershed Characterization Report: Otonabee-Peterborough
Source Protection Area.

2.3.1 OVERVIEW OF SOURCE PROTECTION AREA

The Otonabee-Peterborough Source Protection Area covers an area of approximately 3,365 km? and includes
the jurisdiction of the Otonabee Region Conservation Authority as well as portions of Haliburton and northern
portions of Peterborough County. The source protection area boundary and its subwatersheds are shown on
Maps 2-1(OP) and 2-2(OP), respectively.

The source protection area is comprised of two major physiographic regions that divide the area approximately
equally between north and south. The division between these two areas runs predominately through the middle
of the Kawartha Lakes, which include Pigeon, Buckhorn, Lower Buckhorn, Lovesick, and Stony Lakes. These lakes
also represent a portion of the Trent-Severn Waterway that links Lake Ontario with Georgian Bay via a 386-km
inland waterway system. Water levels along the waterway are regulated by a series of dams and weirs for
purposes of flood control and recreation; navigation through the waterway is made possible by a series of locks
and canals. The population of the source protection area is approximately 129,299. Approximately 58% of the
population lives in the City of Peterborough, which is located south of the Kawartha Lakes and is the largest
population centre in the source protection area.

The southern portion of the source protection area (1,951 km?) lies south of the northern Kawartha Lakes and
within the jurisdiction of the Otonabee Region Conservation Authority. This area lies within the Great Lakes-St.
Lawrence Lowlands, an area that is characterized by limestone bedrock and areas of deep overburden and
glacial till deposits that support agricultural land uses and settlement areas. A combination of mixed
successional forests and wetlands are also found in this area. The Oak Ridges Moraine and Peterborough
Drumlin Field are the predominant physiographic features in this area, and karst topography is present in the
Indian and Ouse watersheds.

The northern portion of the source protection area (1,415 km?) is located north of the Kawartha Lakes on the
Canadian Shield and includes portions of Peterborough and Haliburton Counties. This area is characterized by
granite bedrock, shallow overburden, mixed climax forests, and wetlands. It is largely undeveloped and supports
limited human settlement.
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2.3.2 GEOGRAPHY AND LAND USE

2.3.2.1 PHYSICAL GEOGRAPHY

Physiographic features in the Otonabee-Peterborough Source Protection Area include the Peterborough Drumlin
Field, Georgian Bay Fringe, Dummer Moraine, and to a lesser extent, the Oak Ridges Moraine, Algonquin
Highlands, and Iroquois Plain. Physiographic regions in the source protection area are shown on Map 2-3(OP),
and the area and percent coverage of each physiographic feature are identified in Table 2.3-1. Physical
characteristics of each subwatershed in the source protection area are summarized in Table 2.3-2.

The Peterborough Drumlin Field is the largest physiographic feature in the source protection area, and it lies
south of the Dummer Moraine and north of the Oak Ridges Moraine. The Peterborough Drumlin Field consists of
thousands of drumlins that are closely spaced and average six to eight per square kilometre. Due to the high
density of drumlins, some of the drumlins are compound; compound drumlins have double crests, double tails,
or distinct secondary ridges and flutings along their sides. The drumlins are separated by low-lying, poorly
drained, or swampy areas.

The City of Peterborough was originally built on seven drumlins and thus termed the “City of Seven Hills”,
however, the city has since expanded and now occupies numerous surrounding drumlins.

A small portion of the source protection area is occupied by the Iroquois Plain (east of the Village of Norwood).
This area is gently rolling to flat and contains deposits of sand, fine sand, and silt.

The Oak Ridges Moraine occupies a small portion of the source protection area in the extreme southwest and is
the headwaters region for numerous cold water streams. It is characterized by high relief, hummocky terrain,
beds of stratified fine sands and clays, and a virtual absence of streams.

The Dummer Moraine extends east to west through the central portion of the source protection area and is
characterized by angular fragments and blocks of limestone, a variety of Precambrian rocks, and an extremely
rough stony surface.

The Algonquin Highlands are located in the northernmost portion of the source protection area and are
predominately underlain by granite and other hard Precambrian bedrock. The relief is rugged and exhibits
rounded knobs and ridges, and the occasional ridge reaches over 150 m. The Algonquin Highlands also include
sand and gravel deposits that have taken the form of hills.

The Dummer Moraine is a landform of low and hummocky relief that extends across the source protection area,
south of the natural division between the northern and southern portion of the source protection area. The
surface is rough and littered with angular fragments and large blocks of limestone with many Precambrian Shield
rocks also present. The main characteristics are its low stony knobs, relatively straight ridges, and many low,
swampy areas. Most of the morainic ridges are relatively low as compared to those found in the Peterborough
Drumlin Field.

The Georgian Bay Fringe encompasses most of the northern portion of the source protection area and exhibits a
broad expanse of low relief and irregular, barren gneissic bedrock ridges that are interspersed with numerous
linear, shallow-water wetlands and peat-filled depressions. Blocked drainage from beaver activity has
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contributed to the formation of sphagnum dominated wetlands. This area exhibits a discontinuous layer of till

forming a ground moraine that has developed shallow, nutrient poor, sandy till soils.

Table 2.3-1: Physiographic Regions in the Otonabee-Peterborough Source Protection Area

Physiographic Region Area (km?) Land Coverage (%)
Peterborough Drumlin Field 1,329 39.5
Iroquois Plain 6 0.2
Oak Ridges Moraine 72 2.1
Dummer Moraine 717 213
Algonquin Highlands 253 7.5
Georgian Bay Fringe 987 294

Data Source: Calculated using data supplied under license by members of the Ontario Geospatial Data Exchange

Table 2.3-2: Physical Characteristics of Otonabee-Peterborough Source Protection Area Subwatersheds

. Channel
Drainage | Channel | Total Land Coverage (km?)
Subwatershed q 2 1 | Average . " "
Area Length Fall 2 Physiographic Region(s)
Name (km?) | (km) | (m) | P | Wetiands | Lakes | Woodland
oy etlands akes oodlan

Otonabee River 936 45 NA NA 103 25 208 Peterborough Drumlin Field;
Dummer Moraine

Indian River 210 43 93 22 26 4 55 Peterborough Drumlin Field;
Dummer Moraine

Ouse River 285 52 40 0.1 47 0.2 93 Peterborough Drumlin Field;
Dummer Moraine

Mlskwaa Ziibi 202 53 156 30 30 13 140 Georgian Bay Fringe; Dummer

River Moraine

Mississauga River | 372 58 160 2.8 35 54 253 Georgian Bay Fringe; Dummer
Moraine
Georgian Bay Fringe; Dummer

Ka'warth'a Lakes 719 NA NA NA 59 150 300 Moraine; Peterborough Drumlin

Tributaries Field

Rice Lake 159 NA NA NA 18 33 21 Peterborough Drumlin Field;
Iroquois Plain

Eel's Creek 279 63 184 2.9 27 23 258 Georgian Bay Fringe; Algonquin
Highlands

Jack's Creek 201 32 112 35 9 19 110 Georgian Bay Fringe; Algonquin
Highlands

Data Source: Calculated using data supplied under license by members of the Ontario Geospatial Data Exchange
!Drainage Areas, Channel Length, Total Fall, and Channel Slope calculated using Ontario Flow Assessment Techniques (OFAT) (as a result, the drainage areas
used to calculate these values are slightly different than those shown on Map 2-2(0OP).

2.3.3

2.3.3.1

AREAS OF SETTLEMENT

HUMAN GEOGRAPHY: POPULATION AND LAND USE

The Places to Grow Act, 2005 provides a legislative framework for the development of growth plans in
designated growth areas. The Places to Grow Act provides the following definition for areas of settlement:
“area(s] of land designated in an official plan for urban uses, including urban areas, urban policy areas, towns,

villages, hamlets, rural clusters, rural settlement areas, urban systems, rural service centres or future urban use

areas, or as otherwise prescribed.”
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In the Otonabee-Peterborough Source Protection Area, settlement areas are primarily located south of the
Kawartha Lakes. The largest concentration of settlement areas is located in and near the City of Peterborough,
the core of existing urban development in the source protection area. Smaller areas of settlement are scattered
throughout the source protection area and include the villages and hamlets of Lakefield, Bridgenorth,
Ennismore, Norwood, Millbrook, Keene, Young’s Point, and Apsley. In addition, settlement areas have also been
identified along the shorelines of the Kawartha Lakes, particularly Chemong, Pigeon, and Buckhorn Lakes. Areas
of settlement in the source protection area are shown on Map 2-4(OP).

2.3.3.2 MUNICIPALITIES

There are 15 municipalities located within or partially within the Otonabee-Peterborough Source Protection
Area. The total population of these municipalities is 326,616 (Statistics Canada, 2006). The estimated population
of the source protection area is approximately 129,299.

Population density is highest in the southern portion of the source protection area, particularly so in urban areas
such as the City of Peterborough (1,228 people/km?) and the Village of Hastings in the Municipality of Trent Hills
(127 people/km?). The population density for the remainder of the southern portion of the source protection
area ranges from 9 people/km? to 45 people/km?. In the northern portion of the source protection area,
population density is less than 8 people/km?2. Municipal boundaries in the source protection area are shown on
Map 2-5(OP). Municipal populations are listed in Table 2.3-3, and population and population density are shown
on Maps 2-6(OP) and 2-7(OP), respectively.

Table 2.3-3: Municipal Populations in the Otonabee-Peterborough Source Protection Area

Portion within SPA Entire Municipality
Municipality
Area (km?) Population Area (km?) Population
Township of North Kawartha 674 1,774 844 2,342
Township of Galway-Cavendish and Harvey 624 4,131 970 5,284
Township of Douro-Dummer 472 6,891 484 6,954
Township of Otonabee-South Monaghan 390 6,831 399 6,934
Township of Smith-Ennismore-Lakefield 384 17,399 384 17,413
Township of Cavan Monaghan 293 8,622 308 8,828
Township of Asphodel-Norwood 165 4,236 166 4,247
City of Kawartha Lakes 103 3,404 3,332 74,561
Township of Havelock-Belmont-Methuen 95 235 594 4,637
Municipality of Highlands East 84 186 758 3,089
City of Peterborough 61 74,898 61 74,898
Municipality of Port Hope* 8 100 279 16,390
Municipality of Trent Hills 4 509 538 12,247
Municipality of Clarington* 3 26 613 77,820
Township of Hamilton* 3 57 294 10,972

*Located only marginally within the source protection area
Data Source: Calculated from Statistics Canada, GeoSuite, 92-150-XCB, 2006 Census

2.3.3.3 FIRST NATIONS

The Otonabee-Peterborough Source Protection Area includes two populated First Nations Reserves that have a
combined population of 1,543 (Statistics Canada, 2006). The Curve Lake First Nation straddles Buckhorn and
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Chemong Lakes northwest of the City of Peterborough. The Hiawatha First Nation is located along the Otonabee
River and the north shore of Rice Lake near the southern boundary of the source protection area. A third
Reserve, Islands in the Trent Waters, includes various unpopulated islands located throughout the Kawartha
Lakes. First Nations Reserves in the source protection area are shown on Map 2-8(0P), and their population,
area, and population density are listed in Table 2.3-4.

Table2.3-4: Population and Population Density by First Nation

First Nation Area (km?) Population Po?:elzegc;Tg/E;r;)sny
Curve Lake 160 1,060 6.6
Hiawatha 8 483 59.9
Islands in the Trent Waters 0.4 0 0

Data Source: Calculated from Statistics Canada, GeoSuite, 92-150-XCB, 2006 Census

2.3.3.4 INTERACTIONS BETWEEN HUMAN AND PHYSICAL GEOGRAPHY

The primary land uses in the Otonabee-Peterborough Source Protection Area are agriculture, forestry,
recreation, and urban development. The distribution and extent of land uses and human settlement is distinctly
different between the northern and southern portions of the source protection area, primarily due to
differences in physiography and access to water and transportation corridors. The presence of the Kawartha
Lakes, many of which are part of the Trent-Severn Waterway, and numerous lakes, rivers, streams, and wetlands
provide the area with a variety of recreational activities throughout the year.

The southern portion of the source protection area is dominated by agriculture, woodlands, and urban areas.
The relatively deep glacial till soils found south of the Kawartha Lakes support widespread agricultural land use
that includes cultivated fields and pasturelands. Urban areas are characterized by higher population density and
higher proportions of impervious surfaces; these factors result in a greater demand on water resources. The City
of Peterborough, located in the approximate center of this southern area, is the largest urban centre in the area
followed by the Lakefield Ward, formerly the Village of Lakefield, located to the north of the City of
Peterborough. Other smaller urban areas are also scattered throughout the area and provide a variety of goods
and services to the surrounding, largely agricultural communities.

The northern portion of the source protection area is less densely populated and significantly less developed
than the southern portion and is an important recreation centre for boating, swimming, seasonal residences,
fishing, and outdoor winter sports. The granite bedrock and shallow overburden that characterize this area are
not well suited for agricultural use and much of the area remains in its natural, forested state. While there are
some areas of permanent residential development and small communities north of the Kawartha Lakes, new
development is largely limited to seasonal, residential waterfront properties.

2.3.3.5 FEDERAL LANDS

Lands in the Otonabee-Peterborough Source Protection Area that are under the jurisdiction of the Government
of Canada include those lands located along the Trent-Severn Waterway (including lands located at the bottom
of lakes on the waterway) that are managed by Parks Canada. Federal lands in the source protection area are
shown on Map 2-9(OP).
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2.3.4 OVERVIEW OF DRINKING WATER SYSTEMS

Drinking water systems in the Otonabee-Peterborough Source Protection Area include municipal and non-

municipal systems of various sizes that draw raw water from both groundwater and surface water sources.

Drinking water systems are divided into eight classifications by the Drinking-
Water Systems Regulation (O. Reg. 170/03) under the Safe Drinking Water
Act, based on ownership, number of users, flow rate, annual operating
period, and type of facility served. Source protection planning under the
Clean Water Act is focused on municipal residential drinking water systems
that include the “large municipal residential” and “small municipal
residential” classifications. The remaining six classifications include non-
municipal and non-residential drinking water systems. Approximately half of
the population of the source protection area relies on private wells and lake
sources that are not regulated under the Safe Drinking Water Act.

2.3.4.1

Municipal Residential
Drinking Water Systems

Municipal residential drinking
water systems are drinking
water systems that serve major
residential developments. Small
municipal residential systems
serve fewer than 101 private
residences, and large municipal
residential systems serve more
than 100 private residences.

MUNICIPAL RESIDENTIAL DRINKING WATER SYSTEMS

Approximately 67% of the population of the Otonabee-Peterborough Source Protection Area obtains their

drinking water from 11 municipal residential drinking water systems (including the “large municipal residential”

and “small municipal residential” classifications). Approximately 33% of the population relies on private wells

and lake sources. These systems are discussed in more detail below, and their locations and approximate service

areas are shown on Map 2-10(OP).

2.3.4.1.1 Surface Water Systems

There are three existing municipal residential drinking water systems in the Otonabee-Peterborough Source

Protection Area that obtain their water from surface water sources. These systems serve approximately 86,579

people in Peterborough, Lakefield, and Hastings. Under the Drinking-Water Systems Regulation (O. Reg.

170/03), all of these systems are classified as large municipal residential systems. These systems are discussed in

more detail in Chapter 4.

2.3.4.1.2 Groundwater Systems

There are eight existing municipal residential groundwater supply systems
in the Otonabee-Peterborough Source Protection Area that obtain their
water from groundwater sources. These systems serve approximately 4,929
people in the communities of Alpine/Pirates Glen, Birchpoint Estates,
Buckhorn Lake Estates, Elgeti/Crystal Springs Subdivision, Keene Heights
Subdivision, Millbrook, Norwood, and Pinewood. Under the Drinking-Water
Systems Regulation (O. Reg. 170/03), seven of these systems are classified
as large municipal residential systems and one is classified as a small
municipal residential system. These systems are discussed in more detail in
Chapter 5.

GUDI Wells

The Drinking-Water Systems
Regulation (O. Reg. 170/03)
under the Safe Drinking Water
Act defines specific
circumstances under which a
groundwater supply is
considered to be groundwater
under the direct influence of
surface water. These wells are
more susceptible to
contamination than non-GUDI
wells because they can be
affected by short-term water
quality issues associated with
surface water sources.
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Three municipal residential drinking water systems in the source protection area are considered to be
groundwater under the direct influence (GUDI) of surface water (Ministry of the Environment, 2008). These are
the Buckhorn Lake Estates Well System, Crystal Springs Well System and the Norwood Well System.

2.3.4.2 OTHER DRINKING WATER SYSTEMS

There are approximately 154 drinking water systems in the source protection area that are classified as non-
municipal or non-residential systems under the Drinking-Water Systems Regulation (O. Reg. 170/03) (e.g., trailer
parks, campgrounds, subdivisions, community centres, schools, and public buildings). Estimates of the number
of systems of each non-municipal and non-residential classification are given in Table 2.3-5A. Details for many of
these systems are given in Appendix B, and their locations are shown on Map 2-11(OP). (Note that these
systems were identified from the Drinking Water Information System database, which only provides a partial
listing of these systems; it is expected that the total number of non-municipal and non-residential systems is
significantly greater.)

Table 2.3-5A: Other Drinking Water Systems in the Otonabee-Peterborough Source Protection Area

Safe Drinking Water Act Classification Estimated No. Systems
Large municipal non-residential 1
Small municipal non-residential 27
Non-municipal year-round residential 11
Non-municipal seasonal residential 28
Large non-municipal non-residential 1
Small non-municipal non-residential 86

Data Source: Ministry of the Environment and Climate Change Drinking Water Information System, 2009

2.3.4.3 FIRST NATIONS SYSTEMS

The drinking water systems that serve the First Nations in the Otonabee-Peterborough Source Protection Area
are discussed below.

2.3.43.1 Curve Lake First Nation

Approximately 87% of the residents of Curve Lake First Nation are served by private wells. The Nishnawbeke
Subdivision Water System is owned and operated by the Curve Lake First Nation. It is the only truly communal
water system in the community and serves approximately 13% of the population. Three wells currently service
51 homes (and potentially 55 homes) in the subdivision with an estimated 138 people. Systems that are owned
and operated by the First Nation and serve the public are listed in Table 2.3-5B; these are not classified under
the provincial Drinking-Water Systems Regulation (O. Reg. 170/03). A new community water system (community
wells) is in the planning stages. This will be constructed in three phases over a number of years.

2.3.4.3.2 Hiawatha First Nation

Most residents of Hiawatha First Nation are served by private wells. Systems that are owned and operated by
the First Nation are listed in Table 2.3-5C; these are not classified under the provincial Drinking-Water Systems
Regulation (0. Reg. 170/03).
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Table 2.3-5B: Curve Lake First Nation Drinking Water Systems

Drinking Water System Users Served (approximate)
Nishnawbeke Subdivision Water System 138
Day Care (main building, church, toddler program building) 111
Church 350 (max)
School 200 (max)
Seniors Home/Centre 16
Small Business Centre 50
Health Centre 50
Band Office 50
Community Centre 660 (max)
Youth Drop-In Centre 20

Data Source: Curve Lake First Nation Source Protection Pre-Screening Survey, 2009

Table 2.3-5C: Hiawatha First Nation Drinking Water Systems

Drinking Water System Users Served (approximate)

Hiawatha Church/Administration Building/Youth

X 75
Centre/Community Centre Well System
Hiawatha Health Services Well System 30
Hiawatha Apartment Building Well System 7

Data Source: Darla Blodgett, Hiawatha First Nation Council Secretary (personal communication, March 22, 2010)

2.3.5 TERRESTRIAL AND AQUATIC CHARACTERISTICS

2.3.5.1 NATURAL VEGETATIVE COVER

Natural vegetative cover in the Otonabee-Peterborough Source Protection Area includes wetlands, woodlands,
and vegetated riparian areas. Natural vegetative cover plays a critical role in protecting drinking water sources
by trapping sediments and soils, and altering or reducing contaminants, nutrients, and some pathogens before
they reach water sources. Healthy watersheds include diverse vegetation that is well distributed across the
landscape. Naturally vegetated watersheds are better able to keep soil, nutrients, pathogens, and contaminants
on the landscape and out of drinking water sources. Natural vegetative cover in the source protection area is
summarized in Table 2.3-6.

Wetlands

Wetlands found in the Otonabee-Peterborough Source Protection Area include swamps, fens, bogs, and
marshes. Wetlands perform a significant role in improving water quality by contributing to groundwater
recharge and discharge, augmenting low flows, and attenuating floods. Wetland vegetation traps and removes
nutrients and pollutants from the water that flows through them. Wetlands also provide important habitat for
many fish and wildlife species. Wetlands cover approximately 10% of the source protection area (353 km?),
which includes 66 Provincially Significant Wetlands that cover 181 km?. Wetlands in the source protection area
are shown on Map 2-12(OP).
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Woodlands

Woodland cover in the Otonabee-Peterborough Source Protection Area includes successional and climax forests,
hedgerows, and plantations. Woodland vegetation prevents erosion by stabilizing soils and acting as a natural
shelterbelt. This protects water quality by preventing sedimentation of watercourses and provides wildlife
habitat. Woodlands cover approximately 43% of the source protection area (1,438 km?) and are shown on Map
2-12(OP).

Riparian Areas

Riparian areas are the transitional zones between aquatic and terrestrial habitats that are found along
watercourses and waterbodies. Healthy riparian areas are vegetated and provide bank stability, reduce erosion,
provide the shade necessary to moderate water temperature, and improve water quality by filtering out
contaminants from runoff. Riparian areas also provide important habitat for many species of fish, mammals,
birds, reptiles, amphibians, and insects, particularly during the early stages of their lifecycles. Vegetated riparian
areas in the Otonabee-Peterborough Source Protection Area were delineated as vegetated lands located within
120 m of lakes, wetlands, and watercourses. Vegetated riparian areas cover approximately 45% of the source
protection area (1,362 km?) and are shown on Map 2-13(OP).

Table 2.3-6: Natural Vegetative Cover in the Otonabee-Peterborough Source Protection Area

Natural Vegetative Cover Type Area (km?) Land Coverage (%)
Provincially Significant 181 5
Wetland
etlands Other Wetlands 172 5
Woodlands 1,438 43
Vegetated Riparian Areas? 1,362 45

Vegetated riparian areas include vegetated lands located within 120 m of lakes, wetlands, and watercourses
Data Source: Calculated using data supplied under license by members of the Ontario Geospatial Data Exchange

2.3.6  AQUATIC HABITATS

Aguatic habitats are the areas inhabited by aquatic species. The health and composition of aquatic communities
depend on the availability of adequate food, shelter, water, and space to provide the habitat required by the
individual species utilizing the area. Aquatic species, including fish and macroinvertebrates, are often used as
indicators of water quality because they have specific requirements and tolerances to various elements known
to exist in water.

This section identifies the location and types of aquatic habitats in the Otonabee-Peterborough Source
Protection Area, including fisheries and aquatic macroinvertebrates, and discusses the impacts of development
on these aquatic communities. There are insufficient data to compare aquatic communities in the source
protection area to unimpacted reference sites.

The Kawartha Lakes naturally divide the source protection area into distinct areas: the north that is largely
undeveloped, sparsely populated, and continues to support extensive natural vegetative cover, and the south
that supports intensive agricultural and urban land uses, has a significantly higher population density, and has
lost most of its original natural vegetative cover.
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2.3.6.1 FISHERIES

Location of Habitats

The Otonabee-Peterborough Source Protection Area includes many lakes, rivers, and streams that provide
habitat for a variety of cold, cool, and warm water fish species. The lakes located north of the Kawartha Lakes
generally support populations of Lake Trout and cool water sport fish and are generally deeper and colder than
those found south of the Kawartha Lakes. In the southwest portion of the source protection area, cold water fish
species are present only in the headwaters that originate from the Oak Ridges Moraine, namely, in Jackson,
Cavan, Baxter, and Squirrel Creeks. Suitable cold water fish habitat also exists in the Ouse River in the northeast
portion of the Ouse River subwatershed. Warm water streams and rivers are also found throughout the source
protection area and support a variety of fish species. The warmer, shallower lakes, such as Chemong Lake and
Rice Lake, are highly productive and support populations of Small and Largemouth Bass, Muskellunge, and a
variety of pan fish.

Stream temperature can be used as an indicator to identify the potential locations of aquatic habitats. Water
temperature is a key factor contributing to the health of fish populations, as every fish species has a specific
range of tolerance beyond which its health and survivability is threatened. As a result of this dependence on
water temperature, thermal classifications of watercourses or waterbodies are often indicative of the types of
species likely to inhabit a given aquatic habitat. Based on these thermal classifications, individual fish species
may be categorized as cold water (<19°C), cool water (19°C to 25°C), or warm water (> 25°C) (Department of
Fisheries and Oceans, 2009). Stream temperatures in the source protection area are shown on Map 2-14(0P).

Impacts of Development

Impacts of development on fish habitat in the Otonabee-Peterborough Source Protection Area include a
reduction in the number of cold water streams and a loss of riparian vegetation. These impacts are particularly
evident in the City of Peterborough where urbanization has resulted in the channelization of many
watercourses, hardening of shorelines, and loss of riparian vegetation. Storm water outfalls also have a
significant impact on water quality in the City of Peterborough, demonstrated by a high number of beach
closures following rain events. Intensive development along lake shorelines, particularly for seasonal use, has
resulted in the loss of lake-associated wetlands, important spawning areas, and riparian habitat. Increased boat
traffic and fluctuating water levels and flows also have a negative impact on aquatic habitat.

2.3.6.2 AQUATIC MACROINVERTEBRATES

Location of Habitats

Aguatic macroinvertebrates, commonly referred to as benthic macroinvertebrates, are the organisms that live in
the bottom of watercourses. They serve many functions in the aquatic ecosystem including acting as both
decomposers and as food for larger macroinvertebrates, birds, and fish. They are excellent indicators of aquatic
health and can be used to assess long-term water quality. The Hilsenhoff Water Quality Index provides an
indication of water quality and the likelihood of organic pollution based on the presence or absence of benthic
macroinvertebrate species with specific pollution tolerances. The location of benthic macroinvertebrate
sampling sites and the Hilsenhoff Index value for each location are shown on Map 2-15(0OP). The Simpson’s

Trent Assessment Report 2-143



Chapter 2: Watershed Characterization

Diversity Index indicates the diversity of the benthic macroinvertebrate community. The location of benthic
macroinvertebrate sampling sites and the Simpson’s Diversity Index value at each site are shown on Map 2-
16(0P).

Impacts of Development

Analysis of benthic macroinvertebrate communities across the Otonabee-Peterborough Source Protection Area
indicated a range of water quality conditions, and species diversity and abundance. Sites with good water quality
are dominated by pollution-intolerant species of the taxa Ephemeroptera, Trichoptera, and Plecoptera, and
demonstrate species diversity and abundance. Such sites are typically found in the northern portion of the
source protection area where development is limited and population density is very low. Sites with moderate
water quality are dominated by the presence of pollution-tolerant benthic macroinvertebrates such as Worms
and Diptera. Areas in the east central portion of the source protection area exhibit moderate water quality,
particularly where agriculture is the dominant land use or where there is some level of urbanization. Sites with
poor water quality, such as those located in the City of Peterborough and other urban areas subject to the
impacts of intensive development, are dominated by pollution-tolerant species of the taxa Chironomidae,
Simuliidae, and Isopoda, and show limited species diversity and abundance.

2.3.7 SURFACE WATER QUALITY

This section is a summary of the available data that is suitable for a watershed-scale analysis of surface water
quality in the Otonabee-Peterborough Source Protection Area. Surface water quality data specific to individual
drinking water systems were analysed during the evaluation of drinking water issues (see Section 4.3). Surface
water quality data for the source protection area are available from a variety of monitoring programs, the most
extensive and long-standing of which is the Provincial Water Quality Monitoring Network; this monitoring
network has records from 37 monitoring stations across the source protection area, although not all remain
active. As of 2009, 16 Provincial Water Quality Monitoring Network sites were actively being monitored, and the
remaining 21 stations were discontinued. Provincial Water Quality Monitoring Network stations in the source
protection area are listed in Table 2.3-7 and are shown on Map 2-17(0P). Data from the following programs
were considered in this assessment of surface water quality in the source protection area:

¢ Ministry of the Environment and Climate Change Provincial Water Quality Monitoring Network: 1964 to
present

e Ministry of the Environment and Climate Change Lake Partners Program: 2002 to 2005.

2.3.7.1 INDICATOR PARAMETERS

There are many water quality parameters that can be used to characterize the quality of a water source. A small
group of parameters is often used to provide a representative overview of water quality in an area of interest.
Six indicator parameters have been selected to represent the water quality conditions that reflect the natural
features and land uses in the Otonabee-Peterborough Source Protection Area. These indicator parameters and
their associated standards or guidelines, sources, and potential health and environmental impacts are identified
in Table 2.3-8.
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Table 2.3-7: Provincial Water Quality Monitoring Network Stations in the Otonabee-Peterborough SPA

. . First Year Last Year Total Years
Station Name Station ID sampled Sampled sampled
Baxter Creek at Cedar Valley Road 17002101002 1965 1971 7
Baxter Creek at Hutchinson Drive 17002106902 1972 1990 19
Baxter Creek at Zion 4th Line 17002107702 1977 2009 27
Buckhorn Lake Outlet at County Road 23 17002101802 1966 2009 41
Cavan Creek at Airport Road 17002103002 1966 1977 12
Cavan Creek at Highway 7 17002114002 2007 2009 1
Clear Lake Outlet at Young's Point 17002101602 1966 2009 41
Eels Creek at Northey's Bay Road 17002105002 1971 1989 4
Indian River at County Road 2, Keene 17002100602 1965 2006 41
Indian River at David Fife Line 17002114102 2007 2009 1
Indian River at South Street, Warsaw 17002100902 1965 1987 8
Jack's Creek at Northey's Bay Road 17002105102 1971 1973 3
Jackson Creek at Dalhousie Street 17002103802 1969 2009 37
Jackson Creek at Parkhill Road West 17002101402 1965 1971 7
Lovesick Lake Outlet at Burleigh Falls 17002101702 1966 2009 41
Mississauga River at County Road 36 17002105202 1971 2009 32
Otonabee River at Bridge Street, Lakefield 17002101502 1965 2000 6
Otonabee River at County Road 2 17002100802 1965 2009 42
Otonabee River at Government dock, W. of Hwy 134, Lakefield 17002103102 1968 1972 5
Otonabee River at Highway 115 bridge 17002101202 1965 1999 8
Otonabee River at Highway 115 bridge 17002101102 1964 2006 28
Otonabee River at Lansdowne Street W 17002101183 1972 1991 18
Otonabee River at Lock 19 17002107002 1972 2009 28
Otonabee River at Lock 25 17002106502 1972 2009 32
Otonabee River at Matchett Line 17002114402 2007 2009 1
Otonabee River at Nassau Mills Road 17002101302 1965 2006 38
Ouse River at County Road 2 17002104902 1971 1999 4
Ouse River at River Road 17002112002 1983 2006 23
Ouse River Tributary at Dam of tributary pond, E of Hwy 7, Norwood 17002108002 1973 1977 5
Ouse River East at Center Line 17002114302 2007 2009 3
Ouse River East at Asphodel 8™ Line 17002106602 1972 2006 29
Ouse River East at County Road 45, Norwood 17002100702 1964 2009 38
Ouse River East at Highway 7, Norwood 17002107902 1973 1986 6
Ouse River West at Asphodel 3rd Line 17002114202 2007 2009 1
Trent River at County Road 30 17002111083 1977 1990 14
Trent River at County Road 45, Hastings 17002106702 1972 2009 32
Trent River at Dents Cottage Dock, 137 m E of Bridge St, Hastings 17002100502 1965 1993 24
Trent River at Wellington Street, Hastings 17002100402 1965 1998 24

Data Source: Provincial Water Quality Monitoring Network
Active stations as of 2009 are shown in bold font

2.3.7.2 SUMMARY OF PROVINCIAL WATER QUALITY MONITORING NETWORK DATA

The following subsections summarize the surface water quality data available from the Provincial Water Quality
Monitoring Network stations in the Otonabee-Peterborough Source Protection Area. Each subsection includes a
brief discussion of the sampling results for the indicator parameters identified above and provides a table that
summarizes the historical exceedances and trends for all data on record. It also includes a statistical summary
(including minimum, median, maximum, and percentiles) of the data available at each station for the period of
2004 to 2008, where available.
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Table 2.3-8: Surface Water Indicator Parameters

Standards
Parameter T > Source Effects
PWQO CEQG
Naturally occurring salts, sodium chloride (road
salts), calcium chloride (industry and
Chloride (Cl) Not applicable 250 mg/L wast?water t.rt.aatment, road salts), potassium Toxic (ac.ute and chronic) t.o aquatic organisms
chloride (fertilizers and road salts), and (depending on concentration).
magnesium chloride (de-icing agent) (Mayer et
al., 1999).
Attached to soil particl be relativel
0.001 —0.005 mg/L Urban areas and landfills that contain . ac ? © SO.I parilc es, copp?er can 'e rela IV? y
. immobile, yet is toxic to aquatic organisms at high
Copper (Cu) (hardness 1 mg/L household materials, auto parts, and . - .
dependent) construction materials concentrations (Ministry of the Environment and
P ) Climate Change, 1991).
Inputs of lead into the environment increased
0.001 — 0.005 mg/L during the industrial revolution because of the Toxic at relativelv low concentrations affecting the
Lead (Pb) (hardness 0.01 mg/L | combustion of fossil fuels. In the 1970s, lead y . 8
. . . central nervous system of organisms.
dependent) was removed as a gasoline additive, decreasing
its environmental inputs (Wetzel, 2001).
Anthropogenic sources are associated with An important micronutrient for cell function
Zinc (Zn) 0.03 mg/L 5 mg/L . pog . . (Wetzel, 2001), but at high concentrations, can be
urbanized and industrial areas. . . .
toxic to aquatic organisms.
Essential to life processes but, in excess, can cause
Incidental input or physical methods (e.g., increased aquatic vegetative growth, including toxic
Total 0.03 mg/L (rivers) n/a erosion) (Sharpley et al., 1996). Sources cyanobacteria, and can cause anoxic conditions
Phosphorus (P) 0.02 mg/L (lakes) include fertilizers (organic and synthetic) and when vegetation decomposes. As a result,
septic systems. phosphorous can be indirectly toxic to humans and
aquatic organisms (Carpenter et al., 1998).
. . The most stable and usable form of nitrogen, but
. Wastewater, septic systems, agricultural land L . .
Nitrate (NOs) n/a 2.9 mg/L . - can be toxic in high concentrations and cause rapid
use, and atmospheric deposition. . .
growth of aquatic vegetation.

Provincial Water Quality Objective

2Canadian Environmental Quality Guideline for the Protection of Aquatic Health
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2.3.7.2.1 Chloride

Chloride concentrations recorded across the various monitoring locations are generally well below the
Guidelines for Canadian Drinking Water Quality (250 mg/L), however concentrations at the majority of the
sampling locations have been increasing over time. An expanding road network and increased traffic have likely
increased road salt usage in the Otonabee-Peterborough Source Protection Area and resulted in an increase in
chloride loadings to waterways.

The sampling location in Jackson Creek at Dalhousie Street in downtown Peterborough is the only active
monitoring station in the source protection area where exceedances of the Guideline for chloride have been
recorded since 1989. Jackson Creek flows directly through the downtown area and is highly channelized
upstream of the sampling location, where little to no riparian vegetation is present. Chloride concentrations
from the 35 samples collected at this location from 2004 through 2008 demonstrated an increase over this time
period, although all remained considerably below the Guideline. The relatively high chloride concentrations
observed at this location may be attributed to its urban surroundings. Chloride data from the Provincial Water
Quality Monitoring Network are summarized in Table 2.3-9.

2.3.7.2.2 Metals

Copper

While copper concentrations in the Otonabee-Peterborough Source Protection Area have exceeded the
Provincial Water Quality Objective (0.005 mg/L) at almost all sampling locations, an overall trend of declining
copper levels has been observed across the source protection area. The highest rate of exceedance has
historically occurred at the Jackson Creek at Dalhousie Street sampling location in downtown Peterborough,
where 23.7% of the 228 samples analysed since 1981 exceeded the Provincial Water Quality Objective. Of the 35
samples analysed from this location between 2004 and 2008, only two exceeded the Objective. Copper data
from the Provincial Water Quality Monitoring Network are summarized in Table 2.3-10.

Lead

Lead concentrations have historically exceeded the Provincial Water Quality Objective (0.005 mg/L) at many
sampling locations throughout the Otonabee-Peterborough Source Protection Area with three of the thirteen
sampling locations exhibiting trends of increasing lead concentrations, whereas the balance of locations
demonstrate a declining trend with the exception of two sampling locations where there were insufficient data
to identify trends. The highest rates of exceedance of the Objective occur at the following locations: Jackson
Creek at Dalhousie Street in downtown Peterborough (52.6%), Lovesick Lake at Burleigh Falls (43.7%), Buckhorn
Lake at County Road 23 (42.5%), Otonabee River at Lock 19 (42.3%), and Baxter Creek at Zion 4™ Line (39.4%).
Lead data from the Provincial Water Quality Monitoring Network are summarized in Table 2.3-11.

Zinc

The Provincial Water Quality Monitoring network shows a general declining trend in zinc concentrations at all
sampling locations in the Otonabee-Peterborough Source Protection Area, where sufficient data exist to identify
trends. Various sampling locations have exhibited occasional exceedances of the Provincial Water Quality
Objective (0.03 mg/L), although most samples yielded concentrations well below the Objective. One exceedance
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was recorded in 2007 at the Jackson Creek at Dalhousie Street sampling location in downtown Peterborough,
however, zinc levels recorded prior to and subsequent to this singular sampling event yielded zinc
concentrations that were well below the Objective, suggesting that the recorded exceedance is an anomaly and
as such is not necessarily indicative of ongoing water quality at this location. Zinc data from the Provincial Water
Quality Monitoring Network are summarized in Table 2.3-12.
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Table 2.3-9: Summary of Chloride Sampling Data at Provincial Water Quality Monitoring Network Stations in the Otonabee-Peterborough SPA

No. GCDWQ Descriptive Statistics (mg/L)
Station Name Station ID Years on Record samples Trend?! Exceedances? Y Percentiles
on (250 mg/L) ears n min | median | max
Record % A e 25t 75th
Baxter Creek at Zion 4th Line 17002107702 | 77-97;99-08 269 4 0.0 0 04-08 35 4.7 5.6 14.3 5.3 6.2
Buckhorn Lake Outlet at County Road 23 17002101802 | 66-79; 81-97; 99-08 360 4+ 0.0 0 04-08 35 10.4 129 17.3 11.3 14.2
Cavan Creek at Highway 7 17002114002 | 07-08 17 n/a 0.0 0 07-08 17 19.0 27.0 50.1 22.3 28.1
Clear Lake Outlet at Young's Point 17002101602 | 66-79; 81-97; 99-08 352 4+ 0.0 0 04-08 35 9.6 119 16.1 10.7 12.5
Indian River at David Fife Line 17002114102 | 07-08 17 n/a 0.0 0 07-08 17 12.4 13.4 28.1 13.1 17.2
Jackson Creek at Dalhousie Street 17002103802 | 69-97; 99-08 362 + 1.38 5 04-08 35 11.4 27.8 61.1 24.0 31.5
Lovesick Lake Outlet at Burleigh Falls 17002101702 | 66-79; 81-97; 99-08 354 4 0.0 0 04-08 35 9.6 11.7 16.8 10.9 12.8
Mississauga River at County Road 36 17002105202 | 71-97; 99-08 321 4 0.0 0 04-08 35 1.9 2.4 12.7 2.3 2.5
Otonabee River at County Road 2 17002100802 | 65-97; 99-08 378 4 0.0 0 04-08 35 12.5 14.7 27.8 13.6 15.5
Otonabee River at Lock 19 17002107002 | 72,77-97;99-08 282 4 0.0 0 04-08 35 3.7 12.5 18.2 11.6 13.4
Otonabee River at Lock 25 17002106502 | 72-97;99-08 317 4 0.0 0 04-08 35 10.1 12.3 16.8 11.2 12.9
Otonabee River at Matchett Line 17002114402 | 07-08 17 n/a 0.0 0 07-08 17 12.6 14.7 22.4 13.3 16.3
Ouse River East at Center Line 17002114302 | 07-08 17 n/a 0.0 0 07-08 17 13.6 23.1 49.0 18.5 25.6
Ouse River East at County Road 45 17002100702 | 65-71; 77-97; 99-08 349 4 0.0 0 04-08 35 8.2 14.4 39.6 12.1 18.1
Ouse River West at Asphodel 3rd Line 17002114202 | 07-08 17 n/a 0.0 0 07-08 17 9.3 17.8 35.8 14.2 21.7
Trent River at County Road 45 17002106702 | 72-97; 99-08 328 4 0.0 0 04-08 35 12.6 14.5 22.2 13.5 15.9
n/a indicates that there are insufficient data available to identify a trend
Trend observed but not statistically validated
%Indicates the quantity of all samples on record that exceeded the Guidelines for Canadian Drinking Water Quality (aesthetic guideline)
Table 2.3-10: Summary of Copper Sampling Data at Provincial Water Quality Monitoring Network Stations in the Otonabee-Peterborough SPA
No. PWQO Descriptive Statistics (ug/L)
Station Name Station ID Years on Record RIS Trend? Bxceedances? Years . . Percentiles
on (5 ug/L) n min median | max
Record % #  [Raddleed 25th | 75th
Baxter Creek at Zion 4th Line 17002107702 | 81-97; 99-08 226 + 7.5 17 04-08 35 0.0 0.5 2.0 0.3 0.9
Buckhorn Lake Outlet at County Road 23 17002101802 | 81-97; 99-07 214 + 7.9 17 04-07 18 0.1 0.6 2.3 0.5 0.9
Cavan Creek at Highway 7 17002114002 | 07-08 17 n/a 0.0 0 07-08 17 0.4 0.9 13 0.6 1.0
Clear Lake Outlet at Young's Point 17002101602 | 81-97; 99-07 213 + 6.6 14 04-07 18 0.2 0.5 1.5 0.4 0.6
Indian River at David Fife Line 17002114102 | 07-08 17 n/a 0.0 0 07-08 17 0.1 0.7 1.2 0.3 1.0
Jackson Creek at Dalhousie Street 17002103802 | 81-97;99-08 228 ¥ 23.7 54 04-08 35 0.1 1.2 9.3 0.7 2.0
Lovesick Lake Outlet at Burleigh Falls 17002101702 | 81-97;99-07 213 ¥ 9.4 20 04-07 18 0.0 0.6 2.0 0.3 0.8
Mississauga River at County Road 36 17002105202 | 71 233 ¥ 7.7 18 04-08 35 0.0 0.7 1.5 0.4 0.9
Otonabee River at County Road 2 17002100802 | 81-97; 99-08 205 + 8.8 18 04-08 34 0.1 0.9 2.1 0.6 1.1
Otonabee River at Lock 19 17002107002 | 81-97; 99-07 213 + 6.6 14 04-07 18 0.3 0.8 1.7 0.6 1.1
Otonabee River at Lock 25 17002106502 | 81-97; 99-08 226 + 3.5 8 04-08 35 0.0 0.5 1.5 0.3 0.7
Ouse River East at County Road 45 17002100702 | 81-97; 99-08 229 + 7.4 17 04-08 35 0.0 0.5 1.7 0.4 0.8
Trent River at County Road 45 17002106702 | 81-97; 99-07 211 + 4.3 9 04-07 18 0.1 0.7 1.5 0.5 1.2

n/aindicates that there are insufficient data available to identify a trend

Trend observed but not statistically validated

%Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective




Table 2.3-11: Summary of Lead Sampling Data at Provincial Water Quality Monitoring Network Stations in the Otonabee-Peterborough SPA

No. PWQO Descriptive Statistics (ug/L)
Station Name Station ID Years on Record samples Trend? BECERITEES Years . . Percentiles
on (5 pe/L) Analvsed n min median | max
Record % # yse 25t [ 75t
Baxter Creek at Zion 4th Line 17002107702 | 81-97; 99-08 226 ¥ 394 89 04-08 35 0.0 0.0 15.0 0.0 1.9
Buckhorn Lake Outlet at County Road 23 17002101802 | 81-97; 99-07 214 4 42.5 91 04-07 18 0.0 0.0 10.7 0.0 1.0
Cavan Creek at Highway 7 17002114002 | 07-08 17 n/a 5.9 1 07-08 17 0.0 0.0 5.1 0.0 0.0
Clear Lake Outlet at Young's Point 17002101602 | 81-97; 99-07 212 4 3.3 04-07 18 0.0 0.0 7.9 0.0 0.7
Indian River at David Fife Line 17002114102 | 07-08 17 n/a 0.0 0 07-08 17 0.0 0.0 4.0 0.0 2.6
Jackson Creek at Dalhousie Street 17002103802 | 81-97; 99-08 228 4 52.6 120 04-08 35 0.0 0.2 9.4 0.0 2.0
Lovesick Lake Outlet at Burleigh Falls 17002101702 | 81-97; 99-07 213 4 43.7 93 04-07 18 0.0 0.2 9.4 0.0 2.2
Mississauga River at County Road 36 17002105202 | 80-97; 99-08 233 4 39.1 91 04-08 35 0.0 0.0 12.6 0.0 2.5
Otonabee River at County Road 2 17002100802 | 81-97; 99-08 205 4 4.9 10 04-08 34 0.0 0.0 11.5 0.0 2.5
Otonabee River at Lock 19 17002107002 | 81-97; 99-07 213 4 42.3 90 04-07 18 0.0 0.0 15.9 0.0 1.7
Otonabee River at Lock 25 17002106502 | 81-97; 99-08 226 ¥ 4.9 11 04-08 35 0.0 0.6 9.5 0.0 3.0
Ouse River East at County Road 45 17002100702 | 81-97; 99-08 229 ¥ 5.2 12 04-08 35 0.0 0.0 5.7 0.0 1.7
Trent River at County Road 45 17002106702 | 81-97; 99-08 211 ¥ 3.3 7 04-08 18 0.0 0.1 14.2 0.0 2.7
n/a indicates that there are insufficient data available to identify a trend
Trend observed but not statistically validated
2Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
Table 2.3-12: Summary of Zinc Sampling Data at Provincial Water Quality Monitoring Network Stations in the Otonabee-Peterborough SPA
No. PWQO Descriptive Statistics (ug/L)
Station Name Station ID Years on Record SIS Trend?! Exceedanc;es Years . . Percentiles
on (30 pg/L) Analysed n min median | max
Record % # 25t 75t
Baxter Creek at Zion 4th Line 17002107702 | 81-97;99-08 226 ¥ 0.0 0 04-08 35 0.0 1.0 12.1 0.6 1.9
Buckhorn Lake Outlet at County Road 23 17002101802 | 81-97; 99-07 213 ¥ 0.9 2 04-07 18 0.1 2.3 5.3 0.8 3.0
Cavan Creek at Highway 7 17002114002 | 07-08 17 n/a 0.0 0 07-08 17 0.0 1.5 8.1 0.6 3.3
Clear Lake Outlet at Young's Point 17002101602 | 81-97; 99-07 213 ¥ 1.4 3 04-07 18 0.2 1.0 3.5 0.7 2.1
Indian River at David Fife Line 17002114102 | 07-08 17 n/a 0.0 0 07-08 17 0.0 1.8 22.0 1.0 2.2
Jackson Creek at Dalhousie Street 17002103802 | 81-97; 99-08 227 V¥ 3.5 8 04-08 34 0.1 2.4 44.7 1.5 3.2
Lovesick Lake Outlet at Burleigh Falls 17002101702 | 81-97; 99-07 213 ¥ 0.9 2 04-07 18 0.1 1.3 8.2 0.3 1.6
Mississauga River at County Road 36 17002105202 | 80-97; 99-08 232 ¥ 0.9 2 04-08 35 0.4 1.8 3.5 1.1 2.4
Otonabee River at County Road 2 17002100802 | 81-97; 99-08 205 ¥ 0.5 1 04-08 34 0.0 1.9 10.8 1.3 3.1
Otonabee River at Lock 19 17002107002 | 81-97; 99-08 213 V¥ 0.0 0 04-07 18 0.4 1.5 3.8 0.9 2.3
Otonabee River at Lock 25 17002106502 | 81-97; 99-08 226 V¥ 0.9 2 04-08 35 0.0 1.2 9.5 0.8 1.6
Ouse River East at County Road 45 17002100702 | 81-97; 99-08 229 V¥ 0.4 1 04-08 35 0.0 1.9 13.5 0.9 2.9
Trent River at County Road 45 17002106702 | 81-97; 99-07 211 V¥ 0.0 0 04-07 18 0.1 1.7 8.1 0.5 3.0

n/aindicates that there are insufficient data available to identify a trend

Trend observed but not statistically validated

%Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
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2.3.7.2.3 Nutrients

Total Phosphorus

Total phosphorus is a measure of all forms of phosphorus present in water. Exceedances of the Provincial Water
Quiality Objective (0.03 mg/L) are common throughout the Otonabee-Peterborough Source Protection Area.
While total phosphorus concentrations have been shown to fluctuate over time at all locations, there is an
overall declining trend across the source protection area. Total phosphorus data from the Provincial Water
Quality Monitoring Network are summarized in Table 2.3-13.

In addition to data from the Provincial Water Quality Monitoring Program, the Lake Partners Association, a
volunteer-based water quality monitoring program supported by the Ministry of the Environment and Climate
Change, has collected water samples for phosphorus analysis in various Peterborough County lakes across the
source protection area and beyond. There are insufficient data available through this program to identify trends,
however the following observations have been noted.

Rice Lake, located along the southern boundary of the source protection area and to which the entire source
protection area ultimately drains, yielded the highest percentage of exceedances of the Provincial Water Quality
Objective, with 88% of water samples collected from 2004 to 2005 yielding phosphorus levels above the
Objective (Ministry of the Environment and Climate Change, 2002 to 2005). All three lakes sampled in the
Township of Smith-Ennismore-Lakefield from 2002 to 2005 (Buckhorn, Chemong, and Lower Buckhorn Lakes)
demonstrated exceedances of the Objective, from 19% to 33% of the samples collected. Six of the sixteen lakes
(38%) sampled in the Township of Galway-Cavendish and Harvey exceeded the Objective, with the highest
percentage recorded in Lovesick and Pigeon Lakes (30% and 24% of samples collected, respectively). Four of the
five lakes sampled in the Township of Douro-Dummer (Clear, Katchewanooka, Stoney, Upper Stoney, and White
Lakes) between 2002 and 2005 exceeded the Objective in as many as 39% of the samples. Two of nine lakes
sampled in the Township of North Kawartha (Loon Call and Big Cedar Lakes) also yielded exceedances of the
Objective, ranging from 10% to 15% of all samples collected from 2002 to 2005.

Nitrate Nitrogen

Nitrate nitrogen is the concentration of nitrogen present in water in the form of the nitrate ion (NO37). No
exceedances of the Canadian Environmental Quality Guideline (2.9 mg/L) for nitrate nitrogen have been
recorded in the Otonabee-Peterborough Source Protection Area since such analysis was initiated by the
Provincial Water Quality Monitoring Network in 1995. Levels of nitrate nitrogen recorded in surface water
samples collected throughout the source protection area have been well below the Guideline. There is a general
declining trend in nitrate nitrogen concentrations at all but one station (Baxter Creek at Zion 4™ Line). Nitrate
nitrogen data from the Provincial Water Quality Monitoring Network are summarized in Table 2.3-14.
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Table 2.3-13: Summary of Total Phosphorus Data at Provincial Water Quality Monitoring Network Stations in the Otonabee-Peterborough SPA

No. PWQO Descriptive Statistics (mg/L)
Station Name Station ID Years on Record Samples Trend? Exceedance; Years . . Percentiles
on (0.03 mg/L) Analysed n min median max
Record % # 25t 75t
Baxter Creek at Zion 4th Line 17002107702 | 77-97; 99-08 273 ¥ 22.0 60 04-08 35 | 0.010 0.020 0.260 0.010 0.030
Buckhorn Lake Outlet at County Road 23 17002101802 | 66-97; 99-08 390 ¥ 8.7 34 04-08 34 | 0.010 0.020 0.030 0.010 0.020
Cavan Creek at Highway 7 17002114002 | 07-08 17 n/a 5.9 1 07-08 17 | 0.010 0.020 0.040 0.010 0.020
Clear Lake Outlet at Young's Point 17002101602 | 66-97; 99-08 383 ¥ 9.9 38 04-08 34 | 0.006 0.015 0.025 0.011 0.017
Indian River at David Fife Line 17002114102 | 07-08 17 n/a 0.0 0 07-08 17 | 0.010 0.020 0.020 0.010 0.020
Jackson Creek at Dalhousie Street 17002103802 | 69-97; 99-08 374 4 56.1 210 04-08 35 | 0.010 0.040 0.280 0.030 0.050
Lovesick Lake Outlet at Burleigh Falls 17002101702 | 66-97; 99-08 383 4 7.0 27 04-08 34 | 0.010 0.020 0.030 0.010 0.020
Mississauga River at County Road 36 17002105202 | 71-97; 99-08 346 4 2.6 9 04-08 34 | 0.000 0.010 0.020 0.000 0.010
Otonabee River at County Road 2 17002100802 | 65-97; 99-08 393 ¥ 42.0 165 04-08 35 0.007 0.019 0.047 0.016 0.023
Otonabee River at Lock 19 17002107002 | 72,77-97;99-08 283 4 9.5 27 04-08 35 | 0.010 0.020 0.030 0.010 0.020
Otonabee River at Lock 25 17002106502 | 72-97; 99-08 321 ¥ 5.6 18 04-08 34 | 0.006 0.014 0.025 0.011 0.016
Otonabee River at Matchett Line 17002114402 | 07-08 17 n/a 5.9 1 07-08 17 | 0.010 0.020 0.040 0.020 0.020
Ouse River East at Center Line 17002114302 | 07-08 17 n/a 5.9 1 07-08 17 0.01 0.020 0.040 0.018 0.023
Ouse River East at County Road 45 17002100702 | 65-71; 77-97; 99-08 355 4 16.6 59 04-08 35 | 0.006 0.014 0.048 0.011 0.020
Ouse River West at Asphodel 3rd Line 17002114202 | 07-08 17 n/a 5.9 1 07-08 17 | 0.010 0.020 0.040 0.010 0.020
Trent River at County Road 45 17002106702 | 72-97; 99-08 340 4 32.1 109 04-08 35 | 0.007 0.022 0.033 0.017 0.026
n/a indicates that there are insufficient data available to identify a trend
Trend observed but not statistically validated
%Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
Table 2.3-14: Summary of Nitrate Nitrogen Data at Provincial Water Quality Monitoring Network Stations in the Otonabee-Peterborough SPA
No. CEQG Descriptive Statistics (Recent Data)
Station Name Station ID Years on Record Samples Trend! Exceedancezs Years . . Percentiles
on (2.9 mg/L) Analysed n min median max
Record % # 25t 75t
Baxter Creek at Zion 4th Line 17002107702 | 95-97; 99-08 80 4+ 0.0 0 04-08 33 0.11 0.75 0.88 0.68 0.77
Buckhorn Lake Outlet at County Road 23 17002101802 | 95-97; 99-08 79 + 0.0 0 04-08 33 0.01 0.01 0.40 0.01 0.05
Cavan Creek at Highway 7 17002114002 | 07-08 17 n/a 0.0 0 07-08 17 0.24 0.36 0.76 0.31 0.43
Indian River at David Fife Line 17002114102 | 07-08 17 n/a 0.0 0 07-08 17 0.01 0.01 0.26 0.01 0.03
Jackson Creek at Dalhousie Street 17002103802 | 95-97; 99-08 78 + 0.0 0 04-08 34 0.04 0.20 0.64 0.09 0.32
Lovesick Lake Outlet at Burleigh Falls 17002101702 | 95-97; 99-08 79 + 0.0 0 04-08 33 0.01 0.02 0.40 0.01 0.07
Mississauga River at County Road 36 17002105202 | 95-97; 99-08 80 + 0.0 0 04-08 33 0.01 0.03 0.13 0.01 0.06
Otonabee River at Lock 19 17002107002 | 95-97; 99-08 80 + 0.0 0 04-08 34 0.01 0.03 0.46 0.02 0.13
Otonabee River at Lock 25 17002106502 | 95-97; 99-08 77 + 0.0 0 04-08 33 0.01 0.02 0.34 0.01 0.11
Otonabee River at Matchett Line 17002114402 | 07-08 17 n/a 0.0 0 07-08 17 0.01 0.21 0.58 0.18 0.27
Ouse River East at Center Line 17002106602 | 07-08 17 n/a 0.0 0 07-08 17 0.25 0.72 2.01 0.66 1.15
Ouse River West at Asphodel 3rd Line 17002114202 | 07-08 17 n/a 0.0 0 07-08 17 0.01 0.02 0.27 0.01 0.09
Trent River at County Road 45 17002106702 | 95-97; 99-08 79 + 0.0 0 04-08 33 0.01 0.03 0.38 0.02 0.06

n/a indicates that there are insufficient data available to identify a trend

Trend observed but not statistically validated

2Indicates the quantity of all samples on record that exceeded the Provincial Water Quality Objective
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2.3.8 GROUNDWATER QUALITY

This section is a summary of the available data that are suitable for a watershed-scale analysis of groundwater in
the Otonabee-Peterborough Source Protection Area. Groundwater quality data specific to individual drinking
water systems were analysed during the evaluation of drinking water issues (see Section 5.3). The available data
include limited groundwater quality data from the Provincial Groundwater Monitoring Network and a variety of
groundwater quality studies performed at local and regional scales.

2.3.8.1 INDICATOR PARAMETERS

There are many water quality parameters that can be used to characterize the quality of a groundwater source.
A small group of parameters is often used to provide a representative overview of water quality in an area of
interest. The data sources and groundwater quality studies identified in this characterization of groundwater
quality use indicator parameters that reflect the natural features and land uses in the Otonabee-Peterborough
Source Protection Area. The indicator parameters used in the analysis of Provincial Groundwater Monitoring
Network data are described in Table 2.3-15.

2.3.8.2 PROVINCIAL GROUNDWATER MONITORING NETWORK

The Provincial Groundwater Monitoring Network in the Otonabee-Peterborough Source Protection Area was
established in 2002/2003 by the Ministry of the Environment and Climate Change to provide data to
characterize groundwater quantity and quality across the province. As part of the Provincial Groundwater
Monitoring Network, 15 monitoring wells were established in the southern portion of the source protection
area. These wells are described in Table 2.3-16 and their locations are shown on Map 2-18(OP).

Selected Provincial Groundwater Quality Monitoring Network wells in the source protection area were sampled
and analysed from 2002 through to 2008 for various parameters listed in the Ontario Drinking Water Quality
Standards (0. Reg. 169/03). The number of samples and the range of sampling (for the period of time for which
data are available for the indicator parameters described in Table 2.3-15) are listed in Table 2.3-17. There are
insufficient groundwater quality data to identify trends in groundwater quality.

All of the wells exhibited exceedances of the Operational Guideline for hardness (80-100 mg/L), however the
observed concentrations are not associated with health effects and remain below the level that is considered
unacceptable for domestic purposes. All five samples collected at one of these wells exceeded the Maximum
Acceptable Concentration for barium (1 mg/L), a common constituent in sedimentary rocks such as limestone
and dolomite. (These are present throughout the source protection area.) Hard water often naturally contains
concentrations of barium that are typically below the Maximum Acceptable Concentration, and most treatment
methods used for water softening are effective for barium removal. Seven monitoring wells yielded iron
concentrations that exceeded the Aesthetic Objective (0.3 mg/L), four of which also exhibited concentrations of
manganese that exceeded the Aesthetic Objective (0.05 mg/L). Iron and manganese can be present in
groundwater due to natural processes, and at excessive levels can cause discoloration of laundry and plumbing
fixtures and an undesirable taste in drinking water. Four monitoring wells yielded water samples with sodium
concentrations that exceeded the Aesthetic Objective. Sodium is not toxic, but elevated levels in drinking water
may be of concern to persons that require a sodium restricted diet, particularly in combination with a domestic
water softener, which typically increases the sodium content in treated water.
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Table 2.3-15: Groundwater Indicator Parameters

Parameter | Source(s) Guidelines® | Effects

Chloride Chloride is common in nature, generally as sodium chloride (NaCl), potassium Chloride is not usually harmful to humans. At concentrations above the

(cr) chloride (KCl), and magnesium chloride. Sources include rocks, road salting, 250 mg/L (AO) aesthetic objective of 250 mg/L, chloride and sodium chloride impart
agricultural runoff, industrial wastewater, and wastewater treatment plants. undesirable tastes to water and may cause corrosion in water distribution
Chloride is a highly soluble and mobile ion which does not biodegrade, volatilize, systems. Calcium or magnesium chlorides are not usually detected by taste
easily precipitate, nor does it significantly absorb onto mineral surfaces. It until levels of 1,000 mg/L are reached.
travels readily through soils, enters groundwater, and eventually discharges into
surface water.

Hardness Water hardness is caused by dissolved polyvalent metal ions. In fresh waters the Hard water does not have major health effects. On heating, hard water has a
principal hardness-causing ions are calcium and magnesium. Other ions such as 80-100 mg/L tendency to form scale deposits and can cause excessive scum with regular
strontium, iron, barium, and manganese ions can also contribute groundwater (0G) soaps. However, certain detergents are largely unaffected by hardness.
hardness. Conversely, soft water may result in accelerated corrosion of water pipes.

The operational guideline for hardness provides an acceptable balance
between corrosion and scaling of pipes. Water supplies with hardness
greater than 200 mg/L are considered poor but tolerable; more than 500
mg/L is unacceptable for domestic purposes.

Sulphate Sulphates are commonly discharged into the aquatic environment in wastes The presence of sulphate above 150 mg/L may result in a noticeable taste.

(S04%) from industries that use sulphates and sulphuric acid, such as mining and 500 mg/L (AO) | The taste threshold concentration depends on the associated metals present
smelting operations, pulp and paper mills, textile mills, and tanneries. Natural in the water. Above the aesthetic objective of 500mg/L, sulphate can have a
sources include decomposing vegetation and rock or soil containing gypsum, laxative effect; however, regular users adapt and problems are usually only
barite, or other minerals. experienced by new consumers. High levels of sulphate may be associated

with calcium, which is a major component of scale in boilers and heat
exchangers. In addition, sulphate can be converted into sulphide by
anaerobic bacteria creating odour problems and potentially accelerating
corrosion. Sulphates can also form strong acids, which change the pH of
water.

Iron Iron is the fourth most abundant element, by weight, in the Earth's crust. Iron in Generally, there is a minimal taste of iron in drinking water at concentrations
groundwater is normally present in the ferrous or bivalent form [Fe?*] which is 0.3 mg/L (AO) below 0.3 mg/L. At concentrations above 0.3 mg/L, iron can stain laundry
soluble. It is easily oxidized to ferric iron [Fe3*] or insoluble iron when exposed to and plumbing fixtures and produce a bitter, strong taste in water and
air. Ferrous (Fe?*) and ferric (Fe3*) ions are the primary forms of concern in the beverages. The precipitation of excessive iron imparts a reddish-brown
aquatic environment. Other forms may be present in either organic or inorganic colour to water. Iron may also promote the growth of certain
wastewater. The ferrous form can persist in water void of dissolved oxygen and microorganisms, leading to the deposition of a slimy coating in water
usually originates from groundwater or mines that are pumped or drained. distribution pipes. Iron based coagulants such as ferric sulfate can be highly

effective at removing particles from water, leaving very little residual iron in
the treated water.

Sodium Sodium is the most abundant of the alkali elements and constitutes 2.6% of the The taste of drinking water is generally considered offensive at sodium
Earth’s crust. Compounds of sodium are widely distributed in nature. 200 mg/L (AO) | concentrations above the aesthetic objective of 200 mg/L. To maintain a
Weathering of salt deposits and contact of water with igneous rock provide total daily sodium intake of 500 mg, as is widely prescribed for persons on a
natural sources of sodium in groundwater regimes. 20 mg/L sodium restricted diet, a sodium concentration in drinking water no higher

(MAC) than 20 mg/L is required. Reduction of sodium content with current
technologies to this level would be expensive. It is therefore recommended
that sodium be included in routine monitoring programs, because levels may
be of interest to those on a sodium reduced diet .
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Parameter | Source(s) Guidelines® | Effects
Nitrate and The most common contaminant identified in groundwater is dissolved nitrogen Dissolved nitrogen in the form of nitrate is becoming increasingly
Nitrite in the form of nitrate (NOs’). Although nitrate is the main form in which nitrogen | NO, =1 mg/L widespread because of agricultural activities and disposable of sewage on or
occurs in groundwater, dissolved nitrogen also occurs in the form of ammonium | (as nitrogen) beneath the land surface. Its presence in undesirable concentrations is
(NH4"), ammonia (NHz), nitrite (NO), nitrogen (N,), nitrous oxide (N,O), and (MAC) threatening large number of aquifers. Nitrites can react with hemoglobin in
organic nitrogen. Nitrate (NOs’) and nitrite (NOy") are naturally occurring ions the blood of warm-blooded animals to produce methemoglobin; this
that are ubiquitous in the environment. Both are products of the oxidation of NOs =10 mg/L | destroys the ability of red blood cells to transport oxygen. This condition is
nitrogen (which comprises roughly 78% of the atmosphere) by microorganisms (as nitrogen) serious in babies under three months, causing methemoglobinemia or "blue
in plants, soil, or water and, to a lesser extent, by electrical discharges such as (MAC) baby" syndrome. Nitrates can also cause digestive problems. High
lightning. Nitrite is fairly rapidly oxidized to nitrate and is therefore seldom concentrations of nitrate can be toxic to fish and other organisms.
present in water in significant concentrations. Nitrite may occur in groundwater, | NO,+NO3=10
however if chlorination is practised the nitrite will usually be oxidized to nitrate. mg/L (as
In groundwater that is strongly oxidizing, nitrate is always the most stable form nitrogen)
of dissolved nitrogen. Nitrogen can enter groundwater through municipal and (MAC)
industrial wastewater effluent, septic leachate, animal waste, and runoff from
fertilized agricultural fields and lawns. Elevated concentrations of nitrate,
particularly those greater than 3 mg/L, are usually the result of human activity.
Organic Organic nitrogen is the nitrogen that is incorporated in organic substances. Organic nitrogen compounds frequently contain amine groups which can
Nitrogen Organic nitrogen is calculated by the difference between the total Kjeldahl 0.15 mg/L (0OG) | react with chlorine and severely reduce its disinfectant power. Certain
nitrogen and ammonia nitrogen. A high level of organic nitrogen in groundwater chlorinated organic nitrogen compounds may be responsible for taste
indicates that contamination may be caused by septic tank leakage, septic problems that are associated with chlorophenol. Taste and odour problems
failure, or sewage effluent contamination. This form of contamination in are common with organic nitrogen levels greater than 0.15 mg/L.
drinking water is often associated with some types of chlorine-worsened taste
problems.
Dissolved Dissolved organic carbon (DOC) is present in all ecosystems. It occurs in forms In water systems, a high concentration of dissolved organic carbon (DOC) is
Organic that range in size from simple amino acids to complex high-molecular-weight 5 mg/L (AO) an indicator of possible water quality deterioration during storage and/or
Carbon DOC. Dissolved organic matter, frequently measured as DOC, is an important distribution due to the carbon being a growth nutrient for biofilm dwelling
(DOC) component of the organic energy budget of temperate ecosystems. Storms are a bacteria. In addition, a high DOC concentration in the water supply and
primary mechanism of DOC above ground mobility and intrusion into distribution systems would be considered as an indicator of potential
groundwater because they produce increases in both DOC concentration and chlorination by-product problems. Coagulant treatment or high pressure
discharge. Nitrate concentrations in groundwater can decrease due to reduction membrane treatment can be used to reduce DOC in drinking water systems.
if that groundwater contains a high concentration of dissolved organic carbon.
Total Total Dissolved Solids (TDS) are the total amount of mobile charged ions, The presence of dissolved solids in water may affect its taste. The effects of
Dissolved including inorganic substances such as minerals, salts, or metals dissolved in a 500 mg/L (AO) | TDS on drinking water quality depend on the levels of the individual
Solids (TDS) given sample of water. The principal constituents of TDS are usually the cations components. Excessive hardness, taste, mineral deposition, or corrosion are
calcium, magnesium, sodium, and potassium and the anions carbonate, common properties of highly mineralized water. TDS above 500 mg/L can
bicarbonate, chloride, and sulphate. result in excessive scaling in water pipes, water heaters, boilers, and
household appliances such as tea kettles and steam irons. Drinking water
supplies with TDS levels greater than 1,200 mg/L are unpalatable. The
palatability of drinking water with a TDS level less than 500 mg/L is generally
considered to be good. Drinking water with extremely low concentrations
may also be unacceptable because of its flat, dull taste.

Data Source: Ministry of the Environment and Climate Change (2003)
(1) Maximum Acceptable Concentration (MAC) and Aesthetic Objective (AO) / Operational Guideline (OG) values as per Ontario Regulation 169/03 made under Safe Drinking Water Act (amended to O. Reg. 327/08).
(2) The aesthetic objective for sodium in drinking water is 200 mg/L. As per the Ontario Drinking Water Standards, Objectives and Guidelines (June 2006), the local Medical Officer of Health should be notified when the
sodium concentration exceeds 20 mg/L so that this information may be communicated to local physicians for their use with patients on sodium restricted diets.
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Table 2.3-16: Provincial Groundwater Quality Monitoring Network Wells in the Otonabee-Peterborough SPA

Well Identification Numbers Static AU Number of
Casing Inside | Well Depth? . Water Quality
MECP ID Casing ID Subwatershed Diameter (in) (m) Water (reIafuve Sampling
Level (m) location)
Events
4502540 W0000192 Squirrel Creek 6.250 20.70 11.55 Middle 4
5116850 W0000193 Unknown 6.250 51.73 19.50 Deep 1
5117680 W0000195 Indian River 6.250 15.85 4.83 Shallow 4
5101076 W0000196 Indian River 6.250 15.85 5.56 Shallow 4
5104019 W0000197 Unknown 6.250 12.12 1.38 Shallow 1
5108692 W0000198 Indian River 6.250 43.82 5.95 Deep 4
5108009 W0000206 Indian River 6.250 12.89 131 Shallow 1
5109005 W0000225 Squirrel Creek 6.250 23.40 3.00 Middle 4
n/a W0000253 Meade Creek 2.000 9.91 4.83 Shallow 1
5119203 W0000254 Ouse River 3.250 6.24 2.86 Shallow 1
5119205 WO0000255-2 | Squirrel Creek 2.000 7.21 2.30 Shallow 4
4502540 WO0000255-3 | Squirrel Creek 2.000 18.75 1.67 Middle 1
BHOO-1A w388 Pigeon River 2 182 48.78 Very deep 5
W0000389 W389-2a Pigeon River 1.25 52.96 30.72 Deep 0
W0000389 W389-2b Pigeon River 1.25 82.6 31.02 Very deep 0
Data source: Provincial Groundwater Quality Monitoring Network; Otonabee Region Conservation Authority
!Depth of screen in casing
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Table 2.3-17: Summary of Provincial Groundwater Monitoring Network data in the Otonabee-Peterborough Source Protection Area

Hardness Sodium Iron Sulfate Chloride Nitrate Organic N DOC TDS Barium Manganese Fluoride
well ID Year Range of %' Range of %' Range of %' Rangeof | 9 Rangeof | d Range of %' Range of | g Range of %' Range of %' Range of %' Range of %‘ Range of %‘
Sampled? Results g Results g Results g Results g Results g Results g Results g Results g Results g Results g Results g Results g
(% (% (% % % w (%] (% (% (% (% (%
(mg/L) dq (mg/L) d (we/l) dq (mg/L) d (mg/L) d (mg/L) d (mg/L) o (me/L) d (mg/L) d (we/l) d (we/l) d (msg/L) g
= = = = = = Z| = = = = =
MAC/ AO/OG* 80-100 mg/L 20 mg/L 300 pg/L 500 mg/L 250 mg/L 10 mg/L 0.15 mg/L 5 mg/L 500 mg/L 1000 pg/| 50 ug/L 1.5 mg/L
1130- 15.1- 0.05- 0.05- 20.8- 66.4- 0.01-
4502540 03; 06-08 159-163 | 2 5.0-7.9 4 6230 41 0.6-242 | 4 21.0 4 1.80 4 2.00 4 1.4-2.0 2| 134-303 | 4 726 4 176.0 4 0.09 4
73.0- 0.042- 0.05- 50.3- 17.8- 0.85-
5116850 03; 07-08 148-176 2| 3.5-28.2 3 7-92 2 103.0 3 5.5-6.8 3 0.087 3 0.88 3 0.8-1.5 2| 340-425 3 852 3 34.0 3 1.15 3
38.1- 0.366- 0.36- 112.0- 2.0- 0.05-
5117680 03; 06-08 281-283 2 5.4-6.4 4 6-260 4 53.9 41 9.0-10.8 4 0.450 4 0.45 4 1.3-15 2| 334-357 4 142.0 4 29.8 4 013 4
03 06 07 0.450- 0.05- 25.4- 0.2- 0.01-
5101076 08 273-361 2 1.2-8.0 4 1-2460 4| 7.6-16.0 41 1.7-29.0 3 0.640 4 0.64 4 1.5-1.6 2| 295-453 4 396 4 306 4 0.06 4
5104019 02 202 1 18.0 1 6880 1 1.2 1 18.0 2| nodata no data 13 1 273 1 99.9 1 253 1 0.40 1
66.3- 26.9- 0.050- 0.05- 1180- 1.40-
5108692 02; 05-08 139-166 | 3 356 5 0-880 5] 85-456 | 5 8.0 5 0.100 4 0.06 4 0.6-0.7 2| 354409 | 5 2220 51 2.0-5.7 5 1.66 4
5108009 02 284 1 3.2 1 238 1 29 1 15.8 2| nodata no data 1.8 1 357 1 36.2 1 7.5 1 0.26 1
21.0- 0.005- 0.05- 136.0- 4.4- 0.06-
5109005 03;06-08 229-238 | 2| 3.8-10.7 | 4| 53-1530 | 4 302 41 4.0-140 | 4 0.060 4 0.06 4 0.9-1.2 2| 280-320 | 4 311.0 4 443 4 0.19 4
N/A 03 202 1 17.2 1 0 1 43 1 6.6 1 0.044 1 0.05 1 1.2 1 398 1 57.7 1 5.38 1 0.07 1
5119203 03 279 1 36.2 1 1090 1 15.1 1 45.7 1 0.045 1 0.05 1 3.0 1 402 1 54.7 1 56.1 1 0.46 1
03; 06-07- 23.0- 2.4- 0.045- 0.05- 149.0- 7.3- 0.03-
5119205 08 223-276 3] 3.8-21.3 5 4-3340 5 38.8 5 110.0 5 0.050 4 0.10 5 1.0-1.8 3| 272-363 5 297.0 5 26.6 5 1.30 5
Data source: Provincial Groundwater Quality Monitoring Network
*MAC/AO/OG = Maximum Acceptable Concentration/ Aesthetic Objective/ Operational Guideline as per Regulation 169/03 made under Safe Drinking Water Act (amended to O. Reg. 327/08)
Selected parameters analysed each year
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2.3.8.3 MINISTRY OF THE ENVIRONMENT AND CLIMATE CHANGE WATER WELL
RECORDS DATABASE

Qualitative information about groundwater quality is available from the Ministry of the Environment and
Climate Change Water Well Records Database. The database contains well records provided by well drillers that
include subjective comments about water quality encountered at wells such as “fresh”, “salty”, or “sulphurous.”
The subjective nature of the observations decreases the usefulness of the Water Well Records Database for

determining the suitability of groundwater as a drinking water source.

2.3.8.4 REGIONAL GROUNDWATER STUDIES

2.3.8.4.1 Municipal Groundwater Study (Morrison Environmental Ltd., 2004)

In May 1999, the Ministry of the Environment and Climate Change initiated a series of studies designed to map
the groundwater resources and delineate wellhead protection areas in municipalities across the province. The
Trent Conservation Coalition Municipal Groundwater Study was completed by Morrison Environmental Ltd. The
Aquifer Characterization component of the study (Volume 1) evaluated groundwater quality in bedrock and
overburden wells across most of the Trent Conservation Coalition Source Protection Region.

In the Paleozoic Area the study observed that the vast majority of bedrock wells yield fresh water though they
may require treatment to meet Ontario Drinking Water Standards (Morrison Environmental Ltd., 2004). There
are some occurrences of sulphurous water where Paleozoic and Precambrian meet; this is attributed to the high
organic content of the rock. The study also noted that salty and sulphurous water had been reported in bedrock
wells north of the City of Peterborough and east of Chemong Lake.

In the Precambrian Area, the vast majority of bedrock wells yield fresh water although treatment to decrease
the hardness and remove iron may be required to meet Ontario Drinking Water Standards (Morrison
Environmental Ltd., 2003). Hardness and sulphates in the water were reported primarily along the Paleozoic-
Precambrian contact. In addition, salty water was noted as having been reported and the study states that this
may be due to anthropogenic activities such as road salting/stockpiling, dust control activities, and landfills.

2.3.8.4.2 The Hydrogeology of Southern Ontario (Singer et al., 2003)

Singer et al. (2003) provided information related to the quality of groundwater in the Precambrian and Simcoe
Group hydrogeologic units, which encompass the northern and southern portions of the Otonabee-
Peterborough Source Protection Area, respectively. The parameters considered in the report include sodium,
iron, chloride, sulphate, nitrate, total hardness, and total dissolved solids.

The report indicated that most bedrock wells in the southern portion of the source protection area yield fresh
water, but they occasionally yield water with natural water quality problems such as high levels of sulphate,
hardness, or chloride. Most bedrock wells in the northern portion of the source protection area yield fresh
water.
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The report also indicated that the majority of the wells constructed in overburden, which are concentrated in
the southern portion of the source protection area, yield fresh water with a very few exhibiting elevated
chloride, sulphate, and hardness levels.
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2.4 CROWE VALLEY SOURCE PROTECTION AREA

A watershed is the area of land that drains to a particular body of water. A watershed characterization is a
documentation of various aspects of a watershed for the purpose of obtaining a general understanding of its
features and functions. This is a watershed characterization of the Crowe Valley Source Protection Area
prepared in accordance with the Clean Water Act, 2006, O. Reg. 287/07, and Part Il of the Technical Rules. This
watershed characterization draws from an earlier document prepared before the publication of the Technical
Rules and has expanded on it where required to satisfy the legislation. The report was prepared in 2008 by
Crowe Valley Conservation Authority and is entitled: Watershed Characterization Report: Crowe Valley Source
Protection Area.

2.4.1 OVERVIEW OF SOURCE PROTECTION AREA

The Crowe Valley Source Protection Area covers an area of approximately 2,006 km? and includes the entire
Crowe River watershed. The source protection area boundary and its subwatersheds are shown on Maps 2-
1(CV) and 2-2(CV), respectively.

The headwaters of the Crowe River are located in the northwest corner of the source protection area near
Paudash Lake and flow in a southerly direction. The main channel of the Crowe River flows through a number of
smaller waterbodies and empties into Belmont Lake. The Crowe River has two major tributaries: North River and
Beaver Creek. The North River headwaters are above the Kasshabog Lake area in the northeastern corner of
Havelock-Belmont-Methuen. It flows south through the southwestern portion of the source protection area,
through Round Lake, and then joins the Crowe River subwatershed at Belmont Lake. The Beaver Creek tributary
originates in the northeast corner of the source protection area and its subwatershed includes Cashel, Limerick,
and Steenburg Lakes. Beaver Creek empties into Crowe Lake where the Crowe River and its tributaries flow into
the Trent River.

The natural flows in the source protection area are regulated by a system of dams and weirs for purposes of
flood control, recreation, and fish habitat requirements. The source protection area lies predominantly in the
rugged Canadian Shield where outcrops of granite and other Precambrian rocks are located at or near the
surface; only the southern portion (south of Highway 7) is located in the Paleozoic area. Because of the rough
terrain (particularly in the north), woodland coverage is high. Some agriculture occurs in the south where soil
conditions permit. There are also numerous wetlands and small lakes in the source protection area that increase
its value for recreational use.

2.4.2 GEOGRAPHY AND LAND USE

2.4.2.1 PHYSICAL GEOGRAPHY

The prominent physiographic features in the Crowe Valley Source Protection Area include moraines, tills, eskers,
and limestone plains. Physiographic regions in the source protection area are shown on Map 2-3(CV) and the
percent coverage of each physiographic region is identified in Table 2.4-1. Physical characteristics of
subwatersheds are summarized in Table 2.4-2.
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The source protection area is divided near its southern tip by the Precambrian/Paleozoic geologic divide. The
prominent physiographic regions north of the divide are the Algonquin Highlands and the Georgian Bay Fringe.
This northern section is dominated by knobs and ridges of granite rocks, bare rock outcrops, and rough terrain
typical of the Canadian Shield. The southern section is occupied by the Dummer Moraine and the Lake Iroquois
Plain. This section consists of hummocky terrain and blocks of limestone mixed with Precambrian boulders of
the Paleozoic age. It is characterized by rolling topography, smooth slopes, and marginal to good farmland
(Chapman & Putman, 1984).

Throughout the source protection area there are numerous swamps, lakes, and marshes that generally occupy
bedrock basins.

Table 2.4-1: Physiographic Regions in the Crowe Valley Source Protection Area

Physiographic Region Area (km?) Land Coverage (%)
Algonquin Highlands 1031.36 51.41
Dummer Moraines 307.92 15.35
Georgian Bay Fringe 658.22 32.81
Iroquois Plain 7.89 0.39
Peterborough Drumlin Field 0.71 0.04

Data Source: Watershed Characterization Report: Crowe Valley Source Protection Area (2008)

Table 2.4-2: Physical Characteristics of Crowe Valley Source Protection Area Subwatersheds

Drainage | Channel Total Channel Percent Land Cover
Subwatershed Area Length Falll(m) Average Physiographic Region(s)
(km?) (km) Slope (%) Wetlands | Lakes | Woodland
Crowe River | 1259.93 | 105.3 175 03 6 10 77 Georgian Bay Fringe, Algonquin
Highlands, Dummer Moraines
Beaver Creek | 569.52 62.5 131 0.2 4 8 87 Georgian Bay Fringe, Algonquin
Highlands
North River 178.54 26.4 63 0.2 5 14 76 Georgian Bay Fringe

Data Sources: Calculated using data supplied under license by members of the Ontario Geospatial Data Exchange

2.4.3 HUMAN GEOGRAPHY: POPULATION AND LAND USE

2.4.3.1 AREAS OF SETTLEMENT

The Places to Grow Act, 2005 provides a legislative framework for the development of growth plans in
designated growth areas. The Places to Grow Act provides the following definition for areas of settlement:
“area(s] of land designated in an official plan for urban uses, including urban areas, urban policy areas, towns,
villages, hamlets, rural clusters, rural settlement areas, urban systems, rural service centres or future urban use
areas, or as otherwise prescribed.” The Places to Grow Act does not apply to settlements in the Crowe Valley
Source Protection Area, however in accordance with the Technical Rules, this definition has been used to define
areas of settlement.

Areas of settlement in the source protection area are generally found along its southern boundary and near
major lakes. Settlement is rural and in the form of small towns and hamlets. The largest settlement areas in the
watershed are the villages of Havelock and Marmora and the hamlet of Coe Hill. There are also scattered
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pockets of settlement throughout the watershed with direct links to major roads and waterbodies. Additional

settlements are increasing in more northern locations surrounding many of the hamlets and Highways 28, 620,

and 46. There is a high seasonal fluctuation in population in the rural areas due to tourism, recreation, and

seasonal residents of waterfront properties. Areas of settlement in the Crowe Valley Source Protection Area are

shown on Map 2-4(CV).

2.4.3.2 MUNICIPALITIES

There are 11 municipalities located within or partially within the Crowe Valley Source Protection Area. The total

population of these municipalities is 41,441 (Statistics Canada, 2006), and about 10,490 of them are located

within the source protection area boundary. Population density is typically low; most of the source protection

area has less than 10 people/km?. Population density is highest in the southern portion of the source protection
area; in this area population density exceeds 40 people/km?. There is a seasonal increase of population in some

parts of the source protection area during the summer months. Municipal boundaries, populations, and

population densities in the source protection area are shown on Maps 2-5(CV), 2-6(CV), and 2-7(CV),

respectively. Municipalities located in the source protection area, their total population and area, and the

portion of their population and area located within the source protection area are listed in Table 2.4-3.

Table 2.4-3: Municipal Populations in the Crowe Valley Source Protection Area

Municipality

Source Protection Area

Entire Municipality

Area (km?) Population Area (km?) Population

Township of Havelock-Belmont-Methuen 471 3,782 594 4,637
Municipality of Marmora and Lake 453 2,612 588 3,912
Township of Wollaston 218 695 227 730

Township of Tudor and Cashel 172 259 458 682

Township of North Kawartha 171 564 844 2,342
Township of Limerick 168 274 233 364

Municipality of Highlands East 166 952 758 3,089
Township of Faraday 125 787 237 1,578
Municipality of Trent Hills 27 355 568 12,247
Township of Stirling-Rawdon 18 147 285 4,906
Township of Douro-Dummer* 13 63 484 6,954

*Located only marginally within the source protection area

Data Source: Calculated from Statistics Canada, GeoSuite, 92-1500XCB, 2006 Census

2.4.3.3 FIRST NATIONS

There are no First Nations communities in the Crowe Valley Source Protection Area.

2.4.3.4 INTERACTIONS BETWEEN HUMAN AND PHYSICAL GEOGRAPHY

Physiography and access to water and transportation corridors had the most significant influence on human

settlement in the Crowe Valley Source Protection Area.
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The Iroquois Plain and the Dummer Moraines are the most densely populated physiographic regions in the
Crowe Valley Source Protection Area, and they are where the largest urban centres and the most productive
farmlands are found.

During early settlement days, agriculture was, next to forestry, the primary industrial activity in the source
protection area. However in the present day, agriculture is limited due to poor soil quality and quantity; poor
soil quality is attributed to the rock-based areas in the majority of the watershed that are part of the natural
physiographic characteristics of the Canadian Shield. Only a small percentage of the source protection area is
now used for agriculture.

2.4.3.5 FEDERAL LANDS

Lands in the Crowe Valley Source Protection Area that are under the jurisdiction of the Government of Canada
include two aircraft navigation beacons. These are located on County Road 46 northeast of Kasshabog Lake in
the Municipality of Havelock-Belmont-Methuen and in the southeast portion of the Crowe Valley Source
Protection Area watershed along 11th Line East in the Municipality of Trent Hills. The locations of these sites are
shown on Map 2-8(CV).

2.4.4 OVERVIEW OF DRINKING WATER SYSTEMS

Drinking water systems in the Crowe Valley Source Protection Area include municipal and non-municipal
systems of various sizes that draw raw water from both groundwater and surface water sources. Drinking water
systems are divided into eight classifications by the Drinking-Water Systems

Regulation (O. Reg. 170/03) under the Safe Drinking Water Act, 2002 based Municipal Residential

on ownership, number of users, flow rate, annual operating period, and type Drinking Water Systems

Municipal residential drinking
water systems are drinking water
systems that serve major

“large municipal residential” and “small municipal residential” classifications. residential developments. Small

of facility served. Source protection planning under the Clean Water Act is
focused on municipal residential drinking water systems, which include the

The remaining six classifications include non-municipal and non-residential municipal residential systems
serve fewer than 101 private

residences, and large municipal
residential systems serve more
regulated under the Safe Drinking Water Act. than 100 private residences.

drinking water systems. About half of the population of the source
protection area relies on private wells and lake sources that are not

2.4.4.1 MUNICIPAL RESIDENTIAL DRINKING WATER SYSTEMS

About 46% of the population in the Crowe Valley Source Protection Area (approximately 4,825 people) obtains
their drinking water from four municipal residential drinking water systems. These systems are discussed in
more detail below, and their locations and approximate service areas are shown on Map 2-9(CV).

24.4.1.1 Surface Water Systems

There is one existing municipal residential surface water supply system in the source protection area that
obtains water from a surface water source. This system serves about 1,500 people in the community of
Marmora and, under the Drinking-Water Systems Regulation (O. Reg. 170/03), it is classified as a large municipal
residential system. This system is discussed in detail in Chapter 4.
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2.4.4.1.2 Groundwater Systems

There are three existing municipal residential groundwater supply systems in the source protection area that
obtain their water from groundwater sources. These systems serve about 1,730 people. Under the Drinking-
Water Systems Regulation (O. Reg. 170/03), two of these systems

are classified as large municipal residential systems and the third is GUDI Wells

classified as a small municipal residential system. These systems are The Drinking-Water Systems Regulation
discussed in detail in Chapter 5. (0. Reg. 170/03) under the Safe Drinking
Water Act defines specific circumstances
There are two municipal residential drinking water systems in the under which a groundwater supply is
considered to be groundwater under the
direct influence of surface water. These
wells are more susceptible to
The Cardiff well is considered GUDI because it is constructed in an contamination than non-GUDI wells

overburden aquifer that is located within 90 m of a surface because they can be affected by short-
waterbody (Mink Creek) (Morrison Environmental Ltd., 2004). There te'rm . 9ssociated

. . with surface water sources.
are three wells in the Havelock system under the influence of

source protection area (Cardiff and Havelock) that are considered to
be groundwater under the direct influence (GUDI) of surface water.

surface water. In situ filtration removes particulate matter at two of these wells (Genivar Consultants, 2010).

2.4.4.2 OTHER DRINKING WATER SYSTEMS

There are about 32 drinking water systems in the source protection area that are classified as non-municipal or
non-residential systems under the Drinking-Water Systems Regulation (O. Reg. 170/03) (e.g., trailer parks,
campgrounds, subdivisions, community centres, schools, and public buildings). Estimates of the number of
systems of each non-municipal and non-residential classification are given in Table 2.4-4. Details for many of
these systems are given in Appendix B, and their locations are shown on Map 2-10(CV). (Note that these systems
were identified from the Drinking Water Information System database, which only provides a partial listing of
these systems; it is expected that the total number of non-municipal and non-residential systems is significantly
greater.)

Table 2.4-4: Other Drinking Water Systems in the Crowe Valley Source Protection Area

Safe Drinking Water Act Classification Estimated No. Systems
Large municipal non-residential 0
Small municipal non-residential 11
Non-municipal year-round residential 3
Non-municipal seasonal residential 6
Large non-municipal non-residential 0
Small non-municipal non-residential 12

Data Sources: Ministry of the Environment and Climate Change Drinking Water Information System (March 19, 2009)

2.4.5 TERRESTRIAL AND AQUATIC CHARACTERISTICS

2.4.5.1 NATURAL VEGETATIVE COVER

Natural vegetative cover in the Crowe Valley Source Protection Area includes wetlands, woodlands, and
vegetated riparian areas. Natural vegetative cover plays a critical role in protecting drinking water sources by
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trapping sediments and soils, and altering or reducing contaminants, nutrients, and some pathogens before they
reach water sources. Healthy watersheds include diverse vegetation that is well distributed across the
landscape. Naturally vegetated watersheds are better able to keep soil, nutrients, pathogens, and contaminants
on the landscape and out of drinking water sources. Natural vegetative cover in the source protection area is
summarized in Table 2.4-5.

Table 2.4-5: Natural Vegetative Cover in the Crowe Valley Source Protection Area

Natural Vegetative Cover Type Area (km?) Land Coverage (%)
Provincially Significant 33 2
Wetl
etlands Other Wetlands 192 13
Woodlands 1548 78
Vegetated Riparian Areas? 1115 56

!Vegetated riparian areas include vegetated lands located within 120 m of lakes, wetlands, and watercourses
Data Source: Ontario Geospatial Data Exchange, 2009

Wetlands

Wetlands found in the Crowe Valley Source Protection Area include swamps, fens, bogs, and marshes. Wetlands
perform a significant role in improving water quality by contributing to groundwater recharge and discharge,
augmenting low flows, and attenuating floods. Wetland vegetation traps and removes nutrients and pollutants
from the water that flows through them. Wetlands also provide important habitat for many fish and wildlife
species. Wetlands cover about 13% of the source protection area (192 km?), which includes 15 Provincially
Significant Wetlands that cover 33 km?. Wetlands in the watershed are shown on Map 2-11(CV).

Woodlands

Woodland cover in the Crowe Valley Source Protection Area includes successional and climax forests,
hedgerows, and plantations. Woodland vegetation prevents erosion by stabilizing soils and acting as a natural
shelterbelt. This protects water quality by preventing sedimentation of watercourses. Woodland cover in the
watershed is shown on Map 2-11(CV).

Riparian Areas

Riparian areas are the transitional zones between aquatic and terrestrial habitats that are found along
watercourses and waterbodies. Healthy riparian areas are vegetated and provide bank stability, reduce erosion,
provide the shade necessary to moderate water temperature, and improve water quality by filtering out
contaminants from runoff. Riparian areas also provide important habitat for many species of fish, mammals,
birds, reptiles, amphibians and insects, particularly during the early stages of their lifecycles. Vegetated riparian
areas in the watershed were delineated as vegetated lands located within 120 m of lakes, wetlands, and
watercourses. Vegetated riparian areas in the Crowe Valley Source Protection Area are shown on Map 2-12(CV).

2.4.5.2 AQUATIC HABITATS

Aquatic habitats are the areas inhabited by aquatic species. The health and composition of aquatic communities
depend on the availability of adequate food, shelter, water, and space to provide their required habitats.
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Aquatic species, including fish and macroinvertebrates, are often used as indicators of water quality because
they have specific requirements and tolerances to various elements known to exist in water.

This section identifies the location and types of aquatic habitats in the Crowe Valley Source Protection Area,
including fisheries and aquatic macroinvertebrates, and discusses the impacts of development on these aquatic
communities. There are insufficient data to compare aquatic communities in the watershed to unimpacted
reference sites or to fully characterize aquatic habitats in the watershed.

2.45.2.1 Fisheries

Location of Habitats

The Crowe Valley Source Protection Area includes many lakes, rivers, and streams that provide habitat for a
variety of cold, cool, and warm water fish species. The lakes located north of Chandos Lake (and including
Chandos) are generally deeper and colder than those found south of Chandos. Cold lakes support populations of
Lake Trout and cool water sport fish. Many warm water streams are also found throughout the watershed and
support a variety of fish species. The southern lakes such as Round, Belmont, and Crowe Lakes are warmer and
support warm water fish species.

There are no data available that indicate the confirmed location of aquatic habitats in the watershed, however
stream temperature can be used as an indicator to identify the potential locations of aquatic habitats. Water
temperature is a key factor contributing to the health of fish populations, as every fish species has a specific
range of tolerance beyond which its health and survivability are threatened. As a result of this dependence on
water temperature, thermal classifications of watercourses or waterbodies are often indicative of the types of
species likely to inhabit a given aquatic habitat. Based on these thermal classifications, individual fish species
may be categorized as cold water (<19°C), cool water (19°C to 25°C), or warm water (> 25°C) (Department of
Fisheries and Oceans, 2009). Stream temperatures in the Crowe Valley Source Protection Area are shown on
Map 2-13(CV).

Impacts of Development

Impacts of development on fish habitats in the Crowe Valley Source Protection Area include a reduction in the
number of cold water streams and lakes and a loss of riparian vegetation. Some lakes, such as Steenburg and
Paudash, have traditionally been known as cold water lakes, but in recent years they have developed
characteristics of warmer water lakes. These impacts are particularly evident in Paudash Lake where a warm
water fishery was established in Lower Paudash Lake through stocking. Lake Paudash now has a species
composition typical of most warm water lakes in Southern Ontario (French Planning Services Inc., 2004).
Development along lake shorelines, particularly for seasonal use, has resulted in the loss of lake-associated
wetlands, important spawning areas, and riparian habitat. Increased boat traffic and fluctuating water levels and
flows also have a negative impact on aquatic habitat. Additional data are required to fully characterize the
fisheries in the Crowe Valley Source Protection Area; the condition of many lakes and streams remains
unknown.
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2.4.5.2.2 Aquatic Macroinvertebrates

Location of Habitats

Aguatic macroinvertebrates, commonly referred to as benthic macroinvertebrates, are the organisms that live in
the bottom of watercourses. They serve many functions in the aquatic ecosystem including acting as both
decomposers and as food for larger macroinvertebrates, birds, and fish. They are excellent indicators of aquatic
health and can be used to assess long-term water quality. The Hilsenhoff Water Quality Index provides an
indication of water quality and the likelihood of organic pollution based on the presence or absence of benthic
macroinvertebrate species with specific pollution tolerances. The location of benthic macroinvertebrate
sampling sites and the Hilsenhoff Index for each location are shown on Map 2-14(CV). The Simpson’s Diversity
Index indicates the diversity of the benthic macroinvertebrate community. The location of benthic
macroinvertebrate sampling sites and the Simpson’s Diversity Index at each site are shown on Map 2-15(CV).

Impacts of Development

Analysis of benthic macroinvertebrate communities across the Crowe Valley Source Protection Area indicated a
range of water quality conditions and species diversity. Sites with good water quality are dominated by
pollution-intolerant species of the taxa Ephemeroptera, Trichoptera, and Plecoptera, and demonstrate species
diversity and abundance. Sites with moderate water quality are dominated by the presence of pollution-tolerant
benthic macroinvertebrates. Sites with poor water quality are dominated by pollution-tolerant species of the
taxa Chironomidae, Simuliidae, and Isopoda and show limited diversity and abundance. Map 2-14(CV) shows a
scattering of sites across the watershed with a range of excellent to fairly poor sites, and no sites ranked as poor.
Benthic monitoring began at Crowe Valley in 2006 and has continued annually. Out of 24 sampled sites in 2006
and 2007, two sites ranked as excellent quality, eight as very good/good, seven as fair with fairly substantial
organic pollution likely, and seven as fairly poor with substantial organic pollution likely. These results are over a
3-year period and are considered preliminary. Continued collection and analysis of benthic macroinvertebrates
over time will produce a more accurate picture of stream conditions in the Crowe Valley Source Protection Area.
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2.4.6 SURFACE WATER QUALITY

This section is a summary of the available data that are suitable for a watershed-scale analysis of surface water
quality in the Crowe Valley Source Protection Area. Surface water quality data specific to individual drinking
water systems were analysed during the evaluation of drinking water issues (see Section 4.3). Surface water
quality data for the watershed are available from the Provincial Water Quality Monitoring Network and from
sampling at municipal water treatment plants. Surface water quality monitoring stations in the watershed are
shown on Map 2-16(CV).

2.4.6.1.1 Indicator Parameters

There are many water quality parameters that can be used to characterize the quality of a water source. A small
group of parameters is often used to provide a representative overview of water quality in an area of interest.
Seven indicator parameters have been selected to represent the water quality conditions that reflect the natural
features and land uses in the Crowe Valley Source Protection Area. Indicator parameters and their associated
standards or guidelines are identified in Table 2.4-7.

2.4.6.1.2 Summary of Provincial Water Quality Monitoring Network Data

The following subsections summarize the surface water quality data available from the Provincial Water Quality
Monitoring Network (PWQMN) stations in the Crowe Valley Source Protection Area. Each subsection includes a
brief discussion of the sampling results for the indicator parameters identified in Table 2.4-7. To characterize the
surface water quality in the Crowe Valley Source Protection Area, two types of analysis were performed and two
tables are provided for each parameter. The first table, “Statistical Summary of Data at Selected PWQMN
Stations,” highlights the minimum, medium, and maximum values for each active monitoring station in the
Crowe Valley watershed for the period of 2004 to 2009, where available.

The second table for each parameter, “Trends and Guideline Exceedances at Selected PWQMN Stations,”
calculates water quality trends over time with both historical and active monitoring stations.

Trend analysis was performed on 16 sites across the watershed. The sites were chosen based on how many
years of data existed and how many sites were sampled consistently through the entire data record without
having large gaps in time.

While there are more than 16 historical monitoring stations in the Crowe Valley watershed, a number of sites
were omitted based on an inadequate number of samples, or a lack of metals data from the Ministry of the
Environment and Climate Change. It was assumed that the omitted sites would not be statistically viable as they
lacked a sufficient number of data points for trend analysis.

General trends and statistical summaries have been performed below, however, continued sampling in the
years to come will strengthen the significance of the observed trends and statistics. Even with the omission of
certain historical sites, take note that some sites have very few samples and therefore must be interpreted with
caution. Trends were identified, even if the statistical significance was weak — to find the statistical significance
of the trend, take note of the P value to assure the significance of the trend.
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Table 2.4-6: Provincial Water Quality Monitoring Network Stations and Available Data

Subwatershed Station Name Station ID Data Record Active/Historic
Crowe River Crowe River 17002100302 1964-1998, 2006-present | Active
Beaver Creek Beaver Creek 17002109502 2006-present Active
North River North River 17002109202 1976-1983, 2006-present | Active
Crowe River Deer River 17002114602 2006-2008 Active
Crowe River Crowe River 17002114502 2006-present Active
Crowe River Crowe River 17002104802 1971-1998 Historic
Crowe River Paudash Lake 17002105901 1966-1992 Historic
Crowe River Deer Creek 17002106002 1966-1992 Historic
Crowe River Centre Lake Outlet 17002106102 1971-1992 Historic
Crowe River Bow Lake Outlet 17002106202 1966-1996 Historic
Crowe River Bentley Creek 17002106302 1966-1996 Historic
Crowe River Bentley Creek 17002106402 1967-1996 Historic
Crowe River Plato Creek 17002107202 1972-1998 Historic
Crowe River Plato Creek 17002107802 1977-1990 Historic
Crowe River Plato Creek 17002108102 1976-1981 Historic
Crowe River Crowe River 17002108202 1976-1983 Historic
Crowe River Crowe River 17002108302 1976-1983 Historic
Crowe River Crowe River 17002108402 1976-1998 Historic
Crowe River Crowe River 17002108502 1976-1979 Historic
Crowe River Crowe River 17002108602 1976-1979 Historic
Crowe River Deer Creek 17002108702 1976-1979 Historic
Crowe River Crowe River 17002108902 1966-1996 Historic
Crowe River Paudash Lake Narrows 17002109001 1966-1992 Historic
North River North River 17002109102 1976-1985 Historic
North River North River 17002109202 1976-1983 Historic
North River North River 17002109402 1976-1977 Historic
Beaver Creek Beaver Creek 17002109502 1976-1998 Historic
Beaver Creek Beaver Creek 17002109602 1976-1998 Historic
Beaver Creek Steenburg Creek 17002109702 1976-1997 Historic
Crowe River Crowe River 17002109802 1966-1969 Historic
Crowe River Crowe River 17002109902 1966-1969 Historic
Crowe River Crowe River 17002110002 1966-1981 Historic
Crowe River Paudash Lake 17002110101 1966-1984 Historic
Crowe River Paudash Lake 17002110201 1966-1984 Historic
Crowe River Paudash Lake 17002110301 1966-1984 Historic
Crowe River Bow Lake 17002110401 1966-1969 Historic
Crowe River Bow Lake 17002110501 1966-1969 Historic
Crowe River Centre Lake 17002111101 1977-1980 Historic
Crowe River Auger Lake 17002111201 1977-1980 Historic
Crowe River Rib. Creek to Deer Creek 17002111302 1977-1992 Historic
Crowe River Centre Lake Water Supply 17002111420 1977-1979 Historic
Beaver Creek Twin Sister Lake 17002111701 1979 Historic

Data Source: Provincial Water Quality Monitoring Network, 2008
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Table 2.4-7: Surface Water Indicator Parameters

Standards
Parameter Source Effects
PWQO! CEQG?
Naturally occurring salts, sodium chloride (road salts),
calcium chloride (industry and wastewater treatment, Toxic (acute and chronic) to aquatic organisms (depending on
Chloride (CI) 250 mg/L | road salts), potassium chloride (fertilizers and road . q 8 P 8
. . . concentration)
salts) and magnesium chloride (de-icing agent) (Mayer
et al., 1999).
. . Attached to soil particles, copper can be relatively immobile,
Urban areas and landfills that contain household . . P . .pp . y .
Copper (Cu) 5 ug/L . . . yet is toxic to aquatic organisms at high concentrations
materials, auto parts, and construction materials. L . .
(Ministry of the Environment and Climate Change, 1991).
Inputs of lead into the environment increased during
the industrial revolution because of the combustion of Toxic at relatively low concentrations, affecting the central
Lead (Pb) 5 ug/L fossil fuels. In the 1970s, lead was removed as a y . ’ &
. . . . ) nervous system of organisms.
gasoline additive, decreasing its environmental inputs
(Wetzel, 2001).
Zinc (zn) 30 pg/L Anthropogenic sources are associated with urbanized An important micronutrient for cell function (Wetzel, 2001),
HE and industrial areas. but at high concentrations, can be toxic to aquatic organisms.
Essential to life processes but, in excess, can cause increased
Total Incidental input or physical methods (e.g., erosion) aquatic vegetative growth, including toxic cyanobacteria, and
Phosphorus (P) 0.03 mg/L (Sharpley et al., 1996). Sources include fertilizers can cause anoxic conditions when vegetation decomposes.
P (organic and synthetic) and septic systems. As a result, phosphorous can be indirectly toxic to humans
and aquatic organisms (Carpenter et al., 1998).
Includes particles of silt, clay, organic and inorganic
matter, plankton, and other microscopic organisms.
Total Suspended Sources of sediment loading to the aquatic Elevated levels negatively impact benthic invertebrate and
.p environment include human activities such as periphyton communities and thus impact the food chain
Solids . o . . . L . .
construction (urbanization), agriculture, industrial (Ministry of the Environment and Climate Change, 2003a).
wastewater discharge, and mining activities. Can occur
naturally or through human activity.
. . The most stable and usable form of nitrogen, but can be toxic
. B Wastewater, septic systems, agricultural land use, and | . . . . .
Nitrate (NOs’) 2.9 mg/L . . in high concentrations and cause rapid growth of aquatic
atmospheric deposition. vegetation

Provincial Water Quality Objective

2Canadian Environmental Quality Guideline
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2.46.1.3

Chloride

Considering active monitored stations, the Crowe River site at Highway 620 (17002114502) had the greatest

median chloride concentrations at 8.90 mg/L. The North River site at County Road 46, west of Round Lake
(17002109202) had the lowest at 1.50 mg/L. Chloride concentrations were well below the Guidelines for
Canadian Drinking Water Quality, with no exceedances at all representative monitoring stations for all years on

record; the statistical summary and trends for these stations are illustrated trends in Tables 2.4-8 and 2.4-9.

Table 2.4-8: Statistical Summary of Chloride Data at Selected PWQMN Stations*

Descriptive Statistics (GCDWQ = 250 mg/L)
Station Name Station ID Years on Record Years . . Percentiles
Pellysee n min median max S5 75t

Crowe River 17002100302 | 65-79, 81, 88-98, 07-09 07-09 9 4.70 5.90 7.10 5.40 6.40
Beaver Creek 17002109502 | 76-79, 88-98, 07-09 07-09 8 1.30 1.75 2.70 1.50 2.025
North River 17002109202 | 76-83,07-09 07-09 7 1.00 1.50 1.80 1.20 1.63
Crowe River 17002114602 | 07-08 07-08 5 5.00 6.20 8.20 6.00 6.90
Crowe River 17002114502 | 07-09 07-09 7 6.90 8.90 12.10 7.50 9.00
Crowe River 17002108602 | 76-79, 09 09 1 8.00!

*Includes stations with data available for the period of 2005-2009

!Insufficient data for statistical analysis (value is the result of one sample)

Table 2.4-9: Chloride Trends and Guideline Exceedances at Selected PWQMN Stations*

Station Name Station ID Years on Record o Sl || EEDY 0 saseeERs - .Trend
on Record % # Direction p?

Paudash Lake 17002105901 68-71; 78; 80-84; 87-89; 92 26 0 0 NJ 0.95
Deer Creek 17002106002 68-71; 78; 81; 83-84; 87-89; 92 27 0 0 NE 0.20
Bow Lake Outlet | 17002106202 68-71; 78; 88-96 97 0 0 N <0.01
Crowe River 17002100302 65-79; 88-98; 07-09 239 0 0 N 0.07
Crowe River 17002104802 71-73; 76-79; 90-98 100 0 0 ™ 0.03
Bentley Creek 17002106302 68-71; 77-78; 88-96 93 0 0 N 0.20
Bentley Creek 17002106402 68-71; 77-78; 88-96 89 0 0 ™ 0.75
Plato Creek 17002107202 72-98 246 0 0 T <0.01
Plato Creek 17002107802 77-90 142 0 0 N <0.01
Crowe River 17002108402 76-83; 90-98 117 0 0 N 0.60
Crowe River 17002108602 76-79; 09 25 0 0 ™ 0.67
Crowe River 17002108902 68-69; 71; 77-79; 87-96 114 0 0 ™ 0.43
North River 17002109202 76-83; 07-09 69 0 0 ™ <0.01
Beaver Creek 17002109502 76-79; 88-98; 07-09 116 0 0 N <0.01
Crowe River 17002114502 07-09 7 0 0 NE 0.13
Deer River 17002114602 07-08 5 0 0 N2 0.58

*Includes stations with enough data available for trend analysis through the period of 1968-2009
!Indicates the quantity of samples on record that exceeded the Guidelines for Canadian Drinking Water Quality (aesthetic guideline of 250mg/L)
2Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends considered significant where p<0.05)
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246.1.4

Total Suspended Solids

Considering active monitored stations, the Crowe River site at Highway 620 (17002114502) had the greatest

total suspended solids median concentrations at 1.80 mg/L. The Crowe River site at Highway 7, Marmora

(17002100302) had the lowest median concentration at 1.00 mg/L. Total suspended solids concentrations were

low for all representative monitoring stations in all years on record; the total suspended solids statistical

summary and trends for these stations are illustrated in Tables 2.4-10 and 2.4-11. There is no provincial water

quality standard for total suspended solids, therefore exceedances have not been recorded.

Table 2.4-10: Statistical Summary of Total Suspended Solids Data at Selected PWQMN Stations*

Descriptive Statistics (mg/L)
Station Name Station ID Years on Record Years . . Percentiles
T n min median max S5th 75t
Crowe River 17002100302 | 65-79, 81, 88-98, 07-09 | 07-09 9 0.50 1.00 1.50 0.70 1.30
Beaver Creek 17002109502 | 76-79, 88-98, 07-09 07-09 8 1.00 1.50 1.80 1.20 1.63
North River 17002109202 | 76-83, 07-09 07-09 7 1.00 1.10 1.90 1.00 1.50
Crowe River 17002114602 | 07-08 07-08 5 1.10 1.90 2.80 1.30 2.10
Crowe River 17002114502 | 07-09 07-09 7 1.10 1.80 3.30 1.45 2.35
Crowe River 17002108602 | 76-79, 09 09 1 2.20?
*Includes stations with data available for the period of 1965-2009
!Insufficient data for statistical analysis (value is the result of one sample)
Table 2.4-11: Total Suspended Solids Trends at Selected PWQMN Stations*
Station Name Station ID Years on Record il - - Trend
Record Direction pt
Paudash Lake 17002105901 68-72; 74-75; 77-78; 80 39 ™ <0.01
Deer Creek 17002106002 68-72; 74-75; 77 37 NE 0.44
Bow Lake Outlet 17002106202 68-71; 74-75; 88-96 114 N <0.01
Crowe River 17002100302 64-76; 78-81; 95-98; 07-09 163 N <0.01
Crowe River 17002104802 78-79; 90-98 57 J 0.01
Bentley Creek 17002106302 68-71; 77-78; 88-96 109 NE <0.01
Bentley Creek 17002106402 68-72; 74-75; 77, 88-96 103 J 0.01
Plato Creek 17002107202 74-75; 78-81; 95-98 67 J 0.01
Plato Creek 17002107802 77-80 39 ™ 0.95
Crowe River 17002108402 78-83; 90-93; 95-98 72 NE 0.54
Crowe River 17002108602 78-79; 2009 12 J 0.53
Crowe River 17002108902 68-71; 77-79; 88-96 111 N <0.01
North River 17002109202 78-83; 2007-2009 88 J 0.23
Beaver Creek 17002109502 78-79; 95-98; 07-09 40 N 0.08
Crowe River 17002114502 2007-2009 7 T 0.03
Deer River 17002114602 2007-2008 5 J 0.81

*Includes stations with enough data available for trend analysis through the period of 1968-2009
!Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends considered significant where p<0.05)
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2.4.6.1.5

Copper

Metals

Considering active monitored stations, the Crowe River site at Highway 7 (17002100302) had the greatest
copper median concentrations at 1.2 ug/L. The Beaver Creek site at Beaver Creek Road, North of Marmora

(17002109502) had the lowest median concentration at 0.415 ug/L. Total copper concentrations were low for all

representative monitoring stations for all years on record; the statistical summary and trends for these stations
are illustrated in Tables 2.4-12 and 2.4-13. There are 106 Provincial Water Quality Objectives exceedances,
which represent 11% of all samples on record across the Crowe Valley watershed. There have been no

exceedances in the recent monitoring period of 2005 to 2009.

Table 2.4-12: Statistical Summary of Copper Data at Selected PWQMN Stations*

Descriptive Statistics (PWQO = 5 ug/L)

Station Name Station ID Years on Record Years 5 X Percentiles

I n min median max S5 75t
Crowe River 17002100302 | 65-79, 81, 88-98, 07-09 07-09 9 0.597 1.200 1.600 0.726 1.525
Beaver Creek 17002109502 | 76-79, 88-98, 07-09 07-09 8 0.015 0.415 0.718 0.196 0.585
North River 17002109202 | 76-83, 07-09 07-09 7 0.056 0.700 1.020 0.469 0.800
Crowe River 17002114602 | 07-08 07-08 5 0.209 0.436 0.754 0.242 0.671
Crowe River 17002114502 | 07-09 07-09 7 0.000 0.950 1.800 0.780 1.188
Crowe River 17002108602 | 76-79, 09 09 1 0.791%

*Includes stations with data available for the period of 2005-2009
Table 2.4-13: Copper Trends and Guideline Exceedances at Selected PWQMN Stations*
Station Name Station ID Years on Record o St || RH0D BEaEErTEE - - Trend
on Record % # Direction p?

Paudash Lake 17002105901 | 80-81; 83-84; 87-89; 92 9 22 2 N 0.54
Deer Creek 17002106002 | 80-84; 87-89; 92 9 22 2 ™ 0.73
Bow Lake Outlet | 17002106202 | 1979; 1988-1996 77 0 0 N <0.01
Crowe River 17002100302 | 70-76; 80-81; 84-85; 88-98; 07-09 156 31 49 N2 <0.01
Crowe River 17002104802 | 81;90-98 66 3 2 NE <0.01
Bentley Creek 17002106302 | 79; 88-96 73 0 0 NS 0.03
Bentley Creek 17002106402 | 79; 88-96 73 1 1 N 0.57
Plato Creek 17002107202 | 81-98 158 15 23 N <0.01
Plato Creek 17002107802 | 81-90 99 17 17 J 0.28
Crowe River 17002108402 | 84-85; 90-98 67 0 0 N <0.01
Crowe River 17002108602 | None ND ND ND ND ND
Crowe River 17002108902 | 79; 87-96 81 2 2 NE 0.34
North River 17002109202 | 81-83; 07-09 26 19 5 N 0.33
Beaver Creek 17002109502 | 81-84; 85; 88-98; 07-09 103 3 3 ™ 0.44
Crowe River 17002114502 | 07-09 7 0 0 T 0.56
Deer River 17002114602 | 07-08 5 0 0 ™ 0.86

*Includes stations with enough data available for trend analysis through the period of 1970-2009
!Indicates the quantity of samples on record that exceeded the Provincial Water Quality Objective of 5 ug/L
2Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends considered significant where p<0.05)
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Zinc

Considering active monitored stations, the Crowe River site at Highway 620 (17002114502) had the greatest
median zinc concentrations at 1.660 ug/L. The North River site at County Road 46, west of Round Lake

(17002109202) had the lowest median concentration at 0.074 ug/L. Total zinc concentrations were low for all

representative monitoring stations for all years on record; the statistical summary and trends for these stations

are illustrated in Tables 2.4-14 and 2.4-15. There are 991 Provincial Water Quality Objectives exceedances,

which represent 15% of all samples on record across the Crowe Valley watershed. There have been no

exceedances in the recent monitoring period from 2005 to 2009.

Table 2.4-14: Statistical Summary of Zinc Data at Selected PWQMN Stations*

Descriptive Statistics (PWQO = 30 ug/L)
Station Name Station ID Years on Record Years . . Percentiles
-~ n min median max S5 75t
Crowe River 17002100302 | 65-79, 81, 88-98,07-09 | 07-09 9 0.031 0.846 2.060 0.638 1.300
Beaver Creek 17002109502 | 76-79, 88-98, 07-09 07-09 8 0.028 0.455 1.830 0.350 0.790
North River 17002109202 | 76-83, 07-09 07-09 7 0.000 0.074 1.550 0.455 1.163
Crowe River 17002114602 | 07-08 07-08 5 0.000 1.410 1.970 0.870 1.470
Crowe River 17002114502 | 07-09 07-09 7 0.000 1.660 4.660 1.360 2.285
Crowe River 17002108602 | 76-79, 09 09 1 0.017%
*Includes stations with data available for the period of 2005-2009
HInsufficient data for statistical analysis (value is the result of one sample)
Table 2.4-15: Zinc Trends and Guideline Exceedances at Selected PWQMN Stations*
Station Name Station ID Years on Record We-SEnplen |PH00 Baeedhiies - .Trend
on Record % # Direction p?
Paudash Lake 17002105901 80-81; 83-84 4 50 2 NE 0.86
Deer Creek 17002106002 80-84 4 0 0 T 0.16
Bow Lake Outlet | 17002106202 88-96 75 1 1 N 0.17
Crowe River 17002100302 70-76; 80-81; 84-85; 88-98; 07-09 158 18 29 J <0.01
Crowe River 17002104802 81; 90-98 66 3 2 N 0.14
Bentley Creek 17002106302 88-96 72 0 0 N2 0.71
Bentley Creek 17002106402 88-96 72 1 1 ™ 0.83
Plato Creek 17002107202 81-98 158 1 1 N 0.83
Plato Creek 17002107802 81-90 99 0 0 Ng 0.50
Crowe River 17002108402 84-85; 90-98 67 0 0 N <0.01
Crowe River 17002108602 None ND ND ND ND ND
Crowe River 17002108902 88-96 77 22 17 N 0.14
North River 17002109202 82-83; 07-09 25 2 8 N 0.37
Beaver Creek 17002109502 | 81; 84-85; 88-98; 07-09 102 3 3 ™ 0.92
Crowe River 17002114502 | 07-09 7 14 1 T 0.13
Deer River 17002114602 | 07-08 5 0 0 Ng 0.50

*Includes stations with enough data available for trend analysis through the period of 1970-2009
!Indicates the quantity of samples on record that exceeded the Provincial Water Quality Objective of 30ug/L
2Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends considered significant where p<0.05)
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Lead

Considering active monitored stations, the Beaver Creek site at Beaver Creek Road, North of Marmora
(17002109502) had the greatest median lead concentrations at 4.6 ug/L. The Deer River site at Country Road
602, Coe Hill had the lowest overall concentrations at 1.0 ug/L. Total lead concentrations exhibit the most

exceedances out of all indicator parameters discussed in this report. There have been 615 Provincial Water

Quality Objectives exceedances, which represent 65% of all samples on record across the Crowe Valley

watershed; the statistical summary and trends for these stations are illustrated in Tables 2.4-16 and 2.4-17.

Table 2.4-16: Statistical Summary of Lead Data at Selected PWQMN Stations*

Descriptive Statistics (PWQO = 5 ug/L)
Station Name Station ID Years on Record Years . . Percentiles
Pl n min median max S5 75t

Crowe River 17002100302 | 65-79, 81, 88-98,07-09 | 07-09 9 0.00 1.77 7.36 0.00 3.36
Beaver Creek 17002109502 | 76-79, 88-98, 07-09 07-09 8 1.00 4.60 9.00 2.78 6.41
North River 17002109202 | 76-83, 07-09 07-09 7 1.00 1.00 5.49 1.00 2.00
Crowe River 17002114602 | 07-08 07-08 5 1.00 1.00 1.49 1.00 1.00
Crowe River 17002114502 | 07-09 07-09 7 0.00 1.30 1.50 0.65 1.30
Crowe River 17002108602 | 76-79, 09 09 1 3.74%

*Includes stations with data available for the period of 2005-2009

!Insufficient data for statistical analysis (value is the result of one sample)

Table 2.4-17: Lead Trends and Guideline Exceedances at Selected PWQMN Stations*

Station Name Station ID Years on Record D P00 ez ez - - Trend
on Record % # Direction p?

Paudash Lake 17002105901 | 80-81; 83-84; 92 6 4 2 ™ <0.01
Deer Creek 17002106002 | 80-84;92 6 33 2 ™ <0.01
Bow Lake Outlet | 17002106202 | 88-96 74 99 73 ™ 0.07
Crowe River 17002100302 | 80-81; 84-85; 88-98;07-09 115 80 93 N2 <0.01
Crowe River 17002104802 | 81;90-98 66 77 51 N2 0.01
Bentley Creek 17002106302 | 88-96 71 99 70 T 0.03
Bentley Creek 17002106402 | 88-96 71 99 70 T 0.04
Plato Creek 17002107202 | 81-98 158 51 80 T 0.08
Plato Creek 17002107802 | 81-90 99 0 0 ™ 0.01
Crowe River 17002108402 | 84-85; 90-98 67 55 82 N2 <0.01
Crowe River 17002108602 None ND ND ND ND ND
Crowe River 17002108902 | 88-96 78 2 2 N 0.06
North River 17002109202 | 81-83;07-09 26 11 3 N 0.04
Beaver Creek 17002109502 | 81-85; 88-98; 07-09 102 89 87 NE <0.01
Crowe River 17002114502 | 07-09 7 0 0 N 0.02
Deer River 17002114602 | 07-08 5 0 0 N 0.33

*Includes stations with enough data available for trend analysis through the period of 1981-2009
!Indicates the quantity of samples on record that exceeded the Provincial Water Quality Objective of 5 ug/L
2Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends considered significant where p<0.05)
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2.4.6.1.6

Nutrients

Total phosphorus and nitrate were evaluated due to their role as nutrients that enter the landscape. Over time,

nitrates have been measured with different methodologies by the Ministry of the Environment and Climate

Change, therefore nitrates have been separated into four categories according to the sampling analysis method

performed by the Ministry of the Environment and Climate Change at that time. Nitrate trends are shown in

Tables 2.4-19, 2.4-20, and 2.4-21.

Nitrate Nitrogen

The North River site at County Road 46, west of Round Lake (17002109202) had the greatest median nitrate
concentrations at 0.014 mg/L. The Crowe River site at Highway 620 (17002114502) had the lowest median
concentrations at 0.009 mg/L. Total nitrate concentrations were low for all representative monitoring stations,

with no exceedances for all years on record; the statistical summary and trends for these stations are illustrated
in Tables 2.4-18, 2.4-19, 2.4-20, and 2.4-21.

Table 2.4-18: Statistical Summary of Nitrate Nitrogen Data at Selected PWQMN Stations*

Years on Descriptive Statistics (CWQG = 2.9 mg/L)
Station Name Station ID Years . . Percentiles
Record n min median max

Analysed 25th 75th
Crowe River 17002100302 07-09 07-09 9 0.005 0.011 0.021 0.010 0.011
Beaver Creek 17002109502 07-09 07-09 9 0.005 0.010 0.031 0.010 0.013
North River 17002109202 07-08 07-08 8 0.005 0.014 0.045 0.005 0.031
Crowe River 17002114602 07-08 07-08 5 0.007 0.010 0.015 0.010 0.014
Crowe River 17002114502 07-09 07-09 8 0.005 0.009 0.017 0.007 0.017
Crowe River 17002108602 09 09 1 0.027*

*Includes stations with data available for the period of 2005-2009 (statistics represent total unfiltered reactive nitrate data)
Insufficient data for statistical analysis (value is the result of one sample)

Table 2.4-19: Nitrate (Total Unfiltered Reactive) Trends and Guideline Exceedances at Selected PWQMN

Stations*
Station Name Station ID Years on Record No. Samples O g s —— Trend
on Record % # Direction p?

Paudash Lake 17002105901 None ND ND ND ND ND
Deer Creek 17002106002 None ND ND ND ND ND
Bow Lake Outlet | 17002106202 94-96 16 0 0 T 0.55
Crowe River 17002100302 95-98, 07-09 31 0 0 NS 0.03
Crowe River 17002104802 95-98 22 0 0 ™ 0.72
Bentley Creek 17002106302 94-96 17 0 0 NS 0.90
Bentley Creek 17002106402 94-96 15 0 0 ™ 0.58
Plato Creek 17002107202 95-98 22 0 0 ™ 0.83
Plato Creek 17002107802 None ND ND ND ND ND
Crowe River 17002108402 95-98 21 0 0 ™ 0.64
Crowe River 17002108602 None ND ND ND ND ND
Crowe River 17002108902 94-96 16 0 0 Ng 0.76
North River 17002109202 07-08 23 0 0 T 0.43
Beaver Creek 17002109502 95-98, 07-09 30 0 0 J 0.04
Crowe River 17002114502 07-09 8 0 0 T 0.04
Deer River 17002114602 07-08 5 0 0 NG 0.77

*Includes stations with enough data available for trend analysis through the period of 1994-2009 (trends represent total unfiltered reactive data)
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!Indicates the quantity of samples on record that exceeded the Canadian Water Quality Guidelines for the Protection of Aquatic Life (2.9mg/L)
%Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends considered significant where p<0.05)

Table 2.4-20: Nitrate (Total Filtered Reactive) Trends and Guideline Exceedances at Selected PWQMN Stations*

Station Name Station ID Years on Record No. Samples E@OlE ecedantesy - 2 Trend

on Record % # Direction p?
Paudash Lake 17002105901 81, 83-84, 87-89, 92 10 0 0 ™ 0.14
Deer Creek 17002106002 81, 83-84, 87-89, 92 10 0 0 ™ 0.06
Bow Lake Outlet | 17002106202 88-94 64 0 0 J 0.42
Crowe River 17002100302 88-94 66 0 0 N2 <0.01
Crowe River 17002104802 90-94 41 0 0 NG 0.14
Bentley Creek 17002106302 88-94 58 0 0 T 0.59
Bentley Creek 17002106402 88-89, 90-94 59 0 0 ™ 0.76
Plato Creek 17002107202 81-94 142 0 0 NS 0.97
Plato Creek 17002107802 81 6 0 0 ™ 0.83
Crowe River 17002108402 81-83,90-94 57 0 0 N 0.37
Crowe River 17002108602 None ND ND ND ND ND
Crowe River 17002108902 87-94 66 0 0 ™ 0.71
North River 17002109202 81-83 25 0 0 ™ 0.18
Beaver Creek 17002109502 88-94 60 0 0 ™ 0.15
Crowe River 17002114502 None ND ND ND ND ND
Deer River 17002114602 None ND ND ND ND ND

*Includes stations with data available for the period of 1981-1994 (trends represent total filtered reactive data)
!Indicates the quantity of samples on record that exceeded the Canadian Water Quality Guidelines for the Protection of Aquatic Life (2.9 mg/L)
2Indicates statistical significance of the proposed hypothesis that the trend is occurring as reported (trends considered significant where p<0.05)

Table 2.4-21: Nitrate (Filtered Reactive) Trends and Guideline Exceedances at Selected PWQMN Stations*

PWQO Exceedances Trend
Station Name Station ID Years on Record n (250mg/L)?
% # Direction pt
Paudash Lake 17002105901 | 68-71, 78, 80-81, 83 38 0 0 N 0.38
Deer Creek 17002106002 | 68-71, 81, 83 36 0 0 N 0.09
Bow Lake Outlet 17002106202 | 68-71, 77, 80-81 46 0 0 ™ 0.00
Crowe River 17002100302 | 65-79, 81 133 0 0 N 0.00
Crowe River 17002104802 | 71-73,76-83 65 0 0 N 0.25
Bentley Creek 17002106302 | 68-71, 77, 80-81 46 0 0 ™ 0.18
Bentley Creek 17002106402 | 68-71, 77, 80-81 37 0 0 ™ 0.00
Plato Creek 17002107202 | 72-84 122 0 0 N 0.00
Plato Creek 17002107802 | 77-81 48 0 0 ™ 0.03
Crowe River 17002108402 | 76-83 57 0 0 ™ 0.23
Crowe River 17002108602 | 76-79 22 0 0 ™ 0.48
Crowe River 17002108902 | 68-71, 76-80 56 0 0 N 0.06
North River 17002109202 | 76-83 62 0 0 ™ 0.08
Beaver Creek 17002109502 | 76-81 33 0 0 ™ 0.61
Crowe River 17002114502 | ND ND ND ND ND ND
Deer River 17002114602 | ND ND ND ND ND ND

*Includes stations with enough data available for trend analysis through the period of 1968-1983 (trends represent filtered reactive data)
! Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends considered significant where p<0.05)
%Indicates the quantity of samples on record that exceeded the Canadian Water Quality Guidelines for the Protection of Aquatic Life (2.9 mg/L)
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Total Phosphorous

Concentrations of the next two parameters, both total phosphorous and E. coli, are two parameters often

related to land uses near watercourses. The highest median concentrations of total phosphorus in the Crowe

River watershed were observed at the Deer River station, Country Road 620, Coe Hill, at 0.013 mg/L. The lowest

median concentrations are at the Crowe River site on Highway 7, Marmora, at 0.010 mg/L. There have been 349

Provincial Water Quality Objectives exceedances, which represent 20% of all samples on record across the

Crowe Valley watershed; the statistical summary and trends for these stations are illustrated in Tables 2.4-22

and 2.4-23. Please note there have not been any exceedances for the period of 2005 to 2009.

Table 2.4-22: Statistical Summary of Total Phosphorus Data at Selected PWQMN Stations*

Descriptive Statistics (PWQO = 0.03 mg/L)

Station Name Station ID Years on Record Years . . Percentiles

-~ n min median max S5 75t
Crowe River 17002100302 | 65-79, 81, 88-98, 07-09 07-09 9 0.006 0.010 0.014 0.007 0.011
Beaver Creek 17002109502 | 76-79, 88-98, 07-09 07-09 8 0.006 0.011 0.018 0.010 0.012
North River 17002109202 | 76-83, 07-09 07-09 7 0.007 0.013 0.014 0.010 0.013
Crowe River 17002114602 | 07-08 07-08 5 0.011 0.013 0.016 0.012 0.015
Crowe River 17002114502 | 07-09 07-09 7 0.008 0.011 0.021 0.011 0.015
Crowe River 17002108602 | 76-79, 09 09 1 0.012¢

*Includes stations with data available for the period of 2005-2009
HInsufficient data for statistical analysis (value is the result of one sample)

Table 2.4-23: Total Phosphorus Trends and Guideline Exceedances at Selected PWQMN Stations*

No. CWQG Trend
Station Name Station ID Years on Record Samples Exceedances!
on Record % # Direction p?
Paudash Lake 17002105901 | 66; 68-71; 78; 80-81; 83-84; 87-89; 92 47 38 18 J 0.23
Deer Creek 17002106002 | 66; 68-71; 81; 83; 84, 87-89; 92 45 40 18 N 0.01
Bow Lake Outlet | 17002106202 | 68-71; 77; 80-81; 83-96 123 13 16 NS 0.15
Crowe River 17002100302 | 65-81; 84-85; 88-98; 07-08 261 13 33 N <0.01
Crowe River 17002104802 | 71-73; 76-81; 90-98 131 5 7 N 0.15
Bentley Creek 17002106302 | 66; 68-71; 80-81; 88-96 118 19 22 N <0.01
Bentley Creek 17002106402 | 68-71; 77; 80-81; 88-96 109 15 16 N <0.01
Plato Creek 17002107202 | 72-98 250 54 134 J 0.68
Plato Creek 17002107802 | 77-90 148 38 56 T 0.40
Crowe River 17002108402 | 76-85; 90-98 130 0 0 N 0.07
Crowe River 17002108602 | 76-79; 09 26 0 0 J 1.00
Crowe River 17002108902 | 66; 68-71; 76-81; 87-96 139 12 16 N 0.21
North River 17002109202 | 76-83; 07-09 71 11 8 N 0.31
Beaver Creek 17002109502 | 76-77;78; 79; 80; 81; 84-85; 88-98; 07-09 137 4 5 ™ 0.01
Crowe River 17002114502 | 07-09 8 0 0 ™ 0.02
Deer River 17002114602 | 07-08 5 0 0 J 0.66

*Includes stations with enough data available for trend analysis through the period of 1976-2009
! Indicates the statistical significance of the proposed hypothesis that the trend is occurring as reported (trends considered significant where p<0.05)
?Indicates the quantity of samples on record that exceeded the Canadian Water Quality Guidelines for the Protection of Aquatic Life (2.9 mg/L)
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2.4.7 GROUNDWATER QUALITY

This section is a summary of the available data that is suitable for a watershed-scale analysis of groundwater
quality in the Lower Trent Source Protection Area. Groundwater quality data specific to individual drinking water
systems were analysed during the evaluation of drinking water issues (see Section 5.3). Sources of water quality
data in the watershed include the Provincial Groundwater Monitoring Network, Ministry of the Environment
and Climate Change Water Well Records Database, and various regional groundwater studies. The number of
sampling sites, parameters reported, years of record, and quality of data vary among each data source. The
following sections summarize the available groundwater quality data in the Crowe Valley Source Protection
Area.

2.4.7.1 INDICATOR PARAMETERS

There are many water quality parameters that can be used to characterize the quality of a groundwater source.
A small group of parameters is often used to provide a representative overview of water quality in an area of
interest. The data sources and groundwater quality studies identified in this characterization of groundwater
quality used indicator parameters that reflect the natural features and land uses in the watershed. Common
groundwater indicator parameters are described in Table 2.4-25.

2.4.7.2 PROVINCIAL GROUNDWATER MONITORING NETWORK

The Provincial Groundwater Monitoring Network was established to provide data to characterize groundwater
guantity and quality across the province. Nine monitoring wells were established in the Crowe Valley Source
Protection Area in 2006 as part of the overall network; these wells generally represent the regional aquifers
across the watershed. Provincial Groundwater Monitoring Network wells in the Crowe Valley Source Protection
Area are described in Table 2.4-24 and their locations are shown on Map 2-17(CV).

Provincial Groundwater Quality Monitoring Network wells in the Crowe Valley Source Protection Area
watersheds were sampled from 2003 and tested for most parameters in the Ontario Drinking Water Quality
Standards (0. Reg. 169/03). The results from this round of sampling are summarized in Table 2.4-26.

Table 2.4-24: Provincial Groundwater Quality Monitoring Network Wells in the Crowe Valley SPA

Well Identification Numbers Casing Inside Well Depth Static Water Numbe‘r of
- : Subwatershed Dy (m) Level Sampling
MECP! ID Casing ID (m) Events
2910425/2915418 | W227-1 Crowe River 6.25 >100 3.38 1
2909682/2907360 | W228-1 Crowe River 6.25 31.89 3.97 1
4513396 W317-1 Crowe River 6.25 16.52 5.53 0
5100296/5110799 | W258-1 Crowe River 6.25 61.87 8.8 1
2919840 W333-1 Beaver Creek 6.25 69.2 2.76 1
2919831 wW316-1 Crowe River 4 51.52 1.8 1
4503120 W243-1 N/A 6.25 15.61 5.29 1
NA W229-1 N/A 6.25 31.23 7.97 0
2705998/2706174 | W310-1 Crowe River 6.25 16.37 5 0

Data source: Provincial Groundwater Quality Monitoring Network; Crowe Valley Conservation Authority
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!Ministry of the Environment and Climate Change
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Table 2.4-25: Groundwater Indicator Parameters

Parameter | Source(s) Guidelines? Effects

Chloride Chloride is common in nature, generally as sodium chloride (NaCl), potassium Chloride is not usually harmful to humans. At concentrations above the

(cr) chloride (KCl), and magnesium chloride. Sources include rocks, road salting, 250 mg/L (AO) aesthetic objective of 250 mg/L, chloride and sodium chloride impart
agricultural runoff, industrial wastewater, and wastewater treatment plants. undesirable tastes to water and may cause corrosion in water
Chloride is a highly soluble and mobile ion which does not biodegrade, volatilize, distribution systems. Calcium or magnesium chlorides are not usually
easily precipitate, nor does it significantly absorb onto mineral surfaces. It travels detected by taste until levels of 1,000 mg/L are reached.
readily through soils, enters groundwater, and eventually discharges into surface
water.

Hardness Water hardness is caused by dissolved polyvalent metal ions. In fresh waters the Hard water does not have major health effects. On heating, hard water
principal hardness-causing ions are calcium and magnesium. Other ions such as 80-100 mg/L has a tendency to form scale deposits and can cause excessive scum
strontium, iron, barium, and manganese ions can also contribute groundwater (0G) with regular soaps. However, certain detergents are largely unaffected
hardness. by hardness. Conversely, soft water may result in accelerated corrosion

of water pipes. The operational guideline for hardness provides an
acceptable balance between corrosion and scaling of pipes. Water
supplies with hardness greater than 200 mg/L are considered poor but
tolerable; more than 500 mg/L is unacceptable for domestic purposes.

Sulphate Sulphates are commonly discharged into the aquatic environment in wastes from The presence of sulphate above 150 mg/L may result in a noticeable

(S04%) industries that use sulphates and sulphuric acid, such as mining and smelting 500 mg/L (AO) taste. The taste threshold concentration depends on the associated
operations, pulp and paper mills, textile mills, and tanneries. Natural sources metals present in the water. Above the aesthetic objective of 500 mg/L
include decomposing vegetation and rock or soil containing gypsum, barite, or sulphate can have a laxative effect, however, regular users adapt and
other minerals. problems are usually only experienced by new consumers. High levels

of sulphate may be associated with calcium, which is a major
component of scale in boilers and heat exchangers. In addition,
sulphate can be converted into sulphide by anaerobic bacteria creating
odour problems and potentially accelerating corrosion. Sulphates can
also form strong acids, which change the pH of water.

Iron Iron is the fourth most abundant element, by weight, in the Earth's crust. Iron in Generally, there is a minimal taste of iron in drinking water at
groundwater is normally present in the ferrous or bivalent form [Fe2*] which is 0.3 mg/L (AO) concentrations below 0.3 mg/L. At concentrations above 0.3 mg/L, iron
soluble. It is easily oxidized to ferric iron [Fe3*] or insoluble iron when exposed to can stain laundry and plumbing fixtures and produce a bitter, strong
air. Ferrous (Fe?*) and ferric (Fe3*) ions are the primary forms of concern in the taste in water and beverages. The precipitation of excessive iron
aquatic environment. Other forms may be present in either organic or inorganic imparts a reddish-brown colour to water. Iron may also promote the
wastewater. The ferrous form can persist in water void of dissolved oxygen and growth of certain microorganisms, leading to the deposition of a slimy
usually originates from groundwater or mines that are pumped or drained. coating in water distribution pipes. Iron based coagulants such as ferric

sulfate can be highly effective at removing particles from water,
leaving very little residual iron in the treated water.

Sodium Sodium is the most abundant of the alkali elements and constitutes 2.6% of the The taste of drinking water is generally considered offensive at sodium

Earth’s crust. Compounds of sodium are widely distributed in nature. Weathering
of salt deposits and contact of water with igneous rock provide natural sources of
sodium in groundwater regimes.

200 mg/L (AO)

20 mg/L @ (MAC)

concentrations above the aesthetic objective of 200 mg/L. To maintain
a total daily sodium intake of 500 mg, as is widely prescribed for
persons on a sodium restricted diet, a sodium concentration in
drinking water no higher than 20 mg/L is required. Reduction of
sodium content with current technologies to this level would be
expensive. It is therefore recommended that sodium be included in
routine monitoring programs, because levels may be of interest to
those on a sodium reduced diet 2.
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Parameter | Source(s) Guidelines? Effects
Nitrate and The most common contaminant identified in groundwater is dissolved nitrogen in Dissolved nitrogen in the form of nitrate is becoming increasingly
Nitrite the form of nitrate (NOs’). Although nitrate is the main form in which nitrogen NO, =1 mg/L widespread because of agricultural activities and disposable of sewage
occurs in groundwater, dissolved nitrogen also occurs in the form of ammonium (as nitrogen) on or beneath the land surface. Its presence in undesirable
(NH4*), ammonia (NHs), nitrite (NOy), nitrogen (N,), nitrous oxide (N,0), and (MAC) concentrations is threatening large numbers of aquifers. Nitrites can
organic nitrogen. Nitrate (NOs’) and nitrite (NO;’) are naturally occurring ions that react with hemoglobin in the blood of warm-blooded animals to
are ubiquitous in the environment. Both are products of the oxidation of nitrogen NOs = 10 mg/L produce methemoglobin; this destroys the ability of red blood cells to
(which comprises roughly 78% of the atmosphere) by microorganisms in plants, (as nitrogen) transport oxygen. This condition is serious in babies under three
soil, or water and, to a lesser extent, by electrical discharges such as lightning. (MAC) months, causing methemoglobinemia or "blue baby" syndrome.
Nitrite is fairly rapidly oxidized to nitrate and is therefore seldom present in water Nitrates can also cause digestive problems. High concentrations of
in significant concentrations. Nitrite may occur in groundwater, however if NO,+NO3 =10 nitrate can be toxic to fish and other organisms.
chlorination is practised, the nitrite will usually be oxidized to nitrate. In mg/L (as
groundwater that is strongly oxidizing, nitrate is always the most stable form of nitrogen)
dissolved nitrogen. Nitrogen can enter groundwater through municipal and (MAC)
industrial wastewater effluent, septic leachate, animal waste, and runoff from
fertilized agricultural fields and lawns. Elevated concentrations of nitrate,
particularly those greater than 3 mg/L, are usually the result of human activity.
Organic Organic nitrogen is the nitrogen that is incorporated in organic substances. Organic nitrogen compounds frequently contain amine groups which
Nitrogen Organic nitrogen is calculated by the difference between the total Kjeldahl 0.15 mg/L (OG) can react with chlorine and severely reduce its disinfectant power.
nitrogen and ammonia nitrogen. A high level of organic nitrogen in groundwater Certain chlorinated organic nitrogen compounds may be responsible
indicates that contamination may be caused by septic tank leakage, septic failure, for taste problems that are associated with chlorophenol. Taste and
or sewage effluent contamination. This form of contamination in drinking water is odour problems are common with organic nitrogen levels greater than
often associated with some types of chlorine-worsened taste problems. 0.15 mg/L.
Dissolved Dissolved organic carbon (DOC) is present in all ecosystems. It occurs in forms that In water systems, a high concentration of dissolved organic carbon
Organic range in size from simple amino acids to complex high-molecular-weight DOC. 5 mg/L (AO) (DOC) is an indicator of possible water quality deterioration during
Carbon Dissolved organic matter, frequently measured as DOC, is an important storage and/or distribution due to the carbon being a growth nutrient
(DOC) component of the organic energy budget of temperate ecosystems. Storms are a for biofilm dwelling bacteria. In addition, high DOC concentration in
primary mechanism of DOC above ground mobility and intrusion into groundwater water supply and distribution systems would be considered as an
because they produce increases in both DOC concentration and discharge. Nitrate indicator of potential chlorination by-product problems. Coagulant
concentrations in groundwater can decrease due to reduction if that groundwater treatment or high pressure membrane treatment can be used to
contains a high concentration of dissolved organic carbon. reduce DOC in drinking water systems.
Total Total Dissolved Solids (TDS) are the total amount of mobile charged ions, including The presence of dissolved solids in water may affect its taste. The
Dissolved inorganic substances such as minerals, salts, or metals dissolved in a given sample 500 mg/L (AO) effects of TDS on drinking water quality depend on the levels of the
Solids (TDS) of water. The principal constituents of TDS are usually the cations calcium, individual components. Excessive hardness, taste, mineral deposition,

magnesium, sodium, and potassium and the anions carbonate, bicarbonate,
chloride, and sulphate.

or corrosion are common properties of highly mineralized water. TDS
above 500 mg/L can result in excessive scaling in water pipes, water
heaters, boilers, and household appliances such as tea kettles and
steam irons. Drinking water supplies with TDS levels greater than
1,200 mg/L are unpalatable. The palatability of drinking water with a
TDS level less than 500 mg/L is generally considered to be good.
Drinking water with extremely low concentrations may also be
unacceptable because of its flat, dull taste.

Data Sources: Ministry of the Environment and Climate Change (2003b)
(1) Maximum Acceptable Concentration (MAC) and Aesthetic Objective (AO) / Operational Guideline (OG) values as per Ontario Regulation 169/03 made under Safe Drinking Water Act (amended to O. Reg. 327/08).
(2) The aesthetic objective for sodium in drinking water is 200 mg/L. As per the Ontario Drinking Water Standards, Objectives and Guidelines (June 2006), the local Medical Officer of Health should be notified when the
sodium concentration exceeds 20 mg/L so that this information may be communicated to local physicians for their use with patients on sodium restricted diets.
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Table 2.4-26: Provincial Groundwater Quality Monitoring Network data in the Crowe Valley Source Protection Area

Range of Water Quality Sampling Results
Well ID Ysars on No. Hardness Sodium Sulphate Chloride . Nitroggn_ Qrganic DOC! TDS?
ecord Samples (mg/L) (ma/L) Iron (pg/L) (mg/L) (mg/L) [Nitrate+Nitrite] | Nitrogen (me/L) (mg/L)
(mg/L) (mg/L)
W0000227-1 2003 1 113 6.0 350 (+/- 58) 15.1 11.6 0.05 0.07 0.6 172
2003, 232 (+/- 39) - 600 0.12 -
W0000316-1 2009 2 159 - 169 2.5-3.0 (+/- 110) 14.9 - 16.7 0.7-1.2 *0.05 0.31 3.6-4.3 209 - 215
W0000333-1 2003 1 327 10.8 5 (+/- 6) 60.0 18.1 2.41 0.23 3.6 431
W0000228-1 2003 1 208 1.0 37 (+/-8) 11.7 0.9 0.05 0.10 2.4 270
W0000258-1 2003 1 3140 2200.0 1430 (+/- 230) 2730.0 4030.0 0.05 3.37 4.6 11300
W0000243-1 2003 1 264 1.6 12 (+/- 6) 12.7 1.0 0.05 0.05 1.4 254

1 Carbon; dissolved organic

2Total dissolved solids

* Samples from 2003 and 2009 returned a Nitrogen [Nitrate + Nitrite] concentration of 0.05 mg/L at Well W0000316-1
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2.4.7.3 MINISTRY OF THE ENVIRONMENT AND CLIMATE CHANGE WATER WELL
RECORDS DATABASE

Qualitative information about groundwater quality is available from the Ministry of the Environment and
Climate Change Water Well Records Database. The database contains well records provided by well drillers that
include subjective comments about water quality encountered at wells such as “fresh”, “salty”, or “sulphurous.”
The subjective nature of the observations decreases the usefulness of the Water Well Records Database for
determining the suitability of groundwater as a drinking water source.

2.4.7.4 MUNICIPAL GROUNDWATER STUDY (MORRISON ENVIRONMENTAL LTD., 2004)

In May 1999, the Ministry of the Environment and Climate Change initiated a series of studies designed to map
the groundwater resources and delineate wellhead protection areas in municipalities across the province. The
Trent Conservation Coalition Municipal Groundwater Study was completed by Morrison Environmental Ltd.
(2004). The Aquifer Characterization component of the study (Volume 1) uses the Water Well Records Database
(discussed above) to evaluate groundwater quality in bedrock and overburden wells across most of the Trent
Conservation Coalition Source Protection Region (with the exception of Durham Region).

The study observed that the vast majority of wells yielded fresh water. Specifically, wells screened in bedrock
produced fresh water and wells screened in overburden occasionally had poor groundwater quality. The study
concluded that groundwater in the Trent Conservation Coalition Source Protection Region is naturally low in
chloride, nitrate, and most metals, and occasionally exceeds Ontario Drinking Water Standards for iron and
manganese. (The occurrence of these metals is usually natural but can occasionally result from human activity
and contamination.)
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2.5 LOWER TRENT SOURCE PROTECTION AREA

A watershed is the area of land that drains to a particular body of water. A watershed characterization is a
documentation of various aspects of a watershed for the purpose of obtaining a general understanding of its
features and functions. This is a watershed characterization of the Lower Trent Source Protection Area prepared
in accordance with the Clean Water Act, 2006, O. Reg. 287/07, and Part Il of the Technical Rules. This watershed
characterization draws from an earlier document prepared before the publication of the Technical Rules and has
expanded on it where required to satisfy the legislation. The report was prepared in 2008 by Lower Trent
Conservation and is entitled: Watershed Characterization Report: Lower Trent Source Protection Area.

2.5.1 OVERVIEW OF SOURCE PROTECTION AREA

The Lower Trent Source Protection Area includes the area under the jurisdiction of the Lower Trent Region
Conservation Authority (2,121 km?) and the area outside of Conservation Authority jurisdiction between the
Lower Trent, Otonabee, and Crowe Valley watersheds (45 km?). The Lower Trent Source Protection Area is
bordered on the south by Lake Ontario and the Bay of Quinte. Rice Lake forms the northwestern boundary of
the region. Several tributary streams including Cold, Rawdon, Salt, Squires (Hoards), Percy, Burnley (Mill), Trout,
and Mayhew Creeks empty into the Trent River. Shelter Valley, Barnum House, Lakeport/Colborne and Butler
Creeks empty into Lake Ontario while DND and Meyers Creeks empty into the Bay of Quinte. The Lower Trent
Source Protection Area boundary and its subwatersheds are shown on Maps 2-1(LT) and 2-2(LT), respectively.

The predominant physical features of the Lower Trent Source Protection Area are the Oak Ridges Moraine,
Peterborough Drumlin Field, and the Iroquois Plain. The Trent-Severn Waterway attracts many recreational
boaters and is an important tourist draw, and the Bay of Quinte is a popular sport fishing destination.

The landscape of the watershed is a mosaic of agricultural land use, forest, wetlands, and transitional areas,
separated by river systems or transportation and utility corridors. A large proportion of the population lives in
rural areas. Urban areas are mostly confined to the shore of Lake Ontario and the Bay of Quinte with the
exception of historic settlement areas that exist along main historic rail or road corridors and the Trent-Severn
Waterway. Trenton is the largest urban centre with a population of 17,000.

Ten municipal drinking water systems serve approximately half of the watershed population, and the remaining
population relies on private groundwater or surface water supplies.

2.5.2 GEOGRAPHY AND LAND USE

2.5.2.1 PHYSICAL GEOGRAPHY

The physiographic features in the Lower Trent Source Protection Area are the Oak Ridges and Dummer
Moraines, Peterborough Drumlin Field, South Slope, and Iroquois Lake Plain. Physiographic regions in the
watershed are shown on Map 2-3(LT) and the percent coverage of each physiographic feature is identified in
Table 2.5-1. Physical characteristics of subwatersheds are summarized in Table 2.5-2.

The Oak Ridges Moraine occupies the west central portion of the watershed and is characterized by high relief,
hummocky terrain, beds of stratified fine sands and clays, and a virtual absence of streams. The Dummer
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Moraine lies along the watershed’s northeastern boundary and is characterized by angular fragments and blocks
of limestone, a variety of Precambrian rocks, and an extremely rough, stony surface.

The Peterborough Drumlin Field occupies the northwest corner of the watershed and an area south of the
Dummer Moraine. It is the largest physiographic feature in the watershed and covers nearly half of its surface.
There are thousands of drumlins in the watershed associated with the Peterborough Drumlin Field; these
typically occur at a density of 2 to 3 per km?.

The South Slope is a steep, heavily drumlinized till plain that occupies the area between the Iroquois Plain and
the Oak Ridges Moraine. Rapid streamflow arising from the steepness of the plain has cut sharp valleys in the till
and intermittent drainage and erosion have formed numerous gullies. Bare, eroding slopes are also common in
the South Slope.

The Iroquois Plain occupies the central portion of the watershed and the area along the Lake Ontario shoreline.
Most of the plain is gently rolling to flat and contains deposits of sand, fine sand, and silt. The plain has cliffs that
extend an average of eight kilometres inland from the Lake Ontario shoreline; these are most prominent
between Brighton and Colborne where they reach heights of up to twenty metres.

Table 2.5-1: Physiographic Regions in the Lower Trent Source Protection Area

Physiographic Region Area (km?) Land Coverage (%)
Oak Ridges Moraine 87 4.2
Dummer Moraine 236 11.3
Peterborough Drumlin Field 412 19.7
South Slope 208 10.0
Iroquois Plain 1056 50.6
Napanee Plain 79 3.8
Prince Edward Peninsula 9 0.4

Data Source: Calculated using data supplied under license by members of the Ontario Geospatial Data Exchange

2.5.3 HUMAN GEOGRAPHY: POPULATION AND LAND USE

2.5.3.1 AREAS OF SETTLEMENT

The Places to Grow Act, 2005 provides a legislative framework for the development of growth plans in
designated growth areas. The Places to Grow Act provides the following definition for areas of settlement:
“area(s] of land designated in an official plan for urban uses, including urban areas, urban policy areas, towns,
villages, hamlets, rural clusters, rural settlement areas, urban systems, rural service centres or future urban use
areas, or as otherwise prescribed.” Within the Lower Trent Source Protection Area, the Places to Grow Act
applies only to Northumberland County, however this definition has been used to define areas of settlement
throughout the entire watershed. Areas of settlement in the watershed are generally found along the shore of
Lake Ontario and the Bay of Quinte with the exception of historic settlement areas that exist along historic rail
or road corridors and the Trent-Severn Waterway. A large proportion of residents live in rural areas, small
towns, and hamlets. Areas of settlement in the Lower Trent Source Protection Area are shown on Map 2-4(LT).
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Table 2.5-2: Physical Characteristics of Lower Trent Source Protection Area Subwatersheds

. Ch |
Drainage Channel Total AvZ?anee Percent Land Cover
Subwatershed Name Area Length Fall : Physiographic Region
km?2 K Slope Wetlands | Lakes | Woodlands
(md) | m) | )| 7o
Squires Creek 183 26.401 101.138 585 3.43 N/A 34 Eltgmmer Moraine, Peterborough Drumlin Field, Iroquois
Rawdon Creek 199 35 261 119.62 242 57 N/A 47 E;tiirborough Drumlin Field, Dummer Moraine, Iroquois
Trout Creek 45 12.102 122.664 5.9 3.5 N/A 21 Peterborough Drumlin Field
Trent River Tributaries* 457 N/A N/A N/A 9.9 N/A 25 Peterborough Drumlin Field
Rice Lake Tributaries* 83 N/A N/A N/A 4.9 43 33 Oak Ridges Moraine, Peterborough Drumlin Field
Pet hD lin Fiel k Rid M i | i
Percy/Burnley Creek 241 41149 | 236137 | 3.4 4.9 N/A 38 Pziirboroug rumlin Field, Oak Ridges Moraine, Iroguois
Salt Creek 91 26.315 195.29 56 6.2 N/A 37 South'SIope, Pete.rborough Drumlin Field, Iroquois Plain,
Oak Ridges Moraine
Cold Creek 261 48.033 215.509 31 43 N/A 36 South'SIope, Petgrborough Drumlin Field, Iroquois Plain,
Oak Ridges Moraine
Barnum House/Shelter . . . .
119 15.85 234.902 12.8 2.3 N/A 36 South Slope, Oak Ridges Moraine, Iroquois Plain
Valley Creek
Mayhew Creek 40 10.081 182.209 7.7 0 N/A 42
Lake Iroquois Plain . .
Tributaries* 243 N/A N/A N/A 5.3 N/A 31 Iroquois Plain, South Slope
Colborne/Lakeport Creek 44 10.018 156.08 8.8 3.3 N/A 44
Proctor(Butler) Creek 29 15.017 175.533 9.8 1.3 N/A 57
Bay of Quinte Tributaries* 71 N/A N/A N/A 2.8 N/A 24 Iroquois Plain, Peterborough Drumlin Field
DND Creek 6.5 4921 44.083 5.7 0 N/A 16
Meyers Creek 27 27 79.225 4.4 3.8 N/A 40

*These subwatersheds include a large number of very small watercourses

Data Source: Calculated using data supplied under license by members of the Ontario Geospatial Data Exchange
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Most of the major industrial facilities in the source protection area are located in Trenton and include paper
packaging production and food processing operations. Smaller industrial facilities are located in urban areas
such as Brighton, Colborne, Campbellford, Hastings, and Warkworth.

2.5.3.2 MUNICIPALITIES

There are nine municipalities located within or partially within the Lower Trent Source Protection Area. The total
population of these municipalities is 109,972 (Statistics Canada, 2006) and about 78,457 of them are located
within the source protection area boundary. Population density is typically low: about 90% of the watershed by
area has less than 50 people/km? and about 25% has less than 10 people/km?. Population density is highest in
the City of Quinte West where two parts of Trenton Ward exceed 4,000 people/km?. There is a seasonal increase
of population in some parts of the source protection area during the summer months. Municipal boundaries,
populations, and population densities in the source protection area are shown on Maps 2-5(LT), 2-6(LT), and 2-
7(LT), respectively. Municipalities located in the source protection area, their total population and area, and the
portion of their population and area located in the source protection area are listed in Table 2.5-3.

Table 2.5-3: Municipal Populations in the Lower Trent Source Protection Area

L Portion within SPA Entire Municipality
Municipality - -
Area (km?) Population Area (km?) Population

Municipality of Trent Hills 506 11,392 538 12,247
City of Quinte West 394 38,882 506 42,697
Township of Alnwick/Haldimand 393 5721 436 6435
Township of Stirling-Rawdon 234 4513 285 4906
Municipality of Brighton 226 10,253 226 10,253
Township of Cramahe 203 5950 203 5950
Township of Centre Hastings 115 1406 233 4386
Township of Havelock-Belmont-Methuen 29 620 594 4637
Township of Hamilton* 1 6 294 10,972

*Located only marginally within the Source Protection Area
Data Source: Calculated from Statistics Canada, GeoSuite, 92-150-XCB, 2006 Census

2.5.3.3 FIRST NATIONS

The Alderville First Nation, located south of Rice Lake, is the only First Nation in the Lower Trent Source
Protection Area. The reserve has a population of approximately 575 and a population density of 50 people/km?.
The Alderville First Nation is shown on Map 2-8(LT).

2.5.3.4 INTERACTIONS BETWEEN HUMAN AND PHYSICAL GEOGRAPHY

The Iroquois Plain, located along Lake Ontario, is the most densely populated portion of the Lower Trent Source
Protection Area and is where the largest urban centres and the most productive farmlands are found. The Trent
River provides a natural geographic focus attracting visitors, cottagers, and permanent residents to the area.

The utilization of intensely drumlinized areas in the Peterborough Drumlin Field is affected by stoniness, steep
slopes, and wet, swampy hollows. The original township surveys had a profound impact on land use patterns
throughout most of the area. In common with the rest of Ontario, the land was surveyed into townships,
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concessions, and lots with baselines parallel to the shores of the Great Lakes. This means that in the
Peterborough Drumlin Field the roads and farm lines make angles of about 45° with the general trend of the
drumlin axes. Consequently, there are a great number of triangular and diamond-shaped fields and many lots
too small or awkward to be useful for agriculture.

The Dummer Moraine is an area of rough, stony land bordering the Canadian Shield that is best suited to forest
cover. About half the land was ploughed, about a quarter left as woodland, and the rest was used as rough
pasture. Over time, a large area of the cropped land was allowed to revert to permanent grass.

The Oak Ridges Moraine provides important groundwater recharge functions and is a source of water for human
use. With the arrival of European settlers much of the forest cover on the Oak Ridges Moraine was cleared first
for pine masts for the British navy and later for farmland. By the late 19%" century, farmers on the Oak Ridges
Moraine were faced with serious soil erosion and fertility problems. In the early 20" century, the
Northumberland County Forest was created by large scale reforestation brought about by an agreement
between the United Counties of Northumberland and Durham and the provincial government.

The South Slope is a heavily drumlinized till plain lying between the Oak Ridges Moraine and the Iroquois Plain.
The South Slope contains some soils which have proved to be excellent through more than a century of
agricultural use. The eastern end of the South Slope has retained much of its rural character.

2.5.3.5 FEDERAL LANDS

Lands in the Lower Trent Source Protection Area that are under the jurisdiction of the Government of Canada
include Canadian Forces Base Trenton and lands along the Trent-Severn Waterway (including lands located at
the bottom of lakes on the waterway) that are managed by Parks Canada. Federal lands in the watershed are
shown on Map 2-9(LT).
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2.5.4 OVERVIEW OF DRINKING WATER SYSTEMS

Drinking water systems in the Lower Trent Source Protection Area include municipal and non-municipal systems
of various sizes that draw raw water from both groundwater and surface water sources. Drinking water systems
are divided into eight classifications by the Drinking-Water Systems Regulation (O. Reg. 170/03) under the Safe
Drinking Water Act, 2002 based on ownership, number of users, flow rate, annual operating period, and type of
facility served. Source protection planning under the Clean Water

Act is focused on municipal residential drinking water systems, Municipal Residential

which include the “large municipal residential” and “small Drinking Water Systems

Municipal residential drinking water
systems are drinking water systems that
serve major residential developments.
water systems. Over half of the population of the source Small municipal residential systems serve
protection area relies on private wells and lake sources, which are fewer than 101 private residences, and
large municipal residential systems serve
more than 100 private residences.

I”

municipal residential” classifications. The remaining six

classifications include non-municipal and non-residential drinking

not regulated under the Safe Drinking Water Act. There are also
five public drinking water systems operated by the Alderville First
Nation in the source protection area.

2.5.4.1 MUNICIPAL RESIDENTIAL DRINKING WATER SYSTEMS

About 47% of the source protection area population (37,072 people) in the Lower Trent Source Protection Area
obtains their drinking water from 10 municipal residential drinking water systems. These systems are discussed
in more detail below, and their locations and approximate service areas are shown on Map 2-10(LT).

2.5.4.1.1 Surface Water Systems

There are six existing municipal residential surface water supply systems in the source protection area that serve
about 27,500 people. Under the Drinking-Water Systems Regulation (O. Reg. 170/03), these systems are all
classified as large municipal residential systems. These systems are discussed in detail in Chapter 4.

2.5.4.1.2 Groundwater Systems

GUDI Wells
There are four existing municipal residential groundwater supply The Drinking-Water Systems
systems in the source protection area that obtain their water from Regulation (0. Reg. 170/03) under

the Safe Drinking Water Act defines

groundwater sources. These systems serve about 9,600 people. Under Ny i
specific circumstances under which

the Drinking-Water Systems Regulation (O. Reg. 170/03), half of these a groundwater supply is considered
systems are classified as large municipal residential systems and the to be groundwater under the direct
other half are classified as small municipal residential systems. These influence (GUDI) of surface water.

These wells are more susceptible to

contamination than non-GUDI wells

The Stirling residential drinking water system draws water from a total b;lecause they can be alffe“ec’ by
short-term water quality issues

of five wells. A 2010 study by Earthfx determined that of the four ; e
associated with surface water

production wells (wells 1, 3, 4, 5) in the earlier DWS, only two of the SOUICeS.

wells (well 4 & 5) are considered to be groundwater under the direct

systems are discussed in detail in Chapter 5.

influence (GUDI) of surface water. A well (well 6) has been added to the earlier four production wells at this
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drinking water system. According to a 2019 study by BluMetric, the new well (well 6), installed in the same
aquifer and at a similar depth and distance from Rawdon Creek as existing wells (4 & 5), can reasonably assumed
to be GUDI. A 2002 study by Middle Earth Hydrogeology determined that the municipal wells appear to be
under the influence of surface water from Rawdon Creek and the water table around the pumped wells. This
conclusion was based on the following observations:

e Analysis of the flow system during pumping of Well 4, with best estimates for the hydraulic parameters
of the aquifer and the overlying aquitard, indicates that the flow to Well 4 from Rawdon Creek would
take about 54 days. These results are considered to be similar for Well 3.

e  Within a 50-metre radius around Well 4, the estimated groundwater discharge through the aquitard is
about 4 to 8 cubic metres per hour (m3/h) under typical pumping conditions, which represents 7 to 14%
of the total pumping rate from Well 4 (58 m3/h).

e There have been sporadic occurrences of coliforms in the raw water from the municipal wells since
monitoring was begun in 1995.

The Colborne residential drinking water system consists of wells 1 and 2. Well 2 is the duty well and well 1 is the
backup well — used only when demand exceeds the capacity of well 2. Well 1 has experienced sanding problems
and is replaced by well 1A, installed in 2016.

The average combined flow rate of the system was 926.7 m3/d during 2014-18. The maximum permitted
capacity is 3283.2 m3/d for each well and up to 6566.4 m3/d with two wells operating.

Recent installation and testing of the new municipal well 1A has required updated groundwater modelling to
determine time-of-travel based capture zones or wellhead protection areas (WHPAs), when the wells are
pumping at their maximum permitted rates.

2.5.4.2 OTHER DRINKING WATER SYSTEMS

There are about 67 drinking water systems in the Lower Trent Source Protection Area that are classified as non-
municipal or non-residential systems under the Drinking-Water Systems Regulation (O. Reg. 170/03) (e.g., trailer
parks, campgrounds, subdivisions, community centres, schools, and public buildings). Estimates of the number
of systems of each non-municipal and non-residential classification are given in Table 2.5-4. Details for many of
these systems are given in Appendix C, and their locations are shown on Map 2-11(LT). (Note that these systems
were identified from the Drinking Water Information System database, which only provides a partial listing of
these systems; it is expected that the total number of non-municipal and non-residential systems is significantly
greater.)

Table 2.5-4: Other Drinking Water Systems in the Lower Trent Source Protection Area

o L Estimated No.
Safe Drinking Water Act Classification
Systems
Large municipal non-residential 0
Small municipal non-residential 10
Non-municipal year-round residential 1
Non-municipal seasonal residential 19
Large non-municipal non-residential 0
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| Small non-municipal non-residential | 37

Data Sources: Ministry of the Environment and Climate Change Drinking Water Information System (March 19,
2009)

2.5.4.3 FIRST NATIONS SYSTEMS

Most residents of Alderville First Nation are served by private wells. Systems that are owned and operated by
the First Nation are listed in Table 2.5-5. These systems are not classified under the Drinking-Water Systems
Regulation (O. Reg. 170/03).
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Table 2.5-5: First Nations Drinking Water Systems in the Lower Trent Source Protection Area

Drinking Water System Users Served (Approx.)
Alderville Church/Administration Building/Learning 150
Centre/Community Centre/Day Care Well System
Alderville Health Services Well System 40
Alderville Community Owned Apartment Building Well System 15
Alderville Student Services 40
Alderville Women's Shelter 20

Data Source: Alderville First Nation

2.5.5 TERRESTRIAL AND AQUATIC CHARACTERISTICS

2.5.5.1 NATURAL VEGETATIVE COVER

Natural vegetative cover in the Lower Trent Source Protection Area includes wetlands, woodlands, and
vegetated riparian areas. Natural vegetative cover plays a critical role in protecting drinking water sources by
trapping sediments and soils, and altering or reducing contaminants, nutrients, and some pathogens before they
reach water sources. Healthy watersheds include diverse vegetation that is well distributed across the
landscape. Naturally vegetated watersheds are better able to keep soil, nutrients, pathogens, and contaminants
on the landscape and out of drinking water sources. Natural vegetative cover in the source protection area is
summarized in Table 2.5-6.

Table 2.5-6: Natural Vegetative Cover in the Lower Trent Source Protection Area

Natural Vegetative Cover Type Area (km?) Land Coverage (%)
Wetlands Provincially Significant 102 5
Other Wetlands 12 0.5
Woodlands 715 33
Vegetated Riparian Areas? 625 29

!Vegetated riparian areas include vegetated lands located within 120 m of lakes, wetlands, and watercourses
Data Source: Ministry of Natural Resources and Forestry

Wetlands

Wetlands found in the Lower Trent Source Protection Area include swamps and marshes. Fens and bogs are very
uncommon. Wetlands perform a significant role in improving water quality by contributing to groundwater
recharge and discharge, augmenting low flows, and attenuating floods. Wetland vegetation traps and removes
nutrients and pollutants from the water that flows through them. Wetlands also provide important habitat for
many fish and wildlife species. Wetlands cover about 10% of the source protection area (217 km?), which
includes 48 Provincially Significant Wetlands that cover 102 km?2. Wetlands in the watershed are shown on Map
2-12(LT).

Woodlands

Woodland cover in the Lower Trent Source Protection Area includes successional and climax forests, hedgerows,
and plantations. Woodland vegetation prevents erosion by stabilizing soils and acting as a natural shelterbelt.
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This protects water quality by preventing sedimentation of watercourses. Woodland cover in the watershed is
shown on Map 2-12(LT).

Riparian Areas

Riparian areas are the transitional zones between aquatic and terrestrial habitats that are found along
watercourses and waterbodies. Healthy riparian areas are vegetated and provide bank stability, reduce erosion,
provide the shade necessary to moderate water temperature, and improve water quality by filtering out
contaminants from runoff. Riparian areas also provide important habitat for many species of fish, mammals,
birds, reptiles, amphibians, and insects, particularly during the early stages of their lifecycles. Vegetated riparian
areas in the watershed were delineated as vegetated lands located within 120 m of lakes, wetlands, and
watercourses. Vegetated riparian areas in the Lower Trent Source Protection Area are shown on Map 2-13(LT).

2.5.5.2 AQUATIC HABITATS

Aquatic habitats are the areas inhabited by aquatic species. The health and composition of aquatic communities
depend on the availability of adequate food, shelter, water, and space to provide their required habitats.
Aquatic species, including fish and macroinvertebrates, are often used as indicators of water quality because
they have specific requirements and tolerances to various elements known to exist in water.

This section identifies the location and types of aquatic habitats in the Lower Trent Source Protection Area,
including fisheries and aquatic macroinvertebrates, and discusses the impacts of development on these aquatic
communities. There are insufficient data to compare aquatic communities in the watershed to unimpacted
reference sites.

2.5.5.2.1 Fisheries
Location and Types of Habitats

The Lower Trent Source Protection Area includes many rivers and streams that provide habitat for a variety of
cold, cool, and warm water fish species. Most watercourses originating in the Oak Ridges Moraine provide cold
water habitat, at least in their headwaters. Watercourses originating east of the Trent River generally provide
warm water habitat. The Trent River is an important warm water fishery.

There are no data available that indicate the confirmed location of aquatic habitats in the watershed, however
stream temperature can be used as an indicator to identify the potential locations of aquatic habitats. Water
temperature is a key factor contributing to the health of fish populations, as every fish species has a specific
range of tolerance beyond which its health and survivability are threatened. As a result of this dependence on
water temperature, thermal classifications of watercourses or waterbodies are often indicative of the types of
species likely to inhabit a given aquatic habitat. Based on these thermal classifications, individual fish species
may be categorized as cold water (<19°C), cool water (19°C to 25°C), or warm water (> 25°C) (Department of
Fisheries and Oceans, 2009). Stream temperatures in the Lower Trent Source Protection Area are shown on Map
2-14(LT).
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Impacts of Development

Impacts of development on fish habitats in the Lower Trent Source Protection Area include a reduction in the
number of cold water streams and a loss of riparian vegetation. Stormwater outfalls also have a significant
impact on water quality in the urban areas. Intensive development along lake shorelines, particularly for
seasonal use, has resulted in the loss of wetlands associated with lakes and the Trent River, important spawning
areas, and riparian habitat. Increased boat traffic and fluctuating water levels and flows also have a negative
impact on aquatic habitat.

2.5.5.2.2 Aquatic Macroinvertebrates

Location and Types of Habitats

Aguatic macroinvertebrates, commonly referred to as benthic macroinvertebrates, are the organisms that live in
the bottom of watercourses. They serve many functions in the aquatic ecosystem including acting as both
decomposers and as food for larger macroinvertebrates, birds, and fish. They are excellent indicators of aquatic
health and can be used to assess long-term water quality. The Hilsenhoff Water Quality Index provides an
indication of water quality and the likelihood of organic pollution based on the presence or absence of benthic
macroinvertebrate species with specific pollution tolerances. The location of benthic macroinvertebrate
sampling sites and the Hilsenhoff Index value for each location are shown on Map 2-15(LT). The Simpson’s
Diversity Index indicates the diversity of the benthic macroinvertebrate community. The location of benthic
macroinvertebrate sampling sites and the Simpson’s Diversity Index value at each site are shown on Map 2-
16(LT).

Impacts of Development

Analysis of benthic macroinvertebrate communities across the Lower Trent Source Protection Area indicated a
range of water quality conditions and species diversity. Most sites demonstrate good water quality and are
dominated by pollution-intolerant species of the taxa Ephemeroptera, Trichoptera, and Plecoptera, and
demonstrate species diversity and abundance. Sites with moderate water quality are dominated by the presence
of pollution-tolerant benthic macroinvertebrates. A few sites in the source protection area exhibit moderate
water quality particularly in urbanized and agricultural areas. Sites with poor water quality are dominated by
pollution-tolerant species of the taxa Chironomidae, Simuliidae, and Isopoda, and show limited diversity and
abundance. There are no poor or very poor sites in the watershed.

2.5.6 SURFACE WATER QUALITY

This section is a summary of the available data that are suitable for a watershed-scale analysis of surface water
quality in the Lower Trent Source Protection Area. Surface water quality data specific to individual drinking
water systems were analysed during the evaluation of drinking water issues (see Section 4.3). Surface water
quality data for the watershed are available from the Provincial Water Quality Monitoring Network.
Microbiological data are available from water treatment plants and from sampling at beaches. Surface water
quality monitoring stations are shown on Map 2-17(LT).
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2.5.6.1 INDICATOR PARAMETERS

There are many water quality parameters that can be used to characterize the quality of a water source. A small

group of parameters is often used to provide a representative overview of water quality in an area of interest.

Seven indicator parameters have been selected to represent the water quality conditions that reflect the natural

features and land uses in the watershed. Indicator parameters and their associated standards or guidelines are

identified in Table 2.5-8.

2.5.6.2 SUMMARY OF PROVINCIAL WATER QUALITY MONITORING NETWORK DATA

The following subsections summarize the surface water quality data available from the Provincial Water Quality

Monitoring Network stations in the Lower Trent Source Protection Area. Each subsection includes a brief

discussion of the sampling results for the indicator parameters identified above. Two tables are provided for

each parameter: one summarizes the historical exceedances and trends for all data on record, and the second is

a statistical summary (including minimum, median, maximum, and percentiles) of the data available at each
station for the period of 2004 to 2008, where available.

Lower Trent currently maintains nine stations in the network. Water quality information has been collected from

four of these locations for over twenty years whereas the other five locations were newly introduced in 2002.

There are fourteen additional sites that have been discontinued. All of the newly established stations are used in

this evaluation as well as four long-term stations that have been discontinued. Provincial Water Quality

Monitoring Network monitoring stations in the watershed are described in Table 2.5-7.

Table 2.5-7: Provincial Water Quality Monitoring Network Stations and Available Data

Subwatershed Station Name Station ID Data Record
Barnum House/Shelter Valley Grafton Creek 06014100102 1964-1971
Barnum House/Shelter Valley Shelter Valley (N.of 401) 06014200102 1971-1998
Barnum House/Shelter Valley Shelter Valley (Orchard Grove Rd.) 06014200202 1975-1977
Lake Iroquois Plain Tributaries Colborne Creek 06014600102 1964-1998
Lake Iroquois Plain Tributaries Salem Creek 06014800102 1964-1983
Lake Iroquois Plain Tributaries Proctor Creek 06015100102 1964-1998
Lake Iroquois Plain Tributaries Smithfield Creek 06015200102 1964-1990
Cold Creek Cold Creek (Frankford) 17002104602 1971-present
Rawdon Creek Rawdon Creek (Cnty. Rd. 33) 17002104702 1971-1998
Trent River Tributaries Healey Falls dam 17002105702 1971-present
Salt Creek Salt Creek 17002107102 1972-1998
Trent River Tributaries Glen Ross 17002111802 1971-present
Rawdon Creek Rosebush Rd., River Valley 17002112702 1988-1998
Burnley/Mill Creek Cnty. Rd 29, downstream Warkworth 17002113102 2002-present
Burnley/Mill Creek Banta Rd. 17002113202 2002-present
Cold Creek Orland 17002113302 2002-present
Trent River Tributaries Trent River Dundas St., Trenton 17002100102 1964-1992
Trent River Tributaries Trent River Hwy. 401@ Cnty. Rd. 33 17002104502 1971-1998
Trent River Tributaries Trent River Dixon Dr., Trenton 17002106802 1996-present
Trent River Tributaries Trent River Dixon Dr., Trenton 17002106883 1972-1998
Mayhew Creek Trent River Front St., Trenton 17002112802 2002-present
Mayhew Creek Trent River Fraser Rd., Murray 17002112902 2002-present
Trent River Tributaries Trent River Dundas St., Hwy 2 17002100102 1964-1992

Data Source: Provincial Water Quality Monitoring Network
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Table 2.5-8: Surface Water Indicator Parameters

Standards
Parameter Source Effects
PWQO? CEQG?
Naturally occurring salts, sodium chloride (road salts), Toxic (acute and chronic) to aquatic organisms (depending on
. . calcium chloride (industry and wastewater treatment, road | concentration)
Chloride (CT) 250 mg/L salts), potassium chloride (fertilizers and road salts) and
magnesium chloride (de-icing agent) (Mayer et al., 1999).
Urban areas and landfills that contain household materials, | Attached to soil particles, copper can be relatively immobile,
Copper (Cu) 5 ug/L auto parts, and construction materials. yet is toxic to aquatic organisms at high concentrations
(Ministry of the Environment and Climate Change, 1991).
Inputs of lead into the environment increased during the Toxic at relatively low concentrations, affecting the central
1-5 pg/L industrial revolution because of the combustion of fossil nervous system of organisms.
Lead (Pb) (hardness fuels. In the 1970s, lead was removed as a gasoline
dependent) additive, decreasing its environmental inputs (Wetzel,
2001).
Zinc (zn) 30 pg/L Anthropogenic sources are associated with urbanized and An important micronutrient for cell function (Wetzel, 2001),
industrial areas. but at high concentrations can be toxic to aquatic organisms.
Incidental input or physical methods (e.g., erosion) Essential to life processes but, in excess, can cause increased
(Sharpley et al., 1996). Sources include fertilizers (organic aquatic vegetative growth, including toxic cyanobacteria, and
Total Phosphorus . . . - .
0.03 mg/L and synthetic) and septic systems. can cause anoxic conditions when vegetation decomposes.
(P) As a result, phosphorous can be indirectly toxic to humans
and aquatic organisms (Carpenter et al., 1998).
Wastewater, septic systems, agricultural land use, and The most stable and usable form of nitrogen, but can be toxic
Nitrate (NOs) 2.9 mg/L atmospheric deposition. in high concentrations and cause rapid growth of aquatic
vegetation.

Provincial Water Quality Objective
%Canadian Environmental Quality Guideline
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2.5.6.2.1 Chloride

Chloride data are available from the Provincial Water Quality Monitoring Network. Concentrations at all

locations are well below the Canadian Water Quality Guideline of 250 mg/L. These data indicate a trend of

increasing chloride concentrations in all but three of the locations. The highest concentrations are currently

found in the Mayhew Creek area. This area is the most urban of the locations and chloride could potentially be

entering the system from road salts used for winter de-icing. Storm water runoff from the urban areas may

assist in concentrating the chemical. The lowest concentrations are found in the Mill Creek area, which is the

most rural of all locations and may be under less direct influence of road salt application. Chloride sampling data

at Provincial Water Quality Monitoring Network stations are summarized in Tables 2.5-9 and 2.5-10.

Table 2.5-9: Statistical Summary of Chloride Data at Selected PWQMN Stations*

Descriptive Statistics (GCDWQ = 250 mg/L)
Station Name Station ID Years on Years . . Percentiles
Record n min median max
Analysed 25th 75th
Trent River (Dixon Drive) 17002106802 96-08 04-08 22 11.50 13.00 15.20 12.75 14.28
Cold Creek (Frankford) 17002104602 71-08 04-08 22 11.40 13.30 16.50 15.58 14.30
Trent River (Healey Falls) 17002105702 71-08 04-08 22 12.00 12.25 16.80 13.18 15.23
Trent River (Glen Ross) 17002112802 71-08 04-08 22 10.60 12.70 14.90 12.33 13.78
Mill Creek (Banta Rd.) 17002113202 02-08 04-08 22 4.60 6.50 9.80 5.83 7.55
Mill Creek (County Rd. 29) 17002113102 02-08 04-08 22 6.70 9.50 22.30 7.63 11.98
Cold Creek (County Rd. 30) 17002113302 71-08 04-08 22 9.20 10.50 16.30 10.13 11.53
Mayhew Creek (Fraser Rd.) 17002112902 02-08 04-08 22 | 28.90 42.55 48.30 39.95 46.45
Mayhew Creek (Front St.) 170021012802 02-08 04-08 22 | 42.40 49.70 180.00 45.25 131.25
*Includes stations with data available for the period of 2004-2008
Table 2.5-10: Chloride Trends and Guideline Exceedances at Selected PWQMN Stations*
Station Name Station ID Y:::Zr?jn N:r; i{aeTc’))rljS PV;QO Exceedance:l Trend?
Colborne Creek 6014600102 64-98 351 0 0 \ 4
Proctor Creek 6015100102 64-98 321 0 0 v
Shelter Valley (Orchard Grove) 6014200202 75-77 273 0 0 4
Salt Creek 17002107102 72-98 254 0 0 4
Trent River (Campbellford dam) 17002100202 64-98 330 0 0 4
Trent River (Dixon Dr) 17002106883 72-98 282 0 0 4
Cold Creek 17002104602 71-08 181 0 0 4
Trent River (Healey Falls) 17002105702 71-08 122 0 0 4
Trent River (Glen Ross) 17002111802 71-08 135 0 0 4
Rawdon Creek 17002104702 71-98 174 0 0 v
*Includes a selection of stations that represent all major subwatersheds in the Source Protection Area
!Indicates the quantity of samples on record that exceeded the Guidelines for Canadian Drinking Water Quality (250 mg/L)
Trend observed but not statistically validated
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2.5.6.2.2 Metals

Copper

Copper concentrations at all Provincial Water Quality Monitoring Network stations in the watershed show a

declining trend. Several observations prior to 1990 were above the Provincial Water Quality Objective; since

1991 there has only been one exceedance at the Trent River (Glen Ross) station. Copper sampling data at

Provincial Water Quality Monitoring Network stations are summarized in Tables 2.5-11 and 2.5-12.

Table 2.5-11: Statistical Summary of Copper Sampling Data at Selected PWQMN Stations*

Descriptive Statistics (PWQO = 5 ug/L)
Station Name Station ID B Years . . Percentiles
Record n min median max
Analysed 25th 75th

Trent River (Dixon Drive) 17002106802 96-08 04-08 22 0.094 0.850 2.000 0.590 1.020
Cold Creek (Frankford) 17002104602 71-08 04-08 21 -0.326 0.505 1.450 0.140 0.744
Trent River (Healey Falls) 17002105702 71-08 04-08 21 -0.161 0.303 1.090 0.108 0.636
Trent River (Glen Ross) 17002112802 71-08 04-08 21 -0.781 0.611 5.410 0.420 0.872
Mill Creek (Banta Rd.) 17002113202 02-08 04-08 21 -0.425 0.214 1.490 0.030 0.583
Mill Creek (County Rd. 29) 17002113102 02-08 04-08 21 -0.092 0.302 1.180 0.059 0.594
Cold Creek (County Rd. 30) 17002113302 71-08 04-08 21 -0.246 0.341 1.880 0.117 0.450
Mayhew Creek (Fraser Rd.) 17002112902 02-08 04-08 21 -0.741 0.378 1.410 0.164 0.578
Mayhew Creek (Front St.) 170021012802 02-08 04-08 22 -0.096 0.605 3.17 0.212 1.595

*Includes stations with data available for the period of 2004-2008

Table 2.5-12: Copper Trends and Guideline Exceedances at Selected PWQMN Stations*

Station Name Station ID Years on No. Samples PWQO Exceedances’ Trend?
Record on Record % #

Colborne Creek 6014600102 64-98 166 13.25 22 v
Proctor Creek 6015100102 64-98 141 21.28 30 \ 4
Shelter Valley (Orchard Grove) 6014200202 75-77 160 13.13 21 v
Salt Creek 17002107102 72-98 162 13.58 22 v
Trent River (Campbellford dam) 17002100202 64-98 200 25 50 v
Trent River (Dixon Dr) 17002106883 72-98 1080 19.26 34 4
Cold Creek 17002104602 71-08 144 0 0 \ 4
Trent River (Healey Falls) 17002105702 71-08 143 0 0 v
Trent River (Glen Ross) 17002111802 71-08 108 0 0 v
Rawdon Creek 17002104702 71-98 134 10.45 14 v

*Includes a selection of stations that represent all major subwatersheds in the Source Protection Area

!Indicates the quantity of samples on record that exceeded the Provincial Water Quality Objective of 5 ug/L

*Trend observed but not statistically validated
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Lead

Lead concentrations have occasionally exceeded the Provincial Water Quality Objective. The Provincial Water

Quality Monitoring Network shows a declining trend in lead concentrations at all stations. In the last five years

the median concentrations are below the Provincial Water Quality Objective, however only the Dixon Drive

station has not had an exceedance. Lead sampling data at Provincial Water Quality Monitoring Network stations

are summarized in Tables 2.5-13 and 2.5-14.

Table 2.5-13: Statistical Summary of Lead Sampling Data at Selected PWQMN Stations*

Descriptive Statistics (PWQO = 5 ug/L)
Station Name Station ID Years on Years . . Percentiles
Record n min median max
Analysed 25th 75th

Trent River (Dixon Drive) 17002106802 96-08 04-08 22 -2.110 4.800 -3.798 1.292
Cold Creek (Frankford) 17002104602 71-08 04-08 21 -11.500 | -1.640 7.960 -3.260 0.474
Trent River (Healey Falls) 17002105702 71-08 04-08 21 -6.410 -1.050 6.470 -4.320 0.063
Trent River (Glen Ross) 17002112802 71-08 04-08 21 -9.740 -1.280 6.470 -2.690 1.450
Mill Creek (Banta Rd.) 17002113202 02-08 04-08 21 -11.400 | -0.781 16.800 -4.340 0.951
Mill Creek (County Rd. 29) 17002113102 02-08 04-08 22 -6.210 -0.946 8.680 -4.533 1.221
Cold Creek (County Rd. 30) | 17002113302 71-08 04-08 21 -8.890 -1.300 6.490 -3.140 1.400
Mayhew Creek (Fraser Rd.) | 17002112902 02-08 04-08 21 -21.100 0.542 12.400 -3.550 2.200
Mayhew Creek (Front St.) 170021012802 02-08 04-08 22 -9.280 -0.577 5.410 -2.938 1.678

*Includes stations with data available for the period of 2004-2008

Table 2.5-14: Lead Trends and Guideline Exceedances at Selected PWQMN Stations*

Station Name Station ID Years on No. Samples PWQQ Exceedances’ Trend?
Record on Record % #

Colborne Creek 6014600102 64-98 166 51 84 4
Proctor Creek 6015100102 64-98 141 46.8 66 \ 4
Shelter Valley (Orchard Grove) 6014200202 75-77 160 51.9 83 A4
Salt Creek 17002107102 72-98 162 52.5 85 A4
Trent River (Campbellford dam) 17002100202 64-98 164 51.3 84 v
Trent River (Dixon Dr.) 17002106883 72-98 1099 52.7 579 v
Cold Creek 17002104602 71-08 144 35 v
Trent River (Healey Falls) 17002105702 71-08 108 2.8 v
Trent River (Glen Ross) 17002111802 71-08 142 0.14 4
Rawdon Creek 17002104702 71-98 134 55.2 74 4

*Includes a selection of stations that represent all major subwatersheds in the Source Protection Area

!Indicates the quantity of samples on record that exceeded the Provincial Water Quality Objective of 5 ug/L

Trend observed but not statistically validated
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Zinc

Zinc concentrations have fluctuated over time with a declining trend at all stations. Currently zinc concentrations

are below the Provincial Water Quality Objective. Zinc concentrations are highest at the Mayhew Creek (Front

Street) location, which is more heavily impacted by storm water runoff. Zinc sampling data at Provincial Water

Quality Monitoring Network stations are summarized in Tables 2.5-15 and 2.5-16.

Table 2.5-15: Statistical Summary of Zinc Sampling Data at Selected PWQMN Stations*

Descriptive Statistics (PWQO = 30 ug/L)
Station Name Station ID Midet Years . . Percentiles
Record n min median max
Analysed 25th 75th

Trent River (Dixon Drive) 17002106802 96-08 04-08 22 0.433 3.055 17.100 1.313 4.833
Cold Creek (Frankford) 17002104602 71-08 04-08 21 0.007 1.350 14.300 0.621 2.810
Trent River (Healey Falls) 17002105702 71-08 04-08 21 -0.407 0.800 4.270 0.263 1.750
Trent River (Glen Ross) 17002112802 71-08 04-08 21 0.816 2.100 5.520 1.530 2.510
Mill Creek (Banta Rd.) 17002113202 02-08 04-08 21 -0.674 0.838 4.110 0.242 1.410
Mill Creek (County Rd. 29) 17002113102 02-08 04-08 21 -0.227 0.879 7.420 0.439 1.840
Cold Creek (County Rd. 30) 17002113302 71-08 04-08 21 -0.738 0.531 10.800 0.053 1.134
Mayhew Creek (Fraser Rd.) 17002112902 02-08 04-08 21 -1.080 0.710 4.470 0.366 1.780
Mayhew Creek (Front St.) 170021012802 02-08 04-08 22 -0.978 0.705 29.800 0.163 5.790

*Includes stations with data available for the period of 2004-2008

Table 2.5-16: Zinc Trends and Guideline Exceedances at Selected PWQMN Stations*

Station Name Station ID Years on No. Samples PWQO Exceedances’ Trend?
Record on Record % #

Colborne Creek 6014600102 64-98 166 0.6 1 v
Proctor Creek 6015100102 64-98 141 14 1 v
Shelter Valley (Orchard Grove) 6014200202 75-77 160 0 0 v
Salt Creek 17002107102 72-98 162 0.6 1 4
Trent River (Campbellford dam) 17002100202 64-98 202 14.9 30 4
Trent River (Dixon Dr.) 17002106883 72-98 1301 1.3 16 v
Cold Creek 17002104602 71-08 144 4.8 7 A4
Trent River (Healey Falls) 17002105702 71-08 142 4.2 6 v
Trent River (Glen Ross) 17002111802 71-08 108 3.7 4 v
Rawdon Creek 17002104702 71-98 134 0.7 1 v

*Includes a selection of stations that represent all major subwatersheds in the Source Protection Area

!Indicates the quantity of samples on record that exceeded the Provincial Water Quality Objective of 30ug/L

Trend observed but not statistically validated
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2.5.6.2.3 Nutrients

Total Phosphorus

Total phosphorus is a measure of all forms of phosphorus present in water. Historically, total phosphorus

concentrations in the watershed have frequently exceeded the Provincial Water Quality Objective at all

Provincial Water Quality Monitoring Network stations. Concentrations were highest in the early 1970s, being

well above the Provincial Water Quality Objective. Since the 1970s concentrations have remained at, or just

below, the objective. Elevated concentrations are observed at Mayhew Creek, which is under the influence of

storm water runoff. Cold Creek had higher concentrations at the upstream site than the downstream location.

Exceedances of the objective are also observed at both locations in Mill Creek. Median concentrations in the

Trent River sites are below the objective, but concentrations may be diluted as they move down the larger river.

Total phosphorus sampling data at Provincial Water Quality Monitoring Network stations are summarized in

Tables 2.5-17 and 2.5-18.

Table 2.5-17: Statistical Summary of Total Phosphorus Sampling Data at Selected PWQMN Stations*

Descriptive Statistics (PWQO = 0.03 mg/L)
Station Name Station ID Years on Years . . Percentiles
Record n min median max
Analysed 25th 75th

Trent River (Dixon Drive) 17002106802 96-08 04-08 21 0.016 0.024 0.038 0.021 0.027
Cold Creek (Frankford) 17002104602 71-08 04-08 21 0.013 0.027 0.064 0.023 0.032
Trent River (Healey Falls) 17002105702 71-08 04-08 21 0.014 0.023 0.060 0.018 0.027
Trent River (Glen Ross) 17002112802 71-08 04-08 21 0.015 0.022 0.043 0.018 0.028
Mill Creek (Banta Rd.) 17002113202 02-08 04-08 21 0.003 0.029 0.062 0.024 0.034
Mill Creek (County Rd. 29) 17002113102 02-08 04-08 21 0.010 0.022 3.400 0.018 0.031
Cold Creek (County Rd. 30) 17002113302 71-08 04-08 21 0.013 0.022 0.053 0.019 0.031
Mayhew Creek (Fraser Rd.) 17002112902 02-08 04-08 21 0.015 0.022 0.080 0.018 0.028
Mayhew Creek (Front St.) 170021012802 02-08 04-08 21 0.015 0.029 0.406 0.024 0.113

*Includes stations with data available for the period of 2004-2008

Table 2.5-18: Total Phosphorus Trends and Guideline Exceedances at Selected PWQMN Stations*

Station Name Station ID Years on No. Samples PWQO Exceedances’ Trend?
Record on Record % #

Colborne Creek 6014600102 64-98 358 79.9 286 4
Proctor Creek 6015100102 64-98 329 49.6 163 \ 4
Shelter Valley (Orchard Grove) 6014200202 75-77 280 25.4 71 \ 4
Salt Creek 17002107102 72-98 258 68.2 176 v
Trent River (Campbellford dam) 17002100202 64-98 338 45 152 v
Trent River (Dixon Dr.) 17002106883 72-98 1179 48.2 568 \4
Cold Creek 17002104602 71-08 243 50.6 123 4
Trent River (Healey Falls) 17002105702 71-08 154 39.6 61 4
Trent River (Glen Ross) 17002111802 71-08 202 44,5 90 4
Rawdon Creek 17002104702 71-98 233 42.5 99 \4

*Includes a selection of stations that represent all major subwatersheds in the Source Protection Area

!Indicates the quantity of samples on record that exceeded the Provincial Water Quality Objective of 0.03 mg/L

Trend observed but not statistically validated
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Nitrate Nitrogen

Nitrate nitrogen is the concentration of nitrogen present in water in the form of the nitrate ion (NOs7). Provincial

Water Quality Monitoring Network data indicate that past nitrate nitrogen levels infrequently exceeded the

Canadian Environmental Quality Guideline; only the Salt Creek and the Dixon Drive locations have shown

exceedances. There have been no exceedances in the last five years. The highest concentrations are found in the

Cold Creek area, where agriculture is a significant land use. The Mayhew Creek and Mill Creek areas also show

detectable nitrate nitrogen concentrations, perhaps resulting from storm water outflows. Concentrations in the

Trent River are much lower. Nitrate nitrogen sampling data at Provincial Water Quality Monitoring Network

stations are summarized in Tables 2.5-19 and 2.5-20.

Table 2.5-19: Statistical Summary of Nitrate Nitrogen Sampling Data at Selected PWQMN Stations*

Descriptive Statistics (CWQG = 2.9 mg/L)
Station Name Station ID Years on Years . . Percentiles
Record n min median max

Analysed 25th 75th
Trent River (Dixon Drive) 17002106802 96-08 04-08 22 0.005 0.065 0.285 0.021 0.115
Cold Creek (Frankford) 17002104602 71-08 04-08 22 0.005 0.551 1.110 0.446 0.630
Trent River (Healey Falls) 17002105702 71-08 04-08 22 0.005 0.011 0.243 0.005 0.054
Trent River (Glen Ross) 17002112802 71-08 04-08 22 0.005 0.055 0.768 0.015 0.108
Mill Creek (Banta Rd.) 17002113202 02-08 04-08 22 0.061 0.206 0.390 0.133 0.268
Mill Creek (County Rd. 29) 17002113102 02-08 04-08 22 0.035 0.135 0.440 0.117 0.167
Cold Creek (County Rd. 30) 17002113302 71-08 04-08 22 0.356 0.510 1.070 0.454 0.600
Mayhew Creek (Fraser Rd.) 17002112902 02-08 04-08 22 0.005 0.025 0.467 0.015 0.055
Mayhew Creek (Front St.) 170021012802 02-08 04-08 22 0.053 0.383 2.410 0.142 0.832

*Includes stations with data available for the period of 2004-2008
Table 2.5-20: Nitrate Nitrogen Trends and Guideline Exceedances at Selected PWQMN Stations*
Station Name Station ID Years on No. Samples PWQO Exceedances? Trend?
Record on Record % #

Colborne Creek 6014600102 64-98 362 0 0 4
Proctor Creek 6015100102 64-98 326 0 0 4
Shelter Valley (Orchard Grove) 6014200202 75-77 281 0 0 A4
Salt Creek 17002107102 72-98 255 0.39 1 A4
Trent River (Campbellford dam) 17002100202 64-98 193 0 0 v
Trent River (Dixon Dr.) 17002106883 72-98 1127 0.09 1 v
Cold Creek 17002104602 71-08 203 0 0 v
Trent River (Healey Falls) 17002105702 71-08 117 0 0 v
Trent River (Glen Ross) 17002111802 71-08 90 0 0 4
Rawdon Creek 17002104702 71-98 198 0 0 \ 4

*Includes a selection of stations that represent all major subwatersheds in the Source Protection Area
!Indicates the quantity of samples on record that exceeded the Canadian Water Quality Guideline for the Protection of Aquatic Life (2.9 mg/L)
Trend observed but not statistically validated
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2.5.7 GROUNDWATER QUALITY

This section is a summary of the available data that are suitable for a watershed-scale analysis of groundwater
quality in the Lower Trent Source Protection Area. Groundwater quality data specific to individual drinking water
systems were analysed during the evaluation of drinking water issues (see Section 5.3). The available data
include limited groundwater quality data from the Provincial Groundwater Monitoring Network and a variety of
groundwater quality studies performed at local and regional scales.

2.5.7.1 INDICATOR PARAMETERS

There are many water quality parameters that can be used to characterize the quality of a groundwater source.
A small group of parameters is often used to provide a representative overview of water quality in an area of
interest. The data sources and groundwater quality studies identified in this characterization of groundwater
quality use indicator parameters that reflect the natural features and land uses in the watershed. Common
groundwater indicator parameters are described in Table 2.5-21.

2.5.7.2 PROVINCIAL GROUNDWATER QUALITY MONITORING NETWORK

The Provincial Groundwater Monitoring Network was established in 2002 to provide data to characterize
groundwater quantity and quality across the province. Thirteen monitoring wells were established in the Lower
Trent Source Protection Area as part of the overall network; these wells generally represent the regional
aquifers across the watershed. Eleven of these wells are sampled for water quality regularly. They are described
in Table 2.5-22 and their locations are shown on Map 2-18(LT).

The number of samples and the range of sampling results up to 2008 for the indicator parameters indicated
above are listed in Table 2.5-23. Since sampling through this network started recently (2002), there are
insufficient data to make observations regarding trends in groundwater quality.
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Table 2.5-21: Groundwater Indicator Parameters

Parameter Source(s) Guidelines? Effects

Chloride Chloride is common in nature, generally as sodium chloride (NaCl), potassium Chloride is not usually harmful to humans. At concentrations above the

(cr) chloride (KCl), and magnesium chloride. Sources include rocks, road salting, 250 mg/L aesthetic objective of 250 mg/L, chloride and sodium chloride impart
agricultural runoff, industrial wastewater, and wastewater treatment plants. (AO) undesirable tastes to water and may cause corrosion in water distribution
Chloride is a highly soluble and mobile ion which does not biodegrade, systems. Calcium or magnesium chlorides are not usually detected by taste until
volatilize, easily precipitate, nor does it significantly absorb onto mineral levels of 1,000 mg/L are reached.
surfaces. It travels readily through soils, enters groundwater, and eventually
discharges into surface water.

Hardness Water hardness is caused by dissolved polyvalent metal ions. In fresh waters Hard water does not have major health effects. On heating, hard water has a
the principal hardness-causing ions are calcium and magnesium. Other ions 80-100 mg/L | tendency to form scale deposits and can cause excessive scum with regular
such as strontium, iron, barium, and manganese ions can also contribute (0G) soaps. However, certain detergents are largely unaffected by hardness.
groundwater hardness. Conversely, soft water may result in accelerated corrosion of water pipes. The

operational guideline for hardness provides an acceptable balance between
corrosion and scaling of pipes. Water supplies with hardness greater than 200
mg/L are considered poor but tolerable; more than 500 mg/L is unacceptable for
domestic purposes.

Sulphate Sulphates are commonly discharged into the aquatic environment in wastes The presence of sulphate above 150 mg/L may result in a noticeable taste. The

(S04%) from industries that use sulphates and sulphuric acid, such as mining and 500 mg/L taste threshold concentration depends on the associated metals present in the
smelting operations, pulp and paper mills, textile mills, and tanneries. Natural (AO) water. Above the aesthetic objective of 500mg/L, sulphate can have a laxative
sources include decomposing vegetation and rock or soil containing gypsum, effect, however, regular users adapt and problems are usually only experienced
barite, or other minerals. by new consumers. High levels of sulphate may be associated with calcium,

which is a major component of scale in boilers and heat exchangers. In addition,
sulphate can be converted into sulphide by anaerobic bacteria creating odour
problems and potentially accelerating corrosion. Sulphates can also form strong
acids, which change the pH of water.

Iron Iron is the fourth most abundant element, by weight, in the Earth's crust. Iron Generally, there is a minimal taste of iron in drinking water at concentrations
in groundwater is normally present in the ferrous or bivalent form [Fe?*] which | 0.3 mg/L below 0.3 mg/L. At concentrations above 0.3 mg/L, iron can stain laundry and
is soluble. It is easily oxidized to ferric iron [Fe3*] or insoluble iron when (AO) plumbing fixtures and produce a bitter, strong taste in water and beverages. The
exposed to air. Ferrous (Fe?*) and ferric (Fe3*) ions are the primary forms of precipitation of excessive iron imparts a reddish-brown colour to water. Iron
concern in the aquatic environment. Other forms may be present in either may also promote the growth of certain microorganisms, leading to the
organic or inorganic wastewater. The ferrous form can persist in water void of deposition of a slimy coating in water distribution pipes. Iron based coagulants
dissolved oxygen and usually originates from groundwater or mines that are such as ferric sulfate can be highly effective at removing particles from water,
pumped or drained. leaving very little residual iron in the treated water.

Sodium Sodium is the most abundant of the alkali elements and constitutes 2.6% of the The taste of drinking water is generally considered offensive at sodium
Earth’s crust. Compounds of sodium are widely distributed in nature. 200 mg/L concentrations above the aesthetic objective of 200 mg/L. To maintain a total
Weathering of salt deposits and contact of water with igneous rock provide (AO) daily sodium intake of 500 mg, as is widely prescribed for persons on a sodium
natural sources of sodium in groundwater regimes. restricted diet, a sodium concentration in drinking water no higher than 20 mg/L

20 mg/L @ is required. Reduction of sodium content with current technologies to this level

(MAC) would be expensive. It is therefore recommended that sodium be included in
routine monitoring programs, because levels may be of interest to those on a
sodium reduced diet 2




Parameter Source(s) Guidelines? Effects
Nitrate and | The most common contaminant identified in groundwater is dissolved nitrogen Dissolved nitrogen in the form of nitrate is becoming increasingly widespread
Nitrite in the form of nitrate (NOs’). Although nitrate is the main form in which NO; =1 because of agricultural activities and disposable of sewage on or beneath the
nitrogen occurs in groundwater, dissolved nitrogen also occurs in the form of mg/L land surface. Its presence in undesirable concentrations is threatening large
ammonium (NHg*), ammonia (NHs), nitrite (NOy), nitrogen (N), nitrous oxide (as nitrogen) | numbers of aquifers. Nitrites can react with hemoglobin in the blood of warm-
(N20), and organic nitrogen. Nitrate (NO3’) and nitrite (NOy’) are naturally (MAC) blooded animals to produce methemoglobin; this destroys the ability of red
occurring ions that are ubiquitous in the environment. Both are products of the blood cells to transport oxygen. This condition is serious in babies under three
oxidation of nitrogen (which comprises roughly 78% of the atmosphere) by NO3; =10 months, causing methemoglobinemia or "blue baby" syndrome. Nitrates can
microorganisms in plants, soil, or water and, to a lesser extent, by electrical mg/L also cause digestive problems. High concentrations of nitrate can be toxic to fish
discharges such as lightning. Nitrite is fairly rapidly oxidized to nitrate and is (as nitrogen) | and other organisms.
therefore seldom present in water in significant concentrations. Nitrite may (MAC)
occur in groundwater, however if chlorination is practised the nitrite will
usually be oxidized to nitrate. In groundwater that is strongly oxidizing, nitrate NO,+NO3
is always the most stable form of dissolved nitrogen. Nitrogen can enter =10 mg/L (as
groundwater through municipal and industrial wastewater effluent, septic nitrogen)
leachate, animal waste, and runoff from fertilized agricultural fields and lawns. | (MAC)
Elevated concentrations of nitrate, particularly those greater than 3 mg/L, are
usually the result of human activity.
Organic Organic nitrogen is the nitrogen that is incorporated in organic substances. Organic nitrogen compounds frequently contain amine groups which can react
Nitrogen Organic nitrogen is calculated by the difference between the total Kjeldahl 0.15 mg/L with chlorine and severely reduce its disinfectant power. Certain chlorinated
nitrogen and ammonia nitrogen. A high level of organic nitrogen in (0G) organic nitrogen compounds may be responsible for taste problems that are
groundwater indicates that contamination may be caused by septic tank associated with chlorophenol. Taste and odour problems are common with
leakage, septic failure, or sewage effluent contamination. This form of organic nitrogen levels greater than 0.15 mg/L.
contamination in drinking water is often associated with some types of
chlorine-worsened taste problems.
Dissolved Dissolved organic carbon (DOC) is present in all ecosystems. It occurs in forms In water systems, a high concentration of dissolved organic carbon (DOC) is an
Organic that range in size from simple amino acids to complex high-molecular-weight 5 mg/L (AO) indicator of possible water quality deterioration during storage and/or
Carbon DOC. Dissolved organic matter, frequently measured as DOC, is an important distribution due to the carbon being a growth nutrient for biofilm dwelling
(DOC) component of the organic energy budget of temperate ecosystems. Storms are bacteria. In addition, a high DOC concentration in the water supply and
a primary mechanism of DOC above ground mobility and intrusion into distribution systems would be considered as an indicator of potential
groundwater because they produce increases in both DOC concentration and chlorination by-product problems. Coagulant treatment or high pressure
discharge. Nitrate concentrations in groundwater can decrease due to membrane treatment can be used to reduce DOC in drinking water systems.
reduction if that groundwater contains a high concentration of dissolved
organic carbon.
Total Total Dissolved Solids (TDS) are the total amount of mobile charged ions, The presence of dissolved solids in water may affect its taste. The effects of TDS
Dissolved including inorganic substances such as minerals, salts, or metals dissolved in a 500 mg/L on drinking water quality depend on the levels of the individual components.
Solids (TDS) | given sample of water. The principal constituents of TDS are usually the cations | (AO) Excessive hardness, taste, mineral deposition, or corrosion are common
calcium, magnesium, sodium, and potassium and the anions carbonate, properties of highly mineralized water. TDS above 500 mg/L can result in
bicarbonate, chloride, and sulphate. excessive scaling in water pipes, water heaters, boilers, and household
appliances such as tea kettles and steam irons. Drinking water supplies with TDS
levels greater than 1,200 mg/L are unpalatable. The palatability of drinking
water with a TDS level less than 500 mg/L is generally considered to be good.
Drinking water with extremely low concentrations may also be unacceptable
because of its flat, dull taste.

Data Sources: Ontario Ministry of the Environment and Climate Change (2003)
1) Maximum Acceptable Concentration (MAC) and Aesthetic Objective (AO) / Operational Guideline (OG) values as per Ontario Regulation 169/03 made under Safe Drinking Water Act (amended to O. Reg. 327/08).

2) The aesthetic objective for sodium in drinking water is 200 mg/L. As per the Ontario Drinking Water Standards, Objectives and Guidelines (June 2006), the local Medical Officer of Health should be notified when the
sodium concentration exceeds 20 mg/L so that this information may be communicated to local physicians for their use with patients on sodium restricted diets.




Chapter 2: Watershed Characterization

Table 2.5-22: Provincial Groundwater Quality Monitoring Network Wells in the Lower Trent Source Protection Area

Well Identificati
el dennication . . Static Water Number of Water
Numbers Casing Inside Well Depth . .
1 Subwatershed . . Level Quality Sampling
MOECC . Diameter (in) (m)
D Casing ID (m) Events
none GAl121 Squires Creek 8.250 13.03 5.50 6
74978 GA122 Cold Creek 6.250 28.33 6.93 6
174233 GA123 Rice Lake Tributaries 6.250 82.37 62.11 6
none GA172 Trent River Tributaries 6.250 13.26 4.88 3
90698 GA173 Trent River Tributaries 6.250 15.92 3.31 7
none GA174 Lake Iroquois Tributaries 6.250 13.59 9.23 7
242608 GA212 Rawdon Creek 6.000 15.20 1.23 5
242602 GA213 Rawdon Creek 6.250 51.11 37.57 6
242606 GA214 Cold Creek 6.250 11.08 7.42 6
none GA411 Barnum House/Shelter Valley 6.250 48.46 42.47 6
none GA411 Barnum House/Shelter Valley 2.000 180.06 46.55 3

Data source: Provincial Groundwater Quality Monitoring Network; Lower Trent Conservation
!Ministry of the Environment and Climate Change

Table 2.5-23: Summary of Provincial Groundwater Monitoring Network data in the Lower Trent Source Protection Area

No. Range of Water Quality Sampling Results
Well ID Years on Record - - - T
Samples | Hardness Sodium Iron Sulfate Chloride Nitrate Organic Nitrogen DOC TDS
GA121 2003, 2005-2008 6 314-547 306-262 <0.005-6 30-170 39-1650 <0.1-4 0.3-0.6 1.1 859-1120
GA122 2002, 2005-2008 6 210-242 2.4-3.7 0.521-1.07 12-32.2 1.9-3 <0.1-1.7 <0.1 0.3-3.8 269-333
GA123 2003, 2005-2008 6 172-233 5.9-7.9 0.274-119 4-19.8 10.3-19 <0.1-2.7 0.05-1.15 0.7-1.5 273-309
GA172 2005, 2008 3 315-398 9.7-44.8 0.21-278 16-220 14-460 15.8-24.6 0.23-0.9 1.1-71 367-450
GA173 2003, 2005-2008 7 278-541 12.2-207 | 0.069-1200 7-20 13.5-544 <0.1-0.2 0.06-0.5 1.4-8 353-680
GA174 2003, 2005-2008 7 122-281 2.2-4.2 0.003-9 7-15 1-7 0.1-1.5 0.08-0.2 <0.05-0.05 | 203-342
GA212 2005-2008 5 262-277 5.8-8.34 0.155-77 13-15 13-25.3 0.2-0.3 0.05-0.3 1-2.6 262-277
GA213 2003, 2005-2008 6 212-245 2.5-2.9 0.18-545 21-25.5 0.9-3 <0.1 0.05-0.2 0.1-2 257-274
GA214 2003, 2005-2008 6 218-268 3.3-29.1 | 0.274-194 16-28 3-50.2 <0.1-1.3 <0.1-1.9 0.9-2.3 259-413
GA411A | 2005-2008 6 158-262 2.3-20.4 <0.005-6 15-17.1 1-35 0.1-0.3 <0.1-1 0.5-5.8 180-367
GA411B | 2007-2008 3 75-79 28.9-35.7 0.126-5 8-10 3.3-4 <0.1-0.1 0.19-0.4 0.8-1.3 162-178
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2.5.7.3 MINISTRY OF THE ENVIRONMENT AND CLIMATE CHANGE WATER WELL
RECORDS DATABASE

Qualitative information about groundwater quality is available from the Ministry of the Environment and
Climate Change Water Well Records Database. The database contains well records provided by well drillers that
include subjective comments about water quality encountered at wells such as “fresh”, “salty”, or “sulphurous.”
The subjective nature of the observations decreases the usefulness of the Water Well Records Database for
determining the suitability of groundwater as a drinking water source.

2.5.7.4 REGIONAL GROUNDWATER STUDIES

Municipal Groundwater Study (Morrison Environmental Ltd., 2004)

In May 1999, the Ministry of the Environment and Climate Change initiated a series of studies designed to map
the groundwater resources and delineate wellhead protection areas in municipalities across the province. The
Trent Conservation Coalition Municipal Groundwater Study was completed by Morrison Environmental Ltd. The
Aquifer Characterization component of the study (Volume 1) evaluated groundwater quality in bedrock and
overburden wells across most of the Trent Conservation Coalition Source Protection Region.

In the Paleozoic Area, the study observed that the vast majority of bedrock wells yield fresh water though they
may require treatment to meet Ontario Drinking Water Standards (Morrison Environmental Ltd., 2004). There
are some occurrences of sulphurous water where Paleozoic and Precambrian meet; this is attributed to the high
organic content of the rock. The study also noted that salty and sulphurous water had been reported in bedrock
wells north of the City of Peterborough and east of Chemong Lake.

In the Precambrian Area, the vast majority of bedrock wells yield fresh water although treatment to decrease
the hardness and remove iron may be required to meet Ontario Drinking Water Standards (Morrison
Environmental Ltd., 2003). Hardness and sulphates in the water were reported primarily along the Paleozoic-
Precambrian contact. In addition, salty water was noted as having been reported and the study states that this
may be due to anthropogenic activities such as road salting/stockpiling, dust control activities, and landfills.

Water quality observations from the Water Well Records Database compiled by the Municipal Groundwater
Study in the Lower Trent Source Protection Area are illustrated in Figures 2.5-1 and 2.5-2.
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Figure 2.5-2: Groundwater Quality in Overburden Wells in the Lower Trent Source Protection Area (Morrison, 2004)
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CHAPTER 3: WATER BUDGET AND WATER QUANTITY STRESS ASSESSMENT

3.1 INTRODUCTION

A water budget is an accounting of the inputs and outputs of water in a hydrologic system. It quantifies the
components of the hydrologic cycle and the human uses of water using the available data and a water balance
equation based on the law of conservation of mass. The results provide insight into how water moves in the
watershed and are useful for the management of water quantity.

3.1.1 OVERVIEW OF REQUIREMENTS

The water budget process required by the Technical Rules follows a tiered approach. The first step is the
conceptual water budget, which is a simple water budget performed at coarse spatial and temporal scales. The
second step is the Tier 1 water budget, which assigns water quantity stress levels to each subwatershed in the
source protection area. Next, subwatersheds associated with municipal drinking water systems with a significant
or moderate stress level in the Tier 1 water budget are subject to the Tier 2 water budget, which either confirms
or refutes the Tier 1 stress findings based on a more refined analysis. Lastly, subwatersheds with a significant or
moderate stress level in the Tier 2 water budget are subject to a Tier 3 water budget, which delineates the
vulnerable area that relates to existing or planned drinking water systems in the stressed subwatersheds. The
conceptual, Tier 1, and Tier 2 water budgets for the Trent source protection areas are discussed in this chapter.
No Tier 3 water budgets were required.

Conceptual Tier 1 Tier 2 Tier 3

All watersheds All subwatersheds in Subwatersheds assigned a Contributing area of municipal

in study area study area significant or moderate stress intakes and wells within
level in Tier 1 that contain a subwatersheds assigned a
municipal drinking water significant or moderate stress
system level in Tier 2

3.1.2 STUDY AREA

The water budgets described in this chapter were developed for the Trent source protection areas and a small
portion of the Ganaraska Region Source Protection Area. The study area includes the Crowe Valley, Kawartha-
Haliburton, and Otonabee-Peterborough Source Protection Areas, which all drain into the Trent River, and the
Lower Trent Source Protection Area, which drains partially into the Trent River and partially into Lake Ontario
and the Bay of Quinte. The study area also includes a small portion of the Rice Lake watershed that is located in
the Ganaraska Region Source Protection Area.

3.1.3 WATER BUDGET PROCESS

Water budgets are developed by measuring or estimating the inputs and outputs of a hydrologic system. Inputs
are the processes that add water to the system; these include precipitation and inflow from surface water and
groundwater. Outputs are the processes that remove water from the system; these include evapotranspiration,
the various uses of water by humans, and outflow from surface water and groundwater.

Trent Assessment Report 3-1



Chapter 3: Water Budget and Water Quantity Stress Assessment

The components of a water budget are illustrated in Figure 3.1-1. Many inputs and outputs can be measured

directly or estimated using various techniques, but those that cannot are calculated using the water balance

equation.

Components of a Water Budget

Inputs. Outputs
1. Precipitation 6. Evaporation
2. Runoff 7. Transpiration

3. Groundwater Inflow 8. Surface Water Outflow
4. Surface Water Inflow 9. Groundwater Outflow
5. Water Diversions 10. Irrigation

11. Industrial Uses
12. Residential Uses
13. Water Diversions

Figure 3.1-1: Components of a Water Budget

3.1.3.1 WATER BALANCE EQUATION

The water balance equation relates the inputs and outputs of a hydrologic system mathematically according to

the law of conservation of mass. The water balance equation is given by:

(Input) — (Output) = (Change in Storage)
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Or, in finite difference form:
(Input) — (Output) = AS/At

Where: AS =change in storage
At = time interval over which water budget is evaluated

This means that, in any given period of time, the difference between the amounts of water entering and leaving
the watershed equals the change in the amount of water stored in the watershed. The terms in the equation can
be expressed in units of volume (e.g., cubic metres (m?)) or units of equivalent depth over the area of the
watershed (e.g., millimetres (mm)).

Since there are several types of inputs and outputs, the above equation can be expanded to represent each
input and output as a separate term. The expanded water budget equation can be given by:

(P + Gnet) - (ET + Qnet + Dnet + Wnet) =AS Watershed

Area

Where: P = precipitation

Impervious

Gret = net groundwater in Bedrock

ET = evapotranspiration
Quet = net streamflow out
Dnet = net diversions out The water budget equation is applied to a fixed

Whet = net human withdrawals volume in space defined by a watershed projected

AS = change in storage vertically downwards to impervious bedrock.

Except in very simple cases, the terms of this equation cannot be estimated without uncertainty. Thus, it is
useful to consider the terms as estimated long-term values and to include a residual term (“Residual”) in the
equation. The residual term includes the errors and uncertainties associated with estimating the water budget
components and, in some cases, can include other terms of the water budget equation that cannot be measured
or estimated by other means (e.g., the estimation of G in the absence of reliable groundwater flow models).
The following equation was used as the basis for developing the water budgets presented in this section:

(P + Gpet) = (ET + Quet + Dnet + Whet) = AS = Residual

The water budget equation is applied to a fixed volume in space (control volume) that corresponds to the plan
area of a watershed. The top and bottom surfaces of the control volume are the plan area of the watershed, and
the sides are defined by projecting the watershed boundaries vertically down from the ground surface to an
elevation where there are no transfers of groundwater to or from the stream (e.g., impervious bedrock).
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3.2 CONCEPTUAL WATER BUDGET

The conceptual water budget is a simple water budget performed at coarse spatial and temporal scales. It

gathers the information that will be required for subsequent steps of the water budget process and provides a
general overview of water movement through a watershed. It also includes an assessment of watershed
features that may impact the water budget calculation, such as geology, physiography, and land cover.

The conceptual water budget was developed separately for the Trent River watershed and the subwatersheds of
Lake Ontario and Bay of Quinte tributaries that are located in the Lower Trent Source Protection Area. These
conceptual water budgets are documented in the following reports:

e Conceptual Water Budget: Trent River Watershed (March 2007)
e Conceptual Water Budget: Lake Ontario/Bay of Quinte Tributaries (Lower Trent Watershed) (March
2007).

This section is a summary of these reports.

3.2.1 SUBWATERSHEDS

Since the study area is large and complex, it has been divided into 10 subwatersheds for purposes of the
conceptual water budget (see Map 3-1). The delineation of these subwatersheds was based on local geology,
physiography, and the location of hydrometric stations. Most subwatershed outlets were defined at the location
of hydrometric stations with sufficiently long flow records that were located near the outlets of major tributaries
of the Trent River or along the Trent-Severn Waterway. The Lower Trent South subwatershed was associated
with the Trenton hydrometric station despite its limited data record (1999 to 2002) because it is located at the
outlet of the Trent River. Further, because there are no hydrometric stations in the Bay of Quinte tributaries
subwatershed, flow data at this station was estimated using the Ontario Flow Assessment Techniques software.
Subwatersheds and the hydrometric stations selected as their outlets are described in Table 3.2-1.

3.2.2 CLIMATE

Climate is a critical influence on the hydrology and hydrogeology of a region. This section is an assessment of the
climatic parameters that are components of the water budget equation: precipitation, temperature, and
evapotranspiration.

3.2.2.1 DATA SOURCES

Climate data in the study area are available from climate stations operated by the Meteorological Service of
Canada (Environment Canada), Conservation Authorities, Ministry of Natural Resources and Forestry, Ministry of
Transportation, Hydro One, Airport Authorities, municipalities, universities and colleges, and other research
organizations. In the Trent River watershed, the coverage of climate stations in the Paleozoic area is reasonable,
but data are sparse in portions of the Precambrian area. In the Lake Ontario and Bay of Quinte tributaries
subwatersheds, stations are concentrated in the south and in larger communities along the shore of Lake
Ontario. Climate stations in the study area are listed in Table 3.2-2 and shown on Map 3-2.
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Table 3.2-1: Subwatersheds Delineated for the Conceptual Water Budget

SreTie Source Representative Hydrometric Station
Subwatershed Protection Major Water Bodies
Area (km?) NER Station Name Station ID | Current Status Owner/l Years on
Operator Record
. . Gull River at .
Gull River 1,280 KHSPA Gull River Norland 02HF002 Active WSC 1962-2004
Burnt River 1,270 KHSPA | Burnt River Burnt River at 02HF003 Active WSC; TSW | 1962-2004
Burnt River
Kawartha Lakes KHSPA; Balsam, Cameron , Scugog, Pigeon, Lock #31 at
3,500 ’ Chemong, Buckhorn, and Sturgeon TSW 1990-20042
West OPSPA . Buckhorn Lake
Lakes; Nogies Creek
Lower Buckhorn, Lovesick, Buckhorn
K ha Lak ! ! ’ Ri 1962-2004
awartha Lakes 1,250 OPSPA | Stony, and Katchewanooka Lakes; Eel’s | Ot0N3Pee Rverat | ) n0a Active TSW 962-200
East . . Lakefield
Creek; Jack Creek; Mississauga River
OPSPA; Trent River at
Rice Lake 1,800 LTSPA; Rice Lake Healev Falls WSC; TSW
GRSPA ¥
Ri
Crowe River 1,990 CVSPA | Crowe River; North River; Beaver Creek Eﬂr:xm;"er at 02HK003 Active WSC 1959-2003
Lower Trent LTSPA; Trent River at 02HKO004 . . .
North 1,000 CVSPA Burnley Creek Glen Ross 02HKO12 Discontinued WSC; TSW 1963-1995
Lower Trent 400 LTSPA Cold Creek; Rawdon Creek; Mayhew Trent River at 02HKO10 Discontinued? WSC 1999-2002
South Creek Trenton
Lake Ontario Shelter Valley
. . 193 LTSPA Shelter Valley Creek Creek near Active LTC; WSC 1995-2004
Tributaries
Grafton
B f Qui
ay of Quinte 72 LTSPA | DND Creek None NA NA NA NA?
Tributaries
WSC = Water Survey of Canada; TSW = Trent-Severn Waterway; LTC = Lower Trent Conservation
20nly lake level data is available at this station. Daily flow was calculated using lake level and control gate setting data in conjunction with a rating curve developed by the Trent-Severn Waterway
3Flow data for the Bay of Quinte tributaries subwatershed was estimated using the Ontario Flow Assessment Techniques (Version 1.0) software
3WSC station discontinued; new TSW station added upstream of former station location (upstream of highway 401)
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Table 3.2-2: Selected Climate Stations in the Study Area

. . Latitude Longitude Elevation Years on Record

Climate Station Name AES’ ID WMO?2 ID (DD) (SD) (MAMSL) S End Date Interval® | Code?®
Trent River Watershed
Bancroft Auto 6161001 71294 45.067 -77.867 330.700 1995 2005 H/D/M/A A
Belleville 6150689 - 44.150 -77.383 76.200 1866 2005 D/M/A A
Dorset MECP 6112072 - 45.217 -78.917 323.100 1976 2002 D/M/A C
Frankford MECP 615255 - 44.2117 -77.60( 114.30 1959 1994 D/M/A ¢
Haliburton A 6163156 - 45.000 -78.567 320.000 1883 1992 H/D/M/A C
Janetville 6153853 - 44.217 -78.617 296.900 1981 2005 D/M/A D
Lindsay Frost? 6164433 - 44.317 -78.717 262.100 1974 2005 D/M/A A
Minden? 6165195 - 44,917 -78.717 274.300 1883 2005 D/M/A A
Peterborough A3 6166418 - 44.217 -78.367 191.400 1969 2005 H/D/M/A A
Peterborough AWOS 6166420 71629 44217 -78.367 191.400 2004 2005 H/D/M/A A
Peterborough Dobbins TS 6166428 - 44.317 -78.400 243.800 1965 1994 D/M/A C
Peterborough STP 6166450 - 44.267 -78.317 192.000 1964 1993 D/M/A C
Peterborough Trent U 6166456 71672 44.350 -78.300 216.000 2005 2006 H/D/M/A A
Peterborough Trent U 6166455 - 44.367 -78.300 198.100 1968 2005 D/M/A A
Smithfield CDA 6157831 - 44.067 -77.667 119.000 1949 1990 D/M/A D
Lake Ontario & Bay of Quinte Tributaries
Centreton 6151307 - 44.067 -78.067 244.00 1990 1992 D/M/A -
Colborne 6151745 - 44.000 -77.867 105.00 1991 1991 D/M/A -
Cobourg STP® 6151689 - 43.854 -78.321 79.20 1970 2006 D/M/A -
Trenton A* 6158875 71621 44,117 -77.517 86.30 1953 2005 H/D/M/A A
Trenton Domtar 6158878 - 44,117 -77.500 80.00 1989 1990 D/M/A -
Trenton MECP 6158888 - 44,117 -77.567 76.20 1960 1978 D/M/A -
Smithfield CDA 6157831 - 44.067 -77.667 119.00 1949 1990 D/M/A -
Smithfield CDA Automatic 6157832 . 44.067 77.667 119.00 1987 1996 D/M/A .
Climate Station

Zone 1 station (northern TRW)
2Zone 2 station (central TRW)
3Zone 3 station (south TRW)
“Zone 4 station (Bay of Quinte)
Zone 5 station (Lake Ontario)

’Atmospheric Environment Service
8World Meteorological Organization

°Indicates the frequency of climate data:

H: Hourly
D: Daily

M: Monthly
A: Annually

°Climate codes indicate the availability of data (Environment Canada, 2009):

A: No more than 3 consecutive or 5 total missing years between 1971-2000
B: At least 25 years of record between 1971-2000
C: At least 20 years of record between 1971-2000
D: At least 15 years of record between 1971-2000
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3.2.2.2 CLIMATE ZONES

Trent River Watershed

For purposes of the conceptual water budget, the climate of the Trent River watershed was divided into three
zones of uniform climate. The delineation of these climate zones was based on a spatial analysis of long-term
precipitation and temperature averages at selected climate stations (see Maps 3-3 and 3-4) and by a review of
eco-districts established by Agriculture and Agri-Food Canada (see Map 3-6). The climate station with the best
data available in each zone was selected to represent the climate of that zone. All three representative climate
stations selected for the Trent River watershed (Minden, Lindsay Frost, and Peterborough Airport) meet the
World Meteorological Organization standards. Climate zones used for the Trent River watershed and their
representative climate stations are described in Table 3.2-3 and illustrated on Maps 3-5 and 3-6.

Lake Ontario & Bay of Quinte Tributaries

To account for microclimates associated with coastal Lake Ontario, the Lake Ontario and Bay of Quinte
tributaries subwatersheds were assigned climate data from local climate stations. The representative climate
stations selected for these subwatersheds are described in Table 3.2-3. The station at the Cobourg sewage
treatment plant does not meet the World Meteorological Organization standards, but was used because it was
the station with the best available data.

Table 3.2-3: Climate Zones and Climate Normals per Zone

Climate Normals® Actual Evapo-

Bedrock Subwatersheds Representative
Geology In Climate Zone Climate Station | Temperature | Precipitation
() (mm) (mm)

Zone Location transpiration?

Trent River Watershed

Gull River; Burnt River
1 Northern | Precambrian | 40% of Kawartha Lakes East Minden 5.2 1045 502
50% Crowe River

70% Kawartha Lakes West

2 Central Transitional | 60% Kawartha Lakes East Lindsay Frost 6.6 870 525
50% Crowe River
Rice Lake

3 Southern Paleozoic Lower Trent North Peterborough 5.9 840 512
Lower Trent South Airport

30% Kawartha Lakes West

Lake Ontario & Bay of Quinte Tributaries

4 Lake_ Paleozoic Lake Ontario tributaries Cobourg STP 7.1 871 532
Ontario
Bay of . . . . .
5 Quinte Paleozoic Bay of Quinte tributaries Trenton Airport 7 894 536

!National Climate Data Archive of Canada; based on 1971-2000 data (Environment Canada, 2005)
2Calculated using a spreadsheet model based on the Thornthwaite-Mather (1955) model modified by Hamon (1963)
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3.2.2.3 PRECIPITATION

Average annual and average monthly precipitation was estimated for each subwatershed by calculating the
weighted average of the Environment Canada precipitation normals for the period of 1971 to 2000 based on the
percent coverage of climate zones. The mean annual precipitation of climate zones in the study area is listed in
Table 3.2-3, and the mean monthly precipitation is illustrated in Figure 3.2-1. The long-term distribution of
precipitation across the study area is illustrated on Map 3-3.

Trent River Watershed

Mean annual precipitation ranges from 840 mm/year in Zone 3 to 1,045 mm/year in Zone 1. Zone 2 receives
about 870 mm every year. Overall, precipitation trends are the same in Zones 2 and 3. On the local scale, mean
annual precipitation in the Precambrian area ranges from about 895 mm/year at Fenelon Falls to about 1,092
mm/year at Haliburton, and in the Paleozoic area it ranges from about 797 mm/year at Codrington to about 990
mm/year at Woodville.

About 70 to 85% of annual precipitation in the watershed falls as rain, usually between May and November.
November is the wettest month of the year. Between December and March, most precipitation falls as snow. In
November and April precipitation is mixed with a trend toward greater rainfall. February and July are generally
the driest months of the year.

The pattern of mean annual precipitation is complicated and varies across the watershed. The northern region
(Zone 1) receives the most precipitation, probably due to the influence of westerly air masses moving off Lake
Huron and Georgian Bay and/or the orographic effect. This contrasts with the southern region (Zone 3), which
may experience a slight rain shadow effect from the presence of the Oak Ridges Moraine to the north of Lake
Ontario. The northern region (Zone 1) tends to receive the most snowfall, and in this zone snow remains on the
ground for a longer period of time (Trent University, 2005).

Temperature gradients have distinct effects on the ice and snow cover of lakes in the watershed. The Haliburton
Lakes receive about 40 centimetres (cm) more annual snow than the surrounding areas, and they freeze earlier
and stay frozen longer than either the Kawartha Lakes or the Lake Ontario shoreline. They also tend to have a
thicker snow cover and a larger proportion of white ice. Lower temperatures, thicker ice, and greater snow and
white ice covers delay and prolong break-up in the Haliburton Lakes as compared with the Kawartha Lakes. As a
result, the period of snowmelt is longer for the watershed’s northern lakes, and it extends the freshet further
into the spring (Trent University, 2005).

Lake Ontario & Bay of Quinte Tributaries

Mean annual precipitation in the Lake Ontario tributaries is 871.1 mm/year. This value is slightly less than that of
the Bay of Quinte tributaries. It is possible that the Lake Ontario tributaries receive less overall precipitation

than the Bay of Quinte tributaries because of a slight rain shadow effect caused by the Oak Ridges Moraine.
About 88% of the annual average precipitation falls as rain, usually between April and November, with
September being the wettest month of the year. In this area, the majority of the precipitation that falls during
the winter months is rain, although the area does still receive a fair amount of snowfall. From November
through April, precipitation is mixed (usually more rain falling than snow). Generally, February and July are the
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driest months of the year. The mean monthly precipitation in the Lake Ontario tributaries climate zone is
illustrated in Figure 3.2-3.

Mean annual precipitation for the Bay of Quinte tributaries is 893.8 mm. About 81% of the annual average
precipitation falls as rain, usually between May and November, with November being the wettest month of the
year. Between December and February, most precipitation falls as snow. In November and April, precipitation is
mixed with a trend toward greater rainfall. Generally, February and July are the driest months of the year. The
mean monthly precipitation in the Bay of Quinte tributaries climate zone is illustrated in Figure 3.2-4.

3.2.2.4 TEMPERATURE

The factors that affect the temperature of an area are latitude, altitude, and distance from the moderating
influences of large waterbodies. The temperature gradient in the study area decreases from south to north due
to increases in latitude, altitude, and distance from the moderating influences of Lake Ontario. Average annual
and average monthly temperatures were estimated for each subwatershed by calculating the weighted average
of the Environment Canada temperature normals for the period of 1971 to 2000 based on the percent coverage
of climate zones. The mean annual temperature of all climate zones in the study area is listed in Table 3.2-3, and
the long-term temperature distribution across the study area is illustrated on Map 3-4.

Trent River Watershed

Mean monthly temperature in the Trent River watershed climate zones is illustrated in Figure 3.2-2. The mean
annual daily temperature in the Paleozoic region ranges from 5.9 to 7.7 °C (Morrison Environmental Ltd., 2004).
The mean annual temperature in the Precambrian area ranges from 4.0 to 5.9 °C (Morrison Environmental Ltd.,
2003).

January is the coldest month over the entire watershed; mean daily temperature in January from south to north
ranges from -7 to -10 °C (based on at least 15 years of data between 1971 and 2000). Average monthly
temperatures rise above freezing in April and reach a peak near 20 °C in July. Temperatures fall below freezing in
December. Temperature trends are similar among all zones, however Zone 1 has lower summer temperatures
and colder winters, Zone 2 has high temperatures in summer, and Zone 3 has moderate temperatures in
summer and winter.

Lake Ontario & Bay of Quinte Tributaries

Mean monthly temperatures in the Lake Ontario and Bay of Quinte tributaries climate zones are illustrated in
Figure 3.2-5 and Figure 3.2-6. (Figures also include maximum and minimum daily temperature.) The mean
annual temperature in the Bay of Quinte tributaries subwatershed is 7 °C. Average monthly temperatures rise
above the freezing mark in mid-March and reach an average high temperature of 20.5 °C in July. The
temperature then falls below 0 °C again in late November and reaches a low temperature of -7.5 °C in January.

The mean annual temperature in the Lake Ontario tributaries subwatershed area is 7.1 °C. Average monthly
temperatures rise above the freezing mark in mid-March and reach an average high temperature of 19.6 °Cin
July. The temperature then falls below 0 °C again in early December and reaches a low temperature of -6.0 °C in
January.
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Figure 3.2-1: Mean monthly precipitation in Trent River watershed climate zones (based on 1971-2000 data)
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Figure 3.2-2: Mean monthly temperature in Trent River watershed climate zones (based on 1971-2000 data)
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3.2.2.5 EVAPOTRANSPIRATION

Evapotranspiration is the sum of water loss from an area by evaporation from the land surface and transpiration
by plants. Evapotranspiration dominates the water balance and controls hydrologic phenomena such as soil
moisture content, groundwater recharge, and streamflow.

The amount of evapotranspiration varies among the Paleozoic and Precambrian areas due to differences in
physiography and climate. In the Paleozoic area and the transition zone, most rain water percolates into the soil;
some recharges the groundwater (that generally cannot be used by plants), some discharges to streams as
baseflow and interflow, and the remainder is held in storage in the soil as soil moisture, where it can be used by
plants. Plants draw on the stored soil moisture through the process of transpiration, whereby water passes
through the plant to the atmosphere, largely in response to the drying properties of the overlying air. The
condition is different in the Precambrian area where steep slopes, rocky terrain, and low infiltration and
evapotranspiration rates cause water to run off as overland flow.

There are no lake evaporation or evapotranspiration data available for the study area. Mean evapotranspiration
was estimated using a spreadsheet model based on the Thornthwaite-Mather (1955) model modified by Hamon
(1963). The model calculates potential evapotranspiration based on temperature, day length, and saturation
vapour pressure (potential evapotranspiration is a theoretical value that indicates the amount of
evapotranspiration that would occur in the presence of ample water). Day length was estimated from the
latitude of climate stations or hydrometric stations. Actual evapotranspiration was estimated from the potential
evapotranspiration calculated by the model and the soil water holding capacity, which was assumed from the
dominant hydrologic soil group and land cover in the study area to be in the range of 200 to 300 mm.

Mean potential evapotranspiration at selected climate stations, estimated using the modified Thornthwaite-
Mather model, is illustrated on Map 3-7 and listed by climate zone in Table 3.2-3. Model results indicated that
evapotranspiration in the study area starts in April and reaches its maximum rate in July, and then declines until
it reaches zero in December when the mean temperature drops below freezing. The estimates obtained from
the model are in agreement with previous estimates: the Ministry of Natural Resources and Forestry (1984)
estimated that mean annual evapotranspiration in southern Ontario varies from less than 500 mm to more than
600 mm (Singer et al., 2003).

3.2.3 GEOLOGY

3.2.3.1 BEDROCK GEOLOGY

The bedrock geology of the study area (Map 3-8) is very complex. It can be divided into three areas: the
Precambrian area, the Paleozoic area, and a transition zone between them.

The Precambrian area includes the parts of the Kawartha-Haliburton, Otonabee-Peterborough, and Crowe Valley
Source Protection Areas that are located north of the Kawartha Lakes. The bedrock in this area is composed of
ancient, erosion-resistant igneous and metamorphic rocks of the Precambrian Era. This bedrock is associated
with the Canadian Shield.
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South of the Kawartha Lakes, the Precambrian bedrock is overlain by thick layers of younger sedimentary rocks
of the Paleozoic Era. These rocks belong to the Ottawa Group (which are part of the Middle and Upper
Ordovician strata) and consist of five formations: Lindsay, Verulam,

Bobcaygeon, Gull River, and Shadow Lake. The Paleozoic bedrock
dips gently to the southwest and is composed of limestone with
calcareous shale, sandstone, and mudstone (Morrison
Environmental Ltd., 2004). The bedrock geology of the Lower Trent
Lake Ontario tributaries subwatersheds is also Paleozoic.

There is a transition zone between the Precambrian and Paleozoic
areas that is located in the south of the Crowe Valley Source
Protection Area and north of the Kawartha Lakes (in the Kawartha-
Haliburton and Otonabee-Peterborough Source Protection Areas).
In this transition zone, only thin layers of flat-lying Paleozoic
bedrock overlie the Precambrian rock and there are frequent
outcrops of Precambrian rock. The surface of the transition zone is
very rough and is littered with angular fragments, large blocks of
limestone, and Precambrian rocks.

Bedrock geology and lithology in the Trent River watershed are
summarized in Table 3.2-4. A cross-section of the Trent River

watershed is shown in Figure 3.2-7, and two cross-sections of the

Igneous rocks (top) were formed by the

cooling of molten lava;
Figure 3.2-9. The cross-sections are based on stratigraphic surfaces metamorphic rocks have been changed

Lower Trent Source Protection Area are shown in Figure 3.2-8 and

provided by the Geological Survey of Canada and are subject to by temperature or pressure;
ongoing refinement. sedimentary rocks (bottom) were
formed by deposition and consolidation
of fragments of pre-existing rocks
Table 3.2-4: Bedrock Lithology of the Trent River Watershed and/or organic materials.

(adapted from Chapman and Putnam, 1984)

0GS
Formation Member Formation Age Thickness Lithology
Unit
Simcoe Group
Lindsay Upper 6b Upper Ordovician 0to90 m limestone and shale
Lower 6a Upper Ordovician Usually <30 m nodular limestone with shale interbeds
Verulam 5 Middle Ordovician 0to70m interbedded limestone and shale
Bobcaygeon Upper 1c, 4b Middle Ordovician Oto60m limestone with shaly partings
Lower 1c, 4a Middle Ordovician limestone and calcarenite
Gull River Upper 1b, 3, 3c Middle Ordovician 0to30m dolomitic limestone and weathered limestone
Middle 1b, 3, 3b Middle Ordovician shaly laminated limestone and massive bedded
Lower 1b, 3, 3a Middle Ordovician crystalline limestone
Basal Group
Shadow Lake 13,2 Middle Ordovician 0to20m dolostone with interbeds of sandstone and shaly
partings
Precambrian 37 to 48 Precambrian Basement rock igneous and metamorphic rocks
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Figure 3.2-7: Cross-section of Trent River Watershed
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Figure 3.2-9: Cross-section (west) of Lower Trent Source Protection Area
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3.2.3.2 SURFICIAL GEOLOGY

The surficial geology of the study area, classified by material type, is illustrated on Map 3-9. The map shows that
common surficial materials in the study area include gravel, sand, silt, and clay. Clay is common across the south.
In the north, bedrock is exposed in many areas. The surficial geology of the region can be attributed to glacial
activity.

The Pleistocene Epoch (approximately 2.5 million to 12,000 years ago) consisted of several glacial periods during
which great ice sheets covered, retreated, and re-covered southern Ontario. At its peak, the ice thickness
exceeded two kilometres in some areas. The most recent ice advance (known as the Wisconsinan glaciation)
more or less obliterated evidence of previous glacial periods, so the surficial geology of the study area is largely
a result of the Wisconsinan glaciation. It was both the advance and withdrawal of the ice sheet that shaped the
landform we see today. The tremendous forces of the ice scraped and pulverized the underlying material as it
advanced, and huge volumes of meltwater deposited unconsolidated materials as the glacier retreated.

As the ice advanced, it picked up boulders, gravel, sand, and clay. It scraped the bedrock and reshaped valleys. In
the northern portion of the watershed (the Precambrian area), surficial materials have been scraped away by
glacial activity and the area is now characterized by barren rock knobs, ridges, and shallow soil cover. Valleys in
this area are floored with outwash sand and gravel deposits, and swamps and bogs frequently occupy these
depressions.

As the ice advanced in the south, sheets of heterogenous material were laid down directly by the ice. In some
areas, it was moulded to form drumlins. As the glaciers withdrew, the huge volumes of meltwater shaped the
landscape further. This formed glacial features such as eskers and moraines, and glacial meltwater created and
modified valleys. Sorted deposits of clays, silts, and fine sands were laid down as beach deposits in the area of
the former Lake Iroquois shoreline.

The thickness of the overburden (the material above the bedrock) varies greatly across the study area. It is
illustrated on Map 3-10 and was determined by calculating the difference between surface topography (Map 3-
11) and bedrock topography (Map 3-12). Much of the Precambrian area has exposed bedrock at the surface and
thus very little or no overburden, but there are some exceptions in bedrock valleys and in isolated pockets. For
example, there are thick overburden deposits (about 130 m deep) in the area north of Minden. The overburden
in the Paleozoic area is generally much thicker than in the Precambrian area, reaching its maximum depth near
the community of Pontypool (about 237 m). These thick overburden deposits are visible at many locations in the
Paleozoic area (e.g., the landforms of the Oak Ridges Moraine and Peterborough Drumlin Field).

3.2.4 PHYSIOGRAPHY

Physiography is the study of the origin and distribution of the various landforms on the Earth’s surface. In the
Precambrian area, the knob and basin topography of the Precambrian rocks of the Canadian Shield is evident at
the surface, and overburden deposits are thin and discontinuous. In the Paleozoic area, landforms in the
overburden were formed by glacial deposits, glacial meltwater, and glacial ice and include numerous drumlins,
occasional kame mounds, esker ridges, and sand plains (Singer et al., 2003).
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Chapman and Putnam (1984) described the physiography of southern Ontario and divided it into a number of
physiographic regions. The following sections summarize the Chapman and Putnam (1984) descriptions of the
nine major physiographic units present in the study area (listed as they appear from north to south).
Physiographic regions in the study area are illustrated on Map 3-13.

Algonquin Highlands

The Algonquin Highlands area is found in the northern portion of the Trent River watershed. The region is
underlain by granite and other Precambrian rocks. The physiographic region is broadly dome-shaped and slopes
from 275 m in the west to 180 m in the east. Locally, these rough, rounded knobs and ridges are from 15 to 60 m
in height. There are frequent outcrops of bare rock across this area.

Georgian Bay Fringe

The Georgian Bay Fringe is a broad belt that borders Georgian Bay and extends eastward across Haliburton and
Peterborough Counties, north of the Kawartha Lakes, and into the Crowe Valley Source Protection Area. This
physiographic unit is characterized by bare rock knobs, ridges, scanty drift covering, and shallow soil. This rocky,
forested, and hilly region is the source of the Gull, Burnt, and Mississaugua Rivers and Nogies, Eels, and Jack
Creeks. These run in a general southwest direction toward the Kawartha Lakes, which serve as reservoirs for the
Trent River system.

Carden Plain

The Carden Plain is a limestone plain overlain by shallow overburden that occupies the area surrounding Balsam
Lake. The overburden is mostly till material that is composed of sandy and silty materials in the south and coarse
material with boulders and sandy materials in the north. There are also several limestone bedrock outcrops
across the area. The plain, formed by proglacial Lake Algonquin, has lacustrine features such as beaches and
sand deposits scattered throughout. The area is covered by grassland, shrub land, and alvar (a biological
environment based on a limestone plain with thin or no soil). More than 70% of the occupied land is covered by
rough pasture.

Dummer Moraine

The Dummer Moraine is an area of rough, stony land that borders the Canadian Shield from the Kawartha Lakes
eastward to Kingston. The area is characterized by till moraines that are made up of angular fragments and
blocks of limestone combined with many Precambrian rock fragments. The surface is extremely rough even
though most of the morainic ridges are quite low. Among the moraines are areas of shallow drift that consist of
sand and gravel or bare limestone.

Peterborough Drumlin Field

The Peterborough Drumlin Field occupies the area immediately north of the Oak Ridges Moraine and stretches
from Lake Simcoe to Trenton. About three thousand drumlins occur in the area at an average density of two to
three drumlins per square kilometre. The drumlins are typically elongated, low-lying hills less than 1.5 km in
length, 400 m or less in width, and 25 m in height (Gillespie and Acton, 1981). The general orientation of the
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drumlins in the Peterborough Drumlin Field is from northeast to southwest (Singer et al., 2003). The drumlins
are composed of highly calcareous glacial till that consists of sand and gravel. The area between the individual
drumlins typically consists of clay flats with intervening swampy areas.

Schomberg Clay Plains

The Schomberg Clay Plains occupies the area surrounding Lake Scugog. This physiographic region consists of
stratified clay and silt deposits and a few drumlins on top of a flat till plain.

Oak Ridges Moraine

The Oak Ridges Moraine is a kame moraine that extends from the Niagara Escarpment to the Trent River. It
covers small southern portions of the Kawartha-Haliburton and Otonabee-Peterborough Source Protection
Areas and extends into the Ganaraska Region and Lower Trent Source Protection Areas south of Rice Lake. It is
one of the most distinctive physiographic regions of southern Ontario, and it is about 160 km long, ranges from
5 to 20 km wide, and reaches an elevation of up to about 400 m. The moraine is oriented in an approximately
east-west direction. The surface of the moraine has hilly or hummocky relief. Much of the moraine is till, but its
crest is covered with sand hills and coarse outwash. In some areas, mainly along its southern flank, the moraine
is partly capped by thin Halton Till.

South Slope

The South Slope physiographic region is a gently sloping strip of land between the low-lying Iroquois Plain and
the Oak Ridges Moraine. The surficial soil of the South Slope is composed predominantly of sandy till materials
in the east and clay rich materials in the west. The till is calcareous and contains a large portion of fine and silty
material. Two regional till deposits have been identified in the South Slope: Halton Till, which is a sheet of silt till
deposited by the last major glacial advance in the area, and Newmarket Till (also known as the Northern Till),
which is a deposit of sandy silt till, interpreted to extend below the Oak Ridges Moraine, that is stratigraphically
older than the Halton Till. The Newmarket Till is believed to be correlative with till deposits north of the Oak
Ridges Moraine.

The northwestern portion of the South Slope region is drumlinized, but the drumlins are scattered, long and
thin, and point directly toward the slope of the Oak Ridges Moraine. Streams flow directly and rapidly down the
South Slope and erode sharp valleys into the tills. Numerous gullies have also been cut by intermittent drainage
so that east-west side roads cross a succession of valleys.

Iroquois Plain

The Iroquois Plain physiographic region is a plain of glaciolacustrine deposits situated south of the former Glacial
Lake Iroquois shoreline. It exists between modern-day Lake Ontario and the South Slope region. In the shoreline
area of the former Glacial Lake Iroquois, sand and gravel were deposited in beaches, bars, and spits due to wave
action. The deposits grade into massive and laminated silts and clays to the south that define the lower lake
plain area. In some areas of the southern Trent River watershed, the abandoned Lake Iroquois shoreline is well
defined by cliffs and beach material, and in certain areas its position can be inferred from the presence of
lacustrine materials and altitude.
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3.2.5 SOILS

Soils can be classified into hydrologic soil groups based on their runoff or infiltration potential under similar
storm and cover conditions. Soils are commonly classified into four hydrologic soil groups: A, B, C, and D (Soil
Conservation Service, 1986), described in Table 3.2-5. Hydrologic soil groups in the study area are illustrated on
Map 3-14.

Soils with a high infiltration rate (soil group A) are most common in the southern portion of the Trent River
watershed, especially on the Oak Ridges Moraine. The deep soils of the moraine have high rates of infiltration
and water transmission. Soils with a moderate infiltration rate (soil group B) occur throughout most of the
central and southern parts of the watershed. Small pockets of soil group C and D occur throughout the area, the
largest areas being around Lindsay and east of Trenton. These soils contain clay and have low infiltration
capacity. The Burnt and Gull subwatersheds and the east half of the Crowe Valley subwatershed have not been
classified by soil group. These areas have very little overburden, and soil cover is often shallow with only a few
pockets of deeper soils.

Table 3.2-5: Hydrologic Soil Groups

Grou | Infiltration rate Description Transmissivity Soil types

P

A High infiltration rates and | Chiefly deep, well to excessively drained | High rate of water Sand, loamy
low runoff potential even | sands or gravels transmission (>0.75 sand, sandy loam
when thoroughly wetted cm/hr)

B Moderate infiltration Chiefly moderately deep to deep, Moderate rate of Silt loam, loam
rates when thoroughly moderately well to well drained soils water transmission
wetted with moderately fine to moderately (0.40-0.75 cm/hr)

coarse textures

C Low infiltration rates Chiefly soils with a layer that impedes Low rate of water Sandy clay loam
when thoroughly wetted | downward movement of water, or soils | transmission (0.15-

with moderately fine to fine textures 0.40 cm/hr)

D Very low infiltration rates | Chiefly clay soils with a high swelling Very low rate of Clay loam, silty
and high runoff potential | potential, soils with a permanent high water transmission clay loam, sandy
when thoroughly wetted | water table, soils with a clay pan or clay | (0-0.15 cm/hr) clay, silty clay,

layer at or near the surface or shallow clay
soils over nearly impervious material

Data Source: Soil Conservation Service, 1986

3.2.6

LAND COVER

Land cover is the composition and characteristics of land surface elements and results from a complex mixture

of natural and anthropogenic influences (Cihlar, 2000). The Ministry of Natural Resources and Forestry, through
its Provincial Land Cover Program, has separated Ontario land cover data into different types (including various
types of forest and wetlands, cropland, pasture and abandoned lands, bedrock quarries, water, and settlement
areas). Land cover types in the study area are illustrated on Map 3-15. The distribution of land cover types in the
study area and the effects of each type of land cover on groundwater and surface water are identified in Table
3.2-6.
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Table 3.2-6: Land Cover in the Trent River Watershed

Land Cover Type

Area

km?

% Total

Level of Cover

Effects on Groundwater and Surface Water

Woodland*

6695

48.54

High

Shielding snow from early melting

Significant storage of snow

High infiltration

Low runoff

High evapotranspiration

Row Crops?

2581

18.71

Minimal

Erosion/Re-deposition of snow

Sublimation of snow

Moderate infiltration/runoff

Evapotranspiration

Hay / Pasture!

1633

11.84

Moderate

Erosion/Re-deposition of snow

Sublimation of snow

Moderate infiltration/runoff

Evapotranspiration

Water

1196

8.67

Impervious

Storage

Evaporation

Wetland

1154

8.37

Moderate

Significant storage

Infiltration

Moderate evapotranspiration

Can act as either recharge or discharge area

Roads?

213

1.54

Minimal

Minimal infiltration

High runoff

Minimal evapotranspiration

High Intensity
Developed

179

1.3

Minimal

Minimal infiltration

High runoff

Minimal evapotranspiration

Quarries

76

0.55

Minimal

High infiltration

Low Intensity
Developed

59

0.43

Minimal

Moderate infiltration

High runoff

Moderate evapotranspiration

Transitional

0.05

Moderate

Erosion/Re-deposition of snow

Sublimation of snow

Moderate infiltration/runoff

Evapotranspiration

'Fence lines and tree lines in these areas store significant amounts of snow
2Road ditches store significant amounts of snow
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3.2.7 SURFACE WATER

Surface water refers to water on the ground surface and includes lakes, rivers, and wetlands. The following
sections describe the surface waterbodies, control structures, hydrology, and aquatic habitat in the study area.

3.2.7.1 WATERBODIES AND WATERCOURSES

Trent River Watershed

The headwaters of the Trent River consist of many lakes, rivers, and creeks that rise on the Canadian Shield and
flow southwest toward the Kawartha Lakes. This includes 218 lakes in the Haliburton Highland area. The largest
tributaries that drain into the Kawartha Lakes from the Canadian Shield are the Gull, Burnt, and Mississauga
Rivers. The Gull and Burnt Rivers originate in Haliburton County and the northern portions of the City of
Kawartha Lakes and Peterborough County, and they drain into Balsam and Cameron Lakes, respectively, from
the north. Eels, Jack, and Nogies Creeks are also significant headwaters of the Trent River. The flows between
surface waterbodies and the configuration of water control structures and flow gauging stations in the Gull and
Burnt River subwatersheds are illustrated schematically in Figure 3.2-10 and Figure 3.2-11. These figures also
summarize the drainage area and surface area of lakes in these subwatersheds.

There are also several rivers that drain the generally lower-lying area of limestone and glacial drift to the south
of the Kawartha Lakes. Two of these, the Scugog and Pigeon Rivers, flow northward into the Kawartha Lakes. A
number of smaller rivers such as Jackson Creek (that flows through the City of Peterborough) flow into the
Otonabee River between Lakefield and Rice Lake, while most of the remaining lowland area east of
Peterborough is drained by the Indian and Ouse Rivers that flow directly into Rice Lake.

The Kawartha Lakes include Balsam, Cameron, Sturgeon, Pigeon, Buckhorn, Lower Buckhorn, Lovesick,
Chemong, Katchewanooka, and Stony Lakes. These lakes lie along the juncture of the Paleozoic rocks and the
Precambrian rocks of the Canadian Shield. The Kawartha Lakes drain to Rice Lake mainly through the Otonabee
River and minimally through the Indian River. The Trent River issues from Rice Lake and flows northeast and
then east before it is joined by the Crowe River at the Crowe Bridge Conservation Area. The Trent River then
flows south, east, and south again until it joins the Bay of Quinte at Trenton.

The flows between surface waterbodies and the configuration of water control structures and flow gauging
stations in the Trent River watershed are illustrated schematically in Figure 3.2-12. The figure also summarizes
the drainage area and surface area of lakes in the watershed. Waterbodies and watercourses in the watershed
and the flows between them are illustrated on Map 3-16.

Lake Ontario & Bay of Quinte Tributaries

The streams in the Lake Ontario and Bay of Quinte tributaries subwatersheds can be divided into the following
three broad groups:

1. Lake Ontario tributaries with headwaters in the Oak Ridges Moraine
2. Lake Ontario tributaries with headwaters in the South Slope or Iroquois Plain
3. Clay plain tributaries (that drain into the Bay of Quinte).

The physical characteristics of the streams in the area are listed in Table 3.2-7.
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Table 3.2-7: Physical characteristics of creeks in the Lake Ontario and Bay of Quinte tributaries subwatersheds

Drainage Main Total Fall
Subwatershed Streams Fiee () Channel il Slope (%)
Length (km)
York Creek 7.8 7.2 34.6 0.48
Dead Creek 11.5 6 6.6 0.11
Bay of Quinte Tributaries DND Creek 7 8 40.0 0.5
Meyers Creek 26.1 14.4 96.5 0.67
Massey Creek 19.2 9.94 53.7 0.54
Lake Ontario Tributaries Barnum House Creek 21.1 11 194.7 1.77
(Headwaters in Oak Ridges Moraine) Shelter Valley Creek 69 20 220.0 1.1
Lake Ontario Tributaries Lakeport/Colborne Creek 44 8 96.0 1.2
(Headwaters in South Slope or Salem Creek 7.92 5.94 104.5 1.76
. . Butler Creek 24 11 136.4 1.24
Iroquois Plain) ——
Smithfield Creek 18 11 103.4 0.94

3.2.7.2 CONTROL STRUCTURES

Water levels in the Trent River watershed are heavily regulated. There are approximately 213 control structures
in the watershed, and over 125 of them are associated with the Trent-Severn Waterway (a system of rivers,
lakes, canals, locks, and control structures that forms a navigable route through the adjacent Trent and Severn
watersheds). Many of the major watercourses in the Trent River watershed form the navigation channel of the
waterway, and there are about 44 dammed reservoir lakes located on tributaries of the Gull, Burnt, and
Mississauga Rivers and the Nogies, Eels, and Jack Creeks that are used to help regulate water levels. Water
control structures and channel diversions in the Trent River watershed are illustrated on Map 3-17. The majority
of streams in the Lake Ontario & Bay of Quinte tributaries subwatersheds are unregulated.
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Figure 3.2-10: Flows between surface waterbodies and configuration of water control structures and flow gauging
stations in the Gull River subwatershed (only controlled surface waterbodies are shown)
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Trent Assessment Report



Moore
Lake

Haliburton

Lake

® sty
Lake
Oblong/ @'Iiiii!l"

Gooderham
Lake

Lake

Trent River Watershed

DA=218

LSA=8.15
LSA=6.21 T
P B,/
Little Bob 1'iIIIII!IEIIIE'. d d 1"!!!!"'
Lake .
$ : [ LSA=12.96
Mississauga ) LSA=20.61 DA=83

LSA=3.79
DA=84

DA=1990 [g] &

-3
Healy Falls >
&
[€)

(e

Glen Ross
Batawa |§|

o
DA=1270 2
DA=1280 ]
o ) 2 5 )
3 4 2 LSA=449 & = 2
£ = @ DA=50 2 B
o @ 2 ] » =
] 2 © > B 2
5 [ 2 [0 = ¢ E [ £
s O s 8 3RO %
2 | 2 . a [] @
&z [ @ @ o G
3 |5 2 D 2 x
] -] g’ L] 2 -1
m = = w —
.Kirkfield Balsam Cameron Sturgeon Buckhorn Lovesick
Lake Lake Lake Lake Lake
- Katchewanooka
LSA=47.45 LSA=14.50 LSA=45.62 LSA=121.86 LSA=2.66 LSA=37.33 Lake
DA=297 DA=398 DA=558 DA=1180 DA=209 DA=449 3
r 5
3 >
£ [
‘ [
LSA=101.23 Rice
. ®  Loke Level Stations DA=1590 Lake
CLL;ESQ D TSW Flow Monitoring Station
@ WSC Flow Monitoring Station
:5%\6;?354 LSA Lake Surface Area (sq. Km)
DA Drain Area (sq. Km)

Source:Trent Severn Waterway

Trenton @

Bay of Quinte

Lake Ontario

Figure 3.2-12: Flows between surface waterbodies and configuration of water control structures and
flow gauging stations in the Trent River watershed (only controlled surface waterbodies are shown)

Trent Assessment Report



Chapter 3: Water Budget & Water Quantity Stress Assessment

Table 3.2-8: Lake Level Gauges Operated by the Trent-Severn Waterway

Watershed Lakes Surf(akisz?rea A?;aaln(ignfz) Years on Record**
Gull River Kennsis 16.41 174 1988-present
Red Pine 3.85 40 1988-present
Crab 1.09 7 1988-present
Hawk 8.42 62 1988-present
Halls 5.29 22 1988-present
Sherborne 2.45 22 1988-present
Kushog 9.15 111 1988-present
Percy 5.63 74 1988-present (except 1996)
Haliburton 10.94 77 1988-present
Redstone 14.22 169 1988-present
Eagle 5.15 44 1988-present
Twelve Mile 11.61 29 1984-present
Horseshoe 5.56 46 1984-present
Big Bob 2.26 32 1988-present
Little Bob 0.73 14 1988-present
Gull 9.98 167 1988-present
Moore 1.94 42 1988-present (except 1991 & 1997)
Burnt River Drag 11.02 121 1988-present (except 1989)
Canning 12.74 168 1988-present
Miskwabi 3.35 20 1988-present
Dudman 2.54 46 1988-present
Koshlong 4.06 30 1988-present (except 1989)
Farquhar 3.45 30 1988-present (except 1989)
Grace 2.95 47 1988-present
Esson 2.36 20 1988-present
Little Glamour 0.63 27 1988-present
Big Glamour 1.87 5 1988-present
Gooderham 0.85 41 1988-present
Contau 1.19 5 1988-present
White 1.60 54 1988-present
Nogies Creek Crystal 4.49 50 1988-present
Mississauga Anstruther 6.21 93
Mississauga 20.61 218 1988-present
Eel's Creek Eel's 8.15 104 1988-present (except 1996)
Jack Creek Jack 12.96 83 1988-present
Kawartha Lakes | Balsam 47.45 297 1984-present
Cameron 14.50 398 1984-present
Scugog 63.54 970 1988-present
Sturgeon 45.62 558 1973-present
Buckhorn 121.86 1180 1984-present
Lower Buckhorn 12.51 252 1989-present (except 1997)
Lovesick 2.66 209 1989-present
Stony 37.33 449 1973-present
Katchewanooka 3.79 84 1988-present (except 1997)
Rice Lake 101.23 1590 1986-present

Source: Trent-Severn Waterway
*Drainage area between the gauge stations

**Trent-Severn Waterway data (additional hardcopy data is available from the TSW)
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Table 3.2-9: Water Survey of Canada Hydrometric Stations in the Trent River Watershed

Drainage Area

River Station ID Geologic Area (km?) Years on Record**
Trent River Watershed
Gull River at Norland 02HF002 Precambrian 1,280 1962-04
Burnt River near Burnt River 02HF003 Precambrian 1,270 1962-04
Bob Creek near Minden 02HF004 Precambrian 22 1975-92
Mississauga River below Mississauga Lake | 02HH002 Precambrian 326 1972-93
Nonquon River near Port Perry 02HG002 Paleozoic 33 1993-03
Mariposa Brook near Little Britain 02HGO001 Paleozoic 189 1982-03
Eel's Creek below Apsley 02HHO01 Precambrian 241 1967-93

. . Precambrian 1962-63; 1965-85;
Otonabee River at Lakefield 02HJ002 /Paleozoic 7,360 1992-02*
Jackson Creek at Peterborough 02HJ001 Paleozoic 110 1962-03
Ouse River near Westwood 02HJ003 Paleozoic 282 1967-04
Crowe River near Glen Alda 02HKO005 Precambrian 456 1968-98
Crowe River at Marmora 02HKO003 Precambrian 1,990 1959-03
Beaver Creek near Marmora 02HK006 Precambrian 541 1973-04
Burnley Creek above Warkworth 02HK009 Paleozoic 82 1983-04
Rawdon Creek near West Huntingdon 02HK008 Paleozoic 87 1982-04
Cold Creek at Orland 02HK007 Paleozoic 159 1981-04
Mayhew Creek near Trenton 02HKO011 Paleozoic 33 1993-04
Trent River at Healey Falls 02HK002 Paleozoic 9,090 1949-03
Trent River at Healey Falls (Power Plant) 02HK802 Paleozoic 1995-03
Trent River at Healey Falls (Spillway) 02HK902 Paleozoic 1993-03
Trent River at Glen Ross 02HK004 Paleozoic 12,000 1963-95
Trent River at Glen Ross 02HK012 Paleozoic 12,000 1995-95
Trent River near Batawa 02HK014 Paleozoic 12,333 1995-97
Trent River at Trenton 02HKO010 Paleozoic 12,400 1999-02
Lake Ontario & Bay of Quinte Tributaries
Shelter Valley Creek 02HDO10 Paleozoic 65 1995-2004
Butler Creek 02HDO018 Paleozoic 2002-2004

*Partial record
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3.2.7.3 HYDROLOGY

The hydrological regime of the study area is highly variable from year to year. Although the basic seasonal
pattern is repeated every year, the detailed pattern is determined by weather conditions. The magnitude of the
spring runoff peak, for example, depends on both the amount of snow accumulation over the previous winter
and the weather conditions during the snowmelt period itself. Also, in some years, the snow melts relatively
slowly and steadily and causes no flooding problems in the system. In other years, the melt may be very rapid
and may also be accompanied by heavy rain; under these circumstances severe flooding is much more likely.

Another factor that is important in influencing the spring runoff is the extent of frozen ground in the
watersheds. Frozen soil, especially if it had high moisture content at the time of freezing, has a much lower
infiltration capacity than unfrozen soil, and it sheds a greater proportion of meltwater as surface runoff. The
extent of frozen ground in the spring is determined mainly by conditions early in the previous winter,
particularly whether or not the ground was covered by an insulating snow cover before persistent sub-freezing
temperatures occurred.

3.2.7.3.1 Sources of Hydrometric Data

Hydrometric stations in the study area are maintained by the Water Survey of Canada, the Trent-Severn
Waterway, and local Conservation Authorities. Sources of hydrometric data in the study area are discussed in
the following subsections. The locations of hydrometric stations are shown on Map 3-18.

Trent-Severn Waterway

The Trent-Severn Waterway operates and maintains about 46 level gauging stations in the study area from
which daily, monthly, mean, and maximum and minimum stream and lake level data are available from 1988 to
the present. They also operate and maintain flow gauging stations for the Gull, Burnt, Irondale, Otonabee, and
Trent Rivers. Monitoring of the Mississauga River and Eels Creek was carried out until 1993 (records are
available past this time, but they are not at Water Survey of Canada standards). Lakes equipped with level
gauging stations, their surface area, drainage area, and their years on record are listed in Table 3.2-8 (the
location of these stations is illustrated schematically in Figure 3.2-10, Figure 3.2-11, and Figure 3.2-12.

Water Survey of Canada

The Water Survey of Canada monitors the flow of several rivers and creeks in the study area. The data include
daily, monthly, mean, maximum, and minimum flows and levels (sediment data is also available at some sites).
The data also contain descriptive information and geographical coordinates of all hydrometric stations and
indicate the period of operation and type of each station. The data are made available through the HYDAT
database. Rivers and creeks in the study area equipped with hydrometric stations and their drainage area,
bedrock geology, and period of hydrometric record are listed in Table 3.2-9.

Other Stream Measurements

A number of smaller streams in the watershed have been gauged at various times by the Ministry of the
Environment and Climate Change. Further, the five Conservation Authorities in the source protection region also
monitor dry weather flows on a number of local streams for low flow assessment purposes.
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3.2.7.3.2 Average Streamflow

Flow per unit area is the ratio between the average streamflow in a watershed to its area. Flow per unit area
depends on factors such as topography, physiography, geology, climate, soil, and land cover. These factors being
equal, higher than average flow per unit area in a watershed suggests that it is gaining water from adjacent
watersheds. Conversely, lower flow per unit area suggests that the watershed may be losing water to adjacent
watersheds. Smaller watersheds tend to produce higher peak flows per unit area than large ones because they
tend to have less natural and artificial storage capacity.

Average streamflow was calculated for most subwatersheds from real-time streamflow data collected at the
hydrometric stations selected as subwatershed outlets. However, the Buckhorn Lake (Lock #31) station (the
outlet for the Kawartha Lakes West subwatershed) only records real-time lake level data (not flow); average
annual streamflow at this station was calculated using lake level and control gate setting data in conjunction
with a rating curve developed by the Trent-Severn Waterway. Further, since there are no hydrometric stations in
the Bay of Quinte tributaries subwatershed, average annual flow for this subwatershed was estimated using
Ontario Flow Assessment Techniques software, which was developed to automatically estimate flow
information for watersheds in Ontario (it is not as reliable as stream gauge data, but provides a reasonable
estimate of streamflow based on historical flow data and related isolines). Average streamflow in the study area
is shown on Map 3-19.

The U.S. Geological Survey in cooperation with Environment Canada (National Water Research Institute)
calculated streamflow statistics for Ontario and the Great Lakes States in 2005. A summary of statistics
generated for the gauged streams in the study area watershed is presented in Table 3.2-11.

Flows at ungauged creeks in the Lake Ontario and Bay of Quinte subwatersheds were estimated by transposing
the data from the gauged creeks (on a flow per unit area basis) to the ungauged creeks located in areas with
similar hydrological conditions. For example, the data from the Shelter Valley Creek gauge station was used to
provide an estimate for Barnum House Creek (both streams have their headwaters in the Oak Ridges Moraine).
The flow per unit area for creeks in the Lake Ontario and Bay of Quinte tributaries subwatersheds is listed in
Table 3.2-10.

Table 3.2-10: Mean Annual Flow of Creeks in the Lake Ontario and Bay of Quinte Tributaries Subwatersheds

. Drainage Mean Annual Discharge
Creek Watershed Period Area (km?) /s \/s/km?

Shelter Valley Creek Lake Ontario 1995-04 69.0 0.88 12.75
Barnum House Creek Lake Ontario - 21.10 0.27 12.75
Butler Creek Lake Ontario 2002-04 24.00 0.25 10.52
Lakeport-Colborne Cr. Lake Ontario - 44.00 0.46 10.52
Grafton Creek Lake Ontario - 8.70 0.09 10.52
Salem Creek Lake Ontario - 7.92 0.08 10.52
Smithfield Creek Lake Ontario - 18.00 0.19 10.52
DND Creek Bay of Quinte OFAT 7.00 0.10 13.92
Dead Creek Bay of Quinte - 11.50 0.16 13.92
Meyers Creek Bay of Quinte - 26.10 0.36 13.92
Massey Creek Bay of Quinte - 19.20 0.27 13.92
York Creek Bay of Quinte - 7.80 0.11 13.92
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Table 3.2-11: Selected Streamflow Statistics from U.S. Geological Survey and Environment Canada National Water Research Institute

Drainage | No. Daily Flow (m3/s) Percentile Flow Exceedance
Stream Area Flow Data Extreme Extreme Standard
(km?) Points Max Daily Mean Min Daily | Deviation >% 25% >0% 75% 95%
Gull River At Norland 1280 14171 80.00 19.55 1.37 10.270 40.970 23.430 17.200 12.660 | 7.704
Burnt River near Burnt River 1270 14008 200.00 18.31 0.69 18.740 56.090 21.500 11.690 7.598 4.810
Bob Creek near Minden 22 6157 7.31 0.23 0.00 0.471 0.954 0.226 0.084 0.014 0.000
Mariposa Brook near Little Britain 189 6690 50.00 1.78 0.00 2.983 7.295 1.975 0.762 0.252 0.054
Nonquon River near Port Perry 33 2922 5.00 0.28 0.01 0.403 0.981 0.280 0.151 0.093 0.044
Eel's Creek below Apsley 241 9418 50.00 3.60 0.25 3.646 11.000 4.090 2.436 1.567 0.824
Mississauga River below Mississauga Lake | 326 7838 30.00 4.38 0.18 3.747 10.810 5.382 3.465 2.125 0.896
Jackson Creek at Peterborough 110 14102 30.00 1.09 0.00 1.988 4.296 1.120 0.467 0.195 0.053
Otonabee River at Lakefield 7360 10923 400.00 84.58 9.20 65.690 227.900 | 112.700 | 65.530 35.030 | 19.710
Ouse River near Westwood 282 9883 60.00 2.94 0.01 4.443 11.880 3.349 1.381 0.570 0.160
Trent River at Healey Falls 9090 18720 600.00 94.54 3.11 78.170 266.700 | 128.200 | 73.110 35.760 | 17.230
Crowe River at Marmora 1990 15068 200.00 23.58 0.10 27.530 83.670 30.770 14.700 4.858 1.229
Trent River at Glen Ross 12000 11571 700.00 143.20 4.80 119.400 408.800 | 195.100 | 111.600 | 50.760 | 22.160
Crowe River near Glen Alda 456 10957 70.00 6.51 0.10 7.584 22.440 7.619 3.916 2.299 0.534
Beaver Creek near Marmora 541 8951 90.00 7.39 0.00 9.344 27.870 9.761 4.205 1.252 0.158
Cold Creek at Orland 159 7039 30.00 2.01 0.47 1.988 5.083 2.168 1.462 1.023 0.680
Rawdon Creek near West Huntingdon 87 4766 10.00 1.13 0.01 1.248 3.682 1.479 0.723 0.310 0.081
Burnley Creek above Warkworth 82 5410 20.00 0.85 0.11 1.050 2.432 0.911 0.563 0.367 0.212
Trent River at Trenton (AFFRA) 12400 677 500.00 120.20 19.60 83.900 273.000 | 165.500 | 99.830 53.780 | 29.610
Mayhew Creek near Trenton 33 2922 7.96 0.40 0.01 0.564 1.335 0.447 0.243 0.105 0.030
Trent River at Glen Ross (AFFRA) 12000 345 500.00 146.40 14.10 125.500 402.600 | 213.700 | 109.700 | 40.430 | 19.310
Trent River near Batawa (AFFRA) 12333 643 500.00 166.70 17.20 114.700 391.900 | 229.100 | 142.700 | 66.830 | 31.060
Trent River at Healey Falls (Power Plant) 9090 2192 90.00 52.75 3.00 21.480 75.590 69.860 63.640 33.530 | 13.530
Trent River at Healey Falls (Spillway) 9090 2922 300.00 44.67 0.00 63.830 204.100 | 68.540 11.530 1.418 0.524
Shelter Valley Creek near Grafton 65 12931 43.9 0.81 0.13 0.976 2.061 0.849 0.568 0.430 0.308
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3.2.7.3.3 Hydrographs

To provide a general understanding of water availability, damming effects, watershed response, and flow
distribution under various streamflow conditions, hydrographs were developed for the subwatersheds in the
study area. Hydrographs were plotted using long-term monthly averages.

Trent River Watershed

Hydrographs for four of the Trent River subwatersheds are shown in Figure 3.2-13. The hydrographs depict the
same general pattern in all four subwatersheds but with some important differences that could be caused by a
number of factors. In general, moderate flow conditions occur during the winter months; this occurs because
precipitation is primarily in the form of snow that is stored on the surface until spring. The maximum flows occur
in the spring and are due to snowmelt and increased rainfall. The lowest flows are observed during the summer
months; this is caused by high evaporation and transpiration rates. The increasing flows through the fall are
caused by decreasing evapotranspiration rates and increasing precipitation. The hydrographs are discussed in
more detail below.
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Figure 3.2-13: Hydrographs for Selected Trent River Subwatersheds

Gull River: The Gull River subwatershed is located in an area that has thin, sparse soil cover underlain by
Precambrian bedrock with low permeability. As a result, infiltration is restricted and surface water runoff is
dominant. Its hydrologic regime is not typical of watersheds in southern Ontario in the sense that its hydrograph
shows little monthly and seasonal variation. This is most likely caused by the number of storage reservoirs
located in the subwatershed associated with the Trent-Severn Waterway. Some of the spring runoff is
deliberately held back in lakes and reservoirs and then released gradually over the summer months. This activity
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lowers the peak discharge and augments summer flows in the subwatershed. The same effect was also observed
in previous studies (Schroeter & Associates, 2003).

Lower Trent North: The flow in the Lower Trent North subwatershed is the highest in the spring and the second
lowest in the summer. There could be a number of reasons for this, such as its smaller catchment size (it has the
smallest catchment size) and/or the small degree of anthropogenic control in this subwatershed. All other
subwatersheds have several water control structures (dams), but the Lower Trent North subwatershed is
relatively uncontrolled, so spring runoff is relatively rapid and summer flows are very low.

Kawartha Lakes West: The Kawartha Lakes West subwatershed, the largest subwatershed, typically has drought
conditions from July to September. The main reasons for this drought condition are the wide and shallow
structure of the Kawartha Lakes (and Scugog Lake) that promotes extremely high evaporation rates and the
presence of Oak Ridges Moraine in the south of the subwatershed. The Moraine is an extensive area of
groundwater recharge, but there is a groundwater divide north of the surface water divide in the vicinity of the
Moraine that contributes to a loss of groundwater to the adjacent Central Lake Ontario and Ganaraska Region
Source Protection Areas. The drought condition is alleviated by the release of water from the Burnt, Gull, and
Mississauga Rivers and Nogies and Eel Creeks during the operation of the Trent-Severn Waterway.

The Kawartha Lakes West subwatershed shows a negative flow in late summer; this is because the mean annual
inflow to this subwatershed is greater than the mean annual flow out, possibly due to excessive
evapotranspiration (the shallow, wide Kawartha Lakes contribute to increased evaporation) and regional
groundwater outflow through the Oak Ridges Moraine.

Overburden thickness in this subwatershed is much greater than in the Precambrian area, and as a result more
infiltration of precipitation and groundwater storage occurs. Further, due to its larger catchment size, it
produces lower flows per unit area and lower peaks in spring and winter than the rest of the subwatersheds.

Kawartha Lakes East: The Kawartha Lakes East subwatershed has a hydrologic regime that is more typical of
watersheds in southern Ontario. Its hydrograph shows high flows during spring runoff followed by a moderate
decrease during the summer months. In the fall, flows pick up again and then decrease during the winter
months when most of the precipitation is frozen in the snow pack.

Lake Ontario & Bay of Quinte Tributaries

Streamflow data in the Lake Ontario and Bay of Quinte tributaries subwatersheds are limited. Long-term
streamflow data in the Lake Ontario tributaries subwatershed are only available for the Shelter Valley Creek
gauge station, and limited flow data are available for the Butler (Proctor) Creek gauge station. No streamflow
data are available for the Bay of Quinte tributaries subwatershed.

Shelter Valley Creek: Shelter Valley Creek has its headwaters in the Oak Ridges Moraine. The streamflow
hydrograph for this station (for the time period 1966 to 2004) is shown in Figure 3.2-14. This hydrograph is
considered representative of the other creeks in the Lake Ontario tributaries subwatershed that originate in the
Moraine. The hydrograph shows a clear spring thaw when flows are the highest due to melting and precipitation
in early spring (March to April). Flows are lowest in late summer (August) and then begin to slowly climb
throughout the winter months. Flow per unit area is greater than in Precambrian (northern) subwatersheds.
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Butler (Proctor) Creek: Butler (Proctor) Creek has its headwaters in the Iroquois Plain. A hydrograph comparing
the flows in Shelter Valley Creek and Butler Creek in 2004 is shown in Figure 3.2-15. This hydrograph is
considered representative of the other creeks in the Lake Ontario tributaries subwatershed that originate in the
Iroquois Plain or South Slope physiographic regions. The flows in Butler Creek are lower than the flows in Shelter
Valley Creek; this may be due to the relative area of these subwatersheds (i.e., the Shelter Valley Creek
subwatershed is almost three times larger than the Butler Creek subwatershed) and groundwater inflow into the
Shelter Valley Creek subwatershed from the Oak Ridges Moraine.
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Figure 3.2-14: Hydrograph for Shelter Valley Creek (1966-2004)
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Figure 3.2-15: Hydrographs for Shelter Valley Creek and Butler Creek (2004)

3.2.7.4 AQUATIC HABITAT

Most of the cold water streams in the Paleozoic area originate in the Oak Ridges Moraine and discharge into
Lake Ontario or the Trent River. These include Pigeon River, Baxter Creek, and Cavan Creek that flow north, and
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Cold Creek, Salt Creek, and Percy Creek that flow east. The streams that flow north start as cold water streams
on the north slope of the Oak Ridges Moraine and change into slow-moving warm water streams on the till
plain. Stream temperatures in the Trent River watershed are illustrated on Map 3-20.

3.2.8 GROUNDWATER

Groundwater is water that is located beneath the ground surface in the spaces between soil particles or in
fractures in rock. Groundwater used for drinking water supplies is withdrawn from aquifers. An aquifer is an
underground layer of permeable material (with high hydraulic conductivity) that can store and transmit useful
guantities of water when tapped by a well. Aquifers typically consist of gravel, sand, sandstone, or highly
fractured bedrock. Conversely, an aquitard is a layer of impermeable material (with low hydraulic conductivity)
that can store significant quantities of water but does not transmit it readily (an aquitard is distinguished from
an aquaclude, which can neither store nor transmit water). Aquitards typically consist of clay, silt, or unfractured
bedrock. An aquifer that is overlain by an aquitard is known as a confined aquifer.

3.2.8.1 GROUNDWATER SURFACES

The water table is the upper limit of the zone of saturation in a groundwater system. Below the water table, the
spaces between soil particles and fractures in rocks are completely filled with water (saturated). Above the
water table is the vadose (unsaturated) zone, where these spaces are only partially filled. The water table in the
Trent River watershed was mapped by applying kriging (interpolation) techniques to water level data from
shallow wells in the study area (see Map 3-21).

The potentiometric surface is a theoretical surface that represents the level to which groundwater would rise in
a well. In an unconfined aquifer, the groundwater at the water table is not under pressure, so the elevation of
the potentiometric surface is equal to the elevation of the water table. In a confined aquifer, the groundwater at
the top of the aquifer is under pressure, so the potentiometric surface is higher than the elevation of the top of
the aquifer. The potentiometric surface in the Trent River watershed was mapped by applying kriging techniques
to water level data from deep wells in the study area (see Map 3-22).

3.2.8.2 AQUIFER SETTINGS

The study area can be divided into three aquifer settings; from oldest to youngest these are the Precambrian
Bedrock Aquifer Area, the Paleozoic Bedrock Aquifer Area, and the Quaternary Overburden Aquifer Area (that
overlies the Paleozoic Bedrock Aquifer Area). The highest volumes of water are stored in the Quaternary
overburden deposits, followed by the Paleozoic bedrock, and then the Precambrian bedrock. The three aquifer
settings are described in the following subsections.

3.2.8.2.1 Precambrian Bedrock Aquifer Area

The Precambrian Bedrock Aquifer Area is located in the north of the watershed and is characterized by thin
overburden and vast areas of exposed bedrock. The water table in this area is shallow and close to the bedrock
surface. Most groundwater supplies in this aquifer setting are from fractures and faults in the Precambrian
bedrock, but no large deep regional bedrock aquifer has been identified (Morrison Environmental Ltd., 2004).
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There are a limited number of overburden aquifers in this area. There is a general lack of information about the
Precambrian Bedrock Aquifer Area.

3.2.8.2.2 Paleozoic Bedrock Aquifer Area

The Paleozoic Bedrock Aquifer Area occupies the area south of the Precambrian Aquifer Area to Lake Ontario. It
is a region of Paleozoic limestone that is overlain by Quaternary aged overburden. There are two aquifers in this
area: the Paleozoic Bedrock Aquifer, where water is obtained from fractures in bedrock, and the overlying
Quaternary Overburden Aquifer (discussed below), where water is obtained from sand and gravel deposits.

Overburden in this area is relatively thin near the transition to the northern Precambrian bedrock. The bedrock
at the interface between bedrock and overburden is often highly fractured and weathered, which forms a
preferential groundwater flow path (i.e., bedrock surface interflow). The Paleozoic Bedrock Aquifer is the main
groundwater source in the area, but both confined and unconfined overburden aquifers exist in the overlying
Quaternary aged overburden material.

3.2.8.2.3 Quaternary Overburden Aquifer

The Quaternary Overburden Aquifer occupies much of the same area that is underlain by Paleozoic bedrock. It is
made up of saturated sand and gravel deposits. These deposits are thin near the transition zone and thick
(approximately 40 m) near Lake Ontario. The Quaternary aquifer provides the greatest volume of groundwater
storage of the three aquifer areas in the watershed, since overburden deposits are typically able to store more
water than fractured bedrock.

The Quaternary Overburden Aquifer has both unconfined and confined groundwater conditions across the area.
On the western side of the area, including the Oak Ridges Moraine, the upper sediments are separated from the
lower sediments by the Newmarket Till, which is a fine grained layer that acts as an aquitard (Sharpe et al.,
1999). The Newmarket Till tapers out toward the east, and there are areas where the overburden is thin or
nonexistent (e.g., south of Rice Lake). The upper sediments consist of glacially deposited sands that store
groundwater and make up an unconfined aquifer that sits on top of the Newmarket Till.

3.2.8.3 GROUNDWATER FLOW DIRECTION

Groundwater flow in unconfined aquifers in the Precambrian Bedrock Aquifer Area follows the surface
topography above the aquifer, which tends to be in a southwest direction (Morrison Environmental Ltd., 2003)
and similar to local surface water drainage patterns. In the Paleozoic Bedrock Aquifer Area (on a regional scale)
groundwater flow is south toward Lake Ontario (this pattern is consistent with the slope of the limestone
bedrock surface). In the Quaternary Overburden Aquifer, groundwater primarily flows south toward Lake
Ontario, following the slope of the underlying Paleozoic bedrock. There is an exception just above the bedrock
surface in the area just south of Rice Lake where there is an east-west trending groundwater divide, which is
caused by a sediment wedge of subglacial origin. The sediment wedge is aligned with the axis of the Oak Ridges
Moraine, with which it is believed to be associated (Barnett et al., 1998). This divide causes the upper aquifer
flow patterns to travel north and east into Rice Lake, then towards the Trent River. South of the divide the water
continues to flow south towards Lake Ontario (Morrison Environmental Ltd., 2004). Groundwater flow directions
in the study area were mapped based on the kriged groundwater surfaces (Maps 3-21 and 3-22).
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3.2.8.4 GROUNDWATER RECHARGE AND DISCHARGE AREAS

Recharge occurs when surface water moves downward to become groundwater (downward vertical gradient),
and discharge occurs when groundwater discharges to the ground surface (upward vertical gradient). Recharge
areas are generally associated with topographically high regions, and discharge areas are associated with
lowlands and at abrupt changes in elevation (e.g., escarpments).

Groundwater recharge areas in the source protection region were delineated in a study by the Conservation
Authorities Moraine Coalition (discussed in detail in Chapter 6). Discharge areas were identified by subtracting
the groundwater surface elevation from the ground surface elevation (discharge areas were delineated where
the groundwater surface was close to or above the ground surface). Recharge and discharge areas are illustrated
on Map 3-23 (the map also shows open water springs, closed depressions, and hummocky areas).

3.2.8.4.1 Precambrian Bedrock Aquifer Area

The Precambrian region commonly has bedrock exposed at the ground surface. Runoff potential is high: the
bedrock acts as an aquitard that causes water to run off and collect in the bedrock valleys where overburden
deposits exist. Numerous wetlands, streams, ponds, and lakes exist in these overburden deposit areas (Morrison
Environmental Ltd., 2004). Wetlands typically have both recharge and discharge associated with them that
fluctuate in response to local and seasonal groundwater levels.

Precambrian bedrock often has interconnected fractures and faults that allow it to act as an aquifer and
contribute to groundwater recharge. Deep bedrock wells can be fed by fractures that are hydraulically
connected to a nearby lake; in these cases water levels and chemistry will be influenced by the lake water.

3.2.8.4.2 Paleozoic Bedrock Aquifer Area

Recharge waters for the Paleozoic Bedrock Aquifer typically percolate through the overlying overburden
materials, especially in upland areas where there are granular deposits (e.g., Oak Ridges Moraine from the west)
and areas where overburden aquitards (e.g., Newmarket Till) or other confining layers are absent (e.g., south of
Rice Lake). Unlike Precambrian bedrock, Paleozoic bedrock contains soluble carbonate that develops solution
channels and karst features that form significant preferential flow paths.

3.2.8.4.3 Quaternary Overburden Aquifer

The recharge areas for this aquifer include the crests of moraines, drumlins, and other glacial deposits in the
area (Morrison Environmental Ltd., 2004). In these highland areas, the groundwater surface is deeper than in
the lowland areas, where the groundwater surface is close to the ground surface or discharging (Morrison
Environmental Ltd., 2004). These upland glacial deposits provide large areas of recharge for local aquifers.

At lower elevations, water flows across the Newmarket Till aquitard and discharges where this layer meets the
ground surface, usually in low-lying areas. Many of the local streams have their headwaters located on the slope
of the Oak Ridges Moraine and are fed by groundwater discharging to the surface. The deeper confined aquifer,
located below the Newmarket Till, exists where basal sand and gravel material and/or bedrock fragments occur,
which is above the limestone bedrock surface. It tends to be a lower producing aquifer with a discontinuous
occurrence (Morrison Environmental Ltd., 2004).
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Hummocky topography is hilly terrain that typically has internal drainage patterns and is usually associated with
recessional glacial deposition (i.e., stagnant and/or stranded ice blocks). It is often evident in recessional
moraine deposits and/or drumlin fields. Due to its granular nature and internal drainage patterns, hummocky
terrain often forms significant areas of recharge for nearby aquifers. Hummocky areas in the study area are
concentrated around the Kawartha Lakes and the Oak Ridges Moraine (see Map 3-16).

3.2.8.5 GROUNDWATER MONITORING NETWORK LOCATIONS

The Provincial Groundwater Monitoring Network is a partnership program between the Ministry of the
Environment and Climate Change and the Conservation Authorities. Each Conservation Authority has a series of
wells across their jurisdiction equipped with Leveloggers that record water level and water temperature
readings every hour. The data collected at these stations indicate general groundwater levels at a regional scale
and will indicate short or long term variations at a local scale. The data are being added into the Provincial
Groundwater Monitoring Information System database to verify current groundwater levels.

The Provincial Groundwater Quality Monitoring Network is relatively new and still expanding. Monitoring
stations are sparse in the Precambrian region, but they cover the majority of the Paleozoic region. The locations
of monitoring network stations in the study area are illustrated on Map 3-24.

3.2.8.6 GROUNDWATER BASEFLOW

Baseflow is the component of surface water flow that comes from groundwater discharge. The relationship
between baseflow and surface water flow typically varies seasonally, with location, and in response to
precipitation events. There are no long-term baseflow data available for the study area.

Baseflow in the study area was estimated by calculating the baseflow index (the ratio of baseflow in a stream to
its streamflow). An estimate of annual baseflow in a stream can be obtained by multiplying the baseflow index
by the annual streamflow. Estimates of the long-term average baseflow index were calculated for
subwatersheds in the study area using Ontario Flow Assessment Techniques (OFAT) software and several
methods from the literature (Neff et al., 2005; Piggott, A.R., Moin, S., & Southam, C., 2005; McLean & Watt,
2005). The baseflow indices calculated using these methods are listed in Table 3.2-13. Even though the mean
basin slope was outside the study parameter range for three of the subwatersheds, the results based on McLean
and Watt (2005) were considered the most realistic for the Trent River subwatersheds.

Table 3.2-12: Baseflow Index Estimates for Lake Ontario & Bay of Quinte Tributaries

Creek Drainage Baseflow Index Mean Annual Mean Annual
Area (km?) OFAT? Piggot et al. (2005)? | Baseflow (mm/year) Streamflow (m?3/s)
Shelter Valley 69 0.632 0.636 235.5 0.81
Butler (Proctor) Creek 24.00 0.607 NA 151.5 0.19
DND Creek 7.00 0.602 NA 271.2 0.10

!Ontario Flow Assessment Techniques
%piggott, A.R., Moin, S. & Southam C. (2005)
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Table 3.2-13: Baseflow Index Estimates for Various Subwatersheds in the Trent River Watershed

. Baseflow Index Mean Mean
Drainage Area of Mean McLean Annual Annual
Subwatershed Area Permeable Basin 1 | USGS 4 5
(km?) Soil (%) Slope (%) OFAT (2002)° & Watt Baseflow Streamflow
(2005)3 (m3/sec) (m3/sec)
Gull River 1296 1.0° 8.00" 0.670 0.578 0.352 6.69 19
Burnt River 1253 1.0° 7.40" 0.674 0.585 0.346 6.23 18
Kawartha Lakes West 3494 10.3 2.80 0.627 NA 0.362 7.60 21
Kawartha Lakes East 1292 6.0 2.70 0.630 0.517 0.327 8.83 27
Rice Lake 1808 10.7 2.73 0.627 0.503 0.362 3.26 9
Crowe River 1932 6.0 6.10" 0.656 0.551 0.380 9.12 24
Lower Trent River North 936 15.3 2.74 0.633 0.507 0.385 9.24 24
Lower Trent River South 576 28.7 2.78 0.632 0.714 0.430 3.44 8

!Ontario Flow Assessment Techniques
2U.S. Geological Survey (Neff et al., 2005)

3.2.9

WATER USE

3Study parameter range for MclLean & Watt (2005):

Mean basin slope 0.73%-5.92% (" indicates outside of study range)

Area of permeable soils 2-100% for BFI 0.21 to 0.70 (* indicates assumed area of permeable soil)

Anthropogenic water uses (withdrawals or outputs) are an important part of any water budget. In some

watersheds, significant losses of water can result from groundwater and/or surface water takings. In some cases

this water is consumed (e.g., water bottling plant), and in other cases it is returned to the watershed (e.g.,

wastewater treatment plant). The water uses considered in this conceptual water budget include agricultural,

municipal (water treatment plants), permitted uses (withdrawals taken under a Permit to Take Water), and

unserviced residential and commercial uses that do not require a permit.

Current water takings were evaluated using existing water use data and a variety of metrics and coefficient-

based methods that estimate water use by means of enumeration data. Although it is likely that cumulative

long-term water use has affected the current state of water resources, historical water use is not evaluated in

this conceptual water budget because historical data were not readily available in existing inventories. Further,
it is difficult to evaluate the effects of historical water use on water resources given the broad range of effects of
climate change.

3.2.9.1 AGRICULTURAL WATER USE

Agricultural water use includes water used for agricultural activities such as crop irrigation and livestock
watering. Since a Permit to Take Water (see Section 3.2.9.4) is not required to take surface or groundwater for
agricultural purposes unless the water is stored prior to use, large quantities of water are potentially used for
agricultural activities without any record of the volumes extracted. Thus, agricultural water use in the study area
had to be estimated. Estimates of agricultural water use were generated for the study area from a spatial
database generated by de Lée (2002) for the Ministry of Natural Resources and Forestry, which summarized
agricultural water use for all Quaternary watersheds in Ontario. The database was built on the methods of
Kreutzwiser and de Lée (1999) and de Loe et al. (2001), who estimated agricultural water use by applying a set
of agricultural water use coefficients to agricultural census data (e.g., 90 litres per day (L/day) for each dairy cow
on a farm).
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The database represents agricultural water use under average climatic conditions and average farming practices.
Since climate has a significant effect on irrigation practices from year to year, the accuracy of water use statistics
in the database is unclear, and the results should be interpreted with caution. Estimates of agricultural water
usage in the study area based on the de Lée (2002) database are listed in Table 3.2-14. The table indicates the
number of farms, mean annual agricultural water usage per farm, proportion of water use by agricultural sector,
and total agricultural use in each subwatershed. Agricultural water usage in the study area is illustrated on Map
3-25.

Trent River Watershed

Agricultural water use in the Trent River watershed is about 4,665,221 m3/year (used by about 3,230 farms). This
is less than 0.5% of the annual precipitation in the Trent River watershed. About 55% of agricultural water use is
attributed to the maintenance of livestock, and the remainder is largely used for irrigation (39%), particularly
specialty and greenhouse crops during the summer growing period. Summer water use is about 45% of total
annual use (2,077,717 m3/year). This equates to a summer maximum monthly water use (July to September) of
approximately 692,572 m3/month.

Most of the agricultural water use in the Trent River watershed occurs in the Kawartha Lakes West (38%), Rice
Lake (25%), Lower Trent North (21%), and Lower Trent South (8%) subwatersheds. Agricultural water use in the
northern subwatersheds (Crowe, Gull, Burnt, and Kawartha Lakes East) is minimal; this can be attributed to poor
agricultural conditions.

The mean water use per farm for the entire Trent River watershed is approximately 1,444 m3/year, but it varies
significantly among subwatersheds, ranging from 818 m3/year in the Gull River subwatershed to 1,854 m3/year
in the Lower Trent South subwatershed. This is likely due to different farming practices between subwatersheds.

Lake Ontario & Bay of Quinte Tributaries

Agricultural water use is about 497,250 m3/year (about 0.14% of annual precipitation) in the Lake Ontario
tributaries subwatershed (used by about 174 farms) and 93,603 m3/year (about 0.21% of annual precipitation) in
the Bay of Quinte tributaries subwatershed (used by about 46 farms).

3.2.9.2 MUNICIPAL WATER USE

Municipal water use includes water supplied by municipal water treatment plants. The locations of municipal
water intakes and wells related to these systems are illustrated on Map 3-26. Where available, monthly
municipal water usage data for the years 2001 to 2005 were obtained from the municipalities in the study area.
Many water treatment plants did not have data for all five years. Further, some plants only collected usage data
for a few months per year; in these cases, flows for months with no data were assumed to be equal to the
average flows of measured months for a given year. The data were statistically analysed and used to generate
estimates of average municipal water usage for each month of the year for each subwatershed. In some cases,
the statistical analysis was severely limited by the availability of data, but the results are considered to be the
best available estimate of current municipal water use in the study area. Municipal water usage data in the
study area are summarized in Table 3.2-15. The locations of municipal drinking water and wastewater treatment
plants are shown on Map 3-27.
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Trent River Watershed

Total municipal water usage in the Trent River watershed is about 512,473,822 m3/year (41 mm/year expressed
as depth over the surface area of the watershed). Most of this volume was drawn from surface water sources
(99.4%) and a small amount was drawn from groundwater sources (0.56%). With the exception of the Kawartha
Lakes West subwatershed that is highly dependent on groundwater, most of the major municipal withdrawals
are from major surface water sources (e.g., the Trent River).

Municipal water use varies significantly among the subwatersheds of the Trent River watershed as a result of
the distribution of settlement areas. Municipal water use is largely concentrated in the Rice Lake, Kawartha
Lakes West, and Lower Trent South watersheds, where the largest municipal serviced populations are located
(Peterborough, Lindsay, and Trenton). Water use per capita may differ throughout the watershed due to
differences in major industrial and institutional uses, system losses (e.g., distribution system losses), and local
conservation practices.

Lake Ontario & Bay of Quinte Tributaries

Total municipal water usage in the Lake Ontario and Bay of Quinte tributaries subwatersheds is about 925,275
m3/year and 1,271,295 m3/year, respectively (13.1 mm/year and 5.6 mm/year, respectively, expressed as a
depth over each subwatershed). These water withdrawals are small with respect to the entire watershed.

3.2.9.3 UNSERVICED WATER USE

A significant portion of residential and commercial property owners in the Trent River watershed obtain water
from private supplies; these users are generally referred to as “unserviced” water users. Unserviced use is
generally considered to be a minor component of large-scale water budgets, but it can be important at
subwatershed or local scales. Most private supplies are assumed to be from groundwater sources, but they can
also be from surface water where it is the only reliable water source available. Little information is available
regarding the magnitude or efficiency of domestic and commercial uses from distributed water sources in the
Trent River watershed. Wells registered with the Ministry of the Environment and Climate Change in the study
area are illustrated on Map 3-28.

No actual usage data is available to estimate unserviced water use in the study area. Unserviced water use in the
study area was estimated by applying water use coefficients to population data (estimates are provided in Table
3.2-16).
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Table 3.2-14: Summary of Agricultural Water Use in the Study Area

Mean Annual Agricultural Water Usage Agricultural Usage by Usage Type (% Total Agricultural Usage)
Subwatershed No. A 3 ?rZF:tthi)\\/I:: DI Sy % . . . Irrlgatlc:m
Farms | Usage per m3/year watershed subwatershed Total Livestock | Field Fruit [Vegetable|Specialty| Summer Total
Farm (m?3) i - (mm/year) Crops | Crops Crops Crops | Irrigation | Irrigation
Burnt River 75 933 69,763 0.06 0.01 1 59 1 0 15 25 38 39
§ Crowe 110 1253 137,377 0.07 0.01 3 51 0 2 2 45 46 44
g Gull River 49 818 40,324 0.03 0 1 53 0 0 15 32 43 46
| Kawartha Lakes East 118 986 116,444 0.09 0.01 2 73 0 3 1 22 26 19
i Kawartha Lakes West | 1208 1479 1,786,489 0.51 0.14 38 52 1 3 10 34 45 44
hzc Lower Trent North 570 1679 957,365 1.02 0.08 21 60 1 21 4 14 29 45
+| Lower Trent South 206 1854 381,750 0.66 0.03 8 45 1 37 5 12 36 70
g Rice Lake 894 1315 1,175,710 0.65 0.09 25 57 1 8 3 32 38 39
TOTAL | 3230 1444 4,665,221 0.37 0.37 100 55 1 11 6 28 39 45
Bay of Quinte 46 93,603 NA 1.12 40 1 34 3 22 38 38
Lake Ontario 174 497,250 NA 2.17 26 1 33 10 31 59 60
Table 3.2-15: Summary of Average Municipal Water Use and Serviced Population in the Study Area
Groundwater Surface Water Total Municipal Water Use
Subwatershed Y Serviced o)y Serviced ifheer Serviced
Population Population Population
Burnt 0 45 3,650 20 3,650 65
§ Crowe 405,150 1860 245,638 1,300 650,788 3,160
2 Gull 199,290 2300 0 0 199,290 2,300
© Kawartha Lakes East 0 0 525,235 2,400 525,235 2,400
i Kawartha Lakes West* | 1,529,715 11428 6,263,765 22,281 7,918,6752 33,962
hzc Lower Trent North 0 0 1,164,076 5,087 1,164,076 5,087
+| Lower Trent South 370,110 2050 3,061,985 18,850 3,432,095 20,900
é Rice Lake 339,450 2261 | 500,956,058 80,300 | 501,295,508 82,561
TOTAL | 2,438,565 19,944 | 511,974,769 130,238 | 514,538,529 150,435
Bay of Quinte 0 0 925,275 3,500 925,275 3,500
Lake Ontario 1,271,295 8000 0 0 1,271,295 8000
3Includes 125,195 m3/year in the Kinmount system (serviced population 253) pumped from a groundwater source to a surface water holding pond
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Table 3.2-16: Unserviced Water Use in the Study Area

Annual Water Use
. Monthly
Estimated Depth over .
. Annual Depth over . Maximum
Subwatershed Unserviced Trent River % Total
. Water Use subwatershed Water Use
Population T — - watershed e
y y (mm/year)
Burnt River 4,593 268,223 0.214 0.022 40,233 3%
@ Crowe River 7,497 437,838 0.227 0.035 65,676 4%
p Gull River 5,029 293,694 0.226 0.024 44,054 3%
g Kawartha Lakes East 9,809 572,829 0.440 0.046 85,924 6%
= Kawartha Lakes West 45,080 2,632,684 0.793 0.211 394,903 25%
hzc Lower Trent North 13,227 772,443 0.826 0.062 115,866 7%
+|  Lower Trent South 12,862 751,135 1.303 0.060 112,670 7%
é Rice Lake 79,417 4,637,942 2.608 0.372 695,691 45%
TOTAL 177,514 10,366,789 NA 0.832 1,555,018 100%
Bay of Quinte Tributaries 19,059 1,113,784 15.69 NA 5,489 NA
Lake Ontario Tributaries 10,730 620,663 2.71 NA 3,094 NA

3.2.9.4 PERMITTED WATER USE

Any person, industry, institution, or commercial operation taking more than 50,000 L/day of water from either
groundwater or surface water sources must obtain a Permit to Take Water (PTTW) from the Ministry of the
Environment and Climate Change. The permit holder is required to report the maximum limit of their
prospective water takings. While permits typically require maintaining a record of water taking, reporting of
actual water usage under the permit has only recently become a legislated requirement. Permitted water use
may vary significantly over the course of the year, especially for seasonal users (e.g., irrigation, snow making,
etc.).

Permit information is collected in the PTTW database that includes data on various water use parameters
associated with the permits (including location data, purpose of the water taking, maximum water taking per
day, days of water taking per year, etc.). A copy of the database was obtained through the Ministry of the
Environment and Climate Change for the study area. The data were modified by removing inactive permits,
agricultural water uses (accounted for in Section 3.2.9.1), municipal water uses (accounted for in Section
3.2.9.2), and water uses that would not influence the long-term water budget of a subwatershed (e.g., sediment
holding ponds for road construction). Permitted water usage in the study area was estimated by assuming that
all remaining permit holders take the maximum daily volume for the maximum number of days allowed by the
permit. In most cases water use is less than the permitted maximum, so these are overestimates.

Trent River Watershed

There are a total of 117 permits to take water issued in the Trent River watershed that allow a total maximum
withdrawal of 24,586,134 m3/year (1.95 mm/year expressed as depth over the Trent River watershed). These
consist of 74 permits to withdraw a total maximum of 13,017,286 m3/year from groundwater sources, 43
permits to withdraw a total maximum of 11,568,848 m3/year from surface water sources, and 3 permits to
withdraw from both groundwater and surface water sources (permits to take both groundwater and surface
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water are issued where water is withdrawn from a groundwater source and stored for future use in a surface
water holding pond). Maximum permitted water usage in the Trent River watershed is summarized in Table 3.2-
17 and illustrated on Maps 3-29 and 3-30.

Permitted water use varies significantly among the subwatersheds in the study area. The highest volumes of
permitted water use are found in the Kawartha Lakes West subwatershed (37%), associated largely with the
aggregate industry and golf courses; the Rice Lake subwatershed (22%), associated largely with a major
aquaculture facility; and the Crowe River subwatershed 19%), associated largely with the aggregate industry.
The remainder of permitted water use (22%) is used for drinking water supplies (e.g., campgrounds, communal

systems, etc.) and a variety of other commercial and industrial purposes.

In the Trent River watershed, 50% of the total permitted water use is withdrawn for the processes of pit and
quarry dewatering and aggregate washing. Other significant permitted water uses include golf courses,
aquaculture, and communal well supplies (7%). The remaining 13% of permitted usage is distributed among a
variety of other uses. Permitted water usage in the Trent River watershed is summarized by purpose of permit in
Figure 3.2-16.

Lake Ontario & Bay of Quinte Tributaries

In the Lake Ontario tributaries subwatershed there are 22 permits to take water that permit a total maximum
withdrawal of 2,788,133 m3/year, and in the Bay of Quinte tributaries subwatershed there are 19 permits to
take water that permit a total maximum withdrawal of 4,031,311 m3/year. The largest permitted water users in
these subwatersheds include golf courses, campgrounds, and bottled water suppliers.
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Figure 3.2-16: Permitted water use in the Trent River watershed by purpose of permit
3.2.9.5 WATER USE SUMMARY

Trent River Watershed

The estimates of water uses in the Trent River watershed are summarized in Table 3.2-18. Estimates of the
maximum monthly water use for each usage type are listed in Table 3.2-19. The total volume of water
potentially withdrawn from the Trent River watershed is about 814,142,632 m3/year. The largest water use in
the watershed is municipal surface water intakes.

Lake Ontario & Bay of Quinte Tributaries

The estimates of water use in the Lake Ontario & Bay of Quinte tributaries are summarized in Table 3.2-20. The
total volume of water potentially withdrawn is about 4,920,795 m3/year from the Bay of Quinte tributaries
subwatershed and 6,450,519 m3/year from the Lake Ontario tributaries subwatershed. The largest water uses in
both subwatersheds are water takings made under a Permit to Take Water.
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Table 3.2-17: Maximum Annual Permitted Water Use in the Study Area*

Groundwater Surface Water Total

Watershed No. Volume Depth!? % No. Volume Depth!? % No. Volume Depth! % |

Permits (m3) (mm) | Total | Permits (m3) (mm) | Total | Permits (m3) (mm) 6 Tota
Burnt 9 648,312 0.051 31 3 1,418,091 0.112 69 12 2,066,404 0.164 8%
4 Crowe 7 3,940,980 0.313 84 2 736,420 0.058 16 9 4,677,400 0.371 19%
g Gull 0 0 0.000 0 6 412,238 0.033 100 6 412,238 0.033 2%
o Kawartha Lakes East? 1 1,528,016 0.121 87 3 230,376 0.018 13 6 1,758,392 0.139 7%
| Kawartha Lakes West 23 4,036,765 0.320 44 12 5,101,195 0.405 56 35 9,137,959 0.725 37%
E Lower Trent North 2 36,500 0.003 28 2 95,462 0.008 72 4 131,962 0.010 1%
+ Lower Trent South 11 891,193 0.071 94 3 61,598 0.005 6 14 952,791 0.076 4%
Y Rice Lake® 19 1,816,982 0.144 33 11 3,632,004 0.288 67 31 5,448,987 0.432 22%
TOTAL 74 13,017,286 1.023 53 43 11,568,848 0.927 47 117 24,586,134 1.950 100%
Bay of Quinte Tributaries® 14 645,437 9.1 14 7 2,142,696 30.2 100 22 2,788,133 39.3 NA
Lake Ontario Tributaries® 15 4,061,311 17.7 86 0 0 0.00 0 19 4,061,311 17.7 NA

*Excludes permits for municipal and agricultural uses and uses that do not impact the long-term water budget of the subwatershed
2b<\/olume, depth, and % total fields include (a) two (b) one and (c) four permits to take water from both surface water and groundwater sources (assumed usage was 50% surface water and 50% groundwater)
!Indicates volume expressed as a depth over the entire Trent River watershed
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Table 3.2-18: Summary of Water Use Estimates in the Trent River Watershed

Average Annual Water Use

Total
Water Use Groundwater surface Water (Groundwater + Surface Water)
Volume Depth? % of Volume Depth? % of Volume Depth? % Total
(m3/year) (mm/year) Use (m3/year) (mm/year) | Use (m3/year) (mm/year) | Water Use
Agriculture? 2,332,611 0.19 50 2,332,611 0.19 50 4,665,221 0.37 1%
Municipal Water Supply 5,422,075 0.43 1 769,102,414 61.01 99 774,524,489 61.44 95%
Unserviced? 10,366,789 0.82 100 0 0 0 10,366,789 0.82 1%
Permitted 12,898,748 1.02 52 11,687,385 0.93 48 24,586,133 1.95 3%
TOTAL 31,020,223 2.46 4 783,122,410 62.12 96 814,142,632 64.58 100%

Volume of water expressed as a depth over the entire Trent River watershed
2Agricultural water use assumed to be 50% groundwater and 50% surface water
3Unserviced water use assumed to be primarily groundwater; includes residential and commercial uses

Table 3.2-19: Summary of Maximum Monthly Water Use in the Trent River Watershed*

Water Use

Monthly Maximum Water Use (m3/month)

Groundwater Surface Water Total (Groundwater + Surface Water)
Agriculture? 346,286 346,286 692,572
Municipal Water Supply? 448,593 64,201,185 64,649,778
Unserviced? 1,555,018 - 1,555,018
Permitted 1,364,437 1,638,082 3,002,519
TOTAL 3,714,334 66,185,553 69,899,888

*Indicates water usage during the month with the highest mean monthly usage (typically occurs between July and August)
!Agricultural water use assumed to be 50% groundwater and 50% surface water
3Maximum Municipal Water Supply is based on actual flow rates where available; Groundwater includes one GUDI system
3Unserviced water use assumed to be entirely groundwater

Table 3.2-20: Summary of Water Use Estimates in the Lake Ontario and Bay of Quinte Tributaries Subwatersheds

Average Annual Water Use

Bay of Quinte tributaries subwatershed Lake Ontario tributaries subwatershed

Water Use Surface Total Total Surface Total Total

Groundwater Water (Groundwater + | (Groundwater + | Groundwater Water (Groundwater + | (Groundwater +

(m3/year) (m3/year) Surface Water) | Surface Water)* (m3/year) (m3/year) Surface Water) | Surface Water)?

(m3/year) (mm/year) (m3/year) (mm/year)

Agriculture?® 46,802 46,802 93,603 1.3 248,625 248,625 497,250 2.37
Municipal Water Supply 0 925,275 925,275 13.1 1,271,295 0 1,271,295 5.60
Unserviced® 1,113,784 - 1,113,784 15.7 620,663 - 620,663 2.71
Permitted (PTTW) 645,437 2,142,696 2,788,133 39.3 4,061,311 0 4,061,311 17.70
TOTAL 1,806,022 3,114,773 4,920,795 69.4 6,201,894 248,625 6,450,519 28.38

'Expressed as depth over the Bay of Quinte tributaries subwatershed
2Expressed as depth over the Lake Ontario tributaries subwatershed
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3.2.10 CONCEPTUAL WATER BUDGET RESULTS

Water budgets were calculated for each of the 10 subwatersheds defined for the conceptual water budget.
Since the conceptual water budget is intended to give a general overview of water movement through the
watershed, the components of the water budget (i.e., inputs and outputs) were evaluated on the basis of long-
term annual average conditions. Conceptual water budgets were calculated separately for the Trent River
watershed and the Lake Ontario and Bay of Quinte tributaries. The results have not been subjected to statistical
analysis, but they were used to inform the Tier 1 water budget process.

3.2.10.1 TRENT RIVER WATERSHED

The conceptual water budget for the Trent River watershed is summarized in Figure 3.2-17, and the water
budget components for each of its subwatersheds are listed in Table 3.2-22. Results show that the watershed
receives a total of 366 m3/sec (919 mm/year) of precipitation, of which 206 m3/sec (518 mm/year) of water is
returned back to the atmosphere as evapotranspiration. About 160 m3/sec of water is available as surplus in the
watershed (precipitation minus evapotranspiration). Approximately 1.25 m3/sec of water is removed every year
for agriculture, municipal water supply, unserviced uses, and permitted uses. An average of about 150 m3/sec of
water is recorded as streamflow at the final outlet (Trenton).

400
366
350 P = Precipitation
300 AET = Actual Evapotranspiration
Surplus = Water Budget Surplus
g 250 (Precipitation - AET)
E 206
o 200 Q = Streamflow Out
£ 160 150
3 150 Residual = Water Budget Residual
> (includes net groundwater flow and
100 errors associated with measuring water
budget components)
50 " *Depth expressed over the area of the
Trent River watershed
0 | |
P AET Surplus Q Residual

Water Budget Components

Figure 3.2-17: Water Budget for the Trent River Watershed

Results show that surplus water (precipitation minus evapotranspiration) is higher in the subwatersheds located
in the Precambrian Area (Gull, Burnt, and Crowe Rivers) because they have higher precipitation and lower
evapotranspiration rates. In these subwatersheds, evapotranspiration accounts for 48% to 55% of the mean
annual precipitation; in comparison, in the Rice Lake and Lower Trent North subwatersheds it accounts for 61%
of the mean annual precipitation. Factors that may contribute to lower evapotranspiration rates in the
Precambrian subwatersheds are fewer daylight hours, the shielding effects of large forest covers, and the
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narrow and deep structure of the Haliburton Lakes, which reduces evaporation. Significant infiltration of
precipitation is unlikely in the Precambrian Area subwatersheds because of the low permeability of the bedrock.
More infiltration of precipitation occurs in the relatively permeable glacial deposits and sedimentary rock
underlying the southern catchment